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VIROLOGY 

BACKGROUND
 

The virus that causes ADS--human immunodeficiency virus, or HIV-while deceptively
simple in structure has a highly complex life cycle. And this complexity may lead to its
undoing by allowing scientists to exploit its vulnerabilities as precise targets. Virologists
and molecular biologists have already discovered several apparently unique features of
HIV, and these discoveries have led to the rational design of specific antiviral drugs now invarious stages of development. Indeed, virology holds a central role in the multidisciplinary
field ofAIDS research and is crucial to exposing HIV's pathogenic mechanisms. 
Identification and molecular characterization of discrete viral components, it is hoped,
will help pinpoint HIV's vulnerabilities. Further understanding of individual events in the
viral life cycle should also aid in addressing some global questions, such as: 

" Is HIV a true lentivirus-a slowly replicating virus with a long incubation period?
Or is it an evolved lentivirus that has developed a (genetic) switch with the
potential to trigger rapid viral replication, thus speeding the onset of disease?

" What is the evolutionary relationship between HIV and other HIV-like animal
viruses, such as simian Immunodeflciency virus (SIV)? Will it be possible to 
establish the chronological evloution of these viruses? 

" Has HIV been in the human population for a long time as an unrecognized
nonpathogenic virus, and only recently (on an evolutionary scale) mutated into a 
pathogenic form? 

" What controls HIV's well-recogn!zed ability to rapidly and systematically mutate?
Do such mutations affect infectivity and host-cell preference of the virus? 

" What determines whether HIV will establish persistent (long-lasting) infection or 
cause acute infection leading to profound immunodeficiency? Might a genetic
component of HIV be the determinant, or are cofactors required?

" How does HIV regulate its genes; how does it override normal host cell gene regula
tion? 

Answers to these and other basic virology questions will figure heavily in the design of 
specific AIDS therapies and prophylaxes. 
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Figure 1.1. HIV (Human Immunodeflciency Virus) 

This cross-sectional schematic of HIV reveals that the virus's genetic material (RNA) isprotected by a protein coat 
(capsid protein, p24), which is itself surrounded and protected by a membrane-like envelope. The external glyco
proteins, gpl20, act as cell-docking agents for the virus. (Note that while the editors acknowledge the recom
mended nomenclature for retroviral proteins proposed in 1988 [shown in brackets], the "p"designations have per
sisted inthe literature and therefore are included.) 

VIRAL COMPONENTS 

A brief overview of HIV's components, including its stri,.cural elements and known 
genes, offers a basis for understanding this exquisitely designed virus. Figure 1.1 
provides a schematic representation of the HIV virion with all its components. (Avirion is 
a single virus particle-a "cell-free" virus.) 

CAPSID AND ENVELOPE 

From both a structural and biochemical standpoint, HIV is biologically verj simple. It 
has been described as "a bag of proteins with some genetic material" with no other 
blomolecules and no means by which to propagate itself. Thus HIV, like all viruses, is a 
true intracellular parasite dependent on a host cell for replication. 

The HIV capsid, or core protein, was originally defined by its molecular weight and was 
therefore designated p24. (Note: molecular weight determinations can differ slightly from 
laboratory to laboratory; in the literature both p25 and p24 are used, although they actually 
refer to the same protein.) The capsid encloses HW's genetic information (in the form of two 
identical, single strands of RNA). Also housed within HIVs capsid are its three enzymes: 
reverse transcrlptase, integrase (or endonuclease), and protease. (For a detailed discussion of 
HIV's enzymes, see "HIVLife Cycle" and "HIVGenome," below.) 
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Figure 1.2. Nucleic Acid Sequence of DNA and RNA Molecules 
Shown here isa double-stranded DNA molecule. It is the sequence of the four nitrogen-containing compounds
adenine, thymine, guanine, and cyiosine, which constitute nucleic acid molecules (either DNA or RNA)-that deter
mines which proteins will be made. Note: in RNA molecules, thymine (T) is replaced by uracil (U). Determining the 
nucleic acid sequence is equivalent to 'breaking the genetic code" for any given stretch of DNA or RNA. 

-Adenine jjj=Guanine 

FW Th~mine Cyosn 

HIV has an ex~ra layer of protection: a lipid membrane, or "envelope," surrounding the 
capsid. Embedded within the HIV envelope are discrete glycoproteins (proteins with 
sugar molecules attached), which are described as "knobs" or "spikes" and give the viral 
particle its distinctive appearance. Each knob conists of an external glycoprotein 
(gp120), which is anchored to a transmembrane glycoprote!n (gp41). An internal 
envelope, or ma.,-ix, protein (p17) lies between the cavid and envelope and is embedded 
in the envelope (on its interior aspect) at discrete points. 

RNA AND DNA 

HIV is classified as an RNA virus because its genetic information is encoded in 
rfionucleic acid (RNA) rather than deoxyribonucleic acid (DNA), which carries the genetic 
information for all known organisms and most viruses. (The central dogma of genetics, 
which originally stated that DNA was the universal genetic material, has been rewritten 
to include RNA.) DNA and RNA molecules are chains of polynucleotides; each nucleotide 
includes a nitrogen-containing compound called a nitrogenous base, of which there are 
four. adenine (A), thymine (T, guanine (G), and cytosine (C). It is the precise sequence of 
these bases within the RNA or DNA molecule that specifies the genetic message and 
allows analysis of nucleic acid sequences in genetic studies (see Figure 1.2). 

RNA viruses that convert their RNA to DNA once they enter a susceptible host cell are 
known as retroviruses. "Retro" refers to the one backward step in the viral life cycle, in 
which the normal pattern is reversed and the information contained in DNA is converted 
into RNA. In animal cells, the information contained in DNA is transcribed, or copied, into a 
specialized RNA molecule (mRNA, or messenger RNA) as a prerequisite t3 protein synthe
sis.Retroviruses, however, must first make a DNA version of their RNA in order to take 
advantage of the host cell's biochemistry; see "Reverse Transcription," below. 

THE HIV LIFE CYCLE 

While researchers continue to uncover specific features of the HIV life cycle, the general 
scenario of host cell invasion and assembly line viral replication remains unchanged. 
Figure 1.3 depicts the sequence ofevents in the HIV life cycle, which begins with free virus 
attaching to a receptor on the cell's surface. 



I CHAPTER 1: VIROLOGY 

HIV ENTRY INTO CELLS 

HIV is an obligate intracellular parasite-that is, it cannot survive or propagate without 
access to a host cell's interior. Knowing this, researchers have been methodically dissecting 
the first step in the HIV life cycle-HIV's entry into a host cell-with the ultimate objective 
of identifying a site for therapeutic or prophylactic intervention. 

Early laboratory experiments focusing on HIV-host cell interaction revealed a lock-and-key fit 
between the protruding "knobs"on the viral envelope and certain molecules (acting as recep
tors) displayed on the host cell's surface. These experiments identified the molecules to which 
HIV "docked" as CD4 receptors, now generally considered the major (if not the only) receptor 
that binds HIV. The tropism, or preference, HIV evidences for immune system cells bearing 
these receptors, notably the helper/inducer T lymphocytes, was thus explained. 

The CD4 Receptor. A number of immune system cells-and some non-immune system cells, 
such as gastrointestinal cells-bear CD4 receptors. It has been reliably established that these 
receptors provide the major entry route for HIV into the helper/Inducer T lymphocytes (also 
referred to as CD4 cells). 

The glycoprotein knobs (gp 120) of the HIV envelope have been shown to dock directly to the 
CD4 receptor on the cell surface, and now researchers are attempting to pinpoint the precise 
region of the gp120 glycoprotein that interacts with and binds to CD4. Dr. Joseph Sodrosky 
(Dana-Farber Cancer Institute, Boston) and colleagues reported that by changingJust three 
(discontinuous) amino acids of the gpl20 glycoprotein, CD4 binding was reduced by more 
than 90%. The three amino acids were examined because they are common to all primate 
retroviruses and because, based on gp120's predicted molecular structure, they were likely 
to be on the exposed surface ofgp120. One of the amino acids, the authors suggested, may 
not make direct contact with the CD4 receptor during binding but may be in close physical 
proximity to the binding site and necessary for optimal binding to CD4-bearing cells. 

Other Receptors? Data appears to conflict regarding the possibility of other cellular receptors 
as entry vehicles for HIV infection of other cell types. Both in vivo and in vitro studies of several 
different cell types (macrophages, monocytes, and gastrointestinal cells, for example) show 
that these cells can be infected by HIV. However, it remains unclear whether the CD4 receptor 
is the entry route into these cell types. Although macrophages and monocytes are known to 
possess CD4 receptors, some investigators hypothesize that another receptor-possibly the Fc 
receptor-serves as the entry port for HIV. Dr. ThierryJouault and colleagues (Pitl6-SaIp6triere 
Medical School, Paris) presented data showing that HIV does indeed attach to monocytic cells 
by means of the Fc receptor, but that the CD4 receptor is still necessary for infection of these 
cells. (See Chapter 2: PATIIJOGENESIS & IMMUNOLOGY for further discussion.) 

Figure 1.3. The HIV Life Cycle 

Free virus enters asusceptible (host) cell via a membrene receptor. Once internalized, RNA is released from the 
capsid and immediately transcribed into DNA (reverse transcription). Double-stranded viral DNA is then inte
grated into the host cell's DNA. The integrated viral DNA, called proviral DNA, istranscribed along with cellular 
DNA into messenger RNA (mRNA) once the cell isactivated. The mRNA "transcripts" are then translated into pre
cursor polyproteins, which are later cleaved by viral and cellular proteaso into biologically active proteins. The 
polyproteins are assembled along with viral RNA into new viral particles, which bud from the cell surface, each 
acquiring an envelope as iteits .he cell. 

Note: Protease activity is shown here for illustrative purposes only. It is now well established that polyprotein cleav
age does not occur until after viral particles are released from the cell. Mature (infectious) viral particles can be distin
guished from immature (noninfectious) viral particles by the presence of cleaved (active) oruncleaved polyproteins. 
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Figure 1.4. Protein Synthesis 
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Internalizatlon of HIV. After the virus docks with a target cell, HIV is internalized by fusion 
of the viral envelope and cell membrane, possibly mediated by HIV's gp4l transrnembrane 
protein. Some question remains about whether a cell receptor mediates fusion. Earlier mod
els of endocytosis (whereby the virus is engulfed by the cell and pinched off into the cell's 
interior)have apparently been abandoned. 

REVERSE TRANSCRIPTION 

Once HIV is internalized the capsid (core protein) is shed and the viral RNA and viral 
enzymes immediately disentangle within the cell's interior. The single-stranded viral RNA is 
converted into single-stranded DNA. a process called reverse transcription. This essential 
conversion step requires HIV's reverse transcriptase enzyme, which is an RNA-dependent 
DNA polymerase. (Polymerases are a class of enzymes that catalyze the polymerization, or 
elongation, of certain molecules.) As described earlier, this process Is the reverse of normal 
cellular transcription in which the information in cellular DNA Is transcribed (copied) into 
RNA. Reverse transcriptase Is also responsible for degrading the RNA molecule once the 
DNA molecule Is synthesized and for replicating the newly synthesized single-stranded 
viral DNA into double-stranded viral DNA. Because reverse transcription is peculiar to the 
invading virus, it offers an attractive target for therapeutic intervention. 

CIRCULARIZATION AND INTEGRATION 

The double-stranded viral DNA migrates to the cell's nucleus, where the ends of some ofthe 
molecules Join together to form a closed circle. This "circularized" DNA Is then integrated 
Into the host-cell DNA through the action of the HIV enzyme integrase, or endonuclease. 
(Note: Circularization may not be necessary for Integration.) Mutation studies have demon
strated that integrase Is critical for this event: Virus lacking integrase cannot replicate. 
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Several research teams are studying this pivotal step in the HIV life cycle, since preventing
integration of viral DNA into the host cell DNA would necessarily avert virus production. In 
a study reported by Dr. James Fyfe and coworkers (Wellcome Research Laboratories,
Research Triangle Park, North Carolina), HIV integrase was found to act as a "trimming"
agent, cleaving HIV DNA sequences before insertion into cellular DNA occurs. Such charac
terization will aid in the rational design ofanti-tntegrase drugs and antibodies to integrase. 
Once viral DNA Is integrated into the host cell's DNA, InfectIon may become either productive (acute) or latent (dormant). Proviral DNA (the term for integrated viral DNA) can lie dor
mant within unactivated ("resting") cells as a silent infection until the cell becomes activated. Activated (proliferating or dividing) cells give rise io new virus production almost 
immediately. Approximately 90%ofall T lymphocytes are resting. 
After integration, proviral DNA is transcribed into many strands of messenger RNA
(mRNA), triggered by an unknown activation signal (see "Regulatory Genes," below). As occurs during normal cellular protein synthesis, viral mRNA is translated into proteins.
The cell manufactures viral proteins in a biologically inactive form as large precursor proteins (called polyproteins). Unless cleaved by the viral enzyme protec se (see "Maturation" 
below), the precursor proteins remain Inactive. 

ASSEMBLY, BUDDING, AND RELEASE 

Next, the polyproteins come together with viral RNA, assembling preparatory to budding
and release. When assembled viral particles "bud" from the cell, they take along cell mem
brane components, forming an envelope. 
New evidence presented by Dr. Heinrich Gottlinger and coworkers (Dana-Farber Cancer
Institute, Boston) demonstrated by electron micro3copy that, at a late stage in budding,
viral particles can accumulate at the cell surface, remaining attached by a stalk. Prior tothis finding, it was thought that budding from the cell surface and release were simultane
ous events. They also presented biochemical data showing that efficient release of virus 
particles requires a capsid protein, p6. 

MATURATION 

Virus particles are released from a host cell as immature virions; conversion to mature,
infectious virions requires the action of HIV protease (orproteinase). Like other naturally
occurring protease enzymes, HIV protease is responsible for converting inactive, or precur
sor, forms of proteins into their biologically active form. Thus the HIV capsid proteins and
HIV enzymes all depend on protease for a final processing step (see Figure 1.5). Indeed,
genetic mutational experiments, in which the gene encoding for protease Is altered or
deleted, yield "immature" (noninfectious) virions. Although protease was previously thought
to act prior to budding, studies in 1989 showed that processing by protease actually occurs
after the virus has been released from the cell. (Seealso "Structural Genes," below.) 

THERAPEUTIC IMPLICATIONS 

As molecular details of the HIV life cycle are being worked out, discrete target sites forintervention aie being identifled. Examples of agents being designed to target major stages
of the HIV life cycle are previewed below: Chapter 6: ANuviRAL & IMMUNOTEERAEUTIC AGENTS 
reports these efforts In more detail.) 
HIV Entry. Since identification of the CD4 receptor as entry portal for HIV into susceptible
cells, much effort has been directed at developing agents to mimic this molecule as a 
means of Interfering with viral attachment to the cell. Rt-vamped versions ofa soluble CD4
molecule (sCD4) that binds to HIV's envelope (thereby blocking attachment) are currently 
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In clinical trials. Other efforts aimed at HIV entry Into susceptible cells include targeting 

the step immediately preceding Internalization. Dr. John Bergmann and colleagues 

(Columbia University College of Physicians & Surgeons, New York) reported development of 

an assay that will enable testing of canclidate agents for their ability to block HIV adsorp

tion to and fusion with the cell's membrane. 

Reverse Transcription. Interfering with the process of reverse transcription, and the HIV 

reverse transcriptase enzyme, remains a prime research target because production ofvirus 

from an Infected cell can be halted If HIV's RNA cannot be made into DNA. AZT (zidovu

dine), the only drug approved by the U.S. Food & Drug Administration (FDA) for the treat

ment ofAIDS, acts by interfering with reverse transcriptase. 

At this year's Conference, novel approaches to interfering with reverse transcriptase activity 

were presei.ed. Althotu i the reports were only preliminary, an antibody (designated C2003) 

that recognizes and binds reverse transcriptase and inhibits its activity were described by Dr. 

Anthony DeVico and colleague (Advanced BloScience Laboratories, Kensington, Maryland). 

A new class of drugs (called TIBO derivatives), believed to act specifically against HIV-I 

reverse transcriptase, was described by Dr. Rudi Pauwels (Katholieke Universitelt Leuven, 

Belgium). Dr. Pauwels expressed hope that further characterization of these TIBO deriva

tives would help pinpoint their precise mechanism of action. 

Integration. Much attention has recently turned toward HIV integrase and the integration 

phase of the HIV life cycle, with the goal of designing anti-HIV integrase agents. To aid 

development and testing of such agents, a speedy and efficient laboratory protocol for iso

lating and purifying the HIV integrase enzyme is necessary. Toward this end, Dr. lain K. 

Pemberton and colleagues (The London Medical College) presented their methodology on 

cloning the gene and purifying its product. Dr. Viola Ellison (Stanford University, 

California) and colleagues, and independently, Christopher Farnet (Dana Farber Cancer 

Institute, Boston) reported on a newly developed cell-free system in which the mechanism 

of action of integrase can be studied. 

Maturation. Perhaps because of past successes with other human protease enzymes, 

(notably, renin and pepsin), several research teams and pharmaceutical companies have 

made much progress in the design of specific anti-HIV protease. Data on one such com

pound now in development was presented at the Conference by scientists from Roche 

Products, Ltd., U.K. (see Chapter 6: ANTIVIRAL & IMMUNOTHERAPEUTIC AGENTS). Molecular 

characterization of this enzyme, including determination of Its three-dimensional struc

turc, and identification of Its specific target sites (withinHIV polyproteins) has greatly aided 

scientists in designing anti-protease drugs. 

THE HIV GENOME 

HIVs genome (its er',Ire Lomplement of genes) consists of three structural genes-which are 

common to all retroviruses-and six regulatory genes-several ofwhich appear to be unique 

to HIV. (See Figure 1.6 for a "map"of the HIV genome.) Structural genes encode the genetic 

information necessary for the production of proteins, including enzymes; regulatory genes 

encode instructions for regulatory elements-proteins that control the synthesis and/or 

activity of other proteins. Regulatory gene products are also capable of self-regulation. 

Given HIV's elusiveness within the human body, it Is not surprising that scientists are 

uncovering a highly complex system of gene regulation. No other retrovirus appears to 

exhibit such multiple levels of control. Perhaps most intriguing is the finesse with which 

HIV's regulatory genes dictate the rate and timing of virus productior.. While HIV's regula

tory mechanisms may at first appear ingenious, they may also prove to be its Achilles' heel, 

providing an ideal target for medical weaponry. 

http:presei.ed
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Figure 1.5. Protease Activity 
The HIV protease enzyme cleaves the gene products (precursor polyproteins) of gag and pol into individlal biologicallyactive proteins. Protease must first undergo an autoprocessing event-that is, it must cleave itself from the gag-pol fusionpolyprotein- before it can cleave the other polyproteins. (Note: The envelope polyproteir ;scleaved by cellular protease.) 
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STRUCTURAL GErs 

HI V possesses three qtructural genes whose products are essential to replication of the 

virus. Transcription and translation of these genes results in the generation of biologically 

inactive polyproteins. Processing by one of these structural gene products, the protease 

enzyme, is necessary for the "release" of individual structural proteins from their polypro

tein precursors (see Figurel.5). 

Gag (group-specific antigen). The gag gene codes for (contains the genetic Information 
for) the capsid, or core, protein designated p24 (orp25). Other gag gene products include 

" 	 the matrix protein p17 (also referred to as p18) 
* 	 p6, a protein recently shown to be necessary for the release of newly assembled 

viral particles from the cell surface 
p9, whose function is unknown 

Pol (polymerase). The pol gene codes for reverse transcriptase, a polymerase enzyme 
needed for the conversion of RNA to DNA. The pol gene also contains the blueprint for Inte
grase (an enzyme essential for the integration of viral DNA into cellular DNA) and a partial 
blueprint for protease (the enzyme that cleaves large precursor polyproteins into smaller 
active proteins). Note that the complete "message" for protease is contained in a fused gene 
product, the gag-polpolyprotein. HIV must employ a special genetic maneuver-referred to 
by geneticists as a translational frameshift-to decode the information from both the gag 
and the polgenes in order to generate the protease enzyme. 

Env (envelope). The env gene encodes information for an external envelope protein, gp120 
(which gives the virus its "knobby" appearance), and an envelore protein that is integrated 
directly into the envelope, the transmembrane protein gp4l. Both of these gene products 

are believed to be significant determinants of HIVs pathogenicity. 

REGULATORY GENES 

The rate of protein synthesis can be promoted or inhibited by genes referred to as positive 
or negative regulators. Investigations into HIV's regulatory genes seek to defipe and char
acterize not only these genes and their pr- ducts, but also the interactive elements that 
enable them to act as pcsitive or negative regulators ofgene activity. Although HIVs regula
tors were previously categorized as either positive or negative, data from interim studies 

have blurred such clear-cut distinctions (except for tat, see below). It is conceivable that a 
given regulatory gene may act in a positive manner Li a particular circumstance (ofenvi
ronment or time), but in a negative manner in another. 

Regulatory genes can interact with short nucleotide sequences (building blocks of the 
nucleic acid molecules) located within either DNA or RNA molecules. These short 
sequences are known as "responsive" elements. Numerous reports have shown that cellu

lar elements also play a role in the mechanism of action of regulatory genes. N-w findings 
on the mechanism(s) by which HIV regulates its own production are slowly revealing the 
truly intricate nature ofHIWs regulatory pathways. 

Nef(negative regulatory factor). Much controversy surrounds the precise function of 
the nefgcne product. Not only has it been postulated that the nefprotein negatively reg
ulates HIV transcription (through interaction with a specific region within the long ter

minal repeat-the negative regulatory element, NRE), but also that nef plays an indirect 
role in the establishment of latency, or at least "slow infection." Some research groups, 
however, contend that no such activity can Le attributed to the nefgene. And some are 
now interested in whether the discrepant observations can be attributed to strain varia
tions or to differences in its activity in different cell types. 
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Figure 1.6. The HIV-1 Genome 
The entire complement of HIV genes are represented below: The LTR = l.ong terminal repeat. gag =group-specific antigen; pol =polymerase; env =envelope; vif =virion infectivity factor; rev = regulator of virion proteinexpression; net =negative regu!atory factor; vpu =virion productivity factor u; tat = trans-activator cf transcrip
tion; and vpr =viral protein r. 

The conflicting findings on neffunction may be explained, at least in part, by new evidence on nef-defective HIV isolates presented by two independent research teams. Dr. Ernest
Terwilliger ana colleagues (Dana-Farber Cancer Institute, Boston) reported that an HIVisolate maintained in stable T cell cultures (as opposed to fresh primary T cell cultures)
lacked an intact nefgene. In a parallel study using biochemical analyses, Dr. Anne Laurent(Institut Pasteur, Paris) and colleagues found the nefprotein of an HIV isolate-also raised
in a stable T cell culture-to be nonfunctional. Both sets of data may shed some light onprevious conflicting reports regarding the role of nefIn HIV replication. More importantly,
this new evidence raises concern about the possibility of in vitro artifacts, bringing intoquestion the reliability of data obtained using HIV isolates from such cell culture systems
and its applicability to in vivo behavior ofHIV. 
Rev (regulator of virion protein expression). The rev gene product is now known to control the shuttling of structural messenger RNA molecules (which carry the message forstructural proteins) from the nucleus, wic.e they are generated, to the cell cytoplasm,where they are translated into proteins. The mechanism by which rev is able to exert such
control Is now under intense investigation. It is known that rev must bind to a specific RNA sequence, called RRE-for rev responsive element. Sevenl independent teams are working
on Identification and characterization of the RNA that contains this sequence in an effort toobviate normal rev function. Dr. James Rusche (Repligen Corporation, Cambridge,
Massachusetts) and colleagues presented data that implicated cellular factors In the 
rev/RRE interaction.
 
Tat (transactivator of transcription). The tat gene has been heavily scrutinized since
Its identiflcati, n as a gene capable of increasing HIV transcription-and therefore ulti
mately controlling replication. Tat is considered a potent positive regulator because Ithas been shown to dramatically speed the rate of transcription of viral genes. Since thegeneral function of tat has been defined, researchers are now anxious to find out how tatexerts its control. Once this process and its kinetics are laid bare, efforts can begin to 
target its disruption.
 
The tat gene product (transactivation, or tat, protein) is described as a 
transactivator
because it activates transcription by interacting with noncontlguot-.target nucleic acid sequences located within the genome. These sequences, situated at the ends of the genome
in the long terminal repeat (see below) and also In nealy synthesized RNA. are called trans
activtion responsive elements (orTAR seqlences). 
Through the efforts ofseveral independent research teams, a clearer picture of the complexinteraction of the tat protein with TAR sequences is coming into focus. As pointed out by 
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Dr. Flossie Wong-Staal (University of California, Davis), it is now apparent that tat protein 
acts at multiple levels: 

increasing the efficiency of initiation of viral gene transcription 
* 	 enhancing elongation of growihg mRNA molecules 
* 	 Increasing the speed and efficiency of translation ofmRNA into proteins by increas

ing the level of newly synthesized RNA in the nucleus 

It is hoped that these findings, together with data from ongoing studies, will enable scien
tists to dismantle the critical "interaction site"within the transactivation process. 

Vif(virion Inf-ctivity factor). Two separate pieces of data presented at the Conference 
Implicate the vif gene in controlling infection kinetics and cytopathicity (ability to induce 
pathological effects on a cell). Dr. Kazuyoshi Ikuta (Hokkaido University, Sapporo, Japan) 
and associates reported their results on a series of deletion mutation experiments in which 
an HIV strain lacking vifwas able to infect susceptible cells but could not kill them. These 
results were not obtained, however, with natural HIV or deletion mutants defective in the 
nef, vpu, and vpr genes. In an independent study conducted by Dr. Koji Sakai (St. 
Luke's/Roosevelt Hospital Center, New York) and colleagues, cytopathic and noncytopathic 
isolates of HIV were examined in an effort to identify differences between the two at the 
molecular level. The researchers found that deletion of the vifgene (producing either trun
cated vif protein or no vufprotein) gave rise to a noncytopathic isolate. 

Ypr (viral protein r). Dr. Eric Cohen and coworkers (Dana-Farber Cancer Institute, 
Boston) presented new data regarding the vpr gene product, which until this time has 
only been characterized as a nonessential gene. The researchers found, rather surpris
ingly, that the vpr protein is in cell-free viral particles in multiple copies. Such a finding 
implies that the vpr protein is necessary to (or at least facilitates) the early stages of the 
viral life cycle. 

Vpu (virion productivity factor "u"). Independent studies reported at the Conference 
cor:firmed earlier work showing that the vpu gene product is associated with (intra)cellular 
structures and acts in the later stages of the viral life cycle by facilitating assembly, bud
ding, and release of new viral particles. 

Therapeutic Implications. As outlined out by Dr. John Coffin (Tufts University, Boston), 
the interrelationships among HIVs regulatory proteins have proved to be much more com
plex than those of any other retrovirus studied. Nevertheless, the potential for gene therapy 
is significant. Several sessions on the molecular biology of HIV discussed the prospects of 
designing gene fragments that, once within a cell, can compete with HIV genes and gene 
products-and thereby negatively regulate HIV replication. Dr. Remi Cheynier and col
leagues (Institut Pasteur, Paris) compared the ability ofdefective tat gene products to inter
fere with the activity of normal tat gene products. In vitro studies showed that when a defec
tive tat gene is introduced with normal proviral HIV DNA. replication of HIV is diminished. 
When added in excess quantities, the defective tat gene product (tat protein) could outcom
pete normal tat protein and effectively inhibit replication by as much as 90%. Many 
researchers are excited about the prospects of transforming the molecular details of HIV 
gene regulation into a realizable clinical rationale. 

THE LONG TERMINAL REPEAT 

As in all retroviruses, proviral DNA is physically flanked at both ends by identical segments 
called long terminal repeats (LTRs). Each of the LTRs contains many regulatory signals. 
Sequences in the left (or 5') LTR and right (or 3') LTR of either DNA strand serve as initiation 
sites for the transcription ofviral genes. Turning on, or activating, the LTR, then, means 
turning on transcription, the beginning of viral protein synthes!s. 
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Figure 1.7. The Long Terminal Repeat 

HIV's LTR is known to contain DNA sequences that bind the cellular pro
teins NF-kB (at two sites) and Spi (at three sites). Also identified
 
are sequences called TAR and NRE, which interact
 
with the HIV regulatory proteins tatand nef,
 
respectively.
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Transactivation. HIV LTR is activated when binding occurs between sequences within 
the LTR (responsive elements) and regulatory proteins. Such activation by noncontiguous
elements Is more accurately called transactivation. Interaction between tat and TAR (the
tat-responsive element), for example, results In an increased rate of transcription. 
Cellular proteins have been shown to bind to-and thereby activate-the HIV LTR. It Is 
more than curious that the HIV LTR contains sequences resembling cellular DNA sequences. This similarity enables the binding of cellular proteins that normally interact
 
with cellular DNA to speed transcription of cellular genes. In the normal environment ofan

activated cell, proteins such as nuclear factor kappa B (NF-kB) bind to DNA sequences and

thereby speed transcription. Unactivated, or "resting," cells do not appear to have NF-kH
 
available for binding to these sequences.
 
Stretches of DNA in the HIV LTR that bind NF-kB (at two 31tes) and another cellular factor,

called SpI (at three sites), are being exhaustively tested (see Figure 1.7). Several groups of

investigators are trying to establish the precise role these sites play in controlling the
virus's capacity to replicate. In summarizing the deletion and reconstruction experiments

being conducted in his laboratory, Dr. Malcolm Martin (National Institute of Allergy &

Infectious Diseases, Bethesda, Maryland) reported that the NF-kB and Spl sites in the HIV

LTR are critical for HIV infection of CD4-bearing T cells. Dr. Martin presented data demon
strating that HIV cannot replicate If all of these sites are eliminated from the LTR (aso
called "empty LTR"). And when the HIV LTR contains only a single NF-kB site and none of

the Spl sites, viral replication Is significantly delayed (occurring several weeks rather than
 
hours after the DNA is introduced into susceptible cells) and virus production is signifi
cantly depressed compared with normal LTR constructs.
 
Transactivation of HIV LTR lacking NF-kB andSpI binding sites apparently can occur in

the presence of coinfecting viruses. Dr. David Margolis and colleagues (National Institute of

Allergy & Infectious Diseases, Bethesda, Maryland) found that the herpes simplex virus

(HSV-1) was able to transactivate an LTR lacking all NF-kB and Spl sites in cultured
 
(Jurkat)T cells, but not in cultured kidney cells (Vero cells).
 
The ability of other viruses, including human T-lymphotropic virus, type 1 (HTLV-1),

Epstein Barr virus (EBV), cytomegalovirus (CMV), and JC virus, to transactivate the HIV

LTR continues to be studied. Several authors cautioned that although non-HIV viral gene

products can be shown to transactivate the HIV LTR In vitro, such stimulailon may not

actually be occurring in vivo. Furthermore, as illustrated by work presented by Dr. Iel

Amemiya (National Institute of Neurological Disorders and Stroke, Bethesda, Maryland),
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HIV may replicate more efficiently in the absence of transactivating proteins from coinfect
ing viruses. Dr. Amemiya's group found that a JC virus protein previously identified as 
transactivating could not stimulate LTR-driven HIV replication to the levels obtained with
out the protein. 

Dr. Vincent Emery (Royal Free Hospital School of Medicine, London) and colleagues pre
sented new data on the NRE situated in the HIV LTR, which they showed contains two pre
viously unidentified binding sites for cellular proteins. Upon binding, transcription is 
either activated or repressed depending on certain molecular characteristics of the protein-
DNA complex. This finding raises the possibility that NRE is able to act as a switch from 
latency to productive infection. If such a mechanism does exist, intervention at this site 
may well permit HIV infection to be kept in check. 

Therapeutic Implications. Perhaps one of the most compelling reasons to dissect the 
HIV LTR dates back to experiments with a pathogenic murine retrovirus, which was ren
dered nonpathogenic following experimental substitution of certain sequences in its LTR. 
Many factors, both cellular and viral in origin, have been shown to activate the HIV LTR in 
in vitro studies. Such substances that bind to DNA sequences in the LTR can conceivably 
regulate HIV replication through this interaction. Alternatively, Dr. Kuan-Teh Jeang 
(National Institute ofAllergy & Infectious Diseases, Bethesda, Maryland) discussed the 
design of special RNA molecules, called ribozymes, which possess scissor-like cleaving 
capabilities and can act as homicidal agents within the cell. Ribozymes that specifically 
recognize LTR sequences could be used as a therapeutic tool for interfering with transacti
vation of the HIV LTR and ultimately the production ofviable virus. 

NATURAL HISTORY 

Although many molecular details of HIV have been sorted out, a clear picture of its natu
ral history-delineation of its origins and immediate relations-has yet to emerge. A sec
ond human retrovirus associated with AIDS-like symptoms (HIV-2) was isolated from per
sons in West Africa 2 years after the AIDS virus (HIV-1) was identified. Identification, that 
same year, of a simian retrovirus in laboratory-raised rhesus macaques exhibiting 
immunosuppression, prompted researchers to examine the evolutionary relatedness of 
the prJmate retroviruses. Molecular and immunological analyses of human and simian 
immunodeficiency viruses (SM), in combinat!, n with surveys determining the prevalence 
of HIV and SIV infection, will it is hoped eventually allow researchers to piece together the 
ancestry of these retroviruses. 

HIV-1 

Human immunodeficiencyvirus, type 1 (HIV-1), was identified in 1983 as the causative 
agent of AIDS, Just 2 years after the first reports of an immunodeficiency syndrome 
appeared in the medical literature. Determination of the DNA sequence of the entire HIV 
genome and characterization of Its organization (in 1985) led to the finding that individual 
HIV isolates showed marked strain variation from patient to patient and among different 
tissue types. Such variability was consistently reported by independent laboratories and is 
now recognized as a hallmark of this virus. (Chapter 2: PATHOGENESIS & IMMUNOLOGY dis
cusses the pathologic consequences of HIV strain variation.) 

HIV- I isolates from diverse geographic areas-North America, Europe, and Africa, for 
example-exhibit characteristic differences in specific regions of their DNA sequence. 
Such differences are apparent in immunological profiles of infected individuals: antigen
antibody reactivities of samples taken from persons in distinct geographic regions yield 
slightly different patterns. 
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Constructing an evolutionary tree of the HIV and SIV isolates, then, must take into accountthe strain variation that exists within HIV- 1 and, as is discussed below, within HIV-2, andthe SIV subtypes. Comparative genetic analyses of each viral isolate permits calculation ofthe degree to which the strains are related, based on variables such as nucleic acidsequences. Establishing evolutionary relatedness, it is hoped, will facilitate "backtracking"
studies seeking to determine the origin of HIV-1. 

HIV-2 
Human immunodeficiency virus, type 2 (HIV-2)was isolated in 1985 from a Portuguese manliving in the Cape Verde Islands who had symptoms resembling those seen in AIDS patients(specifically, immune suppression and lymphadenopathy). Recent regional and worldwideepidemlological surveys show that HIV-2 is endemic to West Africa, and that, with few exceptions, HIV-2 infected persons have some connection with West Africa, such as having 

" lived or travelled in West Africa 
• had sexual contact with persons in or from West Africa 
" received transfused blood/blood products from a West African donor 

HIV-2 was Identified through diagnostic screening for HIV-1 when an antibody profile wasseen that had definite similarities to HIV-I-but which also showed distinct differences.Genetic characterization of the virus and comparison with HIV-1 revealed differences inDNA sequence that explained the discrepancies in antibody banding patterns. Comparativegenetic analyses were also able to show that the env gene was significantly distinct from thatof HIV-1. Differences between the gag and pol genes of HIV- 1and the virus that would bedesignated HIV-2 are now also well documented. Perhaps the most important distinctionand one that may provide the link between HIV-1 and HIV-2-is the absence of the vpuregulatory gene and the presence of a previously uncharacterized regulatory gene, vpx in HW-2. 
Until recently, the variability among individual HIV-2 isolates has been reported to berather low (87-90% identical). Dr. Ursula Dietrich (Georg-Speyer-Haus, Frankfurt, FRG)reported her team's work with a "new" HIV-2 strain (HIV-2 ALM that Is only 76.2-76.8%Identical to the HV-2 prototype and to other characterized Isolates. Dr. Michael Tristemand colleagues (University of Cambridge, U.K.) also noted substantial variation betweentheir isolate (from an infected person in Guinea Bissau) and the HIV-2 prototype (fromCape Verde Islands). Data presented by Dr. Tristem showed that the lowest homologies(similarities) were in the env and tat amno acid sequences. The authors suggest that
HIV-2 strains do indeed exhibit considerable variability-perhaps to a greater extent than


that seen with HIV-I strains.
 
Clinical correlates of HIV-2 infection show similar, but not Identical, features to HIV-1infection. Dr. Wanda Canas-Ferreira (New University of Lisbon, Portugal) and colleaguesobserved that although lymphadenopathies, ARC, and AIDS are associated with HIV-2infection, the clinical evolution of infection is slower and less aggressive than that seen inHIV-1 infection. Indeed, naturally occurring HIV-2 isolates with markedly reduced cyto
pathicity (ability to induce cell killing or cell fusion) have beeI reported. 
In vitro study of HIV-2 strains that differ in their ability to cause cell damage may lead to theidentification of specific molecular determinants Involved in in vivo pathogenicity. Dr. JamesHoxie (University of Pennsylvania, Philadelphia) presented his group's data on a high'y cytopathic HIV-2 variant derived from a noncytopathic, replication-competent, Isolate. The cytopathic HIV-2 Isolate was found to differ from the noncytopathlc parental isolate in its affinityfor the CD4 receptor, level of"down-modulation" ofCD4, size ofthe external envelope glycoprotein, and ability to interfere with co-infecting cytopathic viruses. It Is hoped that continued invitro comparisons, together with further characterization (at the DNA and amino acid level) ofthe two variant strains, will provide insight Into the mechanism(s) controlling pathogenicity. 
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SIV
 

The simian immunodeficiency virus (SIV) was first identified in laboratory-raised 
macaques exhibiting immunosuppression. Examination of data from many studies since 
then has revealed that, while SIV is found in animals in the wild, it is nonpathogenic to 
these natural hosts-several species and subspecies of African Old World monkeys, 
including African green monkeys, sooty mangabeys, mandrills, and patas. Extensive 
serological testing of Old World monkeys native to Africa indicates that SIV infection is 
quite widespread among this species in the wild. However, monkeys native to Asia, while 
not infected in the wild, have thus far been the only species found to develop a fatal 
immunodeficiency condition (called simian AIDS or SAIDS) when experimentally infected 
with certain SIV strains. (The rhesus macaque from which SIV was first isolated was of 
the Asian type and was probably inected by a sooty mangabey while they were housed 
together in the laboratory.) 

These findings have led to speculations that SW crossed ipecies, infected humans, and 
eventually evolved into the highly pathogenic HIV. Numerous research teams are looking at 
this hypothesis and are comparing the genetic sequences of individual isolates to approxi
mate evolutionary divergence (see below). 

The genetic organization of most SIV strains reveals that, like HIV-2, the SIV genome con

tains a vpx gene and Jacks a vpu gene. Dr. Thierry Huet (Institut Pasteur, Paris) and col

leagues, however, presented new data on an SIV strain isolated from two chimpanzees 

(SiVcpz) captured in Gabon: the genome of SIVcpz contains the exact same complement of 

genes as HIV- 1, including the vpu gene. (Note: the study's authors recommended using the 

acronym "CIV," for chimpanzee immunodeficiency virus, rather than SIV.) See below for a 

discussion of the evolutionary implications of this finding. 

Dr. Martine Peeters (Institute of Tropical Medicine, Antwerp, Belgium) and colleagues, who 

originally identifed SIVcpz from two chimpanzees in Gabon in 1989, are now studying the 

prevalence of natural infection of SIVcpz in chimpanzees. It remains to be seen whether 

SIVcpz Infection is widespread throughout the species in the wild or is regional, as seen in 
the African Old World monkeys. 

EVOLUTIONARY DIVERGENCE AMONG HIV-RELATED VIRUSES 

Researchers attempting to define the evolutionary relationships between the various SIV 

subtypes and HIV-1 and HIV-2 use three basic lines of evidence-genomic organization, 

nucleic acid homology, and amino acid homology. Dr. Etsuko Moriyama (National Institute 

of Genetics, Mishiwa, Japan) and colleagues pointed ouc that different relationships 

emerge depending on which genes are being examined and compared. For example, when 

the gag and env genes are examined, SIVagm (SiV found in African green monkeys) is 

obse ved to be closest to HIV-2, but when pol and nefare examined, SIVagm is closer to 

HIV-1. The authors suggest that these differences can be reconciled in a phylogenetic tree 

where HIV- 1 and HW-2 are shown to evolve independently from SIV, and where HIV- 1 and 

HIV-2 represent recombinant viruses derived from SIV and other related viruses. 

Most theories for the emergence of HIV-1 and HIV-2 are based on the premise that HIV has 

been in nature "all along" and has (relatively) recently crossed species barriers. Perhaps the 

strongest evidence for this cross-species transmission theory comes from recent work 

showing considerable nucleic acid and amino acid homology between SIV from sooty 

mangabeys (SIVsmm) and HIV-2. The degree of homology at the amino acid level argues 

that SIVsmm and HIV-2 may be as closely related as the individual SIVsmm isolates are to 

each other. Fu-thermore, the natural habitat of sooty mangabeys is West Africa, where 

HIV-2 infectic n is known to be endemic. Together these data support the theory that 
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Figure 1.8. RNA Viruses 
Animal RNA viruses are classified into three families; no evolutionary relatednesb is implied in this illustration.Onooviruses, or transforminig viruses, cause cancer; spumaviruses are called "foamy"viruses because of the distinct appearance they induce incells they infect; and lentiviruses, or slow viruses, are so named because of their
lengthy incubation period. 

~Fous sarcoma vi.-us (in chickens) 

FeLV (Feline leukemia vlius) 
Oncoviruses BLV (Bovine leukemiavirus)
 

I-,LV-I (Human T-leukenia virus, Type I)
 
T'-HLV-11 (Human T-leukemia virus, Type II) 

SFV (Simian foamy virus) 

RNA Spumaviruses BSV (Bovine syncytial virus) 
Viruses FSFV (Feline syncytium-forrring virus) 

NPCV (Human nasopharyngeal carcinoma virus) 

EIAV (Equine Infectious anemia virus) 

CAEV (Caprine arthritis encephalitis virus) 

Lentiviruses Visna virus (in sheep) 
BIV (Bovine immunodeficiency virus) 

FIV (Feline immunodeficiency virus)
 

HIV (Human Immunodeficiency virus)
 

SIV (Simian immunodeficiency virus)
 

CIV (Chimpanzee immunodeficiency virus)
 

SlVsmm could have crossed the species barrier, infected humans, and in changing hosts,

mutated to HIV-2. These findings do not, however, explain the origin(s) ofHIV-1.
 
A theory for the origin ofHIV-I does emerge from new findings on an isolate recovered from
 
chimpanzees (SlVcpz), reported by Dr. Therry Huet (Institut Pasteur) and colleagues; see
 
"SIV"above). Previously, SIV strains have been shown to be closer to HIV-2 than to HIV- 1
 
with respeci to genomic organization and sequence homology, suggesting that SIV may

have crossed species lines and infected humans, eventually giving rise to HIV-2.
 
However, Dr. Huet's report gives evidence for one of the missing links between SIVs and HIV- 1.
 
The genomic data, as well as the amino acid comparison data, place the chimpanzee isolate

SIVcpz closer to HIV- I than to HIV-2 or any of the other SIV strains. Although SIVcpz may be
 
closer to HIV- 1 than any other primate retrovirus studied thus far, it is nevertheless suffi
ciently divergent from HIV- 1 to warrant classification as a distinct primate retrovirus:
 
Sequence analysis revealed divergence greater than 50% (in nucleic acid sequence) between
 
SIVcpz and HIV-1 for several regions, including the gag gene. This represents a greater diver
gence than any seen for all the HIV- I sequences cha.lerized to date. SIVsmm and SIVmac,

while distinct from HIV-2, do not show the same high degree of divergence, suggesting that a
 
strain, or strains, more closely related to HIV- 1 will likely be found.
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ANIMAL MODELS
 

Research into the disease-causing mechanisms of HIV cannot rely on test tube or other 
artificial environment experiments exclusively. Data from in vivo studies (both in man and 
in relevant animal systems) is essential to the identification of underlying causes ofdisease 
manifestations, as well as to the development of therapeutic and prophylactic intervention 
strategies. Furthermore, other aspects of HIV infection-such as the transmissibility of the 
virus and clinical disease course-necessitate the use (and in some cases, the develop
ment) of animal models. Chapter 5: VACCINE DEVELOPMENT discusses animal models used in 
the testing of candidate HIV vaccines. 

HIV and AIDS have some predecessors in the animal kingdom-specifically, lenUv,: A-infec
tions in horses, sheep, cows, goats, cats, monkeys, and perb .s apes (see Figure 1.8). 
Lentiviruses, the family of retroviruses to which HIV belongs, exhibit a peculiar "slowness": 
The onset of overt disease symptoms takes a relatively long time from the moment of infec
tion. Other common features of lentiviruses include cell tropism, cytopathic conse
quences-cell death and cell fusion-the ability to establish persistent infection, and the 
ability to mutate at a horrendously rapid rate. 

Dr. Bill Narayan (JohnsHopkins University School of Medicine, Baltimore, Maryland) dis
cussed the many similarities and important differences of lentiviral infections among vari
ous animals. An overview of lentiviral infections reveals that all animals show a loss In their 

helper/inducer T lymphocyte population, but apparently in ungulates (horses, sheep, cows, 

and goats) the loss is not as detrimental as in human and nonhuman primates and in cats. 

Infection in ungulates is accompanied by inflammatory responses (the result of overstimu

lation of the immune system) with a relatively low degree of immunosuppression, whereas 
infection in primates and cats results in severe immunodeficiency. Molecular examination 

of individual animal lentiviruses shows strong similarities in life cycles and in the complex

ity of their genetic regulation. Ongoing investigations into viral gene activation by cellular 
factors in each model system may provide some clue to the observation that ungulates are 
generally able to survive persistent (lifelong) infection. 

One intriguing common thread being studied by Dr. Narayan's group and others is cell 
tropism by lentiviruses. The primary target of lentiviral Infection appears to be macrophages 

in ungulates but T lymphocytes in primates and cats. These host preferences may ultimately 

explain the differences in pathogenesis of the individual animal lentiviruses. 

NONHUMAN PRIMATES 

Because of their close evolutionary relationship to man, simians and great apes (chim

panzees) are considered to be potentially the most informative animal model for the study 

of UDS pathogenesis. To date, only experimentally infected Asian macaques develop an 

AIDS-like disease; naturally infected simians (African green monkeys, for example) do not 
seem to manifest any disease symptoms. However, it is hoped that the study of non

pathogenic and pathogenic lentiviruses, individually and comparatively, will help pinpoint 
pathogenic determinants of HIV infection in man. Studies of simians and chimpanzeus 

artificially infected with HIV- 1 and HIV-2 seek to define host responses, which may lead to 

new approaches for the development ofantiviral drugs or protective vaccines. 

Simians. Macaques experimentally infected with SIV typically develop disease symptoms 

approximately 2 to 12 months and die within 6 to 24 months after infection. Disease mani
festations are quite similar to those seen in humans: lymphadenopathy, dramatic declines 

In T lymphocytes (CD4 cells), numerous opportunistic infections, and, in some cases, 

encephalopathy (degenerative brain disease) and lymphoma. Parallel immune system 

changes have been observed as well: Dr. Archie Shum (University of California, Los Angeles, 
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School of Medicine) and colleagues reported that two markers of immune activation
(neopterin and beta-2-microglobulin) were found to change over time and relative to the
immunodeflciency state of the animal. Elevated levels of these immune activation markers
and ofcellular markers (B cells and killer cells)-correlated with disease progression. 
Several other investigators are attempting to systematically characterize host responses.Professor Reinhard Kurth and coworkers (Paul Ehrlich Institute, Langen/Frankfurt, FRG),for example, reported findings suggesting that host defense mechanisms may account for
the lack of pathogenic effect in SIVagm-infected African green monkeys. Cellular immune 
responses and antibody responses were noted to be less vigorous in these monkeys than 
responses seen in HIV-infected humans. The authors pointed cut that several factors couidaccount for this observation, notably limited variation within a strain ofSIVagm (as shownby comparing sequential isolates with the originally injected isolate) combined with lowvirus production, perhaps reflecting a high degree of intracellular suppression of viral 
replication. 
In an overview of simians as animal models. Dr. Murray Gardner (University of California,
Davis) pointed out that many simian experiments are based on the use of clones of the pro
totype SlVmac strain (isolated from immunosuppressed rhesus macaques). Infection of macaques with this prototype strain results in a highly aggr.ssive clinical course in animals that fails to muster a strong antibody response: Death usually occurs within 7
months. Dr. Gardner remarked that such infection more closely resembles acute pediatric
AIDS cases, with the much shorter incubation period.
 
Dr. Patricia Fultz (Emory University, Atlanta) discussed her group's interesting findings:

An extremely virulent SIV strain was isolated from a pig-tailed macaque 14 months after
experimental infection with a less virulent SIV strain (from sooty mangabey monkeys). The.parental" isolate (designated SIVsmm) was shown to possess very different cytopathicproperties from the derived isolate (designated SIVsmmpbj) when examined in vitro. Most
impressive, however, were the in vivo findings: The parent SIVsmm strain induces progres
sive immunodeficiency, whereas SIVsmmpbj causes acute disease with death resulting
within 1-2 weeks.
 
Dr. Fultz stressed that these findings mean that we now have an animal system in which

the in vitro biologic and cytopathogenic properties of these two viral isolates can be corre
lated wich their in vivo pathogenesis. Preliminary in vitro data from Dr. Fultz's group andfrom Dr. Deborah Blrx and coworkers (Walter Reed Army Institute of Research, Rockville.
Maryland) show evidence for SIVsmmpbj-induced cytokine production-a potentially
important finding that may ultimately prove to be related to the observed acute in vivopathogenesis. (Cytokines are soluble proteins, produced and released by various immune
cells, that act as chemical messenger, In an elaborate cell-cell communication network; 
see Chapter 2: PATOGENESIS & IMMUNOLOGY for a detailed discussion of cytokines.) 
Although early studies showed that rhesus macaques are not sensitive to HIV- 1 infection,Dr. Nicholas Lerche (California Primate Research Center, Davis) and coworkers presented
data at the Conference demonstrating that these monkeys are sensitive to HIV-2 infection:
seroconversion (the development of a specific antibody response) was noted 4 weeks afterexperimental inoculation. However, immunological and clinical findings revealed normal
CD4 cell (helper/inducer T lymphocyte) counts, and no clinical symptoms have beenobserved (the oldest monkey has been infected for 1 year). Since the preliminary data Indi
cate that HIV-2 is nonpathogenic in these infected macaques, the authors are looking for
clues to the pathogenic determinants of this virus. Sequential Isolates have not thus far dif
fered much from tht: original inoculated Isolates. 
Chimpanzees. Much interest has been generated by the recent identification of an HIV
related isolate in two naturally infected but healthy chimpanzees in Gabon, reported by Dr. 
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MartIne Peeters (Institute of Tropical Medicine, Antwerp, Belgium) and colleagues in 1989. 
Since chimpanzees are man's closest relatives, they would likely be excellent animal mod
els. As discussed above, this isolate (SIVcpz) is very close in genomic content to HIV-1, 
another finding that makes the chimpanzee attractive as a model ofHIV-1 infection. 

Previous chimpanzee studies have shown that they can be infected by HIV-1 through inoc
ulation (seroconversion Is seen after 6 weeks), but they do not manifest disease symptoms, 
although sume HIV-1-infected chimpanzees have developed transient immunosuppres
sion. The longest-infected chimpanzee has been Infected now for a little more than 7 years, 
which makes the chimpanzee unsuitable as a model system for H[V infection. (Note: chim
panzees are not susceptible to SIV infection.) 

CATS 

Two retroviruses are known to causc Immunodeficiency states in domestic cats and both 
are apparently natural infections, prevalent worldwide. Feline leukemia virus (FeLV). first 
identified in 1963, is an oncovirus (tumor -causing virus). Feline immunodeficiency virus 
(FMV), a lentivirus first described in 1986, shows remarkable similarities to HIV in its viro

logic, immunological, and clinical aspects of infection. At the molecular level, the FIV 
genome exhibits gene regulation akin to that seen in HIV, particularly with respect to the 

LTR. The FIV LTR can be transactivated by cellular activation signals and by genes of cer
tain co-infecting viruses, as shown by data presented by Dr. Ellen Sparger (University of 

California, Davis). 

Cats infected with FIV manifest overt disease symptoms comparable to those seen in AIDS 
patients (lymphadenopathy, opportunistic infections, and neurological symptoms, for 
example) approximately 2 years after infection. The immune response pattern in FIV

infected cats also correlates with the immune response to HIV in humans. Dr. Takuo Ishida 
and coworkers (Nippon Veterinary & Zootechnical College, Tokyo) compared the immunolog-
Ical status of cats in various stages of infection (asymptomatic, ARC, and AIDS) with that of 
healthy control animals. The degree of cellular dysfunction, such as decreased responsive

ness to mitogen stimulation, %vasnoted to parallel the disease state. Abnormalities in anti

body response and cytokine production were also observed. 

Dr. Michael Tortem (University of California, Davis) presented his team's recent findings 
that implicate FeLV as a viral cofactor in disease progression of FIV-infected cats. Cats 
infected with either virus typically have a relatively long latency period, remaining healthy 
for about 2 years. Molecular analysis of dually infected cats showed a 10-fold increase in 

the amount of FIV RNA and DNA in lymphocytes and lymph nodes when compared to cats 
infected with FIV alone. Furthermore, FIV DNA was detected in co-infected cats, in tissues 
not normally targeted by FIV (kidneys, for example). 

Ongoing studies will seek to define, if possible, the mechanism(s) by which disease progres

sion is enhanced. Several potential mechanisms are already being discussed: 

" the possibility of transactivation of FIV by FeLV 
" immunosuppression by FeLV leading to enhanced FIV replication 
* in vivo evolution of a chimeric isolate between FIV and FeLV 

Other viral cofactors are also being investigated (including herpesviruses, infectious peri

tonitis virus, and foamy virus). 

MICE 

For several reasons, the laboratory mouse is a convenient animal model for studying 

human diseases and disorders. Unlike the other animal models of HIV infection discussed 
above, mice apparently are not naturally infected by a lentivirus and are not sensitive to 
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HIV infection. However, as past studies have shown, mice strains can be manipulated to 
provide a choice animal model system for HIV infection. 
SCID Mice. Laboratory mice with severe combined immunodeficiency, or SCID (a mutation
that can be created in inbred mouse strains), have no T or B lymphocytes and therefore
cannot mount an immune response. Reconstitution of the immune system with human
cells has proved successful: Introduction of adult human blood lymphocytes into SCID
mice apparently does not lead to tissue rejection when these cells are injected intraperi
toneally (but not intravenously). This model was pioneered by Dr. Donald Mosier and colleagues at Medical Biology Institute, La Jolla, California, in 1988. and Is now being used by 
numerous research groups in the development of HI"! vaccines. 
SCID-hu Mice. Alternatively, SCID mice can receive implants of fetal human lymphoid tis
sue: now referred to as SCID-hu mice, this xmodel was developed by Dr.Joseph McCune
(SyStemix, Inc., Palo Alto, California). In both types of SCID mice, human lymphoid and
myeloid (bone marrow) cells are identikled and both can be readily infected by HIV. 
Dr. Linda Rabin (SyStemix, Inc.) reported her team's finding that SCID-hu mice are notsusceptible to infection with laboratory-adapted strains of HIV. In contrast, when iresh
isolates from HIV-infected patients are injected (intravenously), new virus production
can be detected, signaling the establishment of infection. Virus is localized in the
engrafted lymph nodes; detection of virus in the blood, however, is a time- and dose
dependent phenomenon. Dr. Hlideto Kaneshima and coworkers (SyStemix, Inc.) reported
data demonstrating active infection 10-14 days following inoculation and lasting for as 
long as 12 weeks. 
Because the SCID-hu mouse has circulating human lymphoid cells susceptible to HIV
infection, it can be used to evaluate HIV-specific drugs. Dr. McCune discussed antiviral
drug testing using this model: When HIV-Infected SCID-hu mice were treated with the 
reverse transcriptase Inhibitors AZT (azidothymidine or zidovudine) and ddl (dideoxyino
sine), viral activity was suppressed. This effect was observed to be dose-dependent, and 
removal of the drug resulted in subsequent reappearance ofvirus. 
Transgenic Mice. Mice can also be manipulated at the genetic level: the complete or par
tial HIV proviral genome can be inserted into chromosomes of "founder" mice, whichbecause they now carry specific transgenes (genes of another species), are called trans
genic mice. To establish strains of mice harboring all or part of the HIV gea-ome, founder
transgenic mice are bred to nontransgenic mice and progeny mice are examined for the 
presence of the transgene(s). Reported at the Conference were data from ongoing studies on
transgenic mice that carry HIV tat, nef,and LrR and also those which carry noninfectious
proviral DNA (deleted gag-polsequences). Although such studies are in the early stages, it appears that transgenic mice that carry even a s!ngle HIV gene develop some kind ofabnor
mality. Dr. Peter Dickie (now at National Institute of Allergy & Infectious Diseases,
Bethesda) reported that the litters of founder transgenic mice carrying the neftransgene
are much smaller in number than those of control mice, and a significant percentage of
surviving progeny mice carrying the transgene(s) show persistent dermatosis. It is hoped
that careful study of individual gene products in vivo will shed light on the function and full 
range ofproperties of these gene products. 
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PATHOGENESIS &
 
IMMUNOLOGY
 

BACKGROUND 

The insidious disease process triggered by HIV infection lays its foundation by undermining the body's Intricate defense system-the Immune system. This sophisticated network is formed by many cell types that act in concert to combat the Innumerable
pathogens, or disease-causing agents, that bombard the body daily.
lIV infection provides a chilling example of how the entire immune system can be crippledby compromising several of its key cellular components. An efficient immune responserelies on the ability ofmultiple cell types to coordinate their attack; any disruption of thiscellular cooperation can wreak havoc. By incapacitating certain cells, HIV insulates itselffrom Immune attack so it can continue to replicate and infect and kill other host cells. Ofeven more signiflcance is the compromising of potential immune responses against futureInfections. Thus, persons with established HIV Infection frequently succumb to "opportunistic" Infections that would normally be eliminated by a healthy immune system. 

AN OVERVIEW OF THE IMMUNE SYSTEM 
The uncompromised immune system functions through a series of defense mechanisms ledby the skin and the cilia lining the trachea and the intestines, which usually provide effective physical barriers against the many Invading microorganisms. Pathogens that penetratethese barriers encounter the complex array of immune system cells, each of which performsa precise function in the recognition offoreign microorganisms as "non-self" and the subsequent elimination of the:. Some immune system cells eliminate pathogens surh as bacteriaand viruses; others are key to surveillance and removal of cancerous cells or important inneutralizing toxins produced by certain microorganisms. Still oder of these cells have crucial regulatory roles, integral to Initiation or curtailment of immune responses. 
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CELLULAR COMPONENTS 

The primary Immune system cells are lymphocytes and macrophages. (See Figure 2.1). 

Macrophages are extremely versatile cells, which can be found in virtually every tissue of 

the body, 1their major functions Include scavenging (phagocytosis) and antigen presenta

tion (see "Monocytes and Macrophages," below). Lymphocytes-white blood cells dis

tributed throughout the body-can be further subdivided hy function. fhese cells recog

nize antigens (substances that trigger an immune response) and mount a specific response 

against them. Lymphocytes can be divided Into two main classes: 

* 	 B cells-responsible for antibody production (referred to as humoral immunity) 

" 	 T cells-responsible for a variety ofantigen-specific "priming" and killing functions 

as well as regulatory "unctions (cellular immunity). 

B and T cells, as well as macrophages and other immune system cells, arise from "unpro

grammed" cells called stem cells, which can either develop into specialized (differentiated) 

cells or self-replicate, replenishing the stock of generic ,stemcells.
 

B cells. Stem cells must undergo a series of molecular and cell-surface changes before they
 

become mature B cells, which bear antibody molecules (immunoglobulins) on the cell sur

face. These surface molecules enable the cell to recognize, and bind to, a specific antigen,
 

such as a viral protein. 

When a mature B cell encounters the antigen to which Its antibody molecules can bind, 

the cell Is triggered to clonally expand, generating many copies of the sensitized cell. 

Some of these clonally expanded cells become plasmacells, which secrete large quanti

ties of antigen-specific antibody. High levels of circulating antibodies maximize the bind

ing and removal, or clearance, of the offending pathogen from the system. (Antibody 

response to an antigen can be diagnostically monitored by measuring the titer, or con

centration, of antigen-specific antibodies in the blood. Thus exposure to HIV elicits an 

antibody response that can be detected by screening a blood sample for the presence and 

titer of antibodies that specifically recognize HIV. See Chapter 4: DIAGNCSTIC TESTS FOR 

HIV for details.) On exposure to antigen, not a!l of the clonally expanded B cells actively 

secrete antibody-some become memory cells. These serve as an expanded reservoir of 

antigen-specific cells, primed to initiate an accelerated secondary response should the 

antigen reappear months, or even years, later. 

T Cells. Circulating stem cells that reach the thymus gland a-e stimulated to undergo the 

molecular and cell-surface changes that wil transform them Into mature T cells. Prior to 

their entry into the thymus, stem cells lack two cell-surface proteins, CD4 and CD8; for this 

reason, these cells have been dubbed -double negative." Within the thymus. immature 

"double-posit! ie" (CD4+CD8+) cells, possessing both cell-surface proteins, develop from 

these precursor cells. A small proportion of these cells are thought to further differentiate 

into mature, functional CD4+CD8" or CD4"CD8+ cell;, although these mature subsets may 

also differentiate directly from double-negative (CD4"CD8-) precursors. These proteins 

together with another cell surface protein, the T cell antigen receptor (TCR), enable mature 

T cells to effectively bind to target antigens and carry out their "effector" functions-such as 

cell killing or cell regulation. 

Mature T cells leave the thymus and enter the circulation, traveling throughout the body and 

concentrating in the spleen and lymph nodes where they are likely to encounter circulating 

antigens. T cells, like B cells, also have the capacity to reside for many years as memory cells 

after an initial encounter with antigen. T cells are subdivided into four main categories: 

* 	 Cytotoxic T lymphocytes (CTL) destroy foreign cells, virally infected cells, and 

other infected or chemically altered host cells. Most CT'Ls bea.- the CD8 surface 

protein and lack CD4. 
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Figure 2.1. Major Cellular Components of the Immune System 
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* 	 Su,)pressor T cells inhibit B and T cell function, "turning off" an immune 
response that is no longer needed. Suppressor cells bear CD8 cell-surface 
proteins and lack CD4 molecules. 

" Helper T cells secrete proteins called lymphokines that regulate the activity of B 
cells, other T cells, macrophages and other accessory cells. Helper cells possess 
the CD4 cell-surface protein and are therefore referred to as CD4+. 

" Inducer T cells support the maturation of immature T and B cells. These cells, like 
helper cells, are CD4 + . (Helper and inducer cells are functionally distinct popula
tions; however, they are not separable in routine laboratory assays and are there
fore collectively referred to as helper/inducer cclls) 

Note:.while many cell types (other than T cells) carry the CD4 protein on their sur
face, cells designated as CD4 cells-in the context of HIV research-actually refer to 
T helper/inducer lymphocytes. 

Although both B and T cells are equipped to specifically recognize antigen, there is an 
Important functional difference between the two cell types. Whereas the B cell receptor 
(an antibody molecule) is secreted and circulates in the bloodstream to bind soluble 
("free") antigen, the T cell antigen receptor (TCR) is affixed to the T cell surface and can 
only bind to antigen that is appropriately displayed on the surface cf so-called *antigen
presenting cells" such as macrophages, dendritic cells, and activated B cells. This 
added complexity of antigen recognition ensures that T cells will be correctly targeted to 
the appropriate antigen. Thus a CTL that recognizes a viral envelope protein will recog
nize its antigen on the surface of a virally infected cell, which it will then effectively 
destroy. Circulating (non-cell associated) virus, which would only distract the T cell 
from its proper function, are Invisible to the T cell despite the presence of the "correct" 
viral protein antigen. 

Natural Killer Cells. Natural killer (NK) cells are lymphocytes that are not targeted to spe
cific antigens; thus NK --ells are referred to, along with macrophages, as the "nonspecific" 
arm of the immune system. These highly potent cell killers destroy infeeted or malignant 
cells by poking holes in the target cell membrane with pore-forming proteins. 

Monocytes and Macrophages. The pi ,:cursor stem cells, which give rise to T and B cells, 
also differentiate Into monocytes. While similar in function to their mature "fixed-tissue" 
counterpart (the macrophage), monocytes circuiatm in the blood. Differentiation of mono
cytes into macrophages occurs when the circulating monocyte penetrates into tissue. 

Macrophages are highly mobile units of the immune system, patrolling body tissues in search 
of foreign substances. One of the primary functions of macrophages is phagocytosis-the 
engulfment and degradation of invading pathogens and cellular debris. Before this can 
occur, macrophages must first bind to the antigen on the pathogen's surface. Degraded 
antigens (antigenic peptides) are presented on the macrophage's surface and are then rec
ognized by T cells: it is this function to which "antigen presenting cell" refers. Thus 
macrophages serve both as a surveillance cell and as a primer for the T lymphocyte. 

CYTOKINES AND SOLUBLE COMPONENTS 

Cytokines are soluble proteins released by various cells to act as chemical messengers, giv
ing specific signals to target cells (those bearing appropriate receptors). Cytokines secreted 
by lymphocytes are termed lymphokines. Some cytokines promote the maturation of spe
cific target cells, while others are important In augmenting or suppressing a variL-ty of 
immune responses. Many of these cytokines have multiple functions, which vary according 
to the type of cell targeted by their signal. Relevant cytokines, the cells they target, and 
their functions are summarized in Table 2.1. 
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Table 2.1. Cytokines: Targets and Functions 
Cytokine 

IL-1 

Target Cell 

All immune cells 

IL-2 

IL-3 

T cells 
NK cells 

Stem cells 

IL-4 

IL-5 

IL-6 

Bcells 
T cells 

Bcells 

Bcells 

TNFs 

T cells 
Thymocytes 
Myeloid cells 

Macrophages 

Tcells 

IFNs Antigen-presenting cells 

CSFs Stem cells 

Functions 

Co-stimulator of growth and differentiation 

Growth factor 
Growth factor; activator 

Induce macrophage, granulocyte and erythroid 
differentiation 

Activate Bcells
 
T cell growth factor
 

Growth factor
 

Stimulate Bcell differentiation and antibody 
secreron; growth factor
Activation; differentiation factor
 
Proliferative signal
 
Proliferative signal
 

Recruit and activate macrophages; increase their 
cytotoxic potential 
Co-stimulator in antigen-induced T cell 
proliferation 

Induce expression of MHC antigens; increase NK 
cell activity 

Induce macrophage and; or granulocyte 
differentiation 

Increasingly clear Is that many of the cytokines interact to mediate their effects. Thus. aproper balance of these soluble messengers is critical for a coordinated and effectiveimmune response; a balance that in many HIV-infected individuals is disrupted (see
"Cytokine Induction," below). 

NORMAL IMMUNE RESPO iSE 
The normal immune response against an invading pathogen is characterized by several 
key features: 

* recognition of specific foreign antigens

* 
 correct cellular signaling between different arms of the immune system
" establishment of memory cells "primed" to respond to the antigen, should it reappear

Antigen Recognition. The ability to discriminate between "self" and "non-self"(foreign)molecules Is integral to an efficient immune system. Interestingly, this capability Is notbuilt Into the genetic program of an individual-it is "learned" during fetal life, when theimmune system is first developing. Occasionally, this state of "self-tolerance" breaks down,and the immune system mounts an inappropriate attack against the body's own tissues.Diseases such as rheumatoid arthritis, systemic lupus erythematosus, and myastheniagravis are examples ofautoimmune disorders; others such asJuvenile-onset diabetes (TypeIIdiabetes) and multiple sclerosis are thought to have an autoimmune component that has 
not as yet been identified. 
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Proper Cellular Signaling. Once an invading pathogen has been identified as foreign, an 

attack is triggered, setting off a complex interactive cascade of events mediated by multiple 

cellular and soluble immune components. For example. viral invasion first signals 
macrophages and NK cells to carry out their respective functions: NK cells destroy virally 
infected cells, while macrophages ingest the viral particles and display the viral antigens on 
their membranes, thereby alerting T cells to the antigenic challenge. Only T cells bearing 
antigen receptors specific for those viral antigens will be stimulated to proliferate; the acti
vated T cells (primarily the helper T cell subset) "turn on" other immune cells, including 
virus-specific CTLs, which can rapidly clear the virus by destroying virally infected cells. 
Similarly, B cells bearing cell-surface antibody molecules speific for the virus are stimu
lated to clonally expand and secrete large quantities of antibodies that aid in the clearance 
of remaining free virus. As the threat diminishes, suppressor T cells are stimulated to ter
mlnate the response, probably by secreting soluble suppressor factors. 

Laying Down Memory. Antigen-speciP.c T and B cells are clonally expanded as a conse
quence of their activation by antigen. Once the immune response has subsided, these cells 
become quiescent and return to the circulation and body tissues as an expanded reservoir 
of antigen-specific "memory" cells. Should the same virus invade the host again (months, 
or even years later) these cells will be primed to respond more rapidly and vigorously in a 
secondary immune response. Antigen-specific memory is the basis for the success of vac
cines in the prevention of many viral diseases: Immunization with a modified (non-disease
causing) form of the virus elicits a primary immune response that establishes virus-specific 
memory cells capable of clearing the "real" virus in a future (secondary) response, should 
the host become infected. 

IMMUNE SYSTEM UNDER ATTACK 

The AIDS virus has proved to be a very elusive pathogen for many reasons. First ofall, HIV 
has adopted a strategy by which it can move about virtually freely within the immune sys
tem, dodging destruction as a foreigner by various immune system cells. HIV may be able 
to evade recognition by a clever, although not unique mechanism, whereby its surface anti
gens-primarily the envelope glycoproteins-change. Therefore, memory immune system 
cells primed to detect a specific HIV antigen will not recognize the altered antigen. Also, HIV 
can hide within host cells in a so-called latent state. In essence, HIV outwits the system. 

HIV proceeds to attack the immune system by choosing as its host the very cells that are 
designed to protect the body from disease. As discussed below, HIV preferentially infects 
the T helper/inducer cells, which serve as the primary coordinators of the immune system. 
Depletion of these cells through direct cell killing Is complemented by an oblique attack on 
varlous Immune system cells: HIV Infection can Indirectly deplete reserves of immune sys
tem cells by inducing formation of abnormal giant cell masses, called syncytia. 

~IIV HETEROGENEITY 

Many researchers have speculated that HIVs heterogeneity-its ability to vary its antigens
seems to be the key to this virus's ability to cause disease. It was shortly after the discovery 
of HIV that subtle differences were observed among the individual HIV strains that had 
been isolated through that date: the French isolate (LAV), the Washington, D.C., isolate 
(HTLV-IIl), and the San Francisco Isolate (ARV) shared many essential molecular and 
immunological characteristics but were clearly (although only slightly) different from one 
another. Since those early observations, It has become evident that HIV has the capacity to 
mutate very quickly. 

Not only have diverse "geographical" strains exhibited degrees of variability, but also 
strains isolated from an Infected Individual: HIV Isolated at different times from the same 
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person have been found to vary. As pointed out by Dr. Jay Levy (University of California,
San Francisco), different HIV strains have distinct properties that determine 

" the types of cells they are able to infect
 
" the extent and efficiency to which they replicate in these cells
 
" 
 the amount of cell killing that results from productive infection 

Indeed, the replication pattern of a particular HIV strain is thought to influence the rate of 
disease progression in certain individuals. 
Even strains of HIV that are only mildly cytopathic (inducing only a relatively small degreeof cell damage), such as those isolated rmm asymptomatic individuals, may become more
virulent with time. Dr. Levy's research !eam has found that viruses isolated from these
patients after onset of AIDS display a wider cellular host range, spread more rapidly toinfect new cells, and are highly cytopathic. Furthermore, strains isolated from one individ
ual may exhibit a preference for certain tissues, such that viruses from the brain or gas
trointestinal tract can often be distinguished from those residing in other tissues. 
Dr. Levy summarized recent work in his laboratory that seeks to pinpoint portions of theviral genome responsible for these differences in virulence and tissue distribution. A small
change in a tIny portion of the gene that contains the blueprint for the HIV gp 120 envelope
protein seems to be sufficient for increasing the virulent properties of the virus (see
"Factors affecting Disease Progression," below). Locating such areas in the viral genome
will allow scientists to target these regions for specific antiviral therapies. 

PREFERENTIAL INFECTION 

HIV mortally wounds the immune system by preferentially infecting and destroying the CD4, 
or helper/inducer, T cell. (In the context of HIV research, the term CD4 cell-previously T4
cell-refers only to the helper/inducer T cell subset, even though some non-T cells also bear 
the CD4 molecule on their surfaces.) Other cell types bearing the CD4 molecule also appear
to be Infectible by HIV, but further study is needed to ascertain whether this is an in vitro arti
fact. T cells lacking the CD4 molecule (CT and suppressor T cells, for example) do not appear
to be infectible by HIV. Morlocytes and macrophages, which are now known to bear at least
small quantities of CD4 on their surfaces, have been shown to be infected both invitroand in 
vivo. Indeed macrophages have turned out to be a reservoir for HIV and have been implicated
in spreading HIV infection throughout the body. Research reported by Tatsuo Shioda and 
coworkers (UCSF) suggests that the HIV's differential tropisms-for macrophages and CD4 
cells-can be programmed by a regionl within HIV's gp 120. 
CD4 (T helper/inducer) Cells. Disease progression In HI\"-infected individuals has been 
consistently observed in association with the depletion of CD4 cells (see "Markers of
Disease Progression" in Chapter 7: CLINICAL MANAGEMENT). Because CD4 cells act as the cru
cial reg'tlatoy arm of the immune system, their destruction renders the remaining cells of
the immune system functionally impotcnt. CD4 cells stimulate and coordinate the func
tions of B cells, NK cells, monocytes/macrophages, and other classes of T cells (see Figure
2.1). They secrete cytokines (or lymphokines) that stimulate their own proliferation and 
that ensure the proper functioning of many of the other immunc system cells. However, in
HIV-infected CD4 cells, cytokines such as interleukn-2 (IL-2) and gamma-interferon are 
not properly synthesized, or are generated in insufficient amounts. Consequently, the 
function3 ofother cells that depend .,nthese cytokines are adversely affected. 
Dr. Steven Schnittman and colleagues (National Institute ofAlergy & Infectious Diseases,
Bethesda, Maryland) presented data indicating that HIV preferentially infects memory CD4 
cells on the basis of a cell marker, designated UCHLI. This marker has been found on 
memory CD4 cells but not on other CD4 cells. And, in fact, of all CD4 cells obtained from
infected individuals, these memory CD4 cells were found to serve as the principal reservoir 
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for HIV. In vitrostudies show that memory CD4 cells (with the marker UCHLl) are infected 
4 tolO times as efficiently as cells lacking this marker. Preferential destruction of memory 
cells translates to dire consequences for the host, since these cells would be unavailable to 
respond to re-exposure to, or activation of, the vast number of Infectious agents to which 
the person has already been exposed over a lifetime. Indeed, many of the opportunistic 
infections that prove life-threatening for AIDS patients are thought to have been lying dor
mant within the body (rather than newly infectious), formerly kept in check via efficient 
immune responses initiated by memory cells. 

Macrophages. Because their role endows them with the capability of leaving the lymph circu
lation and penetrating tissues In anyorgan of the body to reach sites of infection, macrophages 
may actually serve as a Trojan horse for HIV. Originally macrophages were thought to play only 
a minor role in HIV-related disease, since few Infected cells could be found. However, increas
ing evidence suggests that this cell type is a major reservoir for virus in infected individuals; 
more importantly, these cells are uniquely equipped to disseminate virus throughout the body, 
and (although controversial) mayeven transport HIV into the brain. 

HIV infection in T cells differs notably from that in macrophages. Unlike the dramatic 
depletion of CD4 cells that is the hallmark of progressive disease, changes in number and 
overall characteristics of macrophages are relatively few, even in late disease stages, 
although some changes in function are observed, such as excess production of the cytokine 
gamma interferon. (Whereas all CD4 cells appear to be targets of HIV infection, not all 
macrophages are readily infected. Infected macrophages are found with high frequency in 
the brain, lymph nodes, and lung, but not in the liver (although the liver contains the great
est percentage of tissue macrophages). 

Some experimental models suggest that the ability of HIV to infect tissue macrophages 
depends on cellular differentiation or activation. While many cell types differentiate follow
ing cell division, macrophages are different-they replicate little, If at all, and instead 
become activated or differentiate on exposure to a variety of signals from the external envi
romnent. Activation of tissue macrophages during normal immune responses may render 
theset cells susceptible to viral infection, and permit them to readily infect many other 
immune cells that have been attracted to the site of the immune response. In this way, HIV 
may have cleverly exploited the normal immune response to its own advantage. 

While infection of CD4 cells results in copious viral replication and large numbers of new 
viral particles that bud from the infected host cell, HIV infection of macrophages is 
restricted-apparently very few virions are actually released from the cell surface. However, 
electron microscopy of infected macrophages reveals enormous numbers of viral particles 
accumulating within vacuoles, or cavities, within the cells (see Figure 2.2). Macrophages 
thus represent efficient viral factores, sequestering actively replicating virus with little 
apparent negative effect on the host cell. Release of this stockpiled virvs during an active 
immune response would allow its dissemination and infectior., fother susceptible cells. 

Other Cells. In addition to CD4 cells, monocytes and macrophages, a number of other 
immune and non-immune cell types are infectible by HIV, and may serve as potential reser
voirs of replicating or latent virus. Diverse cell types are infectible with HIV in vitro; (their 
infectivity in vivo remains unclear) and include B cells, NK cells, glial cells in the brain, 
epithelial cells lining the colon and gastrointestinal tract, and fibroblasts. 

A report from Dr. Georgi Kojouharoff and coworkers (Georg-Speyer-Haus, Frankfurt, FRO) 
indicates that immature stem cells from the bone marrow, which give rise to all of the white 
blood cells, are infectible by HIV in vitro. The destruction of such cells could thwart 
attempts by the immune system to bolster its ranks of mature cells depleted by the virus, 
thereby exacerbating the disease process. However, these cells do not appear to house a 
large viral reservoir in infected individuals, according to results from Dr.Dorothee von Laer 
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Figure 2.2. Latent, Active, and Restrictive Infection by HIV 
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A Inlatent infection, HIV can enter a susceptible cell, process its geneticmaterial through the stage of integration with cellular DNA, at whichpoint it lies dormant until the cell isstimulated. The precise triggering mecha
nism(s) for stimulation isunknown, 

Incells that have been stimulated, HIV viral proteins-and ultimately o Pnew virions-are produced and released; active production of HIV may C " '" or may not result inthe death of the infectedcell. 

f_ Restrictively infected cells are those which produce viral proteins and new
Svirions, but the new virions bud into intracellular saLs rather than budding from
the cell surface. It is possible that the virus has adopted this mechanism so that a
greater number of virions can be produced using the cell's machinery before the cell is killed.
Alternatively, the cell may inhibit viral release, because the same HIV isolate replicates actively inTcells. 

and colleagues (Bernhard-Nocht-Institute of Tropical Medicine, Hamburg, FRG) andDr. Brian Davis and associates (Stanford University Medical School, Palo Alto. California),who estimate the Infection of bone marrow precursor cells at less than 1 In 1,000. WhetherInfection of these progenitor cells contributes to the svppression of hematopolesis (differentiation of blood cells) observed in AIDS patients remains to be determined. 
Similarly, reports from Dr. Rosemarie Pereira and coworkers (Institute of Medical andVeterinary Science, Adelaide, Australia) Indicate that both Immature double-negative(CD4"CD8") and double-positive (CD4+CD8+ ) thymocytes (T lymphocytes residing in thethymus) are readily infected with HIV in vitro, although evidence for infection ofthese cellsIn HIV-posltive patients was not presented by these or other investigators. Immatureeosinophils (asmall subset of white blood cells) are also highly susceptible to HIV infectionin vitro, according to reports from Dr. Pierre Cornuet and colleagues (INSERM, H6pItal
Paul-Brousse, VilleJuff, France). 

HIV ENTRY. CD 4 -RECEPTOR-MEDIATED 

HIV utilizes a specific cell surface molecule to gain access to the interior ofhost cells; without access to host cells' biochemical machinery, HIV could not survive. The CD4 receptor,whose normal function Is related to antigen recognition in coordination with histocompatibility proteins, was identified as HIV's portal of entry Into susceptible host cells in early invitrostudies. (Histocompatibility proteins, found on all cells of the body, interact with the 
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CD4 receptor present on certain immune cells in the recognition of foreign, or non-self, 

antigens.) Apparently HIVs surface proteins-the protruding, knobby envelope glycopro

teins-"fit"with the CD4 receptor to allow binding to take place. 

T Cells. HIV clearly demonstrates a distinct preference for certain cell types, most notably, 
the CD4 cell (helper/inducer T cell). To appreciate the mechanisms by which HIV may gain 
entry into CD4 cells, !t is necessary to examine how thcse T cells normally function. CD4 
cells only recognize antigen presented on the surface of antigen-presenting cells (APCs) 
such as macrophages, B cells, and dendritic cells (immune cells residing in the lymph 
nodes and spleen). Antigen, complexed with "self' histocompatibility proteins (called major 
histocompatibility, or MHC. antigens), is displayed on the surface of antigen presenting 
cells. Displayed in this manner, specific antigen receptors on the T cell can recognize the 
foreign antigen, but It Is the CD4 molecule that makes this bond even tighter by binding to 
a portion of the MHC protein. In this way, the CD4 molecule enhances the ability of the 
T cell to recognize antigen through its specific antigen receptor (see Figure 2.3). 

The HIV gp120 envelope protein has an extremely high affinity for the CD4 protein. Once 
bound to the cell surface, the virus is able to enter the interior of the cell by fusion of the viral 
and cellular membranes. For this reason, the CD4 molecule is commonly referred to as the 
viral 'receptor," perverting its primary role in recognition of self and nonself antigens. 

Considerable effort is being made to identify specific amino acid stretches (peptides) on 
both CD4 and gpl20 that are required for binding of HIV and subsequent irfection of the 
host cell. Professor Ronald Penny (University of New South Wales, Sydney, Australia) 
explained that although HIV gpl20 binds at a site distinct from the portion of CD4 that 
interacts with MHC antigens, HIV gpl20 nevertheless interferes with the ability of CD4 to 
associate with MHC (Figure 2.3). Binding also interferes with the association between 
adhesion molecules on the T cell and others on the antigen presenting cell-these adhesion 
molecules act like glue to keep the cells in contact until antigen presentation is complete. 

The end result of gp 120 binding is that CD4 cell function is severely impaired. A major 
research goal is to identify the binding site, and prevent infection by blocking these sites 
with tailored peptides that will not interfere with the primary function of the T cell-that of 
antigen recognition. 

Non-T Cells. Monocytes and macrophages also express (display)CD4 molecules on the cell 
surface, but in far fewer numbers than those on T cells. The function of this molecule on 
macrophages is not clear. However, according to some researchers, even a few CD4 pro
teins are sufficient to render cells susceptible to HIV infection. Data presented by Dr. 
Ronald Collman and coworkers (University of Pennsylvania Medical Center, Philadelphia) 
and by Dr. Thierry Jouault and associates (Pitie-Salpftri re Medical School, Paris) indicate 
that CD4 functions as an obligate receptor in macrophages, even when virus initially binds 
to the cell via other molecules (see "Fc receptor." below). 

In addition to T cells, monocytes, and macrophages, other cells in the body have been 
found to express CD4, seemingly providing HIV ready access to the cell's inner machinery. 
These include microglial cells in the brain and, possibly, epithelial cells of the bowel and 
dendritic cells in lymph nodes. Fibroblastic cells-previously thought to be lacking CD4
may actually bear a few CD4 receptors: In some cases infection can be blocked by adding 
antibodies to CD4, thereby essentially "hiding" the receptor from HIV. 

Dr. Pierre Cornuet and colleagues (H6pital Paul-Brousse, Villcjulf, France) reported that cell 
lines made from immature eosinophils (white blood cells involved in inflammatory 
responses) bear CD4 molecules and are highly susceptible to HIV Infection in vitro, with little 
impact on the cell's survival. Similarly, Dr. Mamoru Sakaguchi and coworkers (New England 
Deaconess Hospital, Harvard Medical ,1chool, Boston) demonstrated the in vitro infectivity of 
CD4-bearing human megakaryocytic cells (the progenitors of circulating platelets). 
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Figure 2.3. Antigen Recognition by T Cells 
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Normal Antigen Presentation HIV Interference with Antigen Presentation 
T helper/inducer cells can only recognize (and respond When HIV gpl20 binds to the CD4 receptor onto) antigens that are presented with surface proteins T cells, normal antigen presentation cannot takecalled class IImajor histocompatibility proteins (MHC place. Interactior of the antigen/MHC proteinproteins). Depicted here is normal presentation of anti- complex with the CD4 and TCR (T cell receptor)gens by a macrophage. Once T cells 'see" antigens in is physically prevented. (Note that it is not clearthis context, they begin secreting substances exactly how gp120 binding to CD4 prevents MHC(cytokines) to mobilize other immune cells, such as and CD4 binding, because gp120 does not bindBcells, CTLs, and other T helper/inducer cells. precisely at the MHC binding site on CD4.) 

As vital as in vitro studies are to HIV research, numerous investigators are careful to point
out that their results must be Interpreted with caution. Cells cultured for any period of time
in the laboratory cai undergo subtle changes that can result in new surface proteins, orincreased susceptibility to Infection from many viruses, likely including HIV. Thus the 
presence of CD4 on many of these cell types, and their susceptibility to infection by HIV, 
must be confirmed by in vivo studies. 

HIV ENTRY: NoN-CD4-RECEPTOR-N[ED1ATED 

Many studies suggest that CD4 is not the only mechanism by which HIV gains access to theinterior of target cells. Based on several Conference presentations and studies reported in thescientiflc literature, supporting evidence for asecond viral portal can be summarized as follows: 
" HIV can infect a variety of human cells lacking CD4.
* Some human cells, despite high levels of CD4, cannot be infected with HIV." Some animal cells on whose surface the CD4 molecule has been experimentally

placed still do not permit viral entry, although the virus successfullybinds to the CD4. 
A great deal of effort is being devoted to identifying non-CD4 receptors used by HIV, withtherapeutic Intervertion the ultimate goal. Typically, such experiments involve trying toblock viral infection by the known CD4 route: either by adding antibodies to CD4 (whichwould occupy the potential binding sites for HIV), or by adding soluble CD4 molecules(which can effectively bind free virus, thereby preventing its attachment to the cell-surface
CD4 receptor). Presumably, if the CD4 receptors are occupied and HIV infection of the cell
still occurs, the presence ofanother receptor is implicated. 
Work presented by Dr. Janet Harouse and coworkers (University of Pennsylvania School ofMedicine, Philadelphia) using these techniques indicates that glial cells (supportive cells inthe brain) lacking the CD4 molecule are efficiently infected with HIV in vitro by a mechanism other than CD4 binding. Dr. Louise Evans and associates (University of New South 
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Wales, Sydney, Australia) used a similar strategy to demonstrate that CD4 is not involved 
in HIV Infection of epithellal cells from the colon. Implicated thus far are the Fc and the TM 
(transmembrane) receptors. 

Fc Receptor. Macrophages have structures on the cell surface that act as a receptor for 
antibodies: during a normal immune response. binding of antibodies to this Fc receptor 
activates the macrophages, and triggers them to Increase their cytotoxic and phagocytic 
functions. The Fc receptor may inadvertently serve to "focus" antibody-coated viral parti
cles to the macrophage cell surface until they can successfully infect the cell via CD4 (see 
"Enhancing Antibody Induction," below). In certain cells, neither CD4 nor Fc receptor bind
ing appears to be Involved In HIV Infection. Dr. Jibed Chehimi and coworkers (Children's 
Hospital of Philadelphia) presented data indicating that HIV infection proceeds in the 
absence ofCD4 or Fc receptor binding in purified NK cells cultured briefly in vitro. 

TM (Transmembrane) Receptor. Dr. Lee Henderson (Tulane Medical School. New Orleans) 
presented data from his laboratory identifying a second cellular receptor that binds to a dif
ferent HIV envelope protein, gp41. This newly identified receptor (designatedTM, for trans
membrane) allows HIV-cell fusion and productive infection. Cells lacking CD4 (in these 
experiments, neuroblastoma cells) have the TM receptor, suggesting that this cellular 
receptor may permit HIV entry on diverse cell types via a non-CD4 mechanism, by directly 
fusing with the cell membrane. Cells bearing CD4 (T cells and monocytes) also possess the 
TM receptor, and therefore may be more readily infected. 

DIRECT AND INDIRECT IMMUNE CELL DESTRUCTION 

Cell destruction and cell dysfunction characterize the pathological consequences of HIV 
infection; the means by which these events occur vary. 

CD4 Cell Depletion. The loss of CD4 cells appears to result primarily from their destruc
tion following infection. HIV may directly kill the host lymphocyte as a consequence of its 
own reproduction: when large numbers of newly assembled virions bud from the surface of 
the cell, the integrity of the cell is disrupted and the cell dies. In late-stage disease, the loss 
ofCD4 cells is acute, and those which remain are defective-they cannot respond normally 
to HIV or other antigens and do not appear to secrete the appropriate levels of cytokines 
when stimulated. Abnormal CD4 function, especially Insufficient cytokine production, 
would in turn affect the functional capabilities of other cell types such as B cells, 
macrophages, and natural killer (NK) cells. 
CTL/NK CeU-Mediated Killing. Infected cells may be killed not directly by HIV, but by 
virus-specific CTIs (cytotoxic T lymphocytes) or by NK cells. Dr. David Paul and coworkers 
(Rush-Presbyterian-St. Luke's Medical Center, Chicago) and George Fust (National 
Institute of Hematology and Blood Transfusions, Heidelberg. FRO) and associates pre
sented evidence that HIV infection of lymphocytes in vitro, as well as in vivo, results in coat
ing of the infected cells with complement proteins-proteins that signal scavenger 
macrophages to phagocytose the infected cells. Dr. Fust's team suggests that this coating 
contributes to the destruction end shortened survival of lymphocytes in HIV-infected 
patients. (See Figure 2.5.) 

NK cells, although not deple!ted In AIDS patients, do not function properly: they cannot 
carry out their cell-killing function to completion. It is not clear whether these deficiencies 
are due to direct or indirect effects of HIV. Data presented by Dr. Jihed Chehimi and col
leagues (Children's Hospital of Philadelphia) indicate that while HIV can infect NK cells in 
vitro, Infection does not kill the cells, and they retain full cytotoxic capabilities. No direct 
evidence for NK cell infection in vivo has been demonstrated to date, supporting the idea 
that the NK cell defects in AIDS patients may result from an indirect mechanism. Since 
production of IL-2 (acytokine made by CD4 cells) is low in AIDS patients, and NK cells are 
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Figure 2.4. Syncytla Formation 
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IL-2-dependent, this fact offers a potential mechanism for diminished NK cell function in 
vivo. Evidence for a direct effect of HIV on NK cells was introduced by Sirianni and cowork
ers ( Jnlversity of Rome), who suggest that Interaction of the viral envelope protein (gp 120)
with a surface protein on NK cells may p':rt,.:-5 INK function in the absence of infection. 
Syncytia Formation. Indirect cell killing can also occur by the recruitment of uninfected 
cells into giant multinucleated cell masses called syncytia. A syncytium is thought to form
when a single infected cell fuses with other cells via gpl20-CD4 binding as they come into 
contact with each other. Macrophages appear to be the primary cell type involved in syn
cytia formation, although T lymphocytes and other cells have also been identified in these 
cell masses. Although syncytia are a hallmark of HIV infection, little Is actually known 
regarding the how and why of induction of syncytla formation. One plausib e theory holds
that HIV-infected immune cells secrete cytokines inappropriately, calling in other 
Immune cells, which are then in position to come Into physical contact with the infected 
cell and become part ofa cell mass. 
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Macrophagt Dysfunction. Whereas HIV infection of CD4 cells resi lts in their destruc
tion, Infection of macrophages Is not usually cytolytic; that is, HIV does not appear to kill 
the host macrophage. Abnormal production and secretion of cytokines as well as altered 
antigen prestntation capabilities are thought to be the primary pathological conse
quences of HIV infection of macrophages. By disabling-without killing-these cells, HIV 
can travel virtually unnoticed throughout tissues. Infection of macrophages also con
tributes indirectly to the pathologic eff-cts, tissue injury, and cell destruction observed in 
other immune system cells and possibly within the nervous system. For example, 
macrophages release many secretory products that influence nerve growth and tissue 
repair following injury. Inappropriate secretion of these cytokines in brain tissues may 
cause localized tissue injury, which may contribute to some of the neurological symptoms 
of advanced disease (see Chapter 8: NEUROLOGIcAL ASPECTS OF HIV INFECTION). To compound 
this potential problem, macrophages can also respond to signals from injured nerve cells 
that instruct them to secrete even more toxic substances-in this way, a cyclic pattern of 
cellular damage may be initiated. 

NATURAL DEFENSES 

In the early stages of HIV infection, the body elicits a vigorous immune attack against the 
infiltrating virus (see Figure 2.5). Dr. Andrew McMichael (John Radcliffe Hospital, Oxford 
University, U.K.) explained that all of the cellular participants in a normal immune 
response appear to function as they would upon any other viral attack: 

" Antigen-presenting cells engulf the virus and initiate the immune response. 
" CD4 cells become activated through their antigen receptors (TCR) and release 

cytokines that stimulate the immune response. 
" B cells stimulated by these cytokines secrete virus-specific antibodies. 
" Cytotoxic T lymphocytes (CTs)release interferons and k!!l virally infected cells. 

Yet despite this staunch attack, the immune system does not oust the invader- the virus is 
not cleared from the body. A fuller characterization of the natural defenses, and how they go 
awry, should provide the basis for future vaccine design and immunomodulatory therapies. 

NEUTRALIZING ANTIBODIES 

During an immune response triggered by liP infection, thousands of B cells respond by 
secreting large numbers of antibodies. Each B cell makes a single type of antibody that can 
bind to a specific part of the virus, usually a small portion of an "exposed" viral protein. 
However, since many B cells are involved, each producing its own type of antibody, the 
result is a varied antibody response against diverse viral proteins. Certain of these anti
bodies are particularly efficient at binding to and aiding in the removal of the virus from the 
system, and are therefore considered to be "neutralizing antibodies." The most efficient neu
tralizing antibody response is one that is generated early in the host immune response-at 

this time the viral burden is low, fewer cells are infected, and the pathogen can be more eas
ly eliminated. Neutralizing antibodies can accomplish this by various mechanisms: 

" by binding to free virus or virally infected cells, targeting them for destruction by 
other immune cells 

" by binding to viral proteins that are Important to fusion with the host cell mem-
Irane and entry into host cells, thereby preventing productive infection 

This second mcctanlsm is the subject of a great deal of research: Pinpointing the precise 
portionsof the viral antigens that stimulate efficient neutralizing antibodies is crucial to 

designing appropriate vaccines. A major candidate for the "prime" neutralizing target on the 
virus is the so-called "V3 loop" of the gpl20 protein, which has been described by Di'. Scott 
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Figure 2.5. Triple Defense
 
Three natural defense mechanisms have been demonstrated to act specifically against HIV.
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Putney and researchers at Repligen Corporation (Cambridge, Massachusetts). Dr. Mary

White-Scharf and associates and Dr. Charles Scott and coworkers (Repligen Corporation)

have mapped the V3 loop even further. To gauge the universality of the high level ofreactivity 
to the V3 loop, Dr. Emily Carrow and coworkers (FDA. Bethesda, Maryland) examined sera 
from HIV-infected Individuals from the United States, H.-ti, Brazil, and Zaire. Their results 
Indicate that the V3 loop Is indeed the major neutralizing antibody target of all the isolates 
represented in the study. (See also Chapter 5: VACCINE DEVELOPMENT for a discussion of the 
V3 loop in the design ofcandidate vaccines.) 

CyToToxic T LYMPHOCyrEs (CTLs) 

In addition to the antibody response to HIV infection, considerable evidence testifies to a 
vigorous CTL response early In Infection. On appropriate cues from helper/inducer T lym
phocytes, C71s are primc I to seek and destroy HIV-infected cells-but they are unable to 
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"see" free circulating virus. The levels of circulating OI s activated to kill HIV-Infected cells 
can be monitored by simple in vitro tests. Guido Vanham and associates (Institute of 
Tropical Medicine, Antwerp) presented data indicating that the level of CTL activity 
increases during the early clinical stages ofdisease. However, by the time infected individu
als progress to clinical AIDS, CIL activity has dropped precipitously. 

Most cell types known to be infectible by HIV in vivo also seem to be good targets for CTL 
lysis (cell killing); Dr. Fernando Plata (Institute Pasteur, Paris) and associates confirmed 
that the HIV-specific CTL response is effective in destroying a number of infected cells of 
diverse origins, including infected lung fibroblasts, lun macrophages, and CD4 cells. 
Similarly, Dr. David Torrey and coworkers (University of Pittsburgh) described their obser
vations that macrophages displaying HIV antigens were readily lysed by circulating CTLs 
obtained from the peripheral blood of seropositive individuals. Despite this apparent effi
ciency in killing infected cells, potent CTL activity alone does not result In the complete 
clearance of the virus. Uslig the polyrnerase chain reaction (PCR)-an exquisitely sensitive 
method for detecting small amounts of the HIV DNA sequences in infected cells-Dr. 
Andreas Meyerhans (Institute Pasteur, Paris) and coworkers demonstrated that although 
vigorous anti-HIV CTL responses could be observed in vitro, resting (non-activated) lym
phocytes from seropositive individuals were nevertheless found to harbor nroviral DNA. 

In addition to lysing virally infected cells, CILs in some HIV carriers also inhibit the replica
tion of the virus in other white blood cells. Mari Kannagi and colleagues (Kumamoto 
University Medical School, Japan), Carl Mackewicz and coworkers (University ofCalifornia 
School of Medicine, San Francisco), and Christopher Walker (Chiron Research 
Laboratories, Emeryville, Califoria) and colleagues independently noted that asymp
tomatic HIV-infected individuals possessed CTLs that drastically inhibited HIV replication 
within their CD4 cells. The infected cells were not killed, but were prevented from replicat
ing HIV. This protective effect, however, was lost with progression to AIDS. Although the 
mechanisms at work are not clear, it is possible that such CTLs are involved in maintaining 
disease latency via cytokines in asymptomatic individuals. 

ANTIBODY-DEPENDENT CELLULAR CYTOTOXICITY (ADCC) 

Virally infected cells displaying viral antigens on their surface, to which antibodies have 
bound, are targeted for lysis by NK cells. Unlike CTs, NK cells are not antigen-specific; they 
recognize all "antibody-coated" cells, bind to them. and then secrete pore-forming proteins, 
which destroy the cell by perineabilizing the membrane. Because of the role antibodies play in 
this process, such cell killing is referred to as antibody-dependent cellular cytotoxicity (ADCC). 

Previous studies have shown that circulating NK cells from sera of HIV-positive individuals 
possess ADCC capabilities. At the Conference, Dr. Lauren Wood (National Institute of Allergy 
& Infectious Diseases, Bethesda, Maryland) reported that her team identified specific peptide 
sequences within gp41 that elicit ADCC activity. Although many researchers have argued 
that a strong ADCC response probably occurs early in HIV infection and wanes durirg dis
ease progression, several groups (including Dr. Wood's group) have failed to correlate the level 
of.ADCC with clinical status. 

DISEASE-CAUSING MECHAINISMS 

It is becoming increasingly evident that the progression ofdisease in HIV-infected individu
als is intimately intertwined with the normal functioning of the immune response. A multi
faceted, volatile relationship forms between HIV and the immune system, and the complex
ity of this interaction is daunting. How does this virus adversely affect so many different 
cell types and so thoroughly disrupt the body's immunological network? Each year more 
details ofHIVs pathogenic mechanisms are revealed. 
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B-Cmj. A-riVATION 

A striking feature ofprogressing HIV infection is the enormous numbers of activated B cellsin these patients. Although many of these B cells are churning out antibodies that recognize the virus, they do not account for all the activated cells observed. Early In the course ofinfection, virtually every type of antibody is produced in large amounts. This condition(called hyperlmmunoglobulinemia) in Itself would not necessarily be detrimental to thehost; however, in HIV-infected individuals, some of these antibodies are directed against"self"rather than foreign antigens. These so-called auto-antibodies can devastate the bodyby attacking such essential components as red blood cells, platelets, and connective tissue
(see "Autoimmunity," below). 
B cells do not appear to be infected in vivo, leading to a search for the source of their activationin HIV-infected Individuals. Cytokines such as IL-5 and IL-6 can activate B cells or Inducethem to secrete antibody. Elevated levels of IL-6 in particular have been observed In individuals Infected with HIV and may contribute to B cell activation in these patients. Dr. PeterRleckmann and associates (National Institutes ofAllergy & Infectious Diseases, Bethesda,Maryland) have shown that activated B cells not only respond to cytokines such as TNF-alphaand IL-6, but actually secrete them as well. The increased local levels of these cytokines couldhelp maintain the activated state of thcse cells. To make matters worse, both of thesecytokines also stimulate HIV activity in cells that have already been infected with the virus(see "Cytokines," below). Thus a cyclic pattern of activation of B cells, cytokine release, and

HIV activation ofother cells can emerge. 

AMToMnImTy 
In the frenetic response to HIV infection, the massive overproduction ofantibodies seems toresult in a breakdown in the immune system's normal ability to distinguish between "selrand "non-self." Dr. Daniel Volker and coworkers (University of Heidelburg, FRG) presentedconfirming evidence that HIV-infected individuals produce a variety of antibodies that recognize CD4 cells, as well as the CD4 receptor itself. The clinical relevance of these antibodies is still unclear, although it Is possible tha+tl.ese antibodies play a role in CD4 celldepletion. Other autoantibodies (as these self-directed antibodics are called) have beendescribed that recognize and attack host tissues such as collagen (a structural protein),platelets (blood components crucial for clotting), neutiuphils (a class of white blood cells)

and lymphocytes, muscle, nerves, and even other antibodies. 
This pattern of autoantibody production may lead to a variety of clinical disorders, amongwhich may be the myopathy, or muscle dysfunction, and peripheral neuropathy, or nervousdysfunction seen in many patients in the later stages of disease (see Chapter 8: NEUROLOICAL
ASPECTS OF HIV INFECnON). In addition, evidence has been found implicating cellular autolmmunity as well; in cellular autolmmunity, immune cells rather than antibodies are responsible for "self"tissue damage. Dr.Ahvie Herskowitz and associates (Johns Hopkins Hosp'tal,Baltimore, Maryland) presented evidence for HIV-associated cardlomyelopathy (breakdowl! ofcardiac muscle) that appears to be the result of direct destruction by CTLs attacking the he, rttissue. Thus numerous autolmmune disorders may be (directlyor indirectly) triggered by andcontribute to the general pathogenesis of HIV disease. 

MONOCYTE/MACROPHAGE INEFFICIENCY 

Macrophages constitute another cellular pool whose function is perturbed by HIV Infection. Like B cells, monocytes and macrophages obtained from HIV-Infected Individualshave certain characteristics of activated cells. In addition, according to data presented byDr. Guiseppe Glanni (Johannes Gutenberg Universitat, Mainz, FRG) arid coworkers, 
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macrophages from HIV-Infected patients are unable to kill appropriate target cells as effi
ciently as do those from uninfected individuals. As disease progresses, the cells become 
less and less potent !n their ability to lyse target cells, and by the development of full-blown 
AIDS, this capacity seems to be entirely lost. Yet the macrophages are not compromised 
completely; they still retain their ability to phagocytose foreign particles and secrete 
cytokines such as TNF-alpha. Thus the macrophage defect is not a general one, but 
appears to be linked to the lytic function of these cells. 

A potential mechanism for this macrophage defect was suggested by studies presented by 
Dr. Nejat Duzgunes and associates (University of California, San Francisco). These 
researchers obtained normal peripheral blood monocytes, activated them in vitro,and exam
ined their ability to kill target cells under various conditions. Normal lytic function was 
reduced or completely abolished if they infected the cells in vitrowith HIV. Lysis could also 
be blocked in uninfected cells if antibodies recognizing the monocyte-borne CD4 molecule 
were included in the experiment. (Both the virus and the antibody bind to CD4 molecules on 
the monocyte surface.) These experiments suggest a novel mechanism of immunosuppres
sion by HiV: Once bound to the CD4 molecule, the viral protein blocks the receptor and ren
ders the cell useless in its normal function-the lysis of target cells. Since destruction of 
virally infected cells by monocytes and macrophages is crucial to the effective clearance of 
virus early in infection, incapacitating this function bears severe consequences. 

IMMATURE-CELL DEPLETION 

In most HIV-nfected individuals, a vigorous immune response is mounted against the virus. 
Nevertheless, natural replacement ofCD4 cells does not keep pace with their HIV-Induced 
destruction. Even in patients receiving antiviral drugs, despite suppression of viral replica
tion, the levels of CD4 T cells never return to normal, although slight or transient increases in 
the cell counts are sometimes seen. This puzzling observation suggests that HIV infection 
may also be affecting the Immature precursor cells that would normally repopulate the 
diminished cell community by giving rise to new, mature CD4 cells. 

Dr. Anthony Fauci (National Institute ofAI-rgy & Infectious Diseases, Bethesda, Maryland) 
remarked that in HIV-infected individuals, the thymus Is virtually destroyed. Furthermore, 
very primitive precursor cells isolated from the thynmus in vitro are readily infected with 
HIV. These cells are generally considered to be CD4- (.o-called "triple-negative" CD4"CD8" 
TCR" cells), however, recent studies suggest that, in fact, they do have tiny amounts of CD4 
on their surface. Indeed, Dr. Rosemarie Periera (Institute of Medical and Veterinary 
Science, Adelaide, Australia) and associates presented work indicating that in the thymus, 
both "double-positive" (CD4+CD8 + ) and "triple-negative" (CD4-CD8-TCR-) immature cells 
are readily Infected in vitrowith HIV, suggesting the presence of CD4. 

In addition to immature T cells, there is evidence that other types of immature white blood 
cells are easily infected with HIV. Dr. Andrea Sperduto and colleagues (University of 
California, Los Angeles, School of Medicine) presented evidence suggesting that HIV infects 
macrophages obtained from newborn babies 3 to 5 times more efficiently than it infects 
macrophages obtained from adults. These authors are currently trying to determine wh, a 
newborn's cells are so much more susceptible to viral infection, and why the disease course 
is so much shorter and more aggressive in children than in adults. 

CYTOKINE INDUCTION 

Nearly all immune system cells secrete cytokines, the soluble mediators that allow cells to 
communicate with each other and carry out their various functions (see "Cytokines" in 
"Background" section above). Cytokines can orchestrate various immune functions in the 
following ways: 
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" 	 Expanded populations of CD4+, CD8+, and NK cells require cytokines such as
IL-2, IL-4 (interleukins) and TNF (tumor necrosis factor) to proliferate and mediate
efficient cytotoxic responses against virally infected target cells. 

" B cells mature and produce antibody In response to lymphokines produced by
CD4 cells (IL-2, IL-4,-5, -6 and -7).

" 	 Inflammatory responses at the site of Infection are enhanced by Interferons (IFNs),
TNF, IL-1,-6,-8 and the colony stimulating factors (CSFs).

" Hematopoietic responses to infection (those involved in the differentiation of blood 
cells) are Influenced byIL-I,-3,-5, -9, and I.- CSFs. 

Cytokines can have their own pathogenic consequences, independent of their direct effects 
on immune function. During the course of disease progression in HIV-infected patients,
the cytokine balance becomes severely disturbed, and these pathogenic effects can become 
quite severe. 
Tumor Necrosis Factor (TNF). One cytokine in particular, tumor necrosis factor (TNF),has recently received a great deal of interest for its possible role in HIV-associated pathogenesis. (The name tumor necrosis factor stems from its original discovery as a potent anti
cancer agent.) TNF is normally produced by monocyte/macrophages in response to inflammation. The levels of TNF are generally elevated in HIV-infected persons, although themechanisms by which this occurs are not completely understood. In laboratory animals,
chronically elevated TNF levels have been implicated in the pathogenesis of cachexia, a
clinical condition characterized by rapid wasting and the suppressed production of newblood cells. Cachexia and cytopenia (a reduction in overall blood cell number) are oftenobserved in AIDS patients, although a deflnitive causative role for TNF in these disorders 
has yet to be established. 
Considerable evidence suggests that the elevated TNF levels found in HIV-infected individ
uals could be a direct effect of the virus, rather than the consequence of perturbation of
another immune component. Dr. Annapurna Vyakarnam and colleagues (Middlesex
School of Medicine, London) presented results indicating that HIV entry into CD4 cellsdirectly causes the cells to secrete large amounts of TNF, as well as another cytokine,
gamma-interferon (gamma-IFN). Interestingly, the elevated cytokine levels enhanced HIV's
ability to replicate in the CD4 cells and cause syncytia formation, providing evidence for a 
feedback loop between HIV-induced cytokine production and enhanced viral replication. 
TNF can also enhance HIV replication In monocytes and macrophages. Since this cytokine
normally acts to recruit new macrophages to a site of infection, the pathological conse
quences of this cytokine are two-fold: not only does the increased level of TNF recruit a
steady supply of uninfected cells to the virus, but It also increases the ability of the virus to 
replicate in these new target cells. 

Interleukln-6 (IL-6). Other cytokines also may be able to stimulate HIV replication; data pre
sented by Dr. Guido Poll (National Institute of Allergy & Infectious Diseases, Bethesda,
Maryland) and coworkers Indicate that IL-6 can cooperate with other cytokines, such as TNF 
and GM-CSF (granulocyte-mononuclear colony stimulating factor), to enhance viral replica
tion in vitro. The levels of serum IL-6 are high in HIV-positive asymptomatic individuals,
according to results from Mitsuo Honda and colleagues (National Institute of Health, Tokyo),
and the detected levels of this cytokine appear to reflect the degree of HIV disease progression. 
Cytokine Feedback Loop. Still other data presented by J. S. Justement and colleagues
(National Institute ofAllergy & Infectious Diseases, Bethesda, Maryland) indicate that at
low levels, glucocorticolds (substances normally produced by the body in response to
stress) cooperate with various cytokines such as IL-6, TNF and gamma-IFN to increase HIV 
replication. These results suggest a vicious cycle of HIV infection and escalated viral activ
ity In HIV-Infected Individuals: 
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" First, HIV infection leads to increased production of TNF, IL-6, gamma-IFN, or all 
three cytokines. 

" Increased TNF levels, In particular, recruit more uninfected cells to the site. 
* 	 Once cells become HIV-infected, these high cytokine levels result in enhanced HIV 

replication and viral pathogenesis. 
* Increased production ofHIV induces further cytokine production. 

This positive feedback loop can have devastating pathogenic consequences (see Figure 2.6). 

How do these cytokines lead to elevated HIV production? It appears that the mechanisms 
are again intimately coupled with normal immune function. During a normal immune 
response T cells become activated, which is a prerequisite for their full immune function. 
To become activated, cellular proteins (within the T cell) bind to specific (enhancer) regions 
of the cell's own DNA. these regions have been designated as NF-kB. 

Interestingly, NF-kB sequences are also present in the HP! genome, and it Is this similarity 
that gives HIV such a destructive advantage. Dr.Anthony Fauci (National Institute ofAllergy 
&Infectious Diseases, Bethesda, Maryland) reported that his team examined the effects of 
cytokines on this portion of the HIV genome. They found that Infected cells were induced by 
NF to produce a protein that bound to the NF-kB site within the HIV genome. Once bound, 

the cellular protein appeared to stimulate the production of new virus. Thus the viral 
genome may remain in an inactive (latent) state in an infected T cell, and be activated to 
replicate when the host cell itself becomes activated through its interaction with cytokines. 
Several speakers at the Conference pointed out that by using such a common regulatory 
mechanism, the virus can undermine the immune system and cause its collapse. Further 
understanding of this mechanism will help direct the development of new therapeutic 
strategies aimed at Interrupting this destructive cycle ofviral induction and cell death. 

ENHANCING ANTIBODY INDUCTION 

Although the immune response to HIV early in infection produces antibodies capable of 
neutralizing the virus (see "Neutralizing Antibodies," above), this same immune response 
also produces antibodies that do exactly the opposite-that is, they enhance the ability of 
the virus to infect cells. Several investigators theorize that this may be yet another example 
of how HIV has exploited the immune system to Its own advantage: immune responses to 
the virus generate antiviral antibodies that recognize and attach themselves to HIV. The 
other end of the antibody molecule is free to bind to the macrophage Fc receptor, inducing 
the macrophage to phagocytrcse the virus, which then Infects the cell. 

Dr.Andrew McMichael (Oxfoid University, U.K.) pointed out that antibodies to nonneutral
izing regions of the virus bind to HIV; the antibody-coated virus then becomes a target for 
cells such as monocytes and B cells bearing Fc receptors that can attach to the antibody. 
Alternatively, enhancing antibodies can activate the complement system; complement pro
teins bind to HIV's envelope glycoproteins, which then bind to cells bearing complement 
receptors and CD4 molecules. 

Dr. Akira Takeda and associates (University of Massachusetts, Worcester) presented data 
indicating that Pr' receptor-mediated enhancement probably requires the presence of the 
CD4 molecule for infection of target monocytic cells; that the CD4 molecule is necessary to 
viral entry was demonstrated by addition of soluble CD4, which blocked enhancement. The 
Fc receptor may serve instead to focus the viral gp120 proteins onto surface CD4 
molecules, according to data presented by Carlo-Federico Perno and coworkers (National 
Cancer Institute, Bethesda, Maryland). However, Dr. Jay Levy and colleagues (UCSF) and 
others have shown that the Fc receptor is sufficient for enhancement of infection of 
macrophages; the presence of CD4 may serve as a facilitator ofviral entry. In some cases, 
viral entry is achieved when the target cell phagocytoses the antibody-coated virus. 
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Figure 2.6. Cytoklne Feedback Loop 
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Although some researchers find the evidence for Fc receptor involvement in HIV infectioncompelling, others are not yet convinced, and this question merits additional inquiry. Ifenhancing antibodies are a factor In HIV-related disease, a great deal of caution must beexercised In designing vaccine strategies so that vaccinated individuals produce neutraliz-
Ing, and not enhancing, antibodies. 

HIV-AssociATED MALIGNANCIES 

In addition to the opportunistic infections that pose a fatal threat to persons infected withHIV, many of these individuals also succumb to rare malignant conditions such as Kaposl'ssarcoma and lymphomas (see Chapter 7: CLINICAL MANAGEMENT). Early In the AIDS epidemic, infectious disease specialists and epidemiologists noted that these two types of cancers, in particular, were commonly associated with HIV infection. The connection betweenHIV infection and lymphoma (cancer of the lymphoid tissue) can conceivably, at least inpart, be explained by HIVs insidious infiltration-and thorough disruption--of the lymphtissue, .nd the lymphatic system. A link with Kaposi's sarcoma-a connective tissue cancer, affecting endothelial cells that line the blood vessels-was somewhat puzzling, however. (Prior to the AIDS epidemic, Kaposi's sarcoma was primarily restricted to pockets inAfrica, Mediterranean countries, and, in the United States, to older men of Jewish orMediterranean descent. By the end of 1981, however, 96 cases of Kaposl's sarcoma hadbeen reported to the CDC-the great majority of which were in homosexual men who werelater found to be HIV infected.) Researchers in basic science have been looking for a specificetiologic agent in Kaposi's sarcoma, as well as possible mechanisms by which HIV could
Induce a cancerous state in endothelial cells. 
Dr. Oto Martinex-Maza (University of California. Los Angeles, School of Medicine) discussedhis team's recent work on cytokine Involvement in HIV-related Kapos's sarcoma. A numberof Kaposi's sarcoma cell lines obtained from HIV-positive individuals were examined and 
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found to produce copious quantities of IL-6. Interestingly, these cells also bear specific 

receptors on their surface that bind to IL-6, suggesting that Kaposi's sarcoma cells (cancer
ous endothelial cells) may respond to this cytokine, which acts as a growth factor. Infection 
by HIV, then, may encourage the uncontrolled expansion of Kaposi's sarcoma cells through 
the overproduction of IL-6. 

Another group reported their finding of a specific HIV product which stimulates the growth 
of Kaposi's sarcoma cells. Dr. Barbara Ensoli and colleagues (National Cancer Institute, 
Bethesda, Maryland) presented data implicating an HIV regulatory gene product-the tat 
protein-as the growth stimulant for Kaposi's sarcoma cells. In vitro experiments Cemon
strated that cells derived from Kaposi's sarcoma lesions of AIDS patients respond to and 
grow rapidly in the presence of cell culture fluid containing HIV tat (that Is, exogenous tat). 
To test the specificity of this proliferative effect, other HIV proteins, namely gp 160 and nef 
protein, were tested, but no stimulation was observed. Furthermore, when antibodies 
against tat were added (anti-tatantibodies), growth of Kaposi's sarcoma cells was inhibited. 
The authors suggest that tat, released by HIV-infected cells, may be responsible for either 
the induction or progression of HIV-related Kaposi's sarcoma. 

Several groups have hypothesized and subsequently tested the involvement ofvarious 
agents, Including viruses, In HIV-related Kaposi's sarcoma. Dr. Jacques Corbeil (St. 
Vincent's Hospital, Sydney, Australia) reported that his team's PCR studies revealed no 
HIV, EBV, HSV- 1, HSV-2, human papilloma virus (HPV), or CMV DNA in Kaposi's sarcoma 
cells. Perhaps what is most perplexing-and frustrating-is the knowledge that Kaposi's 
sarcoma was recognized as a cancer in the 1800s, obviously unrelated to HIV. Sidestepping 
the question of the precise agent or substance responsible, Dr. Ronald Penny (University of 
New South Wales, Australia) proposed a working model for the evolution of Kaposi's sar
coma In the context of HIV infection (see Figure 2.7). 

SUGGESTED COFACTORS 

One of the most controversial 'ssues in the scenario of HIV pathogenesis Is whether HIV 
alone can cause all of the associated pathological consequences, or whether other cofactors 
contribute to or are required for the establishment of disease. 

MYCOPLASMA 

Recent studies have suggested that a small microorganism called mycoplasma may act 
as a cofactor. Er. Luc Montagnier (Institut Pasteur, Paris) discussed various aspects of 
mycoplasma, a well-characterized parasitic organism similar to tiny bacteria, that is 
found in the mucosa of many individuals. Mycoplasma are also a confounding contami

nant in many cell line cultures. Dr. Montagnier reported a rather surprising finding
that in almost 40% of HIV-positive individuals, mycoplasma could be detected from the 
blood, from tissue biopsies, and in several patients, from brain biopsies. Some HIV
infected individuals showed evidence of several distinct types of mycoplasma. 

The crucial question is whether mycoplasma are simply another opportunistic infection 
associated with th2 acute immunosuppression observed in these individuals, or whether the 
microorganism is in fact contributory to the disease state. Interestingly, an independent 
report implicating mycoplasma in Immune suppression appeared in the medical literature 
in 1986. Although originally reported as a "virus-like agent," Dr. Shyh-Ching Lo (Armed 
Forces Institute of Pathology, Washington, D.C.) later identified the microorganism that was 
isolated from patients with AIDS and other immunosuppressed patients as mycoplasma. 

Dr. Montagnier's observations that some of the cytopathic effects ofHIV infection, including 
syncytia formation and cell lysis, are inhibited or controlled in vitro with antibiotics specific 
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Figure 2.7. Working Model for HIV-Related Kaposi's Sarcoma 
Numerous investigators have postulated that either atransmissible infectious agent (as yet unidentified) or soluble factors (such as excess cytokines or HIV proteins) may Induce the transformation of healthy endothelial cellsinto cancerous Kaposi's sarcoma cells. (Based on a plenary lecture by Ronald Penny, University of New South 
Wales, Australia.) , 
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for mycoplasma (such as fluoroquinolines), suggest that this microorganism may play a rolein the disease process. His team also tested 21 patients before and after treatment with spe
cific antibiotics: while some showed marked improvement in their clinical status, others
showed no significant change. However, it is possible that the antibiotic regimens used weresimply not sufficient to eliminate all of the mycoplasma, since the microorganism could still
be detected In some patients despite treatment. 
Dr. Montagnier and his team have postulated that mycoplasma can exacerbate the cytopathic effects of HIV by influencing the rate ofviral replication In infected cells. In vitroexperiments suggest that co-infection of cells with HIV and mycoplasma results in an
Increase in viral replication and viral antigen production that is inhibited with anti
mycoplasma drugs, such as quinolone. These researchers are quick to add that theseresults do not mean that HIV, in the absence of mycoplasma, Is harmless-rather, theysuggest that perhaps mycoplasma infections simply increase the viral load such that It is 
not as easily controlled or cleared by the immune system. 
While these observations are not conclusive and require confirmation, they are provoca
tive, and will likely accelerate the design and testing of new combination drug therapies
aimed at eliminating both mycoplasma and HIV. 

OTHER COFACTORS 

Since HIV can remain In a latent state for long periods before being activated to replicate,
any environmental change that might activate the host cell also has the potential to activateHIV's genome. T cells and macrophages are principal reservoirs for the latent virus; thus 
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their activation by any antigenic chalenge may induce viral activation. This is especially 
true of challenge by another virus, which can stimulate both T and macrophage cell types to 
become activated (see "Normal Immune Response," above). 

Viruses such as cytomegalovirus (CMV), Epstein-Barr (EBV), hepatitis B (HBV). herpes 
simplex (HSV) and human herpes virus-6 (HHV-6) have all been implicated as possible 
cofactors in HIV-related disease. These viruses may activate HIV indirectly through the cel
lular secretion of cytokines (see "Cytokines," above), or exert their modulatory effects by 
other mechanisms, as yet undefined. 

FACTORS AFFECTING DISEASE PROGRESSION 

Why do some HIV-infected individuals develop rapidly progressive disease, while others 
remain relatively free of any disease symptoms for as long as 10 years after seroconversion? 
This question is being addressed by numerous research teams. Factors such as the viru
lence of the particular strain of HIV involvcd, the individual's immune response, the status 
of the individual's immune system at the time of exposure, and genetic differences among 
infected persons may all contribute to the pathogenic course of HIV infection. 

VIRAL PROPERTIES 

The recent work described by Drs. Jay Levy and Cecilia Cheng-Mayer (University of 
California, San Francisco) highlights the potential role for small changes in the viral 
genome-in the envelope region-as influencing disease progression. Virus isolated from 
an asymptomatic Individual was compared with viral samples isolated from the same 
patient after development of severe disease symptoms (5 months later). Although they 
could pinpoint only minor changes in the viral DNA (less than 3% change In the entire viral 
genome), these changes were sufficient to render the virus more cytopathic and cytotoxic. 
The later viral isolate was also able to infect a greater variety of cell types, and could multi
ply faster in the infected cells. These results Imply that even "minor" changes in the viral 
genome can lead to significant differences in the properties of the virus. 

IMMUNE RESPONSE FACTORS 

While virtually all HIV-infected individuals mount an immune response against HIV, the 
potency or duration of the response may differ, allowing some people to "control" the virus 
for longer periods of time. A provocative study presented by Dr. Jonathan Weber and 
coworkers (Royal Postgraduate Medical School, London) suggests a correlation between the 
type of antibody response to HIV and the clinical outcome at 84 months after seroconver
sion. High antibody responses specific to the p24 protein were associated with prolonged 
survival, whereas high responses to the gp120 protein were associated with rapid progres
sion to AIDS. 

Similarly, Dr. Homayoon Farzadegan and associates (Johns Hopkins University, Baltimore, 
Maryland) reported data indicating that a high CD4 cell count was maintained in individu
als with high titres of antibodies io the p24 protein; low antibody titres to this protein were 
correlated with low CD4 counts. However, similar studies of Ugandan HIV patients 
reported by Pontiano Kaleebu and colleagues (Uganda Virus Research Institute, Entebbe) 
indicated that 93% of these individuals maintained circulating anti-p24 antibodies irre
spective of their clinical outcome, although the levels of these antibodies were lower in 
patients with progressive disease. 

The genetic makeup of an individual may also influence the immune response to HIV 
and, in turn, disease progression. Dr. Leslie Louie and coworkers (University of 
California, Berkeley) studied a group of individuals already infected with HIV, and tried 



47 
CHAPTER 2: PATHOGENESIS & IMMUNOLOGY 

to correlate their disease progression with differences in certain genes that regulate
immune responses. These genes encode the major histocompatibility antigens (inhumans, called HLA antigens.) that, together with the antigen, are presented to T cells toinitiate an immune response (bee "T cells," above). This group determined that individuals who remained asymptomatic for at least 5 years had a particular form of the HLA DRbeta protein, although the mechanism by which this protein could influence disease pro
gression is not yet known. 
The clinical aspects ofdisease progression and the effects of early treatment with antiviral cr immunotherapeutic agents are discussed in Chapter 7: CUNICAL MANAGEMENT. 
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EPIDEMIOLOGY 

BACKGROUND 

The number ofdiagnosed AIDS cases worldwide, as reported by Dr. Michael Merson (WorldHealth Organization, Geneva), totaled more than 250,000 by mid-1990--almost 100.000 more than the cumulative cases in June of 1989. However, considering underreporting,
incomplete or delayed reporting, and under-d!agnosis, the actual figure is believed to becloser to 700,000. Current estimates (revised in July 1990 by WHO and considered conservative) suggest that between 8 and 10 million people are infected with HIV worldwide.
These statistics provide an overall sense of the magnitude of the pandemic (global epidemic), but it is the detailed analyses-those which reveal the patterns and how they
shift-that serve as the keystone for public health planning. 
Extensive worldwide collaborative efforts 1y scientists in many disciplines led to identification of the etiologic (causative) agent of AIDS and the means by which this disease wasbeing spread. Epidemiologists served as global "detectives," using demographic informa
tion as clues to identify transmission modes-ways in which the then unidentified infectious agent was being spread from person to person. Based on the early case reportings (in1981 and 1982) of what would later be called AIDS, it was suspected that a transmissible
agent was involved and that it was spread by blood-to-blood contact or via semen. After agreat deal of study and scientific debate, transmission of HIV is now known to occur via 
blood, semen, and breast milk. 
Other body fluids continue to be evaluated as potential routes of transmission. AlthoughHIV has been detected in saliva, most researchers think it an unlikely vehicle because theharsh enzymatic environment of the oral cavity and upper gastrointestinal tract is believedto preclude survival of the virus. No evidence has been found for aerosol (airborne) transmission, and no cases have been reported of HIV infection acquired through casual contact(such as hugging, shaking hands, or sharing utensils) with an infected person. 
Differences in transmission patterns can be distinguished around the globe, and epidemiologists have attributed this largely to cultural distinctions. For example, although needlesharing accounts for many AIDS cases in western countries, little If any, IVdrug abuse 
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Table 3.1. Groups Identlflad as At-Risk Worldwide 

" Male homosexuals/bisexuals * Sexual contacts of HIV-infected or at-risk 
" Intravenous (IV)drug users individuals (such as sexual contacts of IV 
" Persons born in, residing in. or traveling drug users) 

to countries where heterosexual trans- * Hemophiliacs 
mission is the primary mode oftransmis- * Blood transfusion recipients 
sion (Pattern II countries, such as sub- a Children born to seropositive mothers 
Saharan Africa and the Caribbean) * Occupationally exposed personnel 

occurs In parts of rural Africa, where the prevalence of HIV Infection In the general popula
tion Is relatively high. In North Amecica, Western Europe, and Australia, homosexual/ 
bisexual men and V drug users (IVDUs) constitute the largest at-risk populations, whereas 
In Africa and the Caribbean, prostitutes, promiscuous heterosexuals, and persons with a 
history of sexually transmitted diseases have been identified as the groups at highest risk 
for acquiring HIV infection. 

Numerous epidemiological studies are being conducted In an effort to ascertain the extent 
of HIV infection In discrete populations, either defined geographically or by risk category. 
One of the best ways to collect such Information is by determining the serostatus of the 
population-that is, establishing the incidence or seroprevalence of HIV Infection among 
the population by screening blood samples for the presence of antibodies to HIV. Public 
health officials use past and current epidemlological data for discrete populations, together 
with relevant demographic information, as the structural basis for their ultimate goal: the 
design and implementation ofAIDS prevention programs. 

GLOBAL TRENDS 

Analysis ofAIDS incidence data from across the world has led to the recognition of three 
distinct geographic patterns of HIV transmission. Several speakers at this year's 
Conference, however, stated outright that such a division may be an oversimplification of 
the epidemic -primarily because the epidemic has not stabilized in populations In different 
areas of the world. Nevertheless, these patterns can serve as a basis for evaluating the cur
reat status and emerging trends of the HIV epidemic In various parts of the world. 

• 	 Pattern I Is characterized by disproportionalely high numbers of AIDS cases among 
homor>e'-ual/bisexual males and IV drug users: roughly 80% to 90% of all cases 
occur within these two risk categories. Pattern I countries-ncluding North, 
Central, and South America, Western Europe, Scandinavia, Australia, and New 
Zealand-currently show a relatively small percentage of heterosexual transmission 
cases; the male to female ratios typically range frcm 10:1 to 15:1. 

" 	 Pattern II has heterosexu' sexual .ontact as its primary mode of transmission; 
the number of HIV-infected females and males Is approximately equal. HIV 
transmission in Pattern 11 countries occurs almost e'clusively by heterosexual 
contact, transfusions with blood or blood productt,. and perinatal transmission. 
Pattern II countries Include sub-Saharan Africa and the Caribbean. 

" 	Pattern III Is generally restricted to those countries In which HIV has recently been 
introduced-and therefore relatively few AIDS cases have been reported. The first 
reported AIDS cases in Pattern III countries were In general linked to imported (con
taminated) blood or blood products from Pattern I countries. Sexual contact and/or 
needle sharing with persons from Pattern I or II countries now also appear responsi
ble for the spread of HIV into Pattern III countries. North Africa, Eastern Europe, 
the Middle East, and A.,a are considered to be in the Pattern III category. 
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Figure 3.1. Global Transmission Patterns 
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The World Health Organization (WHO) coordinates worldwide AIDS incidence data in an
effort to glean information on the global situation and possible changing trends. More than 
150 countries are now reporting AIDS cases to WHO. although such reporting is not always
regular or current. The number of AIDS cases reported to WHO by continent (as of the end 
ofSeptember 1990) is as follows: 

Continent No. of Cases 

Africa 75, 642 
Americas 183,266 
Asia 790 
Europe 39,526 
Oceania 2,293 

Total 301,517 
The United States reports the most number ofAIDS cases (152.126). followed by Uganda
(15,569), Zaire (11,732), Brazil (11,070), and France (9,718). Thus far, Asia, Oceania,
Eastern Europe, the Middle East, and North Africa account for only about 1% of all 
reported AIDS cases in the world. 

Because only diagnosed AIDS cases-and not cases of HIV infection-are reportable, it is dif
ficult to evaluate epidemiological and demographic changes cfat-risk and infected popula
tions on a national, regional, or global scale. Although HIV seropositivity is not a reportable
condition, most people in the public health field believe that sempositivity-rather than AIDS 
incidence-should be monitored since AIDS surveillance reflects the epidemiology of HIV 
infection a few years earlier; it is not an accurate reflection of the present status of the epi
demic. Furthermore, fragmented epidemiological studies from discrete populations (whether
defined by risk group or by geographic locus) generally cannot be extrapolated to the general
population. Nevertheless, such studies provide invaluable Inibrmation and can be used as a 
basis for predicting emerging trends and to identify opportunities for intervention. 

0 
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Figure 3.2. Cumulative U.S. AIDS Cases through September 1990
(Based on CDC Reportings) 
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Table 3.2. Cumulative Canadian AIDS Cases throughSeptember 1990 
(Based on data prepared by Federal Centre for AIDS, Ottawa, Ontario) 

ProvincelTerritory # Cases
 

British Columbia 809 
Alberta 267 
Saskatchewan 39 
Manitoba 46 
Ontario 1,734 
Quebec 1,388 
New Brunswick 26 
Nova Scotia 66 
Prince Edward Island 3 
Newfoundland 19 
North West Territories 3 
Yukon 2 
Total 4,402
 

body (an indicator of exposure to HIV) was 5 tol 5 times higher in black women than in white 
women. Many Conference speakers also called attention to the disturbingly high seropreva
lence rate in the adolescent/young adult population in several states. 

Whereas numerous seroprevalence studies show that a large percentage of homosexual/
bisexual men are HIV-infected, 1989 statistics reveal that, when compared to the early years
of the epidemic, the rate of new AIDS cases reported for this population is much lower 
(increasing only 8% between 1988 and 1989, in contrast to a 70% rate of increase for the 
period 1987 to 1988). Dr. Timothy Green and coworkers (Centers for Disease Control, 
Atlanta) reported .7 substantial drop, since 1987. in the increase ofAIDS cases among white 
homosexual/bisexual men and among nonwhite and white heterosexual IVDU. The authors 
offered that a decline in new HIV infections in the early to mld-1980s as well as a lengthen
ing of the incubation period for HIV may account, in part, for this observation; possible rea
sons for these changes are discussed in the "Modelling" section ofthis chapter. The Centers 
for Disease Control (CDC) announced earlier this year that cases attributable to heterosex
ual contact increased by 27% for 1989 compared with the previous year. 

Regionally, an increase in new AIDS cases for 1989 was observed in the South, which 
accounted for 31% of all new cases (a 22% Increase over 1988), compared to 31% for the 
Northeast, 24% for the West, and 10% for the Midwest. Some of the larger metropolitan 
areas are reporting a leveling or even decrease in AIDS incidence. Pauline Thomas and 
colleagues (New York City Department of Health), for example, reported declines In the 
total number of AIDS cases In New York City for 1989 compared to 1988. However. CDC 
statistics revealed that smaller urban areas showed increases for the same period: some 
with populations between 100,000 and 500,000, had new cases increased by 32%; some 
with populations under 100,000, by 35%. 
Canada. Approximately 74.6% of all adult AIDS cases in Canada are attributable to homosex
ual/bisexual activit- IV drug users account for 0.1% ofall cases, while homosexual/bisexual 
IVDUs account for 3%. The geographic distribution ofAIDS cases, by provin.,e, shows that 
Ontario has the highest number of cases (1,734), followed by Quebec (1,388) and British 
Columbia (809). Using HIV seropre'valence data rather than AIDS incidence may be the better 
way to monitor the AIDS epidemic; changing trends can be observed much earlier. So argues
Dr. Michel Alaryand colleague (H6pital du St. Sacrement, Quebec) who reported new data 
from 4 anonymous HIV-iesting centers in Quebec (3 in Montreal and I in Quebec City). A 
trend in monthly HIV seroprevalence was noted among Individuals reporting IV drug use as a 



54 CHAPTER 3: EPIDEMIOLOGY 

risk factor. Seroprevalence among this group was 19% (17 of 91)for 1989, compared to 4% (2
of 54) for 1988. lVDUs accounted for 9% ofall seropositives in this study, compared to 2% 
observed for the previous year. The authors pointed out that this trend among IVDUs has not 
yet been detected byAIDS surveillance. 

Latin America. As a whole, Latin America has been categorized as Pattern I (with homosex
ual/bisexual men as the major risk group). However, recent dramatic increases in AIDS cases 
among women (due to heterosexual trah.. mission) in parts ofLatin America have alerted pub
lic health officials to further analyze the situation. Dr.Laurent Zessler (Pan American Health 
Organization, Washington, D.C.) ieported that in some Latin American countries, the number 
ofAIDS cases diagnosed among women in 1988 multiplied 6-fold compared to 1986. 

Brazil. The AIDS epidemic in Brazil Is in a dynamic phase. A glance at the change in AIDS 
incidence rates (per million population) over time clearly illustrates this point: in 1982 
(when the first cases were reported), the rate was 0.05; in 1985, 3.6; in 1987, 15; and in 
1989, 26. Dr. Lair Rodrigues (Ministry of Health, Brasilia) reported that the rise in number 
ofAIDS cases could be attributed, in part, to increases within areas previously Identified as 
affected and to a continuing spread of HIV infection from metropolitan centers to sur
rounding (previously unexpined) communities. 

A shift in the distributic-n ofAIDS cases has also been observed: the number of cases is 
declining in the homosexual/bisexual population while Increasing in IVDUs and the het
erosexual population (although the increase In IVDUs now appears to be leveling off some
what). Among women, the niumber of cases iEincreasing (primarilyattributable to either IV 
drug use or sex with an IVDU) along with a concomitant rise in perinatal transmission 
cases. Furthermore, an enormous change In the male-to-female ratio for AIDS cases has 
been noted from 1984 to 1989-from 120:1 to 9:1. 

Mexico. Not unlike some other Latin American countries, Mexico is showing signs of rapid
transition from Pattern I to Pattern II. In contrast to the early years of the epidemic when 
homosexual men accounted for approximately 65% of all AIDS cases (and bisexual men, 
24%), only 37% of all AIDS cases in 1989 were among homosexual men (bisexual men 
showed little change, 20.5%). Dr. Jaime Sepulveda (Ministry of Health. Mexico) provided 
statistics illustrating the dramatic rise in heterosexual contact cases in Mexico: in 1986, 
less than 4% of all AIDS cases were attributed to heterosexual transmission, whereas in 
1989, slightly more than 20% are in this category. The proportion of transfusion-related 
cases is quite high in Mexico (about 23% in 1989), which is thought to be related to the 
commercial sale of blood (now Illegal). Interestingly, IVDUs are not a major risk category (in 
1989, still less than 2% ofall AIDS cases). Bisexual men and contaminated blood are cited 
as the probable conduits for rapid increase in heterosexual transmission. 

Dr. Jose Luis Mora and colleagues (Ministry of Health, Mexico) reported that annual HIV 
seroprevalence rates (based on 700,000 individuals in 70 cities and in 19 community 
groups), revealed a recent rapid increase in the spread to women and children. Dr. Carlos 
Magis and coworkers (Ministry of Health, Mexico) reported that women now represent
12.6% of all AIDS cases; 60% of these are transfusion-associated and 30% attributable to 
heterosexual transmission. 

Honduras.In comparing the epidemiology ofHonduras with neighboring Central American 
countries, Dr. Richard Beach (University of Miami School of Medicine, Florida) and associ
ates, using statistics through September 1989, found that the male-to-female ratio ofAIDS 
cases (1.3:1) indicates that this country exhibits Pattern Il-not Pattern I-transmission. 
(Guatemala had a male-to-female ratio of 12:1 and Costa Rica, 27:1.) Ongoing seroprevalence 
studies in all 3 countries, however, show that HIV infection is spreading rapidly in the general 
population, with the large number of bisexual men possibly providing the "bridge" from 
homosexual to heterosexual transmission. 
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Table 3.3. Cumulative AIDS Cases for Mexico, Caribbean, and Central and South
 
America through September 1990
 

(Reported by Dr.)aime Sepulveda, Directorate of Epidemiology, Ministry of Health, Mexico, and updated with
 
figures provided by Pan American Health Organization)
 

M:F M:F
Country # Cases Ratio Country itCases Ratio 
Mexico 4,941 6:1 CENTRAL AMERICA 1,448
 
CARIBBEAN 
 5,896 Belize 11 3:1 

Costa RicaAnguilla 199 11:14 1:1 El Salvador 192 5:1Antigua 3 n/a Guatemala 92 8:1Bahamas 507 1:1 Honduras 743 2.1Barbados 127 4:1 Nicaragua 8 6:1Cayman Islands 5 4:1 Panama 203 15:1
Cuba 63 4:1
Dominica 121 5:1 SOUTH AMERICA 14,363

Dominican Republic 
 1,368 2:1
Grenada 17 4:1 Argentina 710 19:1Guadeloupe 195 3:1 Bolivia 11 n/aHaiti 2,456 2:1 Brazil 11,070 9:1Jamaica 166 2:1 Chile 178 13:1Martinique 135 3:1 Columbia 643 13:1Montserrat 1 n/a Ecuador 81 12:1Netherlands Antilles 26 6:1 French Guiana 191 2:1St. Kits and Nevis 18 1:1 Guyana 108 5:1St. Lucia 16 2:1 Paraguay 16 n/aSt. Vincent and the Grenadines 22 1:1 Peru 352Trinidad and Tobago 648 3:1 Suriname 

9:1 
67 3:1Turks and Caicos Islands 8 2:1 Uruguay 133 10:1 

I Venezuela 870 19:1 

Dr. Roxane Gonzalez and coworkers (Pan American Health Organization, Washington,
D.C.) reported that The 1988 Incidence ofAIDS among women (permillion population) InHonduras was 20.76, which is approaching that calculated for the Caribbean (34.33).Furthermore, these authors noted that coastal areas of Honduras (bordering the
Caribbean) had the highest case rates. 
The Caribbean. Categorized as Pattern 11 (with heterosexual contact as the predominanttransmission mode), Suriname and the Caribbean Islands have provided the only regional
exception to the Pattern I transmission seen in the Americas. 
Trinidad. In 1989, heterosexual contact cases represented 43% of all new AIDS cases InTrinidad, with a male-to-female ratio of 3:1. Dr. Farley Cleghorn (The University of the WestIndies/CAREC, Port of Spain) and colleagues reported that 90%of all cases are among
Afro-Trinidadians, although they represent less than half (42%)of the island's population.
Indo-Trinidadians, the island's other major ethnic group (at 41% of the population),
account for only 8.7% of the AIDz cases. Tie authors suggest that this finding may berelated to cultural differences as well as a genetic difference: a protein associated with
Kaposi's sarcoma is absent in the Indo-Trinidadi, group. 
Haitiand DominicanRepublic. A study of 397 Ha. tian and Dominican sugar cane workers, presented by Dr. Mirtha Capellan (University Technologica de Santiago) and associates, showed that HIV seropositivity was significantly higher among Haitians (15%) thanDominicans (4.4%). The male-to-female ratio was 1:1. Samples were also screened for 
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syphilis, HTLV-1, and malaria, but no evidence for a cofactor role was found. Self
reported risk factors, however, suggested that sexual and ritualistic practices may influ
ence HIV transmission. 

Cuba.Although Cuba reported its first AIDS case in 1987 and only 63 total cumulative 
cases have been reported to WHO, a presentation by Dr. Carlos Moas (Finlay Medical 
Society, Miami) suggested that the true scope of the AIDS epidemic In Cuba is unknown 
due to political circumstances. Seroepidemiological data reported by the Cuban govern
ment indicate that there are 333 HIV-positive persons hi Cuba. The government. neverthe
less, has noted dramatic increases in the incidence of gonorrhea and syphilis, as well as 
HIV-related diseases, such as Pneumocystts carinllpneumonia. Annual studies conducted 
by the Cuban Health Ministry, in which approximately 2.2 million Cubans have been 
tested, reveal a 0.001% HIV seropositivity in the general population. Dr. Moas stressed that 
these official numbers are unlikely to be correct. 

Refuting the official numbers is a study of 25,000 Cuban emigrants at Opa Loca, Florida, 
conducted by the Finlay Medical Society in 1980: the overall seropositivity rate (determined 
from samples collected at this time) was found to be 0.4% to 0.6%. Based on similarl des in 
demographics and hepatitis B seroprevalence rates between the Cuban populous and the 
Opa Loca Cuban emigrants, Dr. Moas argued that the emigrant group could be considered 
representative of the Cuban population. Fuelling expectation ofhigher than reported num
bers-both of HIV seropositives and AIDS cases-is the extensive exchange between Africa, 
where HIV is endemic, and Cuba: more than 400,000 Cubans have been to Africa and 
returned, and more than 250,000 young Africans have been trained in Cuba. 

EUROPE 

Of the total number of AIDS cases reported In Europe, more than 90% are reported from 
Western Europe. Except for the outbreaks reported from the USSR in 1989 and in Romania 
earlier this year, little has been heard about AIDS in Eastern Europe. The opening of the 
East to the West, however, has allowed an unprecedented exchange of qualitative informa
tion regarding the HIV epidf iic in this region. 

Eastern Europe. AIDS was first reported in Eastern Europe in 1985; with a relatively small 
number of cases reported since, these countries are categorized as Pattern Il1. Surveillance 
data continue to show the spread of HIV to be markedly slower than that observed in 
Western Europe. In Czechoslovakia, GDR, Poland, and Hungary, most AIDS cases (69
89%) occur among homosexual/bisexual men, as reported by Professor Sieghart Dittmann 
(Central Institute of Hygiene, Microbiology, & Epidemiology, Berlin, GDR). In Poland and 
Yugoslavia, IVDUs represent the major emerging risk group. In Bulgaria, a high percentage 
ofheterosexual contact cases has been reported. 

USSR. Since the 1989 report of nosocomial (hospitalization-associated) transmission of 
HIV to more than 23",children and 12 mothers, much interest has been focused on HIV 
infection and AIDS in USSR. The infection in the children was traced to the repetitive use of 
contaminated needles in a hospital in Elista. Of particular interest were reports of HIV 
transmission from some of these seropositive infants to their mothers during breastfeed
ing; the details are discussed in "Women" in this chapter. 

Dr. Vadim Pokrovsky (Central Institute of Epidemiology, Moscow) reported on HIV sero
prevalence among Soviet citizens: 57,397,200 have been tested since 1987; of these, 510 
were found to be HIV-positive, with 40.5% attributed to use of contaminated syringes. 
Heterosexual contact was identified as the major risk factor In 19.35% of cases. HIV-positive 
persons were further characterized as follows: 402 among the aboriginal population; 11 of 
22,083,871 blood donors; and 9 of 10,565,181 pregnant women. Although disputed, the 
USSR has officially reported only 40 cases ofAIDS to WHO as of October 1, 1990. 
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Figure 3.3. Cumulative AIDS Cases In Europe
(Based on WHO Reportings through September 1990.) 
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Romania. With the establishment of a national AIDS surveillance system in early 1990, analarming number of I-infected children and children with AIDS was reported. By June
1990. 670 AIDS cases had been reported for Romania, with 92% (617) occurring among chil
dren. (Note: by September 1990, the number ofADS cases had risen to 999.) Pediatric AIDS
cases-ldentfied in hospitals and public homes for abandoned children-were almostexclusively attributable to transfusions (4 1%) or injections (56% had a history of multiple
hospitalizations, each presumably with multiple injections); approximately 2% were shown 
to be perinatal transmission cases. (Only 47% of the mothers of children with AIDS have
been tested; tracking mothers of abandoned children is often difficult.) Since proper steril
ization techniques were introduced, no new injection-related infections have been reported. 
At the Conference, Nicolae Beldescu (Ministry ofHealth, Romania) reported that because ofthe policies of the former government, HIV testing was not available in Romania-neither 
for blood screening nor for diagnosis. Now all children under 3 years of age living in institu
tions are being tested for HIV. Approximately 12,500 children live in these Institutions;
85% o.f the children had been tested by June 1990 and 10% show unconfirmed HIV 
seropositivity (repeatedly reactive ELISAs without Western blot results). 
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Poland Homosexual/bisexual men still account for the majority ofAIDS cases in Poland: 
however, Dr. Andrzej Stapinski and colleagues (institute of Venereology of Medical 
Academy, Warsaw) showed that HIV infection is now spreading rapidly among IVDUs. From 
January 1986 through December 1989, a total of 5,351 IVDUs were tested for HIV anti
bodies; 292 (5.5%) proved seropositive. Interestingly, no seropositives had been identified 
in this population In 1986 or 1987, and only 16 of 1,282 were Identified in 1988. In 1989 
alone. 276 of 2,471 (11.2%) tested positive. The authors also reported findings from studies 
conducted from January 1990 through May 1990:135 new cases of HIV infection were 
detected among 1,134 IVDUs tested (11.9%). 

Western Europe. Dr. Angela Downs (WHO Collaborating Centre on AIDS, Paris) and col
leagues reported that although AIDS incidence is still increasing among homosexual/ 
bisexual men, the rate of increase among this group continues to show definite signs of 
slowing in the 12 Western European countries. IV drug users show a much more rapid 
increase In AIDS incidence (almost equalling that observed for homosexual/bisexual men in 
1989). but recent signs indicate that the rate of increase in this group is slowing. Several 
presenters remarked that the slowing could reflect saturation of the IVDU population. In 
Italy, for example, high but stable seroprevalence rates (roughly30-40%) were reported from 
IVDU cohort studies between 1985 and 1989. And in Spain, although certain regions are 
known to have large IVDU populations with relatively high seroprevalence rates, decreases 
have been noted: Fernando Merino (Universidad del Pals, Vasco) and coworkers reported an 
overall rate of 41.29% (based on 1,504 IVDUs in Basque country during 1984-89): a drop In 
seroprevalence was observed from 45.41% in 1987 to 26.93% In 1988, which remained rela
tively stable at 29.8%In 1989. Because IVDUs show a higher rate of increase, the number of 
new cases among IVDUs will almost certainly exceed that of homosexual/bisexual men in 
the next few years. 

Dr. Downs and colleagues noted that although predictings AIDS incidence based on 
interpretation of data on heterosexual contact cases t7, inherently difficult (partially 
because of the small numbers involved), it is likely that the number of AIDS cases due 
to heterosexual transmission will continue to rise. Western European countries with 
the highest numbers of AIDS cases in order, are: France (9,718), Italy (6,701). Spain 
(6,210), FRG (5,266), and U.K. (3,798). 

AFRicA 

Very few AIDS cases have been reported from countries in North Africa although ongoing 
serostudies have been extensive. Epidemiological studies in sub-Saharan Africa continue 
to reveal widespread HIV infection in sentinel populations, such as hospital patients, STD 
clintc attendees, and high-risk groups in urban centers-notably prostitutes and clients of 
prostitutes. Populations not labelled at particularly high risk, howe'er, also show dis
turbingly high seroprevalence rates. Dr. Marie Laga (Centers for Diseas! Control, Atlanta) 
reported that In many urban areas of Uganda, Malawi, Rwanda, Zamb',a, and Zimbabwe, 
seroprevalence among pregnant women exceeds 20%. But the situation may actually be 
more complicated than this: Dr. Laga contrasted these high seroprevalence rates with 
those observed in pregnant women In Kinshasa, Zaire, rates that have remained at 5-6% 
for at least 6 years. From these data alone, It appears that the speed and effciency of HIV 
transmission varies tremendously within sub-Saharan Africa 

In rural areas, studies suggest that HIV seroprevalence rates are low, but increasi: g. 
Heterosexual contact Is the predominant mode of transmission in sub-Saharan Africa, 
and it is estimated that 20% to 30%of all sexually active adults (between 20 and 40 years 
old) In urban areas are infected. In a July 31, 1990 statement from Dr. Michael Merson 
(WHO, Geneva), new estimates of HIV seroprevalence for all of sub-Saharan Africa have 
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Figure 3.4. Cumulative AIDS Cases In Africa 
(Based on WHO Reportings through September 1990) 
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AUSTRALIA 

The majority of AIDS cases in Australia are localized on the Eastern seaboard. At the 
Conference, Dr. Brian Mulhall (University of Sydney) cited a figure of 12,000 HIV-infected 
persons but cautioned that, due to the difficulties inherent In HIV surveillance, this figure 
is likely to be an underestimate. Dr. John Kaldor (National Centre in HIV Epidemiology & 
Clinical Research, Sydney) and colleagues reported that the AIDS incidence rate in 
Australia is 92.8 per million, and that homosexual/bisexual men constitute the largest risk 
group (93%of all cases). Furthermore, the growth seen among IVDUs in other Pattern I 
countries has not been observed in Australia. The cumulative number ofAIDS cases, at the 
end of September1990, was 2,040. 

AsIA 

A total of 790 AIDS cases had been reported to WHO by 25 Asian countries as of October 1, 
1990. Because ofthe relatively recent introduction ofHIV (Asia reported its first AIDS cases to 
WHO in 1985), Asian countries are categorized as pattern III countries. As data from regional 
seroepidemiological studies are being reported, however, it appea: a that the demographics of 
HIV-infected populations from individual Asian countries differ considerably. 

In Japan, for example, which has the highest incidence with 290 cases, AIDS surveillance 
reveals that hemophiliacs constitute the largest risk group (49.1%), followed by homosex
ual men (29.1%). and heterosexual contacts (13.6%). Dr. Kenji Soda (Yokohama City 
University School of Medicine) and colleagues reported that seroprevalence data reveals a 
much different proportionate distribution-of 1, 130 testing positive for HIV, 86.6% are 
hemophiliacs; 6%, homosexual men; and 5.4%, heterosexual. 

In Hong Kong and Singapore, HIV Infection among local IVDUs appears to be very low, 
whereas in Thailand IVDUs have the highest seroprevalence rate of any risk category. And 
although Asia only accounts for 0.2% of the cumulative AIDS cases worldwide, several 
speakers remarked that Asia is experiencing a rapid growth in HIV infection-it is no longer 
a problem of foreigners. Looking at currently available data, Dr. Eng-kiong Yeoh (Hong 
Kong Department of Health) predicted that in the 1990s Asia will likely see an increase in 
the number of HIV infections due to IV drug use and heterosexual contact. Indeed, WHO 
announced in late July that the current estimated total number of HIV-nfected persons in 
Asia is approximately 500,000-up from virtually zerojust 2 years ago. 

Heterosexual contact appears to be the major mode of transmission in India, sex with a pros
titute being reported in most cases. The Indian Council of Medical Research reported in July 
1990 that 30% of female prostitutes in the city of Bombay were HIV-infected. A disturbing 
finding reported by Dr. S. Apte and colleagues (Institute of Immunohaen'atology, Bombay) 
revealed that the rate of HIV infection among blood donors in the city of Bombay is signifi
cantly higher for paid (versus voluntary) donors- 24 per 1,000 compared to 1.4 per 1,000. 

HIGH-RISK GROUPS 

HOMOSEXUAL/BISEXUAL MEN 

The male homosexual/bisexual population, as the longest-affected group, has been the 
focus of numerous epidemiological studies. Indeed, It was this group in which the clinical 
symptomology of what is now known as AIDS was first recognized (in 1981). Widespread 
reduction of high-risk behaviors among this population is believed by many to have con
tributed to the recent decline in new AIDS cases in many Pattern I countries. Some new 
studies have raised concern, as they suggest a relapse In high-risk behaviors among some 
homosexual/bisexual men. 
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AIDS Incidence. Virtually all Pattern I countries have reported significant drops in the
number of new AIDS cases among homosexual/bsexu,-l men. In the United States, this
trend has been observed since mid-1987. Whether this is .ttributable to behavior modifica
tion or therdpeutic intervention or both, Is under study. Several research teams, using statistical analyses, are testing whether such variables as availability and use of therapeutic
agents for HIV infection (and HIV-related conditions) could account for the abrupt decline 
In AIDS cases among homosexual/bisexual men (see "Epidemiological Model :ing," below). 
In the United States by the end of September 1990, a cumulative total of 89,155 homosex
ual/bisexual male3 were reported with AIDS, representing 60% of all U.S. adult AIDS 
cases. This is in contrast to the early years of the epidemic, when homosexual/bisexual 
men accounted for close to 80% of all reported adult/adolescent cases (in 1985).
Nonetheless, this is still the largest at-risk group to have been diagnosed with AIDS in all 
Pattern I countries except Spain and Italy. 
Scroprevalence. Declines in HIV seroprevalence rates among homosexual/bisexual men
during the mid- to late 1980s have been noted in the United States and Western Europe.
However, reports and data presented at the Conference show that when these rates are ana
lyzed by age group, increases can be seen among younger homosexual/bisexual men.
Timothy Kellogg (San Francisco Department of Public Health) and coworkers reported results
from their 1989 serosurvey conducted at STD clinics in San Francisco and surrounding
counties. Of 816 homosexual/bisexual men seeking care for a new STD episode, 376 (46.1%)
were HIV-positive. A disturbingly high HR-infection rate of 40.7% was observed among
younger men (less than 25 years old). This study also noted that HIV infection rates among
black and Latino men were higher than among white men: 53.2% versus 43.9%. And sero
prevalence rates were higher in San Francisco (53.7%) than in surrounding counties (30.9%). 
Findings from a 5-year study with the multicenter AIDS cohort study (MACS), reported by
Dr. Lawrence Kingsley (University of Pittsburgh) and associates, revealed an overall trendof declining seroconversion rates over time in Chicago, Los Angeles, and Baltimore/
Washington, but not in Pittsuurgh. Among men 29 years ofage or younger, significantly
higher seroconversion rates were noted throughout the study. 
Risk Factors. Deloris Koziol (National Institutes of Health, Bethesda) and colleagues out
lined a number of independent risk factors associated with HIV infection from a cohort of
89 homosexual men (not vaccinated for hepatitis B) followed prospectively for 2.5 years: 

* duration of homosexual practice e sex with person who developed AIDS
" receptive anal intercourse * lifetime number of male sex 
* history of gonorrhea partners
* rectal douching * lifetime number of STDs 

According to several Conference reports, receptive anal intercourse, rectal douching, and
number of sex partners appear to be the most significant factors Influencing HIV transmis
sion among homosexual men. Other risk factors, Including history of syphilis (specifically), 
sex in bath houses, and lack of (or inconsistent) condom use, are being studied. 
Although genital ulceration has been demonstrated to facilitate heterosexual transmission.
studies do not show this to be the case for homosexual transmission. Dr. Ireneus Keet
(Municipal Health Services, Amsterdam) and coworkers reported results from a cohort of
1,000 homosexual men evaluated over the period 1985-88. in which 53 men serocon
verted. When compared to their seronegative counterpart, the total number of genital
ulcerative infections was not significant in HIV-positive homosexual men: 12 of 53 (23%)
homosexual men reported at least 1 ulcerative infection compared to 8 of 54 (15%) HIV
negative homosexual men. The authors concluded that genital ulcers contribute little to 
the already high risk of unprotected anogenital intercourse. 
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Behavioral Change. Even though the predominant risk factors for this population have 
not changed qulitatively during the course of the epidemic, they have undergone a dra
matic change quantitatively. Once transmission-risk factors were identified and aware
ness campaigns initiated, drastic declines in the number of partners and the frequency of 
anal intercourse were reported; increased use of condoms among homosexual/bisexual 
men was also noted. Increased condom use-withJh both primary and casual relation
ships-was reported by numerous conference presenters, including Gall Hughes (San 
Francisco Department of Health) and coworkers who compared risk-behav!or survey 
results from 1989 (of401 homosexual/bisexual men) with findings from similar surveys 
in 1984 and 1987. 

Dr. Brian Mulhall (University of Sydney) reported on beharoral changes adopted in a 
cohort of 96 homosexual and 4 bisexual men living in Melbourne (which has a relatively 
low AIDS incidence) who were observed and counselled from the time of recruitment in 
1983 to 1990. A significant drop in the number ofsex partners war.cnsistently reported at 
each 6-month interval. The sharpest reduction was among the HIV-seropositive group, 
which also had the highest number of partners at entry. An increase in condom asc and 
decrease in unsafe sex practices, such as anal intercourse, was noted but did not achieve 
statistical significance. Rather encouraging was the finding that no seroconversions have 
been detected in this group since 1985. 

Dr. Richard Wolitskl (California State University, Long Beach) and associates showed that 
sampling different groups of homosexual/bisexual men does not yield unifcrm behavioral 
changes. Their sample of 152 gay bar patrons, for example, reported more condom use, a 
decrease in number of sex partners, and abstinence from high-risk sexual practices than 
did three other samples of homosexual/bisexual men (new members of a cohort study, 
participants in a gay-oriented community recreation program, and enrollees in an AIDS 
prevention/health enhancement program). From their findings, Dr. Wolitski's team con
cluded that changes in sexual practices within the gay community may not be as perva
sive as once thought. 

Although marked behavioral change has been consistently reported from numerous cohort 
studies ofhomosexual men in Pattern I countries, relapse to unsafe sex practices has been 
noted. (Chapter 10: EDUCATION & COUNSELLING discusses this issue in detail.) Several 
researchers pointed out that while seroconversion rates have fallen among homosexual/ 
bisexual men, a percentage continue to become infected; in some instances, despite partici
pation in cohort studies (which implies exposure to behavior modifying influences). Data 
presented by Dr. Brian Willoughby (University of British Columbia and St. Paul's Hospital, 
Vancouver) demonstrate that recent seroconverters could be characterized as younger, less 
educated, of lower socioeconomic status, and more likely to use illicit drugs. Marie-ange 
Schiltz and colleague (CNRS-GSPM, Paris) compared annual surveys (from 1985 to 1989) 
conducted among 1,200 French homosexual men. Their findings reveal that after rapid 
reduction of high-risk se:cual behavior, since 1988 there has been a slowing of additional 
change. In fact, although a steady increase in regular condom use was noted, so were slight 
increases in the number of partners and frequency of anal intercourse. 

INTRAVENOUS DRUG USERS 

Sharing or reusing discarded intravenous needles presents a significant risk for acquiring 
HIV infection through direct blood-to-blood transmission. When IV drug users (IVDUs) 
share needles, residual blood usually remains in the needle as it is passed from one user to 
another. If the needle has been us .by an HIV-infected person, the residual blood can har
bor the virus and serve as a vector for the transmission of the virus to the next ne!edle user, 
even hours later as shown by previous studies. 
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Figure 3.5. AIDS Cases among IV Drug Users In the United States 
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Figures provided by the Centers for Disease Control (Atlanta) demonstrate the rapid growth of newlydiagnosed AIDS cases among the IVdrug using population. By the end of Septembe: 1990, new AIDS 
cases among IVDUs had already surpassed the total for the year 1989. 

C'1!ecting and analyzing epidemiological data on IVDUs is fraught with difficulties: 
People who inject drugs are part of an extremely heterogeneous population. As was evi
denced by the many studies presented at this year's Conference, varying patte.rns of
drug-injecting behavior can be distinguished when considering such variables as geo
graphic locus, gender, and, in the Unitcd States, ethnicity. For example, female IVDUs in
the United Kingdom show higher levels of needle sharing than their male counterparts.
One San Francisco cohort study of seropositive black IVDUs revealed that women tended 
to inject more frequently than men. And according to Ellie Schoenbaum and colleagues
(Monteflore Medical Center, New York), whites are more likely to share with close friends
and relatives, whereas blacks and Hispanics are more likely to share with acquaintances 
or strangers. 
AIDS Incidence and lilY Seroprevalence. Several speakers at the Conference empha
sized the growing incidence ofAIDS and HIV infection among IVDUs in Pattern I countries.
Already the second-largest population with AIDS in the United States and most Western
European countries, drug injectors also show the most rapid increases in new cases of
AIDS and HIV Infections in parts of the United States, Western Europe, an,I several South
American countri's-notably Brazil and Argentina. In Italy and Spain, AIDS !ncidence 
among IVDUs has surpassed that among homosexual/bisexual men. HIV seroprevalence
studies from several Pattern III countries, including Thailand and Poland, suggest that 
IVDUs are emerging as their major risk category. 
While many regions report rapid increases among IVDUs, some cities exposed to HIV early
in the epidemic show a leveling of infection rates in this group. Saturation of the population 
as a possible contributing factor to this observed leveling has been theorized by some; oth
ers, such as Dr. Gerald Stimson (Charing Cross and Westminster Hospital, London) point
out that, not surprisingly, changes in risk behaviors coincide with a flattening of the sero
prevalence curve (see "Behavioral Change." below). 
Many factors influence HIV seroprevalence rates for a given study population. Local drug-
Injecting practices and the levels of high-risk behavior hay" been shown to correlate with 
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seroprevalence. Movement patterns ofdrug-injecting individuals also appear to be impor
tant: as they move into, out of, and within geographic areas, they engage in high-risk 
behavior with populations ofvarious seroprevalence rates. 

UnitedStates.Dr. David Allen (Centers for Disease Control, Atlanta) rerorted results from 
surveys of more than 15,000 IVDUs entering drug treatment clinics in 27 metropolitan 
areas. For the year 1988-89, HIV seroprevalence rates ranged from 0% to 47.7%, with 
most rates hovering around 5.0%. (Rates were highest in the Northeast at 18.2%.) 
Racial/ett.nic differences could be distinguished, but these varied from city to city. 
Analyses of changes in rates over time suggest that in some metropolitan areas, rates are 
stabilizing. In a series of surveys conducted from 1987 to mid-1989, Dr. Robert BattJes 
(National Institute on Drug Abuse, Rockville, Maryland) and colleagues found no change 
in seropositivity rates in 6 cities. Dr. John Waiters (University of California, San 
Francisco) reported similar findings on examination of seroprevalence rates and risk fac
tors from 2,114 IVDUs from the second half of 1986 to 1989. From a 6.1% in 1986, the 
seroprevalence rate peaked at 12.8% !n the second quarter of 1987 and t:as remained 
steady at about 12% since. Another San Francisco study revealed declining seroconver
sion rates in the period 1985 to early 1990: rates dropped form 4.5% to 0.6% for this 
cohort. A decline in seroconversion rates was also noted among IVDUs in Baltimore fol
lowed from 19:, through the end of 1989. 

Italy.While AIDS incidence data for 1989 shows that IVDUs now account for the majority of 
AIDS cases in Italy, seroprevalence studies reveal that rates have plateaued at alout 30
40%. Mauro Zaccarelli (AIDS Unit USL, Rome) and colleagues reported on their cohort of 
1,000 IVDUs followed from 1985-89: for ]985, the annual seroprevalence rate for new 
entrants into a methadone program was 33.9% and In 1989, 32.1%. Rates determined for 
IVDUs already in the program were slightly higher. 40% in 1986 and 45%in 1989. 

Spain.Conference reports showed ratner varying seroprevalence rates for Spanish IVDUs, 

ranging from 27% to 69.1%. Roberto Muga (Hospital "Germans Trias I Pujol," Barcelona) 
and coworkers found a seroprevalence rate of 69.1% for IVDUs who came into a hospital for 
either detoxification or for non-drug related illnesses during the period 1984-88. Of 382 
IVDUs, 246 were HIV-positive; heroin was reported as the main drug used in 95% of the 
cohort. From a 1989 study of 1,233 IVDUs in drug treatment centers throughout Spain, 
Miguel Delgado-Rodriquez (State Office for National Plan on Drugs, Madrid) and associates 
reported a seroprevalence rate of 41%. Several other groups reported similar rates-in the 

range of 30% to 45%. 

FRO. A seroprevalence study of 784 heterosexual IVDUs in West Berlin conducted from 
1984-1989 and reported by Klaus Stark (Landesinstitut fur tropenmedizin, Berlin) and co!
leagues, revealed an Increasing trend in HIV seroprevalence rates. The overall (5-year) rate 

was found to be 23.2%. 

Brazil. The estimated seroprevalence has been cited at about 15%, but already 13.8% of 
cumulative AIDS cases In this rnuntry are attributable to IV drug use. Annual AIDS inci
dence data shows that AIDS in IVDUs has risen from 4% in 1986 to 19% in 1989. A cohort 
study of 541 IVDUs in Sao Paulo found seroprevalence rates to lange from 78% (for hetero

sexual IVDUs) to 58% (for homosexual IVDUs). 

UnitedKingdom. An estimated 52.6% ofall HIV-infected individuals in Scotland are .ietero
sexual IVDUs. Dr. David Goldberg (Ruchill Hospital, Glasgow) and colleagues, however, 
presented widely discrepant HIV seroprevalence rates among IVDUs in 2 cities in Scotland 
just 44 miles apart: a 6% seroprevalence rate was obtained for IVDUs In Glasgow, com

pared to rates of up to 50% in Edinburgh. (By contrast, in England, Wales, and Northern 
Ireland, the large majority of seropositives are homosexual/bisexuai men and only 8.2% of 
all seropositives are IVDUs.) 
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Risk Factors. Several risk factors for acquiring HIV are peculiar to the IVDU population,
all ofwhich are directly or indirectly related to needle sharing. 

* duration of abusing injectable drugs
 
" frequency of injection
 
" frequency of Injecting with shared needles
 
* needle sharing with strangers

" Injecting In "shooting galleries" (where needles are commonly shared or rented)
 

The number of sexual partners who Inject drugs and history of imprisonment have also
been shown to present some risk for HIV transmission for IVDUs. Some studies demon
strated that the infection rates vary with the drug injected (heroin, amphetamine, or
cocaine, for example). Martin Iguchi (University of Medicine &Dentistry ofNew Jersey) andcolleagues reported that In their study of 1,397 IVDUs In Newark and Jersey City (ofwhom
55.8%and 46.9% were HIV-infected, respectively), three risk factors were statistically significant with respect to HIV seropositivity: years of IV drug use, frequency of injecting
heroin and cocaine together (speedball) in the past 6 months, and frequency of injecting
cocaine in the past 6 months. Christina Hartgerq (Municipal Health Service, Amsterdam)
and coworkers found "mainly heroin and cocaine" use as a new independent risk factor in 
their study of386 IVDUs followed from 1985 to 1989. 
In the United States in particular, higher rates of infection have been seen in cocaine injec
tors. Data from 1987 and 1988 showed IVuse of cocaine and speedball to be the strongest
predictors of HIV seropositivity among VDUs in New York City. Dr. Wayne Wiebel and col
leagues (University of Illinois at Chicago) offered that because it is a group activity for most
IVDUs (in which sharing of injection equipment Is the rule), cocaine Injection in and of Itself
is an important independent risk factor for acquiring HIV. Smokable cocaine, or crack, also appears to be a risk factor. (Note, however, that perhaps more than half of IVDUs who 
report crack use previously routinely injected cocaine.) The true Influence of crack may be 
in the spread of HiV to non-IVDU heterosexuals. 
IVDUs and the Heterosexual Spread of HIV. Sexually active heterosexual, as well as
homosexual/bisexual, IVDUs are seen as the major conduit for the flow ofHIV Into the gen
eral population in Pattern I countries-primarily through known higti risk sexual behav
iors including a large number of sex partners and infrequent condom use. With increasing,
or stably high, seroprevalence rates among IVDUs in many parts of the world, the potential
for spread into the wider (non-IVDU) population has become a concern. 
HIV transmission rates from IVDUs to their sexual (non-IVDU) partners appear to be very
high. (Because tracing sexual partners of IVDUs is an arduous task, only a few studies
actually presented figures on transmission rates.) A Centers for Disease Control (CDC)
study showed a significant increase in the number of AIDS cases among sex partners of
IVDUs in six Southeastern states (where AIDS In,1dence has increased in recent years) for1987-89 compared to 1984-86. Dr. Ruth Berkclman and associates presented data show
ing that tie increase in new AIDS cases among sex partners (15.5% to 27.9%) was greaterthan that observed among IVDUs (9.2% to 13.8%). Several disturbing Conference reports
gave evidence of persistent high-risk sexual behavior despite knowledge of HIV seropositiv
ity. One study reported by Luis de la Fuente (State Office for the National Plan on Drugs,
Madrid) found that of 789 IVDUs who knew they were HIV-positive, only 324 (41%) adopted
risk-reducing sexual behaviors. 
Several reports focused on the drugs-for-sex barter system, and especially the "crack-for
sex" trade. Such activity is likely to enhance the heterosexual transmission of HIV, prc.
sumably by increasing th± frequency of engaging in high-risk sexual behaviors. One study,
conducted by Dr. H;.nnah Wolfe and colleagues (University of California, San Francisco,
and San Francisco General Hospital), found,crack use associated with high-risk sexual 
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behavior, but not with HIV seropositivity. However, researchers are concerned that HIV
infection rates among crack users and their partners may eventually parallel the increased 
use of crack and the growth of the crack trade in general. 
Behavioral Change. A practical understanding ofthe forces driving IVDUs had to be incorpo
rated into efforts promoting the adoption of risk-reducing behaviors by this group, namely. 

* 	 needle-exchange programs (which seek to eliminate needle sharing)
 
instruction in needle cleaning techniques (bleaching)
 

* 	 drug abuse treatment centers (methadone maintenance programs)
 
instruction on safe sex practices
 

A large number of surveys have shown, however, that the IVDU population as a whole is 
slow in making the necessary behavioral changes. And, overall, changes in sexual behavior 
lag behind changes in drug use. Researchers appear not to be in agreement regarding the 
effect that the availability offree sterile needles, bleach, or condoms has on limiting the 
spread of HIV. (Chapter 10: EDUCATION & COUNSELNG discusses educational Interventions 
in detail.) 
P. the United States, where intervention programs are not as prevalent as in Western 
Europe. several reports suggest relatively little prog:ess in risk reduction by IVDUs. (U.S.
policy-makers have generally been concerned that government-funded programs for IVDUs 
would be equated with governmental sanctioning of drug use.) From their study of seven 
U.S. cities, Dr. Robert BattIJes and coworkers (National Institute on Drug Abuse, Rockvlle, 
Maryland) reported that although seropositivity rates are not increasing, increases In risk 
behaviors persist. 
A particularly strong argument for providing IVDUs with clean needles came from a Johns 
iopkins University (Baltimore) study on diabetic IVDUs. Dr. Kenrad Nelson presented his 

team's data demonst-atlng that among 702 HIV-Infected IVDUs (out of a cohort study of 
2,921 IVDUs), only 4 (0.57%) had diabetes. Dr. Nelson pointed out that diabetics have 
unrestricted access to sterile needles (and are not arrestcd for carrying injection equip
ment), which is likely to account for the significantly lower rate ofHIV infection in this sub
population ofIVDUs. 
Needle/Syringe Exchange Programs.In a number of European and Australian cities, 
needle/syringe exchange programs have been in place for several years. Such programs 
usually establish a central facility at which used needles and syringes can be exchanged for 
free sterile needles and syringes. Katie Dolan (Charing Cross and Westminster Hospital, 
London) presented her group's findings on such a program in England. Of 86 *attendees"at 
exchange sites recruited between April and September 1989, 62% reported that they were 
receiving treatment for their drug abuse (compared to 40%of non-attendees). Furthermore, 
almost half of the attendees had been referred to drug treatment centers through the 
exchange program, demonstrating that exchange programs are an avenue for entering treat
ment. Attendees were more likely to have been tested for HIV than non-attendees; 60% said 
they reduced or stopped needle sharing after being tested compared to 33% of non-atten
dees. The seroprevalence rate for attendees was ).2% (1 of 82), compared to 3.6% (4 of 110) 
for non-attendees. 

In Canada, needle-exchange programs in Montreal. Toronto, and Vancouver were estab
lished in 1989. The first U.S. needle/syringe-exchange program was implemented in 
Tacoma, Washington. Now Portland, Oregon; Boulder, Colorado; and Honolulu also have 
programs in piace; New York City's program has been shut down by thz. mayor, David 
Dinkins. And community-based exchange programs exist in San Francico. 
An interesting observation vas noted by Atnaf Keffelew and colleagues (University of 
California, San Francisco) in their survey of local methadone treatment programs, which 
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also offered anonymous screening: In this group with a persistently high rate of needle use,
28% had used a needle-exchange program, and those who knew they were HIV-positive
had a higher overall rate ofexchange (42%) than did their HIV-negative counterparts (26%).
This finding Is encou--ging in that It may mean that anonymous screening plus needle
exchange programs may reduce HIV transmission by IVDUs. 
Bleach DistributionandEducationPrograms.One method for disinfecting used needles is to
clean them with bleach, which Inactivates HIV. Many behavioral change programs forIVDUs emphasize bleach use as a means of reducing HIV transmission. Dr. Graham Hart
(University College & Middlesex School ofMedicine, London) and associates suggested that
the provision of bleach at needle/syringe exchange centers may enhance risk reduction. InBangkok. Dr. Pralom Sakuntanaga (Bangkok Metropolitan Administration) reported that 6
months following the implementation AIDS education, the number of IVDUs who reported
needle sharing dropped from 66.5% to 52.2% and the number who reported bleach use 
rose from 8.4% to 15.3% In the same period. 

SEXUALLY AcTrVE HETrROSEXUALS 

The World Health Organization estimates that about 60% of all HIV Infections worldwide
have resulted from hetero,9exual Intercourse, and that the rate Is slowly increasing on allcontinents. By the year 2000, WHO projects that 75-80% of all HIV infections will re,.ult
from heterosexual relation.'. While heterosexual tran..misslon is the predominant mode In
Pattern IIcountries (sub-Saharan Africa and The Caribbean). Pattern I countries are seeing
Increasing numbers ofAIDS cases and HIV infections among the so-called heterosexual 
contact risk category-a trend that was first detected In 1986. This category applies to persons born in Pattern II countries or reporting heterosexual contact with an HIV-infected 
person as their only high-risk behavior. (Heterosexual contact cases exclude persons who 
repor. same-sex sexual contact, IVdrug use, or history ofblood transfusions.) 
In Pattern II countries, HIV is believed to be widespread In the general population, as
demonstrated by approximately equal Infection rates among males and females. In urban 
centers of sub-Saharan Africa, It Is estimated that 20-30% of all sexually active adults
(aged 20-40) are infected. Pattern I countries, where homosexual/bisexual men and IVDUs
have accounted for the vast majority ofAIDS cases since the beginning of the epidemic, are 
now reporting a steady climb In the numbers of heterosexual contact cases. In the United
States and Western Europe, many believe that the spread of HIV outside the original high
risk categories has been largely mediated by IVDUs. (Anoteworthy exception Is Pattern I
countries that have large emigrant populations of persons from Pattern II countries; 
Canada may be such an exception.) 
At this year's Conference, researchers from Central and South America pointed to bisexuality as an important route of transmission to the general heterosexual population. (Afew
anecdotal reports from the United States and the United Kingdom suggest that a not-
Insignificant proportion ofhomosexually active men engage in heterosexual sex; further
more, It was noted that these men tend not to practice safe sex with women.) 
AIDS Incidence. AIDS cases attributable to heterosexual contact In Pattern I countries
still represent only a small percentage of the total: approximately 5% of the cumulative
number ofadult cases; specifically, 4.4% for Western Europe, 5% for the United States, and
6.6% for Canada. The number of cases in Australia is significantly less (2.7%). Among
Pattern I countries, the highest incidences are reported by Mexico (14%) and Brazil (10%). 
Annual U.S. statistics reveal that AIDS cases attributable to heterosexual contact rose
from 5% In 1988-89 to 6% for 1989-90. Dr. Nancy Padlan (University of California,
Berkeley) told Conference participants that, among IVDUs and persons with low socioeco
nomic status, the heterosexual AIDS epidemic already -xists. 
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Figures from Miami reveal incidence rates substantially higher than the national rates. 
Data collected by Janet Masiero and colleagues at the University of Miami AIDS Clinical 
Research Unit and reported to the Public Health Department (Miami) for the period 
1987-89 showed annual incidence rates of 20% (1987), 24% (1988), and 55% (1989). 
The authors also gave detaila of these heterosexual-transmission cases: Of the 70 het
erosexual contact cases for 1987, for example, 53 were "first generation" transmission 
cases-that Is, HIV was acquired through sex with a person belonging to a high-risk 
category. Second generation heterosexual transmission refers to cases in which the 
virus was acquired through sexual contact with a person who did not report any high
risk behaviors and who presumably acquired the virus through sex with a member of a 
high-risk group. 
Risk Factors. Numerous research teams are actively looking into risk factors that may facil
itate the (hetero)sexual transmission of HIV. Although each may carry a different degree of 
risk, the following have been found to be associated with heterosexual transmission: 

" origin in Pattern II country genital ulceration (typical in 
" sexual contact with a high-risk syphilis, chancroid, and herpes) 

individual (including persons from * lack of condom use 
Pattern II countries) o lack of circumcision (in African 

" trauma and/or exposure to blood males) 
during sex 

Other factors, which are still controversial, include disease status ofthe HIV-infected part
ner, engaging in receptive anal intercourse, the number of sex partners (lifetime), number 
of penile-vaginal contacts with an infected person, and sex with a prostitut'.. Interestingly, 
data from the Italian Partners' Study (which followed 368 women who were steady partners 
of HIV-infected men) showed that the use of an intrauterine device actually increased the 
risk of heterosexual transmission. 

Numerous studies examining risk factors associated with HIV transmission In heterosex
ual adults in Central Africa found additional independent risk factors to be statistically sig
nificant, some of which appear peculiar to Africa. These include cervical ectopy in women; 
history of STD (both ulcerative and nonulcerative); gonococcal infections (independent of 
other STDs); 5 or more lifetime sex partners (for women only); having sex during menses 
(for men only); genital bleeding due to sex; genital bruising due to sex (for men only). Gina 
Dallabetta (Johns Hopkins University, Baltimore) and colleagues reported a novel associa
tion between HIV seropositivity In Malawi women and the use of stones (silica gel, potas
sium permanganate, and pumice-like stone) as a vaginal tightening agent. The researchers 
offered that the stones have an irritating and erosive effect on the vaginad mucosa and may 
thereby facilitate viral entry. 

Transmission Dynamics. Studies on heterosexual HIV transmission rely on the ue of 
monogamous couples in which one of the partners is seropositive and one is seronegative, 
so-called discordant couples. Such studies allow for careful analysis of individual risk fac
tors, such as he non-use of contraceptive barriers. Heterosexual transmission rates using 
discordant couples have been reported to range from 8% to as high as 44%. The relative 
efficiency ofmale-to-female versus female-to-male transrr ssion can be studied by looking 
at couples in which the female partner is infected and the male partner uninfected, and 
vice versa. Ongoing studies are investigating the seroconversion rates of both types of dis
cordant couples. 
Dr. Federica Tacconi and colleagues (University of Pavia, Italy) presented data on 142 dis
cordant couples followed from 1986-1989. At the beginning of the study, there were 36 
couples with an HIV-positi.'- female IVDU and non-IVDU seronegative male partner and 
106 couples with an HIV-posltive male IVDU and non-IVDU seronegative female partner. 
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HIV testing was carried out at 6-month intervals. By the end of the study In 1989, 6 sero
conversions were .noted-allamong female partners of seropositive men. All the seroconverters reported that they never used contraceptive barriers. All Conference presentations

examining this Issue reported similar findings-that is, female partners of HIV-infected
 
men showed higher seroconversions than did male partners ofHIV-infected women.
 
Dr. Nancy Padian (University of Califofnia, Berkeley) reported that, based on her team's

study of 58 male sex partners of HIV-Infected women and 269 female partners of HIV
infected men, female-to-male transmission is less efficient than male-to-female transmis
sion. (In this study less than 2% of the male partners of infected women seroconverted,

compared to 20% of the female partners of Infected men.) Dr. Padian said that, although

difficult to recruit, sample sizes with larger pools of Infected women are needed to study the

question of why HIV transmission appears to be more heavily weighted in one direction.

Alfredo Nicolosi (National Council of Research, Milan), reporting for the Italian Partners'

Study, showed that the difference in susceptibility in his study group-8.9% seroconver
sion for partners of infected females versus 27% for partners of Infected males-could nei
ther be explained by dIfferences in sexual behavior nor by different characteristics of the
 
infected partner (such as disease stage).
 
From a biological perspective, it is curious that such a difference exists. In attempting to

address the issue of transmission direction, Dr. Yvette Henin (Institut Pasteur, Paris) and

collaborators examined vaginal secretions from seropositive women for presence of HIV.

One could argue that female-to-male transmission is relativc!y inefficient because HIV is
rarely present in vaginal secretions of infected women. In their small study, Dr. Henin's
 
team did not find this to be the case. Of 46 study subjects, HIV was Isolated from secretions

of 14 women (5 were asymptomatic or had lymphadenopathy, 9 ha I AIDS). Again, larger

studies are needed to obtain statistically significant data; the possible association between
 
presence of HIV in secretions and disease status may prol e to be particularly important.

Also, further studies will need to correlate the presence (f HIV in secretions of women

whose sex partners remain seronegative. It wnifld seem likely that for women with no

detectable HIV in vaginal secretions, their sex partners would remain negative.
 

HIEMoPHILIACS AND OTHER TRANSFUSION RECIPIENTS 

Prior to implementation of blood-screening tests for HIV, recipients of blood and blood
products were at high risk for acquiring HIV infection. Current statistics on the number
of transfusion-assc.clated AIDS cases give some idea of the level of that risk. In industri
alized countries, approxi iately 3-6%of the total number ofAIDS cases are transfusion
related. France reports the highest number of transfusion-associated AIDS cases in
Europe. Dr. Dominique Costagliola (INSERM, Paris) reported that the cumulative number of transfusion-associated AIDS cases in France will eventually reach between 2,300
and 4,500. (Through the end of 1989, France had reported 576 cases, approximately 6% 
of all AIDS cases.) 
Although the percentage ofAIDS cases attributable to transfu.iion(s) continues to fall inmost industrialized nations, developing countries still see high AIDS incidence rates 
among members of this risk category. Roughly 10%ofall AIDS cases in Africa are related toblood transfusion. However, as Dr. Peter Lamptey (Family Health International, Durham,
North Carolina) pointed out, the Incidence of transfusion-associated AIDS in children Is 
even higher-in Kinshasa, Zaire, for example, 25% ofall pediatric AIDS cases. In countries
where paid blood donors are (or were) used-like India and Mexico-transfusion-associ
ated cases are, perhaps not surprisingly, extraordinarily high: 16% for Mexico, for example.
Interestingly, 18 Caribbean countries show only 1.1% of all AiDS cases from this region to 
be transfusion-related. 
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Hemophllacs. The discovery of AIDS in hemophiliacs was one of the first clues leading to 
the identification of HIV as a blood-borne virus; members of this well-defined group require 
multiple blood transfusions or receive blood products isolated from large pools of donated 
blood to cope with frequent blood loss. 

In the United States, by the end of September 1990, a total of 1,323 adults/adolescents and 
132 children with hemophilia had been diagnosed with AIDS. LindaAugustyniak (National 
Hemophilia Foundation, New York) and colleagues reported that of 7,214 patients with 
hemophilia tested between 1985 and 1989 in the United States, 3,644 (50%) were found to 
be HIV-infected. 

Data on the clinical course of HIV-related disease among hemophiliac patients (known to 
have received contaminated blood products) appear to yield conflicting conclusions. British 
and American studies 'iave found that progression to AIDS is correlated with age-that is, 
older patients with hemophilia (overage 25) undergo a more rapid disease course. Dr. Nicola 
Schinala, speaking for the Italian Cooperative Hemophilia-HIV Study Group, reported that, 
based on 103 Italian hemophiliacs, a significantly faster rate ofprosession was observable 
among patients over age 35. However a study of 161 French hemophiliacs, reported by Dr. 
Yves Laurian (International Hemophilia Training Center, Kremlin-Bicetre, France) and asso
ciates, found that progression to AIDS occurs at a faster rate in children than adults. 

Other Transfusion Recipients. In reporting AIDS statistics, some countries make a dis
tinction between hemophiliacs (agroup known to require multiple or regular transfusions 
due to a blood clotting deficiency) and persons who have received blood transfusions or 
blood components. Through the end of September 1990, the CDC had reported that in the 
United States a total of 3,512 adult/adolescent AIDS cases and 243 pediatric AIDS cases 
were attributable to transfusion of infected blood or blood products. Based on these cumu
lative figures, transfusion-associated AIDS cases represent approximately 2% of all U.S. 
adult/adolescent AIDS cases and about 9% ofall pediatric cases. 

OTHER GROUPS UNDER STUDY 

Several groups wl:.1hn the general population, such as STD clinic patients, prostitutes. nd 
prisoners, were identified in the early years of the AIDS epidemic to have higher than "nor
mal" seroprevalence rates-that is, rates above those observed for the rest of the general 
population. Epidemiological studies on these groups indicated that a significant percent
age engaged in HIV-risk behaviors (high risk sexual and/or drug-injecting behaviors) at 
least some of the time. Ongoing demographic analyses show steadily increasing numbers of 
new HIV infections among women, adolescents and children, and, in the United States, 
racial/ethnic minorities and the homeless. 

Based on the potential for HIV transmission, other "sentinel" populations are being fol
lowed-primary care hospital patients, emergency-room patients, dialysis patients, and 
health care personnel, for example. (Chapter 9: WORKPLACE IssuEs discusses the epidemiol
ogy of healthcare workers.) 

STD Cuc AmEnIDEES 

Sexually transmitted disease (STD) clinics receive a relatively large number of patients who 
are HIV-positive. This finding isnot particularly surprising since certain STDs-notably 
ulcerative STDs-are thought to facilitate HIV transmission and since STD clinic patients 
generally engage in high-risk sezzual behaviors. 

General seroprevalence figures for S.. D clinic attendees in the United States were presented 
by Dr. Eugene McCray (CDC, Atlanta). The overall seropevaleace, based on 115,989 STD 
clinic attendees fror 31 metropolitan areas, was 2.5% (the range was 0-39%). The rate for 
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homosexual/bisexual men among this group was 38%and for IVDUs, 7%. The highest ratesfor men were in the 35-39 age bi acket and for women, the 30-34 age bracket. Similar seroprevalence rates were reported from several other studies, including studies from California;
however, two notable exceptions were from Dade County, Florida (which includes the city of
Miami), and New York City. 
In the Dade County study, Dr. Mac Otten (CDC) and associates reported a seroprevalencerate of 11.3% (among 2,402 STD clinic attendees who agreed to be tested). Perhaps themost poignant finding was that approximately halfof the clinic patients who did not accepttesting could be identified as having high-risl: behaviors: 59% of these patients were positive for syphilis and 56%. for gonorrhea. (Since December 1987, HIV testing has beenoffered to every patient; a total of 47,453 patients had att nded the clinic by the end of1989.) Mary Ann Chaisson (New York City Department of Health) and coworkers found anoverall seroprevalence rate of 14% (249 of I .'34) among STD clinic patients In New YorkCity. When analyzed by risk behavior, the following seroprevalences were calculated: 

Risk Category Seroprevalence 

% 1HIV+ / # tested 

IVDUs 
Homosexual men 
Sex partner ofbisexual men or IVDUs 
"Other risk" 
No identified risk 

49.0 
39.7 
14.0 
0.10 
0.04 

(83/180) 
(56/141) 
(54/394) 

(7/73) 
(44/1,046)

They also found crack-related sexual behaviors' - be strongly associated with HIV infectionin men (3.7%) and women (5.6%) for whom no identifiable risk behavior could be found.The authors offered that In regions of the city where crack use and HIV infection are common, a drug-for-sex barter system (as well as a money-for-sex trade) may enhance the
spread of HIV into the heterosexual population. 
In Europe, the highest rates for STD clinic populations came from Italy: Dr. RobertoZerboni and colleagues (University ofMilan) found an overall seroprevalence rate of 18.4%;7,271 patients (2,859 homosexual men; 1.001 IVDU,. 3,411 heterosexuals) were evaluatedduring the period 1985-89. When analyzed by risP. behavior, the rates were 22.3% amonghomosexual men, 58.6% in IVDUs, and 3.5%amorg heterosexuals. Dr. Zerboni's team wasalso able to examine these rates over time: seropositivity increased among homosexual 
men from 20.0% in 1985 to 33.4% in 1989; for heterosexuals, from 3.2% in 1985 to 5% In1989. No change (from about 60%) were observed for the IVDUs. 
Seroprevalence rates from STD clinics in the Caribbean and Africa (Pattern IIcountries,where heterosexual contact Is the primary mode of transmission) weie not very differentfrom those observed In the United States: 2.5-2.7%. Nigel O'Farrell (City HealthDepartment, Durban, South Africa) and coworkers reported that, among a Zulu population
visiting an STD clinic, higher seroprevalence rates were observed in women (3.2%, or 30 of937) than in men (1.9%, or 33 of 1,745). Of the HIV-positive women, 50%were in the 15-19 age group. Among the seropositive men, HIV infection was associated with ulcerative STDs,
but not with gonorrhea or genital warts. 

PRtosTruEs 

Although female "sexworkers" have been studied more thoroughly as an HIV risk group,male prostitutes are also being studied by epidemiologists. Because of their high-risk sexual behaviors, the numbers of people they interact with, and, In many cases, IV drugabuse, both male and female prostitutes are not only highly vulnerable to HIV infection but 
are recognized as key disseminators of HIV to the general population. 
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Seroprevalence rates among prostitutes appear to vary widely. In areas where prostitution 
Is legal. registered prostitutes tend to have much lower rates than street prostitutes. 
Brothel prostitutes tend to be regular users of condoms. In some cohorts, cultural differ
ences may account for relatively lower rates, particularly where IV drug use Is not a signifi
cant factor, as in Mexico. 

Female Prostitutes. Cohort studies of female prostitutes in Pattern I countries-where 
IVDUs are a primary risk gcoup-show that seroprevalence rates differ considerably when 
IVDU prostitutes are excluded. (Note, however, that identification of IVDUs among this 
population depends almost exclusively on self-reporting, which may not always be reli
able.) In a 3-year study (1985 to 1988) of3,137 registered female prostitutes working in the 
Frankfurt area, a yearly seroprevalence rate of 2.2% was observed. Dr. Hans Doerr 
(University of Frankfurt) and coworkers pointed out that German studies of prostitutes 
with drug-related behaviors report rates that are 20 times higher: 20-27%. Similar findings 
were reported by Dr. Celso Granato (Institute Adolfo Lutz-Sao Paulo) and associates in their 
1989 study of prostitutes in Santos; a seroprevalence rate of 18.8% was noted for IVDU 
prostitutes, compared lo 3% fur their non-IVDU counterparts. 

Reports from India (a Pattern III country with 48 cumulative AIDS cases) indicate that 
appreciable increases of HIV infection among females from the red light districts of Bombay 

have been seen in the last 2 years. Dr. Geeta Bhave (Seth G.S. Medical College & KEM 

Hospital, Bombay) and colleagues reported that the number of newly identified seroposi

tives rose from 0 (for the period September 1986-March 1987) to 133 (out of 730 screened 

for the period April-May 1990). Between September 1986 and May 1990 In Bombay, 290 

seropositive results were identified out of 2,740 female prostitutes tested. In Bombay, only 

recipients of blood and blood products show a higher seroprevalencc rate: 16.2% for 

blood/blood product recipients versus 10.6% among prostitutes. The authors proposed a 

model for the transmission dynamics between Indian prostitutes and other identifiable 

segments ofthe general population: see Figure 3.6. 

Prostitutes iW,sub-Saharan Africa, where heterosexual contact has consistently been the 

primary transmission mode, are considered a significant reservoir for HIV. In fact, in stud

ies of seropositive heterosexual adults, sex with a prostitute is frequently their only 

reported HIV-risk factor. One study of prostitutes in Kinshasa, Zaire, revealed an HIV sero

prevalence rate of 35%. Drug-injecting behaviors are not seen in African prostitutes; their 

primary risk factor appears to be incidence of sexually transmitted diseases. Dr. Marie 

Laga (CDC/Institute ofTropical Medicine, Antwerp) and colleagues found that non-ulcera

tive STDs-but not ulcerative STDs-are significantly associated with HIV seropositivity in 

prostitutes from Kinshasa. A comparison study cf HIV-positive and HIV-negative prosti

tutes revealed that the incidence of genital ulcers was similar for both groups (5% and 4%). 

However, seropositive prostitutes had a l'gher incidence of: 

" purulent cervicitis (24% versus 10%, for seronegative prostitutes) 

" leukocytes on vaginal smear (31% versus 9%) 
" gonorrhea (52% vcr-us 19%) 

" chlamydia (29%versus 6%) 

" trichomoniasis (43% versus 18%) 

These findings suggest that transmission of HIV Is also facilitated by STDs that are not 

ulcerative. (Data from numerous studies of risk factors for HIV infection In the general pop

ulation in Africa have shown that ulcerative STDs-due to actual skin breaks In the genital 

region-are associated with HIV seropositivity.) 

Male Prostitutes. Several Conference reports on male prostitutes indicated that, like 

female prostitutes, this population has significantly higher HIV-seroprevalence rates 

than the general populous. Furthermore, a Brazilian study found that seroprevalence 
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Figure 3.6 Model of Chain of HIV Transmission In India 
(Adapted from a Conference report by Dr. Geeta Bhave and Usha Wagle at Seth G.S. Medical College &KEMHospital, Bombay, Incollaboration with Srikant Tripathy of Indian Council of Medical Research, New Delhi.) 
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rates are not dropping: a rate of 68.6%was observed for 1989, compared to 43% for1988. Dr. Kirk Ellfson (Georgia State University, Atlanta), In collaboration with the CDC.
reported that In Atlanta, seroprevalence rates were found to be much higher among maletransvestite prostitutes (68.9%, ihan among non-transvestite (male) prostitutes (25.3%).
Only 7%of the seropositive transvestite prostitutes reported IV drug use, suggesting that
high-risk sexual behaviors are largely responsible for HIV transmission. A high Incidenceof sexually transmitted diseases among .,eropositive Italian and Fouth American male
transvestite prostitutes was reported by Dr. Spinello Antinorl (University of Milan) and
coworkers: 27 of 48 (56.3%) subjects were HIV-positive, and 83.3%of these were also 
positive for syphilis. 

PRISONERS 

For several reasons, prison inmates are included in sentinel population studies of HIV
infection. A significant percentage of prisoners are current or past IVDUs and many self
report multiple risk behaviors, including same-sex contact, receptive anal Intercourse, his
tory of STDs, and high numbers of sexual partners. Luisa Martin (Ministerio Justicia,
Madrid) and colleagues reported a March 1989 cross-sectional study of approximately 79%
of the total prison population of Spain. In identifying HIV-risk factors, they found that tat
tooing and acupuncture held significant relative risk value-exceeded only by syringeuse-as did receiving a blood transfusion before 1987 and having more than two sex part
ne -s per year. 
In a 3-year study of 1,484 IVDU arrestees in Stockholm, Kerstin Kall and coworkers
(Karollnska Institute, Sundbyberg) found an HIV seroprevalence rate of 11.1%. When IVDUprisoners were studied according to the main type of drug used, heroin users were found to
have a higher seroprevalence rate (36.8%) than those who reported using mainly
amphetamines (5.3%). The maJority-82%--of this cohort population reported using
mainly amphetamines whereas 18%reported using mainly heroin. 
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WOMEN 

Virtually all Pattern Icountries show that the proportion of female AIDS cases is growing as 
the epidemic continues to expand. The World Health Organization estimates that one in 
700 women are infected in North America, one in 500 In South America, and one in 1,400 
in Western Europe. Women who are IV drug users as well as women who are heterosexual 
contacts of HIV-infected persons account for the great majority of the female AIDS cases. 

AIDS Incidence and Scroprevalence. In the United States, surveillance data reveal that 
9.5% of all adult and adolescent AIDS cases are female. Projections estimate that this figure 
will rise to 11% by the end of 1990. The CDC reported that the proportion of heterosexual 
contact cases among females rose slightly from 1988-89 (32%) to 1989-90 (34%) for the 
same 12-month period; IVDU cases dropped slightly for the same period (from 52% to 48%). 

Issues have been raised surrounding the collection of seroprevalence data among women 
in general. Most epidemiological studies are based on risk factors rether than gender; thus 
much of the data on women is subsumed under risk categories such as IVDUs and STD 
clinic attendees. Recently epidemiologists have turned to blind screening of newborn blood 
samples to estimate the seroprevalence rate among women. A major drawback to relying on 
such data is the finding (by researchers at Walter Reed Army Institute of Research, 
Washington, D.C. and others) that HIV-positive women are more likely to abort sponta
neously or have obstetrical complications, resulting in fewer live births than their unin
fected peers. Such seroprevalence studies then may yield lower estimates ofHIV infection 
in women since not all pregnancies among HIV-infected women come to term or result in 
live births. 

Several seroprevalence studies on women in the United States found rates ranging from 
0.03% to 3.7%. (Not included in that range was a study of 61 women at Harlem Hospital 
Center, New York, for which a seroprevalence rate of 18% was found; the overall seropreva
lence among women delivering at this hospital was 3.5-5%.) Patricia Sweeney (CDC) and 
colleagues reported data gathered from more than 100,000 women from 130 family-plan
ning, prenatal, and abortion clinics In 32 metropolitan areas since 1988: a seroprevalence 
rate of 0-2.6% was found. (Data was expressed as units per 1,000. so that this rate was 
equivalent to 0-26 HIV-infected women out of a total of 1,000 women.) Ms. Sweeney said 
that, not surprisingly, areas with the greatest number of AIDS cases-such as the 
Northeast-also had the highest seroprevalence rates. However, it was surprising that in 
some Midwestern cities, rates as high as 0.2% (2 per 1,000) were found. This study noted 
that women 20-29 years of age had the highest rates, and the median seroprevalence rate 
among black women was higher (0.5%; range 0-3.5%) than white (0%; range 0-4.3%) or 
Hispanic women (0%; range 0-2.5%). 

Other U.S. studies reporting seroprevalence rates for women also noted racial/ethnic dif
ferences when data was available: In a state-by-state nationwide survey, analysis of the 
findings from 6 states providing data on race showed that the rate for black women was 5 
to 15 times that for white women. (In this study the overall seroprevalence rate, determined 
by anonymous testing of infants delivered during the period 1988-89, was 0.15%. or 1.5 
per 1,000 childbearing women.) 

In a study of 135,762 childbearing California women conducted in late 1988, Hispanic 
women were found to have rates twice that of white women and black women had rates 
more than 12 times that of white women. The authors offered that the high rate in black 
women might reflect the extent of infection among black IVDUs in California. AIDS cases in 
the state are increasing more rapidly among women than among men and, unlike other 
areas of the country, HIV acquisition among women in California was equally attributable 
to IV drug use and heterosexual contact. 
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In sub-Saharan Africa, where the primary mode of transmission in the general populationis heterosexual and the male-to-female ratio is roughly 1:1 In all countries, seroprevalence
rates typically range from 20% to 40%. Dr. Christopher Ndugwa (Makerere University,
Kampala. Uganda) reported his team's cohort study of pregnant women wh.o came to theprenatal clinic at Mulago Hospital in Kampala between December 1988 and May 1990. Of3.612 women screened for HIV, 1,032 (28.6%) were seropositive. Analysis of demographic
information for seropositives and seronegatives revealed essentially no differences. (In thispopulation an association between HIV infection and a history of herpes zoster and syphilis 
was found.) 
Risk Factors. Cohort studies of pregnant women or women of childbearing age reveal thatrisk factors are generally the same as those identified for sexually active heterosexuals
multiple sex partners or history of STDs, for example. Several studies identified indepen
dent risk factors as statistically significant among the women studied: 

* cocaine/crack use with no history of IV drug use (Harlem Hospital study, New 
York City)

" history of hepatitis B-antibody reactivity to hepatitis B core antigen (Ohio
Department of Health study)


" history of genital warts-but not genital ulcers (in a Malawi 
 study by Johns 
Hopkins University)

* smoking (in studies conducted in Haiti and the Dominican Republic; see below)
" breastfeeding and cracked nipples (in the USSR, see below) 

A novel type of HIV transmission from infected children to their breastfeeding mothers hasbeen demonstrated in the Soviet Union. Dr. Irina Kuznetsova (Central Research Institute ofEpidemiology, Moscow) reported that 230 children (who had been infected through reuse ofsyringes while hospitalized) and 12 mothers were found to be HIV-infected in 1988. Ofthese 12 mothers, 7 reported no known HIV-risk factors, but acknowledged that theybreastfed their infants until age 2. Among 94 women who didn't breastfeed, none were HIVpositive. Blood-to-bloix contact between the infected infants and their mothers was identified as the transmission route: the suckling infants had severe stomatitis (inflamed and
bleeding mouths) and the mothers had cuts and cracks on their nipples. 
A follow-up study on the possible association between smoking and HIV infection inwomen in Haiti was reported by Jacqueline Coberly (Johns Hopkins University,Baltimore, Maryland) and colleagues. Analysis of risk behaviors for Haitian women whosmoked, compared to former smokers and non-smokers showed that smokers were foundto exhibit high-risk sex behaviors: They had their first intercourse earlier, had more lifetime sex partners, and were less likely to be married. In an independent study presentedby Ernesto Guerraro (Centro de Orientacion e Investigacion Integral, Santo Domingo),
smoking in female sex workers in the Dominican Republic was correlated with higherrates of STDs and high-risk sex practices, including anal sex (8.6%) and sex during 
menses (30%). 

ADOL NTS/YOUNG ADULTS 

Several Conference reports this year emphasized the need to look at AIDS incidence dataand seroprevalence rates in Pattern I countries with respect to age. New AIDS diagnosesamong young adults in 1989 or 1990 suggests that HIV acquisition probably occurred during their adolescent years. Studies ofadolescents and young adults reveal a high percentage engage in risk behaviors associated with HIV transmission. IV drug use, high-risk sexual behavior (notably, multiple partners and lack of condom use), and a history of STDs aremajor identifiable risk factors. Non-IV drug use was also found to be associated with high
risk sexual behaviors by some investigators. 
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In a study of seropositive adolescents and young adults in England, Wales, and Northern 

Ireland, Sian Clarke (Communicable Disease Surveillance Centre, Lkndon) and associates 

reported the following data, accumulated through the end of 1989: 

Age Group No. Infected Major Exposure Category 

10-14 86 93% hemophiliac 

15-19 269 44%. hemophiliac; 
35%. homosexual; 
9%heterosexual 

20-24 1,318 57%, homosexual; 
19%. IVDU; 
10% heterosexual 

Of those infected through heterosexual contact, 82% in the 15-19 group were female; as
 

were 66%in the 20-24 age group.
 

In Spain, where IVDUs accounted for more AIDS cases in 1989 than homosexual/bisexual
 
men, IV drug use appears to be the major risk factor in adolescents and young adults (15

20 years of age). In a Madrid study, Perez Alvarez and colleagues (Health Department,
 

Madrid Council) identified 725 out-patient clinic attendees with HIV-risk behaviors; 64%
 

were IVDUs and 81% of these reported sharing syringes. Of the 725 at-risk individuals, 273
 

(38%)were found to be HIV-positive, of whom 57.4% were IVDUs; 6.5%, homosexual; and
 

5.9%, partners of HIV-infected persons.
 

In the United States, seroprevalence studies of adolescents and young adults (15-24 years
 

of age) conducted during 1988-90 in STD clinics, drug treatment centers, and women's
 
health centers in 44 metropolitan areas (more than 1,000,030 samples were tested), show
 

that the average rate of infection is about 0.5%. In STD clinics, for which the most data has
 

been collected, seroprevalence rates range from 0% to 30.4%, with rates hovering around
 
1.3% for males and 0.6% for females. Rates were found to vary markedly by sex, age group,
 
geographic region, and clinic type-for example. rates in STD clinics and women's health
 
centers were highest in the Northeas t and South.
 

Very different results for a supposedly !ow-risk population were reported by Dr. Steven
 

Keller and colleagues (University of Medicine & Dentistry, New Jersey). Among 407 healthy,
 

heterosexual. non-IVDU, inner-city adolescents who received routine medical examinations
 
(generally, for school or work). 1.24% were found to be seropositive. The researchers pointed
 

out that these adole3cents are from an AIDS epicenter (Newark); analysis of risk behaviors
 

actually revealed substantial levels of high-risk sexual behaviors with the strongest predic

tor ofhigh-risk sexual behavior being moderate use of alcohol or marijuana.
 

U.S. studies ofadolescent homeless populations shov, much higher rates. A blind study of 

runaway and homeless youths In four states from October 1987 to September 1989 revealed a 

disturbing seroprevalence rate of 4.13% among 4,383 in the study population, as reported by 

Rachel Stricof (New York State Department of Health. Albany). When this rate was analyzed by 

state and by racial/ethnic background, significant differences could be distinguished: 

State Seroprevalence Rate 

Florida 2.33% 

Louisiana 2.19% 

New York 5.69/ 

Texas 2.10% 

Racial/Ethnic Background Seroprevalence Rate
 

Hispanics 5.95%
 

Blacks 4.70%
 

Whites 
 2.63% 
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The CDC reported that as of September 1990 in the United States, 585 AIDS cases hadbeen diagnosed among adolescents (13-19 years of age), and approximately 6,371 cases
had been diagnosed in the 20-24 age group. 

CHILDREN 

Pediatric HIV infection is a growing problem in virtually every part of the world. HIVinfected children (13 years of age or younger) have acquired the virus, for the most part,either by perinatal transmission (from their mother) or by transfusion of contaminated
blood or blood products. A few anecdotal case studies of HIV infection by sexual abuse havealso been reported. The majority of pediatric cases-in all countries-are attributable toperinatal transmission (see "Perinatal Transmission," below). And most industrialized
countries are now seeing significant declines in the percentage of cases due to transfusion 
with concomitant increases in perinatal AIDS. 
In the United States, from 1988 to 1989, a 40% decrease In transfusIon-related cases among children less than age 13 was noted and a 17% Increase in perinatal cases. Based on data throilgh December 1989, Dr. Blake Caldwell and coworkers (CDC) reported the following distribution of pediatric AIDS cases by mode of transmission: 81%, perinatal; 5%,
hemophilia; I1%, transfusion-associated; and 3%, unknown. (Pediatric AIDS cases repre
sent approximately 2% of total U.S. AIDS cases.) 
The Incubation time for pediatric HIV infection is gcnerally shorter than that for adults;
furthermore, children who have acqired HIV perinatally appear to have the shortest incubation period. Some of these children develop AIDS within 18 months after birth (about11% of all perinatal cases); other perinatally acquired cases follow a much slower course(similar to that seen in adults), with an average incubation time of 6.4 years. Children withhemophilia or transfusion-related infection also tend to develop AIDS on a time course sim-Ilar to that seen In infected Pdults. In Africa, HIV-associated mortality in r'ants is muchhigher than in Industrialized countries-and death occurs much earlier. (See "AIDS-
Associated Mortality," below.) 

THE HowLEJss 

Although only a small number of epidemiological studies on homeless individuals havebeen ronducted, it is suspected that HIV seropositivity among this group is very high. (Seealso "Adolescents," above.) Substance abuse and the very circumstances of homelessness
(malnutrition, exposure to the elements, exposure to many infectious agents in 'shelters,"and lack ofmedical care), each of which contribL,tes tc,an Immunosuppressed state-plus

being subjected to frequent acts ofviolence, including rape-are believed to place homeless
 persons at risk for HIV infection. In New York City alone, it is estimated that of the 70,00090,000 homeless men, women, and children. 20% to 30% are HIV-positive and 10,000 are
 
believed to have HIV-related illnesses.
 

U.S. M.LITARY PERSONNEL 

All applicants to the U.S. military are screened for HIV and all branches routinely retest
personnel. Data from these tests h6 s provided much information on sereprevalence rates,risk factors, and demographics. However only cautious extrapolations to the general pop
ulation can be made since the military Is not representative of the general populous (forexample, individuals entering or serving in the military are less likely to be IV drug users).
Based on the number of seroconversions among active duty soldiers during the period
1985-89, a consistent and significant downward trend in new HIV Infections was noted.When HIV Infection trends are studied by race and gender, however, black men show 



78 CHAPTER 3: EPIDEMIOLOGY 

Figure 3.7 HIV-Infectlon Tiends among Men In the U.S. Military by Race 
(Based on data reported by Dr. Patrick Kelley of Walter Reed Army Institute of Research, 

Washington, D.C., and colleagues.) 

1985-1988 1987 1088 1989 

increasing HIV seroprevalence over time (see Figure 3.7). A seroprevalence study of more 
than 2 million civillan applicants for military service showed overall declining rates for the 
years 1985-89. An increase in seroprevalence among black females, however, was noted in 
2 of 3 years. Rates were consistently lower over time in metropolitan areas with high AIDS 
caseloads, but not in locations outside these "AIDS epicenters." 

Dr. Thomps e't 2rman and coworkers (CDC), in collaboration with Walter Reed Army 
Institute of Research (Washingoen, D.C.), reported on risk factors identified in 21 of 43 
recent male seroconverters. Risk behaviors included sex with men, sex with IVDU women, 
and sex with women from Haiti or Africa. Of 18 men who reported same-sex contact, 13 
also had sex with women. Of the recent seroconverters for whom no risk was identified, 7 
(32%) reported that their partner bled during sex, 4 (18%) reported having had -n STD 
since their last negative HIV test, 3 (140A" reported having sex with a prostitute, and 2 !9%) 
reported having anal sex with a female partner. 

PERINATAL TPANSMISSION 

rerinatal or vertical transmission refers to the transmission of HIV from mother to child: 

HIV infection can be acquired while in utero, at the time of labor and dellvery, or during the 
postpartum period. (Although all children of seropositive mothers are considered to be at 
high risk for acquiring HIV, not all become infected. Roughly one-third of all children of 
seropositive mothers become infected; see "Transmission Rates." below.) Apparently the at
risk fetus can become Infected at any time during the pregnancy;, HIV has been detected in 
the fetus, placenta, and amniotic fluid. Transmission can also occur during labor and 
delivery. Dr. Patrick Donegan (Boston City Hospital) and coworkers identified HIV-infected 
cells in the cervix, but not vaginal tissue, of HIV-positive women-a finding that may 
explain why delivery by cesarean section does not work as a preventive strategy for 
neonates of seropositive mothers. The authors suggested that the cervix is a likely reservoir 
of HIV, and that transmission could be taking place at this site at any time during the preg
nancy, including labor and delivery. 
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Table 3.4. Factors Associated with Perinatal Transmission Rates 
(Based on a presentation by Dr.Francois Boue, H6pital Antoine Beclare, Clamart, France.) 

HIV+ Perinatally
Maternal status mothers infected childrenStudy (during pregnancy) (rotal =88) (Total = 29 or 33%) 

CD4 cell count > 150/mm3 73 19(26%)
<150/mm 3 15 10(66%) 

p24 antigen negative 64 17(26%)
positive 24 12(50%) 

Viremia low replication 38 6(16%)
high replication 14 11(78%) 

(Note: Only children found to be HIV-positive after 15 months ofage were considered to be HIV
infected in this study.) 

Although thought to be relatively rare, breastfeeding can also account for some cases ofperinatal transmission. HIV infection by breast milk has been documented in cases wherechildren, born to HIV-negative women who seroconverted sometime after childbirth, them
selves seroconverted at 20-22 months with breastfeeding as the only risk factor. 
As pointed out by Dr. Janet Mitchell (Harlem Hospital Center, New York), the efficiency ofHIV transmission from mother to child may be affected by the mother's stage of disease atthe time of pregnancy and, perhaps independently, by the mother's Immunological status.One exemplary study, presented by Dr. Francois Boue (H6pital Antoine Beclare, Clamart,France), showed that the incidence of perinatal transmission is significantly higher whenthe Infected mother has a low CD4 cell count (less than 150/mm3), has p24 antigen, or haspostlwv HIV culture with -,high rate ofreplication (see Table 3.4).
Similar findings were reported by others, including Dr. Ann-Britt Bohlin (DanderydsHospital, Stockholm) and colleagues who noted that none of 10 children born within the first2 years of maternal HIV infection were Infected, compared to 5 of 11 children who wureinfected and were born to mothers who had been Infected for longer than 2 years at time ofbirth. In a study of46 HIV-infected pregnant women, however, Dr.G. V. Zuccotti and coworkers (University of Milar, San Paolo Hospital, Italy), could not find a correlation betweenmaternal Immunological status and development of HIV Infection in their children. 
Transmlshlnn Rates. Although IIV-transmisslon rates frorr Infected mothers to their children are generally re-orted to be about 30-33%, some ' )nference reports based on specificpopulations found rates as low as 19% and as high as 42%. In Africa, where HIV seroprevalence In the general population Is very high, the number of HIV-lnfccted women of childbearing age Is probably higher than anywhere else in the world. This fact translates intocomrespondingly high numbers of HIV-infected newborns. Not surprisingly, studies based on specific African populations-in Rwanda, Burkina Faso, Kenya, Zambia, Zaire, andCongo--reported the highest rates (42% In Congo). In one representative presentation Dr.Ciement Mwale (University Teaching Hospital, Lusaka, Zambia) and coworkers, followed109 ,3eropositive mothers and their children for 3 years and found 42 children to be
infected-a transmission rate of38.5%. 
Most presentations from Europe, the United States, and many Industrialized countriesquoted an overall (approximate) perinatal transmission rate of 30%; the majority ofperinataltransmist 'n cases are from HIV-infected mothers who are or were IVDUs. (See also Chapter 
4: DWNos-nc TEsrs FCR HIV INFECTON.) 
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BLOOD SUPPLY SAFETY 

Since the identification of HIV as the etologic agent ofAIDS, major steps have been taken 
to ensure that worldwide blood supplies remain free from contamination vth the virus. 
Mandatory screening of all donated blood for HIV antibodies (one established indicator of 
HIV infection) has been particularly effective in ensuring blood supply safety. In the 
United States, Canada, and most Western European countries, routine screening was 
instituted in 1985. 

Although resilts obi.4ined from screening tests for ',he detection of HIV antbodle! are gen
erally 98-100% accurate, there have been reports of contaminated blood "missed" by such 
tests-the so-called "false negatives." Based on their experience with a high-risk popula
tion, one research team concluded that special circumstances may dictate supplementing 
antibody tests with oter HIV-detection methods. Dr. Thomas Quinn (National Institute of 
Allergy & Infectious D.seases, Bethesda, Maryland) and colleagues were able to identify 
HIV infection In 6 IVDU patients attending an inner city emergency room (who were 
seronegative by antibody testing); in these 6 patients, HIV status was determined by either 
virus culture or a test that detected HIV DNA (polymerase chain reaction, or PCR). Chapter 
4: DIAGNOSTIC TrsS FOR HIV discusses the issue of false negatives in full detail, along with 
discussions on sensitivity of the various types of screening tests. 

In addition to srreening tests, the cooperation of the blood-donating public is essential to 
ensuring the safety of the blood supply. On careful interviewing of donors for high-risk 
behaviors, those identified as having risk factors are generally dissuaded from making an 
initial donation; such individuals are referred to HIV-testing sites. Carol White and col
leagues (CDC), in cooperation with 20 U.S. blood centers, intenlewed 457 HIV-positive het
erosexual donors identified in the period May 1988-September 1989. Seventy-nine (61%) 
had no risk factor other than heterosexual contact with a person at risk for AIDS. The 
authors found that despite knowledge of the partneres risk, many individuals who had het
erosexual contact did not perceive themselves to be at risk. In an independent study, Debra 
Kessler and coworkers (The Creater New York Blood Program) identified 15 HIV-positive 
blood donors who donated again within 2-48 months following notification of their seropos-
Itivity, 5 of the 15 reported that they donated again because they wanted to be retested. 

In northern Brazil, a study of three types of blood centers (government, university, and pri
vate) revealed overall high seroprevalence rates for donors, but particularly disturbing was 
the highest rate (2.2%), which was observed for a private transfusion center. Dr. Carlos 
Alves (Federal University of Bahia, Salvador) and colleagues reported that The State Blood 
Center, with a seroprevalence rate of 0.29%, excluded 40% ofpotential donors. Risk factors 
identified from all three center types included homosexual contact (1.4% of male donors at 
the private centei), contact with a prostitute, and IV drug use. 

Dr. Peter Lamptey (Family Health International, Durham, North Carolina) related the par
ticularly poor state of affairs with respect to the blood supply in developing countries, and 
specifically in Africa. While public health officials have acknowledged that the blood supply 
is best protected by testing all blood donors, this is not an easy task in African countries. 
Dr. Lamptey pointed out that blood banks do not exist in most African countrieq and that 
transfusions occur only in life-threatening situations, in which family or friends (and even 
paid donors) donate blood for an urgent transfusion, often without screening or cross
matching. Furthermore, because HIV in Africa is primarily spread by heterosexual contact, 
the seroprevalence rate in the general population is relatively high. Finding safe blood 
donors has become increasingly difficult. The issue of economics is another major part of 
the problem in developing countries: HIV testing adds appreciably to the cost of a translu
sion and most hospitals cannot afford to implement routine testing. Transfusion-related 
transmission in Africa accounts for approximately 10% of all AIDS cases. 
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INCUBATION TIME 

The length of time between initial infection with HIV and the time of diagnosis with AIDSreferred to as incubation time-is difficult to trace in most populations because the timeand/or source of infection is unknown. In transfusion recipients, however, the exposure toHIV Is usually traceable to the date of a single transfusion with contaminated blood,enabling epidemiologists to study the length of the incubation period for this population.
Compared to Infection by other means (by sexual contact, for example), HIV infectionacquired through transfused blood or blood products generally correlates with a shorterIncubation period: 80 months compared to 96-108 months. Patricia Volkow (HospitalPEMEX, Mexico City) and coworkers reported a maximum incubation time of46 months fora small population of adult transfusion cases; 36 cases were included in the study and all were recipients of only one traisfusion: 75% were diagnosed with AIDS within 36 months;50% after 27 months; and 20%, within 12 months. Based on data from 42 cases of transfu
sion-associated AIDS patients who have died, Katherine Swanton and colleagues
(Transfusion Related AIDS Support Unit, Sydney, Australia) reported that the average timefrom Infection to death (resulting from AIDS-related causes) was 35 months. Last year, atthe Montreal Conference, a mathematical model of the incubation time, based on
European transfusion-associated HIV Infections presented by WHO, found the average
time to be 6.4 years. (See also "Epidemk logical Mode'ling," below.) 

HIV-ASSOCIATED MORTALITY 

AIDS is still recognized as a uniformly fatal disease, but investigators have documentedseveral changes in mortality trends relating to HN disease. In industrialized countries,people with AIDS are surviving longer after their dagnosis, at least In part becaue of theavailability of effective drug therapy. However, the increase in survival time Is not enjoyedby all subgroups of patients. And even though some people with AIDS are living longer,
AIDS is accounting for an increasing proportion ofdeaths worldwide. 
In the United States, national surveillance data, reported by Bradley Hersh and coworkers(CDC), on more than 37,000 homosexual/bisexual men with AIDS show a strikingincrease In survival time between 1984 and 1987. Of homosexual/bisexual men diag-Posed in 1984, 40% survived at least 12 months; of those diagnosed In 1987, the proportion increased to 56.6%. The average survival time after diagnosis increased from 10 to 16
months. A ierage survival for men diagnosed In 1987 was greater in whites (17 months)than In blacks or Hispanics (12 months), and greater in men living in New York City, SanFrancisco, or Los Angeles (17 months) than in men living elsewhere (12 months). Studiesfrom San Francisco, Massachusetts, and London also showed increased overall survivalIn homosexual/bisexual men and in all adult patients with AIDS. In several of these studies, the prolonged survival occurred mainly in patients who were Initially diagnosed withFneumocystiscarnitpneumonia (PCP); it was less striking in patients presenting withother opportun'stic infections. In patients whose Initial AIDS diagnosis was Kaposi's sarcoma, mortality trends were either inconsistent or unfavo'able-that is, average survival 
time has decreased. 
Dr. George Lemp (San Francisco Department of Public Health) reported that antiviral andother drug therapy accounted for much of the increase in survival times. Almost 1,300homosexual men who received drug therapy at some point in their disease course, even iftreatment was discontinued, were compared with 582 patients untreated at the time oftheir .'dDSdiagnosis. Those who began treatmew. with zidovudine (the antiviral AZ1 oraeosolized pentamidine (as prophylaxis or treatment for PCP) had a median survival timeof 23 and 24.8 months, respecively, and the effect of combined o sequential therapy withthe two agents was even greater. In contrast, the median survival time for the untreated
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patient group was 13.7 months. A proportional hazards analysis showed that an Initial 
diagnosis of PCP, as opposed to any other AIDS-defining condition, had the strongest 
influence on survival, followed by treatment with AZT. A smaller study from England of 63 
patients diagnosed in 1987 also showed that AZT contributed to prolonged surviva: for 
those taking AZT, median survival times exceeded 24 months, versus 7 months for those 
not using the drug. However, prophylaxis against PCP was also offered more aggressively 
in the AZT-treated group, reported Barry Stephen Peters (St. Mary's Hospital, London) 
and associates. 

AIDS continues to increase in standing as a cause of death in some demographic groups 
worldwide. In the developed world, AIDS is affecting the mortality of groups in which it 
previously had little impact. U.S. statistics show that AIDS accounted for 2% of all 
deaths and was the fourth leading cause of death in black men and women aged 20-24. 
Dr. Barbara Kilbourne (CDC) and coworkers reported that HIV-related disease ranked 
fifth among causes of death in white men in their early 20s, and it is becoming an impor
tm, t cause of death among women of reproductive age, especially those between ages 25 
and 34. Susan Chu (CDC) and colleagues presented data showing that AIDS accounted 
for 11% of all deaths in American black womer and 3% of deaths in white women In this 
age group. HIV-related disease now accounts for almost 7% of(Laths in children under 
age 15 in California, and in Canada AIDS has become the leading non-violent cause of 
death in men aged 30-39. 

In some developing countries, particularly in Africa, AIV9 is taking an even greater toll. In 
Central Africa, AIDS was the leading cause of death in middle-aged factory workers in 
Kinshasa, Zaire, accounting for about 50%of all deaths in male workers and 33% ofdeaths 
in their spouses. A study conducted in a Kinshasa general hospital, reported by Dr. Bila 
Kapita (Mama Yemo Hospital) and colleagues, showed that AIDS was the leading cause of 
hospitalization (27% of hospitalized patients had AIDS) and of in-hospital deaths (about 
66% were attributed to AIDS). In Abidjan, Ivory Coast, AIDS was also the leading cause of 
death in adults. Kevin DeCock (Projet RETRO-CI, Abidjan) and colleagues reported results 
that are particularly disturbing because HIV was introduced relattvely recently in Abidjan 
in comparison to many otherAfrican cities: An autopsy study showed that 41% ofmale and 
31% of female adults were seropositive for HIV. AIDS accounted for 15% of deaths in men 
and 13% ofthose in women. 

In general, compared to adults, children with AIDS have shorter survival times. Although 
this period seems to vary according to the first clinical manifestation, reported survival 
times ranged from 7 months to 6 years. Perhaps not surprisingly, HIV-infected children in 
the developing world do not survive as long as their counterparts in industrialized coun
tries. In Brazzaville, Congo, according to a study conducted by Marc Lallemant (ORSTOM 
S/URB, Paris/Brazzaville) and colleagues, about half of a group ofchildren born to infected 
mothers (27 of 64) were infected. One-third of these infants did not survive 1 year, and 
almost half died before reaching age 2. In a study in Rwanda, Philippe Lepage (Centre 
Hospitalier de Kigalie, Rawanda) and coworkers reported that about 33% of infants of 
seropositive mothers were infected, and 14% of children of infected mothers died in their 
first year. High death rates were also reported in infants and young children born to HIV
infected mothers in urban Zaire, in rural Uganda, and in an urban slum in Haiti. In the lat
ter study, Reginald Boulos (Centers for Development and Health, Port-au Prince) and col
leagues showed that a significant decline in total infant mortality was reversed by 
HIV-related disease: Various interventions had resulted in decreasing infant mortality
from 23.5% in 1976 to 8.5% in Y982. Eoweve.: in the Haitian neighborhood studied (an 
urban slum), where almost 1006 of pregnant women are seropositive for HIV, infant mortal
ity had increased to 11% in 1989. 
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OTHER RETROVIRUSES 

HV-2 

Large-scale screening for infection with HIV-2 (asecond human retrovirus associated with
AIDS-like symptoms) has been limited for the most part to West Africa. At the Conference,
Senegal. Ivory Coast, Burkina Faso, and Guinea Bissau reported ongoing surveillance
data, confirming the endemicity of this vlinis In West Africa. (Regional differences in HIV-2
seroprevalence among West African countries and even within a given country were not 
uncommon.) HIV -2 infection is primarily found in those who 

" are of West African descent 
* have lived in or traveled to West Africa
 
" have had sexual contact with a West African
 
" have received blood transfusions in West Africa
 

However, there have been a small but increasing number ofreports of HIr-2 infection (and
HIV- I/HIV-2 double infection) in persons with no seeming West African connection. HIV
2 infection is believed to have been introduced to Europe through countries with historical 
relations with West Africa-notably, Portugal and southern France. In a 1987-89 study In
which 9,305 sera were e,.aIated, Dr. Ana Benito-Garcia and colleagues (Instituto
Nacional de Saude. Lisbon) reported finding an HIV-2 seroprevalence of 1.1%among
Portuguese with no known c-.ntacts with Afric,. Interestingly, this seroprevalence rate
approximated that seen in Portuguese with African contacts (0.8%). In this same study,
32% of the 348 AIDS cases attributable to HIV-2 were among Portuguese with no known 
African contacts. Continuing studies will examine how extensive HIV-2 infection is among
the non-African Portuguese population and the rate ofspread into this population. 
Data presented by Dr. Catherine Tamalet (H6pital de la Timone, Marseilles) and coworkers 
revealed a seroprevalence rate of0.32% for HIV-2 infection In Marseilles: 18 of 88,482 sera 
collected between 1987 and 1989 were found to be H.V-2 positive, with 12 of the infected 
individuals from Africa, 4 from Marseille, and 2 of unknown origin. 
The United States, Canada, and Brazil have reported a small number of cases of HIV-2
infection. Dr. J. Peralta (Fundacao Oswaldo Cruz, Rio de Janeiro) and colleagues, in collab
oration with the U.S. Centers for Disease Control, have also documented HIV-I/HI.-2
double infection in Braz!l. HIV-2 infection appears to be rare among U.S. residents: 18 
cases of HIV-2 infection have been detected. Dr. Thomas O'Brien (CDC)reported that 13 of 
these are individuals originally from West Africa, 1 Is an American who has traveled to West
Africa, 1Is from Europe, and 3 are of unknown origin. Ida Onorato (CDC) and colleagues
presented data showing no evidence of HIV-2 infection from their sentinel surveillance 
studies established In 1988 in 5 metropolitan areas. More than 10,614 serum samples
from attendees ofSTD clinics or drug treatment centers were tested. 
The transmission routes and transmissibility (relative ease of transmission) r,f HIV-2 are
apparently not Identical to those of HIV-1. High-risk behaviors for HIV-I infection (namiely,
intravenous drug use and homosexuality), for example, do not appear to factor into the 
transmission of HIV-2. Several African ,tudies examined risk factors for HIV-2: Dr. Lee
Harrison (CDC)and coworkers found that among 23 HIV-2 infected hospitalized patients in
Guinea Bissau, sex with a prostitute was the principal risk factor for men and, for women, 
a history ofblood transfusiono. 
An interesting finding on the lack of mother-to-child transmission for HI'V-2 was reported by
Dr. Jean-Elie Malkn (G.E.E.P., Villeneuve-Saint-Georges, Burkina Faso and coworkers: A 
screening program of 1,400 pregnant women at Banfora Hospital (BurkJna Faso) was initi
ated in which the rate ofInfection among this group, as well as the rate ofperinati! transmis
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sion, was determined. Among 41 seropostive women, 51% were HIV-1 positive, 19% were 
HIV-2 positive, and 24% had HIV-I /H.-2du;'J Infection. Ofthe 21 children born to seroposi
tive mothers who were followed in this 9.ucy,4 have been confirmed positive-HIV-] positlw. 
No case ofHIV-2 or HIV- 1/HIV-2 Lrr -mission was observed. Similar results were reported 
by Georgette Adjorlolo (Projet RETRO-CI,AbidJan, Ivory Coast) and colleagues who also found 
that the mean age of HIV-2 seropositive individuals was higher than that of HIV- I seroposi
fives. The authors also noted that evaluation of 1,003 hosp!talized and well children revealed 
HIV-2 and HIV-1 /HIV-2 infection to be rare in children, with the seroprevalence rate for both 
types of infection being 0.5%, compared to 9%for HIV-I infection. 

HTLV-I AND HTLV-I 

Two other human retroviruses, the human T-cell leukemia vhuses, HTLV- and HTLV-II, 
are also being studied by epidemiologists in an effort to determine transmission patterns. 
geographical areas of endemicity, aid possible correlations with HIV transmission. Some 
research teams have speculated that infection vth either HTLV-I or l V-I1 may influence 
transmission of HIV (andvice versa). Indeed, it Is known that in the laboratory, in environ
mentally controlled cell culture experiments, the presence of HTLV-I can speed up the rate 
of HIV replication. 

HTLV-I. Infection with HTLV-I occurs via sexual contact, blood "ontamination, or vertical 
(congenital or perinatal) transmission. An interesting epidemiological phenomenon Is the 
finding that HTLV-I infection seems to be correlated with age---in Japan, the United States, 
and Caribbean. No explanations or hypotheses for this correlation have been offered. 

Known geographical pockets of HTLV-l endemicity include southern Japan, the Caribbean, 
the southeastern United States, southern Italy, and parts of Africa and South America. So 
far, countries bordering HTLV-I endemic regik.ns show very low seroprevalence rates. 
Because HTLV-I has also been detected in healthy individuals, blood-supply screeving 
measures have been implemented In various parts of the world. Persons emigrating from 
endemic areas may be introducing HlV-1 Into the blood supply in nonendemic areas. For 
example, Dr.Joliette Coste (Centre Regional de Transfusion Sanguine, Montpellier, France) 
i.nd coworkers presented a study of 45,033 blood donors from 12 areas in France; the data 
revealed a significantly higher HTLV-I seroprevalence rate among donors who emigrated 
from endemic regions: 61% (2 of 325) among blacks from endemic regions compared to 0% 
(0 of 93) for blacks/Asiatics from nonendemic regions and .C07% (3 of44,615) for whites 
native to France. 

From worldwide surveillance data, HTLV-l Is known to be associated with an adult form of 
leukemia (adult T-cell leukemia, or ATL) and also with a neurological disorder inducing 
varying degrees ofmotor and/or sensory loss callec. HI V-I associated myelopathy (HAM) 
or tropical spastic paraparesis (TSP). Dr. Michel Dumas (Institut de Neurologie Tropicale, 
CHU Limoges, France) reported findings on a study of neurological disorders In West 
Africa-Ivory Ccast, Senegal, Togo, and Burkina Faso. Although seroprevalence ofHTLV-I 
in this part of Africa is relatively high (about 2%), infection with "is virus does not appear. 
to bf. tightly associated with paraparesis, in s.rk contrast to assc Ziations reported from 
other countries. Of 82 cases of spastic paraplegia, only 13 (15.85%) were HTLV-I infected. 
In the United States, Dr. Michel Canavaggio, from Abbott Laboratories in Chicago.. reported 
that 39% ofa patient population with TSP were infected with HTLV-l. 

HTLV-I/HIV Dual Infection. Reports on findings of IITLV-I/HI dual infection provdded no 
clear pattern. In the Dominican Republic, Dr. Evelyn Rodriquez (National Institute oAllergy 
& Infectious Diseases, Bethesda, Maryland) and colleagues found I-1TLV-I rP )prevalence 
a.mong S1D clinic attendees to be 4. ! % (24 of 583), with HTLV-I/I-'V dual infection to be 
0.5% (3 of 583). Dr. Mirtha Capellan (University Technologica de Santiago) and colleagues 
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found an HTLV- I seroprevalence rate of 5.8% among 397 Haitian and Dominican 
Republican sugar cane workers; only 1 case ofHTLV-i/HIV dual infection was Identified. In 
contrast, Dr. Jean-Pierre Allain (Abbott Laboratories, Chicago) and colleagues found a sig
nificant association between HTLV-I and HIV in an outpatient population of rural Haiti.
Dual infection was observed in 18.3% of patients manifesting symptoms of immune defi
ciency (57 of 643); infection with I-rI'v-I alone, in 4.5% (15 patients); and inlecton with HIV 
alone, in 49% (312 patients). 
HTLV-lJ. The retrovirus HTLV-II was flrst identified in a leukemia patient in the United 
States in 1982. but since then scant data has been available on its association with dis
ease. Transmission routes, presumed to be sexual contact and blood contamination, are 
still under investigation as is whether this virus is associated with any clinical manifesta
tion. HTLV-I1 has rarely been reported outside the United States and is rarely found in non-
IVDU populations. However, Dr. Jonathan Kaplan (CDC. Atlanta) and colleagues reported
that HTLV surveillance studies in Panama revealed an unusually high incidence of HTLV-II 
infection among Guaymi Indians in Panama. SeropositivIty was not associated with disease 
but was associated with age (particularly in subjects age 15 and older). 
HTLV-I/I scroprevalence. In a broad-based study on HILV seroprevalence rates among
U.S. blood donors, Helen Lee (Abbrtt Laboratories. Chicago) and coworkers reported an 
HTLV-I seroprevalence rate of 0.02J% (28 out of 484,000). The overall (HTLV-I/ll) sero
prevalence rate determined for this sample was 0.043%-3 times higher than the overall 
seroprevalence rate for HIV in the general U.S. population. Demographic data revealed 
HTLV-II infection to be highly correlated with IV drug use or sex with an IVDU. whereas
-TLV-I was linked to endemic areas; numerous investigators reiterated these findings. 

Several reports from major metropolitan areas in the United SLates cited dil.urbingly high
HTLV-I/II seropre-,alence rates among IV drug using populations-and, to .A lesser degree,
in persons having sexual contact with IVDU. Differential rates for HTLV-I and -Il were not 
always reported in these studies, partially becaue of their scope and the need for highly
specific tests to distinguish between the two. A study of drug treatment centers and SID 
clirI s in six major cities, conducted by the CDC and state/local health departments, found 
the rTLV-I/1I seroprevalence rate for IVDU populations to range from 0.6-9.2% (1.593 total 
samples). -;eroprevalence rates were found to be sign!flcantly higher in nonwhites (8.6%ver
sus 2.9%) and highest when heroin was the primary drug Injecterl (7.5% versus 2.7%).
Amcng the STD population (3.487 total samples), the seroprevalence range was 0-2.1%, 
uith seropositivity being associated with a history of IV drug use (6.5%versus 0.9%). 
Blood Screening. In the United States, al blood and plasma collected for transfusion and 
blood product manufacture must be screened for both HTLV-I and HTLV-II. Antibody tests 
for the detection of HTLV-I and -II are currently in place; but, as was evident from the 
numerous presentations at the Conference, these tests require further technical fine-tun
ing to achieve more accurate results. Whether screening tets can accuratel'r and consis
tently discriminate between the two HTLVs seems to be a major concern. (Much O'scus, lon 
also focused on the sensitivity of screening tests-that is the ability to detect low levels of 
vii-s or antibodies to viral proteins.) 

The use of DNA technology (specifically, polymerase chain reaction, or PCR), for differential 
detection will likely be adopted for special situauons in the near future. PCR-based tests 
are being evaluated for their ability to confirm infection in samples that yield indeterminate 
results with antibody tests. Dr. Mathew Longlaru and cc_.leagues (Roche Diagnostic
Systems, Inc., Nutley, New Jersey) reported on the development of a rapid (4-hour)detec
tion format that uses PCR but does not use radioactively-labeled DNA probes and can pro
cess a relatively large number of samples. Results 'ndicated that the HIILV.I-specific cap
ture probe,employed detects only HTLV-J DNA. net HTLV-lI DNA. 
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EPIDEMIOLOGICAL MODELLING 

Available data on AIDS incidence can be mathematically processed in various ways to esti
mate such unknown quantities as the actual number of people infected with HIV and the 
future size of the AIDS epidemic. At past International AIDS Conferences, epidemiological 
modellers presented major new methods with which to make these predictions and to 
model the dynamics of the epidemic. The simplest approach to predicting epidemic 
growth--extrapolation from past growth curves (in this case, annual incidence rates)-was 
augmented by techniques such as back-calculation, multistage models, and rather compli
cated simulation models of transmission dynamics that incorporate parameters such as 
sexual mixing and infectivity. 

At this year's Conference, several investigators described comparison studies showing that 
the various modelling approaches tend to validate each other and produce estimates that 
agree with current seroprevalence data. Others applied these metheds to populations not 
previously studied in this way. A few described innovations, including an eight-stage HIV 
infection model, a method for quick estimation of HIV seroprevalence in a population, and 
the use of an earlier disease stage, rather than the onset of AIDS itself, as a basis from 
which to make projections. 

In a poster discussion session on modelling, discussants touched on the cortroversy sur
rounding the treatment effect-the effect ofAZT, aerosolized pentamidir,2, .,nd other treat
ments that appear to postpone the onset ofAIDS. The widespread use of these treatments 
in people who are HIV-infected but have not yet progressed to AIDS almost certainly con
tributed to the unexpected decline in the growth rate of the AIDS epidemic that occurred in 
mid-1987. Also contributing to the slowed growth were sexual behavior changes that 
occurred earlier in the decade, resulting in a decline in the HIV-transmisslon rate, and a 
shift from hospital to outpatient care for patients in early disease stages, possibly resulting 
in a time lag in case reporting. Whatever the reasons, the slowing ofgrowth has made accu
rate prediction of future AIDS incidence much more difficult. The existence and size of each 
of these effects, unknown or unproven at present, will continue to have a major impact on 
epidemiological models of the AIDS epidemic. 

INCUBATION TIME 

In the back-calculation method, the number of IV-infected individuals in the general pop
ulation is calculated from the number of reported AIDS cases, using known distributions of 
incubation times-that Is, the time interval irom Initial detection of HIV infection to the 
onset of clinical AIDS (which may vary from population to population). The incubation dis
tributions are based on lengthy observation ofpeople infected with HIV, but because of the 
treatment effect, the estimations based on these distributions are probably no longer accu
rate. Dr. Mitchell Gail (National Cancer Institute, Bethesda, Maryland), who first proposed 
this "treatment hypothesis," noted that if back-calculation fails to take the treatment effect 
into account, the result may be a significant underestimation of the number of people cur
rently infected. Since the treatment effect results only in a postponement of the develop
ment ofAIDS among already infected people, the ultimate result would be a higher-than
expected incidence of AIDS, until such time as a new incubation period can be de.Ived that 
takes the treatment effect (current and improving) into account. 
Dr. Dominique Costagllola (INSERM, Paris) and coworkers presented their model of the 
incubation time for two groups: In homosexual men, tht incubation time was calculated to 
be 9.9 years. In children who acquired HIV perinatally, two patterns could be distin
guished: they either develco AIDS within 18 months after birth (about 11% of all perinatal 
cases) or they 2bllow a slower course, more akin to that seen in adults, with an average 
Incubation time of 6.4 years. 
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NEw APPROACHE TO MODELLING 

Most AIDS projections are based on the number ofAIDS cases reported in a population;
however, this practice is likely to result in inaccurate projections in populations where thenumber ofAIDS cases Is low-less available data results in less-precise estimates. Usingan earlier, more inclusive epidemiologic definition of HIV-related disease can increase the 
accuracy of these estimates by Increasing the number of "cases" on which estimates are
based, indicated Dr. Graham Bird (Universityof Edinburgh). 
Based on seroepidemiological studies, the two major cities In Scotland (Glasgow andEdinburgh) exp,-rienced an epidemic of IVDU-associated HIV transmission In the early tomid-1980s. However the incidence ofAIDS in Scotland lags behind HIV transmission: only114 AIDS cases were reported by late 1989, and the majority were homosexual men. SinceScotland has centralized laboratory monitoring of HIV-Infected persons, investigators had 
access to data that allowed them to use an earlier marker of HIV-assoclated immunologic
impairment: the number of CD4 cells, which declines as diseasc progresses. By late 1989.they had identified nearly 500 "CD500" patients-those with CD4 cell counts below500/mm 3-including about 150 "CD200"patients. Patients enter the CD200 stage about 2 years before they develop AIDS, on average. By applying back-calculation to these figures,
the investigators estimated with some confidence that about 3,000 people in Scotland wereinfected with HIV in late 1989. They were also able to demonstrate that the epidemic among
IVDUs in the two Scottish cities are out of phase; Edinburgh Is about 1 year ahead ofGlasgow. The data also suggest that this risk group has an unusually long AIDS incubation
period-12 years from infection to CD200 and another 2 years to AIDS-and that prophy
lactic treatment is beginning to delay the onset ofAIDS even longer. 
Simple back-calculation typically uses a model based on two stages ofAIDS: pre-AIDS HIVInfection and clinical AIDS. Dr. Ira Longhini (Emory University, Atlanta) described an eight
stage model of HIV infection that was applied to data from a cohort of San Francisco homo
sexual men. The eight stages of the model are: 

STAGE DESCRIPTION 

I One post-infection, pre-antibody stage
2-3 Two asymptomatic antibody-positive stages
4-6 Three symptomatic pre-AIDS stages
7 AIDS 
8 Death 

On the basis of past experience, the average AIDS Incubation time was expected to be 9.8 years. However, beginning in mid-1986 the data showed a substantial treatment effect inpatients in stages 4-6 (the conditions under which prophylactic treatment is usually
begun), and the average incubation time was increased to 12.7 years. 

AIDS PRCJECTIONS IN THE UNITED STATES 

Dr. John Karon (Centers for Disease Control, Atlanta) described the U.S. Public HealthServlce's efforts to evaluate the accuracy of past AIDS predictions in the United States andto revise these predictions on the basis of current knowledge. The decline in the overall rate
of increase ofAIDS cases first observed in mid- 1987 was mainly due to a decline among
white, urban homosexual men-a group in which the treatment effect, behavioral changes,
and treatment-related changes in AIDS case reporting are all expected to have their greatest impact. Projections based on a variety ofmethods all concur that the incld-nce ofAIDSin the United States will continue to Increasc through the year 1993, although the rate ofincrease will not be as steep as that predicted before the treatment effect was recognized. 
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Back-calculation methods that incorporate a treatment effect result in a higher eventual 
case total because they assume that development ofAIDS in infected people is merely being 
postponed. The Public Health Service now predicts a cumulative total of 390.000 to 
480,000 AIDS cases through 1993. with 285,000 to 340,000 deaths from AIDS. 

Dr. Philip Rosenberg (National Cancer Institute. Bethesda) described a study that com
pared seroprevalence data to the results of back-calculation in various U.S. population 
groups in 1985 and 1987. The results of both methods were fairly consistent with each 
other and produced a "pretty robust" estimate of 544.000 Americans infected In 1985. The 
most llkely estimate for mid- 1987 was slightly over I million infected. After that year. the 
impact of prophylactic treatment makes such comparisons vastly more difficult. 

EPIDEMIOLOGIC MODELLING IN EUROPE 

Between 30.000 and 40.000 cases ofAIDS will be diagnosed in 1990 and 1991 in the 12 
member countries of the European Community, according to Dr. Angela Downs (World 
Health Organization Collaborating Centre on AIDS, Paris). These predictions were based 
mainly on extrapolation, although they agree with some projections made by back-calcula
tion. The Increase in AIDS incidence has slowed to a linear or near-linear rate in homosex
ual men and is approaching a linear rate in IVdrug users. In contrast, the rate of increase 
in heterosexually transmitted AIDS may be exponential (ofa sharper or steeper increase) a 
full 9% of European AIDS cases are now attributed to heterosexual transmission, versus 
the 6% of 2 years ago. 

A study in homosexual men in Amsterdam by Dr. Jan Hendriks (Amsterdam Municipal 
Healt 3ervice) showed that at a certain stage of the AIDS epidemic. the ratio of HIV-posi
tive individuals to AIDS cases stabilizes for at least a few years, resulting in a simple and 
quick method to estimate the number of persons infected in a given population if the num
ber of AIDS cases is known. In this particular group, the ratio of infected men to AIDS cases 
was 12:1. comparable to ratios seen in cohorts of gay men in San Francisco and in England 
and Wales. Presumably each risk group has its own ratio that is characteristic of the epi
demic's behavior in that group, said Dr. Hendriks in a poster session. 

MODELS IN PATTERN I COUNTRIES 

D,.. Massimo Arco (IIUniversita, Rome) described a model showing that in Pattern I coun
trie., (usingItaly as an example), an epidemic of heterosexually transmitted AIDS cannot be 
self- iustaining, but requires continued exposure to IVDUs. The situation Is quite different 
In Pattern IIcountries, where approximately 95%ofAIDS cases are heterosexually trans
mitted. Of course, the treatment effect is also irrelevant in the develop!ng countries, since 
prophylactic drugs are virtually unavailable. 

Small differences in crucial variables of HIV transmission rould explain the large differ
ences in AIDS incidence among various Pattern IIcountries-as well as the low rate of het
erosexual transmission in developed countries-according to a presentation by Ann 
Stanley (Los AIamos National Laboratory, New Mexico) and associates. (Indeed, other epi
demiologists have commented on the extreme heterogeneous nature of the HIV epidemic in 
Pattern IIcountries and even in different regions within a Pattern IIcountry.) Dr. Stanley's 
team prepared a model that tested the sensitivity ofAIDS epidemic growth to various fac
tors, including demographic variables, viral infectivity, and sexual practices. Sensitivity 
analyses are carried out by simulating the behavior of the epidemic with a set of hypotheti
cal basline variables, and then varying each of the factors within a realistic range and 
observing the effect on the simulated epidemic. 



89 
CFAPTER 3: EPIDEMIOLOGY 

The outcome of the model was highly sensitive to small differences in viraA infectivity, whichcould be affected by variables that the authors regarded as cofactors-such as other sexu
ally transmitted diseases, local viral strains, genetic susceptibility, circumcision, or basic
health conditions. In addition to these infectivity cofactors, the size of the simulated epi
demic was strongly influenced by differences in rates of acquisition of new sexual partners
and in the pool size of promiscuous female population. For example, a smaller high-risk
female population with higher contact rates was found to have a slower epidemic spread.
Observations of large variations proceeding from small differences in multiple factors sug
gest that predicting the course of the AIDS epidemic in Pattern IIcountries will be quite dif
ficult. But more importantly, the sensitivity of the epidemic as demonstrated by this modeloffers hope that control measures, even if only partially effective, can have a great impact 
on the course of the epidemic. 
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DIAGNOSTIC TESTS
 
FOR HIV?
 

BACKGROUND 

Diagnostic testing for any Infectious agent is an important aspect of disease conti. ,I,notonly for the Individual but for entire populations. Indeed, the safety of the blood supply
depends on the capabilities of diagnostic tests that can signal myriad int.ctious agents,including HIV. During the past decade, advances in molecular biology, immunology, andbiotechnology have driven the relatively rapid development ofHIV diagnostic tests. 
In the United States, Canada, Australia, and Western Europe, routine testing ofall donatedblood for the presence of HIV was initiated In 1985. Today. scientists are developing teststhat can signal a second AIDS virus (HIV-2), which was first identified in 1985 and hassince been found to be endemc In West Africa. At the Conference this year. numerous presentations highlighted the srrcad of HIV-2 throughout Europe, which re-emphasized theneed for the differential detection of H!V- 1 and HIV-2. (See Chapter 3: EPIDEMIOLOGY for adiscussion of HIV-2 seroprevalence and, in this chapter, Table 4.2 for an outline of HIV-2tests currently in development.) Screening for the other human retrovIruses, ITLV-I andHTLV-ll, are discussed in the context of their epidemiology in Chapter 3: EPIOEMIaLOGY. 
This chapter describes current HIV diagnostic tests, those in development, caveats for theiruse, and their applicability in special situations. Much research has focused on adaptations for special testing situations, such as those in developing countries--where, becauseof economic limitations, large-scale HIV screening is not routine-and for use in pediatricpatients-since HIV infection cannot be reliably a3sessed until age 15 months due to thepresence ofmaternal antibodies. In the context ofHIV-associated illnest, the Issue of identifying seropositive individuals extends far beyond technology; practical concerns, such ascounselling, must be Integrated with notification of test results. These issites are discussed 
in Chapter 10: EDUCATION & COUNSELLING. 
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DWzcT AND INDIRECT TEnsTrI METHODs 

The presence of HIV infection can be determined through two basic approaches: 

* 	 direct detection of the virus itself (or its components) or 
* 	 indirect signaling of its presence, as indicated by detection of an immune response 

to HIV, notably through the identification of i-IV-specific antibodies 

Direct diagnostic tests identify the virus itself via virus culture, viral antigen assays, virI 
enzyme vssays, orviral RNA/DNA tests. 

Direct Methods. Researchers are intent on perfecting or developing new diagnostic tests 
that detect HIV directly. Currently available direct tests do not lend themselves to large
scale screening because of their highly technical (labor- and time-intensive) protocols. One 
exception is an HIV antigen test-an eizyme immunoassay (ETA) that detects HIV's major 
capsid, or core, protein (p24)-but its results are not considered reliable. Although p24 
antigen can be detected in infected persons before seroconversion, this appears to be a 
transient phenomenon; generally, p24 can only be detected again in late-stage disease, and 
only in some patients. A ngatlve antigen test result is therefore not informative: it does not 
necessarily reflect an uninfected sample. 

Virus isolation by culture techniques (using blood lymphocytes or mononuclear cells) may 
be showing some gains: recent reports show this technique to be at least 90% successful, 
independent of the subject's clinical status. However, this method requires a "cultivation" 
period and is therefore not suitable for large-scale screening. Isolation methods employ 
biochemical (reverse transcriptase activity) assays or antigen assays to detect virus, or 
electron microscopy to directly view viral particles released from or harbored within 
infected cells- (Electron microscopy is used for research purposes only and is not adaptable 
to broad-based studies.) 

Direct detection of HIV by a relatively new gene amplification technique--polymerase chain 
reaction (PCR)-is receiving an enormous amount of study and reseaw ch dollars. Many scien
tists view PCR as having the potential for being the definitive HIV test because of its extreme 
(theoretical) sensitivity. Although technical fine-tuning is required, it is hoped that PCR will 
be in place as a confirmatory test in the next few years. (See "DNA-Based Tests," below.) 

Indirect Methods. Outside the research environs, testing for HIV generally refers to test
ing for antibodies to HIV. Because they detect a product of an immune reaction rather than 
the causative agent itself, the results of an antibody test reveal whether an individual's 
immune system has been challenged by HIV. Altho7ugh in widespread use, and generally 
the basis for a diagnosis of HIV infection worldwide, a significant problem is associated 
with HIV antibody tests: the so-called seroconversion window. Seroconversion is the point 
at which the body begins producing and secreting antibodies in response to an infection. 
There is, however, a time lag between exposure to the infectious agent and inception of 
antibody production. Estimates on the length of time between exposure and antibody pro
duction (the seroconversion window) generally range from 2 to 14 months, with an average 
of 6 to 12 weeks. Individual differences In immune responsiveness may account for the 
lengthier time periods; seroconversion has been reported to be delayed by as long as 28 
months. (Note that once antibody production begins, detection can still be difficult because 
the antibodies are not in high enough concentration in the circulation.) 

SPECIFICITY & SENSITIVITY 

As our understanding of the biology of HIV (and the body's immune response to the virus) 
grows, the strengths and shortcomings of current diagnostic tests become more apparent. 
Two parameters by which the usefulness of a test is rated are specificity (how well it can 
Identify a given substance, distinguishing it from similar or interfering substances) and 
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Table 4.1. Diagnostic Tests for HIV 

..... _Test Type Tlest Parameters 

INITIAL SCREENING TESTS 

Antibody enzyme-linked immunosor-
bent assay (ELISA), or 
Enzyme immunoassay (EIA) 

Indirect Detects antibodies to HIV 

Antigen EIA irect Detects HIV antigens 

Flowcytometry Direct/Indirect Detects HIV-infected cells; detects 
antibodies to HIV 

Passive agglutination Indirect Detects HIV antigen-antibody complexes 

CONFIRMATORY TESTS 

Immunofluorescence assay (IFA) Indirect Detects antibodies to HIV 

Radioimmunoprecipitation (RIA) Direct/Indirect Detects HIV antigens; detects antibodies 
to HIV 

Western blot Indirect Detects individual antibodies to HIV 

FOR RESEARCH USE ONLY" 

DNA-based tests Direct Detects HIV DNA (proviral) sequences 

Virus isolation Direct Enables use of antigen and enzyme assays 
and viewing ofviral particles by electron 
microscopy 

* These tests are not used for blood testing per se, but are employed in basic research as definitive evidence 
of viral presence. 

sensitivity (how well it detects the substance at low concentrations: the smallest quantity
perceived). In HIV testing, the substance to be detected may be the virus Itself, components
such as proteins or RNA/DNA, or substances Indicating an Immune response to the agent. 
Increasing the sensitivity of current HIV diagnostic testb S'Iould mean that earlier detec
tion will be possible, based on the presumption that viral load (the amount of virus) is
low early In Infect ion because the virus has i'ot had a chance to replicate in large num
bers. The speciflcity of diagnostic tests for HIV infection has steadily improved since the
first tests were licensed (1985). In many Instances, the first generation tests resulted in a
falsely "positive" readirg (see below) because the sample being tested contained cellular 
proteins closely resembling those of the virus. In Africa and tropical countries, for exam
ple, multiple Infection with various endemic microorganisms is relatively common, pre
senting a highly complex pattern that makes accurate diagnosis difficult in the absence 
of highly specific tests. Furthermore, pregnant women possess antibodies that cross
react with HIV antigens, making interpretation of their antibody test results difficult (see
"Western Blot Tests," below). 
Epidemiological and mulecular studies have also shown that viral isolates can vary antigeni
cally by geographic region. While Increasing specificity Is a desired property of any diagnos
tic test, HIV tests must also be able to recognize all variants of the virus. Thus it is necessary
to use HIV-infected sera from different geographic regions when evaluating 1IV assays. 



Table 4.2. Antibody Tests that Detect HIV-2 (and/or HIV-1) Infection (In Development)
 
Note: Some assays signal H-V-2 or HV-1 infection or I[-I1 /HV-2 dual infection; only a subset disfinguish the tflae types of inffction.
 

Test Name 
(Manufacturer) Description 

Anti-HIV-1/ * Combination assay that signals 
HIV-2 EIA HIV-2 and/or HIV-1 infection 
(Hoffmann- * For use as initial screen 
La Roche, 9Confirmatory testing (e.g., 
Switzerland) Western blot) needed to distin-

guish HiV-1 from HIV-2 

Anti-HIV-1/ * Combination assay that signals 
HIIV-2 ELISA HIV-2 and/or HIV-1 infection 
(Abbott 9For use as initial screening test 
Laboratories, e Confirmatory testing (e.g. 
North Chicao) Western blot) needed to disti. 

guish HW-1 from HIV-2 

Anti-HI v-l/ ELISA format that signals HIV-
HIV-2 assay 2 and/or HIV-1 infection 
(Ortho Diagnostics 9For use as initial screen 
Systems, Raritan, *Confirmatory testing (e.g., 
New Jersey) Western blot) needed to distin-

guish HIV-1 from HIV-2 

HIV-2 ELISA * Detects antibodies to HIV-2 
(Behringwerke AG, only; for research purposes, cart 
Marburg, FRG) identify H/-1 cross-reactive 

antibodies 
aFor use as discriminatory 

screening test orconfirmatory 
tes for HIV-2 infection 

HIV-1/HIV-2 EIA *Combination EIA that signals 
(IAF BioChem HIV-2 and/or HIV-1 infection 
International, 9For use as initial screening test 
Montreal) aConfirmatory test (e.g. Western 

blot) need to distinguish HIV-1 
from HIV-2 

Ingredients 

Uses a recombinant 
fusion protein 
consisting of 
immunoreactive 
regions of HIV-1 env 
and gagantigens and 
HIV-2 env antigen 

Uses three 
recombinant antigens: 
HIV-1 p24, HIV-1 
gp4l and HIV-2 p41 

Uses three 
recombinant antigens 
(HIV-l env, gag,and 
po/) and one synthetic 
peptide (representing 
HIV-2 env) 

Uses a synthetic 
peptide representing 
HIV-2 gp36 (env 
protein) 

Uses three cyclic syn-
thetic peprides corre-
sponding to HIV-1 
gp120, HIV-1 gp41, 
and HIV-2 gp36 
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Conference Report(s) 

Simultaneous detection of antibodies to HIV-1 
and HIV-2 was found to be highly efficient using 
this recombinant fusion-protein-based assay, 
reported Michael Deckmann (Hoffmann-La 
Roche, Basel) and coworkers. Testing of 634 
HIV-1 positive sera, 77 HIV-2 positive sera, and 
HIV-1 early seroconversion samples yielded a 
sensitivity of 100% and specificity of 99.6-99.9%. 

Capable of detecting 1gM as well as IgG anti
bodies, this recombinant ELISA was reported 
by Ping Wu (Abbott Laboratories, North 
Chicago) and coworkers to be more sensitive 
than Abbott's second generation HIV-1 /2 EIA. 
The new assay-when compared with the first 
generation viral-lysate-based ELISA and sec
ond generation recombinant assay by testing a 
series of early seroconversion samples
detected HIV antibodies in samples that were 
antibody-negative by other ELISAs but posi
tive on p24 antigen assay.The authors suggest 
that the enhanced sensitivity may be directly 
related to 1gM detectability. 

Based on results obtained from testing 300 HIV-1
positive and 55 HIV-2-positive samples (Western 
blot confirmed), Todd Hill and coworkers 
reported this assay's sensitivity as 100%. A speci
ficity of99.84% was calculated using 1,220 sam
pies from blood donors; 2 of the samples wem, 
reactivebut indeterminate by Western blot. 
Performance evaluations included comparison 
with commercial viral-lysate-basd tests on a 
panel ofearly seroconversion samples: thecom
bination assay was found to be more sensitive. 

This HIV-2 specific ELISA was found to correctly 
identify 107 confirmed HIV-2-positive sera from 
Ivory Coast and Europe, Stefan Brust and col
leagues (Behringwerke AG, Marburg, FRG) 
repo.-ted. Spe-..ficity was demonstrated by test
ing ofknown HIV-l-positive sera: only Isample 
gave borderline reactivity. 

Martial Lacroix (IAF BicChem International, 
Montreal) and colleagues repoited that this 
assay showed greater specificity than viral
lysate-based EIAs: of 344 outpatient clinic 
patients, 19 false positives obtained with viral
lysate-based tests were negative with IAF 
BioChem assay. Using 258 Western blot-inde
terminate samples, 128 were identified as true 
positives; 127, true negatives. Sensitivity, eval
uated using a seroconversion panel, was very 
high-infection was detected even in samples 
only weakly reactive for gp160 on Western blot. 
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Test Name
(Manufaeiurt) Description Ingredients 

HIV-I/HIV-2 a"Spot blot" ElAthat signals Uses synthetic
GENIE HIV-2 and/or HW-1 peptides representing
(Genetic Systems, @Distinguishes HIV-1 infection conserved (shared)
Seattle) from HIV-2 infection from HIV- regions of HIV-1 gp4l 

and HIV-2 gp36 

Recombinant HIV-1 
antigens (p3i, p24, 
p17) and synthetic 
peptides (correspond-
ing to HIV-1 gp4l and 
HIV-2 gp36) 

Uses synthetic 
peptides that 
correspond to 
conserved (shared) 
regions of trans-
membrane envelope 
glycoproteins of 
HIV-1 and HIV-2 

Uses a mixture of 
synthetic peptides: 
two corresponding to 
HIV-1 gp4l and one 
to HIV-2 gp36 

Uses synthetic 
peptides 
corresponding to 
transmembrane 
antigens: HIV-1 gp41 
and HIV-2 gp36 

Conference Report(s) 

Researchers at Genetic Systems, Inc. (Seattle)
have developed a rapid (10-minute) assay capa
b!eofdetectingdual HIV-1//HIV-2 infection as 
well as discri~ninating between HIV-1 and 
HIV-2 infecton. Patrick Coleman reported data 
demonstrating the test's sensitivity and speci
ficity as 100%and 100%. -esting with a serocon
version panel revealed GENIE to be more sensi
tive than 7 commercial (FDA-licensed) ELISAs 
and equal to that ofWestern blot. 

Performance characteristics of this single-strip
line immunoassay were presented by Amne 
Van den Abeele and associates (Innogenetics,
Antwerp). Using sera from healthy blood 
donors, sera yielding indeterminate Western 
blot results, and early seroconversion panels,
results obtained by Inno-LIA were compared
with Western blot results: None of the 599 sam
ples deemed negative or indeterminate were 
reactive with Inno-LIA. All confirmed HIV-2
positive samples were detected by Inno-LIA: 
7% reacted with gp36 only, 93% reacted with
gp36 in combination with some other antigens. 
Based on early seroconversion samples, Inno-
LIA proved more sensitive than Wcstern blot. 

Philipe Wong and colleagues (PB Diagnostics 
Systems, Westwood, Massachusetts) presented
test results obtained with this combination assay:
Of 211 HIV-1-positive and 40 HIV-2-positive 
samples, OPUS HIV 1+2 identified all 251 as pos
itive; furthermore, the test correctly identified 
1,053 samples as negative. In seroconversion 
panel testing, OPUS HIV 1+2detected anti
bodies as early as 7 commercial ELISA kits. 

Alexander Kozhich (USSR Academyof Sciences, 
Moscow) and colleagues reported that this pep
tide-based assay correctly identified 223 HIV-1
positive sera and 27 HIV-2-positive sera and
 
1,026 negative sera from healthy blood donors. 

Anne Porter (Projet RETRO-CI, Abidjan, Ivory
Coast) and associates reported that this synthetic
peptide-based assay performed remarkably well 
on sera from Ivory Coast, showing extensive 
HIV-/HlV-vross-reactivity.Of1,289seracol. 
lected from tuberculosis treatment centers, 589 
were correctly found to be HIV-1 -positive, HIV-2
positive, or HIV-1 /HV-2 dually infected. 
Compared to a viral-lysate-based ELISA, this 
assay had a higher specificity, identifying 69 
samples as false positives. This assay identified 
69 sera as HIV-2 positive, of which 67 (97%) were 
confirmed by HIV-2 Western blot analysis. 

(Continueson next pagi) 

Inno-LA 
HIV.1/HIV-2 
(Innogenetics NV, 
Antwerp, Belgium) 

OPUS HIV 1 + 2 
(PB Diagnostic 
Systems, 
Westwood, 
Massachusetts) 

Peptest 1+2 
(Manufacturer not 
specified, USSR) 

Peptilav 1-2 
(Diagnostics 
Pasteur, Paris) 

1/HIV-2 dual infection 
e For use as an initial screen or 

confirmatory test 

9	Combination test that differen-
tiallydetects antibodies to HIV-1 
and HIV-2 

* "Line" ELISA enabling identifi-
cation of individual antibodies; 
in coittrast to Western blot, no 
electrophoresis required 

*For use asconfirmatory assay 
primarily; can be used as initial 
screen also 

9Combination EIA that signals 

HIV-2 and/or HIV-1 infection 


e For useas as initial screen 

9 Confirmatory testing (e.g., 


Western blot) necessary to dis-

tinguish HIV-1 from HIV-2 


e ELISA format that signals HIV-
2 and/or HIV-1 infection 

e Foruseasan initial screen 
' 	Confirmatory testing needed to 

distinguish HIV-1 from HIV-2 

'ELISA format that signals and 
distinguishes HIV-1, HIV-2, 
and dual infection 

'For use as an initial screen 
'Confirmatorytestingrecom-

mended 

95 




Table 4.2. Antibody Tests that Detect HIV-2 (and HIV-1) Infection (In Development) Continucd 

Test Name 
(Manufacturer) Description Ingredients Conference Report(s) 

Peptoscreen-2 
(Instituteof 
Inmunology, 
Moscow) 

a ELISA format that signals 
presence of HIV-2 and/or 
HIV-1 

* Suggested for use by 
authors as both a screen-
ing and confirmatory test 

Uses four synthetic 
peptides: two from a 
region of HiV-1 gp41, 
one from HIV-1 
gp120, and one from 
HIV-2 gp 3 2  

Dr. Rakhim Khaitov and colleagues 
(Ministry of Public Health, Moscow) 
reported that the Peptoscreen-2 ELISA per
formed better than recombinant protein- and 
viral-lysate-based ELISAs when used on 
known HIV-positive sera, on sea from 
healthy blood donors, and on "potentially" 
false positive samples (which included sera 
from pregnant women, persons with 
autoimmune disorders, and patients with 
other viral infection). Based on a total of 
6,507 sera samples tested, sensitivity was 
found to be 99.7% and specificity, 99.8%. 

UBI HIV-1, 2 * Combination hemagglu-
Combo PHA tination assay that signals 
(UBI/Olympus HIV-2 and/or HIV-1 
Corporation, infection 
Lake Success, * For use as initial screen 
New York) aConfirmatory testing 

(e.g., Western blot) neces-
sary to distinguish HIV-1 
and HIV-2 

Uses synthetic 
peptides 
corresponding to 
conserved (shared) 
regions of HIV-1 and 
HIV-2 env proteins 

Edward Kang and coworkers (United 
Biomedical, Inc., Lake Success, New York) 
reported a specificity of 99.14% for this new 
combination agglutination assay,based on 
testing of random blood donors (13 of 1,505 
reactive samples were not confirmed as posi
tive by commercial EIAs or Western blot). A 
sensitivity of 100%was obtained using sera 
from blood donors, confirmed HIV-2
infected individuals, and patients with adult 
T-cell leukemia or autoimmune disease. 

Furthermore, the emergence of HIV-2 has complicated matters: diagnostic test manufactur

ers are seeking to pinpoint reliable differences between HIV-1 and HIV-2 in their effort to 

design type-specific tests. Significant advances have been made in this area and many pre

senters repoded different strategies for dealing with this problem (see Table 4.2). 

New technologies have meant significant improvements in both specificity and sensitivity 

for diagnostic tests for HIV infection. Nevertheless, basic science research is intent on elim

inating (orat least reducing to statistically insignificant numbers) the idiosyncrasies of the 

currently used tests, which can yield indeterminate or ambiguous results. As information 

regarding HIV infection and the body's immune reaction to it accumulates, substances 

with the potential for interfering with conventional assays will be recogniztd. For as yet 

undetermined reasons, inconclusive results tend to be an especially common finding in 

large low-risk populations, such as blood donor populations in Industrialized countries. 

FALSE POSITIVES AND FALSE NEGATIVES 

Inherent to all diagnostic tests is the possibility of obtaining incorrect results-so-called 
false positives and false negatives. In the HIV setting, where infection invariably results in 

disease, Just emphasis is placed on minimizing such errors. A false positive refers to a 

result that indicates e:posure to HIV although subsequent (confirmatory) testing does not 

support such a finding. Conversely, a false negative refers to a result that indicates the 
absence of infection even though viral indicators are in fact present, as determined by sub

sequent, confirmatory, testing. 

The problem of false negatives constitutes a significant threat wherein blood that is 

wrongly labeled "uncontaminated" may enter the blood supply. False negative results are 

frequently obtained with antibody tests when exposure to HIV has been recent and the 
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body has not yet produced detectable levels of antibodies; see "Indirect Tests," above. Whilethe consequences of a false positive result are much narrower in scope, personal rather
than global, they are nonetheless considerable given the nature HIV-associated disease
and the ethical and medical responses ensuing from a positive test result. 

AVLGRITHMS 

In most industrialized countries, HIV testing algorithms include retesting of initially reactive
specimens followed by conflimatory testing. Ipically, screening assays are antibody enzyme

immunoassays (ELISAs), and confirmatory tests are Western blot. (Immunofluorescence

assays and radiolmmunoprecipitation assays are also used as confirmatory tests, but to a
much lesser degree.) As the sensitivity and specificity of diagnostic tests continue to improve,
and as detection ofHIV-2 has become increasingly necessary (with attendant costs skyrock
eting), variations on the original algorithms are being considered.
 
Dr. Gaby Vercautern (Institute of Tropical Medicine, Antwerp) and colleagues reported on a
strategy in which samples are screened with two commercial tests from different manufac
turers; confirmatory testing is performed only when contradictory results are obtained.
Samples that are reactive on one test are then retested using a second manufacturer's test.
Only samples reactive on both screenings are considered positive. Sera reactive on the first
 screen and nonreactive on the second are subjected to confirmatory testing. In this study

using 353 fresh serum samples, evaluation was made of six pairings from among three
manufacturer's assays: Abbott's recombinant HIV-1/HIV-2; 
 DuPont's HIVCHEK; and PBS-Orgenics' Immunocomb. Results showed that four of six test combinations were able todetect all true positives and true negative samples (sensitivity = 100%; specificity = 100%).
The four most successful combinations were as follows: 

Initial Screen Second Screen
 
Abbott's recombinant HIV- I/HIV-2 DuPont's HIV Chek

Abbott's recombinant HIV- 1/HIV-2 PBS-Orgenics' Immunocomb

PBS-Orgenics' Immunocomb DuPont's HIV Chek
PBS-Orgenics' Immunocomb Abbott's recombinant HIV-I/HW-2 

The pairings revealed that the best results were obtained when the most sensitive assays
were used as primary screen. The authors concluded that this new algorithm, which obviates the need for expensive Western blot confirmatory testing of each initially reactive sam
ple, is an attractive, cost-saving alternative to classical algorithms. 
P. B. McGreevy and coworkers (Brazilian Army Institute for Biology, Rio de Janeiro)reported similar findings based on testing 10,027 samples from Brazilian soldiers: Whentwo different screening tests are used for prmay and secondary HIV screening-prior to
confirmatory testing--costs are reduced, without loss in sensitivity. Samples were testedwith DuPont's (whole virus) ELISA as a primary screen, then were retested either with
DuPont's ELISA or with Cambridge BioSciences' (env)ELISA as a secondary screen. AllELISA-reactlve sera were then subjected to confirmation by Western blot, and for comparison, with immunofluorescence assay (IFA). As a screening strategy, the DuPont/
Cambridge BioScience combination iroved to yield fewer false positives. Furthermore, con
firmatory testing results using IFA were comparable to those ofWestern blot. 
Barbara O'Bryen and colleagues (Walter Reed Retroviral Research Group, Washington,
D.C.) reported that, based on results obtained from screening 4.66 million sera frommilitary recruits over a 5-year period, the Department of the Army's HIV-I testing algo
rithm represented an accurate and cost-effective large-scale screening program (seeFigure 4. 1). Average direct and indirect costs per specimen tested wer! calculated to be 
$4.55 (U.S.). 
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Figure 4.1. Department of the Army HIV-1 Screening Algorithm 
Using this large-scale screening program, Barbara OByen and colleagues (Walter Reed Retroviral Research Group,
Washington, D.C.) reported afalse-positive rate of I in1million and anaverage cost o: $4.55 per specimen tested. 
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(Most antibody tests are based on detection of antibodies of the immunoglobulin class IgG, the 
most abundant antibodies found in the serum. Although IgM and IgA serum antibodies appear 
sooner than IgG after infection, they are in much lower concentrations in the blood. Special
testing situations may prove 1gM and IgA antibody screening to be diagnosticalbywarranted.) 
Advances in biotechnology and the HIV knowledge base spur corresponding modifications 
to the prototype antibody assays. Tests using synthetic peptides (strings of amino acids)
that contain amino acid sequences Identical to those ofdiscrete HIV antigens and recombi
nant (genetically engineered) HIV proteins are gradually replacing those using purified viral 
antigens (antigens from disrupted whole virus). Use of synthetic peptides or recombinant 
proteins minimizes contact with potentially infectious material in the laboratory. 
A novel fusion protein for use in antibody tests was described by Dr. Yihshing Shih and 
coworkers (Cetus Corporation, Emeryville. California), They fused a common bacterial 
enzyme (alkaline phosphatase) that naturally effects a color-change reaction to a recombi
nant HIV envelope antigen (gp41). This "chimeric" (hybrid) protein was recognized by anti
bodies from HIV-infected blood and by HIV-speciflc monoclonal antibodies. Two other 
chimeric proteins, alkaline phosphatase-gp 120 and a second alkaline phosphatase-gp4l 
(with different amino acid sequence), were analyzed for their immunoreactivity and found 
to be less reactive. Nevertheless. these fusion proteins represent a safe method for the 
manufacture of HIV antigens as well as providing (through the color-change effect) a built
in detection method. 

Antibody tests are also being evaluated for their ability to signal the presence of HIV anti
bodies in body fluids other than blood-notably, saliva and urine. Such noninvasive anti
body tests, requiring neither needles nor lancets, would be ideal for certain testing circum
stances (particularly those in which venipuncture is not feasible). As Dr. Jean-Pierre Allain 
(Abbott Laboratories, Chicago) pointed out, a positive re3ult based on saliva or urine is 
highly indicative of true HIV infection, while a negative result remains questionable.
Although the technology is evolving at a rapid pace, at this time, confirmation by serum 
assays is still recommended. 

ENZYME-LMKED IMMUNOSORBENT ASSAY (ELISA) 

The most widely used HIV screening test is the enzyme-linked Immunosorbent assay
(ELISA, or EIA), an antibody test that Is easy to perform technically and can handle a large
volume of specimen samples simultaneously. Adopted for routine large-scale use in 1985, 
this assay was designed to be over-sensitive, to catch even suspicious samples. ELISAs use 
HIV antigens-which can be synthetic peptides, recombinant antigens, or antigens derived 
from purlfled disrupted whole virus-to capture any HIV-speciflc antibodies in a specimen
samples. Following an incubation period, these samples (usually serum) are then mixed 
with an enzyme-labeled probe (usuallyantibodies to human IgG or to HIV); a color reaction 
(produced by the enzyme on binding between the probe and antigen) is measured with an 
Instrument called a spectrophotometer. (The newly developed "rapid" ELISAs are self-con
tained and do not require a spectrophotometer read-out; the color reaction is visible to the 
naked eye. See "Rapid Tests," below.) 
Although the ELISA is an indirect test, signaling infection through detection of antibodies to 
HIV, it offers a relatively high level of specificity and sensitivity for large-scale purposes.
Improvements in both the specificity and sensitivity of ELISAs (compared to the first genera
tion ELISAs in 1985) have been noted in numerous studies; however confirmation ofELISA
positive samples (byWestern blot, immunofluorescence assay, or radloimmunoprecipitation
assay) Is still necessary. With respect to sensitivity, "early seroconversion" studies have doc
umented significant increases in detection capabilities of ELISA. (Early seroconversion 
studies use a panel of blood samples that consists of an HIV-positive sample plus earlier 
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(stored)negative samples from the same individual; it is suspected that the sample(s) imrne
diately preceding the one in which antibodies are first detected contain very low levels of 
antibodies. Such panels are from patients who are repeatedly tested because of suspected 
exposure-recipients of blood transfusions, for example. Once antibodies are detected, the 
stored (previously negative) samples are used to evaluate new assays for their sensitivity.) 
In a comparison study of synthetic peptide-based (IAF Biochem, International, Inc., 
Montreal) and recombinant-based ELISA (Cambridge BioScience, Inc., Massachusetts), Dr. 
Richard Galli and coworkers (Ontario Ministry of Health, Toronto) looked at a panel of 163 
early seroconversion serum samples from 68 cases. When compared against Western blot 
results, the synthetic peptide-based assay was found to be more sensitive in detecting HIV 
antibodies in these early seroconversion samples: Although both the synthetic peptide and 
recombinant-based ELISAs were more sensitive than Western blot, the synthetic peptide 
ELISA could identify as positive 3 Western blot-negative samples that in subsequent speci
men samples were shown to be positive; the recombinant antigen-based ELISA identified I 
such sample. 
Several ELISAs have been developed to detect HIV-2 antibodies specifically; these and HIV-
I /HIV-2 combination assays are being extensively evaluated in Western Europe and Africa, 
where thc number of cases of HIV-2 infection are significant. Table 4.2 summarizes the 
ELISAs currently In development, as reported at the Conference. 

WESTERN BLOT TEST 

The Western blot test is a common laboratory technique used to identify individual pro
teins. As an HIV test, Western blot is used to identify the presence of antibodies to individ
ual HIV proteins, such as gp120, gp4l. and p24 (see Figure 4.2). Thus, in contrast to the 
.all-or-none" positive/negative reactivity of ELISA, Western blot is a qualitative test, 
revealing the antibody profile of a specimen. It is for this reason that Western blot is used 
as a confirmatory test. 
Although only in development, several diagnostic test manufacturers are using highly puri
fied recombinant HIV proteins instead of antigens from disrupted whole virus; such 
"Immunoblot" and "dotblot" assays have received high marks for their specificity in prelim
inary evaluation studies. 
Perhaps the greatest drawback with Western blot analysis as a FiV confirmatory testing 
strategy is the lack of standardization; the banding pattern for any given sample is broadly 
categoried as "ositive, negative, or indeterminate. 

Currently several sets of criteria for interpreting Western blot banding patterns are being 
used, including those from the manufacturer (FDA/DuPont), Centers for Disease Control, 
American Red Cross, Walter Reed Medical Center, Association of State and Territorial 
Pu.blic Health Laboratory Directors, as well as those developed in-house by numerous indi
vidual blood centers. Generally, Western-blot positive samples are those with bands corre
sponding to two of the 3 major bands considered diagnostica!ly significant (gp160 or 
gp120, gp4l, and p24). 

Several investigators are studying weakly reactive and indeterminate sera samples for pos
sible clues as 'o what these results signify. In some cases, indeterminate Western blot 
results are obtained when samples are from HIV-infected Individuals who are in the early 
stages ofmounting an antibody response to HIV, as evidenced by an HIV-positive result on 
testing of later samples (2-6 months later). 
Based on her team's findings, Dr. Connie Celum (University of Washington, Seattle) 
reported that only a small percentage (less than 5%) of indeterminate Western blot tests 
prove to be true positives, as determined by testing of later samples from the same indi
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Figure 4.2. Western Blot Test 
The presence of HIV antibodies can be cemonstrated by visualizing their reactivity with punfied HIV proteins (anti
gens) that have been separated by molecular weight during electroph'oresis. The antigens are immobilized by
"blotting" them onto absorbent, nontransferable paper. Incubating the serum sample with the immobilized anti
gens allows antigen-antibody biiding, ifany antibodies are present. Antibodies wil! be read as discrete bands,
corresponding to HIV antigens. Samples are designated positive, negative, or indeterminato according to the
banding pattern. (Note that criteria for a positive Western blot result may differ from laboratory to laboratory.) A 
positive control (reference) sample is shown on the right. 

Reference 
Negative Indeterminate Posibve sample 

Buffer 
gp/
 

gp120 

Gel 

p65/66 

p55 

p51/52 

gp4l
+"p31/32 

p24/25 

p17/18 

'riduals. The great majority do not reflect true infection and are generally the result of 
immunological cross-reactivities: that is. other antibodies present in the sera reacting 
with HIV antigens; for example, autoantibodles (In persons with autoimniune disorders) 
or HLA-DR histocompatibility antibodies (in currently or previously pregnant women). 
From a group of 152 Individuals with indeterminate Western blot results (and repeatedly 
reactive ELISAs), Dr. Celum's team followed 107 cases for 6 months; 87 HIV
negative-ELISA controls were included In the study. Only 4 (3.7%) indeterminate Western 
blot cases seroconverted (all 4 had p24 bands on initial Western blot). According to this 
study, indeterminate Western blot cases were more likely to have had a positive tuber
culin skin test In the past, a recent tetanus booster, or a history of autoilnmune disease. 
Women with indeterminate Western blot results were also more likely to havc been preg
nant when tested or have had a prior pregnancy. Cross-reactivity to other retroviruses 
could not account for indeterminate results, in most cases. Citing her study's findings, 
and echoing discussion points from several Conference participants. Dr. Celum empha
sized the need for a more reliable confirmatory test. 

Other researchers pointed to the test manufacturer's criteria as the problem, adding that less 
stringent criteria gave better interpretation. When using criteria from the New York Blood 
Center, for example, Dr. Karen Siller (Cornell University Medical College, New York) and col
leagues found that 22 (71%) of 31blinded serum samples categorized as "probably 
positive"were from AIDS patients. The banding pattern for most was p24/gp41/gp120-160; 
and p31 was noted to be the last band to appear. If the manufacturer's criteria had been used 
instead, these 22 would have been indeterminate. 
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IMMUNOFLUORESCENCE ASSAY 

As a confirmatory antibody test, the immunofluorescence assay (IFA) is increasing in use. 
HIV antibody detection by IFA is achieved by using antibodies to human IgG conjugated to a 
fluorescent molecule; any antibodies to HIV In the sample will bind to the fluorescent-labeled 
anti-human IgG antibodies. Unbound fluorescent-labeled antibodies are removed in a wash 
step; then positive sera samples are identified by their fluorescent signal, which is visualized 
with fluorescence miclroscopy. 
A comparison study i., ween IFA and Western blot presented at the Conference by Thanne 
Rose and coworkers (Los Angeles County Department of Health Services) revealed a higher
level of sensitivity than Western blot. Of 26,570 specimens (from S'1D clinics), 923 repeatedly
reactive ELISA samples were tested by IFA and Western blot: 2 (0.2%) were "non-specific" by
IFA, whereas 75 (8.1%) were Western blot indeterminate (by manufacturer's criteria). A signifi
cant discrepancy was noted in the number ofIFA-positives (64, or 6.9%) which were Western 
blot indeterminate. Two repeatedly reactive ELISA samples were negative by both tests. 
Although a high degree of agreement was observed beheen IFA and Western blot overall, IFA 
yielded more positives and fewer non-specific results, suggestive ofa higher level ofsensitivity. 

URMNE TESTS 

Although considerably diminished in concentration compared to serum or plasma levels,
antibodies to HIV can be detected In urine. Two reports at the Conference demonstrated 
improved sensitivity in detection ofantibodies in urine with ELISA assays. Based on matched 
serum/urine samples, Susan Strainer and associates (Abbott Laboratories, Chicag-) noted a 
sensitivity level of 92% with a purified viral antigcn-based ELISA using undiluted (1: 1)urine: 
304 of 330 urine samples were correctly identified as positive. A recombinant-based ELISA. 
which was evaluated using undiluted urine, had a sensitivity rating of 94%. Using class-spe
cific (IgG) antibody tests, John Parry (PHLS Virus Reference Laboratory, London) and col
leagues found that sensitivity could be maximized, even in diluted (1:5) urine samples.
Adaptation of an IgG antibody capture assay and an IgG antibody capture ELISA gave accu
racy rates of99.7% and 99.9%, respectively, for the two tests. Of 711 specimens tests, all 158 
true positives were detected by the IgG capture assay and 157 were picked up by the IgG cap
ture EUSA. However, when four commercial serum ELISAs and Western blots (unadapted) 
were used, markedly lower accuracy rates were obtained (range, 42.9-88.7%). Although the 
two class-specific antibody tests had high marks, the authors recommended repeatedly posi
tive urine samples be confirmed using serum samples. 

SALIVA TESTS 

The concentration of antibodies Is significantly lower in saliva than in serum. Independent
studies conducted by Federal Centre for AIDS (Ottawa) and Chulalongkorn University
Hospital (Bangkok) presented evidence that modified ELISAs show excellent specificity
(100%) for detection of HIV antibodies In saliva-but lower sensitivity than that achievable 
with sera. Virtually all HIV (gp160 or gp120/160) reactive salivary antibodies were those of 
the IgG class. A presentation by Andrew Goldstein (Epitope, Inc., Beaverton, Oregon) and 
coworkers demonstrated that the observed lower sensitivity correlates with the finding that 
antibody levels in saliva are, on average, 1%ofserum levels. 

ANTIGEN TESTS 

At the present time diagnostic tests that detect specific HIV antigens, such as the core anti
gen (p24), include the antigen enzyme Immunoassay (EIA) and flow cytometry (aquantita
tive test that measures cell-associated HIV antigens). 
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ANTIGEN EIA 
Enzyme immunoassays Liat can detect HIV antigens use purified human anti-HIV antibodies to capture circulating HIV antigens in blood samples. (Laboratory "grown" monoclonal antibodies directed against discrete HW antigens can also capture HIV antigens, andare used in some commercial assays.) Although originally anticipated to be capable ofsignaling HIV Infection earlier than conventional antibody tests, such has not been the case.Theoretically, antigen tests should be able to side-step the problem of the seroconversion"window'-the length of time elapsed before antibody levels become detectable, about 6-12weeks after initial infection. However, currently available antigen tests have been found to be 

no more sensitive than antibody tests. 
Dr. John Ward (Centers for Disease Control, Atlanta) presented his team's data obtainedfrom 515,494 serum samples (collected in 1989 from 13 blood centers) that were tested byone of two antigen tests (from Abbott Laboratories or Coulter Immunology, Hialeah,Florida). Of the total, 225 samples were Identified as antigen-positive and confirmed byWestern blot, giving a seroprevalence rate of .004%-a rate very similar to that obtained byantibody screening. Dr. Ward and co-authors pointed out that antigen testing did not Iden
tify any samples that were antibody-negative. 
Sera Analyses. Previous studies have shown that HI's core antigen (p24) appears anddisappears in HIV-infected persons throughout disease course. Although a pattern hasemerged, it is not invariable. Researchers at Abbott Laboratories (Chicago) report that p24can appear as early as 2 weeks after Infection, but disappears 6 to 12 weeks later, andreappears (in some patients) in late-stage disease. Efforts to correlate p24 levels to cliniealstatus have been largely disappointing (see Chapter 7: CUNICAL MANAGEMENT). One reasonfor the transient appearance of p24 antigen may be related to Its interaction with p24-specific antibodies in the body: the level of circulating p24 could be extremely low (below thelimits of detection) because most antigen Is bound up In antigen-antibody immune complexes, which precludes detection of these antigens. An interesting study piesented by Dr.Luc Kestens (Institute ofTropical Medicine, Antwerp) and colleagues demonstrated thatwhen HIV antigen Is dissociated from immune complexes, detectable HIV antigen levels areobserved to increase significantly twice that seen in sera from asymptomatic individuals).

HIV antigens other than p24 are being evaluated for their detectability. Dr. Clive Lovedayand coworkers (University College and Middlesex School of Medicine, London) reported onthe development of an antigen EIA for measuring HIV-1 reverse transcriptase in sera and
virus culture supernatants (fluids). Reverse transcriptase-specific antibodies (purified from
HIV-positive human sera) were used to capture reverse transcriptase antigens in HIV antibody-po3itive serum samples. Samples from 57 asymptomatic donors had low levels of circulathlig reverse transcriptase antigens; samples from patients with symptoms did not showsignificantly higher levels. Control sera (from 772 HIV antibody-negative blood donors) werefound to be unreactive with this assay. Examination of serial samples of 24 seroconvertersrevealed 12 who had reverse transcriptase antigens; in 11 of these, reverse transcriptasewas the first serological marker. In contrast 9 patients had p24 antlgenemla, p24 being thefirst marker In 3 cases. These preliminary results suggest that this assay is valuable as ahighly specific and sensitive test for early seroconverters. Further studies will seek to evaluate the assay's specificity and sensitivity as a screening test for different populations.
Virus Culture. HIV antigen can be detected in virus-cell cultures, as well as in sera.Although usually a time-intensive laboratory procedure due to the culturing of samplesindividually, Arnold Fowler (SRA Technologies, Inc., Rockville, Maryland) and colleaguespresented data on a micro-coculture system for whole blood specimen samples. Wholeblood added to 96-count microtiter plates containing cultures of normal stimulated(mononuclear) blood cells can be assayed for p24 antigen. In most cases, less than I micro
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liter of blood was required to obtain a positive culture by a p24 antigen capture EIA. 

Although culturing time is unchanged (approximately 7 days before antigen is detectable), 

this demonstration gave evidence for a semi-automated culturing system that would allow 

for tihe processing ofmany samples simultaneously. 

Two independent research team-: reported on virus-blood cell cultures that yielded 
enhanced p24 antigen levels on stimulation. In one study, prescnted by Patricia Moran and 
associates (Oncogen Corporation, Seattle), HIV production-as measured by p24 detection 
In blood lymphocyte cultures--was noted to be increased following stimulation with mono
clonal antibodies to the cell surface proteins CD3, CD2, or CD8. Cultures to which soluble 
anti-CD3 was added were found to yield the highest levels of p24, detectable by day 7. And 
Dr. Carlos Izaguirre (Federal Centre for AIDS, Ottawa) and coworkers found that monocytes 
(from asymptomatic HIV-infected ndi 'duals), cultured in the presence of recombinantly 
derived mononuclear colony stimulating factor (M-CSF), granulocyte-monnuclear colony 
stimulating factor (GM-CSF), and interleukin-3 (IL-3) had Increased p24 levels-cc:npared 
with cultures lacking these growth factors. These and other ongoing studies seek to optimize 
HIV antigen detectability in virus cultures. 

FLOW CT'omETrIc AssAy 

HIV antigens that are cell-associated (as opposed to circulating) can be detected-and 
quantified-by flow cytometry, a technique that analyzes and enumerates large numbers of 
cells in suspension as they traverse a focused laser beam in single file. Lymphocytes from 
blood samples are tested for the presence of intracellular p24 through the use of a fluores
cent-labeled monoclonal antibody to p24. The fluorescence signal is picked up (as a "per 
cell" unit) by fluorescence detectors. In a study of serial blood samples from 10 late-stage 
HIV disease patients, Dr. Betsy Ohlsson-Wilhelm (Pennsylvania State University College of 
Medicine. Hershey) and colleagues used the p24 flow cytometric assay to examine the rela
tionship between p24 levels before and during AZT (zidovudine) treatment. The authors 
observed episodic detection of p24-positive lymphocytes in all patients, with numbers of 
p24-positive lymphocytes declining in some individuals after initiation of therapy but per
sisting in others. 

DNA-BASED TESTS 

Following the 1985 discovery of a molecular biological technique enabling specific DNA 
sequences to be amplified (thereby allowing sufficiently large quantities to be collected), 

numerous research teams set to the task of applying gene amplification to the detection of 
HIV DNA. (Although RNA encodes HIV's genetic information, once inside a host cell the 
RNA Is copied-through reverse transcription-into DNA. This viral DNA is then immedi
ately Integrated Into the host cell's DNA; it Is these "proviral" DNA sequences that are tar
geted for detection.) This technique, called polymerase chain reaction or PCR, turns out to 
be a very powerful diagnostic tool: it allows for the detection of a singleHIV DNA sequence 
buried In several million cells. Under highly controlled laboratory conditions, a heat-stable 
bacterial enzyme, polymerase (specifically, Taq polymerase, from the bacterium Thermus 
aquatlcus), amplifies targeted DNA sequences. Radioactive or enzyme-labeled DNA 
probes-that is, complimentary DNA sequences-then signal the presence of specific DNA 
sequences. Although certain technical aspects are still being worked out, it is thought that 
PCR will eventually serve as the nduttry's gold standard. 

Standard detection of PCR-amplified HIV DNA sequences involves the use of radiolabeled 
probes, which are visualized as blots or bands by Southcrn blot analysis: DNA sequences are 
separated according to molecular weight thiouth an electric field (electrophoresis) and immo
bilized on absorbent, nontransferable paper; radiolabeled probes are then added to the 
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immobilized DNA in a hybridization step-the probes will hybridize, or bind, with any compli
mentary sequences present. A technique called autoradlography capturcs any radioactive
emissions from hybridized probes onto photogmphlc emulsion paper for visual interpretation. 
Several nonradioactive (and, thereL-re, presumably safer) detection assays are currently
being explored. Researchers at Gen-Probe, Inc. (San Diego) presented data on a new DNA
probe system that uses acridinium ester-labeled probes that give off a luminescent flash 
on hybridizing with target DNA sequences. Dale Dondero (California Department of 
Health Services, Berkeley) and colleagues also pointed out that this assay can be per
formed in 30 minutes, compared with the 24-hour period necessary for the Southern 
blotiautoradlography procedures. Dr. Brian Conway (,Massachusetts General Hospital,
Boston) and coworkers found alkaline phosphatase-linked probes, which allow for colori
metric analysis, achieve results 3imllar to those obtained by the more labor-intensive 
Southern blot method. 
While PCR is, In principle, a simple In vitro gene amplification technique, In practice it is a
highly sophisticated technological procedure susceptible to significant ccatamlnation
and therefore, error. Many investigators acknowledge that further fine-tuning of PCR is 
needed before PCR results are considered reliable. Evaluations of the practical sensitivity
and specificity of PCR are being conducted in numerous studies using samples from differ
ent (diagnostically problematic) populations, including pediatric cases and occupationally
exposed health care workers. Although a few presenters at the Conference alluded to the 
use of PCR for large-scale screening, most work focused on PCR for confirmation of indeter
minate HIV test results or for suspicious HIV-negative samples (primarily those from high
risk seronegative individuals). 

Dr. Hassan Khayam-Bashl (University of California, San Francisco) reported that, using
HIV gagsequences, his team found 19 Western blot indeterminate samples to be negative
by PCR, which was verified by virus culture and HLA coamplification. In addition, of 21 
seronegative high-risk Individuals, 1 was found PCR-posltive although virus could not be 
cultured from this individual. (A control panel of 17 known positive samples were identified 
as such by PCR.) 

Differential detection ofHIV DNA sequences was noted by several independent teams-the 
implications of which are not clear. Dr. Maurice Moncany (Institut Pasteur, Paris), for 
example, reported that his team was able to detect HIV regulatory genes nef vpr,and vpu 
more frequently than the structural genes, gag, pol, and env. In their study of multitrans
fused seronegative hemophiliacs and sexual partners of seropositive individuals, Dr. 
Moncany's team obtained positive PCR results with nef vpr,and vpu, but not with the com
plete set of HIV genes (genes of the entire genome of HIV-I and HIV-2 were used.) Also
 
interesting was that in four of these individuals, PCR yielded positive results I to 3 years

before seroconversion. Control experiments with HIV-positive lymphocyte cultures demon
strated that all HIV genes were detectable by PCR.
 
Similar findings were reported for a cohort of 38 seronegative multitransfused beta-tha
lessemia patients: Panayotis Markoulatos (Institut Pasteur Hellinesque, Athens) and
 
coworkers found only 6 patients to be entirely negative by PCR using genes from the entire
 
HIV genome. The authors pointed out that If only structural genes (gag,pol, and/or env)
 
were used, 14 patients would have been classified as PCR-negative.
 
The potential for wide-scale 
use of PCR in the direct detection of HIV remains debatable. 
Many enthusiasts ofPCR technology point to its extreme (theoretical) sensitivity; continued 
development of PCR, it is believed, will lead to realization of Its theoretical limits. Variations 
on conventional PCR schemes are already emerging and include the testing of urine pellets:
Dr. LI Jian Jun and coworkers (New York University Medical Center) compared the results 
of using PCR In serum and in urine pellets to detect HIV proviral DNA (and to a lesser 
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extent, viral RNA by reverse transcription/PCR). Although their preliminary results 
demonstrated significant lack ofagreement between urine and serum samples (69% accu
racy versus 94%), a noninvasve urine NA test may eventuadly prove achievable. 

RAPID TESTS 

Diagnostic tests capable of signaling HIV infection within minutes (andwithout instruments) 
are being extensively evaluated. Such "rapid" tests have application in industrialized coun
tries-in hospital emergency rooms, drug treatment centers, STD clinics, and physicians' 
offices. And in developing countries, where blood banks may not exist and blood transfusions 
are frequently performed in life-threatening situations (with little or no time for screening of 
blood units), these tests are desperately needed. (See also "Developing Countries," below.) 
Table 4.3 catalogues the rapid tests currently being evaluated for licensing. 

AAGLuTINATN TESTS 

An agglutination test is a standard clinical microbiology test in which antigen-antibody 
reactions are observable as a clumping phenomenon. This method is routinely used for 
blood typing, and is the diagnostic test of choice for such diseases as cholera and typhus. 
Researchers at Cambridge BioScience Corporation (Worcester, Massachusetts) have devel
oped an HIV agglutination test, called Recombigen, that employs latex beads coated with a 
recombinant (genetically engineered) HIV envelope protein, gpl 60. The latex beads serve as 
a vehicle for antigen presentation; furthermore, because they are Inert, they do not inter
fere with antigen-antibody reactions. Although others have also developed HIV agglutina
tion tests---SERODIA HIV (Fujirebio, Inc., ofJapan) and PHA-CHEK (United Biomedical, 
Inc., of Lake Success, New York-their assay times total 1-2 hours, so they are not classi
fied as rapid tests. 

For HIV testing, a sample of whole blood is mixed with the HIV-coated latex beads; if the 
sample contains antibodies to HIV, these will bind to the coated beads (indicating a positive 
result)within 5 minutes. A positive finding signals the need for confirmatory testing (gener
ally with Western blot or IFA). 

ENZYME IMMUNOASSAYS 

Modifications to the standard HIV enzyme imnmunoassays (ELISAs) by several test manu
facturers have allowed for the development of rapid, self-contained HIV antibody test kits. 
Visual interpretation of colored inmmunoreactive bands-as in the Testpak assay (Abbott 
Laboratories, Chicago)-or spots-as in the GENIE assay (Genetic Systems, Seattle)-is 
possible within 10 minutes. As with standard ELISAs, this generation of rapid ELISAs uses 
purified or recombinant HIV antigens (or synthetic peptides corresponding to HIV antigens) 
to signal any anti-HP! an.tibodies in a sample. Performance evaluations of these rapid tests 
have yielded sensitivity and specificity ratings in the range of 94.3-100%. 

SPECIAL TESTING SITUATIONS 

Adaptations of conventional HIV screening tests and strategies have become necessary in 
certain circumstances and for certain populations. In developing nations, logistical and 
economic problems-such as timely transportation ofblood sampies to reference laborato
ries-continue to hinder efforts aimed at ensuring blood supply safety. In neonates, diag
nosis of HIV infection also requires special considerations: conventional HIV antibody tests 
are currently unable to differentiate between maternally derived antibodies and those pro
duced by the newborn; therefore, true HIV infection cannot be reliably established-in the 
absence of symptoms-until 15 months of age. 
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Table 4.3. Rapid Tests
 
Several enzyme immunoassays and agglutination tests are now capable of signaling HIV infection within min
utes. The tests included here were found to be of comparable specifidty and sensitivity in pnsentations at the VI
 
International Conference. 

'rest Name Manufacturer Test Detects 
Time in 
Minutes 

GENIE Genetic Systems (Seattle) Antibodies to HIV-1 and HIV- 2 10 
HIVChek HV-1 DuPont Antibodies to HIV-1 10 

(Wilmington, Delaware) 
HIVChek 1 +2 DuPont Antibodies to HWV-1 and HIV- 2 10 

(Wilmington, Delaware) 
Immunofiltration ELISA Clonatec (Paris) Antibodies to HWV-1 and I-IIV-2 3 
OPUS HIV 1+2 PB Diagnostic Systens Antibodies to HIV-1 and HIV-2 20 

(Westwood, 
Massachussetts) 

Recombigen Cambridge BioScience HIV antigen-antibody 5 
(Worcester, complexes 
Massachussetts) 

Serocard Disease Detection Inter- Antibodies to HIV-1 7 
national (Irvine, Califorr.ia) 

Single use diagnostic Murex Antibodies to HIV-1 10 
system (SUDS) (Norcross, Georgia) 
Testpak HIV Abbott Laboratories HIV-1 and HIV-2 antibodies 10 

(North Chicago) 

DELOPING COUNTRMIES 

Several alternatives to conventional HIV screening strategies are being explored Li an effort 
to minimize transfusion-related HIV transmission in developing countries. In contrast to
the situation in industrialized countries, due to economic constraints, all blood in develop
ing countries Is not routinely screened. Aside from the high per test cost, the lack of sophis
ticated equipment and trained laboratory personnel are also limiting factors. Rapid, sim
ple, and less costly HIV tests are needed in developing countries where convwntionai 
screening and confirmatory protocols-notably, ELISA and Western blot-are not feasible, 
economically and technically. 
Ideal for these situations are diagnostic tests, that are self-contained (requiring few, if any,
additional reagents and no instrumentation), and whose results are easily (visibly)Identi
fied as positive, negative, or indeterminate. Kabeya Mulanga (Projet SIDA, Khnshasa, Zaire)
and coworkers described one such practical, cost-saving HIV testing strategy based on
their experience with five field-hospital laboratories In Zaire. Specimen samples were
obtained from blood donors, pregnant women, persons engaging in high risk behavior, and 
persons with symptoms of AIDS. Dr. Mulanga's team evaluated the use of two commercially
available rapid tests, one to be used as an Initial screening test and the other as a supple
mental confirmatory assay. (Negative or indeterminate results obtained from tie second 
would be sent to a reference laboratory for Western blot analysis.) Serum samples (single,
pooled sera, or small batches) are first screened with a "dot" immunobinding assay
(HIVChek HIV- , by DuPont), which yields results in 5-10 minutes. Positive or indetermi
nate samples are then assayed with an agglutination test (Serodla-HV, by Fujireblo, Inc.,
Japan), which requires 1-2 hours. As part of the evaluation, sensitivity and specificity were 
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measured by comparing results to those obtained by Western blot. Specificity was 99% for 
HIVChek (S false positives), 92% for Serodia (9 faise positives); sensitivity was 94% for 
HIVChek (15 false negatives), 95% for Serodia (10 false negatives). 

The proposed testing strategy, which was rated as highly accurate (by comparison with 
Western blot results), would allow Immediate, confirmed test results for emergency screen. 
Ing situations. As outlined hi Figure 4.3, the authors also found this proposed strategy to 
be cost effective compared to conventional testing-an important concern in the develop
ment of a sustainable national HIV testing program. A different strategy was proposed and 
tested by Dr. Flxeda Behets (Projet SIDA, Kinshasa, Zaire) and cofleagues: a combination of 
two rapid ELISAs in succession-HIVChek 1+2 (DuPont) and Testpak 1+2 (Abbott)-with a 
supplemental agglutination assay-Serodia (FuJirebio)-for confirmation. By examining 
three groups (1,992 patients with clinical suspicion of infection; 1,491 women from a 
maternity ward; and 1,513 consecutive blood donors), Dr. Behets' tean.. found the rapid 
tests to have a sensitivity of 99% and specificity of 95% or greater, with the exception of 
Testpak 1+2, which only showed a specificity of 75% among the high-risk subjects. (Test 
results were measured against Western blot results for HIV- 1 and HIV-2 individually.) The 
authors pointed out that the serial use of two rapid tests yields results similar to those 
achieved by commercial ELISAs. 

Simple, rapid assays are being evaluated for their accuracy and relative ease of use in ongo
ing studies in several developing countries. Ketema Fassil (National Research Institute of 
Health, Addis Ababa, Ethiopia) reported that based on both ease of performance and sensi
tivity/specificity profiles, HIVChek (DuPont) surpassed Recombigen (an agglutination test, 
manufactured by Cambridge Biosclences). Shriram Joshi and colleagues (Institute of 
Immunchaematology, Bombay) found comparable rates o. sensitivity and specificity 
between Serodia and Wellcozyme (a recombinant ELISA by Wellcome Diagnostics). While 
these rapid, simple assays may address an urgent need in the HIV screening programs in 
ueveloping countries, the issue of HIV-2 screening has yet to be addressed. Diagnostic tests 
that simultaneously detect HIV-1 and HIV-2, although more costly, will need to be included 
in screening programs in developing countries, especially in Africa. 

Dried Blood Spots. As a practical alternative to screening fresh or frozen serum, whole 
blood (obtained from fingerstick or heelstic") can bc collected on filter paper, sent to a refer
ence laboratory, and aialyzed by ELISA, Western Blot, or Immunofluorescence assay (IFA). 
Independent studies have demonstrated that HIV antibodies are detectable from dried 
blood spots. Dr. I. Bendet and coworkers (Brazilian Army Institute of Biology, Rio de 
Janeiro) reported that blood collected by fingerstick ( n filter paper could be stored for up to 
2 months in an individual plastic bag at 4°C (refrigerated); tests of stored dried blood spots 
produced results comparable to those obtained by testing sera collected at the same time. 
Similarly, Nkandu Luo (University Teaching Hospital, Lusaka, Zambia) and colleagues, in 
collaboration with World Health Organization (Geneva), found that blood collected on filter 
paper and stored at room temperature gave identical results on ELISA and Western Blot as 
those obtained from sera. The authors concluded that dried blood spots collected on filter 
paper represents a practical solution to mass screening in Zambia. 

Based on comparative analysis of dried blood spots from heelsticks of newborns and 
maternal serology, Mwandagalirwa Kashamuka (Projet SIDA, Kinshasa, Zaire) and col
leagues, in collaboration with the CDC (Atlanta) and Institute of Tropical Medicine 
(Antwerp), reported that whole blood collected as dried blood spots on filter paper can be 
stored for at least 6 weeks in various tropical conditions (such as temperature and humid
ity) without affecting test reactivitles. 

Pooled Sera. Testing of pooled donor seta, as opposed to individual serum samples, from 
low-risk populations (such as blood donors) has been shown to yield highly reliable results. 
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Fig. 4.3. Alternative Testing Strategy for Developing Countries 
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Pooling blood for mass screening programs in deve'oping countries could mean substantial
 
economic savings as it would reduce the number ofprocedures required. (Onlywhen a pooled

sample gives a positive result does it become necessary to perform tests on the component

samples to Identify the positive one(s); conversely, pooled samples that yield negative re.-ults
 
do not require any further testing.) Ofella Monzon and coworkers (Department of Health 
Research Institute for Tropical Medicine, Philippines), in collaboration with Family Health 
International (North Carolina), reported their results on a comparison using varying pool
sizes and diagnostic test types. Two ELISA formats (Abbott and Organon Teknika) and an 
agglutination assay (Serodia, Fujirebto) were used to screen 3,000 serum samples-indMdu
ally and In pool sizes of 5, 10, and 20. The optimum pool size varied according to the method 
used: ELISA performed best with pools of 5 samples, whereas Serodia agglutination per
formed equally well at all pool sizes. The most cost-effective way to test for the presence of HIV 
without compromising sensitivity and specificity see as to be the agglutination test on pools
of 20 samples. Ajoint study by the Ecuadorian Red Cross and Family Health International 
compared two commercially available ELISAs (Abbott and Organon Teknika) for their perfor
mance on a relatively small pool size (consisting of 3 Individual samples). Galo Leoro-Monroy
(Ecuadorian Red Cross, Quito) reported that the sensitivity of bc"" tests was equal to that 
obtained with single serum samples; specificity, however, was slightly lower (92-96%). 

CHILDREN BoRN To SEROPOSITIVz MOTHERS 

HIV infection In Infants and children is particularly difficult to identify due to the unknown 
source of circulating HIV antibodies: the mother or the infant. The presence or absence of 

http:16,194.20
http:14720.00
http:1,474.20
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HIV-specific inmunoglobulin G (IgO) antibodies connot bc used as a definitive diagnostic 
criterion because most antibodies from an HIV-infected mother (those of the IgG class) can 
cross the placental barrier and because infants do not start making their own 0gG) anti
bodies until about 12 months ofage. True pediatric HIV infection cannot be reliably estab
lished using conventional (IgG) antibody tests until at least age 15 months. Transient 
seropositivity-also called seroreversion-in infants reflects the disappearance of mater
nally derived HIV antibodies and the absence of any infant-derived HIV antibodies. 
(Exposed to many potentially infectious agents as soon as they leave the womb, neonates 
essentially rely on carry-over protection, or passive immunity, from the mother's immune 
system to fight Infection until their own immune system begins production ofantibodies. In 
addition to prenatal transfer ofantibodies through the placenta, antibodies can be trans
ferred postnatally, through breast milk.) 

Past epidemiological data have suggested that approximately 30%of all infants born to 
HIV-lnfected mothers are truly infected. Based on findings from several reports at the 
Conference this year, however, this figure may need to be revised as new data are col
lected-and as diagnostic techniques improve. According to studies in which the presence 
of HIV Is established (using virus culture, viral anulgen tests, or DNA-based tests), 40-5096 
may be a closer approximation of the true number ofchildren infected perinatally. 

One way in which researchers are attempting to establish a truer estimate of the proportion 
of HIV-infected children born to seropositive mothers is by investigating seroreverters. 
Although children who have lost HIV antibodies (seroreverters) are presumcd to be free of 
HIV infection (because the transient seropositivity Is attributed to the clearing of mater
nally derived HIV antibodies), some investigators are taking a harder look at this supposi
tion. On finding HIV nucleic acid sequences in 29 of 35 seroreverters, one group from the 
Ins'ttut Pasteur suggested that HIV may be in a latent state in a significant proportion of 
newborns. Reporting similc .-results were Dr. Clara Gablano (University of Turin, Italy) and 
collaborators who demonstrated that 19 of 32 seroreverters born to seropositive mothers 
had detectable HIV antigens (p24 and/or gpl 20) and 10 of these also had evidence of HIV 
DNA. Another 3 were found to be DNA-positive (by polymerase chain reaction, or PCR, 
technology;, see below) but antigen-negative. These results also argue that a high propor
tion of seroreverters are actually infected. Elaine Abrams (New York City Perinatal HIV 
Transmission Collaborative Study Gioup), however, reported that the phenomenon ofanti
body-negative/virus-positive children is rare. Using PCR technology, her team studied 93 
of 130 seroreverters born to seropositive mothers from three U.S. cities: of the 93 tested, 
none proved to be repeatedly PCR-positive (although 4 were initially PCR-positive). 
Immune parameters other than antibodies may also prove useful for early detection ofHIV 
Infection in children. Dr. Remi Cheynier (Institut Pasteur, Paris) and associates, for exam
ple, were able to document a vigorous HIV-specific cytotoxic T cell (CIL)response in chil
dren as young as 3 months of age born to HIV-positlve mothers. The authors were sur
prised to find such a strong and specific cellular immune response, comparable to that 
observed In HIM -infected adults. They thus suggested that for children of indeterminate 
status, identification of such a response could be used in conjuaction with findings from 
standard antibody tests to aid in the diagnosis of true HIV infection. 

IgA and IgM Antibodj Detection. Because they are far less abundant than IgG antibodies, 
IgM and IgA serum antibodies are not typically the object of diagnostic testing. However, the 
predominance of maternal !gG antibodies in neonates has turned attention to IgA and IgM 
detection as a possible means of Identifying true HIV Infection in infants. Unlike IgG anti
bodies, IgA and IgM antibodies do not cross the placenta; thus detection of HIV-specfflc IgA 
and IgM serum antibodies in neonates would indicate new antibody production in response 
to primary HIV Infection-and not the transferral of maternal antibodies. 
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The point at which production of IgG, IgA. and IgM antibodies begins in infants is unclear but,
on average, appears to be around 6 months. Natasha Martin (University of California, San 
Francisco), however, reported that her team was able to detect IgA antibodies against HIV as
early as 5 weeks after birth in children (retrospectively Identified as HIV-infected) with a new 
diagnostic test they developed. This finding indicates that infected children mount an active 
immune response against the vitus, even at this young age. Barbara Weiblen (Massachusetts
State Laboratory, Newton) also presented information on a new test that detects. IgA and IgM
antibodies in infants. Of 20 specimens tested from infants (6-12 months ofage), which were
later shown to be true positives, the test was able to detect HIV-speciflc IgA antibodies in 14
specimens (4 of these 14 also had HIV-speciflc IgM antibodies). The 6 IgA-negative specimens 
were from 4 infants with advanced AIDS and/or IgG hypogammaglobulinemia (meaning they
had very low titers of IgG antibodies). Of the HIV-nfected infants older than 12 months, IgA
antibodies were found In 30 of 30 specimens tested. 
Polymerase Chain Reaction. A great deal of energy is being put into the development of 
tests that can detect viral DNA in infants born to seropositive mothers. Such tests, It Is
hoped, will provide a more sensitive and accurate measure ofInfectivity In this population
than antibody tests. Diagnostic tests that detect HIV's DNA are based on a technique called
polymerase chain reaction, or PCR (see "DNA-based tests," above; note that although HIV's 
genetic material Is RNA, It Is copied into DNA once inside host cells). Aside from its high
sensitivity capabilities, PCR Is considered particularly suited to newborns and infants 
because avery small blood sample is sufficient for the procedure. 
Dr. Sonia Escalch (INSERM, Lyon, France) and coworkers used an RNA-based PCR (with 
gag sequences) to establish HIV Infection In 20 newborns and children born to seropositive
mothers. Of these 20, they found 9 harbored HIV RNA, including 6 infants who had clinical
signs ofHIV infection and who later progressed to AIDS, 1of whom died at 6 months ofage.
Among the 9 PCR-positive cases, HIV could be cultured from 7. 
Dr. Tamare Rakusan and coworkers (Children's National Medical Center, Washington,
D.C.) reported that they correctly identified as HIV-positive 41 symptomatic and asymp
tomatic HIV-Infected pediatric patients (older than 15 months) using PCR (with gag,env,
and LTR sequences). In addition, they found 8 of 58 indeterminate Jby other tests) pediatric
patients to be HIV-positive by PCR, and none of the 50 PCR-negatIve children have shown 
clinical or antibody evidence of HIV infection thus far. The authors noted that while the use 
of several different HIV DNA sequences as probes should optimize sensitivity, In their expe
rience gag sequences alone proved most sensitive (95-98%). 
Dr. Roger Henron (H6pital Cochin, Paris) and coworkers are exploring the possibility that 
certain maternal PCR patterns (ofdetected HIV genes) are predictive of perinatal transmis
sion. A follow-up study is underway on infants born to a group of high-risk seronegative 
pregnant women who were found to be PCR-positive. (These women, primarily IV drug 
users and sexual partners of seropositive individuals, were Identified as PCR-posltive using
HW regulatory gene sequences, nef vpr. and vpu.) 
A number of research groups recommended the use ofPCR in combination with other diag
nostic tests for HIV, such as coculturing of certain blood cells (blood mononuclear cells) 
with sample cells and HIV antigen tests. 
Enzyme-Linked Immunospot (ELISPOT). A new immunological cell test for the detection of
HIV-speciflc antibody-secreting B lymphocytes, called enzyme-linked immunospot or 
ELISPOT, was described at the Conference by Dr. Francis Lee (Emory University School of 
Medicine, Atlanta). Preliminary results suggest that this method may identify true HIV infec
tion In infants since enumeration of HIV-speclflc antibody-secreting cells relative to the total 
number ofthe neonate's antibody-secreting cells can give a reliable indication ofthe source of
these cells-and thus whether the presence of such cells represents passive immunity (from 
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the mother) or primary HIV infection. (Note: Some controversy surrounds the premise that B 
cells are able to cross the placenta.) By identifying HIV specific antibody-secreting B cells, 
ELlSPOTdetects cells secreting IgM and IgAas well as those secreting IgG. 

Dr. Lee reported his team's experience using this new assay; in evaluating and comparing 
ELISPOT and FCR, the combination ofELISPOT with PCR proved more accurate for diag
nosing primary HIV infection in neonates than either test alone. This combination 
approach (ELISPOT and PCR) was used to test 62 infants at age 3 days and the results 
obtained were later (at 18 months or older) matched against the subject's clinical and HIV
specific antibody status. At age 18 months, 14 of the 62 infants tested were found to be 
truly infected using standard antibody tests. All 14 were detected either by ELISPOT or 
PCR alone or by both. Furthermore, of 24 who had been found negative using the 
ELISPOT/PCR combination, all 24 seroreverted by 18 months. And of 24 Infants who were 
found seronegative (and asymptomatic) at 15 months of age, 21 had been ELISPOT-nega
tive and PCR-negative; the other 3 had discrepant result and are being followed up. Based 
on these results, Dr. Lee suggested that the combination ELISPOT/PCR be used for early 
(presumptive) HIV diagnoses in at-risk neonates. 

Flow Cytometry. A quantitative technique used to analyze large numbers of cells in sus
pension-called flow cytometry-is able to identify and count individual cells as they tra
verse a focused laser beam in single file. For HIV detection, a fluorescent label is tagged to a 
p24 monoclonal antibody that binds to lymphocytes harboring p24 !see above, under 
"Antigen Tests"). Dr. Kenneth Rich (University of Illinois at Chicago) and colleagues 
reported that they were able to signal HIV infection in pediatric patients with the use of this 
rapid HIV antigen test. Using small-volume blood samples (2-4 ml) from 9 patients (aged 7 
months to 51/2 years), HIV p24 antigen could be readily detected by flow cytometry. Of the 
9 patients tested, 2 who had been classified as "indeterminate" were found to be p24-posi
tive; all the known HIV-Infected children were identified as such (5 of 5 asymptomatic HIV
infected children and 3 of 3 symptomatic HIV-infected children); and 1 patient known to be 
uninfected was p24-negative by flow rytometry. These findings suggest that p2 4 flow 
cytometry would be a rapid means of diagnosis in pediatric populations, and doubly attrac
tive because of the small amount of blood needed to run the test. 

QUALITY CONTROL 

While numerous technological advancements have allowed for the unprecedented develop
ment of highly specific and sensitive HIV diagnostic tests, such tests are nevertheless sub
ject to some degree of error. Factors that can affect test results include the stability of 
reagents in commercial test kits, sample contamination, and human error. Ongoing evalua
tion of laboratory testing procedures and performance-through internal and external 
resources-is among the efforts to minimize the error rate; to evaluate HIV testing perfor
mance, commercially available quality-control serum panels can be used. Three such prod
ucts for monitoring HIV- 1 antibody test performance include QC-HIV (heat-inactivated 
human sera), Sero-HIV (early seroconversion samples), Challenge HIV (weakly reactive sam
ples), all manufactured and distributed by North American Biologicals, Inc., Miami. 
Performance can be best assessed by reproducibility of test results regardless of when the 
test is performed: for example, does a laboratory obtain the same (correct) result when mul
tiple samples from one individual are included in one batch (intrashlpment) or are seeded in 
separate batches to be tested at different times (intershipment)? 

PROBLEMS & CAVEATS 

External quality control schemes can pinpoint common intra- and inter-laboratory prob
lems, such as difficulties with particular types of samples (for example, specimens with low 
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titers ofantibodies); with particular commercial kits; with reagents ofkit manufacturers; or 
with Interpretation of test results. Discrepant findings and interpretations for a given
batch, or lot, of samples can also result from one or more of the following: 

" specimen misidentification
 
" contamination of negative serum by positive serum
 
• cases of seroreversion
 
* 
 failure of standard methods to detect HIV antibodies (false negatives)
 
" 
 detection of passive antibodies in samples from individuals receiving HIV-positive 

Immunoglobulin therapy 
The identification of potential Interfering factors or contaminants Is ofgreat importance in 
developing accurate and reliable diagnostic tests. Such substances could conceivably yield
false results, positive or negative. David Recker (National Institute ofAllergy and Infectious 
Diseases, Bethesda, Maryland) and coworkers, in fact, Identified a substance produced by
normal (uninfected) macrophages that inhibits reverse transcriptase activity, as measured 
in a standard assay. Rabbit and human macrophage cultures, as well as freshly Isolated 
human monocytes, were found to produce an inhibitor of reverse transcriptase, which was 
characterized as a nuclease (an enzyme that breaks apart nucleic acid molecules). Based 
on their findings, the authors pointed out that measurement ofreverse transcriptase levels 
alone, as a detection scheme for HIV infection, appears to be inadequate. 
Dr. Robert Garry (Tulane School of Medicine, New Orleans) and colleagues reported that 
patients with SJogren's syndrome (anautoimmune disorder) give evidence of an antibody that 
reacts with HIV's major capsid, or core, protein (p24). Culturing extracts from patients' sali
vary glands with a T cell line yielded detectable HIV-like antigens In 2 of 6 cultures. 
Interestingly, preliminary virological and biochemical data Indicate that a previously unchar
acterized (type A) human retrovirus, antigenically related to HIV, was isolated from these cul
tures. This finding may ultimately shed light on a subset of problem sera," which give a posi
tive or Indeterminate HIV result on antibody testing despite other evidence to the contrary. 

EVALUATION PROGRAMS 

In 1986 the Centers for Disease Control (Atlanta)implemented an HIV diagnostic test eval
uation program In an effort to assess the quality ofexisting laboratory testing performance.
Such a proficiency testing program Is designed to evaluate both inter- and intra-laboratory 
operational performance. Approximately 1,400 U.S. and international laboratories partici
pated in the program during 1988 and 1989. At the Conference, CDC scientist David Cross 
reported on the results of the CDC's Model Performance Evaluation Program (MPEP) In 
which laboratories were asked to analyze coded test samples (plasma) sent to them In 
August and November 1989. Participating laboratories, primarily hospitals, blood banks, 
health departments, and Independent laboratories, were evaluated on their ability to cor
rectly identify HIV antibody-positive, antibody-negative, and weakly reactive samples using 
enzyme immunoassay (ELISA) screening methods. Overall the participating laboratories 
had high marks with 99.4% of the HIV negative samples and 99.8%of the strongly positive
samples correctly Identified as such. Not surprisingly, testing performance for weakly reac
tive (positive) samples was lower, only 95.6% of samples were correctly identified as post
tive. Intra-shipment renroducibility (on multiple samples from one individual) ranged from 
98.95% to 99.83% for weakly reactive, negative, and positive specimens. 
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VACCINE
 
DEVELOPMENT
 

BACKGROUND
 

An overall air of optimism permeated many of the vaccine sessions at the Conference,
largely related to progress made in the last year with human trials of candidate vaccines inHIV-infected populations and with vaccine responses in animal models (see "Human
Trials" and "Animal Models," below). Dr. Wayne Koff (National Institute of Allergy &Infectious Diseases, Bethesda, Maryland) noted that, due to these discoveries, the
timetable for the successful development ofseveral AIDS vaccines will likely be accelerated. 
Numerous advances in immunology and vaccine development have taken place since thepioneering human vaccine trials conducted by the l8th-century scientists Edward Jenner
and Louis Pasteur. Modern scientists and vaccine developers can call upon a sophisticated
array of technological advances-notably, genetic engineering and biotechnology.
Nevertheless, the basic principles that formed the foundation underlying construction and
administration of the first successful human vaccines (against smallpox and rabies)
remain the cornerstone of vaccine design today. The simple yet elegant principle was, and
Is, to challenge the immune system with a pathogen in a controlled manner, thereby Induc
ing a specific immune response; thus primed, the body has been shown capable of mount
ing lasting (even life-long) immunity to that specific pathogen. 
With the goal of evoking a strong and protective specific immune response, candidate vaccines for the prevention and/or control of HIV Infection seek to mimic what the immune 
system naturally "sees" during HIV infection. Much of the vaccine research presented atthe Conference this year focused on the antigenicity (the ability of a substance to elicit an
antibody response) and immunogenicity (the ability to elicit an immune response) of the
intact virus as well as discrete viral components (ailbgens). From work conducted thus far,
It is readily apparent that determining which HIV antigens evoke specific immune 
responses remains one of the most pressing challenges in HIV vaccine research. 
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A second, not unrelated, major research discussion point at the Conference was that of 
antigen presentation-how antigens are presented to and recognized by the immune sys
tem. Particular conformations (spatial arrangements) of HIV antigens at the molecular level 
may be significant determinants ior eliciting an effective immune response. It is not known 
whether there is a singlc "correct" conformation, or whether abundance is the key (that is, 
whether presenting more antigens elicits a stronger response than lesser quantities of the 
same antigens). 

From a public health standpoint a protective pre-exposure AIDS vaccine would be most 
desirable, given its potential to control the spread of disease. However, based on accumu
lated data and experience with candidate HIV vaccines, Dr. Jay Berzofsky (National Cancer 
Institute, Betbesda, Maryland) pointed out that a post-exposure vaccine (whicli prevents 
clinical diseasz in infected persons, rather than preventing inftction in unexposed individ
uals) may be the most obtainable goal. Nevertheless, researchers are still searching for a 
way to confer immunity to unexposed individuals; therefore, vaccine preparations are 
being designed that contain critical immune-stimulating HIV components but render HIV 
devoid of its potential to replicate. Such candidate vaccines are particularly attractive 
because they bear no risk of causing HIV infection. 

MAJOR OBSTACLES IN DEVELOPMENT 

As revealed by extensive studies seeking to determine HIV's pathogenesis (disease-caus
ing mechanisms), AIDS vaccine researchers are keenly aware of many of HIV's peculiari
ties. Not surprisingly, these peculiarities have turned out to be major obstacles in vac
cine development. 

" 	 HIV's ability to rapidly alter its surface antigens (referred to as heterogeneity or 
antigenic drift). Because of this property, HIV is particularly successful In 
escaping clearance by the immune system and in establishing persistent 
Infection. For vaccine developers, HIV's heterogeneity means that a vaccine 
preparation must somehow enable the immune system to recognize different 
strains of HIV, each of which possesses slightly different antigens; the successful 
HIV vaccine, then, must be able to protect against many strains of HIV. Toward 
this end, in vitro (test tube) as well as in vivo (anhnal or human) experiments test 
candidate vaccines for their efficacy against strains from different geographic 
locations; North American, Western European, and African HIV isolates are 
typically employed in such testing. 

" 	 HIV's ability to estab!ish latent infection, whereby the virus "hldes" in resting cells 
by insinuating itself into a host cell's DNA (without expressing its genes). In 
addition to infecting and killing susceptible host cells (while simultaneously co
opting the cells' protein-synthesizIng machinery to generate progeny virions), HIV 
can also infect cells, integrate its genetic code Into the host cell's DNA and remain 
dormant in that state until some later time when the cell becomes activated. 
Without having its genes transcribed and translated into proteins (antigens), HIV 
can effectively evade detection by the surveillance arm of the immune system. Ina 
contrast to latent infection, productive HIV infection results in viral antgeh& 
expression on the host cell's surface. 

" 	 HIV's proficiency at covert cell-to-cell infection (without exposing Itself to the 
patrolling Immune system). A well-recognized cytopathic (cell-damaging) effect of 
HIV infection is that of giant cell, or syncytia, formation in which a cell harboring 
HIV comes into contact with an uninfected cell, affording HIV the opportunity to 
Infect without transforming itself into a cell-free virion. By not exposing itself to 
the immune surveillance system outside its host cell, HIV can covertly enter 
neighboring susceptible cells. 
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HIV's tropism,orpreference,for certainimmune system cells. By choosing as Its host
cells the very cells responsible for defending the body against invading pathogens,
HIV subverts the immune system and ultimately leaves the body without a ready or
reliable defense. For the development ofa post-exposure vaccine (for individuals 
already infected with FII, this poses significant problems as the immune system of 
even asymptomatic HIV-Infected individuals is already compromised to some 
degree. Thus the vaccine that attempts to muster appropriate immune components 
may be calling to assembly diminished or disabled troops. 

Another frustrating problem encountered in designing and developing a successful AIDS
vaccine is that, to date, it is not known what exactly constitutes an effective immune 
response against HIV. Numerous research groups are attempting to address this funda
mental question; in vitro and/or in vlvo models are being sought in efforts to assist speedy
vaccine development. As is discussed below (see "Vaccine Strategies"), most vaccine 
researchers believe that the type of immune response necessary to fight or control HIV will 
include cellular responses as well as an antibody response. 
"Traditional"vaccine preparations against other pathogenic viruses use virus that Is killed
(inactivated) or rendered less virulent (attenuated or weakened). While successful In pro
tecting against some viral diseases, applying this method to HIV is generally considered 
potentially dangerous and too risky to test in an unexposed population. The main fear is
that even using methods that have previously succeeded In either killing or weakening
other viruses, these treatments may not have the same effect on HIV; with even a remote 
possibility that HIV could still be infectious, it hardly seems prudent to test a killed or live
(attenuated) HIV vaccine In humans. Scientists are however exploring different ways In
which to fully inactivate or weaken HIV; see -Types of Candidate Vaccines," below, for a 
detailed discussion. 

ETHICAL AND LIABIITY CONCERNS 

Design of clinical trials for candidate HIV vaccines includes consideration of recruitment 
issues as well as safety and efficacy analyses. Decision points in the phased clinical devel
opment of candidate vaccines must also be determined; for example, at what point would a 
candidate vaccine be considered effective enough to expand its testing from a control (low
risk) population to a high-risk population? Indeed, conducting clinical trials of candidate 
AIDS vaccines poses significant moral, scientific, and ethical challenges. The principle of

"the greater good" duels with the duty to protect the individual; meanwhile more mundane
 
concerns also require resolution, such as the sheer logistics of informed consent for trial
 
participants and volunteer confidentiality/anonymity.
 
A presentation by Wendy Mariner (Bostin University) pointed out the major ethical prob
lems Inherent In any candidate HIV vaccine trial In humans:
 

• deciding which vaccines to test (should expert panels be established?) 
• choosing measures ofvaccine efficacy 
" identifying subject populations 
* weighing potential benefits against harms
 
" conducting trials in developing countries
 
" 
 mandating equitable distribution ofany resulting successful vaccine 

Liability for personal injury, including that resulting from pardcipati-n in a vaccine trial
(aswell as that resulting from use ofan approved vaccine), is a major issue for HIV vaccine 
manufacturers. In the United States, and elsewhere, existing legal principles relating to
negligence hold vaccine manufacturers liable. Negligence In design, manufacture, Instruc
tions, or warnings are considered in cases of personal injury. Under discussion now is 
some cons!deration of whether governments will grant to companies developing HIV vac
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cines immunity from lawsuits arising from their HIV vaccine product. Compensation to 
individuals who incur personal injury directly related to a vaccine would then come from 
the government, not the manufacturer. 

VACCINE STRATEGIES 

The underlying strategy common to all candidate HIV vatcines is to mobilize the immune 
system to mount an immune response that will effectively thwart HIV's attack on the body. 
Prerequisite to the design of almost any vaccine against a pathogenic microorganism is the 
identification of discrete portions of the pathogen's antigens-antigenic sites or epitopes
which in and of themselves are capable of eliciting specific immune responses. Definition of 
such epitopes (in terms of amino acid sequence and/or conformation) and characterization 
of the responses they elicit is crucial to the design of both whole vhus and subunit virus 
vaccines. (Subunit vaccines employ discrete antigens-or fragments-derived synthetically 
or by recombinant DNA techniques.) 

A second essential in vaccine development is determining the most effective way ofpresent-
Ing antigens to the immune system. Although the immune system recognizes and responds 
to specific sites on antigens (epitopes), many scientists believe that antigens presented in 
their natural conformation-as part of intact viral particles---elicit the strongest, most pro
tective immune response. Examples of natural life-long immunity (versus immunity 
acquired via artificial exposure through vaccine challenge) against various infectious 
agents certainly support this belief. However, because of the fear that methods previously 
used to inactivate or weaken pathogenic viruses may not work with HIV, scientists are 
reluctant to introduce Intact HIV into unexposed individuals. 

Although a small number of research groups are exploring the possibility of using killed or 
inactivated but otherwise intact HIV as a vaccine, the majority of candidate HIV vaccines 
consist of discrete HIV antigens, some of which are recombinantly or synthetically derived. 
Some of these subunit vaccines are "cocktails" of several antigens. Delivery systems for 
vaccine components (whole virus, recombinant antigens, or synthetic peptides) can actu
ally enhance the immunogenicity, or immune stimulating ability, of a vaccine's compo
nents. Suspending vaccine components in mineral oil, alum, or lipids, for example, gener
ally yields a heightened immune response (see "Enhancing Immunogenicity," below). 

A normal host response to any invading pathogen includes both a humoral (antibody) 
response and a cellular response (specifically, the activation ofT cells). Historically, a vac
cine has been considered successful based on its ability to elicit an antibody response and 
to establish circulating "memory" (antibody-producing) cells; most AIDS vaccine 
researchers indicate that a successful HIV vaccine will have to stimulate both branches of 
the immune system. 

Note that most HIV vaccine research has been concentrated on HIV- 1-the development of 
vaccine preparations containing HIV-1 viral components or inactivated or killed HIV-1. 
HIV-2 also causes AIDS; however, the worldwide Incidence of HIV-2 infection is signifi
cantly less than that of HIV-1. One group of investigators is testing an HIV-2 vaccine in 
chimpanzees and rhesus monkeys (see "Animal Models,' below). 

EPITOPE IDENTIFICATION 

Identification of HIV epitopes (discrete portions of antigens. also called antigenic sites or 
determinants) that Aicit either HIV-speciflc antibodies or HIV-specific ceflular responees 
(or both) has proved to be a major task. Furthermore, various HIV Isolates must be tested 
to see if the epitope is common to all (conserved)-or is found only on one or a few isolates. 
As discussed above, different HIV isolates may possess slightly different antigens, which 
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Figure 5.1. HIV's Principal Neutralizing Determinant (PND) 
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means that antibodies primed to target HIV antigens from one HIV Isolate may not reactwith HIV antigens from another isolate. And cytotoxic T cells (CTLs) primed to target HIV-Infected cells that display antigens from one HIV strain may not recognize HIV-infected
cells infected with a different strain. 
Antibody reactivities to different HIV isolates have received considerable scrutiny, Indeed,
the inability ofantibodies from a single serum sample to recognize diverse HIV isolates represents a major roadblock in vaccine development. Even serum samples taken from one
Individual at different times show changes In antibody reactivity. Luba Vujcic and colleagues (Food & Drug Administration. Bethesda, Maryland), for example, found that antigenic variation of defined HIV epitopes occurs periodically in vivo during chronic Infection.Examination of sequential serum samples from five HIV-infected homosexual men collected over a 1-4 year period revealed that changes in properties of serum antibodies (suchas ability to neutralize virus) were associated with changes in a region of HIV's gp120 envelope protein. Carla Kulken (Academic Medical Center, Amsterdam) and coworkers alsonoted antigenic changes (again mapped to a region within HIV's gpl20) in sequential

serum samples obtained from two HIV seropositive men. 
Nevertheless, based on antibody profiles ofHIV-infected individuals, in vitro Immunologicalassays, and the systematic (molecular)dissection of HIV's antigens, vaccine researchershave identified several potentially useful epitopes that elicit antibodies and T cells. 
Several presenters at the Conference reported their progress in producing mouse or humanmonoclonal antibodies developed to recognize and bind to specific regions of HIV.(Monoclonal antibodies--antibody molecules "raised" to recognize and react with a specificantigen-are the fusion product of a single antibody-producing B cell and cells that possess the ability to divide virtually indefinitely, such as cancer cells.) Epitope 'mapping" 
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studies using monoclonal antibodies, it is hoped, will aid In defining immunogenic regions 
ofHIV. Furthermore, characterization of the HIV neutralizing capabilities of human mono
clonal antibodies should provide clues to epitopes that are immunologically relevant in nat
ural HIV infection in humans. (Note that monoclonal antibodies are also being designed to 
act as therapeutic agents; see Chapter 6: ANTmIrAL & IMMUNOTHERAEUTlC AGERNs.) 

Principal Neutralizing Epitope. Residing within HIV's envelope protein, gp 120, Is a par
ticularly Immunogenic short (24) amino acid sequence: it has been shown to be canable of 
.neutralizing" viral infectivity by a number of research groups. This region of gpl20, called 
the principal neutralizing determinant or PND, is located within a larger, highly variable 
region ofgp 120 referred to as the V3 loop iso-called because the amino acids at this site are 
physically arranged in a loop in the third variable region ofgp120). 

A model ofHrV's PND proposed, in 1987, by scientists at Repligen Corporation (Cambridge, 
Massachusetts) in collaboration with Merck, Sharp & Dohme Laboratories (West Point, 
Pennsylvania) is depicted in Figure 5.1. The PND is centrally located within a loop, which 
protrudes on the surface of the virus and hence is accessible to immune systZm compo
nents and may partially explain the exceptionally strong neutralizing antibody response 
that the PND elicits. 

At the Conference, Dr.Scott Putney (Repligen Corporation) reported that the PND may contain 
a stretch ofconserved ar.ino acids and a conserved structure-even though this region has 
been previously characterized as highly variable. This finding was based on an-alyes of 245 
North American and European HIV isolates. In practical terms, this finding means that a sub
region of the PND may be able to elicit neutralizing antibodies that react with HIV antigens 
from different isolates. Dr. Putney's team is currenty working on a vaccine that may contain as 
few as 8 amino acids that lie within the PND. (See also "Neutralizing An tibodies," below.) 

Work conducted by Professor Jaap Goudsmit (Academic Medical Center, Amsterdam) and 
colleagues also revealed that another region within the PND (distinct from that being stud
ied by Dr. Putney's team) is conserved among different HIV isolates. Because it is well docu
mented that envelope proteins of other enveloped viruses evoke neutralizing antibodies, 
researchers are continuing to search for other neutralization epttopes on the viral envelope. 
Giovanna Vialc (Universita di Milano) and coworkers reported that antibodles to the trans
membrane protein of the HIV envelope (gp4 1)recovered from HIV-positive sera exhibited, 
in some cases, neutralizing activity. Further work is necessary to determine whether gp41 
contains a major neutralizing epitope. 

CTL Epitopes. Some success has been reported !n the search for epitopes recognized by 
cytotoxic T lymphocytes (CTLs). HIV-speclfic CILs have been identified in human sera and 
are capable of inhibiting replication and participating In killing ofvirally infected cells. If the 
epitopes that elicit these CTILs can be identified, vaccine developers may be able to incorpo
rate them int o candidate vaccines. Dr. Giles Dadaglio (Institut Pasteur, Paris) and coworkers 
reported Identification of six highly conserved epitopes within HIVs gp120 th t were recog
nized by HIV-speciflc CTLs from HIV-positive patients. However, this reaction was restricted 
to persons whose CIs bear the HLA-A2 cell surface marker, as shown by the inability ef 
CTLs with the HLA-A3 marker to. recognize these epitopes. (HLA or MHC proteins identify 
cells as "self' or "non-self"; cells with non-self molecules on their surface are recognized as 
foreign by immune cells. Multiple HLA types have been distinguished in humans. According 
to the authors, 20% to 30% of the European population are positive for HLA-A2.) Dr. 
Dadaglio's team also tested peptides corresponding to gp41 envelope protein: no epitopes 
were recognized by the CTLs elicited by gp120 epitopes. Dr. Ammar Achoar (Universit6 
Pierre et Marie Curie, Paris) and colleagues reported that a previously identified CTL epitope 
within the HIV gpl 60 protein (peptide 18) elicits a response in association with multiple HILA 
types: HLA-A2, HLA-A3, and HLA-A11. 
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Dr. Paul Johnson (Massachusetts General Hospital, Boston) and colleagues reportedtheir work on chi, acterization of epitopes of the highly conserved HIV gag (core) proteins, p55, p24, and p17, which elicit antigen-specific CTLs. CTLs from HIV seropositivesubjects were tested for cytotoxic activity against various peptides corresponding to(covering) the entire gag protein; f,ag-specific CTLs were shown to recognize epitopes inp24 and p17. Using mice Immunized with vaccinia virus (as a vector for nef, gag, an-Ienv proteins), Dr. Frederique Michel (Institut Pasteur, Paris) and associates found several epitopes from these gene products that appear to stimulate a CTL response.Furthermore, these epitopes stimulated proliferation of a subset ofT cells (CD4 andCD8+). Additional study should reveal whether these epitopes also exist as such for 
humans or other primates. 
ADCC Epitopes. Epitopes that elicit antibody-dependent cellular cylotoxicity (ADCC) havealso been mapped. Because antibodiec are necessary for cell killing by natural killer cells,this process is referred to as antibody-dependent cellular cytotoxicity. Dr. Lauren Wood(National Institute ofAllergy & Infectious Diseases, Bethesda, Maryland) reported that peptide sequences from the gp41 envelope region are recognized by antibodies from HIV-positive sera and th&.ztils bearing these sequences are lys-d (illed) by natural killer cells. Twosynthetic (linear)epitopes from the gp41 protein were identified as being responsible for therecognition arid lytic process. It hao not been determined whether these epitopes (in theirnative, or natural, conformaton) mediate HIV-nfected cell killing in vivo. 
Carbohydrate Epitope. Findings based on moncclonal antibodies that recognize abnormal cell surface carbohydrates, reported by Dr. John-Erik Hansen (Hvdovre Hospital,Denmark), suggest that carbohydrate portions of the HIV envelope glycoproteins may beimmunogenic, capable of inducing neutralizing rintibody production. Because the carbohydrate portion of HIVs envelope glycoproteins is not virally encoded-but is derived from thehost cell membrane-antibodies directed against the carbohydrate portions should be ableto recognize virtually all HIV strains since a,itigenic drift would not be at Issue. Dr.Hansen's group set out to screen a number ofmonoclonal antibodies (previously developedto recognize carbohydrates on the surface of cancerous cells) for their ability to recognizeand bind to HIVs envelope glycoproteins: four monoclonal antibodies were found to do so,

and were also noted to inhabit infection of human T cells in culture. 

EuCITING HUMoRAL RESPONSE 
A humoral (or antibody) response typically follows exposure to any infectious agent.Antibodies will bind to the "Intruder," marking it for destruction by other elements of theImmune system. Indeed, the presence of specific antibodies In a patient's serum indicatesthat the immune system is functioning properly, attempting to clear the pathogen. In HIVInfection, however, a significant proportion of HIV-speciflc antibodies are apparently inef
fectual-that Is, they are unable to "neutralize" HIV. 
Neutralizing Antibodies. All vaccine preparations are tested for their ability to elicit neutralizing antibodies. In vtroneutralization assays are used to test for antibodies that recognize and bind to specific antigenic sites of a pathogen, and thereby "neutralize" thepathogen, halting multipl.cation of the pathoge., or inhibiting specific cytopathic properties-such as induction of giant cell, or syncytia, formation. One measure of the potentialefficacy of the vaccine preparation Is the relative amount of neutralizing antibodies present
in a patient's blood sample following vaccine challenge. 
As discussed above, a region of HIV's gpl20 protein called the principal neutralizingdomain (PND) has been shown tc elicit neutralizing antibodies. Early experiments demonstrated that antibodies collected from sera of goats immunized with PND could neutralizecell-free and cell-associated HIV and could block fusion of virally infected cells with unin
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fected cells. However, such neutralizing antibodies are type-specific--that is they only bind 

to and neutralize the HIV isolate against which they were raised. New data reported by Dr. 

Scott Putney (Repligen Corporation, Cambridge, Massachusetts) and colleagues may show 

that it Is possible to induce group-specific neutralizing antibodies using PND. Dr. Putney's 
team's .Inding of con ,erved, or shared, elements of the PND oifers promise that a vaccine 

containing these elements may be able to elicit neutralizing antibodies effective against a 

spectrum of HIV isolates. 

Dr. Kathelyn Steimer (Chiron Corporation, Emeryville, California) reported that confor

mation of HIV epitopes influences the cross-neutralization capabilities of neutralizing 

antibodies. Using a recombinant (linear) gp120 protein derived from a single HIV iso

late, Dr. Steimer's team was able to demonstrate that antibodies from human sera rec

ognize linear epitopes, but these antibodies are only effective in neutralizing type-spe
cific HIV isolates. However, human sera depleted of such antibodies contain 

neutralizing antibodies that recognize native (non-linear) gp 120,and these antibodies 
were very effective in cross-neutralization. These results suggest that nelitrallzing anti
bodies directed against conformation-dependent epitopes of gp120 exist and that these 

possess group-specific neutralization capabilities. Other research, including that pre
sented by Professor Jaap Goudsmit (Academic Medical Center, Amsterdam) and 
r-oworkers, also showed that HIV-specific neutralizing antibodies appear to be confor

mation-dependent. 

In examining human sera from geographically diverse regions (United States, Zaire, Haiti, 
and Brazil), Emily Carrow (Food & Drug Administration, Bethesda, Maryland) and cowork
ers found that one strain of HIV (MN) consistently elicited higher titers of neutralizing anti
bodies than did another strain (IIIB). By comparing the prevalence of neutralizing anti
bodies in the serum samples to prevalence of antibodies that bound to synthetic peptides 
corresponding to the V3 region of gp 120 of both strains, it was evident that this epitope 
only accounts for some-but not all-of the virus neutralization. Indeed, this group showed 
in a separate presentation, led by Dr. Gerald Quinnan, that a neutralization epitope could 
be mapped to a region ofgp120 that lies outside the V3 loop. 

Enhancing Antibodies. During the past few years, a number of investigators have demon
strated that not all antibodies produced in response to HIV infection ame protective. (See 
Chapter 2: PATHOGENESIS & IMMUNOLOGY for a detailed discuF "n on enhancing antibodies in 
HIV infection.) In summarizing accumulated data on the. intibodies-which actually 

enhance (the spread of) HIV infection, rather than neutralizt; virus-Dr. Edward Robinson 
(Vanderbilt University, Nashville, Tennessee) called attention to the fact that enhancing 
antibodies have been identifei in more than 90%of HIV-infected individuals. Dr. Jay Levy 
(University of California, San Francisco) pointed out that long-term survivors of HIV infec

tion characteristicaily show an absence of enhancing antibodies. 

Dr. Robinson's group has constructed human monoclonal antibodies to HIV that 
enhance infection in vitroand are incapable of neutralization. Characterization of 
these monoclonal antibodies will allow identification of specific regions of HIV to which 
enhancing antibodies bind. So far, foui monoclonal antibodies have been found to rec
ognize and bind to a region within gp4 1, which is highly conserved among HIV- 1 Iso

lates, as well as HIV-2 and SlY (simian immunodeficiency virus). Dr. Robinson referred 
to this identified region as the primary enhancing epitope; a secondary enhancing epi
tope has also been identified. Although it is unknown whether all of the current candi
date vaccines (being tested in animal and human trials) stimulate production of 
enhancing antibodies (and whether the production of such antibodies is actually detri
mental in vivo), it seems prudent to delete all known enhancing epitopes from candi
date vaccines. 



123 
CHAPTER 5: VACCINE DEVELOPMENT 

EucITING CELLULAR RESPONSE 

Accompanying the humoral (antibody) response to any infection is a cellular immune 
response, which involves helper T 'ymphocytes, cytotoxic T lymphocytes (C'IT), and natu
ral killer cells. As has recently become appreciated, activation of T cells is not only neces
sary for cellular defense tactics (killing by CTLs, for example), but also for "helping" anti
body responses. Studies demonstrating the role of cytokines secreted by T cells in specific
immune responses also underscore the importance of cellular Immunity in infection. 
Although antigen recognition by T cells is thought to be more complex than that by anti
bodies, the intricacies of T-cell recognition and subsequent cellular immune responses are 
progressively being revealed. (T-cell recognition of antigen involves interaction with the 
major histocompatiblity, or MHC, protein mo!ecules on the surface of certain "antigen pre
senting" cells.) Vaccine developers are intent on determining whether cellular responses 
can be induced to confer some degree of protective immunity in HIV infection. 
CTL Response. The activity of CT-s, which specifically recognize HIV antigens and kill HIV
infected cells, have been documented in humans, primates, and mice by several investiga
tors. Previously, Dr. Fernando Plata (Institut Pasteur, Paris) and others have shown that,
based on examination of serum samples of HIV-infected patients, declines in HIV-specific
cell killing by CD8 + CTLs correlate with HIV-related disease progression in vivo.At the 
Conference, Dr. Plata's team presented data that compared CTL responses ofseronegative
individuals with those of HIV-Infected patients: seronegative subjects (whose CTLs were 
primed to target cells expressing HIV genes) were found to have an increased CTL response.
This finding suggests that it is possible for HIV vaccines to stimulate a CM response, which,
it Is hoped, will confer some degree of 'resistance" to infection, if not protection. 
ADCC Response. Although antibody-dependent cellular cytotoxicity (ADCC) responses
against HIV have been noted in HIV-infected individuals, it is not clear if eliciting a strong
ADCC response actually serves to control HIV infection in vivo.For this reason, the value of 
stimulating an AD "C response is in question as a vaccine rtrategy. In a study of 24 HIV
infected hemophiliac patients, Dr. Anne Sinclair at Medical Research Council Clinical 
Research Center, Harrow, U.K. and coworkers were unable to detect any appreciable differ
ence in ADCC lysis ofIlV-infected cells between asnymptomatic and deteriorating patients. 
T-cell Activation. As shown by previous studies, T-cell activation is inhibited by HIV 
gp 120 binding to CD4 molecules on the surface of helper T cells. Data reported by Dr. 
Manca Fabrizio (S. Martino Hospital, Genoa) and colleagues gave evidence that the physi
cal structure of gpl 20 determines its Immunogenicity as well as Its inhibitory lymphopro
liferative effects. Dr. Fabrizio's team reported at the Conference that heat denatured (struc
turally altered) gp120 does not bind to CD4 and therefore could not inhibit gp120
antigen-dependent T cell activation. When gp120 was added directly to cultures ofT cells 
and antigen-presenting cells, proliferation was significantly lower with native (unaltered)
gp120 than with denatured gpl20. While heat denaturation ofgp120 disallows binding
with CD4, it spares the Immunogenicity of the protein-that is, the protein can still stimu
late an immune response-making this a potentially useful strategy for HIV vaccine design. 

ENhACmI IMMUNOGEIcITY 

Not only are vaccine researchers working to pinpoint precise regions and conformation of 
viral antigens involved in eliciting a protective immune response. .hry are also working on 
ways in which to optimize presentation of these antigenic regions to the immune system.
The immunogenicity, or in'mlune-stimulating properties, of antigens (such as the ability to
elict neutralizing antibody production) can be enhanced by combining them with sub
stances called adjuvants (literally "helpers"). Polysaccharides, alum, and mineral oil are 
examples of adjuvants; when antigens are combined with such substances, an immune 
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Fig. 5.2. Immunogenic Molecular Struclures 
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response greater than that observed for the antigen alone is evoked. Substances from bac
teria, such as muramyldipeptide (MDF) and lipid products, also appear to act as adjuvants 
and are being tested for their safety in humans. 

Other methods for enhancing Iminunogenicity Include the use of hollow lipid spheres, 
called liposomes, and immune-stimulating complexes (ISCOMs), particles that contain 
symmetrically arranged, repeated units of an antigen sitting on a cagelike matrix of adju
vant. A third structure, the immunosome-a liposome with antigens embedded in its lipid 
bilayer-is being tested foL !ts immune-stimulating properties. (See Figure 5.2.) Dr. Shlu-
Lok Hu (Oncogen Corporation, Seattle), In collaboration with National Veterinary Institute, 
Uppsala, Sweden, reported their flindings on the relative immunogenicity of two candidate 
HIV gp160 vaccines formulated in van,us adjuvants. Rabbits immunized with gp160 for
mulated with Freund's adjuvant (acommoi. !mmunological adjuvant containing mineral 
oil, an emulsifier, with or without killed mycobacteria), or with monophosphoryl lipid A (a 
bacterial lipid derivative) with cell wall skeleton, or as ISCOMs were found to elicit a higher 
titer of HIV neutralizing antibodies than gp160 formulated in alum. 

The timing of antigen presentation to the Immune system may prove to be a determinant in 
the level of immunogenicity of vaccine components. Priming the immune system and then 
boosting the immune response by re-challenging the immune system has been shown to be 
particularly effective in conferring protective immunity in other diseases. 

Dr. Elizabeth Cooney (University of Washington, Seattle) and coworkers set out to study 
whether humoral and cellular responses to the HIV envelope could h - augmented by such a 
boosting effect in human subjects. The candidate HIVvac.Ine HIVAC-.e (composed of vac
cinia virus expressing the HIV env gene and manufactured by Oncogen Corporation, Seattle) 
was administered to 11 subjects in two doses and followed 1 year later with two doses of 
another candidate HIV vaccine VaxSyn HIV-1 (a recombinantly produced gp160 protein 
manufactured by MicroGeneSys. Inc., West Haven, Connecticut). Following administration 
of recombinant gpl60 (VaxSyn HIV-1), all I I subjects had heightened T cell responses to 
HIV, and 9 of 10 developed antibodies to HIV, suggesting that anamnestic responses may be 
significant and contribute to protective immunity. (Note, the I Ith subject had developed 
antibodies prior to administration of VaxSyn HIV-1.) This regimen proved to elicit overall 
greater immune responses that that obtained with either vaccine alorle. 
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TYPES OF CANDIDATE HIV VACCINES 

Historically, a number of successful vaccines for viral diseases have been based on the use 
of live, attenuated (weakened) virus and killed (inactivated) virus. However, both 
approaches carry significant risk in the context of hIV disease, prompting many vaccine 
researchers to turn to the development of subunit vaccines, Idlotype-based vaccines, and
"pseudo-virion"vaccines. 

According to National Institute of Allergy & Infectious Diseases (Bethesda, Maryland), more 
than 30 vaccine approaches are currently in preclinical development worldwide. Discussed 
here is updated information on the various types of candidate AIDS vaccines (some in the ear
liest stages of development) based on research presented at the Conference. Table 5.1 cata
logues the broad categories ofcandidate vaccines, along with their respective components.
See "Animal Models" and "Human Trials," below for detail 3on specific vaccine progress. 

LIvE (ATTENUATED) VIRUS VACCINE8 

Certain pathogenic mechanisms of HIV make a 3ive virus vaccine approach extremely
risky; vaccination with an attenuated retrovirus still leaves a live-potentially infectious
pathogen In the body. The risk of introducing HIV with all Its parts intact-including viral 
RNA, its genetic material-is considered unacceptable by most scientists. The concern is 
that this approach could backfire: viral RNA could find its way into host cells, and while 
not necessarily retaining the ability to cause AIDS, could prove hazardous Just on the 
basis ofhaving this template stored in a host cell. If the cell were later infected by another 
retrovirus, the HIV RNA template could be reverse transcribed into DNA,possibly recom
bine with the other retroviarl genome, and produce an HIV strain or an HIV-like virus with 
an Inestimable potential virulence. 

Drs. Kesh Prakesh and Stanley Plotkin (Children's Hospital of Philadelphia) presented 
provocative data on "deletion mutants" of HIV and SIV (simian immunodeficiency virus)
and their potential use in live-virus HIV vaccines. By removing the portion of the pol gene
that encodes the integrase (orendonuclease) viral enzyme, SW and HIV are unable to inte
grate their DNA into the host cell's genome. The replicative potential of such (integrase) 
deletion mutants, however, is preserved. Data presented (on reverse transcriptase activ
ity) demonstrated that both a parental SW strain and a deletion mutant derivative were 
equally capable of directing efficient production of virus in a susceptible T cell line. The 
ability of the deleti( i mutant to produce progeny virus means tf,at an immune response 
will be stimulated. 

DNA analyses of cells in which the genome of the parent SW strain and deletion mutant 
were introduced revealed that integration of the SW deletion mutant had not occurred and 
that unintegrated DNA from the deletion mutant was, as expected, of shorter length than 
the parental strain. Together, these results clearly show that integrase-deletion mutants of 
SIV lose the ability to integrate their DNA (and therefore are unable to establish latent 
infection) without losing the capacity to replicate. Preliminary results with the MN strain of 
HIV show that deletion mutants are also capable of producing virus (in a human sarcoma 
cell line). Further work is necessary to determine whether HIV deletion mutants are truly
unable to establish persistent infection in vivo-in animal models-while retaining the 
capacity to produce virus and therefore an immune response. 

KILLED (INACTIVATED) VIRUS VACCINES 

A killed' or inactivated, whole virus HIV vaccine is being developed by a research team led 
by Dr. Jonas Salk at the Salk Institute (La Jolla, California). Although the virus's genetic 
material is destroyed by ultraviolet irradiation, the structural integrity and presumably 
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immunogenicity of whole virus is likely preserved. Dr. Alexandra Levine (University of 
Southern California School of Medicine, Los Angeles) presented an update on the status of 
the killed virus, envelope-depleted HIV vaccine (called HIV Immunogen, manufactured by 
Immune Products, Ltd., Horsham, Pennsylvania). The vaccine is being administered to 
HIV-infected individuals as a post-exposure vaccine or as immunotherapy; see "Human 
Trials," below, for details. 
Unexpected results using killed, inactivated SIV vaccine in simians reported last year by 
Dr. Michael Murphy-Corb (Yerkes Regional Primate Center, Georgia) and by Dr. Ronald 
Desrosiers (New England Regional Primate Center, Massachusetts) this year have caused 
vaccine researchers to re-analyze their skepticism toward a killed-virus vaccine for HIV 
infection. The risk of introducing HIV RNA into an unexposed individual is certainly reason 
enough for caution; nevertheless, reports of a protective immune response in monkeys 
inoculated with killed SIV and then re-challenged with a different strain of SIV give room 
for cautious respect for this approach. (the SIV vaccine model is discussed below in 
"Animal Models.") 

SUBUNIT VACCINES 

Subunit vaccines, in which only nonreplicating antigens or antigenic fragments of HIV are 
used, are similar to traditional vaccines in that they are administered as a means of stimu
lating an immune response against a target pathogen. Viral antigens can be either recom
binantly produced via DNA technology or chemically synthesized (synthetic peptides). 
Moderate success has been achieved with the first human subunit vaccine, which was 
developed for hepatitis B. 

Recombinant Vaccines. Genetic engineering techniques have enabled vaccine resez'chers 
to either produce "recombinant" HIV antigens (by inserting the corresponding genes into 
vectors and collecting and purifying the HIV gene products) or to display HIV antigens on the 
surface ofviral vectorl 2s-the aim ofboth being to elicit an immune response against these 
antigens, and, it is hoped, against the virus when challenged. HIV genes encoding antigens 
that have been demonstrated to be Immunogenic are currently being used in the subunit 
vaccines in development. Proteins (serving as antigens) derived using recombinant DNA 
techniques include: 

* gpl60 (derived from vaccinia virus) 
" gpl60; p24 (derived from baculovirus system)
 
" gp160; gp120 (derived from mammalian cell system)
 
* gpl20; p55 (derived from yeast system) 

Recombinant HIV viral vectors-that is, viruses into which HIV genes have been intro
duced-being used as vaccine approaches include: 

" vaccinia virus (vaccinla/env; vaccinia/gag; vaccinia/envgagepol) 
" adenovirus (adenovirus/env) 
" pollovirus (pollovirus/env 
" BCG (BCG/env) 

Synthetic Peptide Vaccines. Strings of amino acids, or peptides, that correspond to dis
crete HIV proteins or portions ofproteins can be synthesized and used to elicit an immune 
response. Based on Conference presentations, peptides corresponding to regions of the 
HIV envelope, gpl 20 or gp4 1, are receiving much attention. One group reported success 
in creating two chimeric (fusion) peptides each containing a neutralizing antibody epitope 
from the envelope region and a highly conserved T cell epitope from HIV p24 (the latter 
acting as a "carrier"). Dr. Dwo Sia and colleagues (Connaught Centre for Biotechnology 
Research, Ontario) reported that these chimeric synthetic peptides, when inoculated into 
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Table 5.1. Types of HIV Vaccines 
(Note that while virtually all vaccine preparations are formulated in adjuvant, the microstructures
liposomes and ISCOMs, have come to be categorized as "adjuvant-based" vaccines.) 

Vaccine Type 

Adjuvant-based 
(liposomes and ISCOMs) 

Idiotype-based 

Killed (inactivated) virus 

Live (attenuated) virus 

Recombinant 
(subunit) 

Synthetic peptide 
(subunit) 

Vaccine Components 

Viral antigens are combined with adjuvants (substances known to
enhance immune responsec) to optimize antigen presentation.
Liposomes-microspheres whose composition closely matches that 
of cell membranes-can enhance the immunogenicity of the 
antigens L.ey carry. ISCOMs (immune-stimulating complexes) are 
microstructures consisting of repeated units of asingle antigen;
such redundancy is thought to maximize presentation of antigen to 
the immune system. 

Antibodies (idiotypes) that bear a likeness to an HIV antigen can
themselves elicit the production of antibodies (anti-idiotypes) when 
introduced into humans. These anti-idiotypes will recognize and
bind to the idiotype antibodies, but more importantly, they will 
bind to HIV. Virtually all idiotype-based vaccines are employing
CD4-based antibodies as idiotypes. 
The genetic material of HIV is destroyed with chemicals (e.g., 
formalin) or radiation while the structure of the whole virus is left
intact. Both irradiated HIV vaccines and chemically-inactivated HIV 
vaccines are in development. 
Although considered risky, research into the use of live, but 
weakened, HIV is being conducted at the in vitro level and in 
animal models. Such research is addressing the issue of how to 
accomplish attenuation; one group is examining HIV "deletion 
mutants," whereby bits of the genetic material are excised from the 
total genomic content of HIV. 
HIV antigens are produced by inserting the corresponding gene(s)
into a convenient system (e.g., yeast cells,) which are then collected 
and purified; alternatively, vector systems can be used whereby a 
vector (e.g., vaccinia virus) displays HIV antigens on its surface. 
Protein components (peptides) that correspond to HIV antigens are 
biochemically synthesized in the laboratory. 

mice in a priming-and-boosting regimen, elicited a strong antibody response against the

epitopes from the envelope region. This finding was particularly noteworthy because when
 
mice were inoculated with either envelope epitope alone, no antibody response was

observed. Antibodies elicited by the chimeric peptides were capable of recognizing both
 
the synthetic (envelope) epitopes and the corresponding native envelope proteins, gp4l

and gp120.Preliminary studies showed that antibodies reactive against native gp4l

elicited by the chimeric peptide containing gp4l sequences inhibited HIV infection of
 
human CD4 lymphocytes in vitro.
 
A synthetic peptide-based pl7vaccine (HGP-30, manufactured by Viral Technologies, Inc.,

Washington, D.C.), which contains human T and B cell epitopes, is being tested In a

seronegative population and in an HIV-infected population. Dr. Allan Goldstein (George

Washington University Medical Center, Washington, D.C.) reported preliminary findings

from these clinical trials; see "Human Trials," below.
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Dr. Thomas Buchanan (University ofWashington, Seattle) reported in vitro Immunoreactiv-
Ity results obtained with synthetic peptides corresponding to several regions in gp160--the 
V3 region, CD4-binding region, and gp4l immunodominant region. Antibody binding was 
evaluated using serum/plasma from 

* 11 human volunteers immunized with HIVAc- le (a recombinant vaccine: 
vaccinia/env) and boosted with VaxSyn HIV-1 (arecombinant vaccine: gpl60 from 
baculovirus) 

* 4 recent seroconverters 
* 15 symptomatic HIV-infected patients 

No antibodies directed against the CD4-binding region peptides were detected. Antibodies 
recognizing the gp41 region were detected in all samples from the seroconverters and from 
symptomatic HIV-infected patients, and only 1 of 11 vaccinees. Antibodies against the V3 
region were detected in 14 of 15 symptomatic patients, 4 of 4 seroconverters, and 1 of 11 
vaccinees. Further analysis of the reactivitles ofV3 region antibodies from the 14 symp
tomatic patient responders revealed characteristics of a type-specific response: for exam
ple, only 2 of 14 had antibodies that reacted with the HIV IIIB strain but 14 of 14 had anti
bodies that reacted with the HIV MN strain. Dr. Buchanan offered that the relatively poor 
response of the vaccinees could be explained as being dependent on the conformation of 
the epitope given that sera frcm 8 of 11 vaccinees did contain antibodies reactive in whole 
virus lysate ELISA. 

ADJUVANT-BASED VACCINES 

As discussed above, vaccine components can be combined with substances that enhance 
their immunogenicity-such as eliciting an intensified or prolonged antibody response.
Although their action is not understood, these substances, called adjuvants, are used in 
virtually all vaccines. For purposes of categorization, vaccines using microstructures that 
act as adjuvants are grouped as a vaccine type, which so far consists of liposomes, 
immunosomes, and ISCOMs. See Figure 5.2 for a schematic representation of these 
microstructures. 
ISCOM9. Immune-stimulating complexes, or ISCOMs, are symmetrically arranged, 
repeated units of a single antigen sitting on a cagelike matrix of adjuvant (cholesterol and 
Quil A). The antigenic redundancy is thought to maximize the presentation of antigen (to
immune system components) and thereby stimulate a higher grade immune response.
Several ISCOM-based SIV or HIV candidate vaccines are being tested; the responses 
elicited are being compared with those elicited by counterparts to these vaccines, formu
lated in different adjuvants. Professor Gunnel Biberfeld (National Bacteriological
Laboratory, Stockholm), for example, reported preliminary results from his team's work 
with two vaccines in rhesus monkeys, using HIV-2 envelope and core antigens formulated 
in (Freund's incomplete) adjuvant and using the same antigens in ISCOM particles.
Although only one of two monkeys immunized with the ISCOM version was protected fol
lowing challenge with live virus, all four monkeys inoculated with Freund's adjuvant ver
sion showed no evidence of infection after live virus challenge. 
Research published earlier this year and discussed at the Conference by Dr. Jay Berzofsky 
(National Cancer Institute, Bethesda, Maryland) demonstrated that ISCOMs composed of 
purified HIV gp1 60 elicit neutralizing antibodies against HIV as well as HIV-specific CD8 + 

CTLs ithe major class of CITs) in immunized mice. The same preparation of puriled gpl60 in 
other adjuvants or in saline solution, however, did not elicit CT activity. (Prior to this finding, 
subunit vaccine preparations have only been able to stimulate production of CD4+ CTLs.) 
This first demonstration of the use ofISCOMs as a vaccine strategy to introduce viral proteins 
into cells for induction of C'IL responses has been heralded by several groups of investigators. 
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Liposomes. Lipid vesicles, or liposomes, are bilayered lipid (fat)or phosphollpid hollow 
spheres that are easily constructed in the laboratory. Antigens and adjuvant can be encap
sulated in these vesicles or they can be incorporated into the lipid bilayer, the latter result
ing in a membranelike microsphere with antigen exposed on the outer surface (these have 
been recently called immunosomes). 

VIRUSLE PARrICLES 

Particles that resemble viruses in terms of size and shape (as viewed by electron 
microscopy), but are actually composed of protein only, are being exploited as a novel 
vaccine delivery system. The discovery that certain proteins naturally self-assemble 
into tiny particles has led to the construction of fusion viruslike particles (VLPs); the 
gene encoding a protein of Interest Is combined with the gene encoding self-assembling
proteins. If the gene encoding the yeast protein Ty (which is able to form such VLPs) is 
fused to a gene encoding an HIV protein, the yeast cell makes a hybrid protein that
self-assembles into a VLP, carrying on Its surface multiple copies of the HIV protein
encoded by the HIV gene. Researchers at British Biotechnology Limited (Oxford), in
collaboration with Oxford University, have constructcd several Ty/HIV VLPs that react 
with antibodies to HIV and elicit production of antibodies to HIV in rabbits. A Ty/HIV
p24 hybrid VLP Is currently being tested in uninfected human volunteers in a clinical 
trial In London. 
An extremely valuable offshoot of this research is that Ty/HIV hybrid VLPs yield a large
quantity of purified fusion protein: the Ty portion of this protein can easily be removed,
providing a convenient method to produce large quantities of purified HIV antigens.
Specific: HIV antigens, and even Immunogenic fragments of these antigens, can thus be 
mass produced for use in this or other vacc!ne approaches. 
Nonreplicating HIV-like particles can also be generated using recombinant vaccinia
viruses and baculoviruses. Dr. Dennis Panicall (Applied bioTechnology, Cambridge,
Massachusetts) and colleagues reported their work with VLPs (also dubbed "pseudoviri
ons") that include either HIV or SIV env-, gag-, and pol-encoded proteins. Electron 
microscopy and electrcphoresis or Western blot analysis revealed that HIV-1ike particles
had both the gp41 and gp 120 envelope glycoproteins on their surface. Dr. Omar Haffer 
and colleagues (Oncogen Corporation, Seattle) and, independently, Dr. Ralf Wagner and 
associates (Max von Pettenkofer-Institut, Munich) also repoited stable expression of HIV 
core and envelope proteins as Immunogenic VLPs. Dr. James Wilhelm and colleagues
(Wyeth-Ayerst Research Laboratories, Philadelphia) used a recombinant adenovirus sys
tem from which HIV core proteins assembled into VLPs. These research reports hint that a 
high level of immunogenicity may be achievable with non-infectious VLPs; their use as
possible vaccines is especially attractive since there is no risk of inadvertent exposure to 
infectious virus. 

IDIOTYPE-BASED V. CCINES 

By taking advantage of the immune system's ability to generate antibodies to virtually 
every foreign (non-sell) molecule, vaccine researchers may be able to coerce the immune 
system Into generating antibodies in response to the introduction of foreign antibodies. A3 
described by Dr. Michael Fung and colleagues (Tanox Biosystems Inc., Houston), anti
bodies can be designed to "serve as surrogate antigens to induce HIV-neutralizimt 
responses." Antibodies that act as surrogate antigens are called idlotypes, and the specific
antibodies they elicit are called anti-idlotypes. 
Numerous research teams are exploring the use of monoclonal antibodies (antibody
molecules "raised" to recognize and react with a specific antigen) constructed to bear a like
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ness to immunologically relevant HIV antigens. When administered as a vaccine, these 
monoclonal constructs will trigger antibodies that will recognize the constructs as well as 
the true HIV antigens they mimic. (See Figure 5.3.) 
Dr. Fung's team previously reported that a monoclonal antibody that mimics the gp120 
binding region of the CD4 molecule is capable of neutralizing HIV in vitro.When introduced 
into mice, this monoclonal antibody (CD4-based Idiotype) elicits anti-idiotypes whose 
shape mimics that of the CD4 binding region ofgp120 and therefore should be able to bind 
to CD4. At the Conference, Dr. Fung and colleagues presented data demonstrating that 
these anti-idiotypes, when injected into rabbits, could induce immune responses directed 
against HIV. When rabbits were immunized with an anti-idlotype, the antibodies generated 
were capable of recognizing and binding to CD4 cells infected by one of two strains of HIV, 
as shown in in vitro experiments. More significantly, the antibodies could neutralize the 
infectivity ofboth strains. 
Preparation of Idlotype-based antibodies (anti-idiotypes) was also independently reported 
by Dr. KohJi Ohki (Hokkaido University, Sapporo, Japan) and colleagues; Dr. David Buck 
(Becton Dickinson Monoclonal Center, Mountain View, California) and colleagues: Dr. 
Yosuke Maeda and coworkers (Kumamoto University Medical School, Japan); Dr. 
Christopher Sutor and colleagues (Medical School of Hannover, FRG); and Dr. Micaela 
Pelagi (Universita di Milano) and associates. While the technical aspects of constructing 
Idiotype-based antibodies appear to have advanced significantly during the past year, char
acterization of the anti-idiotype response(s) continues. Whether idiotypes-anti-CD4 mon
oclonal antibodies, for the most part-can be successfully used as an HIV vaccine remains 
in question. Researchers need to demonstrate that anti-idiotypes capable of neutralizing 
HIV can indeed be generated following immunization with idlotypes. 

ANIMAL MODELS 

Several animal species have been shown to be susceptible to HIV infection or to an HIV-like 
disease caused by a similar retrovirus (see "Animal Models" in Chapter 1: VROLOGY). In an 
effort to define a protective immune response, these animals are being systematically 
tested with various candidate vaccines. Detailed characterization of vaccine-induced 
responses in appropriate animal systems will allow evaluation ofvaccine strategies (whole 
virus versus subunit vaccines, for example), including vaccination dosing and scheduling. 
Currently several animal models serve as a basis for HIV vaccine research: 

" chimpanzees Infected with HIV-I or HIV-2 
" macaques infected with SIV (simian Immunodeficiency virus, various subtypes) or 

HIV-2 
* cats infected with FIV (feline immunodeficiency virus) or FeLV (feline leukemia 

virus, an oncovirus) 
" mice infected with Rauscher murine leukemia virus (a retrovirus) 
" SCID mice (with transplanted lymphocytes from human vaccinees) infected with HIV 

Nonhuman primates continue to be vigorously tested, and recent findings of acquired pro
tection against live virus challenge in both macaques and chimpanzees have spurred much 
optimism that a vaccine for HIV infection in humans can be developed. Vaccine protection 
in cats infected with FIV has also recently been reported. 

CHIM[PNZEFS 

Although chimpanzees are susceptible to HIV infection (following experimental inoculation 
of HIV, they develop antibodies to HIV and virus or viral antigens can be detected), only 
some become sick and only for a short while; none manifest ARC or AIDS symptoms. At the 
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Figure 5.3. Principle of Idlotype-Based Vaccines 
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Ifhuman CD4 receptor molecules (A)are injected into laboratory animals, antibodies to the CD4 molecule, or idiotypes, are produced(B). Indeed, such antibodies (idiotypes) have been raised inmice and rabbits and have subsequently been shown to bind to specificregions of the CD4 molecule in vitro. Ifthe mouse or rabbit idiotypes are then injected into humans (C), antibodies to these idiotypes, oranti-idiotypes that mimic CD4, will be produced (D). Because they mirror CD4, these anti-idiotypes will bind (E) to the anti-CD4molecules (idiotypes) and-more importanty-to HIV. Although the intioduced idiotypes and the induced anti-idiotypes will be clearedfrom the body, atemplate for the anti-idiotype (F)will have been created and stockpiled to await future demand. Production of CD4replicas (the anti-idiotypes) from this template will be triggered by memory cell recognition on exposure to HIV (G)because the HIVbinding site ispresumably identical to that of the idiotype. When numerous CD4 anti-idiotypos are put into circulation, they will competewith CD4 for HIV binding sites (H), theoretically preventing HIV from entering susceptible cells (those displaying CD4 molecules) andestablishing infection. 
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Conference, Dr. jorg Eichberg (Southwest Foundation for Biomedical Research, San 
Antonio, Texas) summarized the ongoing vaccine efficacy trials using the chimpanzee 

model. Currently 13 types of vaccines are being tested, including killed (inactivated) HIV, 

(anti-CD4) idiotype-based vaccines, and passive Immunization with HIV Immunoglobulins 
(antibodies to HIV from sera ofHIV-infected individuals). Although an antibody response is 
observed with virtually all candidate vaccines, neutralizing antibody titers are extremely 

low. With respect to cellular immune responses, helper and cytotoxic T cells have been 

detected In most immunized animals. Other vaccine researchers using the chimpanzee 
model report similar findings, and note that T-cell responses include long-lasting memory 
and substantial proliferation. 

Earlier this year several independent vaccine research teams announced that their respec
tive candidate vaccines conferred protection to immunized chimpanzees against subse
quent challenge with live virus. (Some researchers caution, however, that it may be too 

early to say with certainty that these vaccines conferred full protection; generally; immu
nized animals are monitored for 1 year to determine if they in fact have been completely 
protected against infection.) Dr. Josef Manhalter (InimunoAG, Vienna) and colleagues, Dr. 
Jean-Claude Gluckman (Pitie-Salp~tri~re Medical School, Paris) and colleagues, and Dr. 

Phillip Berman (Genentech, Inc., South San F ancisco) and colleagues independently 

reported achieving protective immunity in chimpanzees. 

Using a recombinant gpl60 vaccine, Dr. Manhalter's group noted that two immunized 
chimpanzees had gp160-speciflc T-cell responses but very low neutralizing antibody titers 
following immunization. However, following live HIV challenge, one chimpanzee had no 

detectable anti-HIV antibodies suggesting that viral infection was averted or replication 
was controlled. The other immunized animal and a control animal developed antibodies to 
the core antigen. Since the Conference, this candidate vaccine has been approved for test
ing (safety trials) in humans by the U.S. Fo'd & Drug Administration. 

Dr. Gluckman's team reported findings from serological analyses of chimpanzees immu
nized with different combinations of HIV-antigen preparations, including killed HIV (inacti
vated in formalin and beta-proplolactone), recombinant vaccinia/gp160, p25, or p27 
viruses, and synthetic peptides corresponding to the gp120 V3 region. Earlier this year 
these researchers reported that iwo chimpanzees immunized with one of their *cocktail" 

preparations were protected from challenge infection. At tl z Conference, focus was on the 
types ofvaccine-induced responses: antibody-dependent cellular cytotoxicitr (ADCC) was 
evident in some immunized animals but did not appear to be sufficient to confer protective 

immunity. Furthermore, antibodies participating in ADCC could be distinguished from neu
tralizing antibodies. Continued monitoring of the Infection-free immunized animals will 

hopefully provide information on the nature and elements of a protective immune response. 

Dr. Phillip Berman's team fbund that their recomb!nant gp120 vaccine preparation (pro
duced in Chinese hamster ovary cells and formulated in aluminum hydroxide adjuvant) 

could confer protection for more than 6 months, but a comparable gp160 vaccine could not. 
Compared with control chimpanzees' and gp160-immunized chimpanzees, the two gpl20
immunized chimpanzees showed a progressive decline in gp120 antibody titers over time 
and eventually reached baseline levels; an anamnestic immune response was observed in 

the other animals (antibody titers declining for 1-8 weeks, but increasing thereafter to levels 
higher than that achieved immediately following inoculation). Although still being followed, 
no signs ofHIV infection have been observed in the gp120-immunized animals. 

MACAQUES
 

Experimental infection of macaques results in depletion of CD4+ lymphocytes, and to a 
lesser degree, macrophages, as in HIV infection in humans. A disease course remarkably 
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similar to that seen In HIV-infected humans is seen In macaques; simian AIDS culminates
in death approximately 6-12 months after onset of disease symptoms. In summarizing the 
current status of the SIV macaques model with respect to vaccine research, Dr. MurrayGardner (University of California School of Medicine, Davis) pointed out that In the last year In three U.S. primate center, rhesus macaques have been shown to be protected
against low-dose live SIV virus challenge following vaccination with killed whole virus vaccine preparations using muramyldipeptide (MDP) as adjuvant. Characterization ofthe vaccine-induced responses are continuing, with hopes of dctermining the elements of a p,o
tective immune response. Dr. Gardner reported that recent work at University of
California, Davis, revealed that antibodies inhibiting syncytia formation are present Inhigher titers In protected animals than in animals who succumbed to infection following
challenge and control animals (not immunized before challenge). Although protection
against heterologous SIV strains (strains other than that used in the vaccine preparation)
will need to be achieved, only protection against homologous strains has been conferred to 
monkeys so far. 
Even though full protection (against low-dose challenge with a homologous strain) is notconferred In 100% of the animals vaccinated, other benefits h-ve been noted. For example,
vaccin-ated monkeys who become infected following challenge appear to live longer than
infected, unvaccinated controls. And studies at University of California, Davis, with a live(attenuated) SIV vaccine show that, while not protected against live virus challenge, the
monkeys do live signiflcantly longer than controls. Preventing early death from SIV-induced
simian AIDS with a vaccine at least paves the path for a similar vaccine in humans. 
Other SIV vaccine approaches presented at the Conference included an SIV envelope pep
tide/beta-galactosidase fusion-protein vaccine (Dr.Avigdor Shafferman, Israel Institute of
Biological Research, Ness-Ziona, and colleagues) and a recombinant SIV/adenovirus vac
cine (Dr. Sheau-Mel Cheng, Wyeth-Ayerst Research, Radnor, Pennsylvania, and col
leagues). Dr. Shaffeiman reported that macaques may be completely or partially protected
agahist SIV challenge with a SIV envelope peptide/beta-galactosdasc fusion protein vac
cine; the vaccine pi'eparation consisted of peptides corresponding to SIVmac gpl50/gpl20
and gp41/gp32 produced as a beta-galactosidase fdsion protein. Following immunization,
antibodies reacting with the synthetic S.V envelope peptides and also reacting with native
SIVmne gp150 and gp32 were recovered In 3 of 3 macaques. Challenge with high dose
SiVmne led to an early rise in SW-specific-antibody titers followed by a steady decilne. At
24 weeks post challenge, SIV DNA sequences were not detectable via PCR in two of the
three animals, one of which was also persistently virus-culture negative. Studies at longer
post-challenge intervals will provide a clearer picture of the degree of Immunity conferred 
with this peptide fusion-based vaccine. 
Two different HIV-2 vaccine approaches were also tested in the macaque model. One, a
killed-virus vaccine using HIV-2, has also been shown to confer protective immunity in
two rhesus macaques. Professor Gunnel Biberfeld (National Bacteriological Laboratory,
Stockholm) reported his team's results in two cynomolgus monkeys using killed HIV-2
formulated in incomplete Freund's adjuvant. No viial antigens were det cted following
live-virus challenge and no virus has been recovered from these immunized animals.
Dr. Guillaume Vogt (SSA/DPS/SPE/CEA, Fontenay aux Roses, France) and coworkers
reported preliminary work on a cocktail vaccine consisting of a mixture of recombinant 
HIV-2/vaccinia viruses in which the Hlrr-2 genes gag, pol, nef, v[f, and env are incorpo
rated Into vaccinia. This mixture was used as a primer, and a vaccine containing the
purified protein counterparts of the individual genes was used as a booster.
Characterization of the vaccine-induced responses included high titers of antibodies
following boosting with purified proteins. Live-virus challenge had not been performed 
at the time of the report. 
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Molecular research on monoclonal antibodies recognizing gp12O or gp4l/32 %ASIVmac251, 
presented by Dr. Karen Kent (National Institute for Biological Standards & Control, Potters 
Bar, U.K.) and colleagues, revealed a conserved epitope shared by three SIV strains and one 
HIV-2 stra!n. Also identified was an epitope unique to SIVmac251. Definition of sntigenic 
similarities and differences between SIV and HIV should factor into the possible adaptation 
ofSIV vaccines to the human "model." 

CATS 

Due in part to the lack of availability and cost of simians, several vaccine research teams 
have turned to the domestic cat as a model for developing a vaccine capable of conferring 
protection against retroviral infection. The feline immunodeficiency virus (FV), now known 
to have an overall worldwide prevalence rate of about 1%, induces disease symptoms com
parable to those seen In AIDS patients (lymphadenopathy, opportunistic Infections, and 
neurological symptoms, for example) about 2 years after infection. FlY is also quite similar 
to HIV in Its virologic and immunological aspects of Infection. Dr. Murray Gardner 
(University of California, Davis) reported recent results with a "cell vaccine" developed in 
Dr. Janet Yamamoto's laboratory at the university. The vaccine preparation consisted of 
feline lymphocytes (from a healthy cat) that were infected with FIV in vitro and then inacti
vated with paraformaldehyde formulated in MDP adjuvant. Cats serially immunized with 
this cell vaccine developed antibodies to core and envelope proteins. At day 49 after chal
lenge with low-dose infectious FIV, 8 of 9 vaccinated cats appeared to be protected (as 
determined by lack of viremia); 10 of 10 control animals became infected. Cats challenged 
with a much larger dce of live FIV were not protected against infection, but they did live 
significantly longer than infected controls. 

MICE 

Research with a live retrovirus vaccine is being conducted in a common laboratory strain of 
mice (BALB/c). Dr. Ruth Ruprecht (Dana Farber Cancer Institute, Boston) reported her 
team's work using a live, pathogenic retrovirus (Rauscher murine leukemia virus) as a vac
cine challenge in these mice. The reverse transcriptase inhibitor AZT and alpha interferon 
were administered at the time of inoculation and, when examined after a 3-week course of 
therapy, the mice were observed to be free of viremia and disease. Re-challenge with live 
retrovirus (and no therapy) on day 25 resulted in resistance in more than 90%ofthe mice. 
T cells from these mice were then transferred into unexposed (naive) mice. Following retro
virus challenge in these recipient mice, no evidence was found of viremia, splenomegay, or 
other signs ofdisease. DNA analysis (by polymerase chain reaction), however, revealed low 
levels of retroviral sequences. Dr. Ruprecht concluded that the data suggest that a strong T 
cell immunity can prevent disease and maintain latency. 

SCID MICE 

Dr. Donald Mosier (Medical Bioiogy Institute. La Jolla, California) reported findings on mice 
with severe combined immunodeficiency disease (SCID) in which blood cells from vacci
nated humans were injected. Laboratory mice with the SCID mutation can be created in 
inbred mouse strains; these mice have no T or B lymphocytes and therefore cannot mount 
an Immune response. Transferral of adult human blood lymphocytes leads to a reconsti
tuted, functional immune system. 

The SCID mice were Injected with T cel!s recognizing gplO0: these cells were recovered 
from sera of humans receiving either a recombinantly produced gpl60 vaccine (VaxSyn 
HIV-1) alone or VaxSyn HIV-1, but primed with a recombinant vaccinia virus/HIV gpl6O0 
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vaccine (HIVAC-le). Preliminary results have demonstrated that 5 of 6 SCID mice receivingcells from the latter group (those receiving a combination of HIV candidate vaccines) wereprotected against HIV infection when challenged with infectious virus. Dr. Mosier commented that these results are encouraging fbr the use of SCID mice as an animal model inthe evaluation of candidate vaccines; answers regarding the effectiveness of various vaccines can be obtained within months, instead of the years required by primate models. 

HUMAN TRIALS 
The sheer size of the existing-and still-increasing-HIV-lnrfected population and the associated lengthy incubation period mandate development of a post-exposure vaccine as wellas a pre-exposure vaccine as quickly as possible. Both types ofvaccines are being evaluated in clinical trials with human volunteers. While safety and characteriztation ofvaccineinduced Immune responses may be determined with relative speed, determining a vaccine's effectiveness In preventing infection or delaying progression to AIDS requires a
significant period of study. 

VAXSYN HIV-1 

A subunit vaccine based on recombinantly produced HIV gpl60 derived from baculovirusand formulated In alum (manufactured by MicroGeneSys, Inc., West Haven, Connecticut)Is currently in phase I f .sting as a protective vaccine (administerees to uninfected, low-riskIndividuals) and as a post-exposure vaccine for asymptomatic HIV-infecteci ndividuals. Atthe Conference, Dr. Gale Smith (MicroGeneSys, Ir.c.) reported data from an ongoing multicenter trial aimed at evaluating the safety and efficacy of various doses of VaxSyn HIV-1 inmore than 200 subjects. No significant toxclties have been reported in any of the trial participants; ongoing studies seek to establish dose ranges and dose schedules. Also underway Is a trial employing another candidate recombinant gp160 vaccine (HIVAC-le, developed by Oncogen Corporatfon, Seattle) to "prime" the Immune system before immunization 
with 'VaxSyn HIV- 1. 
Vacc,.ie-induced Immune responses in a subset of volunteers who received higher dosesand multiple injections included production of antibodies that, when tested in vitro, couldblock fusion o" HIV-infected cells with uninfected cells. Analysis ofcytotoxic T lymphocyte(CT) actIvity in sera from 8 vaccnees, reported by Dr. Robert Siliciano (Johns HopkinsUniversity School ofMedicine, Baltimore), revealed that 3 vaccinees had detectable gpl60specific CT responses. CTL clones derived from sera of these trial participants recognizedgplC0 from divergent HIV isolates. Furthermore, most of these clones could lyse target
cells displaying the HIV gp160 protein as well as HIV-infected lymphocytes bearing identi
cal (autologous) cell markers In culture.
 
Dr. Robert Redfield (Walter Reed Army Institute of Research, 'Washington, D.C.) and colleagues reported that in 12 of 19 HIV-Infected (early infection) patients participating In aseparate arm of clinical testing with VaxSyn HIV-1, specific humoral and cellularresponses were found to be augmented. Interestinglv, vacclne-induced and naturalInfection-induced responses were quantitatively and qualitatively differtnt: higher titersof antibodies to specific regions within gpl20 and gp41, which are not typically seen inHIV-nfected patients, for example, were detected in vaccine recipients. Certain anti-HIVT cell responses were also observed to be somewhat different from those In HIV-lnfectedpatients. Of 11 patients who have completed the first phase of the study, 8 showed augmented anti-HIV responses. The vaccine responders had a slower rate of decline in CD4cell count during the 8-month study period, In contrast to nonresponders and matched,

untreated Individuals. 
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HIVAC-1E 

Results from a Joint clinical trial with HIVAC- le (a recombinant vaccinia/HV gp 160 virus 

vaccine manufactured by Oncogen Corporation, Seatt!e) and VaxSyn HIV- 1 were reported 

by Dr. Lawrence Corey (University of Washington, Seattle). In this trial, 11 seronegative 

volunteers were first primed with HIVAC-le and then received a booster of VaxSyn HIV-1 

one year later. Dr. Corey's team found that, in comparison to 20 volunteers in a separate 

trial receiving VaxSyn HIV- 1 alune, this combination approach led to an overall better 

antibody response. [Editors' note: Because of overall I aor vaccine responses, clinical 

development of this vaccine was discontinued at the end of 1990. A second-generation 

vaccine is under development.] 

HIV IMMUNOGEN 

A killed (inactivated) envelope-depleted HIV virus vaccine in which the viral genetic mate

rial has been destroyed by UV irradiation and formulated in Freund's incomplete adjuvant 

is being tested either as a post-exposure vaccine or as immunotherapy In HIV-infected 

individuals. This vaccine, HIV Immunogen, Is manufactured by Immune Products, Ltd., 

Horsham, Pennsylvania (a joint venture betwcen Immune Response Corporation, San 

Diego, and Rerer-Rhone Poulec, Fort Washington, Pennsylvania). Dr. Alexandra Levine 

(University of Southern California School ofMedicine, Los Angeles) presented data on 19 

seropositive men with clinical symptoms who were inoculated with the killed-virus vaccine 

preparation in 1988 and on 50 infected, asymptomatic individuals who have more recently 

been inoculated with HIV Immunogen. No harmful side effects have been noted. Although 

no evidence of increased HIV-speclflc antibody titers have been observed in any of the trial 

participants, at a median of 24-30 months follow-up, no deaths have occurred. Three sub
jects have developed Kaposi's sarcoma, one has developed pneumonia, and one has devel

oped retlnitis. A cell-mediated immune response, measured by a skin test (for antigen reac
tivity), has been observed in approximately 60% of 82 subjects. Placebo-controlled trials 
are slated to begin this year. 

HGP-30 

Dr. Allan Goldstein (George Washington University Medical Center, Washington, D.C.) 
gave preliminary results obtained in HIV-infected individuals and seronegative individu

als receiving a synthetic peptide-based p17 vaccine (HGP-30, manufactured by Viral 

Technologies, Inc., Washington, D.C.) in separate clinical trials being conducted in San 

Francisco and London, respectively. Among HIV-infected trial participants, 43% exhib-

Ited a lymphoproliferative response fbllowing vaccination, and in vitro tests showed a 

cytotoxic response to target cells coated with HGP-30 and bearing identical (autologous) 

cell markers. HGP-30-speclfic antibodies were present in 4 of 6 low-dose and 3 of 6 

medium-dose vaccinees. Among the seronegative group, CD8+ CTLs targeted against 

HGP-30 were found to persist for up to 1 year following vacci-nation. No vaccine-related 

toxicities have been noted. 

OTHER CANDIDATE VACCINES 

Dr. Claude Desgranges (INSERM, Lyon) and colleagues reported results from sera analyses 

of 30 seronegative volunteers immunized with a recombinant vaccinia/gp160 vaccine pro

tocol, which was developed by Dr. Daniel Zagury in 1986 and consists of a priming dose of 

recombinant vaccinia/gp 160 followed by a boosting dose of cells that are taken from the 

vaccinee, infected with recombinant vaccinia/gp 160, and fixed with paraformaldehyde. 
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Although only 6 of the 30 vaccine recipients had stable titers ofneutralizing antibodies, theantibodies reacted with diverse strains of HIV. Furthermore, enhancing antibodies werenot detectable in these sera by assays for complement-mediated antibody-dependent 
enhancement ofinfection. 
In a clinical trial using a similar schedule (but as a post-exposure vaccine) with 19ARC/AIDS patients, Dr. Odile Picard (Universite Piei Te et Marie Curie. Paris) and coworkers noted that prugression to disease appears to be delayed among this group: No opportunistic infections have been observed in any patients since administration of the postexposure vaccine. In comparison with control subjects, stab'lized or increased CD4 ce!Icounts were found and no significant side effects have been noted. (This schedule cons!sted of a set of peptides corresponding to env, gag, and poi proteins and cells that weretaken from the vaccinee, infected with recombinwat vaccinia virus that expressed HIV env, 
gag, and pol genes, and fixed with paraformadehycle.) 

Editors' note:In addition to the candidate vaccines discussed here, clinical testing wasbegun on a novel viruslike-particle-based p24 vaccine (manufactured by BritishBiotechnology, Ltd., Oxford) in London in 20 seronegative, low-risk volunteers inSeptember (see Ty/HIV-p24 hybrid 'ILP in "Viruslike Particles," above). U.S. clirical trialsfor a revamped version of a recombinantly produced gp120 subunit vaccine (manufac
tured by Biocine, a joint venture between Ciba-Geigy and Chiron Corporation) are sched
uled to begin in late 1990. 
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ANTIVIRAL & 
IMMUNOTHERAPEUTIC 
AGENTS 

BACKGROUND 

The research and development of drugs or other agents with the potential to treat HIVinfection has two major focuses: interrupting the viral life cycle to suppress viral replica
tion. and preventing or minimizing the damage HIV causes. Perhaps the most intense effort
In drug development today is in the designing of compounds that target HIV enzymes,which act at specific stages of the viral life cycle. By drawing on knowledge of the precise
molecular structure and biological activity of HIV's enzymes, new compounds can bedesigned to paralyze these enzymes-and thereby halt new virus production. (So far, protease is the most fully characterized HIV enzyme, Its three-dimensional structure wasrevealed in 1989.) On another front, In the wake of recent technological advances in molecular biology, nucleic acid molecules are being designed that will hone in on specific HIV gene sequences, bind to these sequences, and thereby deactivate the virus. A subset ofthese molecules may prove capable of snipping apart specific HIV gene sequences (see
"Antisense Molecules and "Ribozymes"). 
Armed with a growing knowledge of HIV's molecular structure and the peculiarities of itslife cycle, scientists are attempting to develop highly specific anU-HIV drugs that will havelittle or no adverse effects on normal cellular functions. New information on the virologyand molecular biology of HIV continues to fuel the race to design such agents. And whilethe primary target of drug development is the underlying cause of disease-the virusitself-efforts are also being directed toward restoring the patient's Immune system. Table6.1 provides a comprehensive catalog of the antiviral and Immunotherapeutic agents pre
sented at the VI International Conference on AIDS. 
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ELEMENTS OF DRUG DEVELOPMENT 

Mechanism of Action. A primary consideration in the development ofany drug is the way 
in which it achieves its effects-its mechanism of action. Many scientists believe that the 
mechanism of action most likely to succeed in combating HIV is disruption of the viral life 
cycle. (See Chapter 1: VIROLOGY for a detailed discussion of the HIV life cycle.) The complex 
processes that HIV employs to self-replicate and produce new virus offer several attractive 
opportunities for therapeutic intervention. Disruption of the HIV life cycle at any phase 
(reverse transcription or integration, for example) would necessarily halt the production of 
new functional, infectious virus particles. Figure 6.1 illustrates the sites of action in the 
HIV life cycle ofvarious classes of antiviral agents. 

Complementing this direct approach is a second mechanism of action, one that seeks to 
boost the compromised Immune system. These agents-immunomodulators or biologic 
response modifiers-may augment the effects of antiviral drugs and may also help stave off 
opportunistic infections. 

The physiologic properties of drugs arc another important consideration in their design 
and development. Certain agents are thought to have at least theoretical advantages ovcr 
others because of specific properties, such as lipid versus water solubility. Lipid solubility 
enhances the ability of a drug to cross cell membranes and, in the context ofHIV infection, 
may allow an antiviral drug to enter the central nervous system in sufficient concentrations 
to combat HIV in the brain. Similarly, an agent's ability to cross the placenta may be of 
potential benefit (or concern) in HIV-infected pregnint women. Many drugs are being 
chemically modified in an effort to confer (or limit) these and other properties. 

In Vitro Evaluation. Before candidate anti-HIV drugs can be tested in animals or humans, 
their efficacy must be demonstrated in the laboratory. Researchers can measure the levels 
of viral enzymes like reverse transcriptase and viral antigens like p24 in cell cultures, 
which give at least a relative indication of whether or not a candidate drug is inhibiting viral 
replication. The pathologic effects of HIV on infected cells-cell death or abnormal giant cell 
(syncytia) formation-can also be monitored quantitatively. Reliable, quantitative DNA and 
RNA assays w.l likely be available within the next 3 years to measure specific HIV DNA or 
RNA sequences. (These tests, which are based on polymerase chain reaction, or PCR, tech
nology are apparently still in the fine-tuning stage.) 

New approaches for the In vitro testing of HIV drugs were presented at the Conference. Dr. 
David Volsky (St. Luke's/Roosevelt Hospital Center and Columbia University College of 
Physicians &Surgeons, New York) presented his team's data on an in vitrodrug screening pro
tocol that simultaneously evaluates the effects ofpotential antiviral drugs at different phases 
of the HIV life cycle by measuring various viral characteristics and cytopathic (cell-damaging) 
effects of the virus. Levels of HIV RNA and p24 antigen were measured, and the percentage of 
p24-positive cells and cell viability in cultures of both T cells and monocytes were determined. 
Immunomodulators and non-antviral drugs-anti-nfectives, for example-can also be tested 
in tlis way. Dr. Bruce Polsky (Memorial Sloan-Kettering Cancer Center, New York) and col
leagues described a new anti-HIV drug screening system based on "reporter"gene activation. 
Reporter genes are genes whose activity (or"signal") can be readily detected. These genes can 
be inserted Into a genome in proximity to the gene(s) ofInterest, in essence serving as markers. 
A reporter gene (lacZ) under the control of the HIV LTR (long terminal repeat, an HIV regulatory 
gene) was inserted into T cells, which were then exposed to HIV and, subsequently, to a specific 
drug. As expected, infection with concentrated HIV resulted in increased lacZ signal, and dilu
tions ofHIV produced a stepped reduction in signal. The addition of different concentrations of 
the drug AZT (zidovudine) to the cell cultures resulted in dose-related reductions in the 
reporter gene's signal. The authors offered that their drug screening system allows for rapid 
and quantitative measurement ofanti-HIV activity of potential therapeutic agents. 
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Figure 6.1. Target Sites of AntI-HIV Therapies 
Several classes of drugs whose mechanisms of action directly interfere with gp120-CD4 binding or specific aspects of the HIV life
cycle are being developed as potential AIDS therapies. Soluble CD4 molecules or CD4-immunocenjugates, CPFs, and monoclonal 
antibodies, for example, may prohibit HIV from attaching to (and subsequently infecting) susceptible CD4-bearing cells by binding to
the CD4 binding region of HIV gpl 20. * Protease activity is shown here for illustrative purposes only. (See Table 6.1 for the mechanism 
of action of these and other candidate anflHIV therapies currently indevelopment.) 
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Because HIV appears to behave differently in different cell types, It seems probable that a 
given drug's mode of action, biochemical properties, and antiviral potency will also vary in 
different cell types. Many scientists have remarked that in vitro drug screening must 
include the use ofdifferent cell lines that can be infected with HIV-T lymphocytes, B lym
phocytes, and monocytes/macrophages, for example. 

Evaluation Using Animal Models. In an effort to bring the most effective anti-HIV agents 
to clinical trials quickly, animal model systems are being used to test the relative efficacies 
of various agents. Some investigators are using animal models in which HIV-related 
viruses cause an AIDS-like disease-for example, simian immunodeficiency virus in mon
keys or feline immunodeficiency virus in cats-to predict the potential efficacy of specific 
agents in humans. A mouse model system that is susceptible to HIV infection is also being 
used to evaluate anti-HIV drugs. Dr.Joseph McCune (SyStemix. hlic., Palo Alto, California) 
discussed his team's recent success in demonstrating AZT and ddI (dideoxyinosine) effi
cacy against HIV infection in SCID-hu mice. (SCID-hu mice are a recently developed lab
oratory strain that do not possess an immune system but have received implanted human 
blood and lymphatic organs; see "Animal Models" in Chapter 1: VIROLOGY for detailed dis
cussion.) The efficacy of both agents w s demonstrated by quantitative analysis of proviral 
DNA using PCR-a technique that measures DNA levels in specimen samples (such as 
plasma) as an estimate of "virus load." Dr. McCune presented data showing that HIV
infected SCID-hu mice treated with AZT or ddI (atdoses comparable to those presently 
used in humans) for 2 weeks had no detectable HIV DNA, in contrast to untreated animals. 
However, in SCID-hu mice treated for 2 weeks and then taken off treatment for 4 weeks, 
HIV was readily detected by PCR, thus demonstrating that AZTor ddl treatment could sup
press HIV, but could not totally eliminate the virus. 

Dr. Jul-Lien Li (Vical, Inc., San Diego, California) and colleagues compared the efficacy of 
standard AZT and liposome-encapsulated AZT in mice infected with a murine (mouse) 
retrovirus that causes Immunodeficiency. Liposomes are membrane-like hollow spheres 
that are easily constructed in the laboratory, and offer several advantages as drug trans
porters. These spheres protect their contents--in this case, an AZI' derivative-from degra
dation and loss of bloactivity. And because of their lipid composition, they readily adsorb 
onto cell membranes and release their drug directly into the cell's interior, acting as a 
highly efficient drug delivery system. Dr. Li and coworkers found that mice treated with 
liposome-encapsulated AZT had significantly higher plasma and tissue drug levels than 
those treated with ron-encapsulated AZT. Furthermore, tissue levels of the liposome
encapsulated AZ fderivative were retained for 24 to 48 hours instead of4 to 6 hours. 

In Vivo Evaluation. Once an agent has shown biological activity !n vitro and is demon
stiated to be safe and effective in animals, and prior to comparative studies ofdrug efficacy 
in patients, its pharmacokinetics are studied in healthy human subjects. Pharmacokinetics 
is the study ofdrug action in the body: its absorption, bioavallability, distribution, localiza
tion, duration ofeffect (orhalf-life), and clearance (elimination from the body). The bloavall
ability of a drug-the degree to which a drug is available to the target tissue-is an important 
criterion in clinical trials. Bioavailability, and therefore drug effectiveness, may vary accord-
Ing to route of adr.iinistration: for example, oral administration or injection by the intra
venous, intramuscular, intraperitoneal, or subcutaneous routes. The minimum effective 
dose and maximum tolerated dose are determined in individuals belonging to the target 
population (forexample. HIV-nfected individuals) in Phase I safety trials. 

In the United States, rigorous guidelines for the testing of all drugs ace set by the Food & 
Drug Administration (FDA), which has recently made amendments to shortcut the ordinar
ily lengthy drug approval process for some agents used in HIV infection (see "DrugApproval 
Process"). Canada and other countries are also Implementing policies that will speed the 
drug regulatory process. 
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The Drug Approval Process in the United States 

The U.S. system of new drug approvals, regulated by the Food &Drug Administration, is perhaps themost rigorous in the world. The process by which a drug is tested and approved is outlined below. 

Preclinical Testing 
The promising agent is first subjected to exten-
sive laboratory and animal testing to determine 
answers to two key questions: Is the compound 

biologically active? Is it safe? If the answers to
 
both appear to be affirmative, the drug sponsor

is ready to test in humans. This preclinical stage 

generally lasts from 1 to 2 years. 


Investigational New Drug (IND) Status 

Before human tests can start, the drug sponsor 

must file an IND application with the Food and 

Drug Adminis'tration (FDA) showing the
 
results of all animal testing and how the drug is 

made. IND status becomes effective if the FDA 

does not disapprow the application in 30 days. 


Human Testing (Clinical Trials) 

Clinical drug trials consist of three phases,

each involving larger numbers of people than 

the one before. 


Phase 1: Safety Studies and Pharmacological

Profiling. 

This phase determines the drug's pharmaco-

logical actions, its safe dosage range, how it is
 
absorbed, distributed, metabolized, and 

excreted, in addition to its duration of action. 

These tests involve a small number of healthy

subjects (not patients). Phase Iclinical testing 

can usually be completed in less than 1year. 


Phase II:Pilot Efficacy Studies. 

This phase consists of controlled studies 

involving approximately 200 to 300 volunteer
 

patients to assess the drug's effectiveness. 
Simultaneous animal and human studies con
tinue to determine the drug's safety. Phase 1i 
trials may require about 2 years to complete. 

Phase III: Extensive Clinical Trials. 
The testing now moves to larger numbers of 
volunteer patients, usually 1,000 to 3,000, in 
clinics and hospitals. These trials must con
firm earlier efficacy studies and identify even 
low-incidence adverse reactions. Phase III 
clinical trials last about 3 years. 

New Drug Application (NDA) 
Following Phase III completion, the drug 
sponsor must file with the FDA an NDA, 
which contains all the information the sponsor
has gathered. NDAs typically consist of thou
sands of pages. The submission must include 
the drug's chemical structure, the scientific 
rationale and purpose, animal and laboratory 
studies, results of all tests in humans, formula
tion and production details, and proposed
labeling. On average, the FDA review and 
approval process ofan NDA takes 2 to 3 years. 

Approval 
Once an NDA is approved, the company is 
required to periodically submit reports to the 
FDA, including adverse reaction data and pro
duction, quality control, and distribution 
records. For some drugs, the FDA requires affir
mative post-marketing monitoring, or addi
tional studies to evaluate the long-term effects. 

Note: Early in 1989, the FDA implemented an Expedited Drug Approval plan to speed the approval
of drugs for life-threatening and severely debilitating diseases. Under the plan, the FDA will work 
more closely with pharmaceutical companies during development and in evaluating clinical trials.
The goal is to reduce the 7-10-year period it now takes to move a drug from the laboratory to the
pharmacy. If a drug shows sufficient promise after Phase I, then Phases IIand III could be combinedto save 2 to 3 years from the 5-6-year clinical trial process. President Bush's cancer panel has under
taken a review of the FDA approval process for cancer and AIDS drugs. A final report was submitted 
to President Bush in August 1990. 

Adapted from materials provided by the Pharmaceutical Manufacturers Association 



144 CHAPTER 6: ANTvIRAL & IMMUNOTHERAPEUTnC AGENTS 

Table 6.1. Catalog of Agents Presented at the Conference 

AGENT MECHANISM OF ACTION 

Blockers of HIV-Celi Interaction 

CD4 Immunoadhesin Binds to HIV; inhibits HIV/CD4 binding 
CD4 Immunotoxin (Immunoconjugate) Binds to HIV; inhibits HIV/CD4 binding 
CPFs 
Monoclonal antibodies 
Peptide T 
Soluble CD4 
Soluble melanins 
Sulfated molecules 

Ampligen (mismatched dsRNA) 
Antisense RNA 
Antisense oligonucleotides 

GLQ223 (trichosanthin) 

Poly-ICLC 
Ribozymes 

Acriflavine derivatives 
Acyclouridine (HEFI) derivatives 
Acyclovir 
AZddU (azidouridine) 
AZT (azidothymidine), or Zidovudine (ZDV) 

BHC-89 

Carbovir (carboxyclic didexoyguanosine) 

d4T(dideoxydidehydrothymidine) 

ddA (dideoxyadenosine) 

ddC (dideoxycytidine) 

ddl (dideoxyinosine) 

Foscarnet (phosphonoformic acid, or PFA) 

Puromycin aminonucleosides 

PMEA (phosphonylmethoxy-ethyl-adenine) 

Ribavirin 

Vidarabine 


Disrupts HIV envelope; inhibits binding 
Bind to CD4 receptor or to HIV envelope 
Binds to CD4 receptor 
Binds to HIV; inhibits HIV/CD4 binding 
Block gpl20/CD4 binding 
Interfere with HIV gp120/CD4 binding 

RNA-Directed Agents 

Activates RNA degradation pathway 
Binds to HIV PNA; inhibits HIV replication 
Binds to mRNA; inhibits HIV protein 

synthesis 
Inactivates ribosome function; inhibits HIV 

replication 
Activates RNA degradation pathway 
Cleave HIV RNA; disallow HIV replication 

Polymerase Inhibitors 

Inhibit reverse transcriptase 
Inhibits HIV-1 reverse transcriptase 
Inhibits DNA synthesis 
Inhibits reverse transcriptase 
Inhibits reverse transcriptase 
Inhibits reverse transcriptase 
Inhibits DNA synthesis 
Inhibits reverse transcriptase 
Inhibits reverse transcriptase 
Inhibits reverse transcriptase 
Inhibits reverse transcriptase 
Inhibits DNA synthesis 
Inhibits reverse transcriptase 
Inhibits DNA synthesis 
Inhibits DNA synthesis 
Inhibits DNA synthesis 

Protease Inhibitors 

Pepstatin Inhibits protease activity 
Synthetic peptide anti-HIV protease inhibitors Inhibit HIV protease activity 
Synthetic peptide derivatives Inhibit HIV-1 and HIV-2 protease activity 

Blockers of Viral Assembly 

DNM (deoxynojirimycin) Inhibits glycosylation 
Lipid analogues Inhibits HIV envelope biogenesis 
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AGENT MECHANISM OF ACTION 

Natural Immunomodulators 
Colony stimulating factors (G-CSF; Stimulates maturation of progenitor (stem) 

GM-CSF; M-CSF) 
Erythropocitin (EPO) 

Imreg-1 

Interferons (alpha-IFN; beta-IFN; 


gamma-IFN) 
Interleukin-2 (IL-2) 

Lentinan 

Thymopentin 

Tumor necrosis factor (TNF) 

blood cells 
Stimulates maturation of red blood cells 
Stimulates IL-2 and gamma-IFN production 
Interferes with viral replication (via 2, 5'-A 

synthetase pathway) 
Activates T cells (formerly known as T-cell 

growth factor) 
Enhances monocyte/macrophage functions; 

mechanism unknown 
Induces differentiation of precursor thymocytes 

(pre-T cells)
Possesses antiviral activity; mechanism 

unknown 

Synthetic Immunomodulators 

AS-101 (ammonium trichlorotellurate) Stimulates IL-2; IL-3; TNF; IFN; GM-CSF 
DTC (diethyldithiocarbamate, or Imuthiol) Possibly inhibits HIV tat gene product; possibly 

1-aurothioglucose (AuT) 
Amphotericin B 

Anginlyc 

DHEA (dehydroepiandrosterone, EL-10) 


Fluoroquinolones (oflaxacin and related 
fluoroquinolones) 

Glycyrrhizin 
Hypericin 
Menaquinone-7 
Naphthalenedisulfonic acid derivatives 
Nonoxynol-9 (N-9) 
Oxophenarsine 

Ozone 

Papaverine hydrochloride 
Phthalocyanines 

Porphyrins 
Quinolizine 
Somatostati., 

TIBO derivatives 
Vitamin C 

interferes with prostaglandin release 

Miscellaneous 

Inhibits HIV reverse transcriptase activity 
Inhibits HIV production in macrophages; 

mechanism unknown 
Possesses immune enhancing properties 
Enhances immune cell function; mechanism 

unknown 
Suppress HIV replication in infected cells; 

suppresses HIV cytotoxicity; mechanism 
unknown 

Inhibits HIV replication; also stimulates IFN 
Inhibits HIV production; mechanism unknown 
Inhibits HIV-induced syncytia formation 
Inhibit reverse transcriptase 
Inactivates HIV in vitro;mechanism unknown 
Inhibits HIV infection of susceptible cells and 

suppresses HIV production from 
chronically infected cells in vitro 

Anti-infective with immunomodulatory effects; 
mechaiiism unknown 

Inhibits HIV replication 
Inhibit HIV-1 reverse transcriptase; suppress 

HIV cytotoxicity
Suppress HIV cytotoxicity 
Suppresses HIV reverse transcriptase activity 
Inhibits HIV replication in 

monocytes/macrophages in vitro 
Inhibit HIV-1 reverse transcriptase 
Inhibits HIV replication; mechanism unknown 
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At present, no definitive test or assay is available that tells us whether or not a particular 
anti-HIV drug is working in human beings. The technology for detecting HIV RNA and DNA 
has been improved to the extent that clinical investigators should anon be able to measure 
viral load-that is, concentration of virus-from patient specimen samples at different 
times during therapy and use these measurements as direct evidence for the efficacy of 
anti-HIV drugs. Until these tests are perfected, clinical researchers rely on indirect indica
tors ofviral activity ("surrogate" markers)-usually CD4 cell counts and percentage of CD4 
cells relative to total lymphocyte count. (CD4 cello, formerly called T4 cells, are the 
helper/inducer T lymphocytes infected and destroyed by HIV.) Levels of the HIV antigen 
p24 are often used as an indicator ofactively replicating virus. Although no single surro
gate marker has been validated as correlating with a patient's clinical disease stage, most 
clinical trials rely on one or more of these mr'-kers. Increases in CD4 cell counts and disap
pearance or suppression of p24 levels during therapy are evidence of potential clinical ben
efits. Transient versus sustained changes over time are also distinguished and used as an 
evaluation criterion. 

Additional Considerations. Once the relative safety, efficacy, and dosage have been estab
lished for a given agent and the agent enters clinical use, longer term considerations must 
be addressed. In the treatment of HIV infection, untoward (side)effects of continuous long
term therapy are now being reported. And as Dr. Brendan Larder (Wellcome Research 
Laboratories, U.K.) and others pointed out, the emergence of drug resistance-such as the 
AZT-resistant HIV strains isolated from a subset of patients receiving long-term AZT ther
apy-has recently become a real concern for all drug developers. (See "AZT," below for more 
details on resistant HIV strains.) 

A unique consideration for the planning of drug development has surfaced with respect to 
I. W infection. The natural course of HIV infection is such that the choice of a therapeutic 
regimen may vary according to the stage of Infection-for asymptomatic paticnts, for 
patients with subtle but verifiable immune abnormalities but lacking clinical signs, for 
patients with early synptoms, and for patients diagnosed with ARC or AIDS. Until 1989, 
most clinical trials have been conducted In patients with full-blown AIDS. Now the focus of 
treatment is enlarging to encompass patients with early ARC and even asymptomatic 
Infected persons with slight Immune abnormalities. 

The pharmacokineics of various candidate antiviral and immunother.eutic agents must 
also be studied in children and pregnant women, since it cannot be assumed that these 
measurements are the same as in nonpregnant adults. The toxicity of antiviral agents may 
also differ in pregnant women and children. (See Chapter 7: CuNICAL MANAGEMENT for details 
on treatment for HIV infection in children.) At present, evaluation of antiviral therapy (pri
marily with AZlJ in pregnant women has been mostly limited to studies in which the drug 
was administered beginning in the third trimester ofpregnancy. 

COMBINATION THERAPY 

The growing number of clinical trials employing more than one therapeutic agent reflects 
perhaps the frustrating lack of success that single-agent therapy has had in controlling 
HIV infection. Multiagent therapy offers several potential advantages: 

* 	 increases ability to gain access to HIV in different cell types 
" 	 confers ability to target different steps In the viral life cycle-combining drugs 

proven not to act antagonistically in vitro offers a greater potential for inhibiting 
HIV growth for a longer period of time 

* 	 generally allows lower single doses of each drug to be used, decreasing the 
chances of toxic effects 

* 	 reduces the risk of the evolution of drug-reslstant HIV strains 
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Dr. Erik De Clercq (Rega Institute for Medical Research, Leuven, Belgium) pointed out
that it may be particularly advantageous to combine a compound that interferes with anearly" event in the HIV life cycle (virus attachment to a host cell or reverse transcription, 
for example) with a compound that interferes with a "late" event (such as viral protein
processing or budding and release). Such combinations should inhibit both the acute
and chronic phases of infection. Infection of new cells by HIV can be blocked and, at the 
same time, cells already infected can be prevented from releasing viral proteins and 
progeny virions. 
Coupling anti-HIV compounds with Immunomodulators is also an attractive approach.
Immunorestoration in HIV-infected patients is essential since HIV so thoroughly and systematically cripples the body's Immune system. Table 6.2 catalogs the various combina
tions of anti-HIV drugs, and Table 6.3 outlines the combinations of antivirals and
Immunomodulators that were discussed at the Conference. 

ANTWIVRAL AGENTS 

Numerous antiviral agents are currently in various phases of pre-clinical or clinical testing. In
the United States, the Pharmaceutical Manufacturers Association reports that 21 such compounds are being evaluated clinically. Worldwide, the number ofagents being screened in thelaboratory and tested in humans for anti-HV activity is manyfold higher. Furthermore, w.th
the stage set for the development of HIV designer drugs, more candidate drugs will likely enter
the drug approval process in the next few years. (AZT-azidothymidine, or zidovudine-is the
only AIDS drug approved by the U.S. Food &Drug Administration; It is manufactured and
distributed as Retrovir by Burroughs Wellcome Company.) 
[A note aboutorganization:This section focuses on the mode of action and current knowledge of the biological activity of candidate antivirals for HIV infection. Clinical trial data is
discussed in Chapter 7: CLINICAL MANAGEMENT. Many agents discussed in this chapter have
multiple modes of action. For purposes of centralization, they have been arranged accord-
Ing to their primary application.) 

AGENTS THAT BLOCK VIRUIS-CELL INTERACTION 

Electron microscopy, crystallography, molecular biology, and immunological studies
have revealed several elements crit",.al to HIV binding to susceptible host cells.
Equipped with knowledge of the shape and amino acid makeup of both the viral enve
lope proteins (specifically, gpl20 and gp4l) and the cell surface receptor (the CD4
molecule) on susceptible cells, researchers have been exploring ways to block HIV infection of these cells by interfering with the envelope-receptor interaction. (Binding to a
cell surface receptor is a prerequisite for HIV entry into a host cell; see Chapter 1: 
VIROLOGY and Chapter 2: PATIOGENESI? & IMMUNOLOGY.) 

Among the several drug developi.ent strategies being pursued to block HIV binding toCD4-bearing cells is the design of agents that will directly Interfere with "HIV recep
tors"-binding sites on the susceptible cell's surface (see "Soluble CD4," below). One
novel strategy described at the Conference used a monoclonal antibody directed againstthe CD4 receptor, conjugated to pokeweed antiviral protein. (Monoclonal antibodies are
derived from a specially sensitized antibody-producing B lymphocyte to recognize a spe
cific antigen-in this case, the CD4 receptor. Pokeweed antviral protein, extracted frompokeweed plants, inhibits the replication of certain plant and animal viruses.) Dr. Joyce
Zarling (Oncogen Corporation, Seattle) and colleagues found that pokeweed antiviral
protein, when conjugated to a monoclonal antibody that binds to the CD4 receptor, could
inhibit HIV replication in CD4-positive cells in vitro at much lower concentrations than 
unconjugated pokeweed antiviral protein. 

http:crit",.al
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Another approach seeks to block HIV envelope glycoproteins (the "knobby" extensions on 
the virion) so that they will be unable to dock with the cell-surface receptor. Monoclonal 
antibodies can be designed to attach themselves to these envelope glycoproteins. Such 
monoclonal antibodies may be developed as potential therapeutic agents or as vaccines. 
Dr. John-Erik Hansen (Hvidovre Hospital, Denmark) -d colleagues reported finding four 
envelope glycoprotein-specific monoclonal antibodies that could block infection of two 
strains of HIV in cultures of infected T cells. (Chapter C. VACCINE DEVELOPMENT discusses 
monoclonal antibody-based vaccine strategies.) 

Soluble CD4. A soluble, or fragmented, form of the CD4 receptor that serves as an entry portal 
for HIV can be produced by recombinant DNA technology. Theoretically molecules that mimic 

the CD4 receptor should be able to bind cell-free HIV (that Is, circulating HIV) and thereby 
reduce the pool of virions available to infect susceptible cells. If enough soluble CD4 (sCD4) 
were available to bind a sufficient quantity ofcell-free HIV, then the immune system might be 
able to defend itself against HIV and its pathological effects. Presumably a lower concentration 
of HIV virions means fewer infected CD4 cells (keyregulators of the immune response), which 
should in turn equate with a more responsive Immune system. Furthermore, it is likely that 
binding of HIV with sCD4 will permit the cellular CD4 receptor on T lymphocytes to carry out 

its normal immune function. 

Early in vitro studies have shown that sCD4 not only inhibits infection of CD4 cells, but 
also inhibits cell fusion-the formation of syncytia, or giant multinucleated cell masses
that Is caused by HIV infection. Syncytia formation, a covert means by which uninfected 
CD4-bearing cells become infected by HIV through cell-cell contact, is thought to be a 
major mechanism of cell infection and cell death. The finding of reduced syncytia formation 
suggests that sCD4, therefore, may also prevent the spreadofinfection. 

Clinical studies with sCD4 (administered by intravenous ihijection) have revealed that 
although the artificial receptor can bind HIV (complexes of sCD4 and HIV gp120 can be 
recovered from patients receiving therapy), the half-life of sCD4 in the blood is extremely 
short. In 1989, several clir.ical investigators reported that the biological activity ofsCD4 at 
non-toic doses was virtually nil. As reported by Dr. Kei-Lai Fong and coworkers (SmithKline 
Beecham Pharmaceuticals, King of Prussia, Pennsylvania), the drug appears to have a 
longer half-life when administered by subcutaneous injection, but its bloavailability is still 
very low. These findings have led researchers to design modified versions of sCD4. 

A caveat should be noted with respect to sCD4 therapy: at least some HIV-Infected patients 
appear to d,velop antibodies directed against the cellular CD4 receptor. (These "auto'antl
bodies are produced by the body against its own, or "self," proteins or ',issues that are mis
takenly perceived as "non-self' or foreign.) It Is riot known whether sera from all HIV-positive 
individuals contain CD4 autoantibodies orwhether the antibodies are transient. The clinical 
significance of CD4 autoantibodies remains unclear, and It Is not known whether these 

autoantibodies can interfere with the act vity ofsCD4 or normal CD4 receptor function. 

Some observers cortLinue to question the theoretical basis of sCD4 therapy on other 
grounds. Larry Callahan (Food & Drug Administration, Bethesda, Maryland) and cowork
ers, for example, pinted out that many HIV-infected in2ivlduals have high concentrations 
of antibody to gp 120, which when examined in vitro are found to inhibit binding of HIV to 
CD4 (essentially mimicking the effect of sCD4 therapy). Theae antibodies are unable to pre
vent onset of HIV-related disease In individuals possessing such antibodies, which sug
gests that administration ofsCD4 will also be ineffectual as a therapeutic strategy. 

Second GenerationsCD4. Several independenc groups are examining shorter, lower molecu
lar weight sCD4 molecules, which may be more stable (that is, have a longer half-life) than 
the first generation sCD4. Dr. Paolo Marino Cereda (University ofPavia, Italy) and coworkers 
,uggested that sCD4 molecules might require a critical level of structural complexity to 
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Figure 6.2. Schematic Representation of a CD4 Immunoconjugate 
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The antigen-binding portion (the Fab region) of an immunoglobulin molecule 
 is replaced with the HIV gpl 20binding portion of the soluble CD4 (sCD4) molecule. ThF, resulting CD4 immunoconjugat'd (called CD4immunoadhesin by researchers at Genentech, Inc., San Francisco), whose plasma half-life is increas.ed overthat of sCD4, is being clinically evaluated as a second-generation sCD4 molecule. Othertypes of immunoconju
gates include bacterial toxins coujpld with antibodies to HIV envelope proteins. 

Inhibit viral replicatior, and syncytia formation: a 21l-amino acid pept1de was found capable
of Inhibiting syncytia formation, whereas a smaller (19-amino acid) CD4 peptide lacked this 
capability. (Peptides, or pri tein fragments, are composed of strings ofamino acids.) The
authors are seeking to further increase the therapeutic efficacy of these small CD4 peptides
by chemical modification. (See also "Synthetic Peptides," below. for a description of low 
molecular weight molecules that contain phenylalanine, which has been Implicated as the 
single-most important amino acid in the CD4 receptor molecule for MIV gp1 20 binding.) 
Liposome conjugation offers another variation on the CD4 approach. Previous studies of
liposomes, which readily attach to cell membranes, have shown that those ofa certain com
position are capable of cell kiling. Dr. Kazuo Kumagai (Sumitomo Chemical Co. Ltd., Hyogo,
Japan) and colleagues reported their in vitro results with an sCD4 molecule conjugated to a
llposome, which was shown to possess inhibitory activity against HIV-infecteid T cells. Both 
nonconJugated liposomes and liposomes conjugated with sCD4 killed persistently Infected 
cells, but the sCD4/liposome exhibited significantly greater cell killing activity. 
Much attention has been focused on 3econd generation sCD4 agents that combine sCD4
with bacterial toxins or fragments of immunoglobulin (antibody) molecules. Such hybrid
molecules are touted for their increased half-life, which theoretically should increase the 
drug's therapeutic potential.
CD4 ImmunoadhesrL Investigators at Genentech, Inc. (San Francisco) described the 

molecular fusion of a portion of the CD4 receptor with a portion of the human IgG
Immunoglobulin molecule, the Fc, or constant, region. (See Figure 6.2.) Dr. Daniel Capon
(Genentech, Inc.) reported that, as expected, fusing the Fc region of the IgG molecule with 
sCD4 results in the transferral ofspecific properties of thle Fc region to the hybrid molecule,
which the researchers have called CD4 immunoadhesin. In addition to binding HIV gp1 20,
CD4 immunoadhesins can bind to a complement protein (Clq)and to Fc receptors, which 
are found on certain Immune system cells. Both of these binding capabilities are "bor
rowed" by the CD4 immunoadhesin from the Fc region of the IgG molecule. (Complement
proteins, of which Clq Is only one, are so-called because they complement antibody-medi. 

http:increas.ed
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ated immune responses; they function in numerous host defense mechanisms-notably, 
virus neutralization and cell lysis, or killing.) The most important borrowed property ofthe 
Fc region of the IgG molecule, however, is the lengthy serum half-life. CD4 immunoadhesin 
has a much longer half-life than that oisCD4: 30 hours compared to about 1 hour. From 
studies in rhesus monkeys, CD4 immunoadhesin was shown to be capable of crossing the 
placenta in a manner similar to that seen with normal IgG. 

sCD4-toxlnHybrids.Most HIV-infected cells display gpl20 (the viral envelope glycoprotein) 
on their surface, which has inspired yet another approach. Several research groups are 
working on a hybrid molecule that is made up of sCD4 (the portion that binds to gpl20) 
and a bacterial toxin that can kill an infected cell. Previous studies have shown that the 
exotoxin secreted by the bacterium Pseudomonasaeruginosa,when conjugated to sCD4, 
can selectively kill HIV-infected T cells in culture and inhibit the spread of HIV from chroni
cally infected CD4 cells to uninfected cells. Dr. Hiroshi Tsubota (New England Regional 
Primate Research Center, S3uthborough, Massachusetts), however, reported that such 
inhibition appears to be incomplete since viral replication can be detected following 
removal ofCD4-exotoxin from these cultures. 

Dr.Edward Berger and colleagues (National Institute ofAllergy and Infectious Diseases, 
Bethesda, Maryland) reported preliminary observations of synergistic activity between this 
CD4-exotoxin hybrid and AZTI or ddl. Uninfected T cells were added to cultures of chroni
cally HIV-infected T cells. By adding CD4-exotoxin and AZT to the cultures, spread of HIV 
to the uninfected cells was blocked and p24 production suppressed. Similar results were 
observed with CD4-exotoxin and ddl. 

Synthetic Peptides. Synthetic protein fragments, or peptides, that may be able to interfere 
with the CD4-HIV binding interaction are also being explored. 

PeptideT. An octapeptide, Peptide T is made up of eight amino acids that correspond to 
a stretch of armino acids found in HIV gpl20. Dr. Candace Pert and researchers at the 
National Institute of Mental Health (Bethesda, Maryland), who developed Peptide T in 
1987, suggested that the peptide may bind to CD4 much as HIV gp120 does, occupying 
receptor sites that might otherwise serve as binding sites for gp120. Because Peptide T 
is itself a fragment of a natural peptide found in the brain (vasoactive intestinal pep
tide), laboratory and clin.cal studies are investigating the anti-HIV properties of Peptide 
T in the context of the central nervous system. In vitro studies are examining whether 
Peptide T can block HIV-induced neuronal damage (specifically, gp120 neuronal cell 
killing), and Phase I clinical trials are investigating possible neurologic benefits of 
Peptide T therapy (either intravenous or intranasal administration) for patients with 
diagnosed neurologic deficits. 

CPFs.A recently published study of short (dl- or tri-) peptides containing phenylalanine 
showed them capable of blocking gp120 binding to the CD4 receptor. (These authors previ
ously found phenylalanine to be the amino acid critical to gp120 binding.) The di- and tr-pep
tides, called CPFs (N-carbomethoxycarbonyl-prolyl-phenylalanyl benzyl ester), could inhibit 
HIV infection of tumor cells and human T cells. Dr. Robert Finberg (Dana-Farber Cancer 
Institute, Boston) and colleagues reported that consistent inhibition ofCD4-gp 120 binding 
occurred when gp120 was preincubated with CPFF Soluble (free-floating) gpl20--frag
mented from the virus-has been reported to be cytot ;tc, and the authors suggested that, in 
addition to potential antiviral effects, CPFs may reverse both immunosuppression and toxic
ity caused by soluble gp 120. Another practical benefit is the method of administration: 
molecules ofsmall molecular weight, like CPFs, can usually be administered as an oral drug. 
Sulfated Molecules. Molecules that contain sulfur-including polysaccharides (sugars) 
and polymers (synthetic high molecular weight compounds)-are also being studied for 
their ability to interfere with CD4-HlV gp 120 binding. 
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PolysaccharidesDrug screening studies carried out in 1987 and 1988 identified the sulfatedpolysaccharide dextran sulfate as a potent ft vitroinfibitor ofHIV replication. However, clinicalstudies revealed that the drug was poorly absorbed when administered orally. Subsequentstudies showed that the anti-HIV properties ofsulfated polysaccharides. which include inhibition ofgiant cell formation and ofH1V antigen production in Tcells, were directly related to thedrugs' ability to interfere with HIV adsorption onto the cell surface. Dr. Loretta Low (WestmeadHospital, Sydney, Australia) and others have found that sulfated polysaccharides do not bindto HIV gp120 as was once suspected. Instead, Dr.Low's team found that two sulfated sugars.dextran sulfate and pentosan sulfate, apparently have different mechanisms ofaction: dextran sulfate disrupts the CD4-gp120 Interaction by binding to the CD4 receptor, whereaspentosan sulfate apparently inhibits HIV infection via a CD4-independent mechanism. 
Polymers.Studies of sulfated polymers, such as sulfated polyvinyl alcohol and acrylic acidwith sulfated vinyl alcohol, were described by Dr. Erik De Clercq (Rega Institute for MedicalResearch, Leuven, Belgium) and coworkers. In vitro experiments showed that these polymers could block HIV adsorption to susceptible T cells at very low, non-toxic concentrations. They also observed Inhibition of HIV-I and HIV-2 replication, HIV antigen expres
sion, and giant cell formation. 

AGENTS THAT TARGET REPLICATION 

Because the replicative cycle of HIV Is a multistep process (beginning with reverse transcription and ending with the generation of new viral proteins and new viral RNA), seve. dl
distinct sites can be targeted by diverse therapeutic agents: 

* Reverse transcriptase inhibitors-Agents capable of inhibiting the enzyme thattranscribes viral RNA to DNA in the infected cell include nucleoside analogues, such as AZT, and two new classes of agents, IBO and HEPT derivatives. A subset of
fluoroquinolone compounds, which may inhibit retroviral reverse transcriptases,
reportedly possess anti-HIV activity.


" Ribosome !nactlvators--GLQ223 Is a rbosome-Inactivating protein 
 that shutsdown the cell's *translation" machinery, effectively preventing generation of new 
viral proteins.

" Integrase blockers-Agents that block the activity of the viral enzyme integrase,which catalyzes insertion of viral DNA Into the host cell's DNA. will probably be
developed once this viral enzyme is further characterized.

* DNA polymerase lnhibltors-Broad-spectrum antiviral agents that Inhibit DNApolymerase-such as foscarnet-continue to be studied for their efficacy In HIVinfection. Foscarnet Is known to be effective against DNA viruses such as the her
pesviruses, and also against retroviruses like HIV. 

Note:Agents that specifically target HIV's RNA are discussed separately In the following
section, "Agents that Target Virl RNA." 
The group In which the most progress has been made are the revern,e transcriptaseinhibitors, especially the nucleoside analogues (which resemble indispensable, naturallyoccurring building blocks of DNA). These agents include AZT, dideoxycytidine (ddC),dideoxylnosine (ddT., and azidouridine (AzdU). Because ofAZTs relative success In treatingAIDS and ARC patients and the preJ"minary data showing it to be effective in asymptomaticHIV-positive Individuals, these agents are being researched at a stepped-up pace. With therecent recognition ofAZT-reslstant HIV strains (see "AZT," below), the other nucleoside 
analogues are being screened more closely. 
Several research groups are investigating whether chemical modifiUation of the dideoxynucleosides can confer desirable biochemical properties on these compounds--such asgreater membrane permeability, or fat solubility, which would enhance penetration into 
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the central nervous system. Dr. Takuma Shirasaka (National Cancer Institute, Bethesda, 
Maryland) and colleagues, in collaboration with Sanyo-Kokusaku Pulp Company 
(Yamaguchi, Japan), based on their findings of in vitro anti-HIV activity and increased 
lipophillcity (or fat solubility indexes), reported that chemically modified (halogenated) ver
sions ofAZT, ddl, and ddC a-e particularly attractive candidates for further development as 
anti-HIV drugs. 

Other nucleoside analogues that differ in their chemical structure from the dideoxy com
pounds, such as the acyclic and carbocyclic nucleosides, are also being scrutinized in pre
clinical testing. These include PMEA (phosphonylnethoxy-ethyl-adenine), an acyclic nucle
oside, and Carbovir, a carbocyclic nucleoside manufactured by Glaxo, Inc., (North Carolina). 

AT.The mechanism of action of AZT (and ofseveral nucleoside analogues) is the termina
tion of growing viral DNA chains. AZT exerts an antiviral effect in infected cells by interfer
ing with the function of the viral enzyme reverse transcriptase: synthesis of viral DNA from 
viral RNA is cut short when reverse transcriptase mistakenly adds AZT, rather than a nor
mal nucleoside, to a growing viral DNA chain. If viral DNA Is not made, then no new virus 
particles can be produced. (See Chapter 1: ViROLoGY for full details on the reverse transcrip
tion phase of the HIV l'fe cycle.) 

When screened in vitroas an anti-HIV agent, AZT was found, as a triphosphate, to selec
tively inhibit viral reverse transcriptase. The cellular enzyme DNA polymerase, which, like 
reverse transcriptase, catalyzes the synthesis of DNA, was much less sensitive to AZT. 
Reverse transcriptase may be 100-fold more sensitive to AZT than is cellular DNA poly
merase, possibly because, unlike cellular DNA polymerase, it cannot "repair" certain mis
takes; reverse transcriptase is thus said to be error-prone. Given this discrepancy in sensi
tivity, it was presumed that viral DNA synthesis-and not cellular DNA synthesis-would 
be disrupted; healthy cells could therefore be expected to escape damage. 

Toxic Effects. Clinical studies have shown that AZI' can have significant toxic effects on blood 
cells, effects that require discontinuation of therapy or dose reduction. Adverse reactions to 
AZT Include, but are not limited to, hematologic complications (mainly bone marrow suppres
sion, sometimes leading to life-threatening anemia) and neurological effects (mainly motor 
dysfunction such as that seen in myopathy and peripheral neuropathy). About 40%to 80% of 
patients started on standard (high-dose) AZT therapy cannot tolerate the drug because of 
severe abdominal pains, diarrhea, nausea, anemia, neutropenia, and allergic reactions. 

Drug-ResistantHIVStrains.A serious but not unexpected complication associated with 
AZT therapy is the development ofdrug-resistant strains of the virus-that is, HIV strains 
with reduced sensitivity to AZT. Recognized for the first tite in 1986, AZT resistance is now 
known to result from multiple mutations in the gene that encodes reverse transcriptase. 
Dr. Brendan Larder and Sharon Kemp (Wellcome Research Laboratories, Kent, U.K.) 
reported last year that fully resistant HIV strains appear to require the accumulation of 
four mutations at specific sites in the reverse transcriptase gene and, in ARC/AIDS 
patients, the emergence ofresistance Is not detectable in drug sensitivity assays until after 
6 months of AZT therapy. 

Dr. Charles Boucher (Academic Medical Center,Amsterdam) reported-based on collabora
tive work with Dr. Larder examining the differential sensitivities ofvarious HIV strains to 
AZT-that high-level drug resistance develops noticeably faster in ARC/AIDS patients than in 
asymptomatic individuals. This observation was borne out by Dr. Boucher's data or NIV 
strains isolated from asymptomatic Individuals at various times over a 2-year treatment 
period. In 89% of cases, the isolated HIV strains had only a single mutation in a particular 
reverse transcriptase gene-one that confers AZI resistance at a slower rate than other muta
tions. Dr. Julio Montaner (St. Paul's Hospital, University of British Columbia. Vancouver) 
reported that the presence ofAZ'-resista-at HIV may have little clinical significance in asymp
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tomatic patients. His team found that the development ofAZT resistance, as measured
through in vtro assays, was not associated with specific clinical events in asymptomatic per
sons. Dr. _MIontaner noted, however, that patients with low CD4 cell counts at entry to the 
study were more likely than others to develop AZT-resistant HIV strains after 6 months. 
Dr. Hiroshi Mohri (Cedars-Sinai Medical Center, Los Angeles) described a highly disturbing
observation: AZT resistance in HIV strains isolated from two untreated patients. This find
ing implies that drug-resistant HIV Is being transmitted. 
ddC. Dideoxycytidine (ddC), chemically related to AZT, is the most potent of he dideoxy
nucleoside analogues. It is able to enter the central nervous system, which may[ explain, in 
part, the observations of neurotoxicity (such as peripheral neuropathy) in patlepts receiv
ing high doses of ddC. Unlike AZT, ddC has been associated with almost no 'jignificant
hematologic toxicity. Dr. Thomas Merigan (Stanford University Medical Cent.r, California)
descrbed ongoing Phase I and IIclinical trials, dose-response studies lookirg at safety and
efficacy of ddC as single-agent chemotherapy (see Chapter ?: CLINIcA'. MAMIAGEMENT).
Combination trials with AZT (both alternating and concomitant therapy) are now in 
progress. The manufacturer ofddC is Hoffmann-LaRoche (Nutley, New Je sey). 
ddL. Dideoxyinosine, or ddl, reported to be a strong inhibitor ofHIV replication in CD4 cells
and monocytes in vitro, is currently in several Phase I, II,and III clinical trials using oral or
intravenous administration. Dr. Raphael Dolin (University of Rochester Medical Center,
New York) reported that although in vitro studies show ddl to be less potent than either AZT 
or ddC, this nucleoside analogue is also considerably less cytotoxic than either of the other 
agents. Several, but not all, investigators in the clinical trials reported decreases in levels of
p24 and HIV RNA in ddl-treated patients. Pancreatitis and peripheral neuropathy appear
to be the major dose-limiting toxicities, whereas toxicity in bone marrow cells and bone 
marrow progenitor cells (seen with AZT) appears to be rare. Dr. Robert Yarchoan (National
Cancer Institute, Bethesda, Maryland) reported that toxicities are highly dose-dependent
that is, they may be avoided by reducing the dose. Bristol-Myers Squibb Company (New
York) manufactures ddl as Videx. 
d4T. Previous studies showed that another nucleoside analogue, dideoxydidehydrothymidine, 
or d4T, exhibits strong ant-HIV activity in HIV-infected CD4 cell lines. Dr. Douglas Boudinot
(University of Georgia, Athens) and colleagues reported that in animal studies, d4T wa, found 
to penetrate into the central nervous system. Phase I clinical trials (using oral adrrdnistration) 
are in progress to determine safety and toicity; so far the minimum effective dose has not 
been defined. Bristol-Myers Squibb Company (New York) manufactures d4T. 
TIBO and HEPT Derivatives. Dr. Rudi Pauwels (Rega Institute for Medical Research,

Leuven, Belgium) described the discovery ofa novel class of antiviral compounds, the TIBO

derivatives (tetrahydro-imldazo-benzodiazepin-ones and -thiones). This series of synthe
sized derivatives is based on the prototypical benzodiazepine structure. (Benz&sliazepines, 
a pharmacologic class ofdrugs, act as tranquilizers and include vallum.) TIBO derivatives 
were found to be potent and selective inhibitors of HIV-1 reverse transcriptase. The
absence of an inhibitory effect against HIV-2 or other animal retroviruses suggests that
these agents have a mechanism of action different from that of other reverse transcriptase
Inhibitors. Dr. Michael Kukla (Janssen Research Foundation, Spring House, Pennsylvania)
and collaborators at Rega Instit .,.e for Medical Research reported that in vitro, at ,:iinically

relevant doses, TIBO derivatives are as potent as AZT.
 
Acyclic uridine derivatives, the HEPT (1-1(2-Hy( roxyethoxy)methyl]-6-phenylthiothymine)

analogues, were also found to selectively inhiolt HIV- 1 replicatlan. Dr. Masanorl Baba

(Fukushima Medical College, Japan) and colleagues reported that these new compounds

could inhibit pathological changes induced by HIV infection in cultures of T cells and of
 
human blood lymphocytes.
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GL19223. A purified preparation of trichosanthin (which is derived from a cucumber plant), 
GLQ223 seems to function as a ribosome Inactivator. (Aribosome is a cell structure that is 
essential for the translation of messenger RNA into protein.) In 1989 several groups of 
researchers-at Genelabs, Inc. (Redwood City, California); University of California, San 
Francisco; San Francisco General HoJpital; and Chinese University of Hong Kong
reported that GLQ223 was a potent inhibitor of HIV replication in both lymphocytic and 
mononuclear/macrophage cell cultures. This finding was particularly encouraging since 
few, if any, drugs in clinical trials have demonstrated anti-HIV properties in mononuclear 
cells (thought to be a reservoir ofHIV in the body). 

Dr. Michael McGrath (San Francisco General Hospital) reported at the Conference that 
when GLQ223 was added to cultures of HIV-infected macrophages, viral protein synthesis 
was 'shut down." Cultured blood cells from AIDS patients also showed no new viral protein 
synthesis after incubation with GLQ223. HIV RNA levels dropped in both macrophage and 
blood cell culture systems. Presentations by scientists from Genelabs, Inc., showed that 
GLQ223 selectively targeted HIV pi teins (andgenerally spared cellular proteins) in acutely 
infected T cells Invitro. At doses that significantly reduced the synthesis and accumulation 
of HIV proteins, total cellular protein synthesis was reduced only slightly. Selective degra
dation of viral RNA was also obs.erved in treated HIV-infected T cells. Phase I clinical trials 
of GLQ223 (administered intravenously) are currently in place. Although the optimal 
dosage has not been determined, preliminary results from serum analysis reveal little 
effect on HIV. 

AGENTS THAT TARGET VIRAL RNA 

Polynucleotides. Mismatched double-stranded RNA (patented by HEM Research, Inc., 
Philadelphia, as Ampligen) and poly-ICLC (a synthetic RNA molecule that also contains a 
carbohydrate) have been shown to possess anti-HIV activity. A recent report ofa new com
pound, double-stranded RNA complexed with de-tran sulfate (called Retrogen D, developed 
by Washington Biolab, Inc., Creston, Iowa), shows that iun itro,the compound inhibits HIV
induced T cell death in a dose-related fashion. At the higher end of the dose range, which 
was still sub-toxic, 100%of T lymphocytes were protected (that is, the cells remained unin
fected and metabolically active). 

Amplgen. Previous in vitro experiments have demonstrated that T cells pretreated with 
mismatched double-stranded RNA (Ampligen) and subsequently infected with HIV had sig
nificantly lower levels of intracellular HIV RNA than untreated cells. Biochemical analyses 
have shown that, like interferon, double-stranded RNA binds to and thereby stimulates 
2',5'-A synthetase, a cellular enzyme that induces degradation of RNA. It is hypothesized 
that in HIV-infected cells, the 2',5'-A synthetase pathway (ordinarily activated by interferon 
as a protective response to viral infection) is shut down by HIV RNA. Detecticn of signifi
cantly lower levels of HIV RNA in cultures of treated versus control cells, therefore, is indi
rect evidence that m'.smatched double-stranded RNA activates the 2',5'-A synthetase path
way, leading to degradation of viral RNA. (See Figure 6.3.) 

Originally, pilot Ampligen studies, using Ampigen formulated in plastic bags, showed no 
difference in disease progression rates between Ampligen-treated patients and patients 
receiving placebo. However, differences in inhibition of HIV between glass-bottlc formula
tions and bag formulations of Ampligen have been demonstrated. Furthermore, significant 
differences in activation of 2',5' A synthetase were also found. 

In clinical trials, Ampligen (glass-bottle formulation) Is being studied in 20 ARC or pre-ARC 
patients with depressed CD4 cell counts. Dr. David Strayer, (Hahnemann University, 
Philadelphia) a.id colleagues reported that patients receiving intravenous Ampligen ther
apy for a range of 4.5 to 36 months show decreases in p24 levels and increases in CD4 cell 
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Figure 6.3. dsRNA Activation of 2', 5'-A Synthetase P.thway 
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Interferon activates (1) the cellular enzyme 2',5'-A synthetase, which in turn activates the RNA-degradingenzyme, RNase L.Hoviaver, it ishypothesized that viral RNA shuts down this pathway (2), thereby allowingaccumulation of new viral RNA. Mismatched double-stranded RNA seems to competitively reactivate this
pathway (3)and the subsequent degradation of viral RNA. 

counts, compared with a matched placebo group with similar baseline CD4 cell counts,
p24 level, and ARC symptoms. The data presented suggest that Ampligen can delay the
development of opportunistic infections in this patient population: no opportunistic infec
tions, lymphomas, or deaths occurred among patients in the treatment group. In contrast,
15 of 158 patients In the placebo group developed opportunistic infections. 
In August, the U.S. FDA announced that on the basis of in vitro studies showing synergistic
activity between Ampligen and AZT, a blinded multicenter clinical trial of the two agents 
will be initiated in late 1990. 
[An Interesting aside to the 2'.5'-A synthetase-medfated antiviral response story is a
Conference report presented by Drs. Werner Muller and Heinz Schroder (Institut fur 
Physiologische Chemie, Universitat Mainz, FRG). HIV replication was shown to be selec
tively Inhibited in a series of in vitro gene therapy experiments using the human 2', 5'-A
synthetase gene. DNA encoding the active form of the enzyme, under control of the HIV LTR 
(long terminal repeat, an HIV regulatory gene), was introduced Into CD4-bearing T cells.
When these cells were infected with HIV, the HIV tat gene product transactivated the LTR,
yielding high levels of 2', 5'-A synthetase mRNA transcripts and activity as well as 11Igh cel
lular 2', 5'-A content. HIV reverse transcriptase activity was markedly decreased in cul
tures that received the 2', 5'-A synthetase DNA compared to control cultures. Furthermore,
only 2% ofcells were positive for p24 and p17 in the experimental cultures-compared with 
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Figure 6.4. Antlsense RNA and DNA 
Viral protein synthesis can be halted with antisense RNA or DNA molecules, which can be designed to complement 
(and therefore are capable of bind'ng to) mRNA. (Note:InRNA molecules, thymine (T) is replaced by uracil (U). 
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The sense strand of When the strands of DNA are separated Antisense RNA-which contains sequences 
double-stranded DNA 
encodes the genetic 

during transcription, mRNA is formed 
using antisense DNA as a template. 

that complement the sense DNA strand and, 
therefore, complement the sense mRNA 

information for specific After mRNA is syntoiesized, both anti- strand-will bind to mRNa. Such binding 
proteins, sense and sense DNA are degraded by effemiively prohibits normal translation of 

cellular enzymes. mRNA into proteins. 

60% for untreated controls. The authors suggest, on the basis of their in vitro evidence, that 
It is conceivable that a gene therapy approach using 2, 5'-A synthetase-encoding DNA will 
confer on cells the capacity to efficiently suppress HIV replication.] 

Pbly-ICLC. This synthetic molecule (polyrlbolnosinic-polyribocytidlyic acid complexed with 
poly-lysine-carboxymethylcellulose) presumably exerts its anti-HIV effects in a manner 
similar to that of Ampligen-by activation of the 2',5'-A synthetase pathway. Phase I clini
cal trials of low-dose poly-ICLC administered intramuscularly, reported at the V 
International (Montreal) Conference, are still underway. Randomized controlled trials to 
explore efficacy (Phase II studies) are slated to begin in Puerto Rico by the end of 1990. 
Antisense Molecules. Each double-stranded nucleic acid molecule (both DNA and RNA) 
consists of a "sense," or coding, strand and an "antisense," or noncoding, strand. The anti
sense strand serves as a template for the formation of a specialized form of RNA, called 
messenger RNA, or mRNA, during the transcription phase of protein synthesir&. 'rhis 
mRNA-which contains a specialized nucleic acid sequence that complements that if the 
antisense strand, and which Is in essence a sense strand-is necessary to the subsequent 
synthesis of proteins. In 1981 It was discovered that protein synthesis could be Interrupted 
by taking advantage of the binding capabilities of sense and antisense strands through 
Introduction of antisense molecules constructed with the sequence that complements and 
therefore binds to the mRNA strand. (See Figure 6.4.) 
Because of the highly specific nature of the binding between tw.o strands of a nucleic acid 
"duplex" (two-stranded) molecule, the Individual strands are said to be complementary to 
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Figure 6.5. AntI-HIV Ribozyme 
A liposome-oncapsulated anti-HIV ribozyme is being delivered t' an HIV-infected cell. (Liposomes, hollowspheres made of fat molecules, are particularly atractive drug-delivery systems as they are readily absorbedby the cell's membrane.) An RNA sequence, such as the HIV gag gene, is targeted, cut, and thereby disabled 

by the ribozyme construct. 

Ribozyme encapsulatedin iposome 

~HIV-infected cell 

each other. The four nitrogen-containing bases found In DNA and RNA molecules-cyto
sine (C), guanine (0) adenine (A)and thymine M/urail (1)-pair with each other In a spe
cific manner: A only pairs with T (or U, in the case of RNA), and C only pairs with 0.
Therefore, if the sequence of one strand is known, that of Its complementary strand can
easily be determined. Today many resea-.ch groups are designing antivense molecules to
correspond to known genetic sequences to serve as potential ther-apeutic agents for a num
ber of human diseases. 
Anttsense Oligonucleotides. Short DNA segments, or oligonucleotides, which are comple
mentary to mRNA (sense RNA) and therefore called antisense, can prevent mRNA-directed 
protein synthesis. When antisense oligonucleotides bind to mRNA, they render the mRNA 
incapable of generating proteins. (Note that DNA/RNA hybrid molecules-one DNA strand 
bound to an RNA strand-are normal "species' during the transcription phase of protein
synthesis.) Antisense oligonucleotides can be chemically altered to change certain of theirproperties; for example, phosphate-containing antisense oligonucleotides are less suscep
tible to degradation by celular enzymes and are able to cross membranes more easily. Dr.
Lia Smit (Academic Medical Center, Amsterdam) and coworkers reported that HIV replica
tion was Inhibited when tissue culture cells were exposed to both sense and antisense 
phosphate methylated oligonucleotides. Not all HIV strains were sensitive to treatment: 
replication of two stins of HIV-2 (RUT and LAV-2) could not be blocked. 
Antisense RNA RNA molecules constructed to contain sequences complementary to those of 
sense DNA strands (and their corresponding mRNA) are caled antisense RNAs (see Figure
6.4). Binding of antisense RNA to mRNA prevents translation of the mRNA Into proteins in 
much the same way antisense oligonucleotides do. 
Several teams have been manufacturing antisense RNAs directed toward specific HIV 
sequences that encode essential HIV genes. Dr. Georg Sczakel and colleague (Deutsches 

http:resea-.ch
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Krebsforschungszentrum, Heidelberg, FRG) and Drs. Andrew Rhodes and William James 
(Oxford University, U.K.) independently reported that HIV replication could indeed be 
reduced in cells treated with antisense RNA. Dr. Sczakiel's antisense RNA was con
structed to target the HIV gaggene; the antisense RNA was then Injected into the nucleus 
of cells together with normal proviral HIV DNA. A maximum inhibition of 70-75% (7 to 10 
days post-infection) was observed, with Inhibition being completely lost by 3 weeks. Dr. 
Rhodes and colleague used a retroviral vector (avirus that carries recombinant-in this 
case, HIV antisense-genes in its genome) to introduce antisense RNA into HIV suscepti
ble cells. Several different antisense RNAs were tested for their ability to inhibit HIV repli
cation and it was found that the more successful ones contained RNA sequences compli
mentary to sequences of HIV tat and env, reducing viral replication by more than 70% 
during the first week after infection. 
Rtbozymes. In the early 1980s, certain ribonucleic acid (RNA) molecules were found capa
ble of behaving like enzymes by catalyzing the cleavage of their own molecules. Thomas 
Cech (University of Colorado, Boulder) and associates coined the term "ribozyme" to 
describe such RNAs. Later it was discovered that ribozymes can also snip apart (cleave)
other molecules-not just themselves. (Dr. Cech and SidneyAltman, from Yale University, 
received the 1989 Nobel Prize in chemistry for their independent discovery of these cat
alytic RNAs.) 

Earlier this year, Dr. Nava Sarver (National Institute of Allergy & Infectious Diseases, 
Bethesda, Maryland), in collaboration with investigators at City of Hope Medical Center, 
Duarte, California, published work using designed ribozymes that recognize, hold in posi
tion, and snip specific HIV RNA sequences. Several groups are now looking at delivery sys
tems for ribozymes. (See Figure 6.5.) At this year's Conference, Dr.William James and Paul 
Crisell (Oxford University, U.K.) reported on a ribozyme that was shown capable of ckcaving 
HIV RNA sequences corresponding to the tat gene in T cell cultures. The authors are now 
attempting to use viral vectors to introduce ribozyme genes into cells. 

PROTEASE INHIBITORS 

The HIV protease enzyme-one of the virus's enzymes and the one responsible for the mat
uration of new infectious viral particles-provides another target for therapeutic interven
tion. At the molecular level, protease (or protehnase) is essential to HIV protein processing: 
protease cleaves large, inactive precursor polyproteins into functional viral proteins. 
Therefore, agents that interfere with normal HIV protease function would necessarily disal
low the generation of biologically active viral proteins. Indeed, studies have shown that 
viral particles without protease or with genetically altered protease are rendered noninfec
tious. (See Chapter 1: VmoLOGy for a detailed discussion ofHIV protease function.) 
Since the recent discovery of the three-dimensional structure of the HIV protease 
molecule (by researchers at Merck, Sharp, & Dohme Research Laboratories, West Point,
Pennsylvania, reported In 1989), at least six blopharmaceutical companies and several 
government institutions have been designing HIV-specific protease inhibitors. Work has 
been published this year by scientists at SmithKline Beecham (King of Prussia, 
Pennsylvania), The Upjohn Company (Kalamazoo, Michigan), and Abbott Laboratories 
(Chicago); however, only scientists from Roche Products Ltd. (U.K.) reported their 
progress in the custom design of HIV protease inhibitors at the Conference. Dr. Noel 
Roberts, of Roche, discussed his team's findings showing that a series of peptide-based 
HIV protease inhibitors are highly selective for HIV protease and do not inhibit the 
closely related human (aspartic) proteases. From in vitro experiments (using CD4-bearing 
T cells), these HIV protease inhibitors were found to possess strong antiviral activity as 
determined by p24 antigen assays, but they were not cytotoxic. 
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BLOcKERs OF VIRAL ASSEMBLY AND BUDDING 

Agents that block viral assembly and budding can prevert, the release of new virlons from 
the infected cell. These compounds include agents that interfere with the processing of the 
HIV envelope proteins gpl 20 and gp4 1, as well as agents that can damage the membrane of 
the infected cell, interfering with viral assembly and budding at the cell surface. 
Glycosylation Inhibitors. Compounds that inhibit the necessary procescsing of ougar
molecules on the HIV envelope may disrupt viral envelope organization, possibly rendering
the virus less infectious. For example, it appears that HIV usurps the cellular enzyme glu
cosidase, which Is responsible for cleaving oligo- (orpoly-) saccharides, to cleave Its own 
envelope glycoproteins at the time ofbudding. Agents that inhibit glucosidase function may 
therefore prove therapeutically effective. 
One such drug that inhibits glycosylation, deoxynojirimycin (DNM), has been shown to 
exert anti-HIV activity In in vitro studies, but only to a slight degree. Certain glycoprotein
carbohydrate-processing inhibitors, in fact, have been reported to enhance HIV infection in 
CD4 cell cultures. Ongoing studies are seeking to further characterize glycosylation 
inhibitors in different HIV-susceptible cell types. 
Lipid-based Agents. Also being tested are lipid-based agents capable ofdamaging the cell 
membrane, which could disrupt HIV envelope acquisition. A lipid analogue that contains 
phosphocholine and exhibits anti-HIV activity at concentrations that do not kill host cells 
was described by Canto Marasco (University of North Carolina School ofPharmacy, Chapel
Hill) and colleagues. In vitro studies showed that the agent had additive antl-HIV effects 
when combined with AZT. 

IMMUNOTHERAPEUTIC AGENTS 

Because AIDS is a progressive debilitating disease of the immune system, researchers have 
been seeking ways to rebuiC 'he natural immune defenses of HIV-infected persons. Some 
approaches that are being investigated include: 

* 	 Passive immunotherapy (also-called immunoglobulin therapy). Plasma is taken 
fron.. HIV-infected donors with high titers of antibodies to HIV and transfused into 
recipients with low antibody levels. 

" Cell therapy. The patient's own Immune system cells are stimulated to proliferate, 
with the aim of enhancing their immune response against HIV and opportunistic 
pathogens. 

" 	Active immunotherapy. Immunomodulators are administered to HIV-infected 
individuals to reconstitute a compromised immune system; this strategy is the 
focus of the bulk of current research on immunotherapy. 

" 	 Immunotherapy with immunogens. Substances that stimulate an immune 
response are administered to individuals who have been exposed to HIV. This 
approach, which Is being tested In HIV-infected persons in different stages of dis
ease, Is discussed Jn Chapter 5: VAcciNE DEVELOPMEiT. 

PASSIVE IMMUNOTHERAPY 

Although safety and pharmacokinetic studies have shown passive immunotherapy to be 
safe-one research group noted that passive immunotherapy is "remarkably free of side 
effects"-ongoing clinical studies have shown that the long-term clinical benefits of 
Immunoglobulin therapy are variable. Several Phase I clinical trials are in progress in the 
United States, Canada, the United Kingdom, and Germany. In these studies, plasma col
lected from asymptomatic HIV-infected individuals (a stage at which antibody titers are 
high but productive virus is presumably lacking) Is transfused into ARC or AIDS patients; 
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control groups (seronegative individuals injected with infected plasma) are not used in 
these studies to avoid the possibility of transmitting the virus. Donor plasma is selected 
based on the presence of high HIV antibody titers and the absence ofHIV or its antigens as 
determined by antigen screening and/or culture. 
Dr.Abraham Karpas (Cambridge University, U.K.) and coworkers presented data from their 
study of 4 ARC and 6 AIDS patients who were p24-positive at study entry and who began 
receiving passive immunotherapy in March 1988. One death occurred after 5 months of 
therapy, but most patients' constitutional symptoms (such as weight loss and lethargy) 
improved in the first 6 months of continuous therapy. In the second half of the year, how
ever, several patients developed opportunistic infections or showed general clinical deterio
ration. Of the 9 remaining patients, 5 died between the 11 th and 17th months of the study. 
The authors pointed out that, in general, the ARC patients had sustained improvement 
compared to the AIDS patients, which suggests that passive nmunotherapy may be most 
effective when started soon after the onset of HIV-associated syn ptons. 

This finding is supported by a study of the effect of the therapy on HIV RNA or DNA Ir recip
ients' sera. Dr. Indira Hewlett (FDA. Bethesda, Maryland) and colleagues reported that no 
viral nucleic acid sequences were detected in any of 7 patients with AIDS and 3 with ARC 
after the initial transfusion of HIV immune globulin. HIV DNA and RNA had been detected 
in all of the study patients prior to the initiation of therapy. At 10- 11 months of 
immunotherapy, HIV nucleic acid sequences were detected In 3 of the 7 AIDS patients, but 
in none of those with ARC. 

CELL THE PY 

As immunologists are learning more about the Immune system and the immune response 
to specific disease-causing microorganisms, it has become increasingly clear how impor
tant cell-mediated Immunity (asopposed to humoral, or antibody, Immunity) is. The cellu
lar branch of the immune system includes a population of killer cells that can recognize 
specific antigens on cell surfaces. These killer cells can identify and dispose of infected cells 
that bear foreign or "non-self' antigens on their surface. (See Chapter 2: PATHOGENESIS & 
IMMUNOLOGY for a detailed discussion of cytotoxic T lymphocytes.) 

Pioneering work led by Dr. Steven Rosenberg and other scientists at the National Cancer 
Institute (Bethesda, Maryland) has culminated in clinical trials in which patients are given 
back an expanded population of their own (autologous) cytotoxic (cell-killing) T lympho
cytes, also known as CTLTs. At the Conference, John Armstrong and colleagues (University 
of Pittsburgh) reported preliminary observations in an ARC/AIDS patient whose cytotoxic T 
cells were removed, activated by interleukin-2 (IL-2), and then returned to the patient via 
intravenous infusion. (IL-2 is a naturally occurring hormone-like substance known to 
induce the proliferation of certain immune system cells.) The University of Pittsburgh 
researchers found that this patient, who has completed 6 months of therapy, has tolerated 
the therapy very well with no significant side effects. A second patient has started therapy, 
and 4 more ARC/AIDS patients are to begin therapy before the end of the year. 

ACTIVE IMMUNOTHERAPY 

The administration ofsubstances with the potential to rebuild the immune system is called 
active immunotherapy. These substances, known as immunomodulators, or biologic respoi-e 
modifiers, were the focus of a great deal of cancer research In the 1970s. Some immunomodu
lators are also being tested in the lal-r.-atory for anti-HIV effects. Some have entered clinical tri
als as either single-agent or adjunctive therapy for AIDS or HIV-related conditions. Since most 
naturally occurring immunomodulators are nonspecific stimulators of lmmunity, their precise 
mechanisms of action in HIV infection continue to be studied in vitro while clinical trials 
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Table 6.2. Combination Therapies: Antivirals 

Combination 

AZT &acyclovir 

AZT & ddC 

AZT &ddl 

AZT &antisense 
oligonucleotide 

AZT &dsRNA 

CD4-toxin hybrid 
&AZT or ddl 

sCD4 &ddl 

Schedule 

Concurrent 
administration 

Alternating 
regimen; 
concurrent 
regimen (both 
under evaluation) 

Not applicable 
(in vitro studies) 

Not applicable 
(in vitro studies) 

Not applicable 
(in vitrostudies) 

Not applicable 
(in vitro studies) 

Not applicable 
(in vitro studies) 

Conference Reports 

In vitro findings of synergistic anti-HIV activity of these 2 agents (reported in 
1986) led to initiation o'clinical trials in 1988. This year, Dr. Robert Coombs 
(University of Washing on, Seattle) compared AZT alone with AZT plus.
acyclovir as given to patients with constitutional disease (CDC class IVa). He 
reported that ro discernible difference in anti-HIV effects was found, as 
determined by p24 levels or plasma viremia. Dr. Coombs added, however, that 
because of the small sample size (22 patients), the trial does not have the power 
to fully exclude possible beneficial effects of acyclovir. Dr. Jan MvIder (Municipal
Health Services, Amsterdam) and coworkers reported their long-term fiiding,; 
or asymptomatic, p24-positive patients who received combination therapy foi 
118 weeks. After 60-117 weeks, disease progression was noted in 2 of 6 patients 
on AZT/acyclovir ar 1 in 4 of 18 patients receiving AZT alone. The authors 
concluded that disease progression still occurs among patients receiving AZI' 
and that acycluvir does not seem to provide any additional benefits. 

Dr. Gail Skowron (Brown Universi'ly, Providence, Rhode Island) gave an 
interim analysis of a large, ongoing Phase II study (AIDS Clinical Trials 
Group) evaluating different regimens of AZT with either high- or low-dose 
ddC. In reporting results of this study, Dr. Skowron pointed out that the 
adverse effects of single agents appeared to be reduced when administered in 
a weekly or monthly alter'nating regimen. Higher dooe ddC may show greater
ability to sustain rises in CD4 cell counts and suppression of p24. In separate 
arms of this trial, an intermittent schedule (with neither AZT nor ddC 
administered for 1 week) did not appear to be as effective as the alternating
regimen. Dr. Tze-Chiang Meng (UCSD) and colleaguem, reported that 
concurrent low-dose AZT/ddC is well tolerated; continued follow-up will 
reveal whether initial increases in CD4 cell counts are sustained. 

Victoria Johnson (Massachusetts General Hospital/Harvard University, Boston) 
reported her team's findings of additive anti-HIV properties between AZT & 
ddl in T cell cultures exposed simultaneously to HIV and the 2-drug
combination. Assays for p24 on post-infection day 10 showed significant 
reduction in p24 levels; no additive toxicities were noted. 

Dr.Ting-Chao Chou (Memorial Sloan-Kettering Cancer Center, New York) and 
coworkers found AZT and an antisense oligonucleotide (S-dC-28) to act 
antagonistically with respect to anti-HIV effects when tested in T cell cultures. 
(S-dC-28 and dextran sulfate showed slight synergism.) The authors plan to 
study AZT and S-dC-28 at lower doses for possible synergistic activity. 

Kengo Gohchi (H6pital Bichat-Claude Bernard, Paris) and coworkers reported
that AZT with double-stranded RNA (poly-ICLC) showed synergistic anti-HIV 
activity in monocyte/macrophage cultures, but not in T cell (MT4) cultures. 

Dr. Edward Berger (NIAID, Bethesda) and colleague found that CD4-
Pseudomonasexotoxin acts synergistically with either AZT or ddl to protect 
uninfected lymphocytes in HIV-infected cell cultures. 

Based on observation of in vitro anti-HIV synergism between these 2 drugs (as
determined by p24 assays), Dr. Victoria Johnson (above) recommended that this 
combination be considered for clinical testing. 
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evaluate their efficacy and toxicity. Although it Is necessary to identify the specific immunopo
tentiating effects and mechanisms of action of the individual immunomodulators, most 
researchers believe that the real benefits of immunotherapy will be accrued in combination 
with antiviral compounds. Such combinations are outlined in Table 6,3. 
The naturally occurring Immunomodulators are, for the most part, cytokines or growth
factors (See "Colony Simulating Factors," below, for a discussion of immunomodulating
growth factors.) Cytokines. soluble proteins released by various cells, act as chemical 
messengers, giving specific signals to target cells. Some cytokines allow the maturation 
of specific target cells, while others augment or suppress a variety of immune responses.
Many of these proteins have multiple functions, depending on the cell type that receives 
their signal. It Is becoming clear that many of the cytokines act synergistically with oth
ers to mediate their effects. Thus, a proper balance of these soluble messengers Is critical 
for a coordinated and effective immune response. In many HIV-lnfected individuals this 
balance is thought to be disrupted, so that the use of cytokines as therapeutic agents 
seems appropriate. 
The r-lative success of immunomodulators may depend on the stage of disease at which 
therapy is Initiated. As more and more studies have shown greater benefits for mildly
symptomati: ,r early ARC patients, immunomodulato-.- are being viewed as an important
early intervcr.tion. It Is presumed that patients in earlier stages of HIV-related disease have 
suffered less damage to the immune system than patients with advanced disease. and thus 
may be more capable ofresponding to immunological stimulation. 
Interferons. Cytokines produced naturally in response to viral infection may provide pro
tection against IV Infection. Researchers aptly named one of these substances "interferon" 
in 1957, when they confirmed that these natural substances do indeed interfere with viral 
growth. The human interferons-of which there are three classes: alpha, beta, and 
gamma-confer a nonspecific antiviral state on neighboring uninfected, or unexposed, cells. 
Interferons also possess antiproliferative (antitumor)and immunopotentiating effects. 
GammaInterferon. Production of gamma interferon, a potent macrophage activation factor,
is depressed In HIV-infected patients. (Macrophages are cells that have two major inimuno
logical functions: killing invading microorganisms and tumor cells, and aiding T lympho-
Lytes In the recognition of foreign antigens as non-self.) Because gamma Interferon shows 
little ant-HIV activity in vitro, studies of its use as an immunomodulator have largely been 
limited to combination studies (with tumor necrosis factor and granulocyte-mononuclear 
colony stimulating factor. 
Beta Interferon.Besides its modest inhibitory effects on HIV replication, beta interferon has 
also been found to augment natural killer (NK) cell activity and cytotoxic T cell activity,
specifically antibody-dependent cellular cytotoxicity (ADCC); see Chapter 2: PATHOGENESIS 
&IMMUNOLOGY. Dr. Richard Pollard (UJniversity ofTexas Medical Branch, Galveston) and col
leagues reported preliminary results of a Phase II safety and efficacy trial of subcuta
neously admihdstered beta ihi'erferon in 52 HIV-positlve patients with CD4 cell counts 
below 400/mm3. Three dose regimens were evaluated, and patients In each dosage group
had to reduce or discontinue therapy because of toxicity. A statistically significant decline 
In serum HIV antigen was observed In the patients who completed more than 28 weeks of 
treatment. Recombinant human beta interferon (marketed as Betaseron by Triton 
Blosciences, California) is being tested in combination with AZT in ARC/AIDS patients, as 
well as in patients with AIDS-related Kaposi's sarcoma. 
Alpha Interferon.Because alpha Interferon was already being used in the treatment ofsome 
cancers, this immunomo-Iulator was tested in AIDS patients with Kaposi's sarcoma as
early as 1984. Alpha interferon, manufactured as a genetically engineered product, is mar
keted as Roferon-A (by Hoffmann-LaRo he &Company), Intron A (by Schering Plough), and 



163 
CHAPTER 6: ANIVrFRAL & IMMUNOTHERAPEUr1C AGENTS 

Wellferon (by Burroughs Wellcome). Although patient re.sponse to alpha interferon therapy
varies considerably, several Independent investigators report that alpha Interferon-treated 
patients with AIDS-related Kaposi's sarcoma exhibit partial or complete tumor regression,
longer survival, and a lower incidence of subsequent opportunistic Infections. The dose
related antitumor effects of alpha interferon are very dramatic in some cases. Alpha inter
feron and AZI therapy continues to be studied in patients with Kaposi's sarcoma. Little
enthusiasm has been found for alpha interferon as a therapy for AIDS in general, since
early studies in patients with advanced AIDS concluded that the agent held no clinical
value In these patients. However. Dr. Clifford Lane (National Institute of Allergy &
Infectious Diseases, Bethesda, Maryland) pointed out that recent studies in HIV-infected 
patients without AIDS show that alpha Interferon may indeed be beneflcial-presumably
because these patients have a less severely damaged immune system than those with 
AIDS. (See Table 6.3 and Chapter 7: CuNICAL MANAGEMEm.) 
Several groups of investigators have speculated that alpha interf-ron's anti-HIV effects take
place during the late stages in the viral life cycle-assembly, budding, and release. Laboratory
studies have shown that alpha interferon inh'bits HIV replication in cultures of CD4 cells at
concentrations achievable in patients. Data presented by Dr. Howard Gendelman (Henry M.
Jackson Foundation, Rockville, Maryland) and coworkers, however, indicate that alpha Inter
feron behaves differently in monocytes and macrophages than In T cells. Monocytes treated
with alpha interferon at the time of virus challenge show no sign of HIV infection, which sug
gests that alpha interferon interrupts one or more events that occur early in the viral life
cycle, before the formation ofproviral DNA. And when alpha interferon is added to monocyte
cultures chronically infected with HIV, a gradual decrease in p24 levels is noted, along with
declines in reverse transcriptase activity and viral mRNA levels. The authors believe that
alpha interferon induces viral restriction, or latency, since large quantities of proviral DNA 
are present with no evidence ofactive transcription (that Is, no new viral mRNA). 
Colony Stimulating Factors. Natural, hormone-like substances that promote maturation
of certain blood cell types from precursor "stem cells" are being tested in AIDS patients andother HIV-Infected persons with low blood cell counts. Both T and B lymphocytes come
from a common blood cell ancestor-a stem cell-that origivnaes in the bone marrow.
Growth factors called colony stimulating factors (CSFs) can accelerate the maturation of
such stem cells Into specialized blood cell types. (CSFs are a class of cytokine, chemical 
messengers produced and released by immune cells.) The major CSFs, named for the type
of cell whose maturation they promote, include: 

* mononuclear-CSF (M-CSF),
 
" granulocyte-CSF (G-CSF),
 
• granulocyte-mononuclear (GM-CSF) 
• erythropoeltln (EPO) 

Although secreted from kidney cells rather than immune system cells, the hormone ery
throl..oeitin is classifled as a growth factor (speciflcally, a CSF) because It stimulates thegrowth of erythrocytes (red blood cells). EPO and the other CSFs normally function to
replenish blood cells lost through natural processes. Therapeutic use of CSFs seeks to
exploit this replenishing ability to compensate for the destruction of blood cells by HIV and 
by certain therapeutic agents, such as AZT. 
Currently, investigators do not agree about whether EPO might be of therapeutic beneli in
AIDS. Professor Wolfgang Scherer (RudolfVirchow University Hospital, Wedding, FRG' andassociates reported that EPO levels In HIV-positive patients are not statistically dif ferent
from seronegalive individuals. Based on their finaings, these researchers concluded that the
anemia ' narked rduction in red blood cells) observed in some patients with HIV infectlon,
including patients on AZr therapy, is not caused by an absolute or relative lack of EPO. 
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Table 6.3. Combination Therapies: Antivirals & Immunomodulators 

Combination 	 Schedule 

AZT & AS-101 	 Concurrent 
administration 
(1200 mg AZT per 

day; 3 mg/m 2 AS-101 
3 times/week) 

AZT &alpha-IFN 	 Concurrent 
administration 
(600 mg AZT daily; 
1x 106 units IFN 

daily) 

AZT & acemannan 	 Concurrent 
administration 
(1000 mg AZT daily; 
1000 mg acemannan 
daily) 

AZT &erythropoeitin Concurrent 
(EPO) administration 

(EPO given 3 
times/week) 

AZT &G-CSF 	 Concurrent 
administration 
(G-CSF given in daily 
dose of 2 mcg/kg) 

AZT &GM-CSF 	 Concurrent 
administration 
(GM-CSF in daily 
dose of 0.3 mcg/kgl 

Conference Reports 

Dr. Henry Masur (NIAID, Bethesda) and colleagues reported 
preliminary findings from a combination Phase I trial in patients with 
CD4 cell counts less than 200/mm3 or less than 20% of circulating 
lymphocytes. Although no hem. tologic toxicity has been noted, 
neither have any immunpotentiating effects in patients who have 
received therapy for 12 weeks. Adverse reactions to AS-101 included 
skin rashes, garlic body odor, and fever. 

In an ongoing study in patients with early HIV infection (CD4 cell 
counts greater than 500/mm3 ) comparing this combination with 
component single agents, Dr. Clifford Lane (NIAID, Bethesda) 
reported that, so far, all 3 treatment groups have shown decreases in 
p24 levels. Whether this drop will be sustained must be determined. 
Victoria Davey (NIAID, Bethesda) reported that of the 120 patients 
enrolled in this randomized placebo-controlled trial, none have 
reached study end points: CD4 decline, %CD4 declines, or 
development of an opportunistic infection. The mean tolerated doses 
determined from patients completing 28 weeks of therapy were 600 
mg daily (AZT) and 2 x 106 units daily (IFN). The relative efficacy of 
this combination should be analyzable after another 6 months. 

Danielle Weerts (St. Pierre University Hospital, Brussels) and coworkers 
reported preliminary findings from a 24-week double-blind randomized 
trial in ARC patients comparing the combination with acemannan alone. 
Acemannan appeared to be well tolerated at a daily dose of 1000 mg 
either alone or in combination with AZT; hematologic toxicity of AZT, 
however, was not modified by adjunctive therapy with acemannan. 

In their placebo-controlled trial, John Carey (Case Western Reserve 
University, Cleveland) and colleagues found that subcutaneous 
administration of EPO to anemic patients on AZT therapy does not 
appear to have any effect or, p24 levels. 

Using G-CSF as adjunctive therapy in 12 ARC/AIDS patients, Poll Van 
der Wouw and colleagues (Academic Medical Center, Amsterdam) 
found that G-CSF (by subcutaneous injection at a dose of 2 mcg/kg) 
effected an increase in white blood cell, monocyte, and neutrophil 
counts (neutrophils rose to levels greater than 3000/mm3 ).Counts 
returned to pretreatment levels after discontinuation of G-CSF (at end 
of study). Tolerable side effccts were noted in some patients. 

Ross Hewitt (SUNY, Buffa-lo) and coworkers reported that in 9 of 11 
patients receiving continuous GM-CSF therapy (for AZT-induced 
neutropenia) their absolute neutrophil counts increased to at least twice 
their pretreatment levels. A 33% decline in p24 levels was noted in 4 
patients after 28 days of concurrent therapy. Although therapy was 
generally well tolerated, 4 patients withdrew from th2 trial due to 
development of malaise, fever, or nausea. Gene Morse (SUNY, Buffalo) 
and coworkers noted increased AZT bioavailability in these patients. 

rial participants were receiving 300-1200 mg AZT daily. 
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Combination 

AZT &IL-2 

AZT &GM-CSF & 
alpha-IFN 

AZT &IV IgG 

Antisense oligo-
nucleotide & 
alpha-IFN 

ddl &alpha-IFN 

Schedule 

AZT therapy alone 
for 8 weeks, AZT/IL-
2 for 4 weeks, 
another 8 weeks of 
AZT therapy alone 

Concurrent 
administration 
(dail) GM-CSF 
initiated when 
neutiophils fall 
below 1000/mm3) 

Concurrent 
administration 

Not applicable 
(in vitro studies) 

ddl for 6 weeks, 
ddi/IFN concurrently 
for 28 weeks 

Conference Reports 

Although previousiy restricted to patients with Kaposi's sarcoma, this
combination trial now includes asymptomatic patients with CD4 cell 
counts greater than 200/mm3. John Bartlett (Duke University Medical
Center, Durham, North Carolina) and coworkers reported that both
drugs are well tolerated when administered as described. Specific
immunologic parnmeters, such as NK cell activity, LAK activity, and
non-MHC restricted cellular cytotoxicity, rose dramatically in 70% of
the group during the IL-2 part of therapy, but absolute CD4 cell counts 
only rose slightly and the increase was not sustained. Similar findings
for cell-mediated immune parameters were noted in a sepirate clinical 
trial with asymptomatic patients with CD4 cell counts greater than
400/mm 3 conducted at Stanford University Medical Center (California)
by David H. Schwartz and colleagues. Both studies concluded that
 
further study is warranted.
 

Richard Davey and coworkers (NIAID, Bethesda) reported that low
dose CM-CSF (1 .g/kg/day) effectively raises mean neutrophil 
counts in patients on AZT/IFN therapy. Significant toxicities,
however, are noted at higher doses. At 2 weeks into GM-CSF therapy
(by subcutaneous administration), mean neutrophil counts rose from 
pretreatment levels of 872/mm 3 to 6686/mm 3 ,in patients on low 
dose AZT--600 mg daily) or from 695/mm 3 to 4505/mm 3 (for
patients on high dose AZT-1200 mg daily). The authors commented
that the antiviral effects of AZT/IFN were not compromised by
addition of GM-CSF. Similar findings were reported in patients with

Kaposi's sarcoma by Susan Krown and colleagues (Memorial Sloan-

Kettering Cancer Center, New York).
 

Ulrike Brunkhorst and associates (Hannover Medical School, Germany) 
are evaluating IVIgG adjunctive therapy in 25 ARC/AIDS patients on 
AZT. Pretreatment serum Iglevels were elevated in all study
participants and analysis of cell surface marker revealed that late B
cells/plasma cells were increased while early, proliferable Bcells were 
decreased. At 3 and 6 months into the therapy, the authors hope to have 
safety and efficacy data. 

Dr. Ting-Chao Chou (Memorial Sloan. Kettering Cancer Center, New 
York) and coworkers found slight to moderate anti-HIV synergism in T
cell cultures exposed to HIV and to which an antisense oligonucleotide 
(s-dC-28) and IFN were subsequently added. Evaluation of the anti-HIV 
propertles of the combination at varying concentrations aie planned. 

APhase I safety trial, just started at NIAID, will evaluate 2 doses of ddl 
(167-250 mg twice daily and 250-375 mg twice daily) and 4 doses of
alpha-IFN (1,5,10, and 15 x 106 units). In vitro findings of synergistic 
anti-HIV effects (without additive cytotoxicity) for thi., combination 
were reported by Victoria Johnson (Massachusetts Cr aeral Hospital/
Harvard University, Boston). 
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The discovery ofCSFs has attracted the attention of oncologists and researchers studying 
the toxic effects of cancer chemotherapy on blood cells. Because the large majority of HIV
infected individuals have decreased white blood cell counts, particularly CD4 cell counts, 
CSFs are being evaluated for their ability to boost production of these blood cell types. 
Furthermore, evidence that normal proliferation of bone marrow stem cells (the precursors 
of some white blood cells) is depressed in HIV-infected patients also supports the potential 
therapeutic value of CSF administration in these patients. CSFs are thought to be espe
cially promising In HIV-infected patients with lymphoma or Kaposi's sarcoma, since in 
these patients cancer chemotherapy causes severe neutropenia (a decrease in a subset of 
white blood cells) and/or anemia; clinical trials are ongoing. 

Experimental Immunomodulators. Table 6.1 includes all agents being developed and 
tested for their potential immunomodulating effects. Some limmunomodulators have also 
been found to possess antiviral effects. Discussed below are some of the substances pre
sented at the Conference. 

Acemannan.Two presentations at the Conference this year reported preliminary results 
from clinical safety and efficacy trials of the polysaccharide acemannan, a purified extract 
from the aloe vera plant. Both the natural and the purified plant products have been postu
lated to stimulate Immune function-particularly that of monocytes and macrophages 
involved in the inflammatory process. Antiviral effects of acemannan were reported last 
year by Dr. Maurice Kemp (Texas A & M University, College Station) and colleagues: HIV
infected T cell cultures treated with acemannan showed reduced infectivity. These investi
gators are now trying to determine whether acemannan's antivinal activity is the result of 
inhibition glycosylation of the viral envelope proteins. Clinical trials reported by Danielle 
Weerts (St. Pierre University Hospital, Brussels) and colleagues and by Reg McDaniel 
(Dallas-Fort Worth Medical Center, Grand Prairie) found acernannem to be well tolerated in 
asymptomatic and ARC/AIDS patients; no significant toxicities were noted. 

AS-t01. The synthetic organometallic compound ammonium trichloro tellurate (AS-101) is 
reported to have potent Immunomodulating properties. Stimulation of production of inter
leukin-2 (IL-2), IL-3, tumor necrosis factor, interferons, arid GM-CSF were originally noted 
both in vitro and in vivo by researchers at Bar Ilan University, Israel. In the United States, 
AS-101 is being studied as part ofcombination therapy with AZT (seeTable 6.3). 

Imreg-1. An extract from healthy white blood cells, Imreg-1 (the trade name registered by 
Imreg, Inc., New Orleans) has been shown to stimulate IL-2 and gamma interferon produc
tion in vitro. (IL-2 is a cellular growth factor that stimulates the proliferation of certain 
T lymphocytes.) The effects of Imreg- 1 in vivo include increased IL-2 production, partial or 
complete restoration ofskin responsiveness to immunologic challenge, and a slower rate of 
CD4 cell depletion. Robert Zackin (Imreg, Inc., C 1"ibridge, Massachusetts) and colleagues 
presented data from a multicenter clinical trial of Imreg- 1 in ARC patients who received 
therapy for more than 6 months. Compared to patients receiving placebo, patients on 
Imreg therapy were noted to have fewer AIDS-related events. 

Imuthiol. The sulfur-containing compound diethyldithiocarbamate, or DTC (marketed as 
Imuthiol by the Merieux Institute, France), binds to heavy wetal Ions and free oxygen radicals, 
which are generally toxic to cells. Imuthiol is also tho ght to inhibit the synthesis of 
prostaglandin, a hormone with immunosuppressive effects. It has been hypothesized that, 
because ofits ability to bind to heavy metal ions, Imuthiol may inhibit the zinc- or magnesium
dependent HIV tatgene product, which is known to increase the rate ofHIV replication. 

Dr. Evan Hersh (University ofArizona, Tucson) and colleagues reported preliminary renults 
ofa placebo-controlled trial of oral Imuthiol in 191 AIDS and ARC patients. Imuthiol-trfated 
patients had fewer AIDS-rel.1ted events, including development of opportunistic infections 
and drops in the CD4 cell count. However, the death rate was the same for both treatment 



167 
CHAPTER 6: ANImViRAL & IMMUNOTHERAPEUIC AGENT 

and placebo groups. Earlier this year, researchers from Bernard Nocht Institute for Tropical
Medicine (Hamburg, FRG) and members of the German DTC Study Group reported that, in a
placebo-controlled clinical trial in 60 pre-ARC or pre-AIDS patients, intravenous Imuthiol
administration was associated with a significant delay in the progression toAIDS. 
Thymopentin. This synthetic peptide, which contains amino acid sequences corresponding
to those found in a natural thymic hormone, is being tested for its immune enhancing
properties-specifically, Its ability to induce differentiation of thymocytes, the precursor
cells that differentiate into Immunologically active T lymphocytes. Results from clinical tri
als reported at the Conference showed that, in contrast to placebo groups, HIV-Infected
asymptomatlc or mildly symptomatic patients treated with thymope-2tin had a response inCD4 cell counts, percentage of CD4 cells, and CD4/CD8 cell ratios: levels were either
maintained at or increased above baseline (theirvalue at study entry). 

COMBINATION THERAPY 

ANTnVRAL AGENTS 

Combination therapies using antiviral drugs with differing mechanisms of action are
thought to hold the most promise for controlling' and combating HIV Infection.
Combination drug therapies, in comparison to single agent therapies, should increase the 
possibility of successfully fighting HIV for several reasonq: 

* lower single doses can be used, which, in turn,
 
" decreases the prospect of side effects and
 
" 
 decreases the risk ofemergence ofdrug-resistant virus syrains. 

A synergistic interaction (enhancement ofeither agent's biologic a.tivity) has been shown toresult in vitro from various combinations ofantiviral agk nts-for example, between AZT and
antiviral agents known to disrupt DNA polymerase function, such as acyclovir. Table 6.2
outlines the combinations currently under investigation, both in vitro and in clinical trials. 

ANTIVIRAL AND IMiUNOnmmERAPEUTIC AGENTS 

Because HIV Is capable ofdestroying the immune system sc thoroughly, combining antiviral 
agents with immunomodulators is considered to be particularly relevant for the treatment of
HIV-positive individuals. As more Information about the AIDS virus and its pathogenesis accu
mulates, it has become apparent that immunorestoraton in the patient Is an integral compo
nent of therapy. Matching antiviml agents with natural or synthetic immunomodulators may 

" preclude the development of drug-resistant viral strains,

" 
 allow for lower single doses of the individual agents, which may
" diminish short- and long-term side effects, and
 
" 
 counteract the bone marrow or blood related toxicities frequently associated with 

many ofthe anti-HIV agents now in development. 
Combination clinical studies are not initiated until each of the individual agents in thecombination have been fully evaluated, since it is imperative to know each agent's full 
range of effects before beginning combination studies. In vitro experiments must demon
strate synergistic activity without additive toxicity. Some studies now in progress show that
combination therapy using intermittent or alternating, rather than concurrent, adminis
tration of the individual agents imparts clinical and immunologic benefits to the patients.
Table 6.3 summarizes the combination therapies currently being explored. 
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MANAGEMENT
 

BACKGROUND 

Advances are being made in the clinical m&_iagement of HIV-related disease, albeit not at a 
pace sufficient to assist all those with progressive disease: HIV Is still outdistancing its pur
suers. However prophylactic options and early therapeutic Intervention are growing in
availability and potential benefits. Further complicating the already massive challenge-to
both the patient and the clinician-is the interaction of the physiological, psychological,
social, and economic factors related to the HIV epidemic. Effective clinical management of
the HIV-Infected patient requires a thorough understanding of the natural history of THIVdisease and treatment options available. The devastating consequences of medical compli
cations, such as oppoltunistic infections and cancers, In an already Immunocompromised
patient mandate heightened anticipation and, when possible, treatment. Persons who sus
pect they have been exposed to HIV or who ei igage in (or, In the last 10 years, have engagedin) AIDS ,isk behaviors are urged to be teste for HIV as early as possible since new cirdcal
trial Inforrr tion has demon.strated that persons treated early in the diseasie course reapgreater benefits than those in later stages of disease (see, in particular, "AZI,"below). 
This chapter reviews current concepts regarding the natural history of HIV disease, sum
marizing Information on disease progression, cAlnical trials of antiviral agents, and recom
mendations for prophylaxis and treatment of opportunistic infections as reported at the
Conference. Also covered are nutritional issues, patient care strategies, and costs associ
ated with care for HIV-infected individuals. (Note that while clinical trial data relating to
antiviral agents are discussed in this chapter, details on the mechanisms ofaction of these
and other agents being tested for efficacy against HIV are presented in Chapter 6: ANriviRAL 
& IMMUNOThIERAPEUTIC MENTS.) 

DISEASE COURSE 

Current data and cumulative clinical experience demonstrate that HIV causes a chronic,
progressive immunc deficiency disease with variable manifestations. In broad strokes, HIV
disease can be described as a continuum, or spectrum, of "silent"Immunological changes
and clinical events that tend to occur In sequential stages. The rate of movement along this 
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continuum varies extensively for each individual and may be influenced by a number of 
factors-notably, mod. of transmission, age and health at the time of infection, co-existing 
infectious diseases, and, perhaps, the pathogenicity of the infecting HIV strain or variant. 
(As discussed in detail in Chapter 2: PATHOGENESIS & IMMUNOLOGY, the pathogenicity-that 
is, the ability to cause disease-of 111V strains may vary. Indeed, long-term survivors have 
been shown to harbor HIV isolates that are much less pathogenic than isolates found In 
individuals who have died of !{IV-related disease.) Nevertheless, the so-far predictable out
come ofHIV infection is tbfr development of increasingly severe immune deficiency. 

At the time of initial exposure to HIV, persons may develop a transient flu-like illness that 
lasts about 3 to 14 fiays or longer. Physicians first recognized an acute-illness phase in ret
rospective cases studies-cases in which the time of exposure was known (in transfusion
associated HIV infection, for example). Some individuals experienced the illness after a lag 
period ofabout 3 to 6 weeks after exposure. Most other cases cannot be traced to the time of 
initial exposure, but acute illness has been documented in approximately 20-30%of cases. 

Figure 7.1 depicts the progressive disease stages observed in HIV infection. (SeeAppendix C: 
CDC &WALTER REED SrAGIN'! CLASSIFICATION SYSTEMS OF HIV INFECTION for details on stage-spe
cific symptoms and characteristics.) 

HIV disease, in all its phases, is a chronic illness of a duration that depends on many influ
encing factors, including therapeutic intervention. The median time from initial infection to 
development of disease is currently estimated to be about 8 years. In some HIV-infected 
populations (specifically, a subset of homosexual and bisexual men participating in the 
San Francisco's Men Health Study), 10 or more years may elapse after infection before 50% 
of the population develops advanced disease; some individuals may remain in apparent 
good health for more than 12 years. 

Once advanced disease occurs, survival depends on the specific complication(s) that arise 
and on the 'ffectiveness of and access to therapy, but it may often exceed 2 to 3 years. The 
occurrence of opportunistic infections or neoplasms in HIV-infected persons, in general, 
significantly hastens the disease process. Treatment may both prolong tile presymp
tomatic phase and improve survival once symptoms occur. HIV disease, then, can be char
acterized as a chronic long-term illness with an estimated survival period of5-15 years. 

DIAGNOSIS 

Diagnosis of HIV infection is generally based on the results ofHIV-antibody tests (detection 
of antibodies specific to HIV indicate the presence of the virus). Other types of tests are in 
development, but their use may be 1!mited to research purposes or to special circum
stances-such as the diagnosis of pediatric (neonatal) HIV infection. (See Chapter 4: 
DIAGNOSTIC TESTS FOR HIV for a detailed discussion on the various types of commercially 
available tests as well as new tests in development.) 

A diagnosis of AIDS is made when there is laboratory evidence of H[V infection (a positive, 
confirmed antibody test) and clinical evidence of specific diagnosable conditions that have 
been designated as indicative of AIDS (see Appendix A: CENTERS FOR DISEASE CONTROL 
DEFINMON oF AIDS). Note that in some instances, an AIDS diagnosis is based on laboratory 
evidence of H[V infection and a presumptive diagnosis of indicator disease(s). 

An AIDS diagnosis can also be made in special cases in which laboratory confirmation of 
HIV infection is lacking; the diagnosis is then based on declining levels of a key immune 
parameter-CD4 cell count (500/mm3 or less, provided other causes of immunodeflciency 
are ruled out)-and a definitive diagnosis of an indicator disease. (In the context ofAIDS 
research, the term CD4 cell-previously T4 cell-refers to the helper/inducer subset of 
T cells; CD4 is a cell surface molecule found on these T cells.) 
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Figure 7.1. Stages of HIV-Related Disease 
Approximately 3-6 weeks after exposure to HIV, some individuals develop an acute flu-like illness. This phaseresolves itself and is followed by an asymptomatic period during which immunological changes occur-primarilyaffecting the number and function of subsets of immune cells. Considerable variation Is seen from patient topatient and many factors are thought to influence disease progressions to PGL, ARC, and AIDS; howevor, a typi
cal progression isoutlined as follows. 

Acute illness associated with initial exposure
 
Initial
 
exposure o'V*
 

A.,A ymptomnatic HIV infection 

* Persistent generalized lymphadenopathy 

S 4 Aids-related complex (ARC) 

%% Full-blown AIDS 

*defined as swollen lymph nodes, at least 1cm indiameter, in2or more 
extrainguinal sites persisting for longer than 3months 

Note that some controversy sui ounds the stringency of the criteria for an AIDS diagnosis
using the CDC definition: Although the 1985 definition was updated in 1987 to be more
Inclusive, many clinical investigators feel that the current definition should be further 
expanded to Include Infections or symptbms that although not necessarily commonly
encountered, are nevertheless clearly HIV related. Women with HIV infection, for example, 
may develop pelvic inflammatory disease, a manifestation not currently included in the 
CDC definition. Also omitted from the list of indicator diseases in the CDC definition Is pul
monary tuberculosis-a condition which is increasingly being diagnosed In HlV-infected 
individuals. In the United States, where a national health plan does not exist, but Medicaid
provides a safety net for the disabled, not being diagnosed with AIDS can mean denial of 
disability and therefore federal health benefits. Other reasons for concern with the criteria 
for an AIDS diagnosis include gauging the magnitude of the consequences ofHIV infection. 

DISEASE PROGRESSION 

FACTORS AFFECTING DISEASE PRoGRESIoN 

In the course of any chronic disease, the passage of time is both the holder of hope and the
patient's greatest adversary. 14W disease has proved to be no exception. Previous studies 
addressing time as an indepei dent factor have roted both the regularity of HIV disease 
progression and the tremendous variability in the rate of progression. At the Conference,
Dr.Alan Lifson (Department of Public Health, San Francisco) observed that, based on an 
ongoing cohort study of homosexual and bisexual males with known dates of seroconver
sion, the risk of immunodefIclency increases with duration ofHIV infection; see Figure 7.2. 
(Cohort studies are those which follow, over time, a well-characterized group, such as per
sons with a common risk factor.) 
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Figure 7.2. Duration of infection and Disease Progression 

Based on the San Francisco Men's Health Study of homosexual/bisexual men with known seroconversion dates, 
Dr. Alan Lifson (Department of Public Health, San Francisco) reported that of 489 men, 1%progressed to AIDS 
within 2years, 8%within 4years, 51% within 10 years, and 54% within 11 years (cumulative percentages). Some 
men inthe cohort were still immunocompetent (defined as having CD4 call counts greater than 500/mm 3) 9years 
after seroconversion. Dr. Lifson observed that the risk of immunodeficiency increases with duration of HIV infec
tion. Although these observations were made on adefined population, the findings are, with few exceptions, con
sidered to be representative of the time course of HIV disease progression. 

54% 
51% 

San Francisco Men's Health Study 
Cumulative Percentages 

8%
 

1 2 3 4 5 6 7 8 9 10 11 
Years from Seroconversion 

Other factors influencing HIV disease progression, In addition to duration of Infection, 
reported at the Conference included: 

" 	 Age. HIV-infected hemophiliacs older than age 35 were noted to progress to AIDS at a 
faster rate than younger hemophiliacs (Dr. Nicola Schinala, Instituto Superiore di 
Sanita. Rome); Dr. Andrew Phillips and colleagues (Royal Hospital & School of 
Medicine, London) used 25 years as the age criterion but still observed this age
related phenomenon-that older hemophillacs develop AIDS within a shorter time 
frame than younger hemophiliacs. Among intravenous drug users (IVDUs), Dr. 
Stanley Weiss (University of Medicine & Dentistry of New Jersey, Newark) and 
coworkers and, independently. Dr. Roy Ruberison (Edinburgh Drug Addiction Study) 
and associates noted that older HIV-infected IVDUs also have a significantly higher 
risk of developing AIDS. 

* 	 Immunogenetic Markers. Genes involved in defining an individual's Immune 
system, the HLA (histocompatibllty) genes, were shown to be significantly different 
between asymptomatic HIV-infected men and men persistently symptomatic or 
men with AIDS. The HLA DR-beta gene appears to be more common among 
asymptomatic men; persistently symptomatic men or men with AIDS have some 
different form of this gene (Leslie Louie, University of California, Berkeley). 

" 	 IV Drug Use. Cessation of IVdrug use was demonstrated to be positively correlated 
with decreased progression rate (Dr. Rainereber, University of Zurich). 

" 	CigaretteSmoking. Based on cohorts of homosexual and bisexual men, smoking 
was found to adversely affect HIV disease progression (Rachel Royce and Warren 
Winkelstein. University of California, Berkeley and, Independently, Lawrence Park 
and colleagues. MACS, Bethesda, Maryland). 
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Formal and informal discussion about these and other factors influencing disease progres
sion continues. Some researchers argue that the nature of the virus itsclf largely dictates
the timetable of the disease course, and that the factors implicated In influencing disease 
progression identified thus far play only a minor role. HIV strains with varying degrees of 
pathogenicity, for example, may account for most of the variability observed in disease pro
gression. Drawing on data from a review of the literature as well as from his own experi
ence, Dr. Godfried J.P. van Griensven (Amsterdam Municipal Health Service) reported that 
infection acquired through unprotected sexual intercourse with a person with AIDS 
appears to be a strong determinant of a faster rate of disease progression. Dr. van
Griensven (andothers he cited) posit that HIV recovered from persons with AIDS is likely to 
be more virulent than isolates from asymptomatic HIV-infected persons. 
Alternatively, nonbiologic factors, such as socioeconomic factors. may be involved in determin
ing disease progression, as was clearly demonstrated by several presentations: In the United 
States, for example, minorities and economically disenfranchised HIV-infected people tend to
have less access to appropriate clinical care; and medical care, when they do receive it, is more 
likely to be given later in the course of the disease process. (See "Care Delivery," below.) 
Many clinicians believe that psychological and spiritual health contribute positively to main
taining a patient's physical health, whereas a negative attitude and poor self-care are detri
mental. Producing scientific evidence ofsuch Influences has been difficult, perhaps because
of the subjective nature of the effects being measured. Nevertheless, findings reported by Dr. 
Margaret Kemeny (University of California School of Medicine, Los Angeles) and coworkers,
demonstrate that chronic depression may precede and even contribute to immunodeficiency
(measured by declines in specific immunological parameters). Dr. Kemeny's team showed 
that 25 of 35 (71%) depressed HIV-infected homosexual men followed for 5 years had a 20% 
decline in their CD4-cell percentages compared to 36 of 70 (51%) ofnondepressed controls. 

LABORATORY MARKERS OF DISEASE PROGRESSION 

Certain measurable biological and clinical laboratory parameters have been found to corre
late with HIV disease stages and rate ofdisease progression. Some of these parameters have 
considerable utility in characterizing disease status and progression and may be helpful in 
planning patient care. A few of them have become Important indicators in clinical decision 
making: for example, CD4 cell counts help determine when to Initiate AZT (zidovudine) ther
apy or prophylaxis for Pneumocystis cariniipneumonia (PCP). Others still under study
include virus-specific parameters, such as p24 antigen levels, which are thought to reflect 
HIV activity In the body. With further characterization and correlation with disease stage,
these parameters might prove useful in monitoring the efficacy of specific therapeutic agents 
or vaccines: unfortunately, the precise utility of many of these markers remains uncertain 
and controversial. The numerous correlations noted thus far have value primarily as Indica
tors ofthe patterns of HIV-related disease; their application in daily clinical practice, however, 
may be quite limited. Table 7.1 catalogs the various markers currently under evaluation. 
Immunological Markers. A large number of laboratory parameters continue to be investi
gated for their reliability in serving as markers of Immune activation. Most are not specific
for HIV. but appear to show a positive correlation with advancing disease stages. (Note that 
although the metabolite neopterin Is considered a nonspecific marker of immune activa
tion-levels are significantly elevated In a great majority of persons with infectious diseases 
and cancer-for categorization purposes, it is discussed below: see 'Metabolic Markers.")
HIV-specific immunological markers currently being evaluated include antibody responses
to specific HIV antigens-for example, antibodies to p24 antigen and antibodies to nonstruc
tural HIV antigens (such as nef rev, tat, vpu, and vpr). Discussed here are markers that have 
been particularly well characterized. 



174 CHAPER 7: CLINICAL MANAGEMENT 

Table 7.1. Laboratory Markers of HIV Infection 

Immunological Markers 

CD4 cell count 
CD8 cell count 
CD4: CD8 ratio 
Beta-2-microglobulin 

levels 
Cutaneous antigen 

reactivity 
Antibody levels 

(antibody to p24 ; 
antibody to 
nonstructural 
proteins) 

CD4 cell % 

CD8 cell % 

Soluble CD8 levels 

lnterleukin-2 


receptor levels 
Monocyte-tissue 

factor expression 
Alpha interferon 

class (acid labile 
vs. stable) 

Virological Markers 

p24 antigenemia 
HIV isolation (viremia) 
HIV DNA/RNA detection 
Circular (unintegrated) 

HIV DNA detection 
Reverse transcriptase 

levels 

Metabolic Markers 

Neopterin levels 
Steroid hormones 

levels 

CD4 Cell Counts and Percentages.The most studied and probably the most useful clinical 
gauge of immune status in HIV-infected individuals, CD4 cell counts help guide decision 
making regarding administering antiviral agents and initiating prophylaxis for opportunis
tic infections. Because HIV preferentially infects and kills CD4 cells, it is not surprising 
that CD4 cell counts drop precipitously with progressive HIV disease. (The normal range of 
CD4 cell counts, in healthy individuals, is 800-1200/mm 3 .) The Centers for Disease 
Control (CDC) Classification System and the Walter Reed Staging Classification System 
include CD4 cell counts as a differentiating criterion for disease stages (see Appendix C). 

At the Conference, Dr. Steven Lagakos (Harvard University, Boston) and coworkers pre
sented data showing that lower baseline CD4 cell counts predicted both a more rapid 
decline in CD4 levels and clinical progression to advanced HIV disease. Professor Court 
Pedersen (University of Copenhagen) reported an association between the severity of the 
initial decline in immune function immediately following HIV infection and the rapidity of 
subsequent disease progression. Hij study found that patients whose first year of HIV dis
ease was characterized by lower CD4 cell counts were more likely to experience rapid dis
ease progression. Using a retrospective approach, Suzanne Crowe (MacFarlane Burnet 
Centre for Medical Research, Melbourne) and colleagues reported a relationship between 
disease progression and declining CD4 counts that affirms the current practice ofprescrib
ing antiviral therapy when the CD4 cell count falls below 500/mm3 and prophylactic ther
apy for PCP when below 200/mm3 . 

Nevertheless, depending exclusively on CD4 countL to guide decision making clearly has its 
limitations and hazards: Nicole Deaomme and colleagues (Ottawa General Hospital/ 
University of Ottawa AIDS Study Group) and Mark Packard and coworkers (Duke University 
Medical Center, Durham, North Carolina) both presented data showing significant "intrap
erson" variability In serial CD4 cell counts collected over a short-term interval (1 to 2 
months). Dr. Packard's group found the greatest variability in individuals with asymp
tomatic disease; patierts with AIDS showed the least variability. (Dr.Denomme's team only 
studied asymptomatic HIV seropositives.) 

When serial percentagesof CD4 cells were evaluated (that is, the percertage of CD4 cells relative 
to the total ofcirculating lymphocytes) for the same time period, however, intraperson variation 
was significantly less. Both research groups recommended that clinicians use CD4 percentage 
values rather than absolute counts. These studies substantiate the frequent observation that 
the percentage ofCD4 cells is much less volatile than the absolute CD4 count. 

Lymphocyte Counts. An interesting study of HIV-infected asymptomatic and non-AIDS 
patients by Michael Para and colleagues (Ohio State University AIDS Clinical Trial Unit, 
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Columbus) suggested that ordinary absolute lymphocyte counts offer a reliable alternative 
to the more expensive CD4 assays in certain circumstances. Dr. Par'steam demonstrated 
that lymphocyte counts exceeding 1500/mm 3 correlated with a CD4 level of at least 
200/mm3. Although the authors did not find a lymphocyte count that reliably correlated 
with a CD4 level greater than 500/mm 3 , they did find that a lymphocyte count of less than 
1450 reliably Indicated a CD4 level of less than 500/mm. (WBC, platelet count, and3 

hemoglobin added no further discrimination.) This is an especially important finding for 
clinicians caring for patients with limited access to care or limited financial resources 
because of the lower laboratory costs. 
Beta-2-Microglobulin A protein detectable In serum, beta-2-microglobulin is tightly linked 
with a class of human major histocompatibility proteins found on the surface of certain 
white blood cells. (The major histocompatibility proteins play a role In the recognition of
"self' antigens found on every cell in the body.) Conference studies this year supported pre
vious findings that Increased beta-2-mcroglobulin levels correlate with advanced disease 
stage and that monitoring these levels may serve as evidence of HIV disease progression.
Dr. John Fahey and colleagues (Multicenter AIDS Cohort Study, Los Angeles), for example,
noted that 6eta-2-microglobulin levels were 30% higher in men at the time of diagnosis of 
AIDS, than In matched cohort members who did not develop AIDS. Based on a 6-year study
of 131 HIV-posltive homosexual men, Dr. Alexander Kramer (Upiversity Tubingen. FRG)
and colleagues reported that AIDS incidence rates were significantly higher among homo
sexual men with high beta-2-microglobulin levels (greater than 3 mg/) than in those with 
medium levels (2-3 mg/l), and those with normal levels (less than I rag/): measurements 
were taken 1year after (known or estimated) seroconversion. 
Dr. Robert Clarkson (HIV Immunology Unit, Edinburgh) and associates reported signifi
cantly elevated levels of beta-2-microglobulin among both HIV-negative (2.89 mg/) and 
HIV-positive IVDUs (4.24 mg/); HIV-positive IVDUs in later stages of HIV disease showed 
the highest levels (4.87 mg/). Katherine Davenny and coworkers (Mr- 'efiore Medical 
Center, Bronx, New York) also noted strikingly elevated levels of beta-2-microglobulin in 
seronegative and seropositive IVDUs. Although asymptomatic HIV-positive IVDUs had 
h!gher mean beta-2-microglobul!n values than their HrT-negative counterparts, the finding
ofabnormally high values in asym,3tomatic HIV-negative IVDUs in and ofItself suggests that 
non-specific markers may be signaling other causes of immunodeficiency and may therefore 
confound clinical assessment. (Dr. Davenny's team also documented abnormal values in 
CD4 cell counts and CD4: CD8 ratios for the asymptomatic seronegative IVDU group.) 
Virological Markers. Detection ofvirus orviral components (antigens, DNA. or RNA) in serum 
or plasma samples from individuals in various edisena, stages--or from a single individual at 
different times-has thus far not yielded a reliable measure ofviral load orviral activity in the 
body. Isolation of virus from blood cells and detection of DNA or RNA requires what seems an 
inordinate amount of time and technical expertise (see Viremia," below). Continued studies on 
HIV antigen levels in HIV antibody-positive persons have revealed certain patterns that may
aid in predicting disease progression. Clinical researchers are especially interested in finding a 
relable virological marker that accurately reflects disease progression (or stasis) in the body,
thereby providing a means by which to monitor the efficacy ofa particu!:U iierapy. 
Anttgenemla. Viral antigens-spcifically HIVs core antigen, p24-can bt-detected In the 
serum of Infected individuals but apparently only at particular points during the disease 
course. HIVs p24 antigen is first detectable in the blood within I to 2 weeks of initial HIV 
infection, well in advance of the presence of detectable serum antibodies. However, for rea
sons not entirely clear, p24 then disappears and remains undetectable through the asymp
tomatic phase of disease in most patients. HIV p24 antigen then reappears, usually years
later, and this reappearance is associated with increasing short-term risk ofserious clini
cal illness. Diagnostic tests that detect p24 have come into wider use during the past year, 
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Figure 7.3. Association Between p14 Antlgenemia and HIV Disease Stege 
Free p24 antigen, but not immune-complexed p24, wes found to increase inprevalence with advancing disease 
progression. Free p24 antigen was found in3 (12%) of 25 asymptomatic (Asxi patients, in15 of 47 (32%) patients 
with progressive generalized lymphadenopathy (PGL), in7 of 15 (47%) patients with ARC, and in 10 of 19 (53%) 
patients with AIDS. (Based on a report by Dr. Luc Kestens, Institute of Tropical Medizlne, Antwerp, and colleagues.) 
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and more clinicians now use them to assess the likelihood of disease progression amnong 
asymptomatic as well as symptomatic HIV-infected individuals. (See Chapter 4: DIAGNostic 
TESrs FOR HfV for a detailed discussion on p24 antigen tests.) 

The appearancs- and decay of serum p24 levels during the course of HIV disease dictates 
cautious inttr-retatlon of test results; a positive or negative result must be Interpreted rel
ative to the patient's disease curse. In monitoi ing patients with established disease, HIV 
antigmn testing is more useful than during asymptomatic stages, but, again, offers no abso
lutes: the appearance of antigen (and, especially, of Lrising titer) sugg(.sts that disease pro
gression is occurri.ng at a substantial pace, but the absence of HIV antigen does not rule 
out that same possibility. 

Two Intriguing presentations looked at serum 'p24 antigen as 'bound" antigen (p2-' antjgen 
complexed with antibody) and as "free" antiger. (Alaboratory ip.otocol whereby bound p24 
can be released from the antigen-antibody complex precipitated from HIVI-positvc sera.allows 
for the differential detection of p24 In Its free ai.'O Iound forms.) Dr. Luc Kestens (Institute of 
Tropical Medicine, Antwerp) and colleagues nuted that p24 antigen detection in serum 
increases significantly 'after p24 antigen-antibody complexes (or immune compkexes) are dis
sociated. Furthermore, analysis of sera,from 106 HIV antibody-positive individuals revealed 
that bound p24 (antigeri-antibodty complexes) are associated with low CD4 cell counts: 

CD4 cell count <200 cells/mm3 200-400 cells/mm3 >400 cells/mm3 

p24 antigen ("free") 14/29(48%) 8/23(33%) 13/54(24%) 
p24 antigen-antibody complex 18/29 (62%/) 8/23(33%) 16/54(30%)

24  free or complexed p 21/29 (72%) 14/23 (58%,) 18/54(33%) 
When the authors looked at free and bound p24 in relation to clinical stage, both forms of 
p24 antigen were detectable at every stage. An Increasing prevalence of free p24 antigen 
correlated with disease progression (see Figure 7.3). Although bound p24 antigen was not 
significantly associated with clinical stage, it may be of interest to determine the prognostic 
value of inimune-coniplexed p24 In asymptomnatic Individuals. 

http:occurri.ng


177 CHAPTER 7: CUNICAL MANAGEMENT 

Dr. Roger Detels and coworkers (Multicenter AIDS Cohort Study, Los Angeles) also noted 
that free p24 antigen (eitheralone or as part of p24 Immune complexes) is associated with
disease progression and that the highest titers of Immune-complexed p24 were always
found In asymptomatic individuals. However, the authors reported that, based on their 
findings in 400 seropositive men, the predictive value for AIDS using either free or com
plexed p24 was less than that for other markers studied (beta-2-microglobulin, CD4 cell 
counts, IgA levels, and neopterin). 
Dr. Betsy Ohlsson-Wilhelm and collaborators (Pennsylvania State University College of 
Medicine, Hershey) reported that quantitation ofcell-associated p24 by flow cytometry may
also provide a means by which to monitor the degree of HIV infection in vivo. HIV-infected 
lymphocytes (producing HIV p24 protein, and therefore harboring actively replicating HIV) 
can be quantified using flow cytometry; the number of infected cells can then be compared to 
total CD4 cell counts. Dr. Ohlsson-Wlhelm's team looked at 10 individuals in late-stage dis
ease before and after AZT therapy: ratios of circulating p24-positive lymphocytes to total CD4 
lymphocytes varied with -)me and decreased in some patients after initiation ofAZI therapy.
The authors suggeste ,-. that their data reflect the episodic nature of HIV replication during
disease progression and should, therefore, also serve as a caveat: Alternating periods of high
replicative activity and relative quiescence mean that multiple baseline samples should be 
taken, before and after initiation of therapy, to avoid misjudging HIV activity In patients. 
Virenda. Because virus cannot be consistently isolated from serum or plasma of known 
HIV-infected (antibody-positive) individuals, viremia has not been considered a reliable 
marker of disease progression. Dr. Michael Saag (University of Alabama, Birmingham) and 
coworkers, however, reported that the ability to isolate virus from the plasma correlates 
well with disease stage: Among HIV-infected adults, virus could not be detected among any
of the 17 asymptomatic subjects studied, but was detected among 4 of33 ARC patients and 
15 of 16 AIDS patients. And when examined according to CD4 cell counts, virus could not 
be isolated from any of the 16 samples with counts greater than 600/mm3 ; 1of 21 samples
w;,h counts equal to 400-600/mm3 had detectable virus titers; 4 of 13 samples with 
counts equal to 200-400/mm3 and 14 of 16 samples with counts less than 200/mm 3 had 
detectable virus titers. Furthermore, among viremic pati-nts subsequently treated with 
AZI', 8 of8 demoizstrated a decrease in virus titers. 
Dr. Mathez Dominique (H6pltal Raymond Poincare, Garches, France) and colleagues

reported on a novel ex vlvo systeu, 
 in which blood cells from HIV-infected individuals are 
killed by Irradiation in vitro and then cultured with stimulated normal lymphocytes. HIV 
expression can be quitffled as *radiation-resistant scores," which were used to estimate 
viral load. More signiflcantly, HIV expression was detecte, in all retrospective samples from 
56 patients with AIDS-related illnesses or lympt penia. (Serum p24 antigen was only
detectable in 70%of those patients.j Furthermore, samples from asymptomatic individuals 
with persistently normal CD4 cell counts collected over 2 to 5 years had low HIV expres
sion/radiation resistant scores. Ongoing studies with this technique may demonstrate its 
utility as a surrogate marker for clinical end points In treatment efficacy trials. 
Much effort Is currently being expended to fine-tune th! relatively new gene amplification
technique-polymerase chain reaction (PCR)-which it is hoped, will allow HIV DNA or RNA 
levels to be quantified. Researchers speculate that clinical milestones directly correspond
to viral activity in the body (such as periods of high viral replication, which can be demon
strated by increased amounts of DNA or RNA). Indeed, Dr. Richard Wang (Aimed Forces 
Institute of Pathology, Washington, D.C.) and colleagues reported a significant difference in 
the anount of HIV DNA (using the HIV env gene as probe to quantify DNA copies) between 
serop. Ithve subjects in earrystage HIV disease (CDC Stage I/II1) and seropositives in late
stage disease (CDC Stage IV). Mildly symptomatic subjects had a mean number ofcopies of 
67, compared to a mean number rf 804 for late-stage disease subjects. 
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A singular presentation on the ability to detect and quantify HIV RNA from infectious viral 
particles in serum of HIV-Infected patients was reported by Dr. Mark Holodnly (Stanford 
University School of Medicine, California) and colleagues. Among HIV-infected individuals 
not receiving therapy, RNA was detected (using HIV gaggene) in 0 of 5 asymptomatlc sub
jects, 4 of5 ARC patients, and 4 of 5 AIDS patien's. 

As evidenced by the many discussions at the Conference, PCR technology sti2 requires refine
ment. (Chapter4: DIAGNOSTnC TEs FOR HIV discuss es PCR technology in detail.) Although It is 
highly tot ted by bas!c science researchers for its extremely sensitive theoretical capabilities, 
at this tin.! PCR does not consistently yield accurate results. In the study conducted by Dr. 
Wang and associates (cited above), for example, only 24 of 25 seropositives (antibody-posi
tives) were also PCR positive. Nevertheless several research teams have been able to show a 
statistical correlation between disease stage and HIV DNA or RNA detection. Dr. Peter 
Neumann (Federal r'entre for AIDS, Ottawa) and colleagues found that although PCR failed to 
detect HIV in all HIV antibody-positive subjects, seropositive individuals with negative PCR 
results tended to have less severe disease (interms of CD4 cell counts and clinical stage). 

Metabolic Markers. Some normal body metabolites are known to vary in concentration 
with changes in Immune status. Information gained largely from studies with tissue or 
organ transplant (immunosuppressed) patients is being evaluated for its relevance to 
HIV-related disease. 

Neopterln.Tne metabolite neopterin-a relatively obscure biomolecule that belongs to a 
class ofnitrogen-containing compounds called pteridines-continues to be closely studied 
for its value as a predictor of HIV disease progression. The biochemistry of neopterin 
reveals this compound's subtle relationshlp to infections and disease states: neopterin Is 
produced and secreted by certain immune ,ells on stimulation by gamma interferon, which 
is released from activated T cells. Numerous research teams have demonstrated that 
neopterin levels are elevated in all personti with HIV infection; however, evidence of a direct 
effect on neopterin levels by HIV has been lacking. Data presented by Dr. Christel 
Uittenbogaart (University of California School of Medicine, Los Angeles) and colleagues 
suggest that Increased serum neopterin levels may, in fact, be the direct result of stimula
tion of Immune cells by HIV. Dr. Uittenbogaart's team reported that activation ofmonocytes 
and B cells with cytoldnes (such as gamma interferon or interleukin-2) results in increased 
neopterin production by as much as 25-fold. Their in vitro studies also showed that B cells 
stimulated with inactivated HIV leads to increased neopterin production. Increased sernm 
neopterin levels In HIV-positive individuals, then, may reflect direct activation of the 
immune system by HIV-rather than reflecting nonspecific immune activation. 

While clearly elevated in all persons with HIV infection, significant differences in these cle
vated levels c,' neopterin concentration at different disease stages remains to be estab
lished. Sevcral Conference presentations demonstrated that correlation with advanced dis
ease stage car. be only made when weighed in conjunction with othei markers of Immune 
activation. Dr. Haynes Sheppard (California Department of Health Servlce, Berkeley) and 
coworkers, for example, reported that elevated neopterin levels were predictive for develop
ment of AIDS for patients who also had lowv p24 antibody titers. (See also "Multiple 
Parameters," below.) 
Steroid Hormones. Dr. Nevena Christeff (INSERM, Paris) and colleagues reported findings 
based on evaluation of levels of certain steroid hormones in HIV-positlve men at different 
disease stages during a 2-month period. In comparison to uninfected men, all !IV-positive 
men had signficantly increased serum cortisol, progesterone, and estrogen levels. 
Progesterone concentrations were decreased in patients with more advanced disease, and 
elevated concentrations of androgens were only observed In patients in the early stages of 
HIV disease (CDC Stages II and ill). The authors suggested that these steroid changes may 
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be involved in the pothophysiology of immunodeficiency processes and/or clinical symp
toms such as weight loss. (Indeed, the combination ofhigh cortisol and progesterone con
centrations and low serum progesterone levels in H.V-positive patients may explain the 
slight decrease in mineralocorticoids in these subjects.) 
Multiple Parameters. Several presentations looked at multiple laboratory values in an
effort to identify the most reliable (individual) markers as well as combinations of mark-ers. 
Dr. Robert Andersen (ViRx, Inc., San Francisco) and colleagues monitored levels of CD4
cells, neopterin, beta-2-microglobulin, p24 andbody. and p24 antigen In a cohort of 421
homosexual/bisexual men, 118 ofwhom developed AIDS during a 4-year follow-up period.
The authors found that as HIV disease progresses, CD4 cell levels decline while beta-2
microglobulin and neopterin levels increase. In contrast, antibody to HIV p24 remained rel
atively stable, although persons with AIDS had the low est titers at diagnosis and at 2 years
prior to their diagnosis. 
Viral p24 antigen was measured as percent of cohort group with detectable antigen:
 

" Among 32 men who seroconverted during the study period, 5.9% were 
p2 4
positive at 6 months after seroconversion. 

" Among 271 HIV-posttiv! men, 10.4% were p24-positive at Initial evaluation; that 
rose to 15.6% after 4 years.

* Among 118 men who devel ped AIDS, 39%were p24-posttive at 2 years prior to 
diagnosis, whereas at time ofdiagnosis, 56%had evidence of p24 antigen. 

Similar trends were reported by numerous other research teams for various markers dor-
Ing disease progression. Based on findings from a cohort of male sexual partners of men
with HIV disease, Dr. Randall Coates (Univera.ity of Toronto) and colleagues found CD4:
CD8 ratios, Increasing levels of IgA antibodies, and development of minor opportunistic
infections (suchas thrush, zoster, and oral hairy leukoplakia) to be significant independent 
predictors ofprogressive disease. 
Dr. Dennis Osmond (San Francisco General Hospital) and colleagues found that in addi
tion to elevations in beta-2-microglobulin and neopterin levels, an increase in the soluble
CD8 level also proved to be a strong prognostic marker. In their study of 185 HIV-seropos
itive homosexual/bisexudl men (asymptomatic, with CD4 cell counts of 200-500/mm 3 )
followed since 1983-84, these three markers plus soluble Interleukin-2 receptor were
foujid to be highly correlated with one another. When beta-2-microglobulin, neopterin,
and soiuble CD8 were evaluated in combination with p24 antigen, the three immune-acti
vation markers were observed to predict AIDS risk (progression to AIDS) Independent of 
p24 and CD4 cell counts. 

PATIENT CARE STRATEGIES 

Providing care for persons with HIV infection and persons with AIDS Involves recognition
and docum-ntation of HIV infection as well as recognition of myriad symptoms associated
with AIDS indicator diseases. Indeed, primary care clinicians ofall specialities (including
family physicians, emergency physiciaus. and gynecologists) as well as physician's assis
tants and nurse practitioners should also be prepared to recognize and Initiate manage
ment of complicating opportunistic infections. 
World Health Organization, Geneva, in collaboration with several international groups has
drafted clinical management guidelines to provide a framework for a consistent and logical
approach for the diagnosis and treatment of KIV infection and AIDS. i'hese guidelines or
algorithms, described as "appropriate care guidelines," (available from WHO) may be espe
cially useful for developing countries adopting nationai AIDE programs, ofwhich clinical 
management has necessarily become an expanding component. 
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Patient Care Continuum 

In direct response to the new care challenges and economic problems brought on by the HIV 
epidemic, Caremark Inc. (Lincolnshire, Illinois) has created a new locus of care where HIV-infected 
individuals can receive a variety of services that are appropriate to their disease status and-of 
equal import-are cost-effective. Fueling the need for these multifaceted clinical centers is the 
breadth of effects of HIV disease on the individual and on the health care system. 

Caremark Connection centers are in essence a practical alternative to hospitalization, offering a 
continuum of care for persons with all !!tages of HIV disease. Available services include: 

* Prescribed medical treatments. Therapies Nutrilional education, evaluation, and 
for various HIV-related complications can support. Patient awsessment includes 
be administered by the health care staff at anthropometric measurements, biochemi
the facility or at the patient's home. cal indices, dietary history, weight changes, 

and lifestyle needs.* Investigational drug clinical trials, 
Investigational therapies can be admin- Financial advocacy. Reimbursement spe
istered under controlled circumstances at cialists act as the link between physician, 
the site, where the staff draws serial blood patiet, and third-party payors to help 
samples, as required, and supervises secure payments, solve reimbursement 
patient compliance, problems, and investigate alternative 

" Skilled health care staff. Nurses, dieti- sources of funds. 
cians, pharmacists, physical therapists, Networking social support services. The 
social workers, and counsellors work staff can link patients with various com
closely with the patient and primary munity services, including help with 
physicians, preserving the case manage- daily living arrangements and financial 
ment approach to care. assistance. 

" Personalized care plans.The center's health Home delivery. When the patient is too ill 
care staff works closely with the patient's to travel to the facility, prescriptions, 
physicians to integrate all facets ofcare with adjunctive therapy,and/or nutritional 
ongoing patient assessment and coun- supplements can be brought &_)the 
selling. The needs and preferences of both patient's home for administration by the 
patients and physicians dictate who, when, nurse or by the trained patient or the 
and where therapy is administered. patient's traincd care givers. 

As of publication, 12 Caremark Connection sites were open in these U.S. cities: San Francisco, 
Seattle, Phoenix, Denver, St. Louis, Boston, Philadelphia, Chicago, Houston, and Atlanta. 

As our HIV/AIDS knowledge base grows, diagnosis and treatment of HIV disease, and of 
the associated individual opportunistic infections, improves. These advances, along with 
accumulating clinical experience, allow clinicians to offer treatments earlier in the disease 
course. New antiviral and Immunotherapeutic agents are being developed and brought to 
clinical testing phases more rapidly than for any other human disease condition. Various 
strategies for optimizing the potential benefits of these drugs are being explored: lower 
dosages, use as prophylactic treatment, combination therapies, for example, have shown 
unexpected benefits. 

As discussed in "Care Delivery," bWlow, new strategies for caring for HIV-infected per ons 
continue to evolve as pat.ents, with their physicians and other care providers, learn what is 
most efficient, comfortable, and cost-effective. Out-of-hospital rare options -notably, out
patient clinics or home care-have been shown to be viable alternatives to lengthy, uncom
fortable, inconvenient, and expcrsive hospital stays. One innovative alternative-care 
approach is being offered by the Caremark Connection (Caremark Inc., Lincolnshire, 
Illinois); see "Patient Care Continuum," above. 
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ANTIVIRAL THERAPIES 
Antiviral chemotherapy is now established as a central element in a comprehensive plan for
managing HIV-related disease. Although the arsenal of antiviral agents is growing, AZT was
the flrst and most widely prescribed anti-HIW agent for individuals with HIV infection orAIDS. 
Numerous other agents, some similar to AZT Inmechanism ofaction and chemical structure, 
are in various phases of preclinical or clinical testing. Still other agents are in the early (lab
oratory) stages of development; several of these show specific anti-HIV pr-operties in vitro at
doses achievable in humans. Basic science 3tudies of antiviral agents are discussed in detail 
in Chapter 6: ANImWRAL & IMMUNOTIhERAPEUiC AGENTS. (Immunotherapeutc agents, also called
immune bocsters or biologic response modifiers-including synthetic and naturally occur
ring compounds-are those intended to aid rebuilding of the immune system; to date not
much success has been achieved with these compounds. However, Dr. Clifford Lane at
National Institute ofAllergy & Infectious Diseases, Bethesda, Marylarnd, reported that new 
clinical trial data from a placebo-controlled study suggests that alpha Interferon given in
early-stage HIV infection postpones development of opportunistic infections. Early studies 
concluding that alpha interferon was of no value in AIDS were based on AIDS patients whose 
pretreatment CD4 cell counts were below 100/mm3 .) 

AZT 
The preponderence of clinical expeilence and tht majority ofclinical trials have established 
the utility and safety ofAZT (azidothymidine or zidovudine, ZDV) for AIDS patients as well 
as for HIV-Infected individuals with few or no symptoms. AZT therapy is no longer reserved
for those with an AIDS diagnosls; it is now recommended for HIV-infected Individuals who 
are either asymptomatic or mildly symptomatic and have CD4 counts below 500/mm 3 . 
The original AZT pilot study (in 1986) and numerous other clinical trials have clearly
shown that patients with AIDS who receive AZr therapy fare significantly better than their 
untreated counterparts; reported benefits include: 

* improved immunological function
 
" prolonged survi ,al time
 
" 
 elevation of depressed platelet counts (amelioration of thrombccytopenia) 
* a lessening ofHIV-related neuropsychological manifestations, in some instances 

In 1989, data from a 2-year clinical trial demonstrated that AZI also benefits HIV-infected peo
ple with mild or no symptoms (CD4 cell counts less than or equal to 500/mm3). The primary
effect ofAZI'in these patients was postponement of advanced immunodeflciency: as discussed 
below, significantly fewer AZT-treated individuals with CD4 cell counts at or below 500/mm3 

progressed to ARC or AIDS than did matched control subjects. Although most clinicians now 
agree that AZI is appropriate for HIV-Infected individuals with CD4 counts equal to or less 
than 500/mm3 , many questions remain-perhaps the most important is whethrcr all such 
patients should receive AZr,or whether certain markers of disease progression shculd be used 
instead. Active clinical research regarding AZI"therapy continues to address several questions: 

" Which patients with early stage HIV disease should receive AZT therapy? All
patients with fewer than 500 CD4 cells/mm 3 , or defined subsets of those patients?
At what point, and using which criteria, should therapy be initiated? 

* What is the proper dose of AZ'? Does this differ for patients at different phases of 
HIV disease? 

* How long should AZT therapy be continued? 
" What are the important short and long-term toxicities? How should they be managed? 
" What is the clinical significance of AZT resistance? 
" What Is the role of other antivirals in AZT therapy? Do combinations iniorove treat

ment results? Do they poten .late or limit toxicity? 
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AZT in Early HIV Disease. Several Conference reports validated the findings of the AIDS 
Clinical Trials Group, studies, in which mildly symptomatic or asymptomatic HIV
infected individuals with CD4 cdl counts less than 500/mm 3 were demonstrated to ben
efit from AZT. These studies, Imown as the ACTG trials 016 and 019, were summarized 
in 1989 and reported by Dr. Margaret Fischl (University of Miami School of Medicine) and 
Dr. Paul Volberding (University of California, San Francisco) at this year's Conference. 
The ACTG trial 016 sought to determine the efficacy ofAZT in earlyHIV disease: of 711 
subjects. 351 received placebo while 360 were given 200 mg AZI orally every 4 hourt. 
over the 2-year study period. When AZT therapy was Initiated early in the course of HIV 
infection, progression to advanced disease seemed to be delayed: a significantly higher 
number of placebo recipients developed advanced ARC or AIDS, or died during the 2-year 
study (34 placebo recipients versus 12 AZT recipients). The AZT-treated group also 
showed significant increases in CD4 cell counts and decreases in p24 antigen levels. 
(The ACTO trial 019 evaluated low- versus high-dose AZT therapy, see "Doses &Dosing 
Schedules." below.) 

Although few clinicians argue with the evidence for AZTs efficacy in treating advanced HIV 
disease, some controversy exists regarding the use of AZT in earlier stages. Clinical trials 
have not uniformly and unequivocally confirmed the observation. of the above-cited ACTG 
studies: neither the U.S. Veterans' Hospital multicenter stody nor the Concorde trials in 
progress in Europe have thus far shown clear and convincing benefit to early AZT treat
ment for all patients. Some evaluators believe that the ACTG data obscure the possible 
presence of stratifications In benefit: they suggest that some, but not all, patients with 
early stage disease might improve with AZT. Some investigators are exploring the utility of 
markers that might identiry the patients most likely to benefit from early AZT therapy
those at higher risk ofdisease progression. Tinfortunately, as yet, no consensus has been 
reacheu about such markers. 

Furthermore, researchers cannot yet prove that early AZI' therapy extends totalsurvival time 
for people with HIV infection, although many clinicians presume that this is true and that AZI' 
brings other positive effects not measured by survival time alone. Over the next 1 to 3 years, 
the results ofextended clinical research trials nowin progress should provide greater clarity. 
Doses and Dosing Schedules. The currently recommended dose of AZT is 500 or 600 
mg/day in divided doses, usually 100 mg orally every 4 hours while awake. (Most clinicians 
no lotiger require patients to take a sixth dose in the midale of tWe night, an inconvenience 
necessary to achieve an equally divided total daily dose of 600 mg.) Previous studies, 
mostly treating patients with advanced disease, had used higher doses of AZT-usually 
200 mg orally every 4 hours around the clock for a total daily dose of 1200 mg. (This previ
ously standard dose of 1200-1500 mg/day wa-, based primarily on pharmacokinetic pro
jections of the dose most likely to be effective-that Is how the drug would be distributed 
through the body and be c!eared.) Patients receiving 1200 mg ofAZT per day, however, had 
significant toxicity: unacceptable bone marrow toxicity, manifested chiefly by unrelenting 
anemia requiring (and often producing dependency on) trans. sions and by sustained,neu
tropenia (low neutrophil count). 
Subsequent clinical trials have demonstrated that in treating early stage disease, lower 
doses ofAZT are at least as effective and associated with significantly fewer ac ver-fe effects. 
Several studies presented at the Conference confirmed these findings for patienlts with 
asymptomatic or mildly symptomaic HIV infection. In summarizing the findi.gs ;'rom the 
Ai'r study 019, In which lou ..r dose AZT was evaluated in mildly symptomatic or asymp
tomatic individuals who had CD4 cell counts below 500 cells/ram3 . Dr 'zul Volberding 
(University of California, San FRvncisco) reported that 500 mgrfday was safer than a 1500 
ing dose while producing a similar slowing In the 2-year progression rate to AIDS. Of 428 
trial participants receiving placebo, 33 developed AIDS, as did 11 of453 on the 500 mg/day 

http:cells/ram3.Dr
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dose, and 14 of the 457 In the 1500 mg/day group. (Dose-related adverse effects are discussed below under "Toxicity.") Similar findings were presented by Dr. Dominique Salmon(H6pltal Bichat-Claude Bernard, Paris), who was reporting for the French AZT CooperativeStudy Group: 600 mg per day (200 mg every 8 hours versus 200 mg every 4 hours)wasnoted to produce fewer adverse effects and was just as effective as the standard 1200
mg/day dose for patients with eitherARC orAIDS. 
Numerous (smaller) efficacy trials cnducted with different patient populations reported atthe Conference showed simtlar findings of equivalent drug efficacy with lower dose AZT. Dr.Michel Caries (University Hospital, Nice) and colleagues, for example, found that 900 mgper day was as efficacious as and better tolerated than standard 1200 mg/day dose in aprospective randomized study of 36 patients with HIV disease (CDC stage IV). In a study ofpatients with advanced HIV disease who had experienced at least one case of Pneumocystts
cariniipneumonia, Dr. Margaret FIschl (University of Miami School of Medicine) reportedher team's findings that a lower daily dose (203 mg every 4 hours for 4 weeks, followed by 4weeks of 100 mg every 4 hours)was as effective in postponing other severe complicationsdue to imnunodeficiency-w!th substantially fewer cases of anemia or neutropenia-as
the standard (high) daily dose of 1200 mg. On questioning at the Conference regarding thepossible efficacy of an even lower dal' - dose ofAZT, Dr. Fischl observed that the intracellular concentration ofAZT is what Is important and that, in her opinion, the optimal dose of'AZT Is probably between 200 mg and 500-600 mg/day. A study that sought to evaluatelow-dose AZI" in combination with the antiviral agent acyclovir found 300 mg/day ofAZT(alone) to be as efficacious as 600 mg/day ofAZT (alone); the addition of acyclovir did notappear to confer greater benefits. Presenting virologic data on the 22 patients (CDC StageIVA) in the study, Dr. Robert Coombs (University of Washington, Seattle) showed thatplasma viremia titers and p24 levels were signiflcantly-and equally-suppr ssed by both 
the 300 ing and 600 mg daily doses. 
Clinical studies investigating the question of Intermittent versus continuous therapy havenot so far provided any clear answeks with regard to "which is better." Many patients receiving t i' experience an increase in CD4 cell counts, sometimes by more than 500/mm 3 
duri.g treatment. It is possible that temporary discontinuation ofAZT at that point mightbe of both economic and clinical benefit; Intermittert therapy could potentially delay orlimit the evolution of drug resistance and might lessen long-term toxi'ty. It is equally possible, however, that the beneflts of -=r would be reduced by periodic withdrawal of thedrug, and that continuous therapy would enable patients to exp.rience its full benefit. Inpractice, most clinicians do not discontinue AZT"despite increases in CD4 counts.Similarly, no data has been presented to encourage a "pulsed"approach to givingAZT in an 
Intermittent fashion. 
Toxicity. The major toxicity associated with AZT administered at high doses is hypoplasia ofthe bone marrow with cytopenias (that is, destruction of bone marrow with de 'reased ccilcounts, especially of red blood cells, producing anemia). Patients rezeiving high dow- i ofA:.'require frequent assessment of bone marrow function throu.ghout therapy. A,ong patientstrea'ed earlier and with lower doses, such bone. narrow twod,,ty has been uncommon. 
Similarly, the myopathy (disturbance of muscle function) asscclated w!th the originallydefined standard AZT dose (1200 mg/day) has been less frequent and less severe at lowerdoses. With the exception of minor toxicitles often characterized as Inconvenient (such asslight nausea without vomiting and mild headache), AZT given at lower doses (300 to 500 
or 600 mg/day) rarely produces shurt-term side effects. 
Based on the ACTG trial 019 discussed above, a double-blind randomized control trial comparing two doses (1500 mg and 500 mg) of AZT and placebo, patients receiving AZT had nogreater incidence of most Wide effects than dir' control patients receiving placebo. Reporting 
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toxicity findings from this study, Dr. Matthew Koch (Research Tr!3ngle Institute, North 
Carolina) and colleagues found that the patternof toxicity ofAZr at each dose (1500 mg and 
500 mg) was similar in asymptomatic subjects and patients with ARC and AIDS, but the fire
quency oi toxicity was lower. The risk of severe anemia was small in the lower dose subjects; 
In the higher dose group, the risk was greatest in the first 3 months of treatment. 

Myopathy has been associated with HIV infection itself (see Chapter 8: NEUROLOGICAL 
ASPECTS OF HIV INFECTION) and AZT therapy. Several studies have described AZT-induced 
myopathy as proximal muscle weakness and elevations of the enzyme creatine kinase, 
usually developing after several months or more of AZT therapy. This myopathy usually 
resolves in most patients after the drug is discontinued, and when AZr therapy is resumed, 
the myopathic syndrome usually recurs. Dose reduction improves this myopathy in many 
patients (both clinically and biochemically), and some patients whose AZT therapy was 
stopped because of myopathy do not have a recurrence if AZT is subsequently given in 
much smaller doses. 

Length of Treatwent. Once a patient begins taking AZ, most clinicians feel uncomfort
able discontinuing it absent clear evidence of treatment failure or serious toxicity. AS yet, 
no trials have defined the optimum duration of therapy. Since AZTr postpones, but does not 
prevent, progression of HIV-related disease altogether, there may be cllnic;.! grounds for 
stopping the drug at some point; that point, however, is not known. 

Continuous therapy with AZT, however, does raise several concerns. Because of the rela
tively short experience with AZr in HIV infection, the long-term consequences of therapy 
have not been defined. Perhaps one indication, discussed by Dr. Robert Yarchoan (National 
Cancer Institute, Bethesda, Maryland). is the finding of increased incidence of B cell lym
phomas (specifically. non-Hodgkin's lymphoma) among patients receiving continuous AZI 
therapy. It is possible, Dr. Yarchoan said, that this recently observed increased incidence is 
a direct effect of AZT-related lengthened survival time: patients living longer, berause of 
AZr therapy, have a greater chance of developing lymphnmas, which are a known comnpli
cation of immunodeficiency states. 

The emergence of drug resistant HIV strains iPalso a concern in regard to continung AZT 
indefinitely. Many clinicians worry that Instituting therapy earlier may "use up" the benefi
cial effects of AZT, produce resistance, and then leave the patient with fewer options once 
more severe disease develops. The limited information available thus far about AZT resis
tance does not resolve this concern, but does suggest that AZF treatment over 1 to 3 years 
is associated with some degree of drug resistance, (see discussion below). 

Finally, there is an important issue of costs. Even at a lower dosage, and even given 
reduced prices (lowered In 1989 by Burroughs Wellcome), AZT is an expensive agent over 
the long term. Medical economics holds that any therapy not be continued-and especially 
not a costly one-when its benefit can no longer be deinonstratcd. But in the case of AZ, 
the limitations of benefit are unclear; accordingly, concern about cost alone cannot Justify 
discontinuing treatment. 

AZT-Reibstant HIV Strains. Following the not unexpected discovery of AZT-resistant HIV 
straim, in 1989, numerous investigators began looking at the drug sensitivity of HIV 
strains isolated from patients on AZT therapy. As pointed out by Drs. Brendan Larder 
(Wellcome Research Laboratories, Beckenham, U.K.}, Charles Boucher (Academic Medical 
Center, Amsterdnm), and Marty St. Clair (Wellcome Research Laboratories. North 
Carolina), although AZT resistance can be demonstrated in vitro, no clinical correlations 
have been noted---that is, AZT-treated patients from which AZT-resistant strains have 
been Isolated do not app;ar to have a clinically worse profile. However, in vitro findings 
reveal greater AZT resistance in HIV strains isolated from ARC or AIDS patients who have 
been receiving AZT for 6 months than in HIV Isolated from asymptomatic individuals who 
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have been on therapy for 2 years; these findings do suggest that HIV isolated from asymp
tomatic patients is more susceptible to AZT and has a limited capacity to develop resis
tance. Some scientists argue that viral replication in asymptomatic individuals Is being
kept in check-and consequently the virus has less chance to develop drug resistance. 
Whether this may have clinical benefit Is not known. 
Quite predictably, the finding of AZT-resistant HI' strains from patients has added a 
greater sense of urgency in bringing other antiviral therapies to clinical testing phases.
Alternatively. combination therapy using AZT with other agents, such as dideoxycytosine
(dde) or did'oxyinosine (ddl), is thought to reduce the likelihood of AZT resistance. Dr. 
Hiroaki Mitsuy,: (National Cancer Institute. Bethesda, Maryland) and colleagues reported
that HIV isolated from patients receiving AZT and ddC In an alternating regimen for 1 year
did not show any change In sensitivity to either AZT or ddC when compared to pre-treat
ment HIV strains. 
AZT Combination Therapy. Clinical trials ofAZ]' in combination with other antiretrovirals
(ddC or ddl, for example) or immunomodulators (alpha interferon, for example) are seeking
to esfablish whether additive clinical benefits can be gained. Such trials have involved a
relatively small number of patients and data ac,-'umulated thus far appear inconclusive 
with respect to efficacy. Dr. Robert Yarchoan (National Cancer Institute, Bethesda,
Maryland) reported that some patients have been on an alternating regimen ofAZTf and
ddC for as long as 3 years. Although a weekly alternating regimen was originally tried, Drs.
Thomas Merigan and Gall Skowron (Stanford University School of Medicine, California)
reported that, based on studies involving 131 ARC orAIDS patients who had detectable lev
els of p24 antigen, a high-dose monthly alternating schedule now appears to be optimal (as
determined by sustained suppression of p24 antigen and increased CD4 cell counts). Dr.
Merigan cautioned, however, that the data need to be evaluated against AZT therapy alone. 
Bone marrow toxicity has been significantly less in all alternating regimens than that
observed with continuous AZT therapy, but neuropathy Is observed in all treatment regi
mens. particularly during weekly or monthly high-dose ddC treatment. Preliminary analy
sis of the Stanford trials indicated that an alternating regimen ofAZT and ddC was less
toxic and more effective (as measuked by clinical benefit, CD4 cell count improvement, and
p24 antigen suppression) than either drug alone. Such an approach may be absolutely 
necessary with ddC, since doses that produce the greatest therapeutic benefit are typically
unacceptably toxic. Given that AZ's primary toxicity is myelosuppression, whereas the
dominant toxicity of ddC Is neuropathy, the combination of the two agents might at least be
expected not to produce additive side effects. Dr. Samuel Bozzette (University of California,
San Diego) and colleagues reported findings from their comparison study of alternating 
versus intermittent AZT'jddC therapy in ARC and AiDS patients who had recovered from
AZT-associated hematologic toxicity: Although different dosing schedules, including an
intermittent schedule that incorporates a drug-free period, appear to significantly alter the
individual toxicity profiles ofAZTand ddC, the best regimen hasyet not been determined. 
Dr. "Ize-Chiang Meng (University of California, San Diego) and colleagues reported prelimi
nary findings from their study of 24 patients who received ddC and AZ], administered con
currently in low doses (7 different regimens): Overall, the combination had beneficial 
effects on markers o disease progression (CD4 cell counts and p24 antigen levels) and was
generally well tolerated. Toxicities included peripheral neuropathy (1 patient), pancytope
nia (1 patient), and hemoglobin toxicity (2 patients); 2 trial participants have discontinued 
therapy because of toxicity. 
Dr. Victoria Davey and colleagues (National Institute of Allergy & Infectious Diseases,
Bethesda, Maryland) compared tolerance and to:xicity ofAZT/alpha interferon combination 
therapy with that of single agent therapies (e Zr alone and alpha interferon alone) in early 
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HIV Infection. In this study, 120 individuals with CD4 cell counts of at least 500/mm 3 were 
randomized to receive one of the three therapy regimens: 

* AZT alone at 1200 mg/day
 
" alpha interferon alone at 5 x 106 units/day
 
" AZ' at 600 mg/day and alpha interferon at 1x 106 units/day
 

All three treatment groups showed a decrease in circulating p24 antigen, with patients on 
combination therapy showing the most sustained falls. Of 30 patients receiving therapy for 
as long as I year, I patient receiving alpha interferon has reached a study endpoint (decline 
in CD4 cell count to less than 200/mm3 or CD4 count representing less than 20% of total 
lymphocytes or development of an opportunistic infection). Attrition from the study due to 
subjective Intolerance was the same for all three groups, although the AZT/alpha interferon 
group had a greater frequency of subjective and laboratory toxicities. With dose adjust
ments, Dr. Davey reported that each of the therapies are expected to be equally tolerable. 
Data collected over the next 6 months from this ongoing study should give some indication 
of the relative effects of the three therapies. Other AZT combination therapies being evalu
ated in clinical trials include AZT/acyclovir; AZI'/AS-101; AZT/interleukin-2; and AZT/ace
mannan. (SeeTables 6.2 and 6.3 In Chapter 6: ANTIRAL & IMMuNoiERAPEmC AGENTS.) 

DmEOXYCYmriNE (DDC) 

This "dideoxy" nucleoside analogue Is the most potent of all such compounds, indeed, its 
minimal effective dose is 1/100th that of AZ'. Although early clinical trials of dideoxycyti
dine (ddC) revealed significant neurotoxicity, subsequent descending dose-response stud
ies 1. ve shown that low dosages (optimal. .01 mg/kg every 8 hours) are associated with 
specific antiviral effects, such as p24 suppression, with little toxicity. (Mild neuropathy 
may be seen in some patients, but It Is much less frequent and Is reversible. No hemato
logic toxicity such as that associated with AZT has been observed.) Dr. Thomas Merigan 
(Stanford University, California) reported that improved immunological parameters, such 
as increased CD4 cell counts, have also been demonstrated in ongoing safety and efficacy 
Phase I/Phase II studies. A clinical trial with (previously untreated) advanced ARC/early 
AIDS patients is now in progress, the aim of which is to compare the benefits of ddC 
directly with those ofAZT. As a single agent, ddC is also being evaluated in patients who are 
intotkcant to or failed to respond to AZT therapy and who are intolerant to ddl. 

DIDEOXYINOSINE (DDI) 

Dideoxylnosine (ddl). another antiviral compound shown to have activity against HIV in 
vitro, was made available in 1989 for limited clinical use by its manufqcturer, Bristol-Myers 
Squibb Company (New York). Approximately 20,000 U.S. patients have been enrolled in 
this expanded-access program, according to Dr. Raphael Dolin (Rochester Medical Center, 
New York). In Canada, more than 400 ARC and AIDS patiensts have participated in an open
access ddl program. Among these Canadian trial participants, Wendy Ungar and col
leagues (Bristol-Myers Squibb Pharmaceutical Group, Ottawa) reported that the most fre
quent reason for requesting ddl was hematologic Intolerance with AZT. The current role of 
ddl in clinical practice Is as a substitute, or replacement, for AZT in patients who have 
failed to respond to or showed signs of disease progression on AZT therapy, could not toler
ate the drug, or had unacceptable side effects. 

Many reports concerning ddl at the Conference dealt with its pharmacokinetics. dosing, 
safet',, and efficacy. Dr. C. A. Knupp (Bristol-Myers Squibb, Syracuse, New York) and 
coworkers demonstrated that ddl administered to patients receiving ddl orally or parenter
ally (twice daily) across dose ranges of 0.8-33 mg/kg (oral) and 0.4-16.5 mg/kg (IV)yields 
favorable bloavailability and renal clearance. 
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Dr. Nell Hartman (National Cancer Institute, Bethesda, Maryland) and associates, however,
cautioned that while several different oral formulations ofddl produce therapeutic levels in 
the blood, absorption varies greatly, depending on both the specific formulation and the 
time since the study subjects' last food intake: ddl in solution with oral antacids, for exam
ple, was noted to have higher bloavallability than buffered ddl tablets. 
Based on pooled clinical trial data with patients receiving more than 30 weeks of ddl, the
currently recommended dose is 7-10 mg/kg/day. Dr. Timothy Cooley (Boston University
School of Medicine) and colleagues presented efficacy data from their Phase I trial of 36
ARC and AIDS patients: sustained increases In CD4 cell counts were observed as well as
sustained suppression of p24 antigen. Dr. Shlzuko Aoki and coworkers (National Cancer 
Institute. Bethesda) showed that ddl at therapeutic dose levels reduces HIV DNA in periph
eral blood mononuclear cells, as demonstrated by PCR data. Based on a Phase I trial with 
58 ARC and AIDS patients who have been taking ddl for longer than 72 weeks, Dr. Robert
Yarchoan and colleagues (National Cancer Institute) found that not only is ddl well toler
ated, but it also appears to improve cognitive functioning In patients with HIV-associated 
neurological disease. (Pharmacologic studies have demonstrated that ddl crosses the 
blood-brain barrier and enters the central nervous system.) 
Dose-limiting toxicities, as outlined by Dr. Dolin, Include peripheral neuropathy (involving
the legs, similar to that associated with ddC) at doses exceeding 10 mg/kg/day and pan
creatitis. Until data from direct comparison studies with AZr are avalable and analyzed,
ddl therapy will probably remain as an alternate antiviral therapy for AZT. 

SoLurnz CD4 

Therapy with soluble (sCD4 or recombinant CD4) Is an interesting anti-HIV approach:
Ideally, this strathgy would disallow HIV from binding to the CD4 molecule on uninfected CD4 
cells, effectively preventing infection ofsuch cells. The principle involved is competitive bind
ing: since HIV binds to the CD4 molecule on the surface of susceptible cells, introduction of
sCD4 as a therapeutic agent means that it will compete with the natural CD4 receptor for HIV 
binding sites (specifically, the CD4 binding region ofgp120). The initial enthusiasm for sCD4,
however, has waned because of human pharmacokinetic studies demonstrating the need for
frequent dosing (sCD4 has a half-life of only about 45 minutes) and considerable toxicity.
Furthermore, no sustained clinical and immunological benefits were consistently observed. 
Development of second generation sCD4* agents (primarily sCD4 conjugated to a portion
of an IgG antibody molecule, called CD4 Immunoadhesin) have attempted to overcome 
these problems. Drs. Ann Collier (University of Washington, Seattle), Robert Yarchoan 
(National Cancer institute, Bethesda). and Clifford Lane (National Institute of Allergy &
Infectious Diseases, Bethesda) alE showed that intravenous sCD4-1gG therapy was well tol
erated and produced a much more favorable pharmacokinetic profile than sCD4 alone. 
Similarly, Dr.Teri Hodges (New England Deaconess Hospital, Boston) and colleagues found 
tb t intramuscular administration of sCD4-IgG produced therapeutic levels similar to 
ef.ective drug concentrations in vitrowhen given only once a week, and that patients toler
ated the treatment well. 

PEPTIDE T 

This peptide drug contains ekght amino acids that correspond to a stretch ofamino acids found
in HIV gpl20. Researchers at the National Institute of Mental Health (Bethesda, Marylmd),
who developed Peptide Tin Ic;7, suggested that the peptide may bind to CD4 much as HIV 
gpl20 does, occupying receptor .1'tes that inight otherwise serve as binding sites for gpl20.
Furthermore, because "free" HIV gpl20 has been shown to be toxic to certain cells in vitro
notably, neuronal cells-use of Peptide T as a therapeutic tool continues to be explored. 
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Data from Phase I clinical trials presented by Kenneth Mayer (Fenway Community Health 
Center, Boston) and colleagues and Dr. Michael McGrail (University ofSouthern California. 
Los Angeles) and colleagues demonstrated that Peptide T produces improvement In neu
ropsychiatric symptoms and mood. Dr. Mayer's team found that Peptide T was well toler
ated when administered via nasal inhaler three times daily. Although immonological and 
virological markers were not observed to improve consistently, Dr. Peter Haseltine 
(University of Southern Cahiiornia, Los Angeles) and coworkers showed in a 24-week Phase 
I study that Peptide T could be given without serious toxicity to ARC and AIDS patients. 

GLQ223 (COMPOUND Q) 

Enthusiasm for GLQ223-a purified extract from cucumber roots that has shown anti-HIV 
properties In vfro-has waned during the last year because of the absence of clinical data 
showing efficacy; concern regarding its toxicity also remains. (The unpurfledversion of 
GLQ223 is called Compound Q; the U.S. FDA put an import alert on the drug in mid- 1989. 
Community-based clinical trials with Compound Q conducted in the United States, in 
which there were several deaths, hdve been heavily criticized.) Phannacokinetic studies 
reported by Giorgio Gatti (University of California School of Pharmacy. San Francisco) and 
colleagues showed that, in ARC and AIDS patients receiving intravenous administration, 
GLQ223 undergoes rapid distribution followed :y .. slower elimination phase with a half
life of about 3 hours. However, Dr. James Kahn (San Francisco General Hospital) and col
leagues demonstrated that the serum concentrations obtained in vivo do not approach 
those shown to be effective in vitro. In Dr. Kahn's study, patients receiving GLQ223 experi
enced clinically important and even life-threatening toxicity. Further clinical studies are 
needed to establish efficacy for this antiviral therapy. 

OPPORTUNISTIC INFECTIONS 

Opportunistic infections continue to cause most of the deaths, hospitalizations, and dis
abling e2pisodes related to HIV disease. Systemic opportunistic Infections, and those affect
ing the central nervous system, present a number of challenges in diagnosis and manage
ment. It is still true that many patients with HIV infection first seek medical care not 
because of a direct manifestation of HIV Itself, but because of a complicating infection; in 
fact, the existence of underlying HIV infection may not even be suspected originally. Many 
HIV-infected patients have not been tested for antibody to HIV or had a clinical evaluation 
until immunological function Is In substantial decline. 

Diagnosing specific opportunistic Infections is often done in the context of an already 
immunocompromised even seriously ill patient. Dr. Mary Young and colleague (Geoigetown 
University Hospital, Washington D.C.), for example, showcd that among urban women, 
75% of these female patients seek care for the first time with CD4 cell counts at or below 
500/mm3 and 39% with CD4 cell counts under 200/rm3 . Given the nonspecific nature of 
many of the manifestation of opportunistic infections, and the added complexity of the 
underlying immunodeficiency, specific accurate diagnosis can be difficult. 

Indeed. Dr. Jose Pando and coworkers (VA Medical Center, University of Miami, Florida) 
showed that opportunistic Infections are commonly misdiagnosed or go undiagnosed 
altogether: In an autopsy review of 51 cases, opportunistic Infections causing death had 
been accurately diagnosed by the clinician 43% of the time and suspected 36% of the 
time, but In 20% of the cases, opportunistic Infections were completely unsuspected. The 
authors pointed out tln.t therapy was available for about 60% of the missed diagnoses. 
Certainly these findings suggest the need for more comprehensive and aggressive 
approaches to diagnosing opportunistic infections. However, some opportunistic infec
tions, even if accurately diagnosed, cannot be effectively treated. And therapy In other 
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opportuaistic infections may improve the immediate prognosis without bringing signifi
cant benefit to the patient's quality of life or survival, while causing both further eco
nomic strain and potential treatment-related toxicity. 
Several studies attempted to correlate the first diagnosed opportunistic infection with HIV 
risk category in hopes of anticipating specific opportunistic infections and planning pro
phylaxis. Dr. A. Laporte and colleagues (Ministry of Health, Paris) reported that although
Pneuocystts carint pneumonia (PCP) and cerebral toxoplasmosis were the most frequent
initiai opportunistic infections, no clear trends wit'l respect to HIV risk category were evi
dent. When comparing emergency department patients seen for an infectious complication 
by HIV risk category (homosexual/bisexual men versus IV drug users), Dr. Debbie 
Fleetwood and colleagues (Jonns Hopkins University, Baltimore) noted that although no 
correlation with HIV risk category could be drawn, the specific system affected (neurologic 
versus pulmonary, for Instance) differed signiflcantly between previously symptomatic 
patients and those with their first HIV-related episode. 
Chapter 8: NEUROLOGICAL ASPECTS OF HIV INFECTION discuss2s opportunistic infections 
restricted to the central nervous system, Including toxoplasmosis, crypto.occosis, CMV 
encephalitis, and neurosyphills. 

PNEUMOCYSTIS CARINII PEUMONIA 

Pneumocystts carinll pneuionia (PCP) remains the most common single cause of serious 
morbidity and mortality among the opportunistic Infections complicating HIV disease. The 
first life-threatening opportunistic Infection in more than two-thirds of patients with HIV 
disease, each episode of PCP is still associated with a 20 percent chance of death. 
Recurrence rates after successful therapy are high, even in the presence ofA;l"treatment. 
Improved strategies for preventing first and repeat events of PCP and better therapies for 
established disease will have enormous impact on the quality of life of people with HIV dis
ease as well as on survival. 

Clinicians caring for patients with PCP have searched for prognostic markers that might 
assist identification of patients at risk for respiratory failure and death. Between 15% and 
20% of patients with PCP progress to respiratory failure; that percentage might be reduced 
by earlier recognition of clinical or laboratory characteristics that predict poor outcome. In 
a study of collagenic markers (in bronchoalveolar washings and serum), Dr. Fausto Capella
(H6pital Saint-Antoine, Paris) and coworkers found that serum antigen levels of a product 
of Type III collagen (Type III procollagen N terminal peptide) may predict the early onset of 
pulmonary fibrosis in patients with PCP. In this study, increased levels of this peptide were 
found in the sera of patients with fatal versus nonfatal PCP. Dr. Walter Blumenfeld and col
leagues (University of Califo''nia, San Francisco) noted that low *cyst density" (which indi
cates a greater proportion of more virulent parasitic forms) of Pneumocystts carinti in tissue 
samples was associated with unfavorable outcomes. 
Treatment of PCP. Although the antibiotic pentamidine effectively treats PCP when adminis
tered intravenously, it is a toxic and expensive therapy that usually requires Inpatient man
agement. Patients as well as the health care system would beaefit from less expensive, less 
dangerous treatments, especially if administered !n an outpatient setting. This year's 
Conference included some encouraging Information about such possibilities. Dr. Julian 
Falutz and colleagues (Montreal General Hospital), for example, snowed that almost half 
(47%)of the group of 49 patients with PCP treated between 1987 and the end of 1989 were 
initially managed outside the hospital; in 75% of these, inpatient therapy was never required. 
Dr. Bruce Montgomezy (University of California, San Francisco) and colleagues showed 
that trimethoprim/sulfamethoxazole effectively treated PCP when given as 15 mg/kg/day 
in four divided doses, initially intravenously and then, after 5 days, orally. Patients who 



190 CHAFFER 7: CLINICAL MANAGEMENT 

were stable when transferred to oral therapy could then be managed as outpatients. 
However, they also found that patients treated with aerosol pentamidine (600 mg delivered 
once a day by Respirgard I nebulizer) were less likely to have serious side effects or to dis
continue therapy (because ofadverse effects). 
The frequency of side effects with trmethoprim-sulfamethoxazole also led to attempts to 
use other drug combinations; clindamycin with primaquine were investigated by several 
groups. Dr. Emil Toma and colleagues (H6tel-Dieu de Montreal and Universitt de 
Montr6al), in a very preliminary report, and Iris Rohde and coworkers (University 
Hospital, Berlin), in a retrospective review, found that clindamycin/primaquine was as 
effective as trimethoprim/sulfamethoxazole, at least in paticnts with less severe PCP (Po2
 
greater than 60 mm ig, temperature less than 400 C, heart rate less than 120/min.).
Patients given cltndamycin/primaquine gained some advantage In fewer side effects, 
although that combination did produce metbemoglobinemia. David Jones and coworkers 
(Indiana University School of Medicine, Indianapolis) found that the clindamycin/pri
maquine combination does not alter the kinetics ofAZT and does not requIre any change 
in AZT dosing and management. 
Prevention of PCP. Aerosol pentamidine continues to generate much interest as a prophy
laxis for PCP. Although Pierre Chopard (Geneva University Hospital) and coworkers found 
no benefit In using aerosol pentamidine (given as 300 mg every 28 days) in their placebo

3controlled study of 177 patients with CD4 counts under 200/mm , the majority of studies
 
validate the utility ofaerosol pentamidine ha prlmary and secondary prophylaxis of PCP. As
 
a primary prophylaxis, Dr. Catherine Leport (H6pital Bichat-Claude Bernard, Paris)
 
reported that co-trimoxazole iNrecommended for patients whose CD4 cell counts fall below
 
200/mr.13 or below 15-20% of total lymphocytes.
 
Margaret Johnson and coworkers (Free Hospital and School of Medicine, London) studied the
 
effect of inhaled pentamidine on specific cell populations found in bronchoalveolar washings.
 
They noted a significant difference in the proportion of monocy'dc cells in samples from HlV
infected patients in whom aerosol pentamidine was effective as compared with patients not 
receiving aerosol pentamidlne and uninfected individuals. Dr.Johnson's team concluded 
that the HIV-infected patient may be susceptible to POP due to a depletion of lung monocytes 
and that aerosol pent-midine may work by increasing the population ofsuch cells. 
A new concern, which surfaced in the last year, was the potential for the development of 
extrapulmonary pneumocystis disease in patients receiving aerosol pentamidme as a pro
phylactic for PCP. As suggested by Dr. Gary Noskin and colleagues (University Medical 
College, Chicago), it is possible that patients with disseminated pneumocystis discase have 
more virulent strains of the organism or that P carinliregularly causes a systemic illness, the 
extrapulmonary components ofwhich become visible when aerosol pentamidine suppresses 
disease in the lung. Dr. Steven Scheibel and associates (Community Health Network, 
Rochester, New York) identified 3 episodes of "breakthrough*extrapulmonary pneumocystis 
disase among 25 patients given aerosol pentamidine; they found that very low CD4 cell 
counts (less than 50/mn 3) predisposed patients to this occurrence. Based on retrospective 
review of charts, radiological studies, and pathological specimens of AIDS patients with dis
seminated pneunocystis disease, in which 4 of7 patients with cystic PCP had disseminated 
P.cartnll infection, Dr. Irwin Feuerstein and colleagues (National Institutes of Health, 
Bethesda, Maryland) recommended that imniunosuppressed patients with one of the follow
ing risk factors be screened for disseminated pneumocystis disease: 

* PCP with cystic features 
" PCP that develops in a patient while on aerosolized pentamidine
 
" pneumothorax (either spontaneous or complicating an infiltrate)
 
" PCPwith mediastinal widening
 

http:200/mr.13
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Dr. Feuerstein's team concluded that because disseminated Pnewrnocystiscarinti infection 
can be completely subclinical (without clinical manifestations) with normal laboratory
studies or nonspecific radiology, It is probably more common than currently believed. 
Nandi Jopinath and coworkers (University of Toronto) reported their findings of a charac
teristic ultrasound appearance of P.carinti tissue infection in 2 cases of disseminated 
P carnit. Another 2 cases were Identified following ultrasound screening among 18 asymp
tomatic HIV-infected individuals receing prophylactic aerosolized pentamidine. Severad 
observers commented on the possible utility of periodic systemic therapy (with parenterm'
pentaniddine, daasone, or trimethoprim-sulfamethoxazole) to reduce the likelihood of dis
seminated disease In patients receiving aerosolized pentamidine prophylaxis, but as yet no 
broad consensus has been reached as to the best agent, dose, or regimen. 
Since parenteral pentamidine sometimes Induces glucose intolerance (in as many as 22% 
ofpatients), Dr. HettyWaskin (Duke Mzdical Center, Durham, North Carolina) and cowork
ers studied the effect of aerosolized pentamidine on glucose metabolism. They found that 
prophylactic aerosoftzed pentamidine is much less likely to cause signilicant abnormalities 
ofblood suga-, and that no patients receiving only aerosolized pentaidine for pneumocys
tis prophylaxis developed treatment-associated diabetes mellitus. 
Other than breakthrough disease, the major problem with aerosolized pentamidine is brorn
chospasm at the time of administration (also called pentamidine-induced bronchoconstric
tion). Dr. Jean Quieffin and colleagues (St. Paul's Hospital, Vancouver) found bronchospasm 
oczurred in 30%of a group of 31 subjects receiving acrosolized pentamidine. Dr. Timothy
Leigh (Westminster Hospital, London) and colleagues observed a drop in FEV1 (thevolume of 
air exhaled at 1 second after maximum in.piration) in all patients receiving aerosolized pen
tamidine, averaging 21% but being greater in smokers. In this study, pre-treatment with 
terbutaline (10 mg nebulized 2 minutes plor to administering aerosolized pentamidine) sig
nificantly reduced the effect ofaerosolized pentainIdne on FEV1. 
While the concern about disseminated disease may have reduced the overall er.thuslasm for 
aerosolized pentainidine as the sole prophylactic regimen, little evidence was presented to 
suggest more viable alternatives. Oral dapsone was found to be as effective as aerosolized 
pentamldine for primary prophyladis of PCP in a study of 33 patients conducted by M.onica 
Slavin and coworkers (Fairfield Hospital, Melbourne). Similar findings were reported by
Ramon Torres and colleagues (St. Vincent's Hospital and Medical Center, New York) in their 
comparative evaluation of 251 patients receiving either oral dapsone (100 mg twice weekly) or 
aerosolized pentamidine (100 mg every 2 weeks) as primary or secondary prophylaxds. Both 
drugs were well tolerated with few patients discontinuing because of adverse effects: in the 
dapsone treatment arm of this rartid;mlzed trial, rash and hepatic dysfunction were more 
common; cough. bronchospasm, dysgeusia, shortness ofbreath. chest tightness, and sore 
throat were more common in the aerosolized pentamidine segment (bronchospasm was man
aged successfully with bronchodilators in some patients). The authors concluded that the 
advantages ofdapsone (low cost, low toxicity, and ease of compliance with intermittent regi
men) may outweigh those ofaerosol pentamidine since efficacy appears to be similar. 

CYToMEGrA.wvIRus DISEASE 

ITn the immunocompromimed person, infection with cytomegalovirus (CMV) has the poten
tial to cause retinitis (inflammation of the retina) and blindness, and many of Its other 
manifestations may undermine survival. At the Conference numerous studies focused on 
the question of the most appropriate therapy for CMV disease. 
CMV Retinitis. Accurat,! ways to predict the occurrence of CMV retinitis are still being
sought; in the meantime, experience has shown that the likelihood ofdevelopment of CMV 
disease in any site increases as immunological function deteriorates. Studies by Dr. Karen 
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Stewart and coworkers (Fairfield Hospital. Melbourne) and, independently, John Zurlo and 
coworkers (National Institutes of Health and Food & Drug Administration, Bethesda, 
Maryland) confirm this clinical observation with data demonstrating that the incidence of 
positive CMV cultures increases as CD4 cell counts decrease. Documenting the presence of 
CMV in body fluids and secretions may be important in anticipating retinitis: In their 
prospeciJve study, Dr. Stewait's team found that HIV-infected patients who developed CMV 
retinitis had CMV viremia prlor to showing evidence ofretinitis. 
In!tLal Treatment.Within the last 5 years, two promising drugs have been brought to clinical 
testing phases for CMV disease: Ganciclovir has been approved by the FDA for use in the 
United States and foscarnel is expected to be licensed soon. Judith Feinberg (National 
Institute ofAllergy & Infectious Diz .ases, Bethesda) and colleagues reported data accrued 
under the treatment investigationa new drug (IND) mechanism (a regulatory drug protocol 
that allows access by any licensed U.S. physician to a promising investigational drug with 
evidence ofsafety). Based on 1,125 patients with sight-threatening retin tis, the data show 
that IVganciclovir (5 mg/kg twice a day for 14 days) can delay retiniL's progression in a sig
nificant proportion of patients; in this 6-month evaluation, 56% had not progressed by the 
study's end. Only 6% of patients treated withdrew because of adverse events, with neu
tropenia as the most common serious toxicity; however, most patients in the study had 
previously received AZT therapy. 
Dr. Catherine Leport (H6pital Bichat-Claude Bernard, Paris) reported that concomitant admin
istration of granulocyte-mononuclear colony stimulating factor (GM-CSF) and ganciclovir is 
being tried in an effort to counteract hematologic toxicities; preliminary findings revealed that 
16 patients were able to tolerate ganciclovir 5-10 mg/kg/day with concomitant GM-CSF. Dr. 
David Hardy (University of California, Los Angeles. School of Medicine) gave preliminary 
results on a randomized (ACTG) trial n which the combination was compared with ganciclovir 
as a single agent. Although small (25 patients), the trial showed the ganictlc-r/GM-CSF com
bination to be ssociated with fewer occurrences of neutropenia: 6 patients on ganciclovir had 
absolute neutrophil counts below 750, compared with 3 patients on ganciclovlr/GM-CSF. 

Although potentially quite toxic, foscarnet is also somewhat effective in treating CMV retinitis. 
Dr. Elisabeth Dohin and colleagues (H6pital Pitie-Salptr6re, Paris) found that intravenous 
administration of200 mg/kg/day, in either two or three do3es, produced complete resolution 
of retinitis in 60 of 61 study patients with acceptable toxicity. Mild, reversible nephrotoxicity 
occurred in 11% of the patients; hydration during treatment is important in reducing the fre
quency and severity of this complication. Other investigators havc observed more frequent tox
icity, especially renal insufficiency, and one study (atH6pital Bichat-Claude Bernard, Paris) 
raised the possibility of genital ulceration as a complication offoscarnet therapy. Nevertheless, 
most ag-',ee that these negative effects can be prevented or controlled by more cautious moni
toring and dose modifications. Furthermore, foscarnet may have a role in managing patients 
whose CMV retinitis is resistant to ganciclovir therapy. Dr.David Parenti (George Washington 
University Medical Center, Washington, D.C.) and coworkers, for example, reported on two 
patients who had progression ofretir-tis despite high-dose ganciclovir therapy; these patients 
responded favorably to foscarnet therapy (60 mg/kg/day for 14 days, followed by 90 
mg/kg/day): both ceased shedding virus (had negative CMV cultures), and retinitis progres
sion did not occur uatil week 12 or week 25 offoscarnet treatment. 
MaintenanceTherapy. Following initial treatment of CMV retinitis, maintenance therapy is 
necessary to prevent relapse. In general, patients who have had documented CMV retinitis 
will require indefinite therapy. The challenges of maintenance therapy differ from those of 
initial therapy and include: 

" expense * long-term toxicity 
" logistics of drug administration * patient acceptance and compliance 
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At this year's Conference, a number of presentations addressed these issues. Both ganci
clovir and foscarnet have been shown to be useful agents in maintenance therapy. In the 
gancIclcvir treatment IND summary study (cited above), patients reccived maintenance 
therapy consisting of 35 mg/kg/week indefinitely. Data reported by Dr. Ian Jennens and 
coworkers (Fairfield Hospital, Melbourne), however, 3ugge3t that lower doses may be as 
effective: a regimen of 10 mg/kg three times a week was found to prevent relapse as well as 
5 mg/kg five times a week, while offering savings in costs and time. The potential for signifi
cant neutropenia with ganciclovir therapy is a concern in using it for maintenance therapy, 
especially since most patients will also be receiving AZT. 
Intermittent foscarnet therapy, given with hydration, is effective in preventing relapse of 
retinitis and may also be adaptable for home care. Christine Katiama and colleagues
(HC pital Pitie-Salp.tritre, Paris) showed that two daily doses of 90-100 mg/kg of foscarnet 
with 2 hours of hydration by infusion was more effective than lower doses (such as three 
daily doses of 60 mg/kg) in inhibiting relapse: nephrotoxilty, a potentially serious cornpli
cation, was rarely observed in this study. Mark Jacobson (University of California, San 
Francisco and San Francisco General Hospital) reported his team's findings that a some
what higher dose (120 mg/kg/day) was more effective than lower doses and did not 
increase the frequency of nephrotoxicity. Since foscarnet does not commonly cause myelo
suppression, it may be a particularly useful agent for patients who also take AZT, especially 
ifAZT-induced cytopenias occur. 
Neither ganciclovir nor foocarnet can prevent all recurrences of CMV retinitis. Dr. 
Graeme Molye (Westminster Hospital, London), for example, reported his team's finding 
of a 25% relapse rate with either drug. Resistance to ganciclovir can be demonstrated in 
vitroand is sometimes associated with clinical progression. Dr. Lawrence Drew (Mount
Zion Hospital and Medical Center, San Francisco) reported that 13.6% of patients receiv
ing ganciclovir f~r more than 3 months excreted moderately or highly resistant strains of 
CMV and that excretion of resistant strains was associated with disease progression. 
However, clinical deterioration occurred in some patients in the absence of demonstrable 
ganciclovir resistance in vitro. 

Other Manifestations of CMV Disease. Infection with CMV can also cause damage to the 
digestive tract or lungs. CMV commonly goes unrecognized as a pathogen in gastrointesti
nal illness among patients with HIV infection. Using upper and lower endoscopy, Dr. Walter 
Helse and colleagues (Auguste-Viktorla-Hospital, Berlin) found lesions caused by CMV in 
34% of 250 AIDS patients who had gastrointestinal complaints; 57 of the 85 patients 
underwent acute and maintenance therapy with ganciclovir, which was effective in treating
these lesions in most patients (52 of 57). Dr. Douglas Dieterich (St. Luke's Hospital, New 
York) reported that ganciclovir was effective in treating CMV"colitis in his team's study of62 
AIDS patients with colitis. These and other previous studies suggest the need for early
endoscopy and evaluation of tissue for CMV in patients who have gastrointestinal symp
toms, such as dysphagia, diarrhea, or abdominal pain. 

TOXOPLASMOsIS 

A disease caused by a parasite (Toxoplasma gondi) commonly found in cat feces, toxoplas
mosis rarely affects individuals with a properly functioning immune system. Thi-3 oppcr
tunistic Infection is diagnosed in approximately 20% to 50%ofAIDS patients worldwide; Its 
morbi lity almost always involves the CNS. (Seealso Chapter 8: NEUROLOGICAL ASPECTS OF HIV 
INFECriON.) As shown by Dr. Sophie Matheron and colleagues (Ht6pltal Bichat-Claude 
Bernard, Paris) and others, the occurrence of toxoplasmosis among patients with HIV infec
tion is directly related to the degree of immunodeficiency. Dr. Matheron's team reported that 
AIDS patients with toxoplasmosis had CD4 cell counts in the range of 0-103/mm 3 com
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pa2ed with a range of 10-190/mm 3 for AIDS patients without toxoplasmosis. When studied 
by disease stage, they found 105 of 285 (37%) AIDS patients and 13 of 80 (16%) ARC 
patients to have toxoplasmosis. Similarly, Muriele Eliaswlcz (Saint-Antoine Hospital, Paris) 
and coworkers showed that patients whose CD4 cell counts fall to 150/mm 3 are at high risk 
for toxoplasmosis: at the time of diagnosis, 104 of 133 (78%)AIDS patients had CD4 cell 
counts below 150/mm3 . 
In a comparative study of European and African HIV-positive individuals Corinne 
Liesnard and colleagues (Erasme Hospital, Brussels) found that significantly more 
Europeans (70% versus 49%) had positive serology for T. gondit, indicating that 
Europeans are at higher risk for developing cerebral toxoplasmosis. Dr. Liesnard and 
others recommended that HIV-infected patients who have not yet been infected with T. 
gondit should carefully avoid potential sources of exposure, such as raw meat and crude 
vegetable consumption, gardening, and contact with cat litter. Dr. Michpel Stein and col
leagues (Rhode Island Hospital. Providence) found that HIV-positive homosexual men 
living in Rhode Island have a much lower T. gondiiseroprevalence rate compared with 
that cited for other U.S. regions. This study of 82 consecutively seen HIV-positive per
sons also found that heterosexually infected persons had the lowest T.gondit seropreva
fence compared with homosexual men and IVDUs. 

Using a decision analysis model, Dr. David Rose (Mount Sinai School of Medicine, New 
York) recommended that, among patients with serologic evidence of latent toxoplasmosis, 
the benefits of long-term prophylaxis to prevent cerebral disease outweigh the risks (of 
therapy) unless the prophylactic regimen used is both toxic and ineffective. But, in clini
cal practice, no consensus on when to treat Is evident: Some administer preventive ther
apy only to those who have experienced an episode of cerebral disease; others recommend 
prophylaxis based on CD4 cell count and T.gondiiserology; and still others based prophy
laxis on the likelihood of acquiring toxoplasmosis (by considering lifestyle or geographic 
location). Dr. Matheron's group (above), for example, suggested primary prophylaxis for 
toxoplasmosis among patients with CD4 cell counts under 100/mm 3 . 

MYCOBACTERIAL INFECTIONS 

Mycobacterlum Tuberculosis. Infection with Mycobacteriumtuberculosis(the tubercle 
bacillus), generally distinguished as either pulmonary or extrapulmonary tuberculosis 
(TB), has been reported in increased incidence among HIV-infected populations in develop
ing countries as well as in urban centers in developed countries. Dr. Peter Eriki (World 
Health Organization, Geneva) reported the WHO 1990 estimates: more than 2 million peo
ple are thought to be dually infected (with HIV and M. tuberculosis),and that more than 1.5 
million of these are in sub-Saharan Africa. HIV sercprevalence rates of 20-30% are com
mon among TB patients In many African countries. However, in Burundi, 55% of TB 
patients are HIV-positive; in Zaire, 38% of patients hospitalized with TB are HIV-positive. 
Comparable rates were found in Kampala, Uganda (66% of newly diagnosed TB patients 
are HIV infected) and in New York City Hospital (61.2%). In contrast, in India, only I of292 
TB cases (0.3%) was HIV-positive. Javier Romo (Mexico City General Hospital) and col
leagues reported that In Mexico the annual prevalence ofTB rose from 10% in 1986 to 63% 
in 1989. And In their current study of 200 AIDS patients, Dr. Romo's team found 86 
(43.4%) to be positive for M. tuberculosis. 

Based on data from Eleonora Quinhoes (Hospital Gaffr e a Guinle, Rio de Janeiro) and col
leagues and Maxwell Mahari and colleagues (City Health, Harare, Zimbabwe) TB has 
emerged as a strong and accurate predictor of underlying HIV disease among hospitalized 
patients in Brazil and Zimbabwe. In the United States, the Centers for Disease Control 
(Atlanta) reported that through 1988, 4% of all AIDS cases (3,301 of 79,329) had docu
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mented TB. Four states (New York, Florida, New Jersey, and Texas) and two cities (SanFrancisco and Los Angeles) were found to account for almost 80%of these HIV/TB cases. 
The association between HIV and TB is also apparent when the statistics are studied
obversely: Anita Barry (Boston Department of Health & Hospitals/Boston University
Schools of Medicine & Public Health) and colleagues, for example, reported that 51 of 188 
persons with confirmed or suspected TB-Inactive as well as active-were also HIV-posi
tive. Other Conference reports presented data supporting the increasing trend in the num
ber f TB cases in U.S. metropolitan areas. TB control programs in many countries are 
being seriously challenged by the HIV epidemic. 
Clearly, effective programs to prevent, Identify, and treat TB among people with HIV disease 
are needed in all countries. Infection with HIV appears to be a significant risk factor for progression of latent tuberculosis infection to clinically active tuberculosis. Additionally,
immunosuppression due to HIV infection very likely increases new tuberculosis infection and 
consequent clinical tuberculosis. 
Secondary Transmtsston.A major concern in public health and hospital infection control
has been the possibility of secondary transmission of TB from patients wi.th HIV disease to
their household or occupational contacts and care providers. In a study comparing 58 HIV
negative/TB-positive patients with 42 HIV-positive patients with pulmonary TB, Ekungola
Baende (Projet SIDA, Kinshasa, Zaire) and colleagues found no evidence of Increased sec
ondary transmission to 323 household contacts. 
Clincal/RadiologicalFeaturesofDualInfection.The clinical pattern of active TB among
patients with HIV disease is characterized by some !nteresting variations from the usual TB
presentation. Helene Cerigo (New York VA Medical Center) and colleagues demonstra ted
that pulmonary abscesses are common at initial presentation and also may develop during
treatment; the authors suggested prompt diagnosis and early drainage to improve treat
ment outcome. Jean Batungwanayo (Centre Hospitaller de Kigali, Rwanda) reported that
pleural effusion among patients with TB in Rwanda is frequently associated with HIV infec
tion. In an effort to characterize radiological features of HIV-assoclated TB, Samuel Gothua
(Kenya Medical Research Institute, Nalrobl) and coworkers compared antero-posterior
chest radiographs from 191 TB patients, 58 ofwhom were also HIV-infected. No specific
radiological patternswere found to be diagnostic for HIV infection in TB patients, although
a number of features were suggestive of underlying HIV disease. Carmen S. Camara
(Gaffr~e & Guinle University Hospital, Rio de Janeiro) and colleagues pointed out that
although significantly immunocomproinised patients with HIV disease who develop TB 
may have unusual radiographic features and disseminated disease, normal chest x-rays do 
not rule out a diagnosis ofTB--in particular, endobronchial TB. 
Treatment Standard treatment regimens effective in TB patients who do not have HIV dis
ease may fail in the special dual-infection setting. Dr. Iris Davis and colleagues (New York 
Hospital-Cornell Medical Center) reported that standard three-drug therapy does not 
appear adequate for HIV-positive patients. Indeed, neurological involvement (specifically,
meningitis) was associated with TB treatment failure: 3 of 3 patients with pulmonary or
millary TB ti eated with a standard 3-drug regimen developed neurological complications
within 6 months of diagnosis. However, 4- and 5-drug therapy regimens showed at least 
partial clinical responsiveness. 
Dr. Jeremy Sugarman (Duke University Medical Center, Durham, North Carolina) and
associates reported that the standard treatment ofTB in Tanzania (Thlazina, a tablet con
taining the sulfa drug thlacetazone and Isonlazid, followed by streptomycin injections for 2
months) often leads to Stevens-Johnson syndrome in a disturbingly high proportion of
patients. The authors noted that patients with HIV infection may have an increased sensi
tivity to certain sulfa-containing drugs and may be more prone to develop Stevens-Johnson 
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syndrome than other patients-a finding that will affect the management of TB in East 
Africa, where thiacetazone is often used In treatment. (Stevens-Johnson syndrome is a 
severe form of erythema multiforme. Vivid erythematous purpuric lesions usually appear 
suddenly in symmetrical distribution around the oral and anogenital mucous membranes, 
accompanied by constitutional symptoms such as malaise, headache, fever, arthralgia, 
and conjunctivitis.) 

Relapse after treatment is also more common when TB occurs in patients with HIV disease; 
Dr. Laura Zamora and colleagues (Hospital Clinic, Barcelona) showed that relapses hap
pened as long as 20-22 months after initial therapy and rf-commended that maintenance 
drug therapy be considered in patients who are likely to survive for longer periods. 
Prophylaxis to prevent active TB among HIV-infected patients who have evidence of previ
ous exposure to TB is an established clinical practice in many countries. Dr. D. Wadhawan 
(University Teaching Hospital, Lusaka, Zambia) and colleagues demonstrated the efficacy 
of isoniazid prophylaxis for M. tuberculosis among adults patients with HIV in Zambia. 

Mycobacterium Avium. Mycobacteria other than M. tuberculosis (nontuberculous 
mycobacteria) also cause significant morbidity and mortality in patients with H.V disease. 
Maria Rosario Araneta and colleagues (New York City Department of Health) reported find
ing M. avium intracellularein 18 (25.7%) of 70 autopsy studies of IVDUs with AIDS 
(M.xenopl was found in 1.4% of cases and M. gordoniin 1.4%). 

The correlation between nontuberculous mycobacteria isolation and clin!cal symptoms is 
Imperfect (symptoms are nonspecific-such as fever, night sweats, or hepatosplenomegaly); 
some patients with disseminated M. avlum complex infection (DMAC) may not even develop 
significant or limiting manifestations. In a retrospective case-control investigation of 97 
HIV-positive patients, Robert Horsburgh (Emory University School of Medicine, Grady 
Memorial Hospital, Atlanta) and coworkers, showed that DMAC contributes significantly to 
premature mortality among all categories of patients with HIV disease. Of the 15 patients 
for whom data was presented, none had CD4 cell counts greater than 100/mm3 . In an 
independent study, Dr. Joseph Havlik and coworkers (Emory University School of 
Medicine, Grady Memorial Hospital, Atlanta) showed that the frequency of DMAC 
increased as CD4 cell counts dropped below 100/mm 3 . This group was able to isolate M. 
avlum from the blood of patients with HIV infection and fever--especially when anemia, 
weight loss, night sweats, or hepatosplenomegaly are also present; however, Constance 
Benson and colleagues (Rush-Presbyterian-St. Luke's Medical Center, Chicago) could not 
define any predictable pattern of isolation of M. avtum from blood or bone marrow, nor of M. 
avium colonization of the respiratory or gastrointestinal tracts, that was clearly associated 
with development of DMAC. 

Treatment for DMAC remains less than satisfactory, although some Conference reports 
offered positive findings. Given the lack of efficacy ofisonlazid and traditional TB treatment 
regimens in DMAC, many investigators have used alternative drugs in combinations. Dr. 
Catherine Leport (H6pital Bichat-Claude Bernard, Paris) reported that rifabutin has been 
used in open (compassionate use) tri-s, always in combination with 3 other drugs: isoni
azid, ethambutol and clofaimine. In a French multicenter study, a quadruple regimen of 
rifampin, ethambutol, isonlazid, and clofazimine with or without clarithromycin has 
demonstrated the efficacy of clarithromycin against DMAC. John Pottage and colleagues 
(Rush-Presbyterian-St. Luke's Medical Center, Chicago) found, in a small preliminary 
study, that a multiple drug regimen (using IV amikacin and oral clofamizine, rifampin, 
ethambutol, and ciprofloxacin) produced favorable responses in 19 of 20 patients with a 
mean treatment time of 5.3 months. 

As yet, there do not appear to be any indicators to predict the occurrence ofwidespread, sig
nificant DMAC. According to Dr. Frederick Siegal (Long Island Jewish Medical Center/Albert 
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Einstein College of Medicine, New York) and coworkers, rifabutin (ansamycin) may delay the 
onset of DMAC in AIDS patients with opportunistic infections. Many issues complicate
treatment of DMAC in addition to defining the most active drug combinations, such as iden
tifying which patients require treatment, and for how long. The presence of signiflcant con
stitutional symptoms (especially fever, night sweats, or hepatosplenomegaly) in patients
from whose blood M. avumn has been isolated may suggest the need for therapy, but other
microorganisms may be the cause of the same symptoms in these same patients. 

MYCOPLASMA 

Reports that a new strain of mycoplasma species, Mycoplasma incognitus,was associated
with nephropathy among patients with HIV disease was surrounded by much controversy
at the Conference. Dr. Shyh-Ching Lo ani colleagues (Armed Forces Institute ofPathology,
Washington, D.C.) demonstrated the presence of M. incognttusantigens (bystaining with 
monoclonal antibodies) and the presence of mycoplasma-like structures (by electron
microscopy) in renal tissue with nephropathy in 15 patients with AIDS-associated renal
insufficiency. Further, Dr. Lo's team, showed that M. incognltus is not sensitive to ery
thromycin (a normally effective antimycoplasma agent), although it is susceptible In vitroto
tetracycline, doxycyclinc, and ciprofloxacin. Dr. Luc Montagnier (Institut Pasteur, Paris)
independently reported his team's finding of M. ncognitusas well as other mycoplasma
species in the blood and from tissue (and. although rarely, brain) biopsies ofAIDS patients. 
Many scientists responded to both Dr. Lo's and Dr. Montagnier's observations with skepti
cism, suggesting that the Mycoplasma species observed may have been contaminants--a 
common problem in working with cells in tissue culture. This debate occurred in the set
ting of a larger discussion about the possible role of mycoplasmas in potentiating the
effects of HIV, and even of causing significant morbidity and even mortality among people
without HIV. as well-a controversy that thus far, remains unresolved (see Chapter 2: 
PAThOGENESIS & IMMUNOLOGY). 

BACTImAL DISEASES 

Bacterial Enteritis. Jean-Pierre Couland and coworkers (H6pital Bichat-Claude Bernard,
Paris) showed this year that nontyphoidal salmonella bacteremia can be prevented by AZT
without antibiotics. Recurrence of this bacteremia is a well recognized complication in
AIDS patients and, in the past, long-term antibiotics have been used to prevent relapse. Dr.
Catherine Leport (H6pital Bichat-Claude Bernard) pointed out in her plenary session that 
this interesting effect of AZI' is related to the drug's well known activity against gram nega
tive bacilli (which includes salmonella and all other enteobacteria). 
Charlotte Kent (University ofCalifornia, Berkeley) and coworkers found that campylobacter
(helicobacter) enteritis is often associated with ingestion of undercooked eggs or chicken in
HlV-infected persons, as it is in the non-HIV-infected; the authors recommended that peo
ple with HIV infection be carefully educated about safe food preparation to prevent not only
bacterial enteritis but also toxoplasmosis (see above). 
Cat Scratch Disease. Sylvana Tuur and colleagues (Armed Forces Institute of Pathology,
Washington. D.C.) presented observations on 10 AIDS patients who experienced a sys
temic, severe, form of cat scratch disease. The authors emphasized the clinical pattern of
hepatic involvement-which can be misdiagnosed as either granulomatous hepatitis or as
peliosis hepatitis. In another report, Carol Kemper and associates (Stanford University
School ofMedicine and Santa Clara Valley Medical Center, San Jose, California) associated 
the pathogen of cat scratch disease with extra-cutaneous bacillary epithelloid angiomato
sis in a histopathological study of an HIV-infected individual. In both reports, antibiotic 
therapy produced improvement. 



Table 7.2. Infections Reported in Association with HIV
 

Complication 

Amebiasis 

Causative Agent 

Entamoebahistolytica, 
Entamoebacoli 

Treatment 

Diiodohydroxyquin, 
met ronidazole 

Blastocystis Blastocystishominis lodoquinol, metronidazole, 
trimethuprim/sulfamethoxa-
zole (TMP/SMX) 

Blastomycosis Blastomyesdermatidis Ketoconazole, amphotericin B 

Campylobacter see 
Helicobacter 

Candidiasis Candidaalbicans,C.glabrata, Clotrimazole troches, 
C. tropicclis ketoconazole, nystatin, 

amphoterocin B, fluconazole, 
itraconazole 

Chagas' disease 

Chancroid 

Trypanosomacruzi 

Haenophilusducreyi 

None established; nifurtimox 
in acute phase, primaquine 
phosphate, benznidazole (in 
trials) 

Erythromycin, TMP/SMX, 
ceftriaxone 

Chlamydia Chlamydia trachomatis Tetracycline, erythromycin 

Cladosporiosis Cladosporium Treatment undeterm;ned 

CMV Infection Cytomegalovirus (CMV) Ganciclovir (DHPG), 
foscamet, acyclovir 
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Incidence 

Amebiasis remains an occasional diagnosis 
among homosexual men who engage in 
unprotected anal intercourse with other men; 
it is an infrequent cause of diarrhea in per
sons with HIV disease. 

This parasite is frequently identified with 
other intestinal pathogens in the stools of 
patients with chronic severe diarrhea (per
sisting for 4 to 6 weeks); its pathogenic role in 
any specific case, however, is uncertain. 

Disseminated or dermatologic blastomycosis 
is endemic in parts of North America. To date 
its incidence among HIV-infected persons, 
although reported, has been rare. 

Oropharyngeal or esophageal candidiasis 
complicates the course of the majority of 
cases of HIV disease by the time AIDS is 
diagnosed. Thrush is a useful predictor of the 
short-term development of severe immuno
deficiency in people with ARC. 

Only a few reports have shown T.cruzi to be 
associated with HIV disease. 

Chancroid, one of the genital ulcer diseases, 
is a common STD in countries where hetero
sexual HIV transmission is prevalent. H. 
ducreyiseroprevalence studies in Africa show 
that the highest rates are among those groups 
at risk for HIV infection-most notably, pros
titutes and clients of prostitutes. 

Chlamydial infections are becoming increas
ingly prevalent in industrialized countries, 
especially in the U.S., and are a common find
ing in HIV-infected patients. However, the 
incidence of chlamydial disease in people 
with HIV has not been reported to be 
increased. 

A single case of intracerebral cladc sporiosis 
in an AIDS patient was reported in 1988. 

Disseminated CMV infection involving the 
GI tract, lungs, and heart is common in peo
ple with AIDS, as is CMV retinitis. At least 
30%of persons with HIV disease have evi
dence of CMV infection. 



Table 7.2. Infections Reported in Association with HIV Continued 

Complication Causative Agent 

Coccidi'xdomycosis Coccidiodesimmitis 

Cryptococcosis 	 Cryptococcusneoformans 

Cryptosporidiosis 	 Cryptosporidium 

Treatment 


Amphotericin B,fluconazole 


Fluconazole, amphoteriin B, 

amphotericin B/flacytosine, 
iatroconazole, ketoconazole 

Eflornithine, spiramycin, 
recombinant IL-2, 
somatostatin 

Donovanosis Calynmatobacteriumgranu- Tetracycline, TMP/SMX
(granuloma lomatis 

inguinale) 


Enteritis 	 C.albicans,Mycobacterium 
avium intracellulare, her-
pes simplex virus (HSV), 
Cryptosporidium,Isospora 
belli, CMV,Shigella, 
Strongyloidesstercoralis, 
B. hominis,Aeromonas, 
Giardialamblia,Clostridium 
difficile,E.histolytic,E. coli, 
Salmonella.(See also spe-
cific infections.) 

Epithelioid Cat scratch disease bacillus 
angiomatosis (possibly) 

Folliculitis 	 Staphylococcusaureus, 
Demodexfolliculorum 

Genital ulcer diseae H.ducreyi,HSV,Treponema
(GUD) pallidum,C. trachomatis,C. 

granulomatis 

Treat according to pathogen 

Erythromycin 

Penicillinase-resistant 
penicillin, rifampin, benzoyl 
peroxide wash, clindamycin, 
ultraviolet light (UVB) 
therapy 

Erythromycin, TMP/SMX 
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Incidence 

This fungal disease is endemic in Mexico, 
Central and South America, and parts of the 
southwestern U.S. Disseminated infection 
with C. immitis is particularly prevalent 
among HIV-infected persons in southern 
California and Arizona. 

Cryptococcal meningitis and disseminated
 
cryptococcosis are life-threatening and are
 
seen in 5% to 13% of all persons with AIDS,
 
eften as the presenting illness.
 

Previously seen only in animal handlers, chil
dren in day-care centers, and travelers, 
intestinal cryptosporidiosis has been diag
nosed in at least 20% of people with HIV dis
ease. Cryptosporidium parasites cause diar
rhea, which is often refractory to therapy. 

Some reports indicate that C. granulomatis 
has been isolated from genitoanal lesions 
among homosexual/bisexual men with HIV 
disease. 

Gastrointestinal infections-found through
out the GI tract, from the oral cavity to the 
rectum-are common among people with 
symptomatic HIV disease; roughly 30% to 
90% of people with HIV disease develop 
chronic diarrhea as a result of "HIV-related 
enteropathy." This enteropathy may involve 
many pathogens, HIV itself, and/or the col
laterai effects of drug therapy, dietary 
changes, nutritional deficiencies, and other 
medical problems. 

Findi- _s of fever and widespread cutaneous 
lesions (reddish, vascular papules) which 
resemble those observed in cat scratch dis
ease have been reported in HTV-infected indi
viduals, including persons with AIDS. 

Pruritic eruptions and pruritic follliculitis 
are common in patients with HIV. Of all the 
HIV-associated folliculitides, 1/2 to 2/3 are 
attributed to D.foliculorumor are of 
unknown etiology. 

CUD encompasses those STDs manifested 
by genital , sions or ulcers. GUD may be an 
important cofactor in the sexual transmis
sion of HIV; epidemiological studies in 
Africa and in urban centers in the U.S. reveal 
a higher incidence of GUD among HIV-posi
tive persons than among their HIV-negative 
counterparts. 

(Continueson next page) 



Table 7.2. Infections Reported in Association with HIV Continued 

Complication Causative Agent 

Genital warts Human papilloma virus 

(condyloma acumi- (HPV) 

natum) 


Giardiasis 	 Giardialamblia 


Gingivitis 	 Numerous pathogens 


Gonorrhea 	 Neisseriagonorrhoeae 

Hairy leukoplakia 	 Epstein-Barr virus (EBV) 

Helicobacter Helicobacterpylori(for. 
infection merly Campylobacter 

pylori) 

Hepatitis 	 Hepatitis A virus; hepatitis 
Bvirus; hepatitis C virus; 
hepatitis D virus; hepatitis 
Evirus 

Herpes 	 Herpes simplex virus, type 
1(HSV-1); herpes simplex 
virus, type 2 (HSV-2) 

Herpes zoster Varicella-zoster virus 
(shingles) 

Treatment 

Podophyllin, cryotherapy, 
laser therapy, surgery 

Quinacrine, metronidazole, 
furazolidone, pyrimethamine, 
sulfadiazine 

Treat according to pathogen 

Amoxicillin plus doxycycline, 
ceftriaxone plus doxycycline, 
tetracyclines, spectinomycin 
plus doxycycline, ciprofloxacin 
plus doxycycline, penicillin 

Acyclovir, ganciclovir 

Erythromycin, norfloxacin, 
ciprofloxacin 

Primarily supportive (bed 
rest. maintenance of fluid 
and electrolyte balance) 

Acyclovir, foscarnet, 
vidarabine 

Acyclovir 
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Incidence 

Genital papillomavirus infection, especially 
in women who engage in penile-vaginal 
intercourse, may be a cofactor in the 5exual 
transmission of HIV. HIV infection may exac
erbate HPV infection in men and women. 

Giardiasis, an intestinal disorder, is com
monly seen among homosexual/bisexual 
men with HIV disease. 

Because of poor response to conventional 
therapy and the severity of gingivitis (gum 
tissue necrosis and exposure of bone) in peo
ple with HIV disease, this condition is 
referred to as HIV-associated gingivitis. 

The incidence of gonorrhea remains high in 
urban STD clinics; rates ofrectal gonorrhea 
recently increased in some urban clinics 
among homosexual/bisexual males. 
Penicillin-resistant strains ofN. gonorrhoeae 
may explain, in part, this observed increase. 

Hairy leukoplakia-so-named because of the 
"hairy" appearance of the oral mucosa -is 
found almost exclusively in people with HIV 
disease. Evidence of oral hairy leukoplakia in 
non-HIV infected populations (notably, 
transplant patients with immunodeficiency) 
has recently been reported. 

This bacterial infection causes gastroenteritis; 
in HIV disease it is especially common among 
homosexual men. 

Viral hepatitis remains an important co-infec
tion in people with HIV disease. Hepatitis B 
and Dare particularly common among HIV
infected homosexual/bisexual males, most of 
whom, some studies show, also have markerb 
of past resolved or active hepatitis B.Among 
HIV-infected drug injectors and their sexual 
partners, hepatitis B(preventable by vaccine), 
C, and D are common. 

Oral herpes is classically attributed to HSV-I, 
but close to 50% ofall AIDS patients with oral 
lesions show HSV-2 infection; genital herpes 
is mainly associated with HSV-2. Dual infec
tion with HSV-1 and HSV-2 is not uncommon 
in the sexually active population. 

Herpes zoster, or shingles, may have an 
unusual presentation in HIV disease; dissem
inated zoster in HIV-infected patients may be 
unresponsive to treatment with acyclovir. 



Table 7.2. Infections Reported in Association with HIV Continued 

Complication Causative Agent 

Histnplasmosis Histoplasmacapsulatum 

Isosporiasis Isosporabelli 

Leishmaniasis Leishmaniadonovani 

Leprosy Mycobacteriumleprae 

Lymphoid intersti-
tial pneumonitis 

Unknown etiology 

(LIP) 

Meningitis C. neoformans, 
Coccidioides, 
Listeriamonocytogenes, 
M. tuberculosis, 
Toxoplasmagondii(See 
also specific infections.) 

Molluscum conta-
giosum 

Molluscum contagiosum 
virus 

(nontubercular) cellulare(MAI), M.fortui-
tum,M. haemophilum,M. 
kansasii,M. leprae,M. ulcer-
ans,M.xenopi 

Myocarditis 	 Pneumonocvstiscarinii,M. 
tuberculosis,H.capsulatum, 
T.gondii,M. avium-intracel-
lulare,CMV EBV, C. albi-
cans,C. neoformans 

Treatment 

Amphotericin B, fluconazole, 
ketonazole, itraconazole 

Furazolidone, pyrimethamine, 
sulfadiazine, TMP/SMX 

Neostibosan (IV) 

Dapsone/rifampin, 
clofazimine, corticosteroids 

No established therapy; 
corticosteroids (experimental) 

Amphotericin B,fluconazole, 
ketoconazole 

Cryotherapy and curettage 

Mycobacteremia Mycobacteriumavium-intra- Amikacin, ansamycin 
(rifabutin), ciprofloxacin, 
ethambutol, rifampin, 
clofazamine, cycloserine 

Treat according to pathogen 
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Incidence 

Once seen primarily in endemic areas, (e.g., 
the central and southern U.S.), the inci
dence of disseminated histoplasmosis-a 
fungal disease-is increasing among people 
with AIDS. 

This protozoal infection of the bowel is espe
cially common in homosexual/bisexual men 
with HIV disease. 

This malaria-like disease is caused by a 
(visceral) protozoan and is transmitted to 
humans via sandflies. It is now rarely being
diagnosed in persons with HIV disease from 
areas other than the tropics. 

HIV seropositivity in patients with leprosy 
may be disproportionately high in endemic 
areas, such as Haiti. Ongoing studies are
examining the association between I-IIV 
infection and infection with M. leprae. 

This chronic, progressive pulmonary disease 
occurs in 51% of children with AIDS; it is rare 
among adults. 

Meningitis is an inflammation of the mem
branes, or meninges, that surround the 
brain and spinal cord; cryptococcal menin
gitis is (after PCP) the second deadliest 
opportunistic infection in people with 
AIDS. 

Although common in all HIV-infected popu
lations with ARC or AIDS, molluscum conta
giosum occurs in unusual body areas (e.g., 
face, neck) in adults. 

Mycobacterial infections caused by MAI 
occur quite commonly among people with 
HIV disease-generally as a late complica
tion of immunosuppression and usually as 
a disseminated infection. MAI is associated 
with serious pulmonary,cardiac, and gas
trointestinal disease in peeple with AIDS. 
Other atypical mycobacteria (e.g., M. 
xenopi) have a higher incidence in people
with HIV disease than in the general popu
lation, but are still rare. 

This condition often goes undiagnosed, but 
autopsy reports show that inflammation of 
the muscular walls of the heart is not 
uncommon in people with AIDS. 

(Continueson next page) 



Table 7.2. Infecti jns Reported in Association with HIV Continued 

Complication Causative Agent 

Nocardiosis Nocardiaasteroides 

Oral warts Human papihama viruses 

Pelvic inflamma- Neisseriagonorrhoeae, 
tory disease (PID) Chliamydia 

Periodontitis Actinomyces visco ,s, 
Actinobacilusactino-
myceremcomitans, 
Peptostreptococcusmicros, 
Bacteroidesintermedius, 
Wolinella,Candida, 
Fusobacteriui,, 

Pneumonia Pneumocystisca-inii, 
Aspergillus,Legionellamic-
dadei,Haemophilus influen- 
zae, Streptococcuspneumo-
nia,Staphylococcusaureus, 
H. capsulatum,CMV, 
Legionellapneumophila,M. 
avium intracellulare,M. 
tuberculosis(See also spe-
cific infections.) 

Retinitis CMV, HSV,varicela zoster 
virus, T.pallidum 

Rhodococcus Rhodococcusequi 
infection 

Salmonellosis Salmone//a 

Sarcoidosis (lym- Unknown etiology 
phogranulomatosis) 

Scabies Sarcopiesscabiei 

Treatment 

Minocyline/amikacin, 
minocyline/netilmicin/imipe 
nem, TMP/SMX 

Acyclovir; surgical removal 

Spectinomycin, cephalo-
sporin, ampicillin 

Chlorexidine, povidone-
iodine lavage 

Amphotericin B, 
pentamidine (aerosol and 
IV), dapsone, dapsone/ 
trimethoprim, eflornithine, 
TMP/SMX, trimetrexate, 
clindamycin/primaquine 

Ganciclovir (DHPG), 
foscamet, acyclovir, penicillin 

Sulfa-based antibiotics 

TMP/SMX, ciprofloxacine, 
chloramphenicol, amoxicillin 
(ampicillin), ceftriaxone 

Treatment undetermined 

Lindane, crotamiton, sulfur 

Incidence 

Infectioi-s due to Nocardiaare rrp; less than 
1%of persons with AIDS develop pulmonary 
or other manifestations. 

Oral warts and lesions commonly recur after 
removal in immunocompromised patients. 

Theincidenceof HV infectionamong women 
with PID, especially those visiting urban STD 
clinics, is reported to be significant. 

Periodontitis manifests in many people with 
HIV disease as severe necrosis and loss of 
periodontal attachment and loss of bone. 

Pneumonia caused by P.carinii(PCP) is a 
hallmark of AIDS and ultimately occurs in at 
least 80% of people with HIV infection. 
Because of its recurrence rate, morbidity, and 
risk of mortality, PCP prophylaxis and ther
apy is the focus of much clinical research. 
Preventing PCP will significantly reduce hos
pital costs, length of hospital stay, and lost 
tine from jobs. 

CMV retinitis is particularly common 
(roughly 30%) in persons with AIDS; left 
untreated, retinitis can cause blindness. 
Findings of syphilitic retinitis in HIV-infected 
persons have been reported recently. 

Rhodococcus infection has (on rare occa
sions) produced lung abscess in some 
severely immunocompromised patients. 

Salmonella enterocolitis and enteric fever 
may be associated with HIV disease among 
homosexual men. 

Black males with HIV infection seem to be at 
increased risk for sarcoidosis, according to a 
1988 study of 700 HIV-positive military 
applicants. 

This superficial parasitic STD, while not an 
opportunistic infection, is common among 
HIV-infected men. 
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Table 7.2. Infections Reported in Association with HIV Continued 

Complication Causative Agent 

Seborrheic der- Pityrosporu'norbiculare, 
matitis P.ovale 

Sepsis Staphylococcus, 
Streptococcus,Pseudomonas 
aeruginosa,Salmonella, 
Clostridiumperfingens, H. 
influenzae,Rhodoturula 
rubra,Pneumococcus 

Syphilis Treponemapallidum 

Toxoplasmosis Toxoplasmagondii 

Tuberculosis Mycobacterium tuberculosis 

Trichomoniasis Trichomonasvaginalis 

Treatment 

Clotrimazole or ketoconazole 
in combination with a mild 
topical steroid 

Treat according to pathogen 

Penicillin, ampicillin, 
amoxycillin/probenicid 
(experimental) 

Pyrimethamine/sulfadiazine, 
trimetrexate, TMP/SMX, 
clindamycin plus 
pyrimethamine, spiramycin 

Ethamnbutol, isoniazide, 
pyrazinamide, rifampin, 
streptomycin 

Metronidazole 

Incidence 

Although the causative agents are part of the 
natural skin flora, in immunocompromised 
patients, seborheic dermatitis is extremely 
common: more than 35%of persons with 
ARC or AIDS have seborrheic dermatitis. 

Most cases of sepsis 'reported among AIDS 
patients and other immunocompromised 
hospital patients are attributable to nosoco
mial (hospital-acquired) infections. In many 
instances, sepsis results from immunosup
pression caused by aggressive chemotherapy 
of Kaposi's sarcoma, lymphoma, or other 
neoplasms. 

Primary or reactivated syphilis is being 
reported in growing numbers at urban STD 
clinics throughout the world. Some 
researchers are trying to determine whether a 
history of syphilis is a risk factor for acquisi
tion of HW. (Other factors, including use of 
crack, however, may also contribute to the 
increased incidence of syphilis.) 

Toxoplasmosis of the brain and spinal cord 
(as opposed to disseminated toxnplasmosis) 
is a significant, life-threatening opportunistic 
infection in person, with AIDS. Current 
studies show that at least 3% of all AIDS 
patients develop CNS toxoplasmosis. 

Although only extrapulmonary TB is an indi
cator disease for the CDC surveillance defini
tion of AIDS, the incidence of pulmonary TB 
among HIV-infected persons has been rising 
in many countries, including the U.S. 

Based on reports from STD clinics, this com
mon STD is more often encountered in HIV
infected persons than in their HIV-negative 
counterparts. 
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SYSTEMIC FuNoAL DIsmSEs 

Cryptococowis. Infection with Cryptococcus neoformans remains the most common 
source of diseminated fungal disease in patients with HIV. (See also Chapter 8: 
NEuoLoGIcAL ASPECTS OF HIV INFECTION for a discussion of cryptococcal infection in the cen
tral nervous system.) Research presented by Isabelle Lacomte (renon Hospital, Paris) and 
colleagues confirmed that systemic cryptococcal disease is associated with advanced 
immunosuppression and almost always occurs with CD4 cell counts equal to or less than 
100/mm3 . Although cryptococci are regularly suspected as pathogens, confirrning their 
role in a specific situation is difficult becauoe ofdiagnostic problems. Dr. Lacomte's team 
recommended repeated screening for cryptococcal antigen in serum as the best test for sys
temic disease. Due to the occurrence of false positives on cryptococcal antigen serum tests, 
Anita Noble (Santa Clara Valley Medical Center, San Jose) and coworkers irvestigated the 
effect of pronase treatment (pronase is added to specimen samples) on test outcomes. 
Based on 97 sera analyses and 42 cerebrospirnal fluid (CSF) analyses (from 37 HIV-positive 
patients), the authors found pronase treatment to reduce the chance of false positives and 
of unclear or prozone-like (false negative) reactions. 

False positive cryptococcal antigen tests in CSF also lead to mistaken diagnoses; Alejandra 
Gurtman and colleagues (Elmhurst Hospital Center, New York) found that a positive result 
for cryptococcal antigen in CSF, in the absence of serum antigen, often was falsely positive. 
They recommend treating on the basis of positive CSF cryptococcal antigen only if other 
clinical and laboratory data support the diagnosis of cryptococcal meningitis. Diagnosing 
pulmonary cryptococcosis is also difficult because specific clinical and radiographic pat
terns do not exist. 

The major advance in the management ofcrvptococcosis has been the development of flu
conazole, a drug recently shown to be much less toxic than established antifungal drugs 
(notably, amphotercin). Dr. Catherine Leport (H6pital Bichat-Claude Bernard, Paris) 
pointed out that in an ongoing prospective randomized trial, the benefit of fluconazole 
long-term maintenance therapy was such that the trial was discontinued: patients receiv
ing either ketoconazole or amphotericin were given the option to take fluconazole. The 
ease of administration and acceptability as outpatient therapy for maintenance also rec
ommend fluconazole. 

Cryptosporidiosls and Microsporidiosis. Cryptosporidlosis frustrates clinicians and 
pat l.nts alike. Cryptosporidial enteritis and intractable diarrhea, its most vexing mamifes
tation, cause significant morbidity and complicate issues ofnutrition, mobility, and perfor
mance status for people with HIV. In persons with AIDS, cryptosporidial infection can lead 
to death. Dr. Timothy Flanigan (Case Western Reserve University, Cleveland, Ohio) and col
leagues reported that the aoility to clear the causative agent of cryptosporldiosis may be 
related to a history of previous opportunistic infections and CD4 cell count. Dr. Flanigan's 
team noted that 7 of8 patients in whom the infection cleared had not had a previous oppor
tunistic infection, but 11 of 18 patients with uncontrolled cryptosporidlosis had a previous 
opportunistic Infection. The CD4 cell count range for individuals who cleared infection was 
41-533/mm 3 compared with 22-106/mm3 for those who did not clear the infection. 

Treatment studies this year produced only slight encouragement. As shown by Rosemary 
Soave (Cornell Medical Center, New York) and colleagues, oral diclazuril produces a dose
dependent improvement in diarrhea, but no cure, in doses up to 400 mg/day, without toxi
city. Niels HoJlyng (Statens Seruminstitut, Copenhagen) and coworkers found some evi
dence of benefit, but also toxicity, in therapy with hyperimmune bovine colostrum in a 
study of 16 AIDS patients. 

Microsporidia may also cause chronic diarrhea in people with advanced HIV disease. Eeftinck 
Schattenkerk and colleagues (Academic Medical Center, Amsterdam) reported data indicat
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ing that microsporidial enteritis-especially of the small bowel-is associated with significant
diarrhea, and Jan Orenstein (George Washington ITnlversity Medical Center, Washington,
D.C.) and coworkers identified two new microsporidia2 species associated with such diarrhea. 
Other Fungal Diseases. Oral and e-ophageal candidlasis continue to be a significant fun
gal infection among Immunocomproinised patients. Dr. Daniel Urbain and colleagues (St.
Pierre University Hospital, Brussels) showed that fluconazole at 100 mg/day successfully
treated patients with esophageal candidiasis in an average period of 19 days. And Dr. P. 
Lavilla and colleagues (Universidad Autonoma, Madrid) she veA that weekly fluconazole 
(200 mg orally) Is effective in reducing the incidence of relapse following the successful 
treatment ofcandida esophagitis. 
Dr. Kenneth Pursell and colleagues (Memnorial Sloan-Kettering Cancer Center, New York)
demonstrated that while Aspergillusspecies ccmmonly colouize in people with HIV, inva
sive disease is rare and is usually associated with cytotoxic therapy and neutropenia.
Similarly, Dr. David Denning (Santa Clara Valley Medical Center, San Jose, California) and 
associates reported their observations on pulmonary aspergillosis: it occurs late in the 
course of HIV disease, often follows cytotoxic or steroid therapy, is associated with neu
tropenia, and generally responds to treatment. 
Two interesting studies evaluated the palterns of coccidioldomycosis In HIV-infected 
patients; both were conducted in areas with a high incidence of coccid13idal disease. Niel 
Ampel and colleagues (Tucson VA Medical Center, University of Arizona College of 
Medicine) and Lawrence Cone and colleagues (Eisenhower Medical -enter, Rancho Mirage,
California) showed that active, severe coccidioldomycosis Is associated with reduced CD4 
cell counts of 185 to 200 cell/mm3 . Dr. Cone's team found that very low CD4 counts (lesa
than 35/mm3 ) correlate with extensive, life-threatening disease. Howevcr, even in endemic 
areas, positive coccidloidal serology alone does not predict the occurrence ofactive disease. 

ORAL INFECTIONS AND LESIONS 

Infections and lesions in the oral cavity are not uncommon in asymptomatic and symp
tomatic HIV-Infected individuals. Dentists, oral s, -geons, and other health care profes
sionals must be able to recognize and treat HIV-associated oral complications, as well as 
HIV-related symptomology. (HIV-Infected patients may seek care at a dental clinic-for 
acute pain with spontaneous oral bleeding or with e..tensive soft tissue involvement, for 
example-without being aware of their HIV status.) Oral manifestations associated with 
HIV infection, as reported at the Conference, include: 

" candldasts (erythematous and * Kaposi's sarcoma lesions in the oral 
pseudomembraneous) cavity

" oral warts • lymphoid tumors in the oral cavity
• 	 gingivitis (non-Hodgkin's lymphoma involving
" periodontitis tongue, gingiva, hard and soft palate)
" dental caries e salivary gland disease (defined as 
* 	 aphthous ulcers (recurrent) enlarged salivary glands or presence of 
" 	 oral hairy leukoplakia (manifested as a xerostomia-that is, dryness of the 

"hairy" appearance of the oral mucosa) mouth due to insufficient secretions) 

Dr. Zulema Casargo (H6pital Fernandei, Buenos Aires) and colleagues reported that in 
their study of 109 HIV-Infected patients, 59 (54.2%) had one or more oral lesions. In con
trast, among 194 HIV-negative subjects 20 (10.3%) had evidence ofnral disease. 
Therapy for oral infections is generally localized topical antifungal, antiviral, or antibiotic. For 
HIV-associated oral/oropharyngeal candidiasis, oral fluconazole capsules (daily dosage:
50-100 mg for 2 to 4 weeks) appear to efiect a faster clinical response than topical therapy, 

http:cell/mm3.Dr
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such as clotrimazole troches. In a study of24 patients, Saralyn Lichter and coworkers (Johns 
Hopkins University School of Medicine, Baltimore) reported that oral fluconazole therapy is 
assjociated with a decreased rclapse rate when compared with ciotrimazole troches. Dr. 
Jacques Reynes and coworkers (University of Montpellier, France), however, found long-term 
(3-14 months) fluconazole maintenance therapy to be associatel with a relatively high 
relapse rate: 17 of 53 (32%) ARC/AIDS patients on 50 mg daily every other week had severe 
relapse, some with esophageal involvement (See also "Other Fungal Diseases," above.) 

CANCERS AND NEOPLASMS 

Early in the AIDS epidemic, infectious disease specialists and epidemiologists noted that 
two types of cancers-Kaposi's sarcoma and lymphoma-In particular, were commonly 
associated with HIV infection. The connection between HIV infection and lymphoma (can
cer of the lymphoid tissue) can conceivably, at least in part, be explained by HIV's insidious 
infiltration-and thorough disruption--f the lymph tissue and lymphatic system. A link 
with Kaposi's sarcoma (a connective tissue cancer, affecting endothelial cells that line the 
blood vessels), however, is somewhat puzzling. Basic science researchers have been look
ing for a specific etiologic agent (distinct from HIV) in Kaposi's sarcoma, as -. as possible 
pathogenic mechanisms by which HIV could induce a cancerous state in enciothelial oells. 
Although some epidemlological studies implicate a sexually transmitted infectious agent, 
other studies have demonstrated a relationship between HlV-induced immune changes 
(such as excess cytokine production) and incidence. (See Chapter 2: PATHOGENESIS & 
IMMUNOLOGY for a detailed discussion.) 

KAPorI's SARCOMA 

Prior to the AIDS epidemic, the incidence of Kaposi's sarcoma (KS) was restricted primarily 
to pockets in Africa, Mediterranean countries, and, in the United States, in older men of 
Jewish or Mediterranean descent. By the end of 1981, bowever, 96 cases of KS in the 
United States were reported to the Centers for Disease Control-most of which were in 
homosexual men who were later found to be HIV infected. 

Epidemiology. Data from the United States, Canada, South America, and Europe reveal 
the incidence of KS to be greatest among male homosexuals. Dr. Elisabeth Couturier (WHO 
Collaborating Centre on AIDS, Paris) and colleagues stated that 86% of all KS cases 
reported from 12 European countries through 1989 occurred among homosexual/bisexual 
men. By comparison, only 5 1% of KS cases occurred among 1VDUs; 1.9%. among homo
sexual IVDUs; 0.7%, among transfusion recipients; 0.4%, among hemophiliacs; and 2. 1%, 
among persons infected via heterosexual contact. 

Several reports have noted a recent downward trend in the annual rates of KS. Dr. Martha 
Guirnaraes Dias (Gaffre & Guinle University Hospital, Rio de Janelro) and colleagues, for 
example, studied the annual rate of new KS cases among new AIDS cases in Brazil during 
the period 1983-89: They reported that a significant drop was evidenced from 1985 to 1986 
and this drop was sustained through 1989. In Africa, however, new cases of HIV-associated 
KS continue to be a significant cause of morbidity among both children and adults. Dr, 
Edward Mbidde (Uganda Cancer Institute, Kampala) and associates reported that, based 
on their study of KS patients (evaluat d from January 1988 through the end of 1989), HIV
associated KS is occurring at increasing rates in both female and male patients (who are 
exclusively heterosexual). 

Immunogenetfcl. Studies continue to explore the possibility that a genetic component 
may play a role in the development of KS. Dr. Dean Mann and colleagues (National Cancer 
Institute, Bethesda, Maryland) reported that immunogenetic differences could be distin
guished between HIV-positive individuals with KS and asymptomatic HIV-infected individ
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uals or HIV-seronegative individuals. In examining the frequency of HIlA (major histocom
patibility complex) antigens In 278 homosexual men, Dr. Mann's team found HLA-B35, C4,
DR1, and DQ1 antigens In increased frequency among the KS group; HLA-DR3 was
observed to be less common in the KS group (8%) compared to controls (27%). The authors 
concluded that Hri-disease outcome may be influenced by genes and/or gene products
that are Involved In regulation of the Immune response. 
Etiology. Findings reported by Dr. Alvin Friedman-Kien (New York University Medical 
Center) and colleagues suggested that KS occurring in homosexual men may indeed be
caused by a sexually transmitted agent. Dr. Friedman-Kien's team was able to identify 7 
HIV-seronegative homosexually active men with biopsy-confirmed KS; in 6 of these,
detection of HIV by polymerase chain reaction (PCR), using HIV gag DNA sequences as 
probes, was also negative. The authors reported that the 7 cases had normal absolute 
CD4 cell counts. If a discrete etiologic agent is involved in KS, It is not clear why KS 
occurs with much greater frequency in HIV-Infected persons. A report appearing since 
the Conference showed that the risk of Kaposi's is 20,000 times more likely in a person
with HIV Infection. 
Dr. Lisa Jacobson and colleagues (Multicenter AIDS Cohort Study, Bethesda) reported
their findings on 8 subjects who had developed KS out of 347 HIV seroconverters in the 
MACS, a prospective study of homosexual/bisexual men. Compared with matched control 
subjects (seroconverters who did not develop KS), men with KS had more male sexual part
ners prior to seroconversion. Ftuthermore, the subjects who developed KS also had, prior
to se.oconversion, signiflcanty more anal/oral contacts in which they were the oral partici
pant. This differential in oral (rimming)behavior between KS cases and controls did not 
persist after seroconversion. Dr. Jacobson's team concluded that their data support the
hypothesis that a sexually transmitted cofactor for KS exi-ts and that exposure to the 
cofactor likely occurs prior to HIV infection. 
In their long-term prospective study of a cohort of HIV-infected homosexual males, Dr. 
Chris Archibald and colleagues (University of British Columbia, St. Paul's Hospital,
Vancouver) exanal.ed risk behaviors engaged in prior to seroconversion among men who 
developed KS compared with those who developed opportunistic infections. At the time of
enrollment in the study, the nien who later developed KS had signifcantly more sex part
ners and had experienced more receptive anal sex, fisting, and use ol Lihaled nitrites 
than the group who developed opportunistic infections. Furhiermore, they found the 
most powerful predictor for development of KS to be high numbers of sex partners resid
ing in "original HIV epicenters" (San Francisco, Los Angeles, and New York City) during
1978-83. From these findings the authors postulated the existence of a cofactor that I
transmitted sexually In the same manner as HIV, but with a much lower degree of effl
clency. They added that the widely documented changes in sexual behavior would have 
had an earlier effect on the spread of the cofactor than on HIV, so that it Is likely the 
cofactor would remain in the original HIV epicenters. They also hypothesized that, since 
nitrite inhalants are associated with Increased participation in risky sexual behaviors, 
nitrite use enhances transmission of the cofactor. Finally, they believe that the reduction 
in nitrite use and in high-risk sexual practices can explain the recent widespread decline 
in the incidence of KS In Canada and the United States. 
Dr. Warren Winkelstein (Unti,.rsity of California, Berkeley) and coileagues studied two 
groups of AIDS patients: those who first progressed to KS and those who first pro
gressed to PCP. Looking at the 24 months preceding the AIDS diagnosis, they compared
behavioral risk 'actors, clinical findings, and biological markers of disease progression.
Although risk factors for the two groups were found to be similar, the authors found
that in the PCP group, patients were much more likely to have experienced constitu
tional symptoms, lymphoid mass depletion, and thrush 6 months prior to onset of PCP, 
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whereas in the KS group, patients were more likely to have had hairy leukoplakia. For 
both groups, CD4 and CD8 cell counts were similar at 24 months prior to diagnosis, but 
CD4 cell counts declined much more in the PCP group while CD8 cell counts actually 
increased among the KS group as time to AIDS lessened. Levels of antibody to p24 were 
consistently higher in KS patients while p24 antigenlevels were consistently higher in 
the PCP group. These differences suggest that KS may be independent of HIV-induced 
immunodeflciency. 

Treatment. Several research groups reported their preliminary findings on a variety of treat
ment strategies, including ant-tumor drugs. alpha interferon, and granulocyte-mononuclear 
colony stimulating factor (GM-CSF). Many of the strategies included the use ofAZr. 

Dr. G. Guermonprez and colleagues (H6pital PitIe-Salpctri6re, Paris) reported that bleomycin 
as a single chemotherapeutic agent (5 mg/day given 3 days zvery 2 weeks) was effective in 
producing a complete or partial clinical response in 50% ofthe studied patients with five or 
more lesions. Of 50 patients In the trial, 4 had to be taken off the drug due to adverse effects, 
which included skin rash, acrosyndrome, fever, and anemia; hematologic toxicity did not pre
vent concomitant use ofAZ'. 

Dr. Gustavo Ganzales-Canall and coworkers (H6pital Saint-Antoine, Paris) found a favor
able response in 25 of 30 KS patients treated with a combination of alpha Interferon and 
AZT (4 patients discontinued treatment due to persistent myalgia and leukopenia). Dr. 
Susan Krown and colleagues (Memorial Sloan-Kettering Cancer Center, New York) found 
alpha interferon, AZT, and GM-CSF to be effective in an initial clinical trial. They concluded 
that the addition of a low dose of GM-CSF (5 gg/kg daily) prevented neutropenta, which 
would have been induced by the combination ofalpha interferon (5 million units daily) and 
AZT (200mg every 4 hours). 

Lr Pimoms 

Incidence. At the Conference, several speakers commented on the growing incidence 
of B cell lymphomas (especially non-Hodgkin's lymplioma) among patients with HIV 
disease, perhaps attributable to the prolonged survival times afforded by antiviral 
agents such as AZT. Dr. Sergio Roithamann and coworkers (Laennec Hospital, Paris) 
reported that, based on the French Registry of HIV-Associated Tumors for the period 
January 1987-May 1989, 160 lymphomas were recorded. When the incidence of 
tumors was examined according to HIV risk category, a history of IV drug use was 
associated with Hodgkin's disease more frequently than with non-Hodgkin's lym
phoma. When examined according to clinical status, Hodgkin's disease and Burkitt's 
lymphoma (a B cell lymphoma of particularly high frequency in Central Africa) tended 
to occur earlier in the course of HIV infection than non-Hodgkin's lymphoma. Dr. 
Robert Yarchoan (National Cancer Institute, Bethesda, Maryland) pointed out that B 
cell lymphomas occur most in patients who have had CD4 ceil counts below 50/mm3 

for more than I year. 

Treatment. In Dr. Roithamann's study (above), the frequency of complete remissions 
in Hodgkin's disease was found to be comparable to that observed in the absence of 
HIV disease, but Is very low in HIV-associated non-Hodgkin's lymphoma. Other pre
senters confirmed that both Hodgkin's disease and non-Hodgkin's lymphoma tend to 
be high-grade when diagnosed, aggressive In progression, and refractory (resistant) to 
ordinarily successful chemotherapeutic combinations. Furthermore, several reports 
documented that attempts to control tumor growth with chemotherapy often result In 
precipitating significant opportunistic Infections-the fungal, protozoal, and viral dis
eases usually associated with HIV and the bacterial processes common among 
patients with neutropenia. 
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Dr. Rafael Rubio (Madrid) and colleagues found that in their study of 27 HIV-infected patients 
with Hodgkin's disease, 24 were in advanced clinical stages (CDC Stage Ill/MI at diagnosis; 
14 of 23 patients developed AIDS after their diagnosis. The authors reported that response to 
therapy was generally poor and median survival was calculated to be 15 months. 

Both the formal presentatiors and informal discussions at the Conference emphasized the 
absence of durable remissions during and after therapy and the large number of patients
with tumor progression after treatment. An experimental treatment trial investigating the 
efficacy of multiagent chemotherapy with or without granulocyte-mononuclear colony 
stimulating factor (GM-CSF) is ongoing. Dr. Lawrence Kaplan and associates (San 
Francisco General Hospital) reported that no difference in p24 antigen levels was 
detectable in non-Hodgkin's lymphoma patients receiving CHOP (cyclophosphamide, dox
orubicin, vincristine, and prednisone) with or without GM-CSF. Although the authors 
noted that p24 levels were significantly reduced following administration of chemotherapy, 
they suggested that this effect was probably associated with the cytotoxic nature of the 
chemotherapeutic agents and not a direct effect on HIV replication. 
At a satellite conference on the neurological and neuropsychological aspects of HIV infection, 
Dr. Mark Rosenblum and colleagues (Northwestern University School ofMedicine, Chicago) 
reported some rather encouraging findings on primary brain lymphomas in HIV-Infected 
patients. Dr. Rosenblum's team noted clinical improvement and stasis of tumor progression 
In 22 of 29 patients receiving radiation therapy. (See also Chapter 8: NEuaoLoGIcAL ASPECTS OF 
HIV INFECTION.) 

OTHER CANCERS 

Although cancers other than KS and lymphoma have been noted in HIV-infected individu
als, the incidence of such cancers in this population does not appear to be higher than that 
in the general population. Dr. Charles Rabkin and colleagues (National Cancer Institute, 
Bethesda, Maryland) reported data from a cancer surveillance program that examined can
cer trends among single, never-married men for 9 U.S. regions. Results showed that tumors 
other than Kaposi's sarcoma, non-Hodgkin's lymphoma, and possibly anal/anorectal carci
noma did not increase in incidence during the early HIV epidemic years (1979-87). 
Among women, Dr. Sten Vermund (now at National Institute of Allergy & Infectious 
Diseases, Bethesda) and colleagues found that symptomatic HIV-positive women who are 
also infected with human papilloma virus (HPV) are at high risk for cervical cancer. 
Although asymptomatic HiV-positive women are at a somewhat lower risk, this risk is, nev
ertheless, significantly higher than that for HIV-negative women. Dr. Wolfgang Friedman 
(RudolfVirchow Hospital, Berlin) and coworkers also noted an association between cervical 
neoplasia and HIV infection among 84 women with a history of IV drug use. Cervical dys
plasia/neoplasia was seen in 41% of HIV-Infected women, compared to 9% of HIV-negative 
women. Clinical manifestations attributable to HPV infection were observed twice as often 
in HIV-positive women as in HIV-negative women. 

NUTRITION 

A variety of nutritional Issues and complications confront persons with HIV Infection. 
Many of the nutritional complications, which increase with advancing HIV disease, 
continue to be addr'essed by health care providers, nutritionists, and dieticians, but it is 
clear that much work remains to be done to expand the range of useful and effective 
options for nutritional intervention. Complications affecting or influenced by nutritional 
status in HIV disease (which may either directly or Indirectly contribute to decline of the 
patient's immune function) include, but are not limited to: 
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" 	 cachexia (wasting syndrome with e adverse effects of individual
 
general lack of nutrition) medications or their combined
 

• 	 nausea and vomiting effects 
" chronic diarrhea 	 * impaired chewing and swallowing 
* nutrient malabsorption P impaired or altered ability to smell 
" opportunistic infections of the and taste 

gastrointestinal tract 9 physically or psychologically
 
" abnormal liver and kidney function induced anorexia
 

As pointed out by several Conference presentations, any of these complications, or combi
nations of them, can further impair immunological function of HIV-infected individuals as 
they are capable of exacerbating nutrient deficiencies. For many patients chronic diarrhea 
is one of the most debilitating aspects of HIV-related disease. If a specific etiologic agent, 
such as one of the bacteria or parasites that cause opportunistic infections in the gastroin
testinal tract can be identified, management may be achievable by antibiotics or antipara
sitic drugs. Unfortunately, in most cases, control of chronic diarrhea in the HIV-infected 
patient remains an elusive therapeutic goal. 
The majority of discussions revolved around early nutritional assessment and intervention, 
when appropriate, such as supplemental nutrients. Barriers to optimal nutritional 
management of HIV-infected individuals were also discussed by researchers and clinicians. 
The absence of simple, accurate, reproducble, and cost-effective tests of micronutrient 
sufficiency is a limiting problem. Most clinicians have access only to gross and insensitive 
measurements, such as total body weight or skinfold caliper-estimated body fat percentage. 
Tests for specific vitamin levels are often expensive, and marginal results still require
interpretation. Choosing appropriate interventions and evaluating their efficacy is difficult, 
and therapy for some aspects of HIV-related malnutrition is limited or unsuccessful. 
Nevertheless, the potential for real benefit from careful nutritional management demands that 
researchers and clinicians better define reasonable assessment techniques and apply 
available therapies to improve the quality of life for people with HIV disease. 

HIV AND THE GASTROINTE8TINAL TRACT 

Several basic science research teams have been trying to ascertain whether direct infection 
ofgastrointestinal celV by HIV can mediate some of the gastrointestinal abnormalities seen 
in HIV-infected patients. In vitro experiments showing that human tumor and normal cell 
lines derived from the gastrointestinal tract are infectible by HIV require confirmation; 
some scientists argue that such HIV-infected cell lines are actually an in vitro artifact. 
A singular study provided evidence that HIV affects the digestive system early in the disease 
process. Satya Dandekar (University of California, Davis) reported his team's findings from 
absorption studies of 9 HIV-infected persons with diarrhea as well as findings from 9 rhesus 
macaques infected with simian immunodeficiency virus (SlV). Among the HIV-infected indi
viduals, 5 of7 patients were found to malabsorb dietary fat; depressed activity of the digestive 
enzymes sucrase and lactase and structural changes in cells called enterocytes were also 
noted. HIV RNA was detected (by in situ hybridization of intestinal Jejunal biopsies) in entero
cytes of 1ARC patient with severe malabsorption and in mononuclear cells of the intestines 
(specifically in the lamina propla and epithelium) in 2 ARC and 2 AIDS patients. Similar, more 
pronounced changes were found in the SIV-infected macaques; HIV RNA was detected in 6 of 
8 animals. The authors proposed that direct infection of intestinal mucosal cells by HIV is a 
relatively early event in HIV-infected individuals, and that FV affects the development, matu
ration, and function of enterocytes, which results in malabsorption of nutrients. Although 
these findings are preliminary and need to be confirmed, they hold important implications
regarding early nutritional assessment ofand therapy for the HIV-infected patient. 



211 
CHAPTER 7: CuNICAL MANAGEMENT 

CACHEM 

Several research groups are exploring the causes of HIV-associated wasting syndrome and
the effects of HIV on the digestive system. Some groups are investigating whether factors
other than malabsorption and decreased intake play a role. Timothy Seaton and colleagues
(New York Medical College, Valhalla), for example, reported that cachexia appears to becaused by a complex interplay of malabsorption, poor diet, and altered metabolism. In their
study comparing asymptomatic HIV-infected persons and ARC/AIDS patients, protein and
calorie intake was found to be sufficient In both groups. Interestingly protein and calorie
intake did not correlate with anthropometric measurements (such as body weight), leading
the researchers to conclude that malabsorption and altered metabolism were more 
important contributing factors in the development of cachexia. 
Jean-Louis Vilde and colleagues (H6pital Bichat-Claude Bernard, Paris) provided evidencethat altered metabolism contributes to cachexia. In their study, 9 ARC and 20 AIDS
malnourished clinically stable patients (without fever or uncontrolled opportunistic
Infections) were compared with uninfected normal-weight and anorectic controls. Analysis
showed resting energy expenditure, relative to lean body mass, to be greater for HIV
patients; the authors offered that an increase in resting energy expenditure may be partially
responsible for the progressive wasting of HIV-infected patients. 

NUTRITIONAL STATUS AND IMMUNOLOGICAL FUNCTION 

Some investigators have suggested that deteriorating nutritional status reflects deteriorating
immunological function. Dr. Stephen Blatt and colleagues (Wilford Hall USAF Medical
Center, Texas) showed that patients with the greatest CD4 deficit generally have the greatest
degree of lipid abnormalities. (Upid abnormalities have previously been associated with non-
HIV related cachexia, such as parasitic infections and cancer). Dr. Blatt's team examined 
serum hypertriglycerides and serum HDL-cholesterol in their study of 482 patients at
various stages of HIV infection. Patients with progressive HIV disease (CD4 cell counts below
400/m 3 ), and especially those with counts below 200/mm3 , had signifcantly increased
levels of serum triglycerides with decreased levels of total and HDL-cholesterol. Dr. CarlGrunfeld and coworkers (UCSF and Columbia University College of Physicians & Surgeons,
New York) noted that Hy-infected (non-AIDS) patients and AIDS patients with high serum
triglycerides were more likely to have high levels of the cytokine alpha interferon than were
HIV-negative persons. More significantly, Dr. Grunfeld's group noted a relationship between
alpha interferon levels and triglyceride clearance in these patients. The authors concluded
that since alpha Interferon has been previously shown to modulate lipid metabolism in vitroand in vivo, the observed increased serum triglycerides In HIV-infected patients may be
directly related to alpha interferon-mediated decreased triglyceride clearance. 
Although causality between nutritional status and immunological function is difficult to
demonstrate, most nutrition researchers support the premise that improving the patient's
nutritional status may ameliorate or slow the rate of decline of immunological function. 

ASSESSMENT OF NUTRITIONAL STATUS 

To assess the nutritional ..tatus of individuals with HIV infection-and evaluate the potential benefits ofnutritional Intervention-various parameters can be measured. Monitoring
variables such as the following may aid correction ofspecific nutrient deficiencies: 

* body weight * blood chemistries (serum albumin,

" body mass index 
 for example)
* percent desirable body weight * trace element/vitamin concentration 
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A 16-month nutritional assessment of two groups of men in early stages of HIV infection 
(19 asymptomatic or early ARC and 7 advanced disease), conducted by Ann Coulston and 
colleagues (Stanford University Medical Center, California), found decreases in body 
weight, percent body weight, and body mass index to be efficient, early indicators of 
decreased nutritional status. Surprisingly, no changes in laboratory markers of 
nutritional status (such as total protein or serum albumin) preceded malnutrition or 
symptoms of advancing disease. A decrease in body weight appeared to be the earliest 
indicator. The authors offered that nutritional intervention (to add calories, protein, and 
vitamins and minerals to their diets) at the first sign of weight loss might forestall the 
malnutrition that commonly accompanies progression to AIDS. Other research teams do 
not agree and have argued that by the time weight loss is seen in many patients, the 
opportunity to intervene and restore the patient to optimal nutritional status may be lost. 

AlthoughA trace element and vitamin deficiencies have been observed in HIV-infected 
patients, the prevalence and significance of such deficits are not known. John Malcolm 
and coworkers (Royal NewcastlL Hospital, Australia) reported that low serum zinc levels 
were found in 28 of 29 ARC or AIDS patients. Other abnormalities observed included low 
levels of B12 , and BI (thiamine) and both high and low levels of vitamin A. Anna Riera 
and associates (Hospital de la Santa Creu I Sant Pau, Barcelona) found low levels of 
vitamin B1 2, possibly caused by Heal malabsorption, In 10 (16.7%) of 60 HIV-Infected 
patients. M. Baum and colleagues (University of Miami School f Medicine) found a 
similar incidence of vitamin B1 2 deficiency (approximately 20%) in . group of 100 HIV
infected males with progressive generalized lymphadenopathy (CDC stage III). 

NUTRITIONAL INTERVENTION 

Susan Johnston and colleagues (Hospital Germans Tilas i PuJol, Barcelona) reported that 
increases in weight, body mass index, upper arm circumference, and triceps skinfold 
thickness were observed in 12 of 16 AIDS patients who had received a high calorie/protein 
diet for more than 3 months. In 8 of the 16, increases were noted in total proteins, serum 
albumin, prealbumin, and transferrin. (A high calorie/protein diet was maintained with 
either liquid oral supplements and home total enteral nutrition or total enteral support 
alone.) These findings support the premise that early intervention may be an effective way to 
maintain or improve nutritional status. The study sought to demonstrate, by using patients 
who already experienced 5% to 10% weight loss and poor appetite, that early nutritional 
intervention helps prevent the usual progressive deterioration in nutritional status of AIDS 
patients. The authors suggested that improving nutritional status may increase cell
mediated immunity and thereby help reduce susceptibility to opportunistic infections. 
Indeed, decreased values of parameters studied correlated with disease progression, 
indicating that more aggressive nutritional therapy may be required at certain stages. 

Appetite stimulation may also help to improve nutrient intake. In a preliminary report on 
the effectiveness of megastrol acetate, Fernando Viteri (University of California, Berkeley) 
and colleagues concluded that this appetite stimulant (administered at 800 mg/day) 
helped produce gains in weight, adiposity, and lean body mass in I I ARC patients who 
had previously experienced a weight loss of at least 5% of total body weight. 

Nutritional supplementation with parenteral (intravenous) nutrition may also be an 
important adjunct in management of patients in which oral supplementation does not 
appear to help. Paul Cimoch and coworkers (Center for Special Immunology, Ft. 
Lauderdale, Florida) demonstrated that supplemental parenteral nutrition, used to 
augment oral feeding, was effective in some cases of protein-calorie malnutrition. 
Improved functional ability and quality of life (no significant infectious or metabolic 
complications) was noted in 9 AIDS patients receiving supplemental parental nutrition. 
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CARE DELIVERY 

The complexities of clinically managing a single patient with HIV-related disease are magnified
several-fold when seeking to devise strategies to deliver care to whole patient populations.
Furthermore, studies assessing specific aspects ofHIV care delivery-treatment utilization
and financing, for example-have limited generalizablity. Inconsistencies in diagnoses, treat
ment, care practices, and even terminology exist not only among institutions but even within 
an Institution; this is further compounded when attempting to extrapolate from various
regions and countries. Lack of standardization in data collection and reporting also contribute 
to the extreme difficulties ofanalyzing HIV treatment, care costs, and related outcomes. 
Access to care and medications-an issue of considerable mport and controversy-has been
shown to vary by continent and country and, in countries without national health plans, by
an Individual's economic situation. Several studies discussed below demonstrate that the
absence of-or lack ofaccess to--ambulatory care, community-based support services, and
non-hospital long-term care options continues to promote unnecessary hospital utilization. 
Nevertheless some trends regarding the organization, financing, and delivery of care are
emerging. Models of care delivery now emphasize the need for comprehensive carc strate
gies, whereby a patient's long-term needs are also addressed. Integrated hospital, ambula
tory, and home services or long-term care facilities, It Is argued, will ensure proper care for
HIV-infected patients. The patterns of care and service delivery for people with HIV disease
continue to evolve as care providers become more knowledgeable and as policy decisions 
regarding cost containment are Implemented. 

HOSPITAL-BASED CARE & ASSOCIATED COSTS 

Surveys assessing utilization of hospitals and specific services by patients with HIV disease 
may prove useful In procuring the resources needed for their care. Several research teams
reported recent declines in hospital use by HIV-infected persons (in comparison with the early
years of the epidemic). Although HIV-related hospital use Increased In the United States.
Mary Molen (National Center for Health Statistics, Hyattsvlle, Maryland) reported that the 
rate of Increase was slower for 1986-88 than for 1984-86, based on data from the National 
Hospital Discharge Survey. Based on 20,000 HIV-related hospital discharges for 1988-89,
Gabriel Bez and associates (Ministry of Health, France) reported an increase In ambulatory
services and a decrease in the average length of hospital stay. A decrease was also noted in 
the average direct medical cost ofeach hospital stay. This trend in decreased hospital use was
noted in some but not all industrialized countries. Two reports from Italy and Spain. for
example, showed the number of HIV admissions to continue to Increase through 1989. 
According to several Conference presentations, AIDS patients require considerably more
nursing care than patient with other diagnoses. Furthermore, significant differences In the 
utilization ofservices needed by AIDS patients are apparent; see Table 7.3. 
Average Length of Stay. Mary Molen (cited above) also pointed out that the (U.S.) national 
average length of hospital stay has been on the decline: from 17.1 days (in 1985) to 14.1
days (in 1988). Better management of HIV disease along with improved surveillance, pro
phylaxis for infectious diseases, and more effective treatment of opportunistic infections 
may account for shorter hospital stays. A study based on claims for in-patient hospital care
for participants in a Medicaid home-care program (March 1987 through January 1989)
revealed that hospital and acute care utilization was lower than that observed In state,
regional, and nationwide surveys. Cheryl Merzel (Rutgers University, New Brunswick, New 
Jersey) and coworkers found the average length of stay (12.7 days) to be shorter than that
reported for persons with iuiC In the northeastern United States. While cautious In com
paring their data with those from other studies, the authors offered that the relative 
decreased utilization may reflect the Medicaid (home care) program's effects. 
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Table 7.3. Comparative Use of Hospital Services 

Based on a study of 111 AIDS patients and (matched) general medical patients admitted to a hospital 
during 1981-89, Philippe Vanhems and colleagues (H6pital Cantoral Universitaire, Geneva) 
reported their findings of differences in hospital utilization. 

AIDS Patients Control Patients 
Procedure (# procedures/100 admissions) (# procedures/100 admissions) 

Brain CAT scans 64 19 
Bronchoalveolar lavage 31 7 
GI endoscopy 29 5 
CSFexamination 46 9 
Lymphocyte typing i- 0 
Blood cultures 340 50 

Anne Shields and colleagues (Washington State Office on HIV/AIDS, Seattle) reviewed hospi
tal discharge data for HIV-related hospital admissions for 1985-88. They reported a decline in 
average length of stay (13.2 days in 1985. 11.3 days in 1986, and 9.7 days in 1987 and 1988) 
for all HIV-related hospitalizations over the 4-year period. Although average charges fell dur
ing the study period, an increase was noted from 1987 to 1988. The authors attributed this to 
an increase in per diem charges-an indicator that reduced admission charges may eventu
ally be offset by continuing increases in per diem hospital rates. The authors cencluded that 
as the average length ofstay for HIV admissions stabilizes, further declines in hospital-based 
costs for HIV care will only be achieved by avoiding hospitalization. 

Yamil Kouri (Harvard Institute for International Development, Cambridge, Massachusetts) 
and coworkers also reported that in Puer to Rico the average length of stay declined 47% 
from 1987 to 1988: from 21.5 days to 11.3 days. Furthermore, HIV-related in-patient care 
was also noted to decline dramatically, paralleling a considerable growth in utilization of 
alternative forms of care-notably, ambulatory and home care. 

Few countries other than the United States reported average length ofstay data. Figures from 
other countries that were presented may, therefore, not be representative of the entire coun
try. Indeed, independent studies from Italy showed widely divergent figures. Nicoletta Orchi 
(Regional Epidemiology Unit, Rome) and coworkers reported, that based on data from 8 
Latium Region hospitals through the end of 1989, the average length of stay for a patient with 
AIDS was 36 days. The authors did note that hospital stays In Rome are significantly longer 
than those outside the metropolitan area. Glovanna Gavazzeni and associates (Ospedali 
Riuniti, Bergamo) reported that the average length of stay for AIDS patients has steadIv 
declined since 1985 and for the year 1989 was 14.2 days. Stefano Bertozzi (Massachusetts 
Institute ofTechnology, Cambridge) and colleagues found that, in a rural Western Zaire hos
pital, the average length of stay differed significantly between patients with an HIV-related 
diagnosis (28 days) and non-HIV-related admissions (17 days) during January-October 1989. 

"AIDS Hospitals" in the United States. Richard Selik and colleague (Centers for Disease 
Control, Atlanta) presented information that supports the argun-.at that most AIDS care 
has been concentrated in relatively few hospitals. In characterizing hospitals in which more 
than 100 AIDS cases were Initially diagnosed, the authors found that such hospitals repre
sented less than 3% of the 7,102 hospitals in the American Hospital Association registry. 
Of 117,781 persons with AIDS reported to the CDC as of December 31, 1989, more than 
half (56%)were diagnosed at such hospitals. Five states (New York, California, New Jersey, 
Texas, and Florida) accounted for 64% of persons with AIDS and 65%of "AIDShospitals." 
When comparing hospitals with respect to ownership, more "AIDS hospitals" were publicly 
owned (38%) than the hospitals with lower AIDS caseloads (33%). 

http:argun-.at
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Based on data from more than 10,000 AIDS hospitalizations (from a sample of short-stay,
nonspecialty hospitals during 1987-88). Judy Ball (Agency for Health Care Policy andResearch, Rockville, Maryland) and colleagues found a strong causal link between the sizeof a hospital's AIDS caseload and effectiveness In treating AIDS cases. Statts;lcal analysesrevealed that a 1% increase in AIDS patient volume led to a 0.2-2.4% improvement in risk
adjusted mortality. Worse outcomes were found among hospitals with higher levels of
minority AIDS discharges and those located in urban areas. 
Hospital Discharge Delays. Nancy Hunter-Young (Clinical Partners, Boston) and colleagues
reviewed data from 30 hospital admissions for AIDS and HIV infection at a large Bostonteaching hospital. The 30 admissions reviewed totaled 970 patient days. Of the 970 patientdays ofhospital care, slightly more than 1G4 (17%) were deemed potentially manageable in anout-of-hospital setting. Difficulty coordinating out-of-hospital care accounted for 83% of hospital discharge delays. (Delays in scheduling tests and delays associated with research protocols were two other factors cited in the study, accounting for 14% and 3% ofdelays, respec
tively.) The elements complicating coordination ofout-of-hospital care included: 

" awaiting sub-acute facility placement (22/6)
" awaiting psychiatric facility placement (23%)
* awaiting hospice placement (5%) 
" difficulty obtaining insurance information (12%)
 
" resistance to care plan by patient or family (33%)
 

The average charge per day hospitalized was calculated to be $1,006, and the delayed daystotaled $165,487. Mindy Widman and coworkers (University of Medicine & Dentistry ofNew Jersey School ofOsteopathic Medicine, Camden) studied charts ofpatients discharged
from 9 hospitals in New Jersey and Philadelphia between March 1988 and January 1990with AIDS/ARC diagnoses or AIDS indicator disease diagnoses. They found that discharge
delays were attributable to service shortage, discrimination or fear on the part ofproviders,
and patient ineligibility for the service desired. Statistically significant correlations wereobserved in 79% of cases between discharge delay and patient race, profession ofdischarge
planner (social worker or nurse, for example), and insurance. 
In their survey of hospital discharge planners (in hospitals serving the greatest number ofAIDS patients in metropolitan Chicago), Reggi Marder and coworkers (University of Illinois,
Chicago) reported that patients stayed in hospitals an average of8 days beyond their acute 
care needs. Together these flndings underscore the need for effective discharge planning
and planning for nonhospital long-term care. Difficulties in placing persons with AIDS in 
care facilities have obvious financial and quality oflife costs. 

OUTPATIENT S7-ivIFs & ASSOCIATED COSTS 

Numerous presentations provided evidence of increased use of out-of-hospital services by
HIV-infected patients and persons with AIDS-a finding which utilization and costing studies show translates into significant reductions in medical care costs. One such study wasconducted by Richard Liekweg and colleagues (Duke University Medical Center, Durham,
North Carolina) in which they noted that total and per diem charges for treating patients
with HIV-related complications varies according to the locus of care; see Table 7.4. 
Virginia Weslowski and colleagues iNational Public Health and Hospital Institute,
Washington, D.C.) found the" hospitals responding to the U.S. Hospital AIDS Surveyreported an increase in the average number ofoutpatient visits per hospital. A study ofser
vice utilization and charges forARC patients attending outpatient clinics of four public andtwo nonprofit community hospitals in California, conducted by Dr.James Kahn (University
ofCalifornia, San Francisco) and coworkers, revealed that most medical charges are associated with outpatient care. Based on data for January to December 1987, the average 
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Table 7.4. Inpatient versus Outpatient Costs 

Total and per diem charges for treating patients with HIV-related complications have been shown 
to vary according to the locus of care. Richard Liekweg and colleagues (Duke University Medical 
Center, Durham, North Carolina) presented data based on 22 HIV-infected patients with different 
complications of HIV disease treated as strictly outpatients or as inpatient/outpatients compared 
with data from HIV-infected patients treated as strictly inpatients (controls). 

Inpatient/ 
Diagnosis Inpatient Outpatient Outpatient 

CMV disease $649 x14 days $502 x 21 days $203 x 21 days 
= $9,086 =$10,542 =$4,263 

PCP $1,067 x24 days $700 x20 days $261 x 18 days 
=$25,608 =$14,000 =$4,698 

Cryptococcal meningitis $771 x 24 days $473 x 49 days not apllicable 
=$18,504 =$23,177 

Wasting syndrome $678 x 24 days $431 x37 days $149 x29 days 
= $16,272 = $15,947 = $4,321 

number of outpatient visits per patient was 0.95 per month, with inpatient admissions 
reported as uncommon. Average total charges were $375 per month: $202 for outpatient ser
vices and $148 for inpatient services. Components of outpatient charges included laboratory 
(31%). pharmacy (23%), clinic fee (23%). and radiology (16%). Variation in outpatient charges 
among hospitals was minimal. 

A study examining 1987 hospital discharge data from New Jersey hospitals, found that 
Medicaid patients (that Is, patients with partial medical insurance provided by the U.S. govern
ment) had the highest average number of hospital admissions, total days of hospitalization, 
and total hospital costs. Molly Coyle (Johns Hopkins University, Baltimore) and colleagues 
offer.d that these findirgs suggest that federal policy must change to improve access to ambu
latory care (currentlyMedicaid provides greater reimbursement for in-hospital services). 

EARLY HIV INTERVErNTON 

Accumulated clinical experience has demonstrated rather clearly that early intervention (AZI' 
therapy in asymptomatlc or mildly symptomatic HIV-Infected persons, for example) can mean 
a slowing of the progression of the disease process. Although attempts are being made to make 
early intervendon accessible and affordable, several studies have concluded that asymp
tomatic persons and patients with early stage HIV disease are not taking advantage of early 
intervention strategies. Early HIV intervention includes "miscellaneous" care needs, such as 
regular physical examinations and laboratory tests as well as prophylactic treatments. 

Still in the initial stages are estimations of the ambulatory needs of patients who are not 
acutely ill. Ellen Rautenberg and colleague (New York City Department of Health) reported 
that among HIV-positive STD clinic attendees (a largely asymptomatic population), service 
needs-primarily laboratory tests-and associated resource requirements are high. Of 
approximately 6,880 HIV-positive persons visiting New York City STD clinics each year, 
1,376 (20%) are estimated to have CD4 cell counts below 200/mm 3 and need immediate 
PCP prophylaxis, with most also needing AZT; 2,064 (30%) have CD4 cell counts of 
200-500/mam 3 and therefore should be assessed for early AZT use. Approximately 50% 
(3,440)have CD4 cell counts above 500/mm 3, but should nevertheless be monitored cvery 
6 months. The authors emphasized that although this population is not acutely ill, they 
estimated that at least 20% are already severely immunocompromised. 
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A report by David Stanton (JohnsHopkins University, Baltimore) and coworkers reported
their experience with a new comprehensive initial evaluation center for patients with HIV
infection. A review of the first 364 patients seen between December 1988 and December
1989 revealed several medical and social service needs, including: primary medical care,
housing, drug treatment, mental health services, and assistance obtaining entitlements
(financial aid). Demographic analyses showed that an increasing percentage of patients
seeking evaluation and serices were black (65%)or women (27%). 
Limited Access to Care. Many persons with early stage IV disease, some of whom may not
be aware they are seropositIve, do not receive adequate medical care, for a variety ofreasons.
Chief among these, worldwide, is limited access to primary care, which means that early RV
disease is often left untreated. This is especially true for low income and other disenfran
chised people who have historically had limited access to preventive medical care. In Africa,
for example, serious. economic constraints and limited hospital beds and supplies mean that 
most countrI,. are only able to render patient care to a fraction of the number of AIDS
patients. H.M. Ntaba (Ministry of Health, Malawi) told Conference participants that the
majority ofAIDS patients in the developing world have no access to inpatient care. In the
United States, limited access to care in some cities has been said to be a consequence ofover
burdened doctors; as little as 20% of all doctors may be treating 80% of all AIDS patients. 
As pointed out by Dr. Debbie Fleetwood and colleagues (Johns Hopkins University,
Baltimore), the first HIV-related medical care is generally provided in a hospital emergency
room. This emergency room care is typically a crisis response to the symptoms of an
advanced opportunistic Infection-long after antivira therapy or primary prophylaxis for 
opportunistic infections would have been helpful. 
Options for follow-up care after the "crisis" are typically lirrited. Financial constraints may
limit access to the medications needed for the continuation of treatment or initiation of secondary prophylaxis. Other barriers to care Irclude lack ofpatient familiarity with and dis
trust of "the system" for care provision and, on the part of the care provider, lack ofAIDS
related knowledge and skill. These factors, compounded by the lack of resources for patient
education and support, contribute to poor p4tient compliance and a high probability of 
continued use of the emergency facilities for future medical care. 
AZT and Prophyiactlc Drug Use. Much data relating to early therapeutic intervention is
based on homosexual/bisexual cohort studies, which makes it difficult to tell whether the 
same trends exist for the rest of the HIV-infected population. Data from the MACS and San
Francisco Men's Health Study (prospective U.S. studies of homosexual/bisexual men)
reveal that infected subjects are not taking advantage of therapies approved for early stage
disease. William Lang (Children's Hospital ofSan Francisco) and associates, for example,
reported that based on the percentage of persons using AZT during 1987-89 and aerosol
pentamidine in 1989 (in two cohorts of homosexual/bisexual men), a significant number of
eligible men are not taking these prophylactic measures that could reduce HIV morbidity. 
One research group led by Dr. Nell Graham (Johns Hopkins University School of Public
Health, Baltimore), noting undertreatment with AZT in their study of a pre-AIDS group,
speculated that the price tag ofAZI' may be a primary reason why eligible individuals are
forgoing AZT treatment. Other factors cited by Dr. Graham's team and independently by
Malcolm Hooker and colleagues (St. Stephen's Clinic, London) included fear of adverse
drug effects and social stigma. Quite unexpectedly, neither team has witnessed a major
movement toward AZT therapy among well-informed asymptomatic individuals. 
Economic Impact of Early Intervention. Peter Arno (Monteflore Medical Center/Einstein
College of Medicine, New York) and Jesse Green (New York University Medical Center)
reported results of their cost modeling system, which projects the cost of making early
intervention widely availablk in the United States. The projected cost of providing services 
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and drugs to people with HIV who could benefit from them was $1.85 billion per year ($0.6 
bilo!, for monitoring and $1.25 billion for treatment). Pharmaceuticals constituted 79% of 
the total projected estimate. The authors concluded that policy changes and shifts in 
resource allocation are needed to promote the integtation of prevention education and 
treatment services; enhance primary care delivery systens, particularly In inner cities; and 
reduce the prices of drugs needed for antiviral therapy and opportunistic infection prophy
laxis. They also pointed out that policies designed to further reduce the price of pharma
ceuticals remains an Important strategy for assuring acces.3 to early Intervention. In an 
analysis ofdrug budget expenses in a low AIDS incidence area. Lil Miedzinski and cowork
ers (University of Alberta, Edmonton) noted that the recent (1989) price reduction in AZT 
offers only a parti- alleviation of their provincial health care budget burden. 

Several investigators reported that PCP prophylaxis and AZT therapy is cost effective. Dr. 
Mark Smith and colleagues (Johns Hopkins Uriversity, Maryland) reported that based on 
hospital charges for patients with PCP episodes, aerosoi pentamidine-despite Its consider
able cost-may be expected to produce savings of $97,000 per 100 patients per year. Even 
using a model with a high PCP breakthrough rate (176, compared to actual incidence of 
9.5%). aerosol pentamidine is estimated to be cost effective. 

Using published natural history data and randomized trial results, Kenneth Freedberg 
(Boston City Hospital) and coworkers compared the cost effectiveness ofAZT and PCP pro
phylaxis (alone or together) with no treatment. (Costs included those associated with medi
cation, monitoring complications, and treatment.) Comparing AZT therapy with no treat
ment for patients with CD4 cell counts between 200/mm3 and 500/mnm 3 , AZ' was found 
to increase life expectancy by 1.94 years at an added cost of $24,700 (the cost-effectiveness 
ratio was $12,800 per year of life saved). AZT and PCP prophylaxis further increased life 
expectancy by 0.05 years for an ae-led $2, 1OG (the cost-effectiveness ratio was $44,300 per 
year of life saved). Trimethoprim/sulfamethoxazole was found to be more cost effective 
than aerosol pentamidine. From these results the authors noted that AZT and PCP prophy
laxis may be reasonable for (as yet ua.identified) selected subgroups of patients and not all 
patients with CD4 cell counts in the range of 200-500/mm3 . 

CHANGING PATTERNS OF CARE 

The patterns of care and service delivery for people with HIV disease are changing as care 
providers become more knowledgeable and as policy decisions regarding cost containment 
are Implemented. Kathryn Coltin and colleagues (Harvard Community Health Plan, 
Boston) examined the effects of changing care patterns in an effort to identLfy key factors 
that Influence the annual cost ofcaring for a patient with AIDS. Medical records and claims 
data were reviewed for all (225)patients in a health maintenance organization (HMO) who 
were treated for AIDS during a 3-year period ending September 30, 1989. For each suc
ceeding annual cohort of patients, Increases were noted in the following areas: number of 
patients treated, months of treatment for each pati,-nt, treatment contacts, total per 
patient care costs, and average length of survival. Costs-per-patient-month declined 
steadily throughout the 5-year period. 

* 	 Between 1985 and 1986, there was a marked shift from inpatient care to home care. 
* 	 Between 1986 and 1987, a shift frcm inpatient to outpatient care was noted. 
" 	 Between 1987 and 1989, inpatient days decreased even further; outpatient con

tacts increased, although the proportion of face-to-face visits declined; and mean 
survival almost tripled. 

The authors attributed these changes to multiple factors: 

* improved symptom recognition by patients 
" early diagnosis and treatment of opportunistic infections by primary care physicians 
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" emphasis on prophylactic treatment 
" delivery of care via telephone 
• emphasis on early discharge planning 

Finally, the authors pointed out that the traditional fee-br-service model would not have 
achieved the same cost savings. 
Physician-Patient Relationship. The changing natureof the physiclan-patient relation
ship is evident In the attitudes of both patients and physicians. Previous studies have
shown that physicians' attitudes toward homosexuality and drig use, for example, are
important factors affecting their ability to provide appropriate medical care to peop'e with 
HIV infection (see Chapter 9: WORKPLACE ISWUES). 
Several Conference studies addressed aspects of patient preferences and expectations
regarding the manner in which they are treated by physicians. These presentations sup
port anecdotal observations that many AIDS patients, especially homosexual/bisexual 
men, want a high degree of autonomy and a share in decision making relating to treatment
and care. Donna Barnes and colleagues (University of California, San Francisco) con
ducted a series of focus groups for homosexual/bisexu-J men and IVDUs with HIV disease 
in Los Angeles and Seattle. Most patients wanted to play an active and empowered role in 
decisions about their care, as was evident from the three major themes that emerged:
patients believed that many people with HIV disease knew as much or more about HIV dis
ease than most physicians; patients with HIV often seek alternative therapies to medical 
care, the search for better -are Is felt to be empower!ng and therapeutic in itself; and 
patients wanted a caring, personal relationship with their physician. 
Similar findings were reported by Bryan Macguire and colleagues (University of California,
San Francisco), who conducted a survey of 174 patients with HIV disease attending an
ambulatory care clinic. Th(:-e pat' ents were predominantly homosexual, white, and middle
class. Of the patie:nts surveyed, 94% felt that they should participate fully in discussions 
about their medical treatment; only 27% felt that HIV disease was too complex for ther: to
be involved in such decis'on making. Most patients wanted as much information as possi
ble from their physician whether it was good news or bad. Although few significant differ
ence-4 in opinion emerged related to the demographic variables, it was noted that patients 
over 40 years ofage had slightly more passive attitudes. 
Few studies have .ought to investigate the preferences of patients with HIV disease who are 
poor and/or ofa minority group. Many care providers believe that similar preferences exist
for people In these groups, but do not get expressed unless trust in the care provider can be 
established and patient education about the disease process can be provided. 
Clinical Research Issuts. The clinical trial design has been at issue at the last two 
International Conferences. Peter Armitage (Oxford University, U.K.) discussed develop
ments in trial methodology that are particularly useful In AIDS research, where progress
needs to be made quickly. These developments include: 

• designs that enable more than one question to be asked at the same time (so
called factorial designs)

* use of early Indications of health changes as surrogate measures, even though
surival remains the measure of overriding concern 

• flexibility in the options open to patients-such as offering a choice between 
several randomized compartments 

" flexibility in the definition of treatment regimens
" interim analyses during the accumulation of trial data, which may lead to early ter

mination ofa trial (However it was pointed out that over-stating differences in early 
responses may backfire, as such differences may be reversed after longer periods 
of follow up.) 
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Figure 7.4. U.S. Public Sector Financing of AIDS Care 
Data from three U.S. cities with high AIDS incidence show that more hospitalized AIDS patients are covered by
 
Medicaid than patients with other diagnoses. (Based on a presentation by Dr. Jesse Green, New York
 
University Medical Center.) 
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Community-based clinical trials, open (compassionate use) trials, and "parallel track" 
community-based research were the subject of both formal and informal Conference 
discussions. ("Parallel track" refers to the U.S. Public Health Service proposal whereby 
promising HIV-related investigational drugs are to be made more widely available while 
controlled clinical trials, essential to establishing safety and efficacy, go forward.) The 
Public Health Service has acknowledged that the proposal was developed with signifi
cant Input from community advocates, industry representatives, researchers, and 
interested members of the public. The impetus for para)lel track trials arose from the 
growing number ofpeople with AIDS and HIV infection unable to take standard therapy, 
or for whom standard therapy is no longer effective, and who cannot participate in 
ongoing controlled clinical trials. Cc. nunity-based clinical trials, it is hoped, will com
plement and not compete with clinic research at academic centers. Many advocates 
for HIV-infected people also hope the effort will improve access to new therapies for 
minorities and womex-populations that have traditionally had limited access to uni
versity-ba'ed research programs. 

Despite the excitement created by the policy changes, many at the Conference were still 
skeptical about the effort over the long term. From the discussion sessions, It was evi
dent that many clinicians feel that the bureaucratic nature of the paperwork and the 
increased appointment time required to see a patient who is participating in a research 
protocol usurps too much of their time. The lack of information provided to the physi
cian along with the lack of timely feedback on clinical trial results to the physician and 
the patient were also cited as additional factors creating barriers to Involvement with 
community-based research. 

Dr. Elly Katabira (Mulago Hospital, Uganda) reported that, in developing countries, very 
few clinical trials have been conducted although many HIV-infected people are willing (in 
fact, desperate) to participate. The foreseeable problems asso..ated with clinical trials in 
developing countries are significant and need to be carefully addressed. Although avail
ability, access to, and cost of drugs have been discussed as a major limiting obstacle to 
implementation of clinical trials, other aspects include: 
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Figure 7.5. U.S. Public Sector Financing of AIDS Over Time 
Dr. Jesse Green (New York University Medical Center) also presented data from New York City, Lo; Angeles, and 
San Francisco that show a higher number of hospitalized AIDS patients were covered by Medicaid in 1987 com. 
pared with 1983 The number of patients covered by private insurance for the same years declined. 
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" 	 Study Population.Subsumed in this category are numerous design problems: The 
target population may not be recruitable and therefore accessible populations 
may be the only study option. Constraints such as distance from research centers 
or Inadequate transportation means that selection criteria must be relaxed in 
order to obtain the necessary number of participants. Inadequate or improper 
basic medical work-ups may lead to inclusion of unsuitable subjects. Relaxation 
of selection criteria means th?' Interpretation of data will be very difficult. 

* 	 Personnel.Fewer doctors are available with research interest and experience and 
with clinical trial training. Also limited in number are pharmacologists, 
toxicologists, laboratory technicians with modern technology training, AIDS 
counsellors, and statisticians. 

" Equipment. Both the quantity and degree of modernization of facilities and 
equipment for clinical trials are limiting factors. Insufficient in number are the 
hospitals, research centers, and clinics; equipment and reagents needed for bas!c 
investigations (such as that needed for ELISA); and equipment and materials 
needed for immunological studies (such as that needed for CD4 cell tests). 

" 	 FinancialSupport. Monies from local governments, ministries, institutions, drug 
companies, donor agencies, and foreign countries need to be raised. 

" 	 Ethical Issues. Local research guideline i may be ignored; inability to afford 
experimental d-ugs by governments or individuals; and political and/or authority 
interference are all ethical concerns. 

COSTING STUDIES 

The total cost associated with the treatment of people with HIV disease is rising as the num
ber of people with HIV disease ncteases. Bec ,uehealth care costs in general are increasing 
and because various treatments are being initiated at earlier points in the HiV-disease pro
cess, the total cost of medical care is also increasing. A survey of the reports attempting to 
estimate AIDS-associated costs reveal wide variances among patients, facilities, and geo
graphic regions. Costing studies seeking to estimate average daily/annual/lifetime hospital 
charges, for example, are limited by several factors, including lack ofcoherent and evaluable 
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data on seroprevalence, morbidity, survivral times, service utilization, and cost per unit of ser
vice. Comparisons are further complicated by fluctuating monetary values as records for vari
ous years are analyzed. Also, qualifiers are needed for different patient populations-pedi
atric versus adult patients, for example. For reasons ofdata availability, the discussion below 
is limited to reports from the United States. Because there is no national health plan, a signifi
cant issue with respect to health care and health care costs in the United States is that of pub
lic versus private sector financing. 
Sources of Payment. Samuel Matheny and colleagues (Health Resources and Services 
Administration, Rockville, Maryland) reported preliminary data from an analysis of 29,000 
: 	 'tent records in 21 U.S. cities. Although wide variations existed in principal source of 
payment for particular services, several trends were noted: 

* 	The federal M",edicaid program was the major source of payment for subacute 
skilled nursing (64% of all patients). 

* 	 State funds were the primary source of payment for drug therapy (35.5%) and 
dental services (41%). 

* 	 Private insurance was not a major source of payment for any one service. 
* 	Services with no resources for payment cited (and requiring further Investigation) 

were residential care (58%), home care (15%), and Inpatient care (11%). 
The public sector's role in providing HIV care and treatment appears to be increasing 
according to several presentations at the Conference. Jesse Green (New York University 
Medical Center) and Peter Arno (Monteflore Medical Center/Einstein College of Medicine, 
New York) reported their data examining payor distribution for hospital-based care com
paring HIV-related treatment with that for other diseases. Discharge data from hospitals in 
New York, San Francisco, and Los Angeles for the 5-year period 1983-87 revealed that hos
pitalized patients with HIV infection were much more likely to have Medicaid coverage than 
wvere patients treated for other types of disease, even when adjustments for demographic 
differences were made; see Figure 7.4. Over the course, of the 5-year period, for all three 
cities in the study, the proportion ofhospitalizations covered by Medicaid increased while 
hospitallzatlrns covered by private insurance declined; see Figure 7.5. Medi:ald's dispro
portionate share ofHIV treatment costs seems to Imply that HIV disease is strongly associ
ated with poverty. However, the authors noted that patient demographics alone do not fully 
account for W,,-dlcaid's d"'jproportionate share of treatment costs. Other possible explana
tions cited were loss of employer-based group health insurance, impoverishment due to 
longer survival and high medical costs, avoidance of patients with HIV by some insurance 
companies, and liberalized Medicaid eligibility. 

Based on hospital claims for persons with AIDS from all Empire Blue Cross & Blue Shield 
subscribers (a private U.S. Insurance company) during the past 8 years, Robert Padgug 
and colleague (Empire Blue Cross &Blue Shield, New York) found that due to Increased 
non-institutional utilization, earlier and more intensive treatment, and improved survival, 
lifetime costs associated with HIV infection are steadily increasing and may approach 
$150,000 per patient. 

Differential Access to Care. Certain sectors of the population are more likely to be eligible 
for publicly funded care and treatment than others, especially during the early stages of 
HIV disease. Elmer Smith and colleagues (Health Care Financing Administration, 
Baltimore) reviewed eligibility requirements for Medicare and Medicaid and compared 
these programs' requirements with HIV incidence, prevalence, and risk category to assess 
the likely availability of health care in the early phases ofHIV disease. They found that low
income HIV-infected pregnant women, infants, and children have the best chance of being 
covered by Medicaid at all stages of HIV disease. Low-income male IV drug users and 
homosexual/bisexual males with advanced ARC or AIDS are likely to be covered by 
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Figure 7.6. Maternal Transmission of HIV Antibodies 
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The origin of HIV antibodies ininfants born to seropositive mothers cannot be established until approximately 15months of age. (A)Antibodies to the virus may be passed from an infected mother to her fetus with or without thevirus itself. (B)At birth, the neonate may possess only maternal antibodies (mAb) or, ifHIV has been transmitted,both neonatal antibodies (ab) and maternal antibodies may be present. (C)By about 15 months of age, the childwill have cleared any maternally derived antibodies.Therefore, detection of antibodies prior tol 5months may or 
may not reflect presence of the virus (true HIV infection). 

Medicaid and, possibly, Medicare (if made eligible by significant Social Security paycheck
deductions over the years). Low-income IV drug users and homosexual/bisexual males in 
the early stages of HIV disease are typically ineligible for either Medicaid or Medicare. 
Health care costs for uninsured, low-inco,-e, or single people and childless couples in the 
early stages o'HIV disease are also not likely to be funded by the public sector under the 
current federal programs. 

PEDIATRIC HIV INFECTION 

The incidence of infection in the pediatric population is steadily rising at an alarming
rate-in the United States alone, at least 1,500-2,000 children are estimated to have
contracted HIV perinatally in the 1-year period from 1988 to 1989. In Africa, where the 
incidence of HIV infection in the general population is very high, the pediatric HIV cri
sis is ever more acute. 
Pediatric HIV infection may occur via intrauterine transmission, blood transfusion,
breastfeeding, needle contamination, or sexual contact. In most parts of the world,
Including Africa, HIV transmission to children is largely vertical; that Is, from an HIV
positive mother. However, In Eastern Europe and Asia, the majority of pediatric AIDS 
cases are attributable to contaminated blood and blood products. Perinatal transmis
sion and epidemiological data on HIV infection in children are discussed In depth in 
Chapter 3: EPIDEMIOLOGY. 
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CLINICAL ASEMSSMENT 

Pediatric HIV infection poses unique problems in terms of diagnosis, disease progres
sion, and treatment. Children born to HIV-positive mothers cannot be accurately diag
nosed (by conventional tests that identify IgG antibodies to HI) until about 15 months of 
age. Antibodies to the virus detected prior to that time may be of maternal origin, and 
therefore may not be reliably indicative of true infection or disease. These maternally 
derived antibodies are completely cleared from the child's circulation by about age 15 
months; thereafter, the presence of anti-HIV antibodies reflects actual HIV infection of 
the child (see Figure 7.6). Thus the Centers for Disease Control (Atlanta) have estab
lished specific criteria for a diagnosis of pediatric AIDS: children less than 15 months old 
with detectable antibodies to HIV are classified as indeterminate, while older children 
with detectable antibody levels are classified according to whether they are symptomatic 
or asymptomatic. Children older than 15 months of age that no longer test positive for 
HIV antibodies are classified as seroreverters (see Appendix B: CLASSwCATION OF PEDIATRIC 
HIV INFECTION). 

Because of the diagnostic difficulties wrought by transient maternal antibodies in children 
less than age 15 months, a diagnosis of HIV infection is made presumptively, on the basis 
of their clinical symptoms, many ofwhich are apparent by age 6 months. Investigators at 
the Conference documented numerous HIV-related clinical symptoms that should raise 
the suspicion of HIV infection in children under age 15 months and suggest follow-up by 
primary care givers. These include: 

* oral candidiasis 9 neurocognitive defects 
* wasting syndrome * growth retardation
 
" Pneumocystis carinii pneumonia @ intestinal abnormalities
 

(PCP) o regression through developmental 
" salmonella milestones 
" lymphocytic interstitial pneumonia @ chronic or recurrent diarrhea 

(LIP) @ herpes zoster 
* lymphadenopathy * parotid gland enlargement 
* anemia * mucus membrane lesions 
* hepatomegaly (enlarged liver) o persistent fever of unknown origin 
* splenomegaly (enlarged spleen) * recurring viral or bacterial infections 

As can be seen from this list, many of the complications of HIV infection manifested in 
adults are also observed in infected children. Opportunistic infections In adults are 
thought to result from reactivation of latent infections normally kept in check by an active 
immune system. In pediatric patients, the same infectious microorganisms cause disease 
following a primary infection. Accordingly, countries in which endemic diseases abound, 
such as Africa, have a much higher incidence of opportunistic infections than elaewhere. 
While the issue of whether or not immunization regimens should be discontinued in HIV
infected children has raised some debate, it is thought that in countries such as Africa, 
where traditional childhood illnesses are life-threatening, such vaccination programs 
should continue. Dr. Francoise Dabis (INSERM, Universite de Bordeaux, France) and col
leagues presented data indicating that to date, no adverse reactions following immuniza
tion regimens have been noted in HIV- infected children studied in Africa. 

CLINICAL MANIFESTATIONS 

Pulmonary Involvement. Acute respiratory illnesses, notably Pneumocystis carinifpneu
monia (PCP) and lymphocytic interstitial pneumonia (LIP), have a higher Incidence in 
pediatric AIDS patients than in their adult counterparts. While LIP !s a chronic condition 
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associated with other clinical symptoms such as lymphadenopathy, hepatosplenomegaly,
and recurrent pneumonia, the mortality associated with this disease is fairly low. In con
trast. PCP is associ.ted with an extremely high mortality rate. 
Early diagnosis of HIV infection is especially important for the success ofprophylactic thera
pies in controlling or even averting some of these complications. At present, children with a 
CD4 count of less than 500 cells/mm3 are considered at risk for PCP, and some physicians 
are beginning to treat these children prophylactically with antimicrobial therapy (although 
as yet no formal guidelines have been set for prophylactic treatment of PCP in children).
However, use of the CD4 count alone as an assessment ofrisk for FCP is being reevaluated 
by several researchers. Dr. Andrea Kovacs (Los Angeles County & University of Southern 
California Medical Center) reported data that su.gests that while a CD4 count of less than 
500 cells/mm3 is associated wiLh PCP, the association is stronger in children who were 
infected via transfusion than via perinatal Infection. Among children under age 1 who were 
perinatally infectcd and have PCP, 67% had a CD4 cell count above 500/mm3 . and 33% had 
a CD4 count above 1000/mm3 . Dr. Kovacs concluded by pointing out that CD4 counts 
alone are not reliable predictors of risk for opportunistic infections such as PCP, and that 
current recommendations for PCP prophylaxis should be reevaluated for children less than 
I year old. A second report, presented by Margaret Bash and colleagues (W,'Jter Reed Army
Medical Center, Washington, D.C.) similarly suggests that pediatric patients, particularly
those infected perinatally, may have advanced disease in the absence of abnormal CD4: 
CD8 ratios (amarker used with some confidence in adult patients). Thus these criteria alone 
may not identify children at risk for opportunistic infections, particularly PCP. 
Other Complications. Although pulmonary disease is associated with a high mortality 
rate in HIV infected children, it is by no means the only serious complication ofHIV disease 
progression. Malnutrition and acute diarrhea are common and, in many cases, fatal condi
tions for HIV-Infected children in many countries, including those in Africa, according to 
reports by Dr. Philippe Lepage (Centre Hospitaller de Kigali, Rwanda) and coworkers and 
Adel Malek (University Teaching Hospital, Lusaka, Zambia). In the latter study, 623 hospi
talized children with suspected immunode.fclency were examined and 198 were seroposi
tive. Of the HIV-positive children, 97% had acute gastroenteritis, and 86.8% suffered 
severe malnutrition. The survival rate among these children was very low: 41% died during 
the 3-year study; 19% died during their first hospitalization. 
Common childhood illnesses are also found with higher frequency in HIV-positive chil
dren as compared with their HIV-negative counterparts, according to a study by Dr. Jeff 
Roberts (Projet San Francisco, Kigali, Rwanda) and coworkers. HIV-positive and HIV
negative children were compared over a 5-month period for the number of outpatient
office visits, symptoms, laboratory tests ordered, and medications prescribed. While no 
significant difference was seen in the number of tests performed or positive results 
obtained for malaria or stool pathogens, specific medications such as oral rehydration
therapy (for diarrhea), vitamins, and Bactrim (a broad spectrum antibiotic) were pre
scribed significantly more frequently for HIV-positive children. 

DISEASE PROGRFSSION AND PROGNOSIS 

In general, the severity and multiplicity of HIV-assocated clinical symptoms is directly related 
to the level cfimmunosuppression in HIV-infected children. Pediatric AIDS cases appear to fall 
into two givups in terms of their disease progression. Infants who show clinical symptoms
within the first year of life develop an acute. rapidly progressing form of the disease, and death 
usually occurs within 7 to 10 months from diagnosis. Children who do not develop clinical 
symptoms until later in life (after 2 years of age) generally have a chronic and more prolonged
disease course that more closely resembles the progression of disease in adults. 

http:1000/mm3.Dr
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A study by Dr. Dominique Costagliola and associates (INSERM, Universite Paris) under
scores this difference in disease progression: these authors determined that the mean 
incubation time in children who developed clinical symptoms as neonates was only 18 
months, whereas the remainder of pediatric cases examined developed AIDS in a mean 
time of 6.4 years. (This was in contrast to a mean time-to-disease of 9.9 years in adult 
homosexuals studied.) Dr. Kiran Shah and coworkers (Lincoln Hospital, New York Medical 
College, Valhalla) documented longer survival times in perinatally infected children who 
have delayed manifestation of disease; in their study, 11 children were seen for initial 
examination between ages 5 and 11. Interestingly, the clinical presentation in this group 
was not always abnormal; only 3 of the 11 children had a nonspecific infection, while the 
others were examined on the basis of presumed risk because of infected siblings or par
ents. A 9-year-old in this group remains asymptomatic and immunologically normal. 
These studies suggest that greater numbers of children may be surviving for longer periods
of time without overt symptoms of disease. Thus, the authors concluded, children born at 
risk require long-term follow up with a sensitivity to a clinical patterns differing from those 
manifested by neonates with HIV disease. 
Researchers and epidemiologists are searching for clues to explain these differences in 
disease course and prognosis. It is unclear whether differences in HIV transmission mode 
(perinatal, sexual, or via transfusion) have any effect on disease progres31on in pediatric 
patients. Results from one study of a small cohort of 25 children in Brazil, presented by
Norma P.M. Rubini (University of Rio de Janeiro) and associates, suggest that children 
who are perinatally infected with HIV have a shorter incubation and survival time than 
those infected via blood transfusion. As suggested by other researchers, further study 
may reveal that the immature immune system in a fetus or newborn may be more suscep
tible to the crippling effects of HIV than that of an older child who encounters the virus 
through blood transfusion (although these authors did not state whether the two groups 
were age-matched). 
Markers traditionally recognized as being predictive for disease progression in adult popu
lations are being systematically studied in the pediatric population. A study of281 children 
and adolescents (younger than age 18) with hem )philia revealed that, as in their adult 
counterparts, CD4 cell percentages and beta-2-microglobulin levels may be of prognostic
value for risk of progression to AIDS. DeoraJ Caussy and coworkers (National Cancer 
Institute Multicenter Study ofAIDS in Hemophiliacs, Bethesda, Maryland) presented data 
showing that AIDS incidence is strongly associated with CD4 cell percentages and (inde
pendently) with beta-2-microglobulin. 

TREATMENT AND CLINICAL TRIALS 

Until recent years, HIV infection was predominantly an adult disease, with relatively few 
cases of pediatric infection. For thl' :eason, most of what we know about the efficacy and 
safety of drugs used for the treatment of HIV infection is based on clinical trials performed 
on adults. With the rapid advance of the disease into the pediatric population, this infor
mation is no longer sufficient. 
AT. A number of clinical trials of AZT at modified dosage regimens are currently under
way in the treatment of pediatric HIV-Infected patients. Thus far, AZT treatment in this 
population has been associated with clinical improvement of many of the nonspecific 
symptoms, a reduction in the number of viral and bacterial infections, Increased 
appetite, and a general improvement in the sense of well-being. The results of these clini
cal trials were reported by several investigators. Dr. Charles Mitchell and associates 
(University of Miami School of Medicine) noted that the AZT was well tolerated by pedi
atric patients, with fewer adverse effects than are seen in adult patients. Similarly, a 
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study reported by Dr. Maria Isabel De Jose (Hospital Infantil la Paz. Madrid) indicates
that AZT has a low toxicity and is associated with fewer incidents of opportunistic Infec
tions in pediatric patients. All of the children studied showed clinical improvement dur
ing the first 6 months of treatment, although it Is unclear if the improvements vll be
long-lasting. Dr. Rodolphe Garraffo and colleagues (Wellcome, Inc., Paris) also reported
that AZT therapy is generally well tolerated in children. In their study of 22 children 
receiving AZT, 6 required Interruption of therapy (3 of whom stopped therapy altogether),
and 8 were put on a lower dose regimen. 
Dr. Edward Connor (University of Medicine & Dentistry of New Jersey & Children's
Hospital, Newark) reporting for the Zidovudine Study Group, summarized data from a
Phase II study of 88 children in nine U.S. clinical trial centers: AZT treatment was found to
be associated with a transient rise in CD4 levels, which decreased then stabilized, by week
36, to levels slightly above those at the initiation of treatment. The greatest increases in
CD4 counts were observed in children with the most severe depletion of lymphocytes at the 
onset of treatment. 
Ross McKinney (Duke University Medical Center, Durham, North Carolina) reported stud
ies of other immunological parameters, clinical symptoms, and virological findings In chil
dren treated with AZT in this same Phase II trial. Results indicated that children with 
severe ARC and AIDS responded to AZT treatment with a decrease in nonspecific symp
toms such as diarrhea, loss ofappetite and lethargy. These changes were accompanied by a
shift in the concentrations of serum antibodies towards normal levels, as well as a tran
sient increase in CD4 levels. Viral p24 antigen decreased to undetectable levels in 12 of 30
patients, and levels were markedly reduced in the other children. For ethical reasons, there 
were no matched control groups that did not receive treatment in these studies-primarily
because most investigators believe that the results of AZT clinical trials to date indicate a
longer survival time and increased comfort in patients receiving therapy. 
Dr. Paola Marchisio (University of Milan) and colleagues reported that CD4 cell counts, and to
a lesser extent neopterin levels, may serve as markers ofAZT efficacy, based on their study's
findings on 6 "responders" and 3 "non-responders." Children who had CD4 cell counts below
 
IOC'/mm 3 prior to Initiation of therapy, and at 3- and 6-month intervals, either progressed to
 
more advanced disease while on therapy or had to discontinue therapy due to adverse effects.
 
Although an early decrease in serum neopterin was noted to zeffect AZT efficacy in this popu
lation, the correlation was not as significant as that with CD4 cell counts. 
ddl. Dideoxyinosine (ddl) is another drug with potent antiviral activity that is currently
being evaluated in Phase I and Phase II clinical trials in pediatric patients. A report by Dr.
Karina Butler (National Cancer Institute, Bethesda, Maryland) indicated that a 24-week
evaluation ofsymptomatic HIV-infected children treated with ddl found no evidence of neu
rotoxicity and was associated with 

" a decrease In the size of enlarged lymph nodes, spleen, and liver 
* an Increased CD4 count and CD4: CD8 ratio 
" a decrease in the levels ofviral p2 4 antigen 

Clinical improvement was observed in children who had not received any previous thera
pies, as well as in children who had become intolerant of or refractory to AZT. While the
number of children studied was small (43 patients aged 8 months to 18 years; median age,
5 years), these results are promising, and offer particular clinical benaefit to HIV-Infected 
children who are unable to take AZT. 
The effects of ddl on cognitive functioning was also evaluated by Pamela Wolters and
coworkers (National Cancer Institute, Bethesda). These researchers measured "arious 
parameters of neurological and psychological function in the 43 children evaluated In
the previously cited study. Their results indicated that ddl treatment Improved the 
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neurodevelopmental functioning of some children, and at least maintained the cognitive 
function of over half the patients. (See Chapter 8: NEUROLOGICAL ASPECTS OF HIV INFECTnON 

for a discussion of neuropediatrics.) 

Soluble CD4. Phase I trials are beginning on soluble CD4, another potentially therapeutic 
agent that blocks the attachment of the virus to susceptible cells. Peggy Weintrub 
(University of California, San Francisco) reported that in a 10-week study of 7 children 
receivhig soluble CD4 therapy, the drug was well tolerated, with no apparent adverse clini
cal or immunological side effects. Longer Phase II trials are necessary before it will be 
known whether soluble CD4 provides any clinical benefit. 

PREVENTION 

While increased education and behavioral changes can influence whether or not adults 
become infected with HIV, children do not have the opportunity to actively avoid viral infec
tion. Studies are currently being initiated to determine if drug regimens given to HIV 
seropositive mothers during pregnancy can prevent or reduce the risk of HIV infection in 
their unborn children. 

In a Phase Iclinical trial, AZT was given to 10 HIV-positive women during the last trimester 
of pregnancy (1200 mg/day) to determine the safety and clearance of the drug in the 
mother and fetus. The results from one of these patients were reported by Paula Schuman 
(Wayne State University of Medicine, Detroit). AZT freely crosses the placenta, and similar 
levels of the drug were seen in mother and child after birth. Viral p24 antigens and HIV 
DNA (as measured by polymerase chain reaction, PCR) were negative in both mother and 
child immediately following birth, and CD4 levels in the mother were slightly increased. 
The HIV status of this child and others in the study are not yet known. 

In a separate report, William Crombleholme (University of California, San Francisco) and 
coworkers described their treatment of an HIV-positive mother who elected to continue her 
AZT therapy throughout her pregnancy. She received 500 mg/day AZT; at birth her child 
was negative for the virus by PCR analysis and by blood culture. The child was placed in a 
Phase IAZr trial at 11 days after birth, and became HIV-positive by lymphocyte culture 
analysis at 53 days postpartum. By age 5 month, the child was symptomatic, with fever, 
enlarged spleen and liver, and a reduced CD4 count. Thus in this case, at the dosage given, 
AZr did not prevent vertical transmission. 

The viral load in the HIV-infected mother, the dosage of a given therapcutic agent, and the 
duration of treatment all likely contribute to the potential efficacy of a given drug in pre
venting perinatal HIV infection or delaying the onset of clinical symptoms. Expanded clini
cal trials and the availability of newer, more effective antiviral agents will, it is hoped, pre
vent or control this disease in future unborn children at risk. 
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NEUROLOGICAL
 
ASPECTS OF HIV
 
INFECTION
 

BACKGROUND 

Approximately 50% ofHIV-Infected individuals will exhibit neurological or neuropsycho
logical dysfunction at some time during the course of their disease. Seen at various stages
ofHIV disease are organic brain disease, such as encephalopathy, and peripheral nerv.us 
system disorders, such as motor and sensory neuropathy. Also frequently diagnosed in
HIV-infected patients are neurocognitive disorders, including deficits of memory and atten
tion, personality changes and mood disorders. The underlying causes of HIV-related neu
rological disease are not yet understood, but basic and clinical scientists are exploring a
number of possible mechanisms by which HIV infection can cause such profound neuro
logical and neuropsychological dysfunct'm. 
The damage and destruction of the nervous system seen in many HIV-Infected persons,
and some of the possible mechanisms by which this damage may occur, were the focus of a
number of presentations at both the VI International AIDS Conference and at a satellite 
meeting on Neurological and Neuropsychological Complications of HIV Infection (June
16-19, 1990, Monterey, California). Participants also discussed some of the other neuro
logical aspects of HIV Infection, as well as current advances in the diagnosis and treatment 
ofneurological dysfunction. This chapter includes presentations from both conferences. 

Previous Page Blank
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NEUROPATHOGENESIS
 

While the primary, and most adverse pathogenic outcome of HIV infection is profound 

immunosuppression, the v'.rus also appears to handicap the neurological function of many 

infected individuals. In the early years of the AIDS epidemic, clinically evident neurological 

disorders were noted in some patients who were later determined to have had AIDS, and 

specific neuropathologies were found on postmortem examination of the brain. Since that 

time, numerous reports have documented the rresence of HIV in both the brain and spinal 

cord in patients with or without clinically evident neurological disease. However, it remains 

an open question whether HIV directly causes neurological disease and whether all the 

neurological and neuropsychological deficits observed in HIV-infected patients can be 

attributed solely to HIV. Researchers are currently trying to resolve the following questions: 

" 	 Does HIV enter the nervous system in all cases of IRV infection? 

" 	 How does HIV gain entry to the nervous system? Are there multiple means of viral 

entry? Does the mode of entry affect the degree or type of neurological dysfunction? 

" 	 Do "neurotropic" HIV strains, which prefer the cells of the nervous system, exist? 

" 	 Does HIV dih-.ctly infect and destroy elements of the nervous system, such as 

nerve cells (neurons) and supportive cells (glia)? 

* 	 Does the presence of HIV in the brain activate other pre-existing "dormant" 

infections, and/or does HIV induce immunological changes in the nervous system 

that create a permissive environment for opportunistic infections in the brain? 

" 	 Does the amount of virus in the central nervous system correlate with the extent of 

neurological damage observed? 

HIV may induce its neuropathological effects directly by destroying cells in the nervous 

system following viral infection. Destruction of key cells in the nervous system may also 

result from the release of potentially toxic viral products, such as soluble gp120. 

Alternatively, indirect mechanisms may contribute to the damaging effects of HIV on the 

nervous system. Any disturbance in the biochemical environment of the central nervous 

system (CNS, which includes the brain and spinal cord) could affect the functional state of 

virtually every resident cell type. HIV-induced Immunosuppression, for exqmple, creates a 

permissive environment for the unbridled growth of opportunistic Infectious agents in the 

CNS. The supporting cells in the brain and spinal cord (glial cells, such as astrocytes, oligo

dendrocytes and microglia), which are critical to proper functioning of neurons (the cells 

responsible for transmission of neural impulses), may also be sensitive to changes in the 

biochemical environment. The presence of HIV in the brain and spinal cord could create 

subtle microenvironmental changes that, in turn, could affect normal neurotransmitter 

release or binding, resulting in neurological dysfunction. 

By determining which cells of the nervous system are susceptible to HIV Infection-and 

ultimately those which are indeed infected in vlvo-scientists may be able to uncover the 

mechanism(s) by which HIV impairs neurological function. 

CELL TROPISMS 

The identification of cell type(s) infected by HIV in the brain remains a vigorously debated topic. 

Although in vitroexperiments suggest that HIV is capable of infecting a variety of cell types 

residing in the CNS, the in vivo relevance of these results Is uncertain. Several studies using 

cell cultures consisting of neurons, astrocytes, and other glial cells demonstrate that such cells 

can be directly infected by HIV. But, as many researchers caution, it is not clear whether in 

vitrostudies using cell lines derived from human nerve cell tumors (neuroblastomas), glial cell 

tumor-4 (gliomas)or those derived from animal CNS tissue accurately reflect the susceptibility 

of corresponding cell types in the Intact human brain and spinal cord to viral infection. 
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FIgure 8.1. Model of Neuropathogenesls 
Hypothe'es that seek to explain the observed neurological and neuropsychoogical dysfunction in HIV-infected 
persons include both direct and indirect pathogenic mechanisms. 

Direct Iidirect
Direct mechanisms include those in which HIV Indirect mechanisms include:

infects and damages various CNS elements; such * Infection of endothelial cells may compror rise 
 thepotential targets include: integrity of the blood-brain barrier, possibly altering the 
" endothelial cells that line brain capillaries (and delicately balanced microenvironment of the brain. Forconstitute the blood-brain barrier); example, aluminum, normally rigorously excluded from" glial cells (the supportive cells in the CNS) the CNS, may be able to pass through a *leaky* blood
" microglia (small phagocytic cells that also play a brain barrier in HIV-infected persons. Aluminum, even in

supportive role) trace amounts, isa potent neurotoxin.
" macrophages Certain autoantibodies may be neurotropic and may

target important CNS proteins for destruction, resultingVarious CNS cell types may also be directly affected in profound nouropathogenic effects.
by products produced and released by HIV, such as Altered cytokine and metabolite levels-which may impairfree gpl 20 (known to be toxic to neurons in vito) the normal functioning of glial and neural cells-may 
(Note: Few, if any, models suggest that neurons can result from altered production by infected microglia, 
be directly infected by HIV.) macrophages, or syncytia. 
Finally, by either direct or indirect mechanisms, HIV may create a permi,.sive environment in the brain for the 
establishment of opportunistic infections or other neurotropic viral infections. 
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Postmortem studies performed on brains from patients who have died of AIDS suggest that 
HIV infects at least three types of cells in the CNS: 

* monocytes/macrophages 
* microglial cells 
* endothelial cells that line th,' capillaries of the CNS (more rarely) 

Considerable disagreement persist; among scientists regarding the potential infection of 
endothelial cells by HIV; not all scientists are convinced that these cells are actually infected 
in the patient. Glial cells (astrocytes and oligodendrocytes) continue to be studied for their 
susceptibility to HIV infection. Interestingly, no studies have demonstrated that CD4 cells (T 
lymphocytes bearing the CD4 receptor molecule) residing in the CNS are infected by HIV. 

Monocytes/Macrophages. A substantial body of evidence now implicates infected 
macrophages as the primary conduit by which HIV enters the brain and spinal cord. In 
fact, many researchers want to abandon the term "neurotropic" as a descriptor of certain 
strains of HIV, and replace it with "macrophage-tropic." Whiie it is presumed that an intact 
blood-brain barrier does not allow free virus to pass directly from the systemic circulation 
to the brain or spinal cord, macrophages harboring HIV may be able to traverse this bar
rier, allowing HIV access to the CNS (see "Blood-Brain Barrier," below). 

In situDNA hybridization studies have demonstrated that macrophages in the CNS of HIV
infected individuals carry specific HIV genes. Researchers Nould like to know whether such 
macrophages serve as the only reservoir of HIV within the CNS, or if the virus goes on to infect 
other cell types in the brain and sr.nal cord. Are macrophage-tropic strains ofHIV in the CNS 
capable ofexpanding their cell tropism? If so, does this result in global neurological dysfunc
tion? Or is the observed infection ofmicrogla and endothelial cells relatively inconsequential? 
Microglia. Microglia (small, nonneural cells that form some of the supporting structure of 
the nervous system) are phagocytic cells (literally, particle eating) whose chief function is 
to remove damaged elements from the CNS. At the Conference, Dr. Henry Dorn and col
leagues (National Institutes of Health. Bethesda, Maryland) reported that several labora
tory strains of HIV, derived from infected monocyte/macrophage cells, can replicate in 
cultures of human brain cells. Replication was found to occur primarily in the microglial 
cell populations. These researchers noted that cher HIV strains, derived from infected T 
lymphocytes, do not replicate in brain cell cultures, suggesting that isolates from 
macrophages and T cells may be different. Once infected with HIV, the microglia formed 
giant cell masses with multiple nuclei. These multinucleated giant cells, or syncytia, are 
frequently observed both in vivo and in vitro as a pathological consequence of HIV infec
tion; indeed, syncytia formation is considered to be a characteristic cytopathic effect of 
HIV (see Chapter 2: PATHOGENESIS & IMMUNOLOGY). Dr. Dom's team found that whereas HIV
infected macrophages persist in culture with few apparent ill effects, virus buds from 
infected microglial cells, and 90%ofthe cells die within 3 weeks of infection. The infection 
and destruction of microglial cells in culture appears to be a CD4-dependent process, 
since addition of antibodies to he CD4 molecule blocks these events. (The cell surface 
molecule, CD4, found on a subset of T lymphocytes, macrophages. and other immune 
system cells, is thought to be the primary, but perhaps not exclusive, receptor by which 
HIV attaches to and infects a host cell.) 

These observations suggest that direct infection of microglial cells by HIV, as well as the cell 
damage and death associated with such Infection, may play an important role in neu
ropathogenesis. Dr. Dorn and colleagues commented in a post-Conference report 'published 
in August) that indirect mechanisms likely contribute to neurcpathogenesis: some of the 
substances released by infected or dying microglial cells, including tumor necrosis factor 
and toxic oxygen intermediates known as free radicals," may result In the nervous tissue 
pathology observed in brains of HIV-infectel individuals with neurological involvement. 
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AmAL MODELS 

One approach that mayyield an understanding of the pathogenesis ofHIV-assoclated neu
rological disease is the development ofanimal models that closely mimic the neurological
effects of HIV disease In humans. Simians have been the favorite animal model for these
studies because of their evolutionary relationship to humans and the existence of simian
immunodeficiency virus (SI'), which is closely related to HIV. In addition to simians, otherless closely related species iricluding the cat, rat, rabbit, and mouse have also been studied
for their potential as models for examining HIWs eflects on nervous function. If HiV can
establish infection in the nervous tissue of these species, and if the damaging effects of
infection are comparable to those seen in humans, these species may seive as valuable 
models for studying the ravaging effects ofHIV on the human brain. 
Simians. Dr. Elaine Jordan and coworkers (National Institutes of Health, Bethesda,
Maryland) characterized some of the neurological effects seen in rhesus monkeys infected
with SIV so as to evaluate these animals as a potential model for neurologic disease pro
gression in humans. On examining the brains of Infected monkeys using magnetic reso
nance imaging (MRI), approximately 40% of infected animals were found to have tissue
loss, or atrophy, In the cerebral cortex (for a description of the MRI technique, see "Neuro-
Imaging," below). Other signs of neurologic pathology were also documented in these ani
mals, including brainstem lesions, dilation of the ventricles (fluid-filled spaces in the
brain), and loss of myelin (the fatty substance that sheaths and insulates nerve cells, help
ing to speed the rate at which electrical signals travel down the nerve). These observations 
are remarkably similar to those seen In HIV-infected htmans. Direct examination of tissue
samples from SIV-Infected monkeys revealed glial cell aggregates, multinucleated giant
cells, vacuolar myelopathy (the appearance of vacuoles, or spaces within the spinal cord),
peripheral neuritis (inflammation of peripheral nerves), and myositis (inflammation of
muscle). These pathological consequences of SIV infection closely parallel those seen in 
humans infected with HIV. 
in SW-.nfected animals, virus can be readily isolated from the brain, spinal cord, periph
eral nerve and cerebrospinal fluid (CSF, the fluid that bathes the brain and spinal cord). In
addition, electron microscopic analysis shows virus budd!ng from infected cells in the CNS.
As In HIV-infected humans, the predominant infected -ell type In the CNS of SIV-infected
 
monkeys is the monocyte/macrophage.
 
In an independent study ofSIV-infected rhesus monkeys, Dr. Bruno Hurtrel and colleagues

(InstitutPasteur, Paris) reported findings similar to those of Dr.Jordan's group. In addition,
Dr. Hurtrel's group found that SIV could be readily isolated from the CNS ofSnI-infected ani
mals early in infection (a finding paralleled in early-stage HIV infection in humansj. Early in
the disease process, many of the SV-infected cells within the CNS are located close to blood
vesels, suggesting that a major route for SW entry into the nervous system may be by means
of infected cells (macrophages and/or lymphocytes) traveling from the systemic circulation. 
Animal models may be particularly useful in examining the mechanismsby which HIV
damages the brain. Dr. Melvyn Hayes (National Institute of Mental Health, Bethesda) and
coworkers reported large differences In the levels of the naturally occurring neurotoxic 
agent quinolinic acid in the CSF of SIV-Infected versus uninfected macaques. Normal
simian CST levels ofquinolinic acid are on the order of 20 nanomoles per liter, in contrast,animals with simian AIDS had CSF quinolinic acid levels of at least 300 r inomoles per
liter. These increaoed levels were noted soon after infection by SIV and remained elevatedfor the duration of Infection. Dr. Elaine Jordan and coworkers, in the study cited above,
observed elevated CSF levels of quinolinic acid in SWY-infected animals with neurological
lesions and cortical atrophy. Thus, chronically elevated levels ofquinolinic acid in the CNS 
may be linked with, or result in, nervous system damage in infected primates. 
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Overall, the remarkable similarities observed in the nervous systems ofSIV-infected mon
keys and HIV-infected humans suggest that SIV and simian AIDS may be an extremely 
valuable model of HIV-related neurological disease. However, it is important to keep in 
mind that SlY infection in monkeys and HIV infection in humans, although quite similar, 
are not identical. One study emphLsizing this point was presented by Dr. Leroy Sharer and 
collaborators ('4ew Jersey Medical School, Newark) who found that in more than 200 SWY
infected macaques, only Ideveloped vacuolar pathology of the spinal ccrd. In sharp con
trast, vacuolar charges in the spinal cord are a common consequence of HIV infection in 
humans, particularly in later disease stages. Furthermore, the vacuolar changes described 
in the affected macaque were quite distinct from the myIopathy of the lateral and dorsal 
columns typically seen in HIV-infected individuals. 

Rabbits. D. Rita Anand and colleagues (Food and Drug Administration, Bethesda, 
Maryland) reported on their attempts to develop an in vivo rabbit model for studying HIM 
neuropathogenesis. They inoculated rabbits with a strain of HIV isolated from a hum.an 
patient diagnosed with AIDS dementia. The rabbits developed nervous tremor 30 days afler 
inoculation and by 90 days were extremely agitated. Analysis using the polymerase chain 
reaction (PCR, a sensitive gene ampllflcation technique by which tiny amounts of HIV DNA 
can be detected; see Chapter 4: DIAGNOSTIC Ts FOR HIV) showed that the virus had clearly 
established itself in the rabbits' nervous ,ystem. Interestingly. HIV isolated from infected 
individuals who did not evidence neurological difficulties did not establish infection in the 
rabbit CNS, even after 250 days. Such results suggest that particular strains of HIV may 
have a predilection for traveling to and establishing residence in the certral nervous system, 
whereas other HIV strains may be less neurotropic. 

Rats. Dr. Anand and coworkers also examined the effects of HIV on neural cells in the rat.As 
with the previous study, virus was isolated from human patients with and without symp
toms of neurological disease. Virus was then added to cultures of cells taken from the rat 
cerebellum. HIV isolates frotm individuals with neurological disorders had dramatic effects 
on these cultured cells; the cells became granulated in appearance, their branching pro
cc";c were disrupted, and cellular networks that had rWdready formed in culture fell apart. 
PCRflinzgs showed that all cell types were infected, rfiany ofwhich were actively express
ing virus. Strains of HIV taken from other patients had less severe effects, again suggesting 
that differept isolates of the virus may differ in their neurotropism. In addition, the data 
showed that HIV can directly infect and destroy neural cells in the rat; the ability of HIV to 
infect neural cells in humans, however, remains the subject of considerable debate. 

NEUROIMMUNOLOGY 

Once it was determined that HIV is capable of entering and damaging the nervous system 
of infected individuals, attention focused on the resultant effects. Researchers are now 
beginning to detect some of the immunological changes in the brain and spinal cord that 
occur as a direct or indirect result ofinfech n by HIV. 

CROSSING THE BLOOD-BAIN BARRIER 

For many years, the central nervous system was believed to be an immunologically "privi
leged" organ system; the brain and spinal cord were not considered t.be under the same 
immune surveillance as other body organs such as the liver, heart, kidneys, and skin. 
Immune components such as white blood cells and antibodies patrol these peripheral 
organs by way of the circulatory and lymphatic systems, effectively eliminating most bacte
rial and viral infections in the process. The brain and spinal cord were considered separate 
from this conventional immune surveillance; instead, the CNS was believed to be patrolled 
by its own set of immune cells and soluble factors, distinct from those circulating through 
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the rest of the body. In effect, two immune systems were thought to exist, each functioning
independently of the other. The anatomical structure critical to the integrity of this separa
tion is the blood-brain barrier, a tight seal between the peripheral circulation and the 
structures of the CNS. The seal is formed by endothelial cells, which make up the walls of 
the blood capillaries. 
Recently, this concept of the CNS as independent from the systemic circulatory system has
been challenged; many researchers are questioning the privileged status of the CNS and
suggesting that significant cross-communication occurs between the systemic circulation 
and the fluid bathing the tissues of the brain and spinal cord. This debate has profound
implications for persons with HIV infection of the CNS. If cells and other substances can 
readily pass between the systemic circulation and the CNS, then HIV is likely to gain entry
to the brain and spinal cord via this route. Most researchers presenting results at the con
ferences now seem to favor this theory. 
The precise way in which HIV gains access to the CNS remains unknown. HIV-specflc anti
bodies can be detected in the CSF of Infected individuals almost immediately after serocon
version (the time at which these antibodies can first be detected in the blood), suggesting
that HIV enters the nervous system relatively soon after infection. Free virus circulating in
the bloodstream may cross the blood-brain barrier. Alternatively, HIV may be "carried" into
the brain and spinal cord covertly via infected cells. The two most likely cellular vectors for
shuttling the virus into the CNS are macrophages and T lymphocytes, both ofwhich harbor 
the virus in the blood ofinfected individuals. 
Dr. Sidney Houff (National Institutes ofHealth, Bethesda, Maryland) emphasized that most
evidence points to infected macrophages as the principal means by which HIV invades the
CNS. In situ hybridization studies indicate that HIV-infected macrophages are found in the
brain, and other studies reveal that certain macrophage-related parameters are elevated in
the CSF early in the course of infection. Two of these parameters, neopterin and beta-2
microglobulin (markers of macrophage activation) are known to be elevated in the serum of
HIV-infected individuals. Thus, increased levels of neopterin and beta-2-m"croglobulin in 
the CSF may be an indication of HIV-infected macrophages in the CNS. 

CNS lMMurowOICAL CHANGES 

Invasion of the CNS by HIV is typically accompanied by certain immunological changes: the
levels of certain antibodies in the CSF are often significantly elevated (specifically, those of 
the immunoglobulin G, or IgG antibody class), and an increased number ofcells in the CSF 
(pleocytosis) is often observed. 
Intrathecal Antibody Titers. Levels ofantibodies located in the CNS (termed intrathecal 
antibodies) have been monitored as a means ofgauging HIV activity within the brain and
spinal cord. Increased Intrathecal antibody levels are thought to correlate with produc
tive HIV infection in the CNS; presumably increased levels are the result of increased
antibody production by B cells within the CNS in response to antigenic challenge. In pre
senting a review of the literature, Dr. Houff pointed out that from the time ofinfial infec
tion to the first sign of neurological manifestation, CSF antibody titers increase dramati
cally. A difference in titers is observed when examined according to HIV disease stage:
Persons with ARC have significarntly elevated CSF IgG levels compared with asymp
tomatic HIV-infected individuals, and antibody levels within the CSF generally remain 
quite high until very late in the course of infection. Furthermore, not only are intrathecal
IgG antibody levels elevated in C9% of HIV-Infected persons, but other antibody classes 
also appear to be influenced by HIV infection. Levels of IgA antibodies in the CSF are
above normal in 42% of persons Infected with HIV. Similarly, IgM levels are elevated in 
37% of the HIV-infected population. 
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These findings suggest that the nervous system is mounting its own immunological attack 
against HIV. Dr. Houff reported that antibodies to the major HIV antigens are usually 
found, with most being directed toward the HIV envelope glycoproteins, gp160 and gp120. 
Surprisingly, analysis of Intrathecal antibodies shows that HIV-specific antibodies consti
tute very little of the total CNS antibody pool. This means that the humoral response to HIV 
within the CNS is largely ineffective. The specificity, or antigenic target, of the majority of 
CSF antibodies remains an open question. Such lack of HIV specificity in these antibodies 
is in contrast to numerous previous studies indicating that asymptomatic HIV-infected 
indhvLuals (with early HIV infection) have, in their blood, high titers ofHIV-speciflc anti
bodies capable of neutralizing HIV in vitro. The reason for this fundamental difference 
between serum antibody specificity and CSF antibody specificity is unknown, but may be 
related to the as yet undefined differences between "neurotropic" and other strains ofHIV. 

Thus, while evidence of immunological changes in the nervous system ofHIV-infected Indi
viduals has been found, this immune response is unique-unlike any occurring in the rest 
of the body. As reiterated by several Conference speakers, the antibody profiles seen in the 
CSF do not correspond to what one finds in the serum of the same individual; an HIV
infected patient may have elevated serum IgM and relatively normal serum titers of other 
antibody classes, and yet have elevated IgG levels and normal IgM levels in the CNS. 

Other CSF-Inxmune Parameters. The CSF of HIV-infected individuals has been studied in 
an attempt to discern parameters that would be indicative or predictive of neurological dis
ease. Such parameters could be extremely helpful in the diagnosis, prognosis, and therapy 
of the infected individual. Dr. Diane Griffin (JohnsHopkins University, Baltimore) and col
leagues, studying immune function in HIV-infected and uninfected populations, tried to 
associate markers of immune status with the presence of neurological disease. They found 
that early in the course of HIV infection (prior to the onset of neurological symptoms), CSF 
levels of soluble CD8 and gamma-interferon are significantly elevated, suggesting that T 
lymphocytes in the CNS are activated in the early stages ofFJIV infection. 

Macrophage activation markers (such as neopterin and beta-2-microglobulin, see above) 
are also elevated very early in the disease course in many individuals. As disease pro
gresses, particularly in individuals suffering from neurological disorders such as sensory 
neuropathy. myelopathy, and dementia, this pattern changes, and only levels of the 
metabolite neopterin are markedly elevated. This shift in profile implies that macrophages 
are the predominant activated cell population in the CNS in the later stages of HIV disease; 
it also suggests that neopterin may be a reliable marker for the development ofneurological 
disease in HIV-infected persons. 

Vntus DETETON IN THE CSF 

With the availability of PCR, a highly sensitive gene amplification technique capable of 
detecting minute amounts of HIV proviral DNA sequences, the presence of HIV in the CNS 
can be directly demonstrated by examining only a tiny volume of CSF. Using PCR analysis 
of CSF samples taken from HIV-infected individuals, Dr. P. Schmid and colleagues (West 
Los Angeles Veterans Administration Medical Center) reported preliminary data showing 
that HIV-seropositive Individuals indeed have HIV DNA in their CSF, and that higher viral 
loads in the CSF are well correlated with the severity of neurological disease. If such is the 
case, PCR can likely be used in the early detection ofHIV-related neurological disease; fur
thermore, quantitative PCR may prove useful in monitoring the extent and progression of 
neurological disease. 

Similarly, Dr. Sunil Shaunak (Duke University Medical Center, Durham, North Carolina) 
and colleagues found that 20 of 22 patients with neurological abnormalities had detectable 
HIV proviral DNA sequences in samples of CSF examined by PCR analysis. Of 9 patients 
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without neurological abnormalities, 6 were PCR-negative, one was PCR-positive, and 2 
gave indeterminate results. The authors also noted that HIV-infectcd but asymptomatic 
patients (with neither neurological nor systemic manifestations) were as likely to be PCR
positive (10 of 15) as were those wlth ARC orAIDS (11 of 16). Whether detection ofHIV DNA 
sequences in the CSF of asymptomatlc but HIV-seropositive patients Is predictive of ensu-
Ing neurological involvement remains to be determined. 
Taken together, these studies demonstrate that the detection of HIV DNA in CSF samples
correlates well with clinically evident neurological disease. However, PCR technology is not 
yet able to accurately quantify the viral load in the CSF; thus at the present time, it Is not 
possible to correlate the levels of HIV DNA with the degree ofneurological disease. 

NEUROLOGICAL MANIFESTATIONS OF HIV INFECTION 

HIV-RELATED DEMENTIA 

One of the more common, and most debilitating, neurological effects of HIV infection Is 
the dementia frequently found in association with AIDS. Dr. Richard Price (Univrsity of 
Minnesota, Minneapolis), who coined the term "AIDS dementia complex" (ADC), dis
cussed some of the neurological aspects associated with this form of dementia. ADC Is 
generally defined as a clinical syndrome of subcortical dementia (meaning it affects pri
marily those areas "below" the cerebral cortex), and is characterized by deficits in cogni
tion, behavior, and motor performance. These manifestations can range from mild 
(impaired concentration, apathy, slowed rapid movements) to severe (global dementia, 
mutism, paraplegia). 
Estimates of the prevalence of HIV-related dementia among AIDS patients vary widely: 
ranging from 10% to 50% of those diagnosed with AIDS. In HIV-infected patients with no 
other symptoms, HIV-associated dementia is very rare, but the potential for developing 
dementia increases rapidly with the onset of other HIV-related symptoms. Exceptions 
have been noted, and in fact, patients lacking any systemic symptoms have presented 
with progressive ADC. 
Not surprisingly, the natural history of ADC differs dramatically from individual to Individ
ual. Some persons show signs of mild cognitive impairment associated with the early 
stages of ADC, and these signs remain stable for long periods of time. Others exhibit a 
slowly progressive declIfne in cognitive, behavioral, and motor performance. Still others 
show a relatively rapid decline into global dementia. The mechanisms responsible for such 
wide variations among individuals are not understood. 

Pathology. On neuropathological examination, a number of abnormalities are seen in the 
CNS of individuals with ADC. Gliosis (abnormal proliferation of glial cells) and pallor of the 
white matter are found in many cases. Other pathologies associated with late-stage compli
cations include syncytia (rnultinucleated giant cells) and vacuolar myelopathy. 
Detection methods that reveal viral DNA or RNA, HIV proteins, or viral particles show the 
distribution of productive HIV infection in neurologically impaired persons to be nonuni
form throughout the brain and spinal cord. Areas deep in the brain such as the globus pal
lidus and other basal ganglia appear to be preferentially infected. In Instances when HIV is 
localized in higher brain regions such as the cerebral cortex, the white matter is infected to 
a greater degree than the gray matter. Why HIV shows a predilection to infect certain areas 
of the brain and not others is unknown. One possibility, put forth by Dr. Price, is that the 
regional distribution of infection Is a function of the mode of viral entry into the CNS. 
Certain brain regions may be more easily accessible to infected cells crossing the blood
brain barrier, and thus are more susceptible to infection. 
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Typically, productive HIV infection in the brain is less widespread thank would be antici
pated on the basis of the severity of clinical disease. Nonetheless, severe and widely dis
seminated infection is generally seen in the later stages ofADC. With the advent of more 
sensitive methods such as PCR for the detection ofHIV, the brain tissue of persons with 
HIV-associated dementia has come under close scrutiny. As Dr. Price noted, various 
reports indicate that HIV can be detected in the brains ofall individuals with ADC, and that 
the extent of the proviral distribution correlates well with the severity of the dementia. The 
finding of HIV in the CNS of all ADC patients suggests a possible pathogenic relationship 
between higher viral loads and more severe neurological d'.ease. 
Potential Pathogenic Mechanisms. In addition to the possibility of a direct neuropatho
logical effect of HIV on the brains of individuals with ADC, a number of more indirect 
pathogenic mechanisms may exist. 

CorticosteroldLevels. One possibility, suggested by Dr. Elyse Singer and collaborators 
(West Los Angeles Veterans Administration Medical Center), is that excess corticosteroid 
levels may have neuropathological consequences in HIV-infected persons. They found that 
CSF cortisol values are signiflcantly higher in persons diagnosed with ADC when compared 
with those of non-neurologically impaired HIV-infected individuals. In addition, these lev
els drop significantly after the initiation of AZT therapy. How such elevated steroid levels 
result in CNS damage is unclear, but possibilities include: 

" damage of cortisol-sensitive cells in 'e hippocampus (an area of the brain 
intimately linked with memory) 

" enhancement of viral replication (steroids promote viral replication in vifro) 
" an increase in the susceptibility of the brain to naturally occurring toxic substances 

such as quinolinic acid 

Cytoklne Levels. HIV Infection in the systemic circulation results In dramatic effects on 
cytokine levels in the serum and in body organs. HIV may also disrupt the delicate cytoklne 
balance in the brain, which, in turn, could contribute to or exacerbate the HIV-associated 
neuropathology. Cytokines, whose levels are normally tightly regulated, may profoundly 
damage the cells of the nervous system if present in too small or too large an amount. Dr. 
Lynn Pulliam and colleagues (University of California, San Francisco), examined the effects 
of various soluble factors on aggregates of human brain cells in their attempts to establish 
a human model ofADC. They found that cultured HIV-Infected macrophages produce a 
soluble factor that causes vacuoles and atrophy within the cellular aggregates. These 
degenerative changes are reminiscent of those seen in the brains ofpersons with ADC, sug
gesting that a soluble factor released by Infected macrophages may play a role In the patho
genesis observed in ADC. 

Aluminum Deposits.Dr. Daniel Perl and coworkers (Mount Sinai Medical Center, New York) 
presented data suggesting another intriguing pathogenic mechanism. In their neuropatho
logical study of 39 AIDS cases, 13 (33%) were found to have prominent vascular mineral
ization (deposition of minerals in blood vessels) of the basal ganglia. Unlike other examples 
of mineralizations (such as those composed predominantly of calcium, which are often 
seen In the brains of the elderly), the mineralizations found in these AIDS patients were 
extraordinarily high in aluminum. Even in small dnses, aluminum is a potent neurotoxin. 
The buildup of this mineral In the brains of HIV-infected persons may result in severe neu
rological dysfunction. The way in which aluminum enters the brain ofHIV-infected persons 
is unknown; one possibility is that HIV infection of endothelial cells lining the blood vessels 
of the brain compromises the integrity of the blood-brain barrier, allowing passage of alu
minum, normally excluded from the brain, into the CNS. 

QuinolintcAcid Levels. High levels of the naturally occurring neurotoxic agent quinolinic 
acid have been reported in the CSF of HIV-infected individuals, and higher levels have been 
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found in the brains of cognitively Impaired individuals than in unimpaired individuals. New 
data presented by Dr. Alex Martin (National Institute of Mental Health, Bethesda, 
Maryland) and colleagues showed that in a group of HIV-infected individuals examined 
over a 6-month period, increasing levels of CSF quinolinic acid levels were strongly asFoci
ated with a progressive slowing in tests of reaction time. 

AUTormMuNm NURoLoOGIcAL DiSEASE 

In a number of individuals, HIV infection results in neurological disease that can be linked 
to an autoimmune disorder. The immune system, ain.ed at clearing HIV from the CNS, may
also be activated to attack elements of the infected individual's own nervous systcm. This 
process seems to be the result of a breakdown in the self/non-self distinction: the ability to 
distinguish between self and foreign molecules is critical io proper immune functioning
(see Chapter 2: PAIIOGENESIS & IMMUNOLOGY). Typically, only elements recognized as foreign 
are attacked and destroyed by a healthy immune system. However, the excessive produc
tion ofantibodies seen in early stages of HIV disease seems to allow the generation of some 
antibodies directed against selfantigens. 
Dr. Grazia Liuzzi (University of Lart, Italy) and coworkers discovered that HIV-infected indi
viduals with neurological disorders commonly had CSF antibodies directed against a nor
mal, ubiquitous (sell) protein called myelin basic protein. This protein is an important com
ponent of the myelin sheaths surrounding nerve fibers: loss of myelin basic protein is 
frequently associated with demyellnation-a typical finding in many HIV-infected persons. 
Aberrations In the cellular immune response mediated by cytotoxic T lymphocytes (CILs) 
or through antibody-dependent cellular cytotoxicity (ADCC) may also represent potential
autoimmune reactions leading to neuropathogenesis. In a normal immune response, CTLs 
kill only virally infected cells, or tumor cells bearing foreign markers, and antibodies that
.coat" infected cells target them for destruction by natural killer (NK) cells. If"self cells" are 
targeted instead, or are marked by antibodies to attract NK cells, extensive host tissue 
damage can result. 
Neuropathles. Several neurological disorders observed in HIV-nfected persons are likely the 
result ofautolmmune-mediated damage. The most common of these is neuropathy, a general 
term denoting a disturbance in the function of peripheral nerves. A significant percentage of 
the HIV-infected population suffer from neuropathy, which is most often manifested as a sen
sory neuropathy characterized by pain in the soles of the feet, decreased ankle and knee 
reflexes, and progressive weakness in the legs. As HIV disease progresses, such sensory neu
ropathies become Increasingly common and are seen in the majority of individuals diagnosed
with AIDS. One study, presented by Dr. Elyse Singer and coworkers (West Los Angeles
Veterans AdminIitration Medical Center) found peripheral sensory neuropathy to be the most 
common manifeslation of HIV-related neurological disease. In this rtudy, neuropathy was 
seen in about 20% ofasymptomatic individuals, in about 80% of individuals with ARC or 
AIDS, and in all individuals showing any form ofneurological dysfunction. 
Pathological examination of tissue from HIV-infected persons with neuropathy reveals a 
significant ip..ltration ofmononuclear cells Into the damaged regions. These mononuclear 
cells may represent an Immune component that has lost the ability to discriminate self 
from non-self. Dr. Sidney Houff (National Institutes of Health, Bethesda, Marylandl
reported that many of these Infiltrating mononuclear cells display the CD8 molecule, a 
marker of CTLs, on their surface. If these CD8-bearlng cells are in fact CTLs, it is possible 
that these cells are participating in an autolmmune response. 
Macrophages are also believed to play an important role in the genesis of peripheral neu
ropathies. In a study ofAIDS patients with neuropathy, Dr. John Griffin and colleagues
(Johns Hopkins University, Baltimore) found an abnormally high number of macrophages 
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in the areas surrounding the damaged nerves. Furthermore, the number of infiltrating 
macrophages correlated with the number offibers undergoing degeneration, suggesting that 
such cells were actively involved In the tissue destruction. Many of these macrophages were 
producing interleukin-I (IL-I), a cytokine made by activated macrophages. Thus, it appears 
that activated macrophages are prevalent in the damaged peripheral nerves of individuals 
with neuropathy, and it seems highly probable that these macrophages contribute to the 
pathogenesis ofperipheral nerve disease in HIV-infected persons. 

A second neuropathological disorder seen in a number of HIV-infected individuals and 
likely to be of autolmmune etiology is an inflammatory demyelinating polyneuropathy 
(IDP), also referred to as Guillain-Barre syndrome. Unlike the sensory neuropathy 
described above, most cases of IDP occurs in otherwise asymptomatic HIV-infected Individ
uals and are characterized by an ascending muscle weakness that generally begins in the 
legs and moves upward to the arms and face. 

In patients with this form of neuropathy. tissue examination also reveals macrophages 
attached to the myelin sheath of nerve fibers undergoing the demyelination process 
characteristic of this disease. In addition to the macrophage component, autoantibodies 
(those directed toward self antigens) also appear to be involved in IDP. Plasmapheresis, 
an Immunomodulatory technique in which circulating antibodies (including autoanti
bodies) are filtered from the patient's blood, generally results in dramatic improvement 
in clinical symptoms. 

Vacuolar Myelopathy. Diseases of the spinal cord are fairly common in HIV-infected indi
viduals, particularly in later disease stages. Vacuolar myelopathy, a nonspecific degenera
tion in the spinal cord (asevidenced by the presence of cavities), is the most prevalent form 
of spinal cord dysfunction. Current estimates indicate that approximately 30% of all AIDS 
patients suffer from vacuolar myelopathy. 

According to Dr. Yao-Tseng Chen and colleagues (Cornell University Medical College, New 
York), It Is difficult to attribute a direct role to HIV in the pathogenesis ofvacuolar myelopa
thy; in their study, both lmmunohitochemistry and PCR were used to examine the spinal 
cords of patients with myelopathy. Only rarely was HIV found in the spinal cord, suggest
ing that some indirect pathogenic mechanism, perhaps involving an autoimmune compo
nent, was responsible for the myelopathy. 

Myopathy. Autoimmune disorders associated with HIV infection are likely to affect other 
tissues as well as cause damage to the nervous system. One disorder commonly found in 
HIV-infected individuals, particularly in the later stages of disease, Is myopathy-a func
tioral disturbance of muscle. Persons with myopathy generally have progressive muscle 
weakness, myalgia (muscle pain), and distal sensory neuropathy. 

As reported by Dr. Marinos Dalakas (National Institutes of Health, Bethesda, Maryland), 
histopathological examination failed to reveal the presence ofvirus in the muscle of HIV
infected persons diagnosed with myopathy. However, Dr. Dalakas' team found that HIV 
could be Isolated from macrophages in close proximity to the muscle. in addition, many 
CD8-bearing cells were found near areas of muscle damage, suggesting that CTLs may 
also contribute to myopathy. 

Numerous studies have reported that many HIV-infected persons treated with the antiviral 
drug AZT (azidothymidine, or zidovudine) evidence myopathy; when AZT therapy is discon
tinued, a subset of these individuals show a dramatic Improvement In muscle function. 
These findings suggested that AZT might play a role in the development of myopathy, and 
that this form of myopathy may be distinct from that induced by HIV. To determine whether 
AZT-related myopathy could be distinguished from myopathy more direcfly related to HIV 
infection, Dr. Dalakas examined AZT and non-AZT-treated Infected patients who were 
matched with respect to other disease characteristics. No clinical differences were noted 



243 CHAPTER 8: NEUROLOGICAL ASPECTS OF HIV INFECTION 

Table 8.1. Most Reported Neurological/Neuropsychological
 
Manifestations of HIV Infection
 

NEUROLOGICAL NEUROPSYCHOLOCICAL 

Ataxia (failure of muscular coordination) Anxiety

Blurred vision 
 Attention deficit 
Dementia Concentration deficit 
Encephalopathy (functional disturbances of Confusion
 

the brain) Forgetfulness

Facial paralysis Memory deficit 
Gait abnormalities Personality changes

Hearing loss
 
Hemiparesis
 
Myclopathy (functional disturbances of the
 

spinal cord) 
Neuropathy
 
Seizures
 
Spastic paralysis
 
Speech disturbances
 
Urinary incontinence
 

among the patients in the two groups, and on muscle biopsy, the tissue looked quite similar. 
However, more detailed examination (by electron microscopy) revealed that myopathic mus
cle ofAZT-treated persons exhibited a large number of ragged, red fibers which were gener
ally not seen in the non-AZr-treated group. This type of fiber is believed to indicate damage 
to a particular cellular organeUe. the mitochondrion. In these AZT-treated individuals, anal
ysis of enzymes specific to mitochondria Indicated that the biochemistry of these organelles 
was altered in the muscle cells. AZr may cause this mitochondrial damage by inhibiting the 
function ofa vital enzyme, mitochondrial DNA polymerase, located within these structures. 
Despite these provocative findings, the ability ofAZT to Induce myopathy remains contro
versial. Work presented by Dr. David Simpson and collaborators (Mount Sinai Hospital,
New York) suggests that the pathology associated with AZT treatment is not as clear-cut as 
commonly believed. In the group of myopathic patients examined in their study, 15 had 
never received AZT. Of the 20 patients who had received AZT, the therapy was withdrawn in 
10, and 8 showed no Improvement of their myopathy. Furthermore, these researchers 
reported mitochondrial abnormalities in the muscle of both AZT-treated and non-AZT
treated persons with myopathy. Dr. Simpson also presented data suggesting that steroid 
therapy may be an effective means ofcountering myopathy in HIV-infected individuals. In a 
preliminary study, 8 out of 9 patients receiving tht steroid prednisone exhibited marked 
improvement in muscle function. 

ODPORmINISTIC INFECTIONS OF THE CNS 

Because of their immunocompromised status, many HIV-infected individuals experience a 
wide spectrum ofdiseases caused by infectious agents that are usually innocuous in indi
viduals with normal immune function. A number of these "opportunistic Infections" appear
to preferentially infect and damage the nervous system. Two of the most commonly seen 
CNS infections in HIV-infected persons are cryptococcosis and toxoplasmosis. 
Cryptococcosis. The most common opportunistic infection seen In CNS-assoclated dis
ease in HIV-infected persons, the fungal disease cryptococcosis is documented In about 5% 
ofAIDS patients. The fungus responsible for this disease, Cryptococcusneoformai.s,prefer
entially infects the tissues of the brain and the surrounding meninges (membranes), com
monly resulting in lesions and meningitis. Even with early treatment, cryptococcal Infec
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tion is life-threatening in many patients. Clinically, patients with cryptococcal infection 
complain of generalized symptoms such as headache, fever, and stiff neck; radiological 
findings are generally inconclusive. A definitive diagnosis can be established only on CSF 
analysis. in which the fungus or fungal antigens can be identified. 

Response to therapy has been poor in most HIV-infected persons with cryptococcal infec
tion; the standard primary therapy using amphotericin B, alone or in combination with 
flucytosine, has met with a 20-50% success .-ate. Such treatment commonly bears severe 
toxic effects, damaging the bone marrow and kidneys. Toxicity concerns are particularb,' 
relevant in the treatment of cryptococcosis, since long-term maintenance therapy is usu
ally needed to prevent relapse. 

Recently, a family of novel antifungal agents. the triazoles, have been introduced in the treat
ment of cryptococcal infections. Trlazoles, including such agents as fluconazole, itraconazole 
and ketoconazole, appear to be significantly less toxi. than oth.- antifungal drugs. Evidence 
also suggests that triazoles may be more effective in the treatment of cryptococcosis. Data 
presented by Dr. Howard Aronow and collaborators (Keith Medical Group, Los Angeles) sug
gest that daily oral doses of ketoconazole may be quite effective as a prophylactic against 
cryptococcal infection. In their study, 210 HIV-infected men were given oral ketoconazole; a 
control group of 91 HIV-infected men were not given the agent. None of the ketoconazole
treated group developed cryptococcosis, whereas 11 of the control patients developed the dis
ease. In addition, only 5 of the 210 treated men experienced toxicities that necessitated cessa
tion of the therapy. Other treatment studies confirmed the efficacy and safety of fiuconazole. 
Dr. M. Mullen and colleagues (Cabrini Medical Center, New York City) reported on two differ
ent dosing regimens and concluded that fluconazole given intravenously or orally is effective 
in inducing remission, although it rarely produces a microbiological cure. In their study of 16 
patients with acute cryptococcal meningitis, toxicity was reported to be infrequent and mild 
when it did occur. However, as pointed out in this and other reports, successful therapy may 
require many weeks-commonly more than 40 weeks. 

Toxoplasmosis. The protozoan parasite Toxoplasmagondil the causative agent of toxoplas
mosis, is ubiquitous in our environment, and is found in the feces of many domestic cats. 
Estimates suggest that more than 50%of the U.S. population have antibodies toT. gondc 
and among individuals living in close proximity to cats, this figure may be greater than 90%. 

Toxoplasmosis is often manifested first as an encephalitis associated with fever. Retinitis 
and psychomotor disturbances are also common complications. In certain instances, dis
ease progression can be extremely rapid. Diagnosis Is best obtained through brain biopsy. 
Toxoplasmosis often results in multiple CNS lesions, which may be detected by radiologi
cal methods, such as magnetic resonance imaging (MRI). Approximately 95% of patients 
with cerebral toxoplasmosis have serum antibodies to toxoplasma. 

Because of the debilitating damage and rapid progression associated with toxoplasma infec
tion, physicians urge early diagnosis and therapy. The standard therapy for toxoplasmosis 
combines the drugs pyrimethamine and sulfadiazine. Work presented by Dr. Bernhard Ruf 
and coworkers (Free University, Berlin) suggests that this combination is effective both as a 
primary prophylactic (to prevent initial infection) and as a secondary prophylactic (to prevent 
relapse). In their study of 47 HIV-infected patients receiving pyrimethamine plus sulfadi
azine, only 1 developed toxoplasmosis. In addition, of 35 individuals receiving this combina
tion as a secondary prophylactic, only 3 suffered a relapse. In contrast, 6 of 7 patients who 
did not receive secondary prophylaxis developed toxoplasmosis. 

The severe toxic effects associated with the previously recommended regimen, 
pyrimethamine/sulfadoxine (Fansidar), present a major problem. According to Dr. Jan de 
Gans and colleagues (Academic Medical Center, Amsterdam), nearly 40% of patients receiving 
the combination therapy exhibit rather severe toxic effects, prompting a search for alternative 
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therapies. Dr.de Gans presented results using an alternative regimen; induction therapy con
sists of the standard pyrimethamine/sulfadiazine treatment with folinic acid to counter the 
bone marrow toxicity of the pyrimethamine. In the maintenance phase of therapy the sulfadi
azine is removed, and the patient Is administered only pyrimethamine and folinic acid. 
Preliminary results suggest that this combination, given orally in high dosages, is effective in 
the prevention oftoxoplasmosis in AIDS patients. 
Sulfonamides such as sulfadlazine are also effective in the treatment of Pneumocysttscarlnli 
pneumonia (PCP), a respiratory infection seen in manyAIDS patients. However, using a sulfoa
amide as a prophylactic against toxoplasmosis severely limits its efficacy if it Is used later to 
L-eat PCP. Dr. Ruf and colleagues tried an alternative therapy using pyrimethamine in con
junction with clindamycin to treat toxoplasmosis; their preliminary results were promising; 19 
of 22 patients with toxoplasmosis showed clinical improvement after the institution oftherapy. 
Sulfa sensitivity in some patients may preclude adinistering sulfadiazine, but as reported
by Melinda Tenant-Flowers and colleagues (St. Vincent's Hospital, Sydney, Australia). pro
gressively graduated doses of sulfadiazine over several days may induce tolerance, allowing
treatment with as much as 2 to 4 grams per day. Co-trimoxazole, which is available in 
many countries where sulfadiazine-pyrimethamine Is not yet sold, may also have an Impor
tant role In treating selected patients with CNS toxoplasmosis. An Interesting study pre
sented by Peter Nicholas and coworkers (Elmhurst Hospital, New York) showed that CNS 
toxoplasmosis was more frequent among patients receiving aerosol pentamidine as pro
phylaxis for PCP than amrng those who took co-trimoxazole. Andrea Canessa (Universityof 
Genoa) and associates found co-trimoxazole to produce both clinical and radiologic
improvement In 18 of 25 AIDS patients with cerebral toxoplasmosis; responders had a 
mean survival of about 8 months, almost four times that ofnonresponders. 
Neurosyphilim. Syphilis Is becoming an increasingly significant problem in the United
States. In 1943, the U.S. incidence of syphilis was 76 cases per 100,000 population; by
1956, the number had been reduced to 4 per 100,000. However, by the 1980s, the fre
quency of syphilftic infections was again on the rise, particularly in urban areas. In 1986 
the national incidence rate was 10.9 cases per 100,000, and by 1987 this value climbed to 
14.7. In high-risk populations the prevalence of syphilis can be alarmingly high: according
to Dr. Joseph Berger and colleagues (Jniversity ofMiami, Florida), the incidence ofsyphilis
In 1985 in males age 20-24 In Broward County, Florida was 4,6 per 100,000, and in 
blacks in the same area the rate was 730 per I00,000. 
In both secondary and tertiary syphilis, CNS involvement is not uncommon. Many HIV-
Infected pee'sons suffer from a concomitant syphilitic infection, and in the population stud
ied by Dr. Berger and colleagues, approximately 1.5% of all AIDS patients have concomitant 
neurosyphills. Epidemiological evidence suggests that the clinical profile of neurosyphuls
differs among HIV-infected and HIV-seronegative Individuals. Dr. Berger reported that 
patients with both AIDS and neurosyphilis nre more likely to experien.e rash and ophthal
mological problems than those with neurosyphills alone. Cranial nerve abnormalities are 
more common In the AIDS group, as is an elevated CSF white blood cell count and decreased 
CSF glucose. Unlike the neurosyphilitic profile in non-AIDS patients, neurosyphills in AIDS 
patients Is typically syphilitic meningitis or meningovascular syphilis. 
The epidemiological linkage between HIV infection and syphilis has led some researchers to
posit that HIV infection can act as a risk factor for Infection by Treponemapallldu, the 
causative agent of syphilis, or vice versa. However, no firm data has been presented to sup
port this hypothesis. A second theory postulates an interaction between HIV infection and
syphilis, such that one Infection bolsters the effect of the other (described as acting as 
cofactors). This type of interaction would be expected to be especolAly acute in the nervous 
system ofdually infected individuals, toward which both HIV and T palldumgravitate. 



246 CHAPFER 8: NEUROLOGICAL ASPECTS OF HIV INFECTION 

Dr. Marcia Updike and coworkers (Johns Hopkins Hospital, Baltimore) examined whether 
individuals co-infected with syphilis ind HIV exhibit more neurological and/or neuropsy
chological abnormalities than individuals infected with HIV alone. Their results failed to 
find any relationship between co-infection and a greater frequency of neurological or neu
ropsychological dysfunction. 

CMV Encephalitis. Co-infection with cytomegalovirus (CMV), a member of the herpesvirus 
family, is seen in 85-95% ofall AIDS patients, according to Dr.Sabine Habicht and cowork
ers (Free University, Berlin). Active CMV infection, indicated by the presence of CMV 
lesions, is seen in nearly half of all AIDS patients on autopsy. 

CMV enters the body and disseminates to a number of organs, including the central 
nervous system, where the virus causes substantial damage. In CMV/HIV co-infected 
individuals, polyradiculomyelitis (a disease of the nerve roots and spinal canal), 
microglial nodules, syncytia formation, demyelination, and lesions are commonly 
observed; it is not clear whether these manifestations are due to the effects of CMV 
infection, or HIV infection, or both. 

CMV-induced encephalitis has been described in many HIV-infected individuals, 
although the exact incidence is under debate. Dr. Habicht reported that CMV encephalitis 
occurs in 5-33% of AIDS patients; in her view a rather rare finding. However, a number of 
Conference participants strongly questioned this statement, and argued that in their 
experience, CMV encephalitis is a much more common occurrence in AIDS. Dr. Habicht 
insisted that the clinical symptoms seen in this disease axe far too nonspecific to establish 
a definitive diagnosis. Her conservative estimate may be related to the criteria she uses for 
a positive diagnosis, which requires documenting evidence of the virus itself In the CNS, 
or culturing CMV from the patient's CSF. 

The efficacy of various therapeutic approaches in the treatment of C,.V infection in HIV
infected persons has stirred significant controversy. Ganciclovir, an antiviral agent used in 
the treatment of systemic CMV infection, has been reported by some groups to have no 
beneficial effects, whereas other researchers report considerable succesi using this drug. 
Dr. Tarvez Tucker and colleagues (University Hospitals of Cleveland, Ohio) and Dr. Bruce 
Cohen and colleagues (Northwestern University Medical School, Chicago) presented data 
demonstrating considerable success using ganciclovir in the treatment of a CMV 
polyradiculopathy. In one case, the patient later developed retinitis, an inflammation ofthe 
retina, which also responded to ganciclovir Foscarnet, a second antiviral agent used in the 
treatment ofCMV, has also met with mixed results. Dr. Habicht cautioned that although 
these drugs are effective in certain instances, the decision to use a specific anti-CMV ther
apy should be made carefully, since these agents can be extraordinarily toxic. 

PROGREssE MULTIFOCAL LEUKOENCEPHALOPATHY 

Progressive multilocal leukoencephalopathy (PML) is a rare demyelinating disease of the 
CNS, usually seen only in Immunocompromised persons. The frequency of PML in AIDS 
patients ranges between 2% and 5%. Although radiological findings may suggest the devel
opment of PML, a definitive diagnosis requires brain biopsy. The prognosis for individuals 
with PML is generally quite poor; survival times average 6 months from diagnosis. To date, 
no effective treatment exists. The antiviral agent ribavirin, which was initially touted as 
potentially useful in the treatment ofPML, has proven uniformly unsuccessful. 

The cause of PML is still debated by some, but many researchers believe that the disease 
results from infection of CNS cells by a papovaviius (JCvirus). This virus has been detected 
in the brain and bone marrow of many patients with PML. Dr. Thomas Weber and col
leagues (University of Gdttingen, FRG) used PCR analysis of cerebrospinal fluid to try to 
identify JC virus DNA sequences in HIV-Infected individuals; 3 of 11 individuals tested 
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were found to have DNA sequences corresponding to specific JC virus sequences while
experiencing symptoms suggestive of PML. Although these results are promising, more evi
dence is needed to establish the value of PCR for detecting JC virus Jn cerebrospinal fluid. 

PRmARY BRAiN TUMORS 

The incidence of primary brain tumors increased precipitously in the 1980s. This increase isthought to be due largely to the HIV epidemic, since some HIV-Infected individuals develop pri
mary brain tumors during the course of their.disease. In HIV-infected persons, most of these
malignancies are lymphomas--cancers of lymphocytes (white blood cells) that reside in the
brain. Dr. Mark Rosenblum and colleagues (Northwestern University Medical School, Chicago)
pointed out that In the United States the incidence of primary brain lymphoma in AIDS
patients has been estimated at between 2% and 5%, and projections suggest that primary CNS
lymphona will be the most common form of brain tumor by 1992. (Some researchers attribute
the increases to a treatment effect: therapy may lengthen survival time and therefore enhancethe likelihood of developing brain lymphomas.) In addition, secondary (metastatic) lymphomas
of the CNS are not uncommon in the HIV-infected pcpulation. In a study of 276 AIDS patients
conducted by Dr. Dirk Schurmann and colleagues (Rudolf Virchow University Hospital,
Berlin), 23 (8%)were found to have primary or secondary lymphoma of the brain. 
The vast majority of lymphomas In HIV-in fected persons are classified as non-Hodgldns lym
phomas; highly malignant tumors composed ofB lymphocytes, the antibody-producing cells of
the immune system. The cause underlying these B-cell lymphomas is unknown, but evidence 
suggests that secondary Infection by a so-far unidentified virus other than HIV may trigger the
development of these tumors. (Epstein-Barr virus has been implicated by several Investiga
tors.) The prognosis for individuals with CNS lymphoma is typically poor, since such malignan
cies tend to metastasize rapidly. As highlighted by Dr. Schurmana, the alarming rate at which
these lymphomas spread mandates the early prophylactic use of chemotherapeutic agents.
Early diagnosis of lymphoma iji extremely Important; yet the diagnosis of CNS lymphoma is
difficult. The results of radilogical imaging tests, such as magnetic resonance imaging (MRI)
or computerized tomography (CT), are suggestive but by no means conclusive. Definitive diag
nosis entails blospy ofbrain tissue from individuals suspected of having lymphoma. 
Recently, radiological methods have been employed to increase the efficiency and frequency
of success of brain biopsy. Such techniques make use of the CT or MRI image to direct the
biopsy probe to the affected region of the brain. Several studies reviewed at the conferences
demonstratecl Uie effectiveness of image-guided stereotactic biopsy as a diagnostic tool, not
only for the detection oflymphoma, but for the detection ofother CNS disorders. Dr. Robert

Levy and collaborators (Northwestern University Medical School, Chicago) presented their 
results from a study ofstereotactic biopsy in 30 AIDS patients. In 93% (28) of these patients,
biopsy allowed an accurate diagnosis, which included lymphoma (in 9 individuals), PML (in7), toxoplasmosis (in 7), and HIV encepl'alopathy (in 3). Similarly, Dr. Jacqueline Mikol
(H6pital Larlboisiere, Paris) anc colleagues found image-guided biopsy allowed a definitive
diagnosis in 25 of30 individuals, and a highly probable d!a'naosls in 3 of the remaining 5
patients. Once again, diagnoses included lymphoma, DML, and toxoplasmosis. These
results offer encouragement that stereotactic biopsy may allow earlier diagnosis and Inter
venticn In the treatment ofCNS lyrnphomas as well as other CNS diseases. 
Primary CNS lymphomas appear to respond to radiation therapy. Dr. Mark Rosenblum
reported that his team found that 22 of 29 patients diagnosed with primary CNS lymphomas exhibited marked improvement followlag radiation treatment. In addition, among
26 patients who had primary CNS lymphoma but had not received radiation, autopsy
revealed that 20 (77%) died of tumor progression. In contrast, no patients being treated 
with radiation died of tumor progression (most died ofopportunistic infections). 
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HIV ENCEPHALITIS 

A nonspecific encephalitis (iflammation of the brain) is seen in a number of HIV
infected individuals. This di3ease, now known as HIV encephalitis. was historical'j one 
of the first disorders noted in HIV disease. According to Dr.Juan Artigas and coworkers 
(Auguste-Viktoria Hospital, Berlin), HIV encephalitis is seen on autopsy in 36% of all 
HIV-infected individuals. This encephalitis produces chronic progressive damage to the 
brain, particularly to subcortical structures. Some of the pathological changes associ
ated with HIV encephalitis include white matter lesions (including demyelination), glial 
cell loss, astrogliosis, and microcalciflcation. 

The mechanisms of this damage are unknown, but both direct infection and indirect pro
cesses are thought likely. As highlighted by Dr. Artigas, infiltrating cells such as 
macrophages likely cause a significant amount of the damage. These cells may destroy 
integral components of the nervous system through the release of various cytokines. 
Disruption of the blood-brain barrier, possibly mediated by infection ofendothelial cells lin
ing the blood vessels, may also perturb the microenvironment of the CNS and result in sig
nificant damage (see "Blood-Brain Barrier," above). 

The virus itself may directly inflict some of the pathological consequences ofHIV encephali
tis. Dr. C~ayton Wiley (University of California School of Medicine, San Diego) discussed 
several of these possible effects: HIV proteins, such as the env or gag proteins (soluble 
gp120 or p24), may be directly toxic to CNS cells. The replication of HIV within the CNS 
may also result in significant damage. "Silent infection" of CNS cells such as net, "onsand 
gila (although so far neurons have not been unequivocally shown to be susceptible to HIV 
infection), may also account for some of HIV's neuropathogenic effects. 

Lesions of the brain in HIV encephalitis have generally been associated with the sub
cortical white matter. However, a study reported by Dr. F. Scaravilli (The National 
Hospital, London) suggests that lesions in the cortical gray matter are more common 
than previously believed and may account for some of the neurologica'. dysfunction 
seen in HIV infection. Other cortical damage is also frequently evident; according to Dr. 
Wiley, cortical atrophy is seen in approximately 75% of all individuals with HIV 
encephalopathy. Both expansion of the ventricles and widening of the sulci (the fur
rows in the cerebral cortex) contribute to this atrophy. A comparison between the 
brains of HIV encephalitic patients and asymptomatic HIV-infected individuals shows 
a marked decrease in hippocampal size in persons with encephalopathy. Areas of both 
the frontal and parietal cortex are of diminished thickness in persons with HIV 
encephalitis. Although the precise nature of this thinning is unknown, a so ective loss 
of large neuronal cells is evident. 

Finally, a new technique has allowed the number of synapses in particular areas of the 
brain to be counted (a synapse represents the connection between two nerve cells). HIV
positive individuals examined by thIs technique appear to have fewer synapses than their 
seronegative controls, and persons with HIV enceph titis have fewer frontal cortex 
synapses than those counted in asymptomatic individuals. 

NEUROLOGICAL DIAGNOSES 

Techniques used to diagnose neurological disease in the HIV-infected patient include 
CSF examinations, imaging (neuroradiological testing), electrophyslological testing, 
and oculomotor performance testing. CSF examinations are generally only diagnostic 
for certain opportunistic infections, such as cryptococcosis or neurosyphilis (see 
above). For patients with clinically evident neurological illness, diagnostic algorithms 
(see Figure 8.2) are generally followed. 
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Figure 8.2. Diagnostic Algorithm for Neurological Illness In
 
HIV-Infected Patients
 

This algorithm for diagnosis HIV-related neurological disease, developed by Dr. Robert Levy and colleagues
(Northwestern University Medical School, Chicago). was based on a study of more than 200 HIV-infected
patients. Patients were initially given a general medical examination; if they were found to show symptoms of
neurological illness, either CT or MRI imaging tests were performed. Ifradiolopical findings were relatively nor
mal, lJmbar punctures were done and the patients were treated on the basis of cerebrospinal fluid analysis. If 
one or more lesions were seen radiologically, and the patients were neurologically stabte, they were treated fortoxoplasmosis. After 2 to 3weeks, a second imaging test was performed. If the findings from MRI or CT and thegeneral clinical profile showed improvement, therapy was continued. If improvement was not noted, the
patients underwent aCT-guided stereotactic biopsy. Ifthe initial MRI showed a single lesion, or the patient was 
comatose, stuporous, or deteriorating, biopsy was done immediately. 
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NE-URO-ImAGING Tcs'rs 

Recently, a number of Imaging techniques have been further Improved to provide better 
profiles of the brain in cases of neurological dysfunction. Imaging techniques are noninva
sive and facfiltate the localization of specific regionr of brain damage. Often these methods 
can also sen~e as diagnostic tools, outlining the am . of Injury In the brain and differentiat-
Ing the particular disease process at work. Since HIV-infected persons can suffer from a 
number of CNS disorders. neuro-imaging has been especially useful in narrowing the diag
nostic possibilities. In some situations, neuro-imaging can also be used to assess the effi
cacy of therapeutic ntervention. 

Computed Tomography (CT). Perhaps the most widely used diagnostic tool for detection 
of lesions within the CNS of living patients Is CT scanning. Briefly, CT scans provide com
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Figure 8.3. Single Photon Emission Computed Tomography (SPECT) 
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Preliminary findings reveal that SPECT, an imaging technique that measures cerebral blood flow, may signal 
impending neurokgical dysfunction. CT scanning and SPECT were performed on the same group of patients 
and the results were compared. SPECT identified 28 CT-normal HIV-infected individuals as having focal blood 
flow deficits. Follow-up studies will determine if such deficits are indeed reflective of impending clinical 
neurological dysfunction. (Based on apresentation by Dr. Karl Einha0pl, University of Munich.) 

puter-generated images of the brain, based on measuring the degree ofx-ray absorption in 
different brain regions. To enhance the contrast between tissues, and to more effectively 
visualize blood vessels, tumors, and abscesses, radio-opaque compounds such as iodine 
are injected intravenously. The resolution ofthe CT scan is limited; according to neuroradi
ologists, detection of diffuse lesions, such as those seen In CMV encephalitis and PML, Is 
inadequate by CT imaging alone. 

Magnetic Resonance Imaging (MRI). This imaging technique measures the distribution of 
water molecules In the brain. When placed in a magnetic field, certain atomic nuclei (in 
particular hydrogen nuclei, as are found In every water r.nolecule) resonate, or vibrate. 
emitting a radio-frequency signal. Changes in the distribution of water in brain tissues can 
result from conditions such as edema (swelling) and local cell death, providing evidence of 
brain abnormalitles. 

Evaluating CT and MRI. MRI is considered more sensitive than CT, because of the greater 
contrast inherent to the technique, and serial MRI studies are considered relatively safe, 
because x-rays are not used. However, in some circumstances, such as the detection ofcal
cification or the discrimination between a lesion and surrounding edema, CT scanning is 
more precise. Thus, CT and MRI are considered complimentary imaging techniques. 
However, neither CT nor MRI can directly ldentify a particular disease process-no HIV
associated CNS disorder has characteristic radiographic lesions exclusive to that disease. 

In many instances, CT and MRI images are used to define the need for a biopsy in a particu
lar patient. Drs. Samuel Ciricillo and Mark Rosenbbitm (University of California, San 
Francisco) examined the utility of these imaging methods In determining tke need for 
biopsy. The identification of a single mass lesion using C, or multiple lesions using either 
CT or MRI, did not aid In differential diagnosis. However, a single lesion on MRI was found 
to be Indicative of lymphoma in 13 of the 18 cases examined. Such a result suggests that 
early biopsy may be prudent In cases of single-lesion MRI findings, so that radiation treat
ment can be initiated immediately in the event ofa positive biopsy. In addition to their diag
nostic capablities, CTand MRI images have been used to guide biopsy probes to regions of 
damage (see Primary Brain Tumors, above"). 

Single Photon Emission Computed Tomography (SPECT). In addition to CT and MRI, 
which enable the visualization of discrete CNS lesions, anothe_ :inaging technique may 
prove useful for the early detection of HIV-assoclated neurologic disease. Single photon 
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Figure 8.4. Electrophyslologlcal Tests to Detect Early
 
Neurological Dysfunction
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Three tests used to assess electrophysiological function were administered to a group of asymptomatic HIVinfected homosexual men on their first visit (HIV+ 1st) and on 6- to 9-month follow-up (HIV+ 2nd) visits; results arecompared with those for a population of uninfected homosexual men over a similar period (HIV- 1st and 2nd). The 
percentage of individuals showing abnormalities on the three tests and the pooled data for the three tests are
shown. Note that the HIV-infected group is much more likely to exhibit electrophysiological dysfunction and thatprogression of these abnormJities is demonstrated with time. (Based on data presented by Dr. Igor Koralnik,
University Hospital, Geneva.) 

emission computed tomography (SPEC') measures cerebral blood flow in different areas of 
the brain. Dr. Karl EinhaOpl (University of Munich) presented results using this technique in 
a study of 61 HIV-nfected individuals at all stages of disease. In individuals without symp
toms of neurological disease, nearly half (46%) were found to have focal blood flow deficits 
using SPECT, such deficits may be indicative of impending neurological dysfunction. A com
parison of CT and SPECT results in these patients further suggested that SPECT may be 
more sensitive in detecting early tissue abnormalities. Of the 35 individuals having a normal 
CT, 28 showed pathological SPECT results. By comparison, 12 of the 13 individuals with 
abnormal CT results also showed abnormal SPECT findings (see Figure 8.3). 

ELECTROPHYSIOLOGICAL TESTING 

In general, the neurological arid neuropsychological dysfunction seen in HIV-infected persons
has art insidious onset, starting as subtle, subclinical changes in motor skills, memory, and 
mood. Detection ofearly neurological dysfunction maybe important to successful treatment of 
individuals infected with HIV. A number ofresearch groups have focused on the development
of sensitive, early predictors of neurological disease. A major focus in this research has been 
neurophysiological tests, which may detect the first signs of CNS dysfunction. 
Evoked Potentials. Many of these neurophysiological tests are based on "evoked potentials." 
The subject's brain activity is monitored by means ofsurface electrodes placed on the head. A 
visual, auditory, or somatosensory stimulus is presented to the subject, and the brain wave 
evoked by this stimulus is recorded. Normally, a particular stimulus results in a reprod -cible 
pattern of waves in the brain. Each time the stimulus is delivered, these waves are of the 
same size (amplitude) and occur at the same time interval from delivery of the stimulus 
(latency). In general, little variation Is seen among individuals in the waves evoked in 
response to the same stimulus. However, individuals with cognitive deficits appear to have 
differences in the amplitude and/or latercy of certain components of their evoked potentials. 
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Of critical importance (andwith particular relevance for HIV-infected persons) is how early 
these differences in evoked potentials can be mea.ured. Dr.John Mesenheimer and cowork
ers (University of North Carolina, Chapel Hill) found that certain types ofevoked potentials 
may be affected early in HIV disease: Somatosensory evoked potentials (SEPs) differed signifi
cantly between seronegative and seropositive asymptomatic individuals, and these differ
ences were more evident with increasing disease status. In a study ofHIV-infected patients in 
later stages of illness, Dr. Don Jewett and colleagues (University of California School of 
Medicine, San Francisco) found that approximately half of individuals with ARC or AIDS had 
an abnormal auditory brainstem response (another type ofevoked potential). In a number of 
these individuals, the diagnosis ofARC or AIDS was made strictly on the basis of systemic 
findings, such as Prezmocys,'(scartntipneumonia; no sign of CNS involvement existed. In the 
authors' opinion, these ,m:suPlv suggest that the auditory brainstem response is sufficiently 
sensitive to detect the ear'est '.NS abnormalities and may be useful in detecting early CNS 
dysfunction in asymptormatic individuals. Likewise, Dr. Harry Hollander (University of 
California, San Francisco) rep,.ed that the occurrence of electrophysiological abnormalities 
in the absence of neuropsychol g!,al dysfunction suggests that evoked responses may pro
vide a sensitiv. way of screening 'or subcixical HIV-assoclated CNS disease. 

Other studies indicate that some types ofevoked potential may not be so useful in assessing 
early CNS abnormalities. One of Lie most commonly used electrophysiological tests mea
sures a component wave of the evoked potential known as the P300 (so-named because it 
normally occurs 300 milliseconds after the stimulus Is presented). In a study of HIV-infected 
homosexual men at various stages of illness, Dr. Ruth McAllister and cclleagues (Middlesex 
Hospital, London) found no consistent differences In P300 amplitude or latency among 
these men or between this group and seronegative individuals tested as contro!s. 

Otoneurological &Other Electrophysiologlcal Tets. In addition to evoked potentials, 
other electrophysiological tests may signal subclinical neurological dysfunction in HIV
infected persons. A study reported by Dr. Igor Koralnik and coworkers (University Hospital, 
Geneva) compared asymptomatic HIV-positlve homosexual men with HIV-negative homo
sexual men in a battery of tests. No differences were seen between the groups on various 
standard tests of neurological or neuropsychological function, and no differences were 
seen on radiological examination using MRI. However, significant differences were seen 
when otoneurological tests evaluating Lertain brain pathways were administered (see 
Figure 8.4). Abnormalities in these tests were seen in 34-44% of HIV-positive subjects, 
compared with similar abnormalities sceua in only 6-7% of seronegative men. In addition, 
electroencephalographic (EEG) measurements found significant abnormalities In 
30-40% of the HIV-positive group, while none of the seronegative Individuals exhibited 
abnormal EEGs. The HfV-infected group showed a significant worsening In test perfor
mance on follow-up 6 to 9 months later. 

Taken together, the results of these ,lectrophysiologlcal tests suggest that subclinical neu
rological dysfunction is a fairly common occurrence in HIV-infected Individuals. However, 
the significance of these subtle changes In testing patterns remains open to speculation. 
Studies have yet to show that individuals with electrophysiological abnormalities are more 
prone to progress to clinical neurological illness than individuals without such early abnor
malities. Until such a link is established, the diagnostic and therapeutic usefulness of neu
rophysiological tests will remain unres;oived. 

OCUOOTOR TmTNG 

Oculcmotor (eye movement) performance may serve as another means by which subclini
cal neurological involvement can be detected in HIV-infected persons. Dr. Pauline Merrill 
and collaborators (Washington University School of Medicine, St. Louis) examined various 
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aspects of oculomotor function in both HIV-infected and HIV-seronegative populations.
Abnormalities were noted in the oculomotor performance ofnearly all HIV-infected individ
uals, and eye motor performance generally worsened with disease progression. Deficits 
were often seen in the absence of overt neurological difficulties, suggesting that eye move
ment disorders may be an early sign of subclinical dysfunction. 

PSYCHIATRY 

Common psychiatric disturbances in HIV-nfected individuals include emotional reactions, 
such as anxiety or denial, that occur in almost 90% of patients following notification of 
seroposttivity. These adjustment reactions rarely lead to chronic functional impairment.
Indeed, one of the more frequently asked questions relating to the psychiatry ofHIV disease 
is the Impact that seropositivity has on the mental state of the infected individual. 
Addressing this issue, Dr. Danitza Jadresic and coworkers (St. Stephen's Clinic. London)
studied the effects of HIV diagnosis on mood and on patterns of drug and alcohol use 6 
months after the Individual first learned of their seropositivity. Somewhat surprisingly, it 
was found that knowledge of HIV seropositivity had little or no effect on mood or patterns of 
drug use in these persons. One likely explanation for this finding was revealed in the 
results of tests conducted prior to notification. In these tests, Individuals subsequently
Identified as seropositive and Individuals found to be uninfected exhibited similar border
line pathological levels ofanxiety. 
Adjustment disorders-as opposed to the adjustment reaction&, described above--are gen
erally associated with chronic functional Impairment and can be ameliorated by medica
tion or psychotherapy. Included in the category of adjustment disorders are depression
and mania, examples of affective disorders. In a study ofpsychiatric disorders in a group of 
225 HIV-positive individuals, Dr. Dieter Naber and colleagues (University of Munich) found 
that 27% of these individuals suffered from major depression. Additionally, 6% had symp
toms of clinical anxiety, and 1%reported suicide attempts after learning of their seroposi
tivity. No significant differences among the various disease stages were seen In terms of 
these disorders. In a supplementary study of more than 709 HIV-infected persons, only 9 
were found to suffer from some form of psychosis (for example, manic-depression or 
schizophrenia). All of these individuals had ARC or AIDS. Thu, although the incidence of 
psychiatric disturbances seems to be rather high in people with HIV Infection, no elevation 
appears in the Incidence ofpsychoses. 
Dr. Henry Chuang and coworkers (University of Calgary, Alberta) obtained similar results 
in a study of psychiatric morbidity In patients infected with HIV. The only psychiatric disor
der found with increased frequency in HIV-positive individuals was adjustment disorder, 
seen in nearly half ofall HIV-infected persons. In comparison, only 21% ofcontrol individu
als suffered from this disorder. All other psychiatric disturbances were found in approxi
mately equal prevalence in the two populations. 
Dr. Jaime Smith .andcollaborators (University of British Columbia, Vancouver) presented
evidence that psychosis in the context of HIV infection may be of organic origin. A study of 
16 HIV-posiuve individuals whose first clinical evaluation revealed acute psychosis found 
that all of them subsequently developed HIV encephalopathy. This result suggests that cer
tain psychoses may be attributable to the direct effects of HIV on the brain, rather than the 
result of the stress associated with a serious illness. 
A study conducted by Dr. Michael Tulte and coworkers (Rochester Medical Center, New 
York) examined radiological findings in persons suffering from acute mood disorders, such 
as mania and depression. A common finding in these individuals was an enhancement of 
the meninges, seen using MRI. Such enhancement is characteristic of meningeal inflam
mation, and the authors speculate that this may represent activation ofHIV in the CNS. 
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Dr. David Ostrow (University of Michigan, Ann Arbor) discussed some of the more impor
tant psychiatric issues confronting HIV-infected persons, their friends and family. Three 
fundamental questions served as the focus for his talk

* 	 What is the incidence of major psychiatric illness in persons infected with HIV? 
" 	 What roles do alcohol and recreational drug use play in the development of 

such illness? 
• 	 Are there safe and effective psychopharmacologic treatments for these individuals? 

This last topic is discussed in detail below, in "Psychopharmacologic Issues.') Unfortunately,
the answers to these questions may be partially masked by confounding factors associated 
with dealing with a life-threatening disease such as HIV infection. 
A tremendous overlap is bound to exist between symptoms that are directly related to HIV 
infection and symptoms resulting from psychological difficulties in adjusting to the disease. 
Dr. Ostrow cited the example of weight loss in an HIV-infected person: how does one distin
guish between weight loss due to the direct effects of viral infection and weight loss resulting 
from the depression associated with confronting HIV infection? With respect to recreational 
drug and alcohol use, since 1984, a precipitous decrease in recreational drug use among
HIV-positive individuals has been noted, while alcohol use has shown virtually no change 
during this time. (The decline in drug use likely also resulted in a decline in high risk sexual 
behaviors, since there is a strong association between drug use and measures of sexual risk.) 
As suggested by Dr. Ostrow, the continued use of drugs and alcohol among infected individu
als may represent a method ofdealing with the anxiety associated with HIV seropositivity. 
Several studies have suggested that drug use depresses immune function, and acute alco
hol or cocaine abuse hinders the ability of lymphocytes to eliminate or control HIV. However, 
Dr.Ostrow pointed out that such data contradicts the results of some studies showing that 
HIV-infected men using drugs fare about as well as their non-drug using counterparts. 

PSYCHOPHAMACOL0GIC ISSUES 

Many HIV-infected individuals require pharmacologic intervention in the treatment of psy
chiatric problems associated with infection. Depending on the psychiatric disorder, a num
ber of drugs may be prescribed, including antidepressants (clomipramine, imipramine), 
benzodiazepines (Librium, Valium), neuroleptics (haloperidol, chlorpromazine), and lithium. 
Dr. Ostrow provided certain guidelines for the use of these agents in HIV-infected persons: 

* The agent should be chosen based on the patient's symptomology and potenti.i 
side effects of the drug. 

" 	 The patient should be monitored to ensure administration of an adequate dosage. 
" 	Adequate maintenance therapy, usually consisting of half the initial therapeutic 

dose, must be provided. 
" 	A proper period must be allowed for termination of the drug; generally, 6 months 

after recovery is adequate. 
If used properly, psychopharmacologic therapy can be extremely effective in the treatment of 
psychiatric disorders in the HIV-infected population. An example was provided by Dr. Donna 
Manning and colleagues (New York Hospital-Cornell Medical Center), whose group found that 
imipramine was effective in countering depression in HIV-positive homosexual men. 
An important concern when treating HIV-related psychiatric disorders with pharmacologic 
agents is that the agent used may interfere with normal immune function. Many of the 
drugs used, including the benzodiazepin, s, neuroleptics, and lithium have been shown to 
have immunosuppressive effects in vitro.Although the in vivo effects of these drugs have 
yet to be established, the possibility of Immunosuppression should be considered when 
prescribing these and other agents. 
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Figure 8.5. Suicidal Thoughts and Attempts 
In an study correlatiag clinical status with suicidal ideation and attempts, a group of 105 homosexual men (HIV
seropositive and seronegative) were compared with 294 matched heterosexual men as controls. Shown are their
lifetime percentages for suicidal thoughts and attempts. The interviewees were homosexual men with ARC or AIDS
(ARC/A DS); HIV-infected homosexual men who were either asymptomatic or had persistent generalized lymphad
enopathy (Asx/PGL); HIV-uninfected gay men (HIV-); and the control group from the general population (Controls).
The authors noted a higher lifetime incidence of a major psychiatric disorder (e.g., depression or substance abuse)
in the homosexual men, regardless of HIV serostatus, than in the controls. (Based on data presented by Dr. 
Hampton Atkinson and colleagues, University of California, San Diego and VA Medical Center, San Diego.) 
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Psychostimulatory agents-although unnecessary and inadvisable for the majority of HIV
infected individuals-may occasionally be necessary in the treatment of certain HIV-asso
clated psychiatric disorders. Dr. Ostrow provided a proffle ofsituations in which the use of 
such agents may be warranted: 

* hospitalized patients exhibiting a "failure to thrive" and In need of acute 
Intervention 

" patients in whom apathy outweighs depression and severe fatigue is also evident 
" patients who are Intolerant or nonresponsive to standard antidepressants or who 

become delirious 

In addition to the beneficial effects that have been documented for neurological and 
'aeuropsychological performance, evidence suggests that the antiviral drug AZT allevi
ates some of the psychiatric problems seen in HIV-infected individuals. Drs. Diana 
Perkins and D. L. Evans (University of North Carolina, Chapel Hill) reported that 
patients with organic mood disorder (clinical depression) responded with a significant 
Improvement In mood on Institution of AZT treatment. However, attribiting this 
improvement to an organic effect ofAZT on the brain is at this point preniature. 

SUI IDE 

As with any life-threatening Illness in which little hope ofa timely cure exists, contempla
tion of suicide occurs fairly often in the HIV-infected population. Dr. Hampton Atkinson 
and colleagues (University of California, San Diego and VA Medical Center, San Diego) 
studied the frequency of suicidal thoughts and suicidal attempts in HIV-infected homosex
ual men at various stages of illness. Whereas thoughts of suicide and suicide attempts 
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were elevated in homosexual men compared with heterosexual controls, little difference 
was found in the frequency of suicidal thoughts or attempts among HIV-infected versus 
uninfected horaosexual men (see Figure 8.5). 

However, these results should not be interpreted as suggesting that the risk of suicide is 
not increased within the HIV-infected population. Alcoholics are known to have a suicide 
rate that is 10-20 times higher than that In the general population. In a comparative study 
of HIV-Infected subjects and alcoholics. Dr. Karen Drexler (Wilford Hall U.S. Air Force 
Medical Center, San Antonio) and collaborators fou,'d these two populations t) have com
parable levels of suicidal thoughts and suicidal behaviors. They suggest that clinicians 
treating HIV-infected persons should be acutely aware of the increased frequency of suici
dal behaviors in this population of patients. 

Although the incidence of suicidal thoughts and actions Is elevated among the HIV-infected 
population as a group, it appears that certain individuals are more susceptible than others. 
In examining an HIV-infected population of homosexual men, Dr. Rosben Gutierrez and 
colleagues (University ofCalifornia, San Diego and VA Mcdical Center, San Diego) found 
that men with suicidal tendencies had a smaller network of social support, and relied more 
heavily on avoidance as a strategy to cope with their disease than nonsuicidal HIV-Infected 
men. Thus, having a strong network of supporting friends, family, and other individuals, as 
well as trying to confront HIV disease more directly, may result in a healthier psychological 
approach to living with HIV illness. 

NEUROPSYCHOLOGY 

MANIFESTATIONS OF NEUROPSYCHOLOGICAL DYSFUNCTION 

In addition to the devastating neurological and psychiatric effects of HIV Infection, many of 
these individuals suffer from neuropsychological deficits as well. Neuropsychological dys
function typically Is manifested as a decline In cognitive abilities, which can range from 
mild, quite subtle changes to extremely severe disorders, as in AIDS dementia complex. As 
summarized by Dr. Karl Syndulko (VA Medical Center, West Los Angeles), neuro
psychological function is generelly assessed with respect to a number of specific skills: ver
bal, visuospatial, visuomotor, visual attention (memory), verbal attention (memory), man
ual dexterity, motor speed, and ambulation. 

Dr. Igor Grant (University of California School of Medicine, San Diego) offered that neu
ropsychological or neurobehavioral disorders associated with HIV infection can be 
divided into two major categories: neurogenic and psychogenic. Neurogenic disorders 
result from organic brain disease associated with HIV. This can be primary disease, due 
to the direct effects of HIV on the CNS, or secondary disease, due to other biological fac
tors. In contrast, psychogenic disturbances represent adjustment disorders, such as 
changes in mood, chronic or acute anxiety, and difficulties coping with the illness. The 
most severe neuropsychological deficits seen In HIV-lnfected persons, including ADC, 
are likely neurogenic. 

PREVALENCE OF NEUROPSYCHOLOGIcAL DEFICIS 

A survey of the literature reveals considerable disagreement over the prevalence ofADC in 
the HIV-infected population, a fact that was emphasized by Dr. Grant In his discussion. 
The best evidence to date suggests that approximately one-third of all HIV-infectcd per
sons will develop ADC (although values ranging from 16% to 70% have been cited). 
Generally seen in the most advanced stages of HIV diseas,,, ADC is characterized by a 
global cognitive decline. 
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Milder cognitive disorders are seen at earlier stages of disease and In a greater percentage
of the HIV-infected population. According to Dr. Grant, these milder disorders are charac
terized by a subjective sense of cognitive decline and an impairment in neuropsychological
function in at least two of the above areas, but without sdbstantial effects on social func
tioning. The incidence of these less profound cognitive disorders is even harder to pinpoint
than that of severe ADC; estimates on the prevalence of non-ADC neuropsychological 
deficits in ARC and AIDS patients range from 33% to 75%. 
The largest controversy, however, appears to revolve around the prevalence of neuropsy
chological deficits in asymptomaticHIV-infected individuals. The figures range between 0% 
and 50%, with a significant number of studies suggesting that no difference exists between 
HIV-positive asymptomatics and uninfected individuals in terms of cognitive function. A 
number of reasons can account for these large differences, some ofwhich were discussed 
by Dr. Grant: 

• 	 Sampling. Differences in these values may be, in part, a function of sampling;
studies that show differences in cognitive functioning among asymptomatic and 
control individuals may be drawing from a population of asymptomatics that is 
further along in disease progression than the as~mptomatlcs used in studies that 
show no differences. 

" Testing. Each study uses a different battery of tests to measure different aspects
of cognitive performance, making comparisons between these studies virtually 
impossible. 

" 	 Criteria.No standard criteria has been established for deciding whether or not a 
person is neurologically impaired. Thus, a person classified as neurologically 
impaired using one set of criteria, may be considered unimpaired using a different 
set of criteria. 

" 	 ConfoundingFactors.A number of confounding factors-including drug use, head 
injury, and a history of previous psychiatric illness-may strongly influence the 
results of neuropsychological tests. If not properly controlled for, these factors may 
result in serious discrepancies froin test group to test group. 

Dr. Grant illustrated the legitimacy of these concerns by using one of the largest studies on 
the neuropsychological aspects of HIV infection, the Multicenter AIDS Cohort Study
(MACS), as an example. To date, the MACS finds that asymptomatic HIV-infected individu
als do not demonstrate neuropsychological deficits beyond control values. Sampling is of 
great concern with this study group, since the cohort of individuals tested is self-referred. 
With such a selection system, impaired individuals may not readily volunteer, biasing the 
sample towards less impaired persons. In a study as large as the MACS, spread nationally 
over a number of institutions, the logistics of gather ing and analyzing the data are enor
mously complicated. One fear is that without a central facility to standardize the adminis
tration and scoring of the neuropsychological tests, the resolution ofsuch tests in pickng 
out subtle cognitive deficits will be rather poor. 
In contrast to the MACS results, most studies today suggest that there Is some neuropsy
chological dysfunction early in the course of HIV infection. In a survey of the presentations 
given at the satellite conference In Monterey, Dr. Grant found that 12 of the 18 studies 
comparing asymptomatic seropositives with uninfected controls reported a difference in 
neuropsychological function between these groups. According to his own data, Dr. Grant 
found that 36% of HiV-Infected individuals in CDC Stage IV (diagnosed with some form of 
HIV disease) are neurologically impaired. By comparison, neurological Impairment was 
found in 25% of CDC Stage Il/Ill individuals (asymptomatic or diagnosed with progressive 
generalized lymphadenopathy) and in 15% of HIV-negatlve controls. The primary areas of 
impairment were in learning, attention, recall of information, and problem solving. 
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NKUROPSYCHO.OGICAL TESTING & EVALUATION 

Dr. Agnes Kocsis k3t. Mary's Hospital and Medical School, London) also discussed some of 
the difficulties associated with neuropsychological testing of HIV-infected persons. Dr. 
Kocsis stressed that in her opinion, many of the neuropsychological tests used for the 
detection of mild cognitive dysfunction in HIV-infected persons are inadequate. These 
tests, originally designed to evaluate cognitive function in trauma and head injury
patients, may not be sensitive enough to detect the more subtle signs of neuropsychologi
cal dysfunction seen in the early stages of HIV illness. 

Dr. Kocsis also cautioned that the methods used to evaluate the neuropsychological data 
obtained from HIV-infected persons are fraught with problems. Which system of scoring is 
most appropriate in presenting the results of these tests? Table 8.2 outlines the abflity of 
three scoring methods in detecting varying degrees of focal or global neuropsychological 
deficits. Simply using the mean (average) can be misleading, since a single low or high 
score can wildly skew the results from the whole group. Percentage scores, used by many 
evaluators, are ultimately dependent on the thresholds used to define cognitive dysfunc
tion. Summary scores, such as the Z score, can magnify subtle differences between individ
uals and groups. Dr. Kocsis proposed that pooling the results ofall of these methods would 
give a better profile of neuropsychological function in the various groups. 
A number of studies rely on self-reporting to evaluate neuropsychological function in HIV
infected persons. In such studies the individual is asked to quantify the degree of cognitive 
impairment, ifany, that they feel they are experiencing as a result of HIV infection. As is any 
type of subjective evaluation, such analysis is fraught with interpretational problems. In a 
study of neuropbychological self-evaluation, Dr.Jonathan Canick (University of California 
School ofMedicine, San Francisco and Dr. Lydia Temoshok (Henry M. J'ackson Foundation, 
Walter Reed Army Medical Center, Washington, D.C.) fnund Lhat the degree ofcognitive dys
function described by an indiwdual was more a function of the levl ofpsychological distress 
experienced by the patient, than ofobjective neuropsychological dysfurnion. 

NEUROPSYCHOLoGICAL DYSFUNCTION & DISEASE STAGE 

In an effort to explain the cognitive decline seen in many HIV-infected individuals, some 
researchers and clinicians have proposed a direct correlation between immut., status anU 
neuropsychological performance. This relationship, if it exists, has previously been diffi
cult to document. The results of research conducted by Dr. Charles Hinkin and coworkers 
(University of California, Los Angeles. School of Medicine), however, support such an asso
ciation. In their study, cognitive function was measured in a group of HIV-positlve men 
with CD4 counts above 200/mm3, and the results were compared with those from a simi
lar group of men but with CD4 values below 200/mm3. The immunocompromised group 
(CD4 counts below 200) scored significantly worse in measures ofmemory, sequencing, 
psychomotor speed, and depression, suggesting a strong association between immune 
function and neuropsychological performance. 

Most studies today find some degree of cognitive impairment in asymptomatic seropositive 
individuals, although, as previously mentioned, the topic is still controversial. Dr. David 
Clifford and colleagues (Washington University School of Medicine, St. Louis) examined 
neuropsychological function in several groups of control and HIV-Infected individuals at 
various stages of disease. The tests were designed to evaluate various aspects of cogniti*.: 
function, including attention, memory, motor skills, and language. The most sensitive tests 
were. those measuring tasks with relatively long reaction times, such as memory scanning. 
Whereas no difference was seen in the cognitive performances of control individuals from 
either the general population or from seronegative high-risk groups, HIV-infected persons 
showed poorer overall performance. 
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Table 8.2. Generating A Profile of Neuropsychoiogical Impairment 
The methods used to analyze data collected from neuropsychological tests of asymptomatic HIV
infected individuals can result in quite different conclusions. As indicated in the table, each of the
three methods of statistical analysis-meaiQ (averages), percentage scores, and summary statisics
are of differing sensitivities in detecting varying degrees of global or focal neuropsychological
dysfunction. Consideration of all three scoring mcthods together may yield the best overall profile.
(Based on data presented by Dr. Agnes Kocsis, St. Mary's Hospital and Medical School, London.) 

Scoring method Global dysfunction Focal dysfunction 
Mild Severe Mild Severe


Means No 
 ? No ?
Percentage No Yes ? Yes
Summary Yes ?Yes Yes 

Other studies have prnvided similar results. Data presented by Dr. B. E. Levin and col
leagues (University of Miami School of Medicine, Florida) sugge!st that subtle cognitive
deficits can be found in some individuals early in the course of HiV infection. Dr. Dieter
Naber and coworkers (University of Munich) also found indications of early neurocogni
tive dysfunction in certain HIV-infected individuals. In a battery of neuropsychological
tests administered to HIV-infected persons in the early stages of di.fease (asymptomatic 
or with lymphadenopathy), 75% scored normally, 20% exhibited mild impairment, and 
5% were classified as extreme!y impaired. In subjects in later stages of disease, these 
scores were significantly worse. Only 60% of ARC/AIDS patients scored normally, with 
25% showing slight impairment and 15% showing severe impahment. In a study of HIV
infected homosexual men, Dr. Robert Bornstein and collaborators (Ohio State University.
Columbus) reported that 22.5% of the asymptomatic men had summary neuropsychologi
cal scores categorizing them as cognitively impaired. By comparison, 36.5% of ARC
patients, and 45.5% of AIDS patients were impaired, while none of the control individuals 
exhibited cognitive deficits. 
Although many studies point to a subtle cognitive decline in the early stages of HIV infec
tion. the cause of this decline is unknown. Early cognitive impairment may represent the 
first functional effects of viral CNS infection; alternatively, these declines may be more a
function of the psychological effects of coping with HIV disease. In a study reported by Dr. 
Pamela Krell (Veterans Administration Medical Center, San Francisco) and colleagues, mild 
levels of cognitive impairment were strongly associated with high levels of anxiety, depres
sion and emotional distress-reactions commonly experienced by individuals after first 
learning of their seropositivity. 

PROGRESSION OF NEUROPsYCHOLOGICAL DYSFUNCTION 

Once cognitive deficits are first manifested in HIV-infected individuals, what is the progres
sion of the decline In function? Dr. Kevin Robertson and colleagues (University of North 
Carolina School of Medicine, Chapel Hill) examined this question by looking at neuropsy
chological changes in HIV-infected persons over time. They found that early in the asymp
tomatic stage ofdisease, little or no decline was seen in tests of cognitive function. However,
at follow-up evaluations, by the symptomatic period of infection, most notably during
AIDS, neuropsychological dysfunc!ion rapidly progressed. Similar results were repolred by
Dr. Christina Marra and colleagues (University of Washington, Seattle); their prospective
study, restricted to Individit, .s in the earliest stages ofHIV disease, found no neurc.'ogical 
or neuropsychological deterioration in these Individuals over a 1-year p-riod. Dr. Robert 
Velin and collaborators (University of California, San Diego and VA Medical Center, San 
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Diego) found that a larger percentage of homosexual men with ARC/AIDS showed mild 
neuropsychological decline over a 1-year period than did homosexual men in the asymp
tomatic stage, or men with progressive generalized lymphadenopathy followed 1o1the same 
period. Assessment of change in neuropsychological function was based on evaluations at 
baseline, and seronegative controls were included in the study. 

DRUG UsE AND 0 .miR CONFOUNDING FACTORS 

Long-term drug users constitute one of the most difficult of the HIV-Infected subgroups to 
assess for cognitive dysfunction. A number of studies have suggested that these individu
als are especially susceptible to the damaging effects of HIV on the nervous system. 
However, HIV-infected drug users, many of whom come from deprived backgrounds, com
monly have little or no education, may have suffered brain damage due to extended drug 
use, and are likely to have scored poorly on tests of neurocognitve function even prior to 
their infection with HIV. 

In a study of HIV-infected drug users, Dr. Vincent Egan and collaborators (City Hospital, 
Edinburgh) suggest that the cognitive impairment seen In these individuals is more likely 
the result of their extended drug use rather than their HIV infection. Further, Dr. Egan 
reported that in these individuals--despite an average 6-year duration ofinfection-no evi
dence was seen of declining neuropsychological performance with progres lo of HIV dis
ease. In addition, this study indicated that the early onset ofADC was no more likely to 
occur in infected drug users than in populations of HIV-infected homo-:.xual men. 

Another potential confounding factor in evaluating the neuropsychological effects of HIV 
infection is past or current Infection with other neuirotropic agents. Such Infections may 
contribute to cognitive deficits, :endering analysis ofneuropsy'hological function difficult, 
If not impossible. To examine the possible confounding effects of other neurotropic Infec
tions on cognitive function in HIV-infected perso.is, Dr. Ola Selnes and colleagues (Johns 
Hopkins School o; Medicine, Baltimore) examined the effects of prior or current syphilitic 
Infections on the neuropsychological performance of asymptomatic HIV-infected persons. 
Their preliminary results suggest that syphilitic infection has little effect on cognitive func
tion In this population. 

AZT THERAP7 AND NEUROPSYCHOLOGICAL PERFORMANCE 

The antiviral drug azidothymidine (AZT. or zidovudine) has met with some success In pro
longing survival and improving quality of life. In addition, a body ofevidence now suggests 
that AZT improves neuropsychological function in certain HIV-infected persons. Dr. 
Frederick Schmitt (University of Kentucky School of Medicine, Lexington) presented data 
showing significant neurocognlve improvement in a group ofARC and AIDS patients fol
lowing treatment with AZT. These individuals shcwed advances In attention, memory, 
motor skills, and general mental speed. 

Data from the MACS show a similar trend for all HIV-infected groups. Dr. Justin McArthur 
(Johns Hopkins University, Baltimore) and colleagues reported that significantly fewer 
subjects showed a decline in neuropsychological performance when evaluated up to 6 
months after AZT treatment (although the overall number of HIV-infected individuals 
exhibiting cognitive decline in this study was low). An interesting presentation by Dr. 
Valerio Tozzi (Spallanzani Hospital, Rome) gave evidence of reversal of neurological dys
function in persons suffering from HIV encephalopathy after Institution ofAZT therapy. 

How does AZT mediate these improvements? The most obvious possibility is that by 
Improving general health, AZT improves neuropsychological performance; alternatively. 
AZT may exert these effects through direct action on the brain. Indeed, Dr. Giullo Costanzi 

http:perso.is
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(University of Milan) and colleagues reported that, in their study ofbrain autopsies in
AIDS-related deaths, patients treated with AZT had a lower frequency of lesions associated 
with muhinucleated giant cells (syncytia) than did untreated individuals. 
The mechanism of action ofAZ' on the brain, however, is open to speculation. The drug 
may modulate the level ofendogenous cytokines; some evidence indicates that individuals
with symptomatic HIV disease have elevated levels of the cytokine alpha-interferon. High
levels of this substance may lead to neuropsychological Impairment. Dr. Joseph Bigley
(Burr3ughs Wellcome Company. Research Triangle Park, North Carolina) and members of
the AZT Collaborative Working Group sampled sera from patients in the original double
blind AZT study. The administration ofAZTwas associated with a significant decrease in 
serum alpha-interferon titers. Although only correlative, these results suggest a link 
between cognitive function and alpha-interferon levels.
 
Some scientists believe that neuropsychological testing can be an important means of eval
uating the efficacy of new drugs being developed for treatment of the HIV-infected popula
tion. Dr. E. C. Cooper and colleagues (Food and Drug AdmP irstration, I:,ckville, Maryland)

pointed out that improvements in the management of opportunistic infections in HIV
infected persons has made it Increasingly difficult tojuadge the effectiveness of new anti-
HIV drug-,. New strategies to evaluate prospective therapies must therefore be developed.
Changes .'r neurocognitive function-which seem to occur early In the course ofHIV dis
ease and which seem capable of responding to pharmacologic intervention fas seen with 
AZI-may provide new and more sensitive measures ofdrug effmcacy. 

REHABILTATION OF THE COGNITIVELY IMPAIRED 

As has been shown for individuals who have suffered cognitive impairment due to
stroke or traumatic head injury, HIV-infected Individuals with neuropsychological dys
function can be retaught many cognitive skills. Dr. Lynne Rich (Florida Psychological
Association AIDS Network, Ft. Lauderdale) presented the results of some recent 
research suggesting that learning can improve brain function in HIV-infected individu
als, and that new synapses are created in the process. Strategies for coping with cogni
tive deficits are a major part of any rehabilitation program. As an example, HIV-nfected 
persons frequently complain of problems in performing "higher executive functions,"
such as remembering lists of objects. focusing on more than one thing at a time, and
remembering where Items are put away. In rehabilitative therapy, individuals are
taught to slow down and focus their attention on precisely what they are doing whiie 
they are performing an activity. Dr. Rich reports that when persons with AIDS engage in
behaviors they believe will bolster their health, the body appears to respond In a posi
tive way. Thus, participating in rehabilitation may have both physical and psychological 
benefits for HIV-infected Individuals. 

NEUROPEDIATICS 

NEUROLOGICAL/NEUROPSYCHOLOGICAL MANIFESTATImNS 

Chfidren infected with HIV (whether by perinatal transmission or transfusion) txhibit neu
rological abnormalities and neuropsychological dysfunction similar to those observed in
Infected adults. As in adults, CNS manifestations ofHIV disease In children can be static or
rapidly progressive, with encephalopathy being one of the most common HIV-assoclated
diseases. Dr. Rosemary Vazeux (Institut Pasteur, Paris), reported that HIV-assoclated 
encephalopathy in children Is manifested by loss of developmental milestones, deteriora
tion of motor functions, and microcephaly. Neuropathologies are similar to those seen in 
adults, and include calcification, vhite matter pallor, inflammation with numerous 
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macrophages and lymphocytes at the site(s) of inflammation, and multinucleated giant 
cells. HIV viral particles can be seen by electron microscopy, and HIV RNA and DNA -an be 
detected by PCR and in situ hybridization. 

In examining the brains of 7 HIV-infected children (born to seropositive mothers) who died 
with severe encephalopathy, Dr. Vazeux's group found productive HIV replication in the 
CNS of only 3 of the children. In tissues from these 3 cases, HIV antigens and HIV RNA (by 
In situ hybridization) were readily detectable, with macrophages and microglial cells being 
the only cells infected by HIV. In the other 4 children, little or no HIV replication was found 
associated with the encephalopathy. In addition, although HIV DNA was detectable by 
PCR, HIV antigens and HIV RNA were either undetectable or present in very small 
amounts. These observations demonstrate that encephalopathy in HIV-infected children is 
not always associated with HIV replication in the CNS at the time ofdeath. Dr.Vazeux sum
narized the following possibilities to explain these results: 

* 	The lesions seen in encephalopathic brains could be the result of previous, or 
latent, rather than productive HIV infection. 

* 	 Tissue damage seen in encephalopathy could be caused by soluble factors rather 
than as the direct result of HIV infection in the area of damage. 

* 	 Encephalopathy could result from other causes. In fact, brain lesions in 3 of the 4 
children who did not have evidence of productive HIV replication were associated 
with Ischemic necrosis, aspergillosia, and CMV encephalitis. 

Several research groups are examining the neurological and neuropsychological manifes
tations of HIV Infection in children with respect to the mode of viral trans.ission. 
Scientists want to know, for example, if HIV-infected children, who acquired the virus via 
transfusion, including hemophiliacs, exhibit the same types of neurological and neuropsy
chological dsorders as children with perinatally acquired HIV infection. Do differences 
exist with respect to the degreeof neurological involvement between the two populations? 
Furthermore, Is there a temporal difference between the two populations-that is, do neu
rological symptoms appear earlier in one population than the other? 
Among all of the subgroups of HIV-infected individuals, children exhibit the most severe 
cognitive difficulties as -4result of their infection. It is likely that exposure to HIV during 
the formative years ofbrain development has profound neurological and neuropsychologi
cal consequences. 

In a study of cognitive and motor development in infants (1-2 years of age) who acquired 
HIV from their infected mothers. Dr. Cynthia Chase and coworkers (Boston City Hospital) 
found significant differences when these children (with perinatally acquired HIV infection) 
were compared to children born to seronegative mothers, or compared to seronegative chil
dren born to seropositive mothers. Measures of mental development, psychomotor devel
opnint, memory, problem solving, and fine and gross motor skills were all significantly 
lower in the HIV-infected Infants. Indeed, cognitive deficits and gross and fine motor 
deficits appear to be prominent In HIV-associated encephalopathy in children aged 6 to 24 
months. Dr. Chase pointed out that-although the entire sample population (HIV-positive 
and HV-negative) were from an inner-city hospital and therefore at high risk for develop
mental delay (due to poverty, maternal drug use, poor nutrition, and other features of low 
socioeconomic status)-the static encephalopathy exhibilt by the HIV-positive group 
could not be accounted for by environmental variables. 

PREVALENCE OF PEDIAT.uC NEUROPSYCH',)LOGICAL DYSFUNCTION 

Findings reported by several studies suggest that approximately 50%of HV-infected chil
dren show neurodevelopmental delays. Dr. Uwa Kabagabo (Projet SIDA. Kinshasa, Zaire) 
and colleagues examined the neurodeveiopment of HIV-infected children in Kinshasa. 

http:PEDIAT.uC
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Motor development was found to be clearly impaired in well over half (56%) ofthe perinatally infected children by the time they were 2 years old. Similarly, tests of mental develop
ment found 40%of the HIV-infected children to be performing at least one standard deviation below the norm. Two relatively small U.S. studies gave evidence of rather significantdevelopmental delays among HIV-Infected children, compared to their seronegative counterparts. Dr. Anita Belman (State University of New York. Stony Brook) reported that of 13HIV-infected children (aged 13-39 months), 7 had HIV-related neurological disease; 6 ofwhom showed extremely low developmental scorej. Similarly, Dr. Joan HIttleman (StateUniversity of New York, Brooklyn) and colleagues found 8 of 16 HIV-infected children tohave some kind of developmental disability (when evaluated at 15 months). D. Hittleman'steam pointed out that the 50% prevalence was in sharp contrast to the 11% found in HIVnegative children born to seropositive mothers and the 9% found in the control group of 
seronegative children. 

HIV-INFEcTED CHILDREN WITH HEMOPHILmA 

Dr. Kenneth Whitt (University of North Carolina, Chapel Hill) reported his team's preliminary findings on the initial (baseline) neuropsychological assessments of HIV-positive
hemophiliac children and adolescents compared with their seronegative counterparts.(Although significant differences were found In CD4 cell counts and CD4: CD8 ratiosbetween the two groups, none of the seropositive children met the criteria for AIDS). Whilelower motor, attention, memory, and sensory perceptual functioning was observed for theHIV-infected group, no measure yielded a statistically significant difference between thetwo groups. Dr. Whitt indicated that continued assessment, at 6-month and 12-month
intervals, will provide an ideal opportunity to monitor the subsequent neurological and
neuropsychological manifestations of HIV infection in children with hemophilia. 

EFFECT OF ANTrIVAL THERAPY 

Cognitively impaired HIV-infected chiidren, as do their adult counterparts, appear torespond to antiviral therapy. A study conducted by Dr. Pamela Wolters and colleagues(National Cancer Institute, Bethesda, Maryland) examined the effects of the antiviral agentdideoxyinosine (ddl) on cognitive function in infants and children with symptomatic HIVinfection. In this study, children treated with ddl showed minimal decline In cognitive function after 3 and 6 months. Since progressive neuropsychological decline is a characteristic

of many HIV-infected children, this stabilization of cognitive function is likely to reflect a
 
therapeutic effect of ddl.
 

DEFICITS IN UNINFEC'ED CHILDREN OF SEROPOSITIVE WOMEN 
Work presented by Dr.Thomas Koch and colleagues (Umversity ofCalifornia, San Francisco)
suggests that even uninfected infants born to HIV-infected mothers experience deficits inmental development. Although no differences in neurological findings or psychomotor development were seen between uninfected conii-a! (born to seronegative mothers) and uninfected children born to HIV-positive mothers, a significant difference between these gro'ipswas noted in the mental development index during the first year of life. This suggests thatuninfec ted infants born to infected mothers may be at risk for a nonprogressive neurodevelopmental problem. Dr. Koch offered that even in the absence of vira! transmission, amother's seropositivity may be detrimental to the cognitive developin,.,l ofher fetus. 
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WORKPLACE
 
ISSUES
 

BACKGROUND 

Depending on the workplace setting and the types of work activities involved, the risks of
HIV transmission vary from real to illusory. Increasingly, as the epidemic lengthens, peopleare having to confront their own attitudes and fears about coworkers, clients, and patients
with HIV infection or AIDS. Worldwide, as medical science becomes moie facile in delaying
the progression ofadvanced HIV disease, more and more HIV-infected persons and persons
with AIDS will remain sufficiently healthy to ':ontinue work. Indeed, early diagnosis and prophylactic and therapeutic interventions hat c been shown to favorably affect patints' sur
vival time as well as quality of life (see Chapter 7: CuNIcaL MANAGEMENT for details.) 
Although the relative risk of exposure may vary for each workplace setting, the routes of
HIV transmission remain the same: direct (primarily Invasive) contact with HIV-infectedblood, body fluids, or other HIV-infected substances (such as those used in HIV laboratory
research); see "Specific Occupational Hazards," belo .r.Furthermore, not one case has beenreported in which HIV infection or AIDS resulted from casual contact with an HIV-lnfected 
person orAIDS patient in the workplace--.nor in any other setting. 
Because the age group most affected by the HIV epidemic constitutes the bulk of the work
force, the workplace, as the primary common denominator, is considered a potentially sig
nificant conduit for disseminating AIDS information. Workplace educational efforts are
widely accepted as a "neans of dispelling fears and replacing them with accurate informa
tion and effecting attitudinal changes. Although the business community as a whole was 
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initially slow in its response to the AIDS epidemic, more businesses are now providing 
HIV/AIDS education for their employees: Dissemination of accurate information on HIV 
transmission-particularly addressing concerns regarding casual contact with HIV
infected persons-can be cost-effectively integrated into the workplace setting to minimize 
HIV-related fear and discrimination. 

All employees, in all workplace settings, should be made aware of their organization's poli
cies regarding AIDS, as well as the availability of specific educational materials or pro
grams. Employer insurance benefits relating to occupational exposure to infectious dis
eases, including HIV infection, should be explicit. Workers should also be made aware of 
what to do in the event ofaccidental exposure. 

OCCUPATIONAL RISKS 

Occupational risk is not a new concern. Long before the AIDS era, occupational health and 
safety regulations were instituted-in some instances, legislated-in an effort to protect 
workers in various jobs from exposure to hazardous materials. In the health care and 
biomedical/blopharmaceutical research settings, infection control measures encompass 
pre autions regarding infectious materials and persons with infectious disease. The emer
gence of the HIV epidemic in the early 1980s has engendered a heightened awareness of 
and concern for appropriate precautions. 

Some occupations carry an inherent risk ofexposure to potentially inf ctious materials
blood or body fluids from HIV-infectcd patients as well as research reage ats containing HIV. 
Medicine, dentistry, biomedical research, allied health professions, eanergency response 
Jobs, and correctional facility officers bear varying degrees of occ,.pational risk for HIV 
transmission. Those o.cupations at the higher end of the risk-of-e-.posure scale include: 

" health ci 'e personnel (foi whom precautions against exposure to HIV need to be 
integrated with existing infection control procedures) 

" firefighters, police officers, ambulance and rescue workers, and other first
response personnel 

" personnel whose work involves use ofskin-piercing instruments (such as morti
cians, acupu'-cturists, cosmetologists, and tattooists) 

Certain Jobs are considered to have a relatively higher risk than others, based on the number 
and types ofexposures. Additionally, risk assessment must al.%c ake into account the relative 
prevalence of HIV in a given geographic area. Among hospital staff positions, operating room, 
delivery room, and emergency room personnel are considered to bear the highest risk rf 
transmission, due to the greater number of exposures and the greater volume of blood and/or 
other body fluids per exposure. Nursing and clinical laboratory research often entail daily 
exposure to potentially infectious blood and body fluids from patient specimen samples. 
Workers involved in pre-hospital emergency situations are not only exposed to large amounts 
ofblood, but may be subject to injury themselves during this contact, further increasing their 
risk of exposure. Any industry or workplace setting in which workers come in contact with 
blood and/or other body fluids of HIV-infected persons carries some degree of risk. 

Simcmnc OccupA oNAL HAZARDS 

Numerous ongoing studies are attempting to quantify the risks involved in .peciftc occupa
tional activities. Each exposure to HIV-contaminated blood or other body flu.d or HIV-con
taminated research reagents carries with it a small but not insignificant probability of 
infection. Although the risk ofexposure to HIV-infected substances may be relatively high, 
the risk of infection, as demonstrated by seroepidemiological studies, is relatively low: 
Relatively few cases of HIV seroconversion have been documented as a direct consequence 



267 CHAPTER 9: WORKPLACE ISSUES 

of occupational exposure. (Seroconversion is the point at which a person's antibody status 
changes from seronegative-no detectable antibodies to HIV in the blood-to seropositive.)
No cases ofseroconversion attributable to occupational exposure have occurred in settings
other than those involving health care. Potential routes of occupational HIV transmission 
under investigation include: 

" needlestick or cut by other sharp instrument; these exposures are generally
classified as parenteral or percutaneous

• splashes of fluid onto mucous membranes (for example eyes, mouth)

* 
skin contact (blood or body fluids coming in contact with non-intact skin) 

Ongoing prospective studies of health care workers, in which persons reporting accidental 
exposure to potentially infectious substances are followed, seek to determine which types
of exposures carry what level of risk. Although needlesticks and other percutaneous expo
sures are currently associated with the greatest number of documen'ed cases ofoccupa
tionally acquired HIV infection, exposures involving skin or mucous membrane contact are 
not negligible and have also resulted in HIV infection. The wor!..wide incidence of occupa
tionally acquired HIV infection is discussed in "Epidemiological Studies." below; what fol
lows here is a discussion of the occupational risks associated with different hospital set
tings and the need for health care workers to self report accidental exposures. 
Operating Room. Dr. Douglas Owens (Stanford University Medical Center, California) and 
colleagues presented data relating the risk ofexposure to HIV with the risk of exposure to 
hepatitis B virus, per operation on an infected patient. (Hepetitis B virus, or HBV, infection 
has traditionally been considered a serious occupational hazard for surgeons.) The risk of 
exposure to both infectious agents was quantified in terms of loss of life-expectancy based 
on data from a cohort of hemophiliacs and homosexual men (for HIV and from survival 
data (for HBV). For unvaccinated (HBV-susceptible) surgeons, the performance of surgery 
on an HIV-positive patient is associated with a loss of life-expectancy of 0.70 days, com
pared to a loss of life-expectancy of 0.12 days for surgery on an HBV-positive patient. This 
calculation took into account the higher probability of seroconversion after an HBV-con
taminated needlestick injury (I in 10) than after an HIV-contamlnated needlestick ',lury (1
in 250). Cuality-adjusted loss of life-expectancy also differed: 0.90 days for surgery on an 
HIV-positive patient and 0.55 days for surgery on an HBV-positive patient. For a vacci
nated (HBV-Immune) surgeon, the risk related to surgery on an HIV-positive patient is at 
least 10-fold greater than surgery on an HBV-posltive patient. 
Emergency Room. Emergency care providers are frequently at the forefront of occupa
tional exposure to HIV. Unlike surgical personnel, who are more likely to know the 
serostatus of the surgical candidate, emergency room workers typically have no knowl
edge of the patients they encounter. In addition, particularly in large inner-city hospi
tals, a significant percentage of emergency room patlents are at a hign risk of cariying
the virus. In a study examining blood contact among emergency health care providers,
Dr. Ruthanne Marc- s and coworkers (Centers fer D!sease Control, Atlanta) reported
that emergency room patient seroprevalence at InneL -city hospitals ranged between 
4.2% and 8.9%. In comparison, seroprevalence rate3 at suburban hospitals ranged
between 0.4% and 6.4%. Blood contacts were observed in 388 (4%) of the 9,385 emer
gency procedures examined. 
Delivery Room. Dr. Adelisa Panlillo (Centers for Disease Control, Atlanta) and colleagues
examined the frequency ofblood and body fluid contact during obstetrical procedures in an 
urban hospital. Although emergeiicy room and aurgical personnel are generally considered 
the groups most at risk ofaccidt ta exposure, other health care providers are frequently
in high-risk situations, and many of them are less cognizant of the need to adhere to pre
cautions associated with minimizing blood and other fluid contact at all times. Delivery 
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room personnel represent one such population. In their study of 202 vaginal and 28 
cesarean deliveries. Dr. Panlilio's group reported observing 118 inadvertent contacts with 
blood or amniotic fluid (the fluid that surrounds the fetus). Of these. 112 were classified as 
skin contacts, 2 as mucous membrane contacts (eyes), and 4 as needlesticks. At least one 
blood contact was observed In 30% of the vaginal deliveries and in 43% of the cesarean 
deliveries. Surprisingly, blood or amniotic fluid contact was seen to occur in 9 (43%) of the 
21 deliveries in which the mother was known to be either HIV seropositive, a carrier of the 
hepatitis B virus (HBV), or an intravenous drug user. 

Self-Reporting of Accidental Ezposures. In an attempt to improve the support and 
treatment of health care employees accidentally exposed to HIV, several institutions have 
established self-reporting systems. Dr. Julie Gerberding (San Francisco General 
Hospital) repor.ed on the first of these programs, a "needlestick hotline" instituted in 
19t09 at San Francisco General Hospital. Since the hotline was begun, self-reporting of 
potentially infectious exposures to HIV or hepatitis B virus have increased 184%. In the 
10-month period of study, 250 occupational exposures were self-reported; in the same 
period fnr the previous year, 136 had been reported. The hotline, which operates 24 
hours a day, 7 days a week, offers immediate counselling and advice provided by a physi
cian or nurse practitioner. The employee is immediately offered prophylactic AZT therapy 
(see "Post-Exposure AZT Prophylaxis," below), consultation with a licei'sed counsellor, 
and testing for HIV infection. All information is kept confidential. Data suggests that 
prior to the hotine, less than 30% of accidental exposures to HIV wei e reported. The rea
sons for such a low value include: lack of incentive, inconvenience, no expectation of 
benefit (such as access to AZT) and fear of lack of confidentiality. In dealing with some of 
thes- employee concerns, the hotline and Institutional employee post-exposure care 
appears to have markedly improved the reporting rate. 

UNIVERSAL PRECAUTONS 

Prevention of exposure to HIV through infection control practices, such as barrier clothing, 
has been outlined for health care workers in a set of guidelines referred to as "Universal 
Blood and Body Substance Precautions" by the U.S. Centers for Disease Control; see 
Appendix D: UNIVERSAL PRECAUnONS. These recommendations emphasize that all patients 
shoul, be treated as potentially infectious regardless of lack of knowledge of their HIV 
serostatus. Such a practice would greatly limit the possibility of HIV acquisition via expo
sure to the blood or body fluids of an individual with undetected or undocumented ir " 
infection. Under these guidelines, all blood, blood products, and body fluids are to be I Al. 
dled as potentially infectious materials. 

The guidelines Include specific precautionary measures for emergency personnel, dentistA, 
morticians, dialysis personnel, and all persons in clinical or research laboratories. Sterilization 
and disinfection of equipment and areas, cleaning and decontaminating spills, laundry and 
housekeeping, and waste management are also addressed in the CDC guidelines. 

Preventing Exposures. The most serious risk to the health care worker lies in percuta
neous exposure-that Is, skin penetrating, primarily needlestick. injuries. Although rea
sonably effective in limiting the risk of skin and mucous membrane exposures, universal 
precautions cannot prevent the inadvertent stick with a potentially infectious needle. One 
possible way to reduce fhe risk of accidental needlestick is to develop safer needles. Needle
less alternatives also reduce injuries; eliminating the use of needles in medical devices is a 
practical and achievable goal. For example, stopcocks and luer locks are already In use to 
replace hypodermic needles as connectors for Intravenous lines. 

Dr. Janine Jagger (University of Virginia, Charlottesville) discussed some of the pros and 
cons of safer needle devices. The basic requirement of safer needle devices is that they 

http:repor.ed
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Table 9.1. Compliance with Universal Precautions 
Nurses of all serices completed questionnaires regarding procedures performed, the number of times gloves 
were worn, and, when not wearing gloves, the number of times blood contact occurred. Responses were obtained 
from 265 nurses before implementation of universal precautions (and in-service education, accompanied by pre
sentation of the first study's results) and were compared with responses obtained from 541 nurses after imple
mentation. Overall, blood contacts have decreased significantly despite only partial compliance with universal 
precautions. The frequency of needlestick injuries did not change: A total of 6 injuries were reported on the day of 
survey, before and after ir;Iementation, yielding a frcquency of 1.06% peir nurse per day and 1.10%per nurse per 
day, respectively. (Based'on a presentation by Patrick Francioll and colleagues, Centre Hospitaller Universitaire 
Vaudois, Lausanne, Switzerland.) 

Before Implementation After Implementation 

Blood Contact per Blood Contact per
Procedure Procedure (%) Procedure (%) %No Gloves 

Venous puncture 57/824 (7) 46/797 (6) 82 
Blood drawn by IVcatheter 35/193 (18) 10/184 (5) 58 
Capillary puncture 111/190 (58) 67/212 (32) 70 
Hemoculture 8/33 (24) 2/68 (3) 43 
IVline insertion 51/157 (33) 43/256 (17) 76 
Arterial compression 7/44 (16) 1/92 (1) 51 
Dressing change 29/186 (16) 11/208 (5) 83 
Resuscitation 4/13 (31) 4/10 00) 67 

rigidly cover the needle after use. Some designs feature a separate accessory, rather than
 
one integrated Into the needle/syringe, in an attempt to improve safety, but these are not
 
likely to reduce Injuries. Dr. Jagger pointed out. Several designs are currently on the mar
ket or soon will be, Including syringes with sliding sleeves, telescoping covers, and 
i etractable needles. Cost-effectiveness, however, is not an unimportant consideration. 
Some new safety needles sell for 2 to 4 times the cost of their conventional, hazardous 
counterparts, which makes them prohibitive. Perhaps a full 85-90% of all needlestick 
injuries could be prevented with the use ofsafer needle designs. Dr.Jagger also pointed out 
that although several manufacturers have developed or ate developing protective needle 
devices, the majority of manufacturers have not developed safer technology. Aggressive 
regulation, legislation, and litigation may be the only means by which to force manufactur
ers to develop safer devices. 
Compliangce. As a set ofvoluntary guidelines, universal precautions are only effective to 
the degree to which they are fohowed. The inconsistent adoption of universal precautions
by health care personnel remains a significant problem: Health care staff have been noted 
to follow universal precautions consistently only when caring for a patient diagnosed ai, 
having AIDS. Rather surprisingly, however, when handling patients who belong to high
risk groups (ofunknown serostatus) or those known to be seropositive (but asymptomatic 
or pre-AIDS), health care workers do not consistently adhere to universal precautions. 
In a study examining the rate of compliance, Dr. Patrick Francloll and colleagues (Centre 
Hospitaller Universitalre Vaudois, Lausanne, Switzerland) looked at a group ofnurses before 
and I year after the Implementaion of universal precautions. Although the noncompliance 
rate for gloving precautions was surprisingly high (for example, 76% of those starting an 
intravenous line did not wear gloves), the results pointed to a significant reduction In the fre
quency of blood contacts per procedure; see Table 9.1. These results suggest that partial
compliance, along with a heightened awareness of the dangers associated with handling 
blood and blood products, resulted In a significant decline in the occupational contact with 
potentially Infective blood; however, no reduction ofneedlestick exposures occurred. 
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I., a similar study examining compliance among emergency department personnel, Dr. 
Scott Campbell (St. Paul-Ramsey Medical Center, St. Paul, Minnesota) and coworkers 
found significant, but less dramatic, noncompliance with universal precautions at a uni
versity-affiliated Level One trauma center. Based on observations of 270 hours (1,018 
patient-health care worker interactions), it was found that when appropriate, gloves 
were worn in 80% of the interactions; goggles, in 19%;-gowns, in 12%; and masks in only 
2%. Gloves were worn for only 55% of all IV line placements, and in only 44% of all phle
botomy (blood taking) procedures. Needles were discarded as recommended by the pre
cautions 43% of the time, and recapping was observed 53% of the time. Comparison of 
direct observation with self-reported compliance with universal precautions revealed 
that self-reporting considerably overestimates compliance with certain recommenda
tions. For example, self-reported rates for masking, goggling, and handwashing were sig
nificantly higher than those observed. When questioned, the principal reasons given for 
noncompliance with the precautions were: 

" "insufficient time" (by 68% of respondents) 
" "reduced dexterity" (by 61%) 
" "patients appear to be at lower risk for HIV/hepatitis B" (by 48%) 

EPIDMIOLoGICAL STuDIES 

Worldwide epidemiological studies indicate that the risk of acquiring HIV infection in the 
workplace is limited to those activities involving exposures to 

" blood and body fluids from HIV-infected persons 
" blood and body fluids from HIV-infected laboratory animals 
" HIV-infected laboratory materials (such as research reagents containing HIV) 

Information and statistics on occupationally acquired HIV infection among health care 
workers comes from surveillance data (on workers with AIDS or HIV Infection reportedly 
resulting from occupational exposure) and risk assessment data (from prospective stud
les of exposed health care workers and HIV seroprevalence surveys). Crude risk esti
mates are made from patient seroprevalence studies, combined with frequency of blood 
contact by the health care worker and by risk of infection per exposure. The Centers for 
Disease Control (Atlanta) has estimated the risk of seroconversion (that Is, of HIV trans
mission) following an occupational exposure to HIV-infected blood or other body fluid to 
be in the range of 0.1% (1 in 1,000 exposures) to 0.4% (1 in 250 exposures). 

According to CDC (Atlanta), as ofConference time, 34 cases of occupationally acquired HIV 
infection were reported among health care workers in the United States and 54 worldwide. 
(Currently under investigation are an additional 23 cases in the United States and 4 in 
Europe.) No case of AIDS or HIV Infection has been reported as resulting from casual con
tact with an HIV-infected paticnt or patient with AIDS, and no case ofHIV infection or AIDS 
due to occupational exposure has been repr.-ted in settings other than the health care 
industr,. Although the frequency of inadvertent exposure to blood or body fluids from HIV
infected persons Is alarmingly high in the health care setting, the number of seroconver
sions resulting from such exposure is relatively low. 

Seroconveralon Data. A number of ongoing seroepidemiotoglcal studies have been follow
ing health care workers accidentally exposed to potentially infectious sources. (Exposure to 
potentiallyinfectious blood or body fluids only means that the patient was known to be 
HIV-infected, not that HIV was known to be transmitted.) The major focus of these sero
epidemiological studies is to determine the probability ofseroconversion after occupational 
exposure to the virus. Most of the studies that examine occupationally exposed health care 
workers follow these individuals for periods up to a year after accidental exposure to HIV. 
Blocd samples are usually taken daily for the first 15 days after exposure, then at 3, 6, 12, 
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Figure 9.1. Europoan Cases of Occupational HIV Infection 
Reports from 18 countries in Euiope reveal a total of 18 cases of occupationally acquired HIV infection. 
(Editors' note: Only 17 cases were specified by country.) In 7 cases, seroconversion has been documented 
following the exposure. Inthe remaining cases, the health care workors were seropositive on inclusion in the 
study. (Based on a presentation by Dr. Giuseppe Ippolito, Lazzaro Spallanzani Hospital, Rome.) 

IRELANUNT 

time of seroconversion LEGEND time of seroconversion 
documented 5undocumentad 

and 18 months. Such a follow-up ("window') period Is used based on other modes ofEHlV 
transmission (by blood transfusion or sexual contact, for example), in which the period
between exposure and the development of .Jetectable antibodies to HIV (seroconversion) is 
about 2 to 4 months-although longer periods have been reported. However, some debate 
whether occupational exposure to the virus results in a longer time between exposure and 
seroconversion. To examne this possibility, Dr. Cary Littell and colleagues (University of 
California San Francisco and San Francisco General Hospital) studied health care workers 
occupationally exposed to HIV for periods of up to 3 years, looking for delayed seroconver
slons (as identified by positive p24 tests, ELISA/Western blot, virus culture, or polymerase 
chain reaction, or PCR, tests). In their study population, 3 possible delayed seroconver
sions (out of 237 workers followed for 1 to 2 years) were identfied: no delayed seroconver
slon was observed in 62 workers followed for 3 or more years. These 3 cases were PCR-posl
rive and are awaiting repeat PCR: other tests for virus, however, have been negative: p24, 
ELISA/Western blot, and virus culture. David Bell (CDC, Atlanta) concluded that based on 
these findings and those from other studies involving several hundred health care workers 
(in which no delayed seroconversions have been documented after up to 2 years follow-up), 
it appears that seroconversion beyond 6 months In health care workers occupationally 
exposed is uncommon. 
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In a Needlestick Surveillance Group study reported by Dr. Jerome Tokars (CDC, Atlanta) 
and coworkers, which has been following 1,351 health care workers exposed from 1983 
through April 1990, a total of 4 individuals have seroconverted. The 4 individuals were 
exposed percutaneously, via a needlestick or other puncture wound. The overall infection 
rate among all exposed health care workers (including skin and mucous membrane expo
sures) was 0.3 per 100 workers. In essence, this means that 1 in approximately every 300 
health care providers exposed to HIV actually became infected. 

A similar study of 1,300 health care workers followed since 1933, conducted by the 
National Institutes ofHealth (Bethesda, Maryland) and reported by Dr. Susan Beekmann 
and colleagues, found only a single seroconversion among a group of 525 health care work
ers inadvertently exposed to HIV. This individual was 1 of 179 parenterally exposed to the 
virus. As was noted in the previously cited study, no mucous membrane exposures (of346 
total) resulted in HIV infection. Dr. Beekmann's group is now using polymerase chain reac
tion (PCR, a highly sensitive means of detecting HIV DNA) to check for false negatives in 
this exposed population (see Chapter 4: DIAGNOSnC TEsTS FOR HIV). 

The results of a large collaborative European study on HIV infection in health care workers 
was reported by Dr. Giuseppe Ippolito (Lazzaro Spallanzani Hospital, Rome). From 1984 to 
1990 in Europe, 18 documenteco cases ofoccupational HIV infection have been reported. In 
7 of these cases, seroconversion was seen soon after HIV exposure. In the remaining cases, 
the patients were seropositive at the time of inclusion in the study and had a history of 
occupational exposure. Of the 18 cases, 10 (55%) were nurses; 4 (22%), surgeons and; 2 
(11%), physicians. To estimate the risk of seroconversion among occupationally exposed 
health care employees, Dr. Ippolito pooled the data from 13 longitudinal studies conducted 
In 9 European countries; see Figure 9. 1. Of 2,781 health care workers who had been fol
lowed for a mean time longer than 9 months, 4 (0.14%) have seroconverted. In Italy, where 
the most data has been collected on European health care providers, 2 seroconversions 
were seen among 1,154 Individuals, for a seroconversion rate (0.17%) very close to that 
observed for all of Europe. 

Esperanca Santos Abreu (Emilio Ribas Hospital, Sdo Paulo, Brazil) and colleagues reported 
on 84 health care workers (from a single hospital in Brazil) who self-reported parenteral or 
mucous membrane exposure to infected blood or body fluids between August 1985 and 
January 1990. Of those f-'llowed for at least 3 months, none were found to be infected. 
Although a total of 217 health care workers were identified as having had inadvertent expo
sures, 108 had less than 3 months of follow-up (most subjects were lost to follow-up), and 
25 refused to participate in the study. There were 298 total reported incidents of exposure, 
some health care workers had multiple exposures: 

* 134 needlestick or other puncture wound 
* 73 mucous membrane or non-intact skin exposed to blood 
* 91 mucous membrane or non-intact skin exposed to other body fluid 

Together, these data suggest that the chances of seroconversion after occupational expo
sure to HIV is relatively low, ranging from 1 in 300 to I in 600. Nonetheless, the risk of 
transmission is far from negligible, and all health care employees must be trained In risk 
reduction and appropriate precautions must be taken In order to minimize their contact 
with potentially infective blood and blood products. 

Behavioral or Occupational Exposure? One of the difficulties in determining the actual risks 
of occupational exposure is that any occupationally exposed individual may also have engaged 
in high riskbehaviors, which must be taken into account As David Bell (CDC, Atlanta) pointed 
out, of all health care workers with AIDS in the U.S., 94% of them have non-occupational risk 
factors; in only 3 cases has development ofAIDS following exposure to HIV-infected blood been 
documented. Dr. Mary Chamberland (CDC, Atlanta) and colleagues looked at a group ofblood 
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donors who had proved seropositive to determine the rate of occupoai'onal RIV acquisition. Of 
the 513 (outof 849) thus far interviewed, 22 were identified as health care workers. Ten of the 
22 acknowledged HIV risk behaviors, leaving 12 individuals with possible occupational trans
mission. Follow-up studies are underway to establish whether infection was behaviorally or 
occupationally acquired in these 12 health care workers. 

POST-EXPOSURE AZT PROPHYLAXIS 

Recent work using animal models suggests that treatment with the antiviral agent AZT 
soon after HIV exposure (24-48 hours) can prevent HIV infection at least some of the time 
(as demonstrated by lack of subsequent seroconversion). On the basis of these results, a 
number of health care facilities have instituted AZT prophylaxis for employees acciden
tally exposed to HIV. 

Dr. Stanley Bauer (Beth Israel Medical Center, New York) and colleagues reported on the 
development of such a protocol. A 72-hour supply of AZT is kept on hand at high-risk 
locations in the hospital, such as the emergency room, operating room, and nursing sta
tions. All health care workers are counselled on the use of AZT and instructed to take 
400 mg immediately after parenteral exposure to blood or body fluids and 200 mg every 
4 hours for the next 72 hours. Within this 72-hour time frame, assessment of the magni
tude of exposure and risk is based on laboratory tests and patient diagnosis. Based on 
the findings, the employee is counselled as to whether to continue prophylaxis for the 
next 6 weeks. While on AZI the health care worker Is monitored for possible toxic effects 
and followed closely for the next year. 

Although it is too soon to determine whether AZT is effective when given prophylactically, 
ongoing studies are acicumulating valuable data on the frequency of use ofAZT after occu
pational exposure, -aidthe toxicity associated with such use. Dr. Jerome Tokars and col
leagues (Centers for Disease Control, Atlanta) reported on their study examining post
exposure AZT use in health care workers enrolled in a CDC surveillance project. Between 
October 1988 and April 1990, 348 exposed health care workers were enrolled and, of these, 
41 (12%) received AZT soon aft e HIV exposure. If broken down quarterly, the data show 
that by the latest quarter examined (Jan-Mar 1990), more than 29%ofall exposed health 
care workers were receiving AZT. Of the individuals receiving AZT who were followed up for 
at least 6 weeks, over half (58%) exhibited reversible, short-term toxic effects. No serocon
versions have been identified among 14 health care workers taking AZT and followed for at 
least 6 months. 

Several studies confirm the increasing prophylactic use of AZT among occupationally 
exposed health care workers. As reported by Dr. Julie Gerberding (University of California 
San Francisco and San Francisco General Hospital), 45 individuals reported parenteral 
exposure to HIV at San Francisco General Hospital In a 10-month period between mid
1989 and early 1990. More than half (23) of these persons elected to take AZT prophylaxis 
(1,000 mg/day for 4 weeks): no severe toxicities were reported. Similarly, Dr. Susan 
Beekmann and coworkers (National Institutes of Health, Bethesda) reported that In their 
study of23 health care workers inadvertently exposed to HIV since April 1988, 17 opted for 
the prophylactic ube ofAZT. Of these 17 individuals, 4 failed to complete the recommended 
42-day treatment regime due to AZ]"intolerance. 

Similar studies are currently In progress in Europe. Dr. Vincenzo Puro (Lazzaro Spallanzani 
Hospital, Rome) and colleagues reported results of a study conducted by the Italian Study 
Group on Occupational Risk of HIV Exposure. To date, 48 of 1,154 occupationally exposed 
health care workers have been enrolled in a study on the prophylactic use ofAZT; 2 have 
stopped therapy due to adverse effects. After a mean follow-up period of 7 months, none of 
these individuals have seroconverted. Examination of toxicity data, however, revealed a 
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dose-related toxicity associated with AZT use: 15 of36 of health care workers on a daily dose 
of 1000-1250 mgAZ' showed adverse effects. Overall. 33% of those receiving post-exposure
AZr at dosages ranging from 500-1250 mg per day showed adverse effects. 
Dr. Giuseppe Ippolito (Lazzaro Spallanzani Hospital, Rome) related that two cases offailure 
ofAZT prophylaxis in health care workers had been recently reported, one occurring in the 
Netherlands after an inadvertent inoculation with a high concentration of virus. Dr. 
Ippolito offered thatAZr failure may be due to an inadequate dose or to reduced virus sen
sitivity to AZT. Continued evaluation of post-exposure use ofAZT is needed to demonstrate 
the efficacy of prescribed prophylactic regimens and assess the relative t..dcities in cases 
of inadvertent exposures. 

RISK TO PATIENTS 

Evidence for the transmission of HIV from Infected health care workers to patients has,
until this year. been lacking. In August 1990. the Centers for Disease Control (Atlanta)
announced that HIV transmission from a dentist with AIDS (who has since died) to his 
patient during a tooth extraction may have occurred. The CDC's ap iouncement was based 
on DNA analysis of the HIV strains isolated from serum samples of the dentist and his 
patient: the similarity between the two strains was close enough to suggest transmission. 
(Sexual transmission was ruled out.) Neither the dentist nor the patient recalled visible 
blood contact during the operation. Some researchers, however, opine that at this point in 
the investigation, transmicsion cannot be unequivocally demonstrated. Two other patients
of this dentist have been found to be HIV-infected: the CDC reported that neither of these 
patients belongs to a high-risk category and, according to preliminary analysis, the HIV 
strains isolated from the dentist and from these patients are relatively close. An investiga
tion is being conducted regarding the route of transmission; evidence of insufficient steril
ization of the dentist's instruments is being examined. The American Dental Association 
has recently issued a policy recc .nending that HIV-infected dentists disclose their HIV 
status to patients or stop performing oral surgery or other invasIve procedures. 
Previous studies following patients of known HIV-Infected physicians (surgeons) in the 
United States and United Kingdom have failed to demonstrate health care worker-to
patient transmission. At the Conference, Dr. Ban Mishu (CDC, Atlanta) and colleagues
reported that no patients who were operated on by a surgeon diagnosed with AIDS in 1988 
were found to be HIV-positive (except one padJent who was a member of a high-risk group). 
Dr. Mishu's team identified 2,160 patients on whom the surgeon had operated in the '7 
years prior to his diagnosis; 264 had already died ofcauses unrelated to HIV. The names of 
the rerralnl;ig patients were compared with the AIDS registry and no matches were found. 
Of the 1,896 living patients, 1,652 were traced, contacted, and offered free HIV antibody
testing; 616 (37%)have accepted testing and none have been found to be infected. 
Although a singular finding, the aforementioned case of H.V transmission from the infected 
dentist to his patient has raised the public's concern for the safety of patients of HIV
infected health care workers-notably, doctors and dentists. The case has brought to the 
public's consciousness the ethkalnuestion of whether doctors -addentists have a duty to 
inform their patients of their seropositivity. (rhe dentist, who was diagnosed with AIDS 3 
months before the tooth extractnri procedure, did not inform his patient that he was 
infected.) See "Ethical &Legal Considerations," below. 

ATTITUDES, BELIEFS, & PRACTICES 

Surveys among health care personnel reveal that health care practices and clinical deci
sion making are strongly influenced by attitudes and beliefs or perceptions. Nancy Kass 
(George Washington University, Washington, D.C.) reported that denial of health care to 
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homosexual men because ofseropositItty or diagnosis ofAIDS is not an insigaificant prob
lem. Furthermore, although to a lesser extent, seronegative homosexual men are also 
denied medical care. Based on data collected from the Baltimote and Los Angeles MACS (a
prospective, multicenter study ofhomosexual men), more homosexual men with AIDS were 
refused treatment than seropositive homosexuals. 

Basis for 
Refusal to Treat Profession HIV-aegative HIV-positive AIDS 

(Number=852) (Number--585) (Number=96) 
Homosexwutity Doctor 2% 4% 3% 
Homosexuality Dentist 1% 3% 4% 
HIV selopositivity Doctor 1% 3% 5% 
HIV seropc3itivity Dentist 1% 4% 16% 
HIV seropositivity Doctor orflentist 1% 5% 18% 

Survey results from other Conference presentations agree with those of Ms. Kass's find
ings: a disturbing number of physicians and health care professionals were found to hold 
negative attitudes toward members of the malor HIV-risk groups. Other surveys, including
those of medical and dental students and nurses, demonstrate v',,.1e variances in attitudes 
and beliefs-and consequently, care practices. Some are very willing to treat HIV-positive 
persons: some report a desire for more knowledge to be more effective, confident care 
givers; and some acknowledge fear of HIV transmission from patient contact. 

PHYSICIANS 

As the HIV epidemic lengthens, more and more doctors will be seeing HIV-infected 
patients. This means that more and more doctors are now facing the question of whether 
they want to or intend to treat patients infected with HIV or patients with AIDS. Not sur
prisingly, .s a group, physicians hold a wide range of attitudes and beliefs concerning
HIV zz, 'UIDS, which directly influence how they deal with (or intend to deal with) HIV
infected patients. (See "E',,ical & Legal Issues," below, for a discussion of physicians' 
obligation to treat.) 

Several Conference reports noted that the perceivedrisk of occupational transmission Is 
much higher than is currently accepted as accurate-based (.n worldwide data, the CDC 
estimation o; risk of HIV transmission following an occupational exposure Is 0.1 (1 in 
1,000) to 0.4% (1 in 250). Denise Nadeau and colleagues at Centre Hopitalier de 
l'Universite Laval (Quebec), for example found that among physicians surveyed in the 
Province of Quebec, 12.3%of respondents (100 of815) perceived the -lsk of HIV infection to 
be very high in their medical practices: In i- t, the risk was overestimated by 10-fold over 
the CDC's 0.4% estimate. Comparable survey results from other reports Indicating pocrly
informed physicians (on the issues of risk oftransmission due to occupational exposure)
and/or distrust of AIDS information underscore the need to explore strategies to better 
educate and change attitudes-and practices-among doctors. 
Another survey of 200 house staff and staff physicians In the departments of medicine. 
pediatrics, and surgery revealed similar findings-that many physicians have misconcep
tions concerning the occupational risk associated with HIV. In a study of physician beliefs, 
Dr. R. F. Nease, Jr. (Decision Focus Inc.. Los Altos, California) and colleagues found that 
24% of those surveyed believed the risk of seroconvcrsion following needlestick to be 10 
times greater than the actual value. la addition, although certainly a factor, it was found 
that the physicians' perception of risk was not based solely on the chance of seroconver
sion. A significant factor in their assessment of risk was the moridity and mortality asso. 
elated with HIV Infection. 
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In an effort to identify differences between physicians who treat AIDS patients and those 
who do not, Dr. Molly Cooke and colleagues (University of California, San Francisco) sur
veyed 1,045 medical residents throughout the United States. By pinpointing these differ
ences, Dr. Cooke's team hoped to uncover ways of increasing the willingness of doctors to 
deliver care to HIV-infected patients. The study found that given a specified (hypothetical) 
seroconversion risk of I in 100 for physicians, 64% of the survey group would not provide 
life-saving care to a person with AIDS. Even If the risk were 1 in 100,000, 5% of those sur
veyed would withhold treatment. 

In addition, 64% of the residents indicated that they would fashion their future medical 
practices to accommodate the care of HIV-infccted patients, but only 17% had .ummary 
scores indicative of a strong intent to provide care to HIV-infected patients in the future. 
One of the primary factors contributing to a physician's unwillingness to treat HIV
infected individuals was found to be prejudicial attitudes toward homosexuals and/or 
intravenous drug users. Conversely, those physicians expressing a willingness to treat 
individuals with AIDS were found to possess a strong sense of professional responsibil-
Ity toward the HIV-infected community. Pointing out that fear of contagion was not the 
factor that distinguished re3idents who intenu to treat and those who do not, Dr. Cook. 
presented three factors that, in this study, accounted for more than half of the variance 
between the two groups of residents; 

Residents who intended to care for HIV-Infected patients 
* are less negative in their attitudes toward members of the predominant risk groups 
* are more comfortable with the demands ofAIDS medicine 
* have a stronger sense of professional responsibility 

These factors, Dr. Cooke said, are modifiable and therefore should be addressed at this 
point so that problems of access to care for HIV-infected people will not be compounded 
in the future. 

Intimately tied Into a physician's attitudes and beliefs is the manner In which they deal 
with thc!h-patients. Since HIV can be classified as a sexua!'y transmitted disease (STD), one 
of the importaat asPects of health care promotion is the complete and accurate documen
tation of a patient's sexual history. However, r.iany physicians, as a result of their attitudes 
and beliefs, find it difficult to obtain a sexual history from a patient, particularly If that 
patient is homosexual. Such a practice can serve as a significant impediment in the pre
vention and diagnosis of HIV-related disease. In examining the sexual history-taking prac
tices among a group of primary care physicians, Drs. Kathleen Montgomery and Charles 
Lewis (University f California, Los Angeles) found that in 1989, only 42% of those physi
cians intervJ,-wed asked about a patient's sexual orientatiun. Only 30% inquired as to the 
number of s,:ual partners. Nonetheless, such numbers are a marked improvement over 5 
years ago, when only 23% of the physicians asked about: .xual orientation and 10% about 
number of partners. Even with such improvements. more than two-thirds of those physi
cians interviewed believed their colleagues suffer significant distress in discussing sex with 
homosexual patients. 

Leonard Calabrese and colleague (Cleveland Clinic Foundation, Ohio) reported similar 
findings. In their questionnaire-based study of 301 physicians in northeast Ohio (adminis
tered 1987-89). only 41% of' the physicians routinely obtained risk assessment histories or 
histories of sexual function and orientation in new patients. The authors pointed out that 
this is in contrast to the nearly 90% rate In obtaining histories of smoking or alcohol use in 
the same patients. Additionally, Jt was found that the physicians most likely to obtain sex
ual histories were those with continuing education or post-graduate courses concerned 
with AIDS. Such a result highlights the importance of education, even within the physician 
community, h, bettering AIDS prevention and care. 
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A singular report on knowledge, attitudes, and beliefs of minority physicians in the United 
States, conducted by the National Medical Association (Washington, D.C.), was given by
Virginia Caine and coworkers. They reported that, based on a survey of 118 black physi
cians, knowledge of HIV transmission was,generally good, but only 65%felt knowledgeable
about counselling a patient with a positivc ar.ibody test. In addition, 23%had moderate
to-considerable discomfort discussing oral and anal sexual activity with their patients. 

MEDICAL STUDENTS 

Without a cure on the horizon, HIV Infection and AIDS represents one of the major prob
lems for the new generation of health professionals. The attitudes of these new care
providers will have an enormous impact on the way in which the epidemic is handled. With 
the steady increase in the number of new AIDS and other HIV-related cases, today's medi
cal students (e peclally those who will practice in an urban setting) are more likely than not 
to be called on to treat an HIV-infected patient. 
What arc the attitudes of medical students toward Individuals with AIDS. and more impor
tantly, do these students want to treat the HIV-infected? To answer these questions, Drs.
Arthur Culbert and L.Strunin (Boston University Schools of Medicine and Public Health)
administered an anonymous qucstionnaire to a number of first- and second-year medical 
students at the four Massachusetts medical schools. More than 25% of these students 
wanted .obe allowed to refuse to treat persons with HIV infection or AIDS; their priniary 
concern was fear ofbecoming Infected. These individuals also stated that the epidemic will 
influence their choice oYspeclality and final choice of a hospital for residency. In contrast,
knowing someone with AIDS was a significant predictor of a student's willingness to treat 
an HIV-Inftcted person. On the basis of these findings, it was suggested that early associa
tion with HPI-Infected individuals by medical students may help ameliorate the problem of 
physicians' unwllngness to treat the HIV-infected. 
Other studies have found unwillingness to treat an HIV-infected person among medical 
students to be a relatively rare occurrence. In a study of medical students at Johns 
Hopkins University, Drs. Keith Loring and Gabor Kelen (Johns Hopkins University,
Baltimore) reported that 94% of the students responding to their survey would not hesitate 
to care for an AIDS patient. Additionally, HIV infection and AIDS appears to have had little 
impact on speciality choice among these students, with only 14% saying that they would 
avoid a speciality dealing with a large number of HIV-Infected persons. As In past years,

internal medicine (42%) and surgery (31%) were the most popular specialities.
 

DENTISTS 

Another group of health professionals who routinely deal with HIV-Infected individuals
 
are dentists. As with physicians, dentists as a group hold a wide range of attitudes,

beliefs, and practices concerning the care of I
HIV-infected persons. To study some of these 
issues, Drs. Diana Shin and A.Y.Wong (University of California, Los Angeles) questioned
nearly 300 dental faculty and students In an area of high HIV prevalence as to their infec
tion control practices, risk assessment, and willingness to treat HIV-infected patients.
The survey revealed an inconsistent use of suggested Infection-control practices (such as 
use of gloves and masks) among faculty and students. The perceived risk of contracting
HIV from an infected patient was often overestimated: the highest perceived risk was by
pre-clinical students, while faculty showed the lowest perceived risk. A substantial
unwillingncss to treat HIV-infected persons was unz-overed; rather surprisingly knowl
edge levels did not have a statistical correlation with willingness to treat. Higher willing
ness-to-treat scores and lower perceived risk were associated with those who reported 
having treated HIV-Infected patients. 
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James Cottone and colleague (University ofTexas Health Science Center, San Antonio) 
reported findings from a survey of 296 dental students, 49 faculty, 63 dental staff mem
bers, and 125 participants at a dental conference. (The anonymous survey was admin
istered following an AIDS education session at a dental confercnce.) The majority of 
dental students and conference participants felt that 1--5% of their patients v,:e at risk 
for HIV (the authors calculated the risk at an estimated 11-20%). Roughly 33% of dental 
students, 18% of faculty and conference participants, and 4% of staff felt that no 
patients were at risk. These results suggest that less than 10% of those surveyed had a 
true perception of the patient population at risk for HIV infection. About 30% of respon
dents reported no concern about HIV infection, while 25% reported that they were very 
concerned about the risk. 
When surveyed about being tested for HIV, 18% of the dental students reported being 
tested, as did 13% of the staff, 23% ofthe faculty (ofwhom 4% reported being HIV-positive), 
and 33% of the o.nference participants (of whom 7,"' reported being HIV-positive). Not all 
tested had received their test results at time of F ivey. Based on the survey answers 
obtained, the aufhors concluded that continued education efforts are warranted. 

NURS.W 

To examine whether AIDS care practices and knowledge and attitudes about AIDS differ 
between nurses at high AIDS experience hospitals or facilities and those at low AIDS experi
ence facilities, Donna Anderson (University of Colorado Health Sciences Center, Denver) and 
asaocia tes surveyed 136 rural and 311 urban nurses registered in Colorado. Differences on 
knowledge, attitudes, and reported practices were found to exist between the two groups. 
Not unetpectedly, it was noted that these differences diminished when looking only at sur
vey answers from nurses with equal number of times caring for an AIDS patient. The 
authors suggeeted that clinical mini-sabbatica!s be insWuted to provide an opportunity for 
nurses in rural areas to spend time with AIDS patients. 
Vuyelwa Ndiki Ngcongcc (World Health Organization, Regional Office for Akfrica, Congo) 
reported that the situation for AIDS nursing care in Africa is, to a large extent, dictated 
by material/moi.etary inadequacies. Based on a survey of nursing and midwifery per
sonnel in 39 countries in Africa (conducted between October 1989 and January 1990), 
all 39 countries cited supplies as inhibiting factors in the provision of effective nursing 
care to AIDS patients and families. Although self-reported as willing and ctunmitted to 
caring for ,IJDS patients, 98% of respondents stated that they were not professionally 
and technically equipped with knowledge or skill to provide effective nursing and health 
care to HIV/ADS patients and families. (Based on focus-group discussions, interviews, 
and on-site observations, WHO-coordinated efforts are being made to develop nursing 
standards and patient care protocols to guide the provision of nursing care appropriate 
to HIV/AIDS patients.) 

FInR-lEsPONSE PERSONNEL 

Janine Patrone-Reese and colleagues (University of Miami, Florida) reported on results 
from a voluntary, anonymous, self-administered questionnaire given before and after a 
peer educational program on AIDS: Of 203 emergency medical technicians, paramedics, 
and firefighters who completed the survey, 122 (60%) perceived themselves to be at high 
risk for acquiring HIV infection through Job-related activities. Regarding practices, 90% 
reported that they changed Job-related behavior according to CDC infection control recom
mendations-as compared with 80% prior to the education program. Negative attitudes 
toward AIDS patients and worry about contracting HIV from patients did not change fol
lowing the program. 



279 
CHAPTER 9: WORKPLACE ISSUES 

EDUCATION IN THE WORK'-LACE 

Education in the workplace varies in content depending on the type of workplace: Health 
care workers, for example, receive very different instruction than most other categories of
workers. The goals of the education programs are also quite different: In the health care
industry (and in occupations where there is a potential risk of HIV transmission), education
is aimed at preventing or minimizing inadvertent exposures to potentially infectious blood
and body fluids (orother substances); in most other workplace settings, general information 
on HIV infection is disseminated with the objective of dispelling myths and fears. 

EDUCATING & TRAININO THE HEALTH CARE WORER 

Education programs for health care personnel focus on instructing workers how to avoid

inadvertent exposure in the workplace as well as emphasizing the need for rigorous adher
ence to universal precautions. Ongoing education programs geared toward increasing the

health care worker's AIDS knowledge are necessary for maintaining high levels of knowl
edge. Evelyn McBride and associates (Ki"itston General Hcspital, Ontario) used data from

their AIDS knowledge surveys to 540 noit-nursing health care workers (one administered
 
immediately following an AIDS education program and another, 2 months later) to demon
strate that AIDS krowledge scores drop significantly as time from the program increases.

Continuous programs rather than one-time efforts are therefore recommcnded.
 
Training community health center staff to collecL behavioral data from clients at risk for

HIV infection is also being pursued. Isabel Fernandez (Centers for Disease Control, Atlanta)

and coworkers presented a training program model that would eliminate the costly utiliza
tion ofoutside researchers to collect reliable and valid behavioral data from clients enrolled

in HIV-risk rcduction programs. Two-day training sessions targeted persuasion, skill

acquisition, testing, and quality assurance. Preliminary evidence, based on observing data

collectors and assessing their reliability suggest that on-site program staff can reliauly col
lect behavioral data.
 
Professional organizations for health care workers are also active In providing education

and support to their members. The Association of Nurses in AIDS Care and the Physicians

Association for AIDS Care, for example, seek to promote professional development in AIDS
 
care practice and HIV/AIDS education.
 
Teaching Methods and Strategies. Innovative strategies for educating health care per
sonnel are continually being explored in efforts to achieve or maintain %igh-levelunder
standing of all aspects of HIV disease. Ann Ogden and colleagues (Southern Illinois

University School ofMedicine, Springfield) have incorporated AIDS patients or HIV-infected
 
patients into education programs for health care professionals who, because of the low

AIDS incidence in the area In which they reside, may not yet have cared for HIV-infected

patients. Based on survey answers from program participants, which strongly supported

inclusion of patients in education programs, the authors recommended this educational
 
strategy for other audiences with little prior direct experience with AIDS.
 
In response to a demand from nurse educators, clinical specialists, and staff nurses for a

comprehensive nursing care manual, Joan O'Brien and associates (Professional Standards

Review Council ofAmerica. Inc., New York) reported that they have developed a usable, eas
ily updatable manual of nursing care standards that reflects the minimal acceptable level

of care for patients with HIV infection. The nursing care component of this criteria manual

details standards, descdbes revisL-ag care plans, and the anticipated patient outcomes for 
each of the involved body ostems. 
Elaine Gross (University of Medicine & Dentistry, New Jersey and Children's Hospital of
New Jersey, Newark) and colleagues reported that interactive teaching methods (adultedu
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cation with goal setting, games, exercises, and group work) was more successful f.aan 
didactic methods (lectures/case studies) in Increasing HIV/AIDS knowledge of pe:Inatal 
and pediatric nurses. Either teaching method was randomly assigned to 275 nurses from 6 
tertiary care hospitals in New Jersey attending a one-day workshop on pediatric HIV infec
tion. The two groups were compared using pre- and post-test scores: overall higher scores 
were found among the "interactive group." 

RXV-prevention training programs for health care providers seek to Increase the knowledge 
&a'dskills necessary for educating and counselling clients about HIV-risk reduction prac

tices. Interactive programs with physicians, nurses, social workers, psychologists, and 
substance abuse counsellors have been used to train U.S. Department of Veterans Affairs 
staff to promote H7F prevention among their patients and also to educate and provide 
counselling for them. Pamela Herbert and coworkers (Department of Veterans Affairs, 
Washington, D.C.) reported that more than 600 hospital staff members-from inpatient 
and outpatent settings-across the country have undergone training since 1988. (The 
Department of Veterans Affairs oversees a national health care system of 172 hospitals and 
associated outpatient clinics.) 

Train-the-Trainer Programs. Numerous programs exist for the training ofhealth care per
sonnel who will act as HIV/AIDS educators to train different levels ofhealth care workers 
at their own facilities-including physicians, nurses, clinical laboratory personnel, and 
housC:eeping staff. These trainers may also serve as on-site AIDS info:mation officers. 
Richard Durnan and colleagues (Department of Veterans Affairs, Washington, D.C.) 
reported that evaluations of train-the-trainer programs should be conducted to identify 
program weaknesses and strengths since training needs will likely increase as the HIV epi
demic lengthens. Appropriate modifications can be made based on assesiment of training 
frequency, effectiveness, trainer support, staff participaticn, adaptability and usefulness of 
educational strategies and materials, and obstacles to training. 

Stsess Reduction Programs. Numerous HIV/AIDS-dedicated organizations, as well as Lra 
dit'onal care centers, which provide sewices to HIV-Infected persons, have cited "burnout," 
or stress as an impediment to effective care giving among health care workers. The growing 
number of reports ofburnout indicate that most health care workers including social work
ers find their work stressful. Marl Rogers and coworkers (Denver Disease Control, Colnrado) 
studied 134 health care workers serving HIV -infected clients; their findings suggest that 
specific stressors can be identified and interventims can be im'plemented to decrease work
place stress. Survey responses regarding individual stressors, such as management style or 
difficulties in HIV-care delivery, were examined in terms of perceived level of distress an(
interference with Job tasks. Ms. Rogers' team found that after identifying specific high-level 
stressors, targeted tnterventien was able to significantly reduce stress. 

Jane Healy-Chidekel and colleagues (University of Miami School of Medicine, FOorlda') 
reported that their stress reduction program for the nursing staff ofan AIDS uni. has favor
ably influenc d staff ret-ntion and vorkplace burnout. Although burnout has been associ
ated with high employee turnover rates, M.. Healy-Chidekel's team found that of 24 nurses 
in an AIDS unit participating since January 1988 in a stress reduction program, 20 (83%) 
have continued employment; 2 nurses resigned because of relocation for personal reasons, 
I transferred for a promotion, and 1 transferred for personal reasons. The authors also 
reported that an overall improvement !n the working environment was noted. 

EDUCTIOI IN BUSINES & INDUSTRY 

Workplace educational strategies need to identify the best way to reach employees. 
Strategies mtay vary according to geographic location of the workplace and the nature of 
the business or Industay. InAfrica (wher the primary route of HIV transmission is hetero



281 CHAPTER 9: WORKPLACE ISSUES 

sexual contact and approximately 80% of all AIDS cases occurs among sexually active 
members of th' general popuiatio;i, aged 15-55), the size of the infected work-force popu
lation is not insignificar.t Ni-unbanzondo Mposo from Projet SIDA, Kinsh.sa, Zaire,
reported that HIV prevalc-k .!among workers at a large service corporation is already high:
6.3% of employees are infected. The information content in educational programs, then,
must reflect regional differences in prevalence of HIV transmission modes and specific 
prevention measures. 
The nature of the business may also require that educational strategies be tailored 'o the
audience. "Generic" workplace educational programs may be all that is necessary-and
quite useful-for most businesses, but inappropriate for law enforcement personnel.
Educational programs for law enforcement, other first-response occupations, and correc
tions systems personnel need to address issues not usually encountered in other types of
Lusinesses. (Attitudes and behaviors toward HIV-infected individuals, for example, may
directly affect the handling of incidents involving blood and/or body secretions.) 
In attempting to evaluate existing strategies for effecting the greatest change in knowledge,
attitudes, and behavior among employees, a number of groups found that AIDS workplace
education is sorely lacking in most companies. Steven Humes and coworkers (Gay Men's 
Hea.'h Crisis, New York), in collaboration with New York Business Group on Health, Inc.,
reported that surveys sent to 2,637 human resources administrators of New York 
metropolitan firms and nonprofit agencies reveal that, on the whole. employers there have
made little effort to Implement employee AIDS education programs; AIDS Information Is
generally supplied only in response to crises. In trying to assess the AIDS issue among
employees needing to be addressed the most, many company executives pointed to the con
tinued fear ofHIV trar smission in the workplace.
 
Train-the-Trainer Programs. A preserf Lation by Moreira Lima (Ministry of Health, Brazil)

and colleagues gave evidence of the widespread lack ofAIDS information being provided to

employees. Among Brazilian companies with 100 or more employees, 10,000 employees 
were randomly selected and sent questionnaires. Almost 7,000 responses revealed that 
AIDS educational materials are completely lacking in the majority of companies. Based on
these findings, the STD/AIDS Division of Ministry of Health has formulated educational 
materials, specifically tailored to companies, to be used in a train-the-trainer program.
From such a program, regional tutors and "multipliers" will in turn train company tutors
end multipliers so that a trickle-down effect will gurrante . that all workers receive AIDS 
information. Francis Rwakagiri (Federation of Uganda Employers) outlined his organiza
tion's AIDS education and prevention program for the workplace. A train-the-trainer pro
gram, in which staff from selected companies are designated to instruct company AIDS 
education trainers, constitute the first stag" in the Federation of Uganda Employers' initia
tive. Information and materials (such as posters and condoms) are distributed by peer edu
cators (multipliers)within a given company. 
Targeting Knowledge and Attitudes. Workplace education programs may influence 
attitudes as well as increasing HIV/AIDS knowledge. E "ward Cowen (Mid-Atlantic AIDS
Education &Training Center, Washiogton, D.C.) reporte I on survey results from more
than 700 federal and privately-employed workers in the Washington D.C. area who 
attended a 2-hour "AIDS In the Workplace" workshop: significant changea In attitudes 
toward persons with AIDS and male homosexuals were noted. Mr. Cowen and his associ, 
ates compared answers to pre- and post-intervention questionnaires: While scores
showed increases in knowledge and mok e positive and coapassionate atitudes toward 
persons with AIDS and male homosexuals, male responceents had the most dramatic 
change: attitudes of female respondents remained at about the same level of compas
s.on, pre- and post-intervention. The following questionnaire statements revealed the 
greatest aegree ofchange: 

http:Kinsh.sa
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" "Persons with AIDS should be quarantined for the protection of society" (29% of 
participants agreed with this statement before attending the workshop; 7%, afterward" 

" 'Ifeel more negatively about homosexuals since AIDS" (31% of participants agreei 
with this statement pre-interventhn; 16%. post-intervention) 

Similar findings were reported by John Leonard and colleagues (Seattle-King County 
Department of Public Health): Knowledge scores increased from 76% correct to 90% correct 
following attendance at a 2-hour 'AIDS 101" intervention program. Attitude scores among 
the 162 municipal employees tested also -howed improvements but to a lesser extent. The 
finding ofrelatively high knowledge scores and persistent negative attitudes suggests that 
educational strategies sh3uld place greater emphasis on effecting attitudinal changes. 

ETHICAL AND LEGAL CONSIDERATIONS 

HEALTH CAke SErING 

Occupational exposure to potentially infectious materials, including blood and body fluids 
of persons with HLV infection or AIDS, has raised serious ethical and legal concerns. Two 
particularly controversial issues are the confidentiality ofpatients' HIV test results and the 
health care professional's duty to care for HIV-Infected patients and patients with AIDS. 
Recently, there has been much discussion and debate regarding the patient's right to 'now 
the HIV status of their health care providers. 

Patients' Right to Confidentiality. Within the context of patients' rights In general, is the 
specific issue of whether the patient's right to privacy supersedes the desire of the health 
care team to known the patient's serostatus. Some health care workers argue that specific 
procedures and maneuvers can be m'odifled to minmize potential exposures to body fluids 
if knowledge of HIV positivity is available. Others counter that, especially in high-risk 
areas, it iawisest to proceed as though each patient is HIV infected. Clearly, any approach 
that factors in the safety of the health care team is rational-as long as it does not increase 
the risk to the patient. The possibility that knowledge of a positive HIV test result could be 
prejudicial to the patient is olten cited as sufficient reason for keeping patient serotatus 
confidential. While mandatory testing of all hospital patients has been deemed inappropri
ate, health care workers at -levated risk ofoccupational exposure call for selective testing. 

Duty to Treat. Dr. Laurence McCullough (Baylor College of Medicine, Houston) outlined 
the arguments relating to the ethical obligation ofhealth professionals to trmat HIV-infLcted 
patients. Those arguing that health care professionals have the absolute obligation to risk 
their own health and lives in treating HTV-infected patients cite various reasons, including 
the altruistic and virtuous nature of the professions. However, as Dr. McCullough pointed 
out, such views are untenable; the more realistic view is that one has ,iduty to assume per
sonal risk when the level ofrisk is reasonable, but not when It Is unreas-mable. 

Defining "reasonable rlsk" then becon, s the "ux of the matter. From the-- urrently avail
able data, the c onsensus is that inost health care workers are exposed to only minimal 
(reasonable) kvels of risk and more- Chau-miimal (uf .'ascabie)levels are rare. Dr. 
McCullnugh offered that if a proedure or setting Is deem:d to invoive unreasonable risk, 
then volunteers should be rought and fully indemnified against health care costs, disabil
ity, and loss oflifetime earnings should tie. become occupationally infected by HW. 

While Dr. McCullough's lecture was based on philosophical analysis and research of the 
medical ethics literature, the American Medical Association has taken the stance that 
phyaiclans may not ethically refuse to treat HIV-infected patients. At the Confer'nce, Carol 
Stocking and colleagues (University of Chicago) reported on a survey of orthopedic sur
gens who practice in U.S. cities with high AIDS incidences. Of 388 survey respondents, 
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181 (47%) reported having operated on an HIV-posltive person in the last year. Another 89
(23%) said they had examined an HIV-positive person in the last year; 29 surgeonsreported that they declined to operate on one or more HIV-positive persons, but of these, 16
hac opekated on an HIV-positive person in the past (5 of the 29 reported that they declined
for nonmedical reasons). Surgeons who had operated on an HIV-positive persons were 
more likely to agree that surgeons are ethically obligated to operate on HIV-posltive per
sons in emergencies or whenever it might affect quality of life. Dr. Molly Cooke (University ofCalifornia, San Francisco) reported that in a national cross-sectional survey of 1,045 medical
residents in the United States, the majority agreed that private practitioners have a duty to treat
HIV-infected patients, but they were divided on the issue of whether surgeons have a duty to 
operate on an HIV-infected person. 
Duty to Accept New Patients. Dr. McCullough (cited above) pointed out that more ethl
cally complex than the "duty to treat" Issue in HIV care is the question ofwhether physi
cians have an obligation to accept HIV-infected individuals as new patients. Some of the 
more poignant complexities outlined include the following: 

* 	 In Western democracies at least, health care professionals have the right to 
choose whom they will serve. 

* 	 Some patients with HIV infection may not be able to pay for the care. In the U.S.,
private health care professionals are not required to accept patients individuals 
who are unable to pay for their medical care. 

" A patient's need for an elective procedure may not have the same ethical claim on 
a professional as the need for an emergency or lfife-prolonging procedure.

* 	 Professionals who become HIV-ifected can place their sexual partnerc, and poten
tially their unborn children, at risk of infection, none of whom can be presumed to 
have consented to such risk. 

Dr. McCullough concluded that there Is at present no ethical obligation on the part of
health care professionals to accept HIV-infected individuals as new patients. 
Health Care Providers: HIV Testing atod Diaclosute. Following the U.S. Centers for
Disease Control's announcement of the frst probable case of HIV transmis, ion from aninfected health care professional (aFlorida dentist with AIDS) to one of his patieats during a
medical procedure (an extraclo1 ), much public concern has mounted with respect to theethical responsib'iity of health care professionals to inform their patients of their seroposi
tivity. At the Conference, Harvey Skinner (University ofToronto) and colleagues reported
results from a survey of 2,922 Canadian and U.S. medical students, interns, residents, and
practicing physicians regarding this issue: When asked "ifyou knew you were seropositive,
would you tell any patients?" 77% of responding physicians, 91% of interns and residents, 
and 76% ofstudents said "No." 
Dr. Hacib Aoun, a U.S. physician, told Ccnference participant3 in a plenary lecture that after
informing ho,-pital officials of his HIV-positive status he was virtually abandoned by that insti
tution with respect to benefits and continued employment. Dr.Aoun felt that the medical pro
fession had discriminated against him-after asking him to work the front lines. Dr.Aoun's
points-likely to be fully addressed ir the near future-included the need for the following: 

* employer Insurance coverage for all front-line health care workers (life, disability,
health, and workmen's compensation)

* 	active, ongoing -ducatlon on prevention of occupational exposure to Infectious 
diseases 

* 	 restriction of inexperienced medical students from performing invasive procedures 
:n hlgh-OIsk patients 

Failing to take care of health care workers. Dr. Aoun concluded, may lead to these work
ers becoming less willing to take care ofAIDS patients. 
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Guidelines for Corporate AIDS Policies 
The following principles, drafted byThe Citizens' Commission on AIDS (New York City and Northern 
New Jersey), have been endorsed by almost 400 corporate and nonprofit organizations in the United 
States. These corporate AIDS policies reflect our current understanding of the epidemiology of HIV 
infection, prudent business practice, and a human and compassionate attitude to all individuals. 

(1) 	 People with AIDS or HIV infection are entitled t, the same rights and oppor
tunities as people with other serious or life-threatening illnesses. 

(2) 	 Employment policies must, at a minimum, comply with federal, state and 
local laws. 

(3) 	 Employment policies should be based on scientific and epidemiological evi
dence that people with AIDS or HIV infection do not pose a risk of transmis
sion of the virus to coworkers througn ordinary workplace contact. 

(4) 	 The highest levels of management and union leadership should unequivo
cally endorse nondiscriminatory employment policies and educational pro
grams about AIDS. 

(5) 	 Employers and unions should communicate their support of these policies 
to workers in simple, clear, and unambiguous terms. 

(6) 	 Employers should provide to employees with sensitive, accurate and up-to
date education about risk reduction in their personal lives. 

(7) 	 Employers have a duty to protect the confidentiality of employees' medical 
information. 

(8) 	 To prevent work disruption and rejection by coworkers of an employee with 
AIDS or HIV infection, employers and unions should undertake education 
for all employees before such incident occurs and as needed thereafter. 

(9) 	 Emiloyers should not require HIV screening as part of general pre-employ
ment or workplace physical examinations. 

(10) 	 In those special occupational settings where there may be a potential risk of 
exposure to HIV, employers should provide specific, ongoing education and 
training, as well as the necessary equipment to reinforce appropriate infec
tion control procedures and ensure that they are implemented. 

In the United States, the American Medical Association and American Dental Association 
have recommended that HIV-infccted doctors and dentists disclose their HIV status to 

patients or give up surgery and all other invasive procedures. The AMA also added that 
doctors who perform surgery or other procedures that carry a risk of transmitting HIV 

should bt tested; those who test positive have an ethical obligation not to engage in any 

professional activity that has any identifiable risk to their patients. 

The existing CDC guidelines for II1V-infected doctors recommend that decisions regarding 
what medical procedures can and cannot be performed by them be made on a case-by-case 
basis by local community/hospital expert panels. New guidelines that specifically identify 

procedures by their associated degree of risk (based on experience with other infectious 
diseases, such as hepatitis B) should be issued in early 1991. 

It is anticipated that the forthcoming CDC guidelines will recommend HIV testing of all 

health care workers who perform invasive procedures. But already advance news of this 
subject's inclusion in the guidelines has raised opposition from professional orgardzation3 

and human rights' advxates. Questions such as -how often should health care workers be 
tested?" and "Who would learn the test results?" are ofprimary concern. Many say that It is 
easier to suggest that doctos and health care workers be screened (or counselled to avoid 
invasive procedures) than to execute such a policy. 



285 CHAPMTR 9: WORKPLACE ISSUES 

Duty to Warn. Another ethical aspect oftesting and confidentiality is the "duty to warn," or 
to breach patient confidentiality-or that of an HIV-infected health care provider-in an 
effort to protect unknowing persons at risk of HIV infection. Does the health care profes
sional have a moral obligation to warn unsuspecting third parties, such ato ether health 
care providers or a patient's sexual partner, ifa patient or client knowingly places that third 
party at risk for HIV infection? Will health care professionals be legally liable if they do 
breach confidentiality? Although no current law resolves this dilemma, law experts say
that the professional must determine ifa warning (orother action) to the at-risk third party
is the highest "good." 

BusINEsS & INDUSTRY 

As more companies and businesses are incorporating specific HIV infection and AIDS
clauses in their employee policies, attention focuses on the issue ofJob discrimination. In 
major international corporations, at least, workplace policies thus far developed-clearly
outlining the company's position on issues relating to HIV-Infected employees and their 
coworkers--appear to be consistent with nondiscriminatory practices. (See 'Guidelines for 
Corporate AIDS Policies.") 
In the United States, federal and state antidiscrimination legislation protects HIV-infected 
individuals and persons with AIDS from Job discrimination. As pointed out by Charles Nau 
(Syntex Corporation, Palo Alto, California), state and local handicap statutes, privacy
statutes, defamation and other potentially relevant tort laws, and wrongful termination 
laws--as well as the principles of "reasonable accommodation"-all become relevant when 
examining the rights ofHIV-infected employees. To prevent expensive and time-consuming
work stoppages and litigation, Mr. Napz recommended that managers and supervisory per
sonnel ofAmerican corporations become familiar with the "law ofAIDS" in the United States. 
Crisis control, as well as crisis prevention, can benefit from implementation of HIV-related 
policies and training of managerial personnel on how to respond to HIV in the workplace. 
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EDUCATION &
 
COUNSELLING
 

BACKGROUND 

From the ea'liest days of the AIDS epidemic, public health officials have referred to educa
tion as the only currently available "solution" to the threat of the disease. Despite major 
progress on the biological and medical frontiers, education remains the most powerful
intervention to stem the threat of AIDS. This challenge has resulted in a wide variety of 
efforts on the international, regional, national, and community levels: 

* 	 increased understanding of the correlates of high-risk behavior 
* 	 dissemination of accurate information on transmission routes of HIV, geographic

transmission patterns, demographic patterns, as well as specific preventive 
measures 

" 	 research on relationships among knowledge, attitudes, and high-risk benavior 
* increased understanding of the cultural and behavioral characteristics of specific

populations that make them particularly susceptible to HIV infection 
* 	 establishment of programs to effect specific behavioral changes-notably

educational programs and intervention programs such as needle-exchange and 
condom distribution 

* 	 Implementaticn of pre- and post-screening test counselling 
While education and counselling are widely agreed to be central to any stategy for curbing
the epidemic, for a number of reasons this seemingly simple "solution" is neither simple 
nor well understood. Because the primary transmission modes for this virus involve activi
ties that bear social and moral import (sexual activity and Pr needle sharing), the need to
discuss them further complicates AIDS education efforts. Not surpr13ingly, teaching people
how to take protective measures during activities that are perceived as undesirable, deval
ued, illegal and/or immoral raises objections by some on religious or ethical grounds. (See
Char 'er 3: EPIDEMIOLOGY for a discussion on HIV transmission routes.),
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Furthermore, the reinforcements for sexual activity and drug abuse are immediate, power
ful and unmistakably connected to the antecedent behavior. AIDS messages and their pre
sentation must perforce deal with some of the most powerful biologically reinforced behav
iors in the species. The short-term consequences of sexual and drug-taking behavior are 
pleasurable; educational attempts to alter such behavior can be perceived as punitive 
because the benefits are long-range and not immediately apparent. As such, they do not 
have a forceful presence and seem remote to individuals in high-risk groups. Additionally, 
AIDS prevention messages that are. for reasons of accuracy. couched in probabilistic 
rather than abpolute terms, are meaningless to these individuals. 

Some social scientists are not optimistic that long-lasting behavioral change Is possible 
given these facts, particularly when the physical nature of drug addiction is also consid
ered. Yet, the evidence of success in modification of high-risk behavior is building. 

This chapter will first consider a heuristic framework borrowed from business management 
and communications theory-social marketing theory-as a way of organizing the concerns of 

* "what" (the nature of the message) 
* "from whom" Ithe nature cf the source) 
* "how" (the nature of the communication channel) 
* "to whom" (tie nature of the target population) 

An in-depth consideration of each of the high-risk and emerging at-risk target populations 
will follow, leading to an examination ofvarious educational approaches. 

SOCIAL MARKETING APPROACH 

Social marketing concepts have been used by a number of researchers interested in the 
question of how to sell the idea of adbpting risk-reducing behaviors to members of a high
risk group. Just as commercial marketing refers to planning, implementing, and evaluat
ing programs to affect consumer behavior, so social marketing concerns itself with design
ing, implementing, and evaluating programs that seek to increase the acceptability of a 
social idea, cause, or practice in a target group(s). Among the strategies used to maximize 
target group response are those of market segmentation (identifying and describing con
sumer subgroups); consumer research (identifying barriers to acceptance of the program); 
message analysis (consideration of alternative ways of making the point): communications 
(consideration of alternative media): and facilitation (utilization of multiple message 
sources and social supports). Thus, social marketing entails a careful analysis of 

" message variables-the nature of the messages, products, or packages to be 
disseminated 

" source variables-the characteristics of the message producers 
* channel variables-alternatve modes through which the messages can be sent 
* recelvervariable,--relevant characteristics of the target populations 

MESAGE VARIABIES :THE NATURE OF THE MESSAGE 

What should constitute AIDS education messages? Should the emphasis be on "facts" 
about the disease? Should the information be simple or detailed, subtle or direct? Is an 
appeal to fear likely to result in behavioral change? Consideration of these and other ques
tions are essential to the framing of messages that seek to effect behavioral change. This 
consideration should ,ntail not only analyzing content but also k"-ntfying the idiom, 
metaphor, or image in which messages must be cast for effectiveness. 

Health Delief Model. AIDS education interventions have relied heavily on theories and 
findings from previous beha-,Ior modification research (directed toward smokers and the 
obese, for example). This research made it evident that mere awareness of an unhealthy 
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outcome is insufficient to bring about desired behavioral change. The theoretical model 
most widely used to guide research on health-related behavioral change is the "Health 
Belief Model," which has grown out of the work on Social Learning Theory by Albert 
Bandura and his associates. 
Social Learning Theory emphasizes the social and environmental events that trigger and 
reinforce behavior change, and it provides a rich source of behavior change methods (for
example, modeling and shaping). Bandura's notion of self-efficacy is also particularly rele
vant to health enhancement, because it has been shown to be a modifiable mediator of 
health behavior change. Using this theoretical approach, many researchers have con
cluded that before making behavi3ral change a person must: 

* conside;- the problem serious 
* feel personally susceptible 
* perceive the benefits of action
 
" believe that the recommended action is efficacious
 
" over come the barriers to performance and respond to a cue to action
 

For these reasons, the more successful AIDS ed-,cation efforts augment simple messages
about the 'facts" of the disease with specific instruction that Is designed to 

" strengthen the learner's perception of the disease as representing a real, personal 
threat 

" lead the learner tu see that the disease can be controlled by changes in behavior 
" strengthen the learner's belief in personal nelf-efflcacy by making the desired 

behavioral changes. 

AIDS prevention messages that also provide some opportunity to put these these beliefs 
into operation will likely be most effective. 
Analyzing the AIDS Message. Michael Ramh (AIDSCOM/Porter Novelli, Washington,
D.C.) and associates reported on the nature ofcondom promotion messages directed at gay 
men in Mexico. A series of focus groups exploring attitudes and perceptions about existing
condom education/promotion campaigns led to the conclusion that condom messages tar
geting lifestyle might have the opposite of the desired effect. Many messages were found to 
be "translated" into the following equations: 

GAY = AIDS
 
UNDESIRABLE MESSAGE 
 AIDS = DEATH 

GAY = CONDOMS 

GAY =AIDS =CONDOMS = DEATH 
'thus condoms become associated with death and AIDS in gay men rather than with pre
vention of HIV transmission and AIDS. Messages targeted to the general community may
be more successful in creating more accurate formulations, such as: 

CONDOMS -HIV INFECTION 
The authors used the analogy of cigarette advertising as a desirable model for condom mes
sages. 'Slice of life" ads depicting happy people enjoying Ild, male and female, are culmi
nated with the message, "use condoms." 
Lorraine Sherr (St. Mary's Hospital, London) reported on a comparison of fear and humor 
tactics in the United Kingdom national AIDS campaign, using 200 sutjects and a set of 
visual and audiovisual materials. It was found that the two approaches evoke markedly dif
ferent responses. Subjects who were intravenous drug users had initially higher levels of 
anxiety and thus were more vulnerable to anxiety-producing materials. Risky sexual 
behavior was not greatly affected by either approach. Fear arousal as a model fared less 
well than humor. 
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SOURCE VARIABLES: CHARACTERISTIC8 OF THE MESSAGE PRODUCERS 

Messages to change or maintain behavior are deeply embedded in and legitimated by a 
number of eleme,,is in individuals' social ecology. The messages of family, church, school, 
peers, and the media, for example, are often inconsistent. Individuals continually evaluate 
the source of such messages for their relevance and credibility, and for the consistency of 
their messages with already held beliefs. If individuals cannot relate to the source, their 
messages are usually disregarded. AIDS educators, therefore, need to take into accoumt the 
existing sources of explicit or implicit messages about AIDS-related Issues when attempt
ing to formulate a progz ani for reducing high-risk behaviors. 

This year's Conference was Btriking in the number ofreports that explored a variety of dif
ferent sources for targeting populations at risk for AIDS, and to a lesser degree, persons 
that work with these populations. 
Mass Media. In recent years, increasing interest has been paid to the role of mass medh in 
informing people about the disease and how to reduce the risk of becoming infectcd. A 
1988 French national survey of 2,295 persons was reporied by Mitchell Cohen (INSERM, 
VilleJuif, France) and colleagues. They found that approximately 90%mentioned television 
as their source of information about AIDS, and more than half mentioned newspapers. 
magazines, and radio. Doctors, friends, brochures, and posters are mentioned by about a 
third. Persons under age 24 are more likely to mention interpersonal sources and more
targeted media. Knowing someone with AIDS and mentioning friends as a source of infor
mation Is related positively to unprotected sex. The authors offered that those seeking 
information from people they know may already be engaging in risky behavior. Changing to 
less risky activity is related to interpersonal and targeted media sources such as brochures 
and pamphlets. Obtaining information from ielevision is not related to behavioral change, 
indicating that more personal sources of infocmadon may be required for respondents to 
change to less risky behavior. 

M. K. Jinadu (Obafemi Awolowo University, Nigeria) and 0. Ogunyankin and associates 
(Department of Disease Control, Akure, Nigeria) independently reported their studies of 
AIDS messages by mass media in Nigeria. Both groups surveyed AIDS messages in news
papers, radio, television and other print materials between 1986 and 1989. Most mass 
media messages were characterized as noninformative and fear-laden. A survey of rural 
and urban dwellers indicated that radioed AIDS messages were most frequently heard, 
with all urban residents and 40% of rural persons having been reached at least once. About 
85%of the rural and 46% of the urban dwellers rated the credibility of these messages as 
poor. In another African study, M. I1'ungu and associates (Population Services 
International, Washington, D.C.). in collahorau.-n with Bureau Central de Coordination de 
la Lutte Contre le SIDA. found that between 57%and 69% of residents in Kinshasa, Zaire, 
had seen television spots or dramas about AIDS and could recall the key AIDS messages 2 
months later. A study by Noemi Fisman and colleagues (Grupo Argentino de Tratamiento 
de la Leucema Aguda, Buenos Aires) looked at a stratified sample aged 15 to 75 and corm
pared their Interests in and sources of information about AIDS and cancer. Only 42% 
reported looking for addltional information about cancer, as compared with 74% for AIDS. 
Newspapers (59%) and television (56%) were the major sources ofinformation about AIDS. 

In two reports investigating the use ofmass media for reaching intravenous drug users 
(IVDUs), Janine Jason and Liza Solomon and their colleagues at CDC, Atlanta, and the 
Johns Hopkins School ofHygiene & Public Health (Baltimore, Maryland), found that 55% 
ofa group of218 IVDUs responding to a survey had heard ofAIDS by 1985: 78% were male; 
94%, black*48%, seropositive; and their mean age was 34 years. Television was most often 
cited as the source of information (53%), with other mass meda sources cited much less 
frequently. Over half of the respondents watched up to 4 hours of television each day, most 
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often between d and I I P.M. Because of the overlap in viewing hours with those of young 
children, the detail and explicitness ofAIDS messages on television Is limited. 
TVro presentations reported content analyses of newspapers' coverage ofAIDS. Rosa Feljoo
and coworkers (University ofZaragiza, Spain) analyzed 1,166 articles in natlonal and local 
Spanish newspapers. It was found that impact aspects (such as stories about actors or 
AIDS-related legal problems) were more frequently reported than epideml oogical and sci
entific advances. The most ommon educational orientation was described as negative and 
defeatist in nature. A study of the four largest Brazilian newspapers by Sergio Adeodato 
Filho and Paulo Longo (Jornal Do Brastl and the Instituto Brasilelro de Inovacoes em 
Saude Social, Rio de Janeiro) found that coverage of AIDS actually had decreased 58.9% 
from 1987 to 1989 despite the greatly increasing number ofAIDS cases In Bm-.l during
that period. On average, every month, each newspaper publiomhed 25 reports abjut AIDS. 
Of these. 71% came from international agencies. Little local coverage was provided, and 
much of the information was deemed inaccessible to the general public. 
Kim Miller and V,'l1am Darrow (CDC, Atlanta) reported an analysis of the U.S. media's por
trayal ofcrack cocaine and the risk for HIV Infection. Only 13% ofa total of 31 articles were 
found to be based on scientific evidence, as compared with 75% of articles on this topic in 
the scientific literature. 

Two studies that attempted to compare respondents knowledge and att'tudes regarding
AIDS before and after a major media intervention were reported. Onestudy, reported by
Jennifer Bryce (CDC, Atlanta) and colleagues at Michigan Department of Public Health 
(Lansing), found that a major statewide HIV-prevention mass media campaign resulted in 
increases in the number of people seeking information (through an AIDS hotline) and ser
vices (HIV testing and counselling centers). Surveys ofIVDUs and the general public, retro
spective analyses of data from previous counselling and testing records, as well as televi
sion Arbitron estimates were also used as data sources, confirming the results, and 
establishing the usefulness of routine service statistics to evaluate the effectiveness of 
mass media campaigns. Dr. Rukarangira (Harvard School of Public Health, Boston) and 
collaborators (Projet CONNAISSIDA, Lubumbashi-Zaire) reported that a 1-year mass 
media campaign resulted In a change from 25% to 85%of respondents (Lubumbashi resi
dents) knowing thatAIDS can be fatal. 
Governmental and International Initiatives. A presentation on the role of the federal gov
ernment Jn prevention of HJV infection among IVDUs In Canada, by Betsey MacKenzie and 
K. Elmsle (Federal Centre forAIDS, Ottawa), concluded that federal initiatives focusing on 
research and collaboration receive strong support from public health and community 
groups. Joycelyn Sue Woods (Narcotic and Drug Research Inc., New York) and associates 
reported that the goal of the Internatirnal Working Group on AIDS and Drug Use Is to share 
among researchers and policy maers information about HIV infection related to drug use. 
Epidemiological and behavioral data on IVdrug use accumulated In Western Europe and 
North America may prove invaluable to countries now experiencing increases in HIV infec
tion among IVDUs (such as Brazil and Thailand) as well a those regions possibly on the 
verge ofan epidemic (such as Eastern Europe). The development of five different data bases, 
an international surveillance report, and a quarterly newsletter will, it Is hoped, contribute 
to the active exchange of information for use in developing countries and Eastern Europe. 
The development and implementation of a Central American and Mexican Information 
exchange, sponsored by World Health Organization, was reported by Blanca Rico and 
coworkers (Pan American Health Organization, Mexico City). So far, 16 regional and 8 
international centers of the network have been established. The goal Is to exchange infor
mation on positive stiategies on AIDS prevention and education, taking into account the 
common cultural and historical features shared by the region. 
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Lacal health departments also play an active role in sending out AIDS messages. As David 
Werdegar and coworkers (San Francisco Department of Public Health) reported, the local 
health department may serve as the focal point in the community response 0o AIDS. 
Among the AIDS-related functions of the San Francisco Department of Public Health were 
the following: 

* gathering epidemlological information 
* developing education/prevention programs
 
* organizing treatment and support servlce
 
* coordinating funding 
* providing linkages to other local, state, and national agencies 

It was concluded that a health department cannot provide all required services, but rather
 
can cocrdinate and maximize the community response.
 
Higher Education Agencies. Institutions of higher education are widely recognized as
 
credible sources of many kinds of information. Given the teaching nature of much the
 
activity at these centers, it is fitting that AIDS education be undertaken by these institu
tions. A model interdisciplinaiy university-wide course on AIDS was described by Ronald
 
Strauss and colleagues (University of North Carolina, Chapel Hill). The course dealt with
 
content from immunology, epidemiology, and the impact ofAIDS on society. Student evalu
ations were -:speciallypositive on panel discussions with patients or on sexuality and lec
tures on prevention behaviors and treatment. Michael Closen and Scott Isaacman (John
 
Marshall Law School, Chicago) described the development of an HIV/AIDS coursebook
 
AIDS: CasesandMaterials,which has been adopted by more than 20 law schools. A contin
uing need to address course materials is cited.
 
A novel approach to increasing AIDS awareness among college students was reported by
 
Dr. Mark Goldstein and colleagues (Massachusetts Institute of Technology, Cambridge).
 
They reported the successful use of a visual art, program around AIDS themes, including a
 
student art contest and exhibition, a quilting project, displays of AIDS quilts and pho
tographs of individuals in the terminal phases ofAIDS.
 

Dr. Mary Redick of San Franciscc Community Colle.ge District described AIDS-related
 
activities of a 60,000-student community college over the past 6 years. Activities engaged
 
in included the following:
 

* policy: nondiscrimination and confidentiality
 
* education: materials production for employees and students
 
e service: worksite and classroom integration of HiV-infected employees or students,
 

outreach and liaison with community, regional, state, and national groups 
Religious Organizations. The potential importance ofreligious organizat!ons as sources of 
helpful AIDS messages is implicit In the new religious initiative being undertaken by the 
Centers for Disease Control's National Partnerships Program reported by Richard Jimenez 
(CDC, Atlanta). The CDC will encourage, assist, and support religious communities In the 
fight against HIV infections and in providing AIDS services to those in need. Models of 
national, regional, and local interfaith partnerships among government, churches, and 
community-based organizations were presented. 
Two reports dealt with religious groups' responses to AIDS Issues. Mary T. Wilson of the 
Christ Church Cambridge AIDS Concern Committee (Cambridge, Massachusetts) 
described that pirish's responses to AIDS-related needs: collection of AIDS-related infor
mation in the church library; provision of educational and discussion opportunities; and 
collection, storage, and distribution offood for persons with AIDS, among other activities. A 
more national effort was described by Michael Rankin and Ian Gilson (Union ofAmerican 
Hebrew Congregations Committee on AIDS, New York). Formed in 1985, this group has 

http:Colle.ge
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provided resource material on AIDS to all 840 afffilated congregations, proposing social 
Fiction resolutions, planning and staffing workshcps and addresses, alranging special 
liturgies and service-, and providing other human and material resources for regional con
gregational and regional forums. 
Some scanty evidence is emerging that religious affiliation together with social class is 
r, .ated to commitment to the civil rights of persons with AIDS. Homer D.C. Garcia and oth
ers (Pitzcr College, Claremont, California) and associates reported results of a telephone 
survey of 906 African-American and Latino adults in Los Angeles County indicating that 
religious tolerance promotes beliefs that the civil rights of people living with AIDS ought to 
be protected. Higher socioeconomic subjects were found to be more religiously tolerant. 
The credibility and resources of the Christian church in Africa as an integrative influence 
In AIDS care and prevention was the topic of a report by Ian Campbell and others (The
Salvation Army Chikankata Hospital, Zambia). They made the case that the church in 
Africa represents a vast, strongly organized, but underutilized resource to help make bal
anced decisions about lifestyle in the context of AIDS control. A report from Kampala, 
Uganda, by E. Maxine Ankrah and others (Makerere University), however, was less opti
mistic about the potential contribution of the African church. These researchers assessed 
the perceptions on a number ofAIDS issues ofa random sample ofProtestant clergy. As a 
group, they lacked factual knowledge about the disease, most having never heard of the 
virus, HIV. While few believed AIDS to be God's curse, all advocated sympathetic care. It 
was concluded that this group needs much additional health education in order to be an 
instrument of service or behavioral change. 
Community and Nongovernmental Organizations. Increasing numbers of persons con
cerned with the continuing spread of HIV are recognizing that HIV disease is most effec
tively combated at the local, grass-root level. Community-based organizations (CBOs) and 
nongovernmental organizations (NGOs) can provide unique commitment and enthusiasm, 
as well as authentic understanding and access to the target groups to whom AIDS outreach 
is being directed. For this reason, the Center for Disease Control (CDC) in Atlanta has 
launched several major initiatives involving these types of organizations in attempts to 
stem the spread ofAIDS. Several Corference reports described these initiatives. 
As early as 1985, die CDC, in collaboration with the U.S. Conference of Mayors, initiated a 
program that provided *seed money"and intensive technical assistance for CBOs. A follow
up questionnaire to the 85 organizations funded by this program was undertaken and 
report,;d by Stephen Schindler and others of CDC and U.S. Conference of Mayors. At the 
time of the survey, 96% of the CBOs were engaged In HIV prevention activities; 83% had 
successfully obtained funding from other sources, and 17% had applied for such funding.
It was concluded that CBOs play a vital role in reducing the spread of AIDS. A description 
of the programmatic activities and interventions of 64 minority and other CBOs providing 
street outreach programs to reduce the spread of HIV was presented by P. Imania 
Thompson and collaborators (CDC,Atlanta). The largest number of these programs are tar
geted toward IVDUs and their sex partners; others serve high-risk i.ens and prostitutes;
still others focus on men who have sex with men. Detailed case studies were preseritcd by 
four of the C13Os. 

To assure Implementation of a comprehensive national HIV-prevention strategy, the CDC 
launched four initiatives to provide financial and technical assistance to assist NGOs in 
planning, implementing, and evaluating HIV prevention programs (reported by M. I. 
Fernandez and others, CDC, Atlanta). Mass media, theater, peer education materials devel
opment, and street outreach programs were among the types of interventions funded 
under the aegis ofmore than 600 NGOs in 1989. Hard to reach, high-risk populations that 
were targeted included runaway youth, homeless persons, men who have sex with men, 
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drug users, prostitutes, sexual partners of infected persons, and youth. Evidence supports 
the need for technical as well as financial assistance, especially on organizational matters. 
Assisting local and national organizations to develop and promote community education 
about drug abuse and HIV infcction is the purpose of a program efTort by the National 
Institute on Drug Abuse (Rockville, Maryland), reported by Leona Ferguson and W. Link. 
Since October, 1987, 20 citywide networks or coalitions have been formed as a result of the 
training workshops conlucted by this program. Regional conferences for various ethnic 
minorities have been arranged. Technical assistance to individuals and groups have been 
provided in the areas ofcommunity education, communications strategies, message/prod
uct development and evaluation. 
The function and effectiveness of NGOs at the national and international level was analyzed 
by Robert Grose and others of the World Health Organization and Canadian AIDS Society. A 
key to success was reported to be the development ofmutual networks for support, informa
tion exchange, skills development, fund-raising, and advocacy. Ihe need for clarity ofobjec
tives was stressed. Kenneth Williams (CDC, Atlanta) discussed the role of NGOs in the 
United States, and governmental attempts to assist and coordinate such efforts. 
Community organizations have focused on a number of missions. In the U.S., as reported 
at the Conference, these have included legal services (David Han.ell and Teresa Calabrese, 
Gay Men's Health Crisis, New York); lobbying for appropriate state laws (David Jones, 
North Carolina AIDS Service Coalition, Chapel Hill); and establishing of a legal needle 
exchange (Jeffrey Schouten and colleagues, Life Foundation, University of Hawaii, Hawaii 
Medical Association, and Governor's Committee on AIDS, Honolulu). Jacalyn Lee and 
coworkers (Hunter College Center for Community Action to Prevernt AIDS) reported that 
they conducted a survey of community and religious leaders to identify AIDS-related activi
ties and obstacles to future actives. Technical assistance on networking and overcoming 
obstacles was provided. 

Internationally, community organizations have had even wider missions: Hans Hengelein 
(Deutsche AIDS-Hilfe, Berlin) reported a novel workshop approach to further education, 
exchange of experience, leisure activities, and political networking. Roy Mwilu and others 
(Chikankata Hospital, Zambia) described the role ofcommunity based volunteers in home care 
and prevention programs, community counselling, and "lage Health Advisory Committees. 
An umbrella organization-CONASIDA-was described by Gloria Ornelas and others (Ministry 
ofHealth, Mexico) as effective in the promotion of the interaction of public, private, and social 
sectors to achieve congruency in adopting measures to confront AIDS. Assessment, training, 
and provision of educational materials were -mong the activities described. In Ecuador 
Germania Brito and others reported that the Ministry of Health, using USAID funds, has orga
nized a series of70 community-based seminars for high-risk groups such as homosexuals and 
prostitutes (Ministry of Public Health and Centro Medico Entre Amigos, Quito). 
Alison Rader and Ian Campbell (Salvation Army Chikandata Hospital, Zambia) raised the 
question of how community based programs can become well implemented, so that goals 
can be met and evaluated. They described the following principles as underlying successful 
task achievement: 

team approach 
* 	 ability to sustain people, programs, and finance 
* 	 hope (based on the capacity of the community to realistically incorporate AIDS into 

normal life, to share information respectfully and confidentially, and to reach con
sensus about significant change in lifestyle) 

Given the many demands on community organizations, it is not surprising that a number 
of groups, particularly those engaged in direct services to people with AIDS, have experi
enced "burnout." This was the topic of a report by Levinia Crooks (University of 
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Wollongong, Australia). The volume ofwork done by community volunteers was found to be 
so overwhelming as to require an innovative approach to the care of these volunteers, if 
burnout is to be avoided. 

arsons with AIDS. Credibility of the sources ofany message, especially AIDS messages, is 
always an issue. Persons to whom such messages are directed may question the motives of 
the source or the relevance of the message to the source. For both of these reasons, persons
with AIDS (PWAs) have excellent credibility. In turn, sharing their story may imbue PWAs 
with respect, compassion, and an understanding ofself-worth. Wendy Arnold and M. Bard 
of Being Alive," Los Angeles, describe a speaker's bureau ofPWAs that provides messages
of how HIV is and is not transmitted. Indeed as demonstrated in a study reported by Nancy
Evans and J. Fetro (Department of Public Health, San Francisco, and Unified School 
District, San Francisco), incorporating PWAs Into HIV prevention programs positively influ
ences the relative success of the program: This team evaluated the effectiveness of an ado
lescent HIV education program in promoting changes in (self-reported) sexual activity. It 
was found that of all the components of the program (addresoing facts, attitudes, feelings), 
a session that had a PWA had the most impact. 

CHANNEL VARIABLEs: How THE M.ESSAGE IS COMMUNICATED 

The seriousness of the threat of AIDS has spurred much creative activity in the design of 
AIDS education materials in a variety of modes. A number oftraditional and nontraditional 
modalities for the dissemination ofAIDS mess iges were described. These included a report 
on the use of audiocassettes for Haitians with low levels of literacy (Nicole Prudent and 
coworkers, Haitian American Public Health Initiatives, Boston University); the use of rap
and rock videos (Iris Page and others, North Yock Public Health Department, North York,
Ontario); information campaigns during music and culture fest'vals (Merete Lindholm and 
Bente Hansen, Municipal School System of Copenhagen); role plays (Tukumbe Eke,
Central Bureau of AIDS Coordination Programme, Kinshasa, Zaire); culturally specific
videos (Susan Muska and others, Projet San Francisco, Kigall, Rwanda); national pam
phlets specific to a particular population, such as women (C. Hankins and others, Federal 
Centre for AIDS, Ottawa); and use of traditional herbalists (Theresa Odero, Ministry of 
Health, Kenya). 
Computer and Other Data Bases. With information regarding the HIV epidemic changing 
rapidly, it is not surprising that computers have been turned to as a way of keeping infor
mation up-to-date and accessible. A computer-aided information system on diagnosis and 
treatment ofAIDS-related conditions capable of accelerating traditional ways of knowledge
transfer to a broad public was the focus of a report by Bernd Sebastian Kamps and W. Stille 
(JohannWolfgang Goethe Universitat, Frankfurt). Regularly updated public domain soft
ware is the core of the system. A more focused and differentiated database is described by
Leonard Indyk and colleagues (Neptune Computer Group, Stamford, Connecticut and 
Mount Sinai School of Medicine, New York). They described a detailed encoding of AIDS 
information Into standard database format (dBASE-111. The purpose is to capture, trans
late, and store the information for multiple uses; in this way users can be more efficient 
and facile in accessing information. Ben Gardiner (AIDS Info BBS, San Francisco)
described the planning, construction, and operation of a computer bulletin board with a 
database ofpublished material and anecdotal information from callers. It is used by people
in HIV prevention, containment and management, by press, health officials, and persons
with AIDS. The use of the French telephone network to tap into a knowledge base system
for risk evaluation and prevention management was described by Claude Beuscart and 
associates (Universite de Lille, France). This system enables anyone with a telephone to 
obtain information, an anonymous consultation, and follow-up connection to a mailbox 
number for a specialist's response to a personal problem. 



296 CHAPTER 10: EDUCATION & COUNSELLING 

Christopher Hall and Lisa Flam (National Hemophilia Foundation, New York) described the 
design and implementation of an information center for hemophilia community: 
Hemophilia and AIDS/HIV Network for the Dissemination of Information, or HANDI. 
Information dissemination focuses on HIV risk reduction, treatment for HIV-infected per
sons, living with hemophilia and HIV, and discrimination against henophiliacs with HIV. 
Services are available directly to people with hemophilia as well as health-care providers 
and related others. 

REcEIVER VARIABLES: NATURE OF THE TARGET POPULATION 

The risk of Infection is not equal for all groups: risk is related to a group's geographic loca
tion, age, lifestyle, gender, and cultural variables. It therefore follows that not all groups 
can be accessed with AIDS prevention messages in the same way. Relevant Issues include 
not only the obvious ones, such as presenting messages in that group's language, but a 
consideration of how can they be motivated to believe that the Issue Is one they should 
attend to, care about, and act on-in short, that they should "own." 
Substa.itial research has been conducted with groups identified as at high risk (such as 
JVDUs and men who have sex with men), as well as emerging at-risk groups Including sex
ual partners of infected individuals or those at high risk, members of racial minorities 
(especially blacks and Latinos), sexually active adolescents, and more recently, women. 

For most of the high-risk groups, a substantial body of literature describing group-based 
attitudes, beliefs, values, and behaviors is available. Surveys of current perceptions and 
attitudes among various populations assist in the design and/or modification ofeducation 
and intervention programs. Readable and meaningful literature regarding specific aspects 
of HIV infection, including transmission routes and risk-reducing behaviors, can be tai
lored to meet the needs and deficiencies ofwell-defined audiences. 

KNOWLEDGE, ATTITUDES, & BEHAVIOR SURVEYS 

Assessing specific behaviors or practices within well-characterized populations-unpro
tected sex among college students, for example-and within specific cultures is essential 
since It has been repeatedly demonstrated that high knowledge levels do not necessarily 
translate into behavioral changes. The relationship between the perceived need for behav
ioral change and actual behavior modification can vary considerably, as is illustrated by 
numerous presentations at this year's Conference. 

Knowledge, attitudes, and behavior surveys typically assess the following: 

* 	 knowledge about transmission of HIV and specific behaviors that place persons at 
risk of exposure 

* 	 self-perception of risk 
• 	 attitudes toward adopting risk-reducing behaviors 
* 	 fears about contracting the virus 
* 	 changes or preventive measures taken since becoming aware of AIDS 
* attitudes toward HIV-infected persons and persons with AIDS (PWAs) 

Surveys collect both qualitative and quantitative information: For example, in cases 
where heterosexual transmission is the primary risk factor, it is important to identify 
the types of sexual activity as well as the number of incidents or the number of sexual 
partners. Inherent to surveys that ask such personal questions, however, is the possi
bility of nonresponse and/or underreporting. Acknowledging these problems, several 
independent investigators at the Conference pointed out that survey methods may 
influence compliance and accuracy. A singular report dealt with the hazards of street
based research. 
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William Darrow (CDC, Atlanta) assessed the reliability and validity of self-reporting of sex 
practices, sexually transmitted diseases, and IVdrug use. Confidential interview data from 
1,410 prostitutes who consented to be Interviewed, tested, and examined from eight U.S. 
regions were compared with laboratory findings and clinical observations. Self-reported 
information about HIV antibody status, treatment for syphilis, and intravenous drug use 
were substantially confirmed by objective laboratory and clinical data, suggesting that 
valid comparative AIDS-related data can be collected in large-scale studies. 
David Gibson and colleagues (University of California, San Francisco) reported on a study 
to validate self-reporting of needle sharing by IVDUs by corre!ating them with the results of 
forensic tests designed to detect multiple users of the syringes. Comparing residue in 31 
syringes donated by multiple users with reference fingerstick blood specimens for discrete 
biochemical traits, it was found that the results were remarkably consistent with self
reports of the users. The researchers concluded that IV drug users' self-reports of needle 
sharing appear to be surprisingly valid. 
Robert Broadhead and associate (University of Connecticut, Storrs) reported on occupa
tional risks of indigenous workers who conduct street-based outreach research interviews 
with IVDUs. The three major risks presented were addiction relapse, burnout and staff 
turnover, and physical and psychological assault. 

GENERAL POPULATION SURVEYS 

Several studies have looked at large samples of the general population in attempts to gauge
knowledge about AIDS. Arlene Davis (Peoria City/County Health Department, Illinois and 
Illinois State University, Normal) Investigated factors which inhibit safe sexual behavior in 
an unmarried heterosexual population aged 35 and older. The 139 respondents were gen
erally knowledgeable about HIV transmission (correctly answering greater than 80%of the 
questions). However, knowledge level did not significantly affect the decision to be sexually 
active or Inactive. Only 2.6%of the subjects always asked prospective sexual partners
about previous high risk behavior (IVdrug use, homosexual activity. sexual contact with 
prostitutes, multiple sexual partners, lack of regular condom use). Almost 50% of the men 
and 29% of the women had not asked any potential pariner about any of these behaviors 
during the previous year. Questions regarding condom use revealed that 13.9% ofthe men 
and 21.8% of the women had used condoms at least once during the previous year.
R~asons for not using condoms included accurate perception of low risk; inaccurate per
ception of low risk; interference with pleasure; spontaneous sex; embarrassment; and the 
belief that condorz- are Ineffective !.n pre' !nting transmission of HIV. Similar findings were 
reported from a national study of AIDS knowledge and sexual behavior in a representative
sample of 1,000 Dutch citizens (Theo Sandfort and colleagues, University of Utrecht, The 
Netherlands). Overall, the level ofAIDS information on transmission and prevention was 
high. About 12% of the sampi'e reported engaging In risky sexual behavior during the previ
ous year; Interestingly, these persons scored slightly higher on AIDS knowledge. The 
authors conclude that prevention strategies shuuld be more intensively directed at the 
subgroups who are relatively more at risk.
 
A comparison of the relationships among knowledge, beliefs, and condom use in the U.S.,
 
France, and U.K. was reported by Dr. James Wells (Project HOPE Center for Health
 
Affairs, Chevy Chase, Maryland). Interviews were conducted with national probability 
samples with approximately 1,950 respondents In each country;, factor loadings of the 14-
Item knowledge survey was similar in the 3 countries. Knowledge levels were not found to 
correlate well with condom use. However, certain items correlated with condom use In 
several specific populations: Fear of AIDS related to condom use during vaginal Inter
course and to initiating use of condoms, especially by U.S. and French subjects. Knowing 
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someone with AIDS is related to condom use for anal intercourse with men in the United 
States only. Belief that AIDS is fatal did not equate with high condom use in any country. 
Self-Asaesamene. The ability of heterosexuals to estimate their risk for HIV infection was 
the focus of a study presented by Lisa Feingold and associates (New England Behavioral 
Health Study, Providence, Rhode Island). Using data from the first 631 enrollees in a popu
lation-based study of heterosexual transmission of HIV infection, the following findings 
were obtained: 

Perceived Risk Actual Risk of HIV Infection 

Low Moderate High 
(n-128) (n=132) (n=371) 

None/slight 67% 66% 36% 
50/50 chance 9 14 28 
High 2 3 29 
Do not know 21 17 7 

Overall, the findings show a significant tendency to underestimate risk of HIV infection. 
Nonwhite women were less likely to underestimate their risk, compared to white women. 
Age nnd sexual orientation were not predictive of underestimation. Males were slightly 
mo,-e likely to underestimate their risk. Persons using condoms were more accurate than 
nonusers in assessing their risk of infection. The researchers concluded that high levels of 
misperception and inability to accurately clapsify one's risk ofHIV infection put heterosex
ually active adults at substantial risk. 
Sexu~d Behavior. A representative sample oi 1,511 adults aged 18-59, living in the south
eastern part of France was interviewed regarding their sexual behavior. Brigitte Lhomond 
(CNRS, France) and colleagues found that 15.896 of heterosexual respondents had more 
than one partner in the previous year, 3% had homosexual relations, and of these, approxi
mately 75% h-d more than one partner. People with multiple partners were found to have a 
lower frequency of sexual activity than persons self-reported as monogamous, but they 
reported more varied practices. Condom usage among persons with multiple partners was 
higher than that of the general population: 3.3% used condoms with a regular partner, 
9.8% with a known occasional partner, 13.1% with a new partner. 
Joseph Catania and colleagues (University of California, San Francisco) tested a three
stage process model of changes in sexual risk behavior using data collected in a random 
household probability study of 1,781 white (41%), black (26%), Hispanic (25%), and oth :r 
(8%) unmarried persons. Subjects were asked to make an assessment and label their rtsk 
for HIV based on sexual practices. The dependent variable was frequency of condom use 
averaged across sexual partners for the previous year. Hispanics labeled their behavior 
more accurately compared to whites, whereas gay men were more accurate than heterosex
ual men. Greater condom use during vaginal or anal intercourse was found to be signifi
cantly related to better sexual communication skills, higher perceived benefits and lower 
costs of condom use, but unrelated to religiosity, self-efficacy, and ethnicity. These latter 
findings held for both women and homosexual and heterosexual men. The finding of unre
latedness to self-efficacy is contrary to predictions of the Health Belief Model. 
Condom Use. Two studies reported condom use by patients at clinics for sexually trans
mitted diseases (STDs). In a study reported by Hillard Weinstock (CDC, Atlanta) and col
leagues, perceived risk for HIV was not associated with condom use in a random sample of 
300 heterosexual patients aged 18-65 (mean age, 29); 50% were iale, 43% were white, and 
36%, black. While 99% knew that condoms could prevent transmission of STDs including 
HIV, only 18% regularly used condoms in the previous 2 months. Condoms were used 50% 
of the time with casual partners, only 28% of the time with their most important partners. 
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Patients were more likely to use condoms if casual partners endorsed their use and if they
believed condoms do not detract from sexual spontaneity. The authors concluded that an 
understanding ofpartner relationships is necessary for increasing condom use. Soldiers
with newly diagnosed STDs at an STD Clinic at Fort Bragg were the subjects of a study
reported by Charles Magruder and associates (Womack Hospital, Ft. Bragg, North 
Carolina). Consistent with the findings of the study by Mr. Weinstock and colleagues
(above), 96% of these men knew that condoms reduced transmission of HIV, but only 17%
had used one the last time they had sex. Lack of availability was the major reason given for 
the lack of use. Black men more often than wh~Ie men felt that condoms break or come off 
during intercourse, reducing their effectiveness. 
Dominique Hausser (University of Lausanne, Switzerland) and colleagues presented find
ings of their study of condom use In Switzerland using two perspectives: interviews of rep
resentative samples of 27-30 year olds during the period January 1987 to October 1989 
(approximately 1,200 subjects in 4 waves, the last wave including persons aged 31-45)
and analyses of numbers of condoms sold per year in Switzerland. The reported increases 
in condom use (8% in January 1987 to 17% In October 1987 to 29% in October 1988 to
48% in October 1989) were confirmed by increases in condom sales. The authors noted,
however, that although condom usage has steadily increased perhaps reflecting the effec
tiveness of prevention campaigns, persons under 31 were more likely than older persons 
to use condoms. 

SURVEYS IN DEvELoPING COU RES 

As in developed countries, knowledge surveys can yield important Information for the 
design of effective prevention campaigns and/or interventions. The majority of knowledge 
surveys were combined knowledge, attitudes, and behavior surveys. 
HIV/AIDS Knowledge. Muhammad Bustan (Hasanuddin University, Indonesia) and col
leagues reported an assessment ofAIDS knowledge and risk perception among Indonesian
 
public health students (residing in an area of low AIDS incidence). Wide variation in accu
racy of responses to different questions was found: 99.2% correctly identified the main
 
modes of HIV transmission, but 68.6% thought AIDS can be cured. Furthermore, 52%

believed that HIV could be transmitted through casual contact. The researchers stressed
 
the need for more education to erase misconceptions regarding HIV and AIDS.
 
Aurora Del-Rio and coworkers (Ministry of Health, Mexico) reported the results of a studyof

low-risk sexual transmission groups (general population, students, and health personnel)
and high-risk sexual transmission groups (prostitutes and gay men) in six Mexican cities. 
Indices were calculated for each group for knowledge, attitudes, and risk ofinfecion (modi
fled cumulative infection probability). It was found that knowledge levels were highest
among gay men (87.4%) and lowest among female prostitutes (79%). Attitude Index was 
highest for those In the high-risk group and lowest for health personnel. Female prostitutes 
were significantly higher than the other groups on the infcctioi-risk index.However, this 
latter index was sensitive to adjustments in seroprevalence rates, and gay men were at sig
nificantly higher risk whtn the Mexico City seroprevalence rates of potential sexual part
ners were used. 
Sexual Behavior. The World Health Organization and other national and international 
groups have worked hard to disseminate relevant information about HIV and AIDS to 
every part of the world. Despite these efforts, and despite the capability of today's mass 
media to reach the most remote areas of the globe, there are still Indications that not 
everyone has the basic information. Oswaldo Reyes (Ecuadorian Red Cross, Quito) and 
associates described an assessment of knowledge about AIDS and high-risk activity 
among donors at the Red Cross Blood Bank in Quito, Ecuador. Half of the 678 respon
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dents did not know that AIDS can affect people in Ecuador, 20% thought that only homo
sexuals could have the disease; and 17% were unaware of the protection that condoms 
offer against ,'V. Almost 25% of the men had visited prostitutes: 29% of the ir.n had 
more than 5 lifetime sexual partners; and 58% had never used condoms. Among women, 
5% had more than 5 lifetime sexual partners and 85%had never used condoms. Only 1% 
ofthe sample had used IV drugs. 

A number of researchers reported on aspects of knowledge, attitudes, and behavior related 
to AIDS in African groups. In a Ugandan stuay reported by Maako Musagara (AJDS Control 
Programme/Rakal Project, Uganda), 86%of 1,304 interviewed adults knew of sexual trans
mission of HIV and 83% believed that changes in behavior can reduce risk ofAIDS. While a 
large majority of intervie xv respondents self-reported changing to lower risk behaviors, this 
was not borne out by discussions in 35 focus groups from the same areas. Much risky 
behavior still persists. These findings were consistent with those of Ntsomo PayanZo and 
colleagues (IPN and Universite de Kinshasa, Zaire) whc found that more than 90% "fa 
sample of permanent residents, transients, and prostitutes had heard about condoms, but 
only a small percentage regularly used them. 

Bombelenga Bomboko (Ecole de Sante Publique, Zaire) reported his team's findings on the 
determinants of risk behaviors among college students in Zaihe. In their sample of 1.480 
randomly selected, mostly Catholic, students (800/) male), much high-risk sexual behavior 
was reported: 84% had already had sex, 37% with 2 to 3 partners in the last year; 19% had 
had sex for money; 29% had paid to have sex with someone other than a prostitute: 31% 
had visited a prostitute at least once a month. Among those who did not visit prostitutes, 
48% gave as a reason the desire to avoid sexually transmitted diseases, 30% for religious 
reasons. Sexual practices reported were as follows: 64% vaginal intercourse only; 33% 
sometimes include oral-genital contact; 19% sometimes practice anal intercourse; 20% of 
the students reported not feeling any pleasure while having sex. In a separate report by the 
same group (using the same sample), it was found that 7% reported sexual contact with 
persons of the same sex at least once (36% before the age of 10; 25% between ages 10 and 
15; 14% between ages 16 and 20; and 14% after age 20), with less than 1% expressing an 
intention to repeat the experience. Religion was the major reason given for this Intention. It 
was concluded that homosexuality seems to be a sexual practice of early life, and cannot be 
considered as a risk factor for HIV, since none of the seropositive subjects had had sex with 
persons of the same sex. 

Condom Use. Six surveys examining the heterosexual behaviors of 1,478 Central African 
farmers, truck drivers, teenagers, and health personnel were reported by Jean Paul Louis 
(Organisation de Coordination pour la Lutte contre les Endemies en Afrique Centrale, 
Cameroon) and collaborators. Among the findings were the wide variability of condom use: 
farmers, 2%; truck drivers, 12%; students, 36-54%; health personnel, 68%. The major 
motivations for condom use cited were contraception and prevention of STDs (more than 
prevention ofAIDS). The researchers pointed out that the use of condoms is encouraged by 
publicity, wide accessibility, and low cost. 

Mwana Jingu (Projet SIDA. Kinshasa, Zaire) and associates reported high condom use over 
a 2-year period in 175 (Zairian) married couples with discordant HIV serology. More than 
70% of discordant couples were found to continue condom use during this period for all 
sexual acts. The desire to have children was the most important reason for noncompliance 
(10 seroconversions occurred during the study period). Similar high rates of condom use 
among HIV-discordant couples in Rwanda were reported by Jeffrey Tice and colleagues 
(University of California, San Francisco). In this study of 46 discordant couples, follow-up 
after about a year showed that the mean proportion of unprotected sexual episodes was 
higher in couples with an HiV-positive male (11 of 99 versus 4 of93). None of the 21 HIV
negative men and 3 of 25 HIV-negative women had seroconverted. 
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SURVEYS AMONG MOMOGEXUAL/BISEXUAL MEN 

The frequent practice of bisexual activities among men having sex with men was pointed 
out by several Confereace presenters. Peter Davies (South Bank Polytechnic, London) and 
colleagues, for example, reported that in their sample of 930 homosexually active men, 
61.6% reported women sexual partners in their tifetime, 52.5% reporting vaginal penetra
tion and 10.7% reporting anal intercourse. In the year Immediately preceding the inter
view, 11.7% reported having had female partners and most of thebt also had penetrative 
sex writh male partners. Of men who had both male and female partners, condom use was 
less common in vaginal intercotase than in anal intercourse with men. No ondom use waa 
reported by 80% oi (hose with women partners In the previous month, compared with 
nonuQ- of 50% with anal intercourse with men. These findings show significant cross over 
in terms ofrisk. 

Fewer general surveys of sexual behavior in homosexual/bisexual men were presented at 
this year's Conference. More differentiated studies (for e.ample, aged subJect., and types of 
recruitment) were reported, leading to a more precise understanding of exactly which 
groups of homosexual/bisexual men are engaging in high-risk behavior. Lance Pollack and 
others (University of California, San Francisco) explored reacons why about 40% of the 
cohort from the 6-year prospective study of 540 gay men in San Francisco continued to 
engage in unprotected anal intercourse. In men who were In mutually monogamous rela
tionships, the most common reasons were: having the same serostatus as one's partner
(71%). being In love (55%), and responding to the partners request (32%). Men in non
monogamous or casual relationships reported: being sexually turned on (60%), responding 
to partner's request (60%), that unprotected sex felt better (51%). and assuming that part
ner didn't want to use condom (45%). The authors concluded that condom use needs to be 
eroticized, communication and resistance skills need to be taught, and community norms 
in support ofcondom use should be further developed. 
Janet Harrison and others (CDC, Atlanta), in collaboration with San Francisco Department 
of Public Health, compared condom use in homosexual men in a cohort study (156 sub-
Jects) and a cross-sectional study (133 subjects). All participants were asked to give the 
single most important reason for not using a condom during their last unprotected anal sex 
experience. Cohort men were more likely to be white (90% versus 54%) and to have had 
their last unprotected anal contact with a steady partner (76% versus 57%). The following 
reasons were given for not using condom in the two studies: 

Cross-Sectional Cohort 
Usage problems/interrupts sex 22.3% 15.7% 
Not avaiiable/sex unplanned 26.5% 20.9% 
Partner's responsibility/relationship 14.1% 20.3% 
Partner with same HIVstatus 5.8% 20.9% 
Alcohol/drug use 6.6% 2.6% 
The authors cautioned that these findings may be specific for homosexual men and there
fore may not be generalizable or representative ofother populations. 
A study designed to answer the question "Why are young gay men engaging in high rates of 
unsafe sex?" was reported by Robert Hays and others (University of California, San Francisco). 
Self-report questionnaires, to be returned by mail, were distributed in settings frequented by 
young gay men (aged 18-25) In 3 mid-size California communities: Eugene, Santa Cruz, and 
Santa Barbara. From the surveys returned (99), 43% of respondents reported unprotected 
anal intercourse in the preceding 6 months, with reasons given as: greater enjoyment of 
unprotected anal intermourse, perceived lower risk of unprotected anal intercourse, poorer 
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communication skills with sexual partners, and greater likelihooxd of having a boyfliend/lover. 
Reasons for unsafe sex included being "in love," using drugs/alcohol, and being "too sexually 
turned on" to stop to put on a condom. Respondents believed that HIV infection riskwas signif
icantly lower with younger, as opposed to older, gay men. Thomas McManus (King's College 
Hospital, London) and colleagues reported similar findings in a study of 111 gay inen under 
age 21 in London. They found that the subjects were engaging in sex which is likely to put 
them at a higher risk than older groups, especially receptive anal intercourse (average 14.4 in 
month prior to the survey, compared to 3.3 times for men older than 21). 
Relapse. A rather telling number of studies at this year's Conference looked at the issue of 
relapse-that is, homosexual/bisexual men who had adopted safer sex practices, but then 
went back to previous risky behavior. Ron Stall (University of California, San Francisco) 
reported that in his tean 's 5-year prospective study of 575 gay men, 19% reported relapse 
after having only h_-1 --. e sex. Reasons given by men in monogamous relationships were 
being "in love" or having the same HIV status as their partner, while men ixot in relation
ships reported being "turned on" or inebriated during sex.or not having condoms available 
when sex occurred. 

In an effort to to predict relapse in homosexual and bisexual men, a discriminate function 
analysis DFA) was used in a study reported by Brad Bartholow (Denver Disease Control 
Service) and others. The DFA correctly classified 86% of 200 subjects in a longitudinal 
design into high risk, stable high risk, stable low risk, and protective behavior change 
groups. Discriminating factors included 

* 	 sexual behavior self-perceptions 
" 	 perceptions of risk regarding sexual behaviors with monogamous, 

nonmonogamous, and occasional partners 
* 	 use of drugs and alcohol 
* 	 reasons for sex 
* 	 practice of health seeking behaviors 
* 	 Hispanic ethnicity 
• 	 age 
* 	 number of partners prior to learning about AIDS 
* 	 number of years ofAIDS awareness 

In a longitudinal study of 2,306 gay men, reported by Kevin O'Reilly and others (CDC, 
Atlanta), only 4% of seronegative men were found to increase their risk. Factors associated 
with relapse included low self-efficacy, poor perception of community support, excessive 
alcohol consumption, and alcohol or drug use together with sexual activity. Janet St. 
Lawrence and associates (University of Mississippi Medical Center, Jackson) found that 
relapse was strongly predicted by strength, frequency, and reinforcement value of past 
unsafe behavior In a 16-month follow-up of 68 gay men. Younger age, lower educational 
level, and sex when intoxicated also predicted relapse. In a study ofrelapse of212 gay men, 
Maurice Adib and others (University of Michigan, Ann Arbor) found that only serostatus 
reliably predicted relapse, with HIV-positive men more likely to revert to unsafe sex than 
H[V-negative men. Overall, 82% to 87%of the subjects continued to use condoms consis
tently for both anal receptive and Insertive sex 1 year later. 

Serostatus. Dr. Leon McKusick and colleagues (University of California, San Francisco) 
reported that in a suvey of540 homosexual and bisexual men, 83% of those who were HIV
negative preferred HIV-negative partners for romance and sex. Of those never tested, 74% 
preferred HIV-negative persons for romance and sex. Fewer HIV-positive persons expressed 
preferences based on HIV serostatus, but some HIV-positlve preferred persons who were 
also HIV-positive, citing their concerns for infecting someone who was healthy, and that 
someone who was HIV-negative could riot empathize emotionally with an infected person. 
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A miajor study of behavior-l and sociological risk factors for HIV seropositivity and condom 
uise in homosexual and bisexual men in Mexico was reported byJose Izazola (Ministry of 
Health, Mexico and Harvard School of Public Health, Bostonl Interviews to determine 
knowledge, attitudes, and practices about AIDS were conducted and blood samples were 
collected to determine serostatus for 715 men in gay gathering places in six cities. 
Seropositivity rates varied from 3% to 26% from city to city, with seropositivity being asso
ciated with: city, anal insertive/receptive behavior, history of syphilis, sex w!tb a person
with AID .S and sex in bath houses. Condom use rate was 30%, the higher usage rates in 
cities where prevention programs were initiated earlier. 

SURVEYS AMONG INTRAvNous DRUG USERS 

Intravenous drug users (IVDUs) have traditionally been hard to reach with ordinary educa
tional and communication efforts. In addition, It has been difficult to introduce reinforce
ments that are powerful enough to offset the biological reinforcement obtained from the 
drug "high."For this reason, most interventicn attempts have been directed at trying to get
people to avoid needle sharing, or to clean needles with bleach before reusing them (see
"Education," below). 
Much initiation into IVdrug use is through needle sharing. A shared needle is a sign (.f
shared friendship, intimate relationship, trust, and belonging to a common culture or 
group. It can also meet concerns regarding safety of the product when drug dealer and 
buyer share a needle. Sharing of HIV-contaminated needles is currently a major and 
growing vector in the spread of HIV. Consequently, the study of needle sharing by
IVDUs is a major research focus. Questions concern the extent and correlates of needle 
sharing in different populations and conditions under which needle sharing can be 
reduced or eliminated. 
Extent of Risk Behavior. In his plenary lecture, Dr. Gerald Stimson (Westminster Medical 
School, London) presented an uverview of the epidemiologic.l and behavioral issues in HIV 
infection among IVDUs. Based on a review of the literature and Dr. Stimson's own experi
ence and studies, several behavior.-l issues were summarized as follows: 

" 	 Variations in HIV seropievalence among iVDUs appear to be linked with the time 
of introduction of HIV into a particular community, to the local mix of individuals 
in a community, and to drug-injecting practice and high-risk sexual behaviors. 

* 	 Cocaine use is associated with both high-risk sexual behaviors and unsafe 
Injection practicea.
 

* 
The high fertility of female drug injectors exacerbates the growing problem of 
perinatal transnission. 

" Some evidence suggests that injectors are changing, albeit slowly, theh"behavior
adopting protective injection strategies and changing social etiquette.

" Long-term strategies must include tr',atm,.nt for drug use and measures to help
HIV-Ask reduction for those who continue to inject. 

A number of the Conference presentations found that basic knowledge about HIV trans
mission has indeed penetrated into most IVDU communities. These same studies, however,
also show that much risk-taking behavior continues to take place. 
Peter Kerudt (Los Angeles County Department of Health Services) and others reported
their findings from interviews with, and HIV testing data of, 1,072 IVDUs in a methadone 
treatment program in Los Angeles County. Overall, the seroprevalence rate was 2.4%,
but 't was 4% among IVDUs who reported having used IV drugs outside Los Angeles
County. Needle sharing was reported by 77%, with 40% stating they had used bleach to 
clean their needles. Interestingly, but perhaps not surprisingly, IVDUs who had used 
drugs in New York state had a higher seroprevalence rate (29.2%), and were more likely 
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to report needle sharing with a homosexual or bisexual drug user. These findings sup
port the summary statement by Dr. Stimson regarding differences in HIV-infection -ates 
and risk behaviors in individual communities. 

Similarly, results of a large German epidemiol)ogical study of IVDUs, reported by Dieter 
Kleiber (Sozialpaedogogisches Institut Ber'in) and colleague, reveaJed that seroprevalence 
is related to geographic and sociological asp-cts of the particular IVDU community. A rep
resentative sample of 1,267 IVDUs was interviewed and tested. The overall HIV prevalence 
rate was 19.9%, with major differences by location, drug scene, subpopul ,clons with differ
ent sociological backgrounds. Needle-sharing habits were reported changed by nearly 60% 
ofthe addicts, but only 48% reported changing sexual behaviors. 

Sexual Behavior. Diane Lewis (University of CaliforniA, Santa Cruz) and Dr. John Watters 
(University of California, San Francisco) reported on .hehigh-risk sexual behaviors of two 
groups of 336 male 1VDUs: those with both male (70%) and female (63%) partners, and 
those with exclusively female partners. Of the bisexual men, 12% reported heterosexual 
anal intercourse (compared to 12% of the exclusively heterosexual men) and 33% reported 
homosexual anal intercourse; 56% of the bisexual men never ase-'s condoms for anal inter
course. Bisexual men were signiflcantly more likely to exchange sex for drugs or money 
(51%) than were the heterosexual men (16%). Of the men having sex with both males and 
females, 49% self-identified as heterosexual, 37% as bisexual, and 14% as homosexual, 
This population requires special risk-reduction outreach since so many self-identify as het
erosexual but may be inadequately served In heterosexual AIDS prevention campaigns. 

A study describing sexual risk behavior in female IVDUs was presented by' Carolyn McKay 
(University of Miami School ofMedicine) and associates. Of 150 Miami women interviewed 
and tested for HIV, 70% reported sex with iaultiple partners: they were more likely to use 
condoms than women having a single partner. Both groups tend to hzve partners who are 
also IVDUs. Rates of seropositivity were above 30%in this population. 
Les Pappas (San Francisco AIDS Foundation) and others presented data indicating that a 
large majority of female sexual partners of male lVDUs never use condoms during vaginal 
intercourse (71 of 100 women in this study). Kyung-Hee Chol and others (University of 
California, San Francisco) reported that the foliowing variables were significantly associ
ei-!d with condom use in 77 female sexual partners of IVDUs: recent discussion of condom 
use with partner, partner's neutral or positive reaction to suggestion of condom use, and 
perception ofAIDS risk. The authors argued that individual counselling and health educa
tion appeared to be insufficient in effecting adoption of safe sex practices; couples coun
selling was indicated. 

Hilary Klee (Manchester Polytechnic, U.K.) described her findings from interviews of 303 
IVDUs contacted through drug agencies or outreach work. Related t0 needle sharing were 
the following variables: low level of knowledge about drug-related health problems, home
lessness, peer relitionships with a history of sharing, and lack of close friends. Condoms 
were used by only 25%, mostly restricted to casual sexual encounters. 

Rena Arshinoff and others (University of Toronto) presented data from 353 IVDUs in 
Toronto and Montreal treatment centers indicating that needle-sharing iehaviors are asso
ciated with difficulty in obtaining personal injection equipment, injection of cocaine, and 
needles obtained from shooting galleries. (The seroprevalence rate was 3.1%.) 

Several studies show that the form and context of necdle sharing may be changing. 
Margaret Connors (Spectrum House, Amherst, Massachusetts) reported recent changes 
in needle-sharing practices. Needle sharing is giving way to needle lending, 'here users 
carry one needle for personal use, one for lending. The infection risk thus passes to the 
user who is forced to borrow. Additionally, many users are now making attempts to dis
cern who has tested positive for HIV. Those who aie HIV-positive or have avoided testing 
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,ire forced to go last during needle sharing, or are avoided altogether. A study reported by 
Jean-Paul Grund and others (European Addiction Research Institute, Rotterdam) sug
gests that the actual sharing of needles is only one of the dangers ofInfection with HIV In 
the daily injecting routine. Drugs were shared In approximately halfof the observed drug
taking events, and in more than 80%of these events, it was done by "frontloading," a spe
cial technique using two syringes. 

The Emerging Role of Cocaine. The upsurge in the use of cocaine, especially crack (smok
able cocaine), in many countries, has given rise to a number of studies that have analyzed 
the relationship of the use of this drug to a variety of high-risk behaviors, including trans
mission of sexually transmitted diseases (STDs), including AIDS. Al Abramowitz (San
Francisco Department of Public Health) and colleagues presented an analysis of trends in 
crack use, which is thought to be associated with higher risk of HIV infection. Data were 
collected from all clients (3,673) entering drug treatment during a 6-month period in 1986 
and again in 1989 (4 446). Cocaine use was reported by 31% of the admissions in 1986, 
and by 44% in 1989. Cocaine was listed as the primary drug by 11% in 1986, and by 20% 
in 1989. Cocaine users who preferred smoking the cocaine increased from 53% to 78%. 
Latinos and youths under age 26 accounted for increasing proportions ofcrack users and 
blacks constituted the majority of users. In a separate presentation, Wayne Clark (San 
Francisco Department of Public Health) and others found that in IVDUs entering treat
ment, cocaine-using needle sharers reported more frequent drug use, and more multiple 
needle-sharing partners than non-cocaine ucers. Black and Latino sharers were more 
likely to use cocaine than other ethnic groups. 

A series of focus groups with black, white, and Latino IVDUs was conducted by La Mar 
Hasbrouck and associates (University ofCalifornia, San Francisco and Bayview-Hunte:'s 
Point Foundation). These researchers reported that drugs, specifically crack, have become 
the prominent currency used to buy sex. Black male IVDUs were less likely to use condoms 
when having sex while using crack-as compared to heroin users-because of perceived 
lower risi for HIV. In all racial groups, sexual partners also used drugs. The authors con
cluded that the fear ofAIDS does appear to be modiflring some practices, such as increased 
sterilizing of needles, avoidance of needle sharing, and condom use for most sexual acts 
except oral sex. 

Relationships among gender, crack use, and high risk behaviors in 340 black sexually 
active 13-19-year-olds were reported by Eve Golden (University of California, San 
Francisco and Bayview-Hunter's Point Foundation) and colleagues. Likelihood of STDs was 
predicted by the total number of drugs used by both male and female cracl, users and 
among male nonusers. Exchange of drugs for sex and having sex in association with crack 
or alcohol use predicted pregnancies for female crack users. (Among female nonusers, 
pregnancy was predicted by age of first intercourse.) 

A survey of HIV-related risk behaviors among male cocaine users was reported by Mark 
Kowalewsk and coworkers (University of California, Los Angeles). Of 167 admissions for 
cocaine dependence to a VA hospital drug dependence unit, 20% used IV cocaine in the 
previous year, and 95%shared needles. Bleach use when sharing needles with strangers 
was reported by 25%, whereas 20% reported always using bleach. Sex with men during the 
previous year was reported by 7% and ,of these, 71% reported anal sex; 86% reported sex 
with females (ofthese 20%reported anal sex). Half the respondents reported being high on 
drugs or alcohol most ofthe time during sex; 21% paid for sex with drugs, 13% with money. 
Because of AIDS, 73% stated they reduced the numbers ofsexual partners and 42% said 
they were more selective about partners. 

Frederick Snyder (NOVA Research Company, Bethesda, Maryland) and colleagues reported 
that more-recent cocaine injectors exhibit less risky behaviors than those who have 
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Injected for at least 2 years. Data presented showed that the following behaviors increase 
as number of years of cocaine use Increases: use of shooting galleries, sharing needles with 
two or more others, and borrowing used "works." 

SuRawIs AMONG ETHNic MINoRmTY GRouPs 

A number of U.S. re-earchers have found differences in various racial and ethnic groups 
regarding basic knowledge about HIV and Its transmission as well as in HIV-related risk tak
ing behavior. Robbie Hayes and others (R.O.W. Sciences, Inc.) reported on the findings of 36 
focus group discussions that were conducted In six regions of the U.S. The focus groups 
were designed to explore knowledge, beliefs, and attitudes among African-Americans 
Haitians, Cuban-Americans, Mexican-Americans, and Puerto Ricans, and to identify strate
gies perceived to be potentially effective in providing AIDS Information and education to 
these communities. The authors found that traditional communicatior methods are not 
effective and that culturally-specific information and strategies would probably enhance the 
Impact of HIV prevention messages. Analysis of the focus group discussions also revealed 
that strategies that maybe effective with one group will not be effective with others. 

Daniel Minns (National Task Force on AIDS Risk Reduction, San Francisco) reported on a 
study measuring AIDS knowledge, attitudes, and behaviors among black homosexual 
men in the United States. The study also sought to assess the effectiveness ofAIDS educa
tion efforts for th!s group and to determine possible ways to improve pre-.ention and treat
ment policy and planning for them. Black men, 950 total, were Interviewed on the basis of 
memberships in gay organizations (40%) or in locations where men meet men for sex In 24 
areas by local interviewers. Generally accurate information about AIDS was reported; 
however, large numbers continue to practice unsafe sex. Correlates of high-risk behavior 
included beliefs about discrimination, or a Russian roulette approach to AIDS. The author 
believes that peers and word ofmouth are especially important in motivating this group to 
change behavio'. Felicity LaBoy (Midwest AIDS Biobehavioral Research Center, Chicago) 
and colleagues also found some evidence of a "pro-risk" social norm among black gay 
men. Indeed, the "safer se.t" cultural shift appears not to have taken place. The authora 
reported that less change has occurred in minority communities in settings for high-risk 
or anonymous sex, such as bar "back rooms," bathhouses, or public parks, compared 
with the white gay community. 

Self-Identiflcatlon. Michele Russell (New York Hospital-Cornell Medical Center) pointed 
out that resistance to self-identifying as gay or homosexual should be taken into account in 
designing messages for black gay and bisexual men. Men who readily acknowledged "man 
to man sex" resisted terms such aa "gay" or 'bisexual" and denied behavior when these 
terms were used, apparently maintaining the idea that the experience Is sexual and not an 
emotional relationship. Antonio Jimenez and others (University of Illinois, Chicago) 
reported on 45 interviews conducted in two black oriented gay bars in Chicago. Their find
ings confirmed those of others that seif-identification as gay is lower among blacks than 
among homosexually active whites. In this study, not identifying as gay was the strong-.st 
predictor of more risk behavior, indicating the importance of this variable. 
Accultueation. Two presentations dealt with the issue of acculturation among Mexican 
Americans. Barbara Marin and associates (University ofSan Francisco) reported findings 
on acculturation differences in condom use by His-qrics. Using random-digit-dialing, 
523 Hispanic adults in San Francisco were interviewed (42% male; 24% U.S. born; mean 
age, 36). A five-item scale was used to measure acculturation (familiarity with U.S. culture 
and language): 28%of the men, 7% of the wouzen reported risky sexual behaviors in the 
preceding years (multiple sexual partners, sex with a prostitute or with another man). Of 
men reporting high-risk sexual behavior, 46% reported always using a condom. 
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Acculturation, therefore, did not relate to condom use by men. Among women, however. 
44%of the highly acculturated kept or carried condoms, compared to only 17% of the less 
acculturated. More than half of all women in the study were embarrassed to buy con
doms, and more than one-third were embarrassed to ask partners to use condoms. The 
authors concluded that methods to reduce sexual embarrassment and enhance sexual 
communication are needed. Maria Fernandez and colleague (University of Arizona, 
Tucson) studied the influence of acculturation on the perceived risk for AIDS among 600 
Mexican Americans. Educational level was found to be a more important predictor of the 
perception of risk for AIDS than acculturation (although the authors contend that the two 
are interrelated). Subjects who lacked accurate, specific knowledge about HIV and its 
transmission reported negative attitudes against those assumed to transmit it. The 
authors concluded that the role of fear and stigma need to be considered in designing 
AIDS prevention programs for this population. 

SURVEYS AMONG ADOLESCENTS 

Based on recent regional seroprevalence studies and tJDS incidence data, adolescents are 
fast becoming an at-risk group for HIV infection. This appears to be directly related to the 
fact that adolescents actively engage in the very behaviors known to facilitate HIV trans
mission-namely, sexual intercourse (often with multiple partners) and IV drug abuse. 
Perhaps most disturbing is the fact that while adolescents engage in risky behaviors, they 
are often remarkably poorly informed about their risk. 
Seual Activity an4AAIDS Knowledge in Adolescents. In the United States, it is esti
mated that 11.6 million teens have had heterosexual intercourse: 17% of males and 5% of 
females, by age 15; 64% of males, and 44% of females, by age 18. By the time Americans 
leave their teenage years, more than 80% of the males and more than 70% of the females 
have had sexual intercourse. These findings are cL.Asistent with those reported by Lloyd 
Kolbe and associates (CDC, Atlanta) in their summary of the CDC initiatives targeted 
toward preventing HIV infect'on in youth: A major survey of HIV knowledge, attitudes, and 
behavior was conducted in 34 states anong 9th to 12th graders. It was reported that 1.3% 
to 5.4% had injected drugs; 0.2% to 2.8% had shared needles; 26.5% to 80.3% had engaged 
i'i sexual intercourse; and 6.5% to 40% had four or more sexual partners. 
Other findings from this same study were reported by Deborah Holtzman and others (CDC, 
Atlanta). Of the 8,098 respondents, the mean number of correct knowledge items was 14.5 
(range 0-17); 53.7% of the students had AIDS education in school. Overall, students with 
higher knowledge scores were less likely to have ever used drugs (paradoxically, for males, 
the relationship was in the opposite direction). HIV instruction was positively associated 
with HIV knowledge, and HIV knowledge was associated with other outcome measures of 
drug behavior. The results were interpreted to suggest that HIV knowledge may have a pos
itive effect in re0ucing HIV-related drug behavior among high school students. 
Ralph DiClemente and associates (University of California, San Francisco) reported find
ings indicating that risk factors in high-risk junior high students may be multiplicattve
those with more sexual partners are progressively less likely to use condoms. Lee Strunin 
and assoclaten (Boston University School of 1,ealth) repor-ted research that Addiessed the 
question "Do beliefs about HIV, condom use, pregnancy, and STDs predict adolescent 
condom use?" Telephone interviews with 900 16-19 year -olds found that those who 
thought condoms are effective in reducing HIV transmission and carry them were 3.2 and 
1.8 times more likely to always use them. Also predictive of condom use was the perceived 
likelihood of pregnancy without condoms, being asked by partners to use condoms, the 
perceived likelihood that women ask partners to use condoms, and beliefs about the 
social acceptability ofcondoms. 
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Steven Keller and colleagues (University of Medicine &Dentlstry ofNew Jersey, Newark) 
reported a survey of 407 healthy Inner-city heterosexual adolescents in northern New 
Jersey which found high levels ofAIDS-related knowledge. However, high levels of sexual
risk behaviors were also found, with moderate use of alcohol or marijuana being the 
strongest predictors of high-risk sex. (1.24 %of the adolescents were HIV-positive.) In sev
eral studies of Massachusetts adolescents reported by Ralph Hingson and associates 
(Boston University), it was found that respondents were signiftcantly less likely to use con
doms after drinking compared to when they were sober. 

Juan Ordonana (Direccion General de Salud, Murcia, Spain) reported his team's findings 
from an anonymous written questionnaire administered to youths and young adults 
whose mean age was 16.17 years. While most of the 1,750 respondents had a high level 
of knowledge, a significant number did not know you cannot get AIDS from donating 
blood (56%) or from insects (3 1%). Nearly 18% of the subjects had engaged in sexual 
intercourse; of these 65% had used condoms during the previous year. High knowledge 
ofAIDS and its transmission was also reported by Saidi Kapiga and others (University of 
Dar es Salaam, Tanzania) among a group of youths (mean age 17.5) of whom 61% were 
sexually active. 

Pal Kraft and associates (Institute of Public Health, Oslo) reported a Norwegian survey of 
3,000 adolescents aged 17-19, in which those who had sexual intercourse at early ages 
were less likely to have used a condom than those who became sexually active at later.ages. 
Condom use was lower ifalcohol was involved in first intercourse. These findings are con
sistent with those reported by Bjarne Rasmussen (AIDS Secretariat, Frederiksberg, 
Denmark) and colleagues who also reported that students' main source of Information 
about AIDS was television/radio and school, with 49% not talking about sexual problems 
at home. Only 11% go to their fathers regarding sexual questions. 
In one of the earliest AIDS research reports from the Soviet Union, Galtna Mozharova and 
V. V. Pokrovsky (Central Research Institute of Epidemiology, Moscow) discussed AIDS 
knowledge levels among Moscow youths aged 14-18. From 84% to 98% of the subjects cor
rectly answered questions dealing with the modes of HIV transmission, and 73% to 90% 
were aware ofpreventive measures. These young people expressed a preference to get AIDS 
information from television and from the press. 

Runaway and Homosexual Adolescents. Two related studies of gay and runaway male 
adolescents and female runaways were presented by Cheryl Koopman and colleagues (New 
York State Psychiatric Institute and Columbia University). Interviews with 121 gay and 
runaway (mostly black and Hispanic) male adolescents in New York City revealed that most 
had begun to engage in high-risk sexual activities at an early age (mean age of first recep
tive anal sex was 14.2; ofpenile-vaginal intercourse was 10.7). Condom use was infrequent 
(38%or less). Close to half had had more than 10 male or female partners. Receptive anal 
sex was engaged In by 47% of the gay males; Insertive anal sex by 19% of the gay runaways. 
Interviews with 75 female runaways revealed a relationship between pregnancy and the fol
lowing factors: trouble with the law; drug use; frequent, unprotected sexual intercourse; 
and h!gh risk sex with multiple partners. 

G. Cajedtan Luna and others (Mount Zion Hospital, San Francisco) compared homeless 
and runaway youth aged 16-19 from the streets of Rio de Janeiro and San Francisco. 
The results Indicated that both groups engage in unprotected receptive anal sex, do not 
perceive the threat and consequences cf AIDS, and minimize the need for condoms. 
Much prejudice, guilt, and shame associated with diseases in general, and AIDS and 
condoms in particular, complicates the view held by street youth. Appropriate interven
tion would include addressing these issues in educational programs for this population, 
and in providing condoms. 
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SURVEYS AMONG COLLEGE STUDENTS 

At the college level, knowledge about HIV and AIDS is purportedly very high. However, 
knowledge alone does not insure that measures to reduce risk will be adopted. The large 
majority of college students do not perceive themselves to be at any risk of infection. 
Because of this mistaken perception they feel behavioral change is unnecessary for them. 
By not modifying their sexual behaviors, a large number of college students may be unwit
tingly placing themselves at elevated risk of becoming infected with HIV. (A recently pub
lished seroepidemiological study conducted on 19 U.S. college campuses-16,863 stu
dents-found an HIV prevalence rate of about I in 500, or 0.2%.) 
A study reported by Karen Kotloff (University of Maryland School of Medicine, Baltimore) 
and associates followed up on 297 students who had been previously identified as "high 
risk" from a total pool of 3,394 students engaged in a voluntary serosurvey. Risk categories
included male homosexuality/bisexuality (26%), IV drug use (15%), and high-risk sexual 
partners (89%). A history of STD was reported by 25%, which was related to numbers of 
sexual partners in both high-risk women and men; 30% had never used condoms, and only 
55% reported increasing condom use as a result of HIV/AIDS knowledge. 
A New Jersey study of 923 students from four campuses reported by Darlia Boccher-
Lattimore and others (Rutgers University, Newark and New Brunswick, New Jersey) found 
that pooling data from different race and gender subgroups masks effects that are obtained 
when the data are considered separately. Thus, in women, predictors of condom use 
included higher self-efficacy, but not in men. For black men, more homophobia was associ
ated with less condom use; for Hispanic men, perceiving fewer barriers to condom use was 
associated with greater condom use. No significant predictors were found for white men. 
Social Cognitive Theory, the Health Belief Model, and the Theory of Reasoned Action had 
limited utility in explaining the findings of this study. 

SURVEYS AMONG WOMEN 

Until recently, in certain parts of the world, AIDS was viewed as a disease affecting mostly 
homosexual men, persons with hemophilia (male)who had received contaminated blood clot
ting factor, transfusion recipients, and IVDUs (mostly male). Reports from Africa and certain 
Caribbean countries, however, showed that females were Just as likely as males to be infected. 
More recent evidence in North America and Western Europe shows a trend toward increasing
numbers of HIV-infected femalet . Several epidemiological Conference studies provided AIDS 
incidence data and HIV seroprevalence rates among women (see Chapter 3: EPIDEMIOLOGY). 

Risk Behavior in Women. A number of researchers have studied sexual risk-taking in 
women, as a way of exploring susceptibility to HIV infection. The availability of women in 
family planning clinics, prenatal clinics, or clinics for STDs has made such women the 
focus of several studies. The largest of such studies was carried out in the Philadelphia 
area and involved a description of HIV risk factors among 17,619 women. Among the find
ings of this study, reported by Susan Robbins and associates (Hahnemann University, 
Philadelphia), were the following: Women with a history of STDs were more likely to be 
African-American, aged 20-24, and from urban sites. This population was also found to 
have had a disproportionately higher number of sexual partners. Condoms alone or in 
combination with another method of contraception were used by only 20% of the total 
group. Heterosexual risk (56%) was found to be the most significant risk factor in women, 
particularly in those having two or more sex partners per year (48%), followed by those with 
a history of STDs (20%). While only 125 women in the total group were tested for HIV sta
tus, 8.8% of these were found to be HIV seropositive. HIV-positive women were dispropor
tionately Latino, age 25 or older, having a history of STDs, and having two or more sexual 
partners per year. Only 30% of the HIV-positive women ever used condoms. 
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In a study of the ethnic and risk-perception associates of unprotected sex among young sexu
ally active women. Denise Beirnes (Planned Parenthood, Alameda/San Francisco) and col
leagues found that 88.3% of210 women had unprotected vaginal sex with primary partners, 
76.8% with casual partners. Anal sex with primary partners was reported by 5.3% of the 
women, 9.6% with casual partners. Only one of these women had ever used a condom. No sta
tistically significant relationships were found among ethnicity, risk beliefs, and condom use. 
Women attending a prenatal clinic in West Palm Beach, Florida, were studied by Tedd 
Ellerbrock (CDC, Atlanta) and coworkers. In the 219 women studied, 95% thought they should 
take precautions to avoid HIV infection; however, only 7% had used condoms during 80% of 
sexual contacts. The 5.5% of women who were HIV-positlve were younger at the time of first 
sexual intercourse (48%of the total had had sex before age 16), and had more sex partners. 
Prostituton. Street-based prostitution, by its very nature, increases the risk ofHIV infec
tion to the women involved, as well as to their sexual partners. Although surveys from all 
over the world reported that most women are familiar with AIDS arid its risks, ignorance 
about risk reduction was still prevalent. Most of the studies of female sexual behavior 
revealed alarmingly low percentages ofwomen using condoms. However a study reported 
by Rosemarie Santana (Department of Health Research Institute for Tropical Medicine, 
Philippines) found no relation between the frequency of condom use and prevalence of 
S'fDs in a sample of 680 Philippine commercial sex workers. Accuracy of reports ofcondom 
use and correct use of condoms, however. may be an issue. 
A Philippine study reported by M. Lourdes L. Quintos (Kaballkat ng Pamilyang Philipino
Foundation, Manila) and collaborators found that Philippine prostitutes believed that self
medication, careful inspection of customers, and personal hygiene (especially douching) 
were believed to be effective measures against STDs and AIDS. 
In their attempts to control street-based sex work, law enforcement activities may have in 
fact Increased the risk of HIV transmission to and by prostitutes, according to a study
reported by Charlton Clay and associates (University of Washington, Seattle). Results of25 
ethnographic Interviews led these researchers to conclude that carrying the tools ofAIDS 
prevention (condoms, bleach, and clean syringes) flags illegal behaviors and escalates 
women's risk for police harassment and arrest. Enforcement strategies thus work at cross
purposes with community health outreach. An alternative to such law enforcement strate
gies was presented by Russell Reade (Nevada Brothel Association) and associates. They
reported that despite high sexual activity rates among 330 female sex workers affiliated 
with Nevada's brothels, no HIV seroconversions have occurred in this group and the gonor
rhea rate remains at about 1%. They concluded that a combination of licensing require
ments, mandatory condom use, on-site AIDS prevention education for workers, and pro
motion of low-risk nonpenetrative sexual practices Is critical to the AIDS prevention 
success of the Nevada brothel system. 
Reproductive Decisions. A study reported byJane Cowan and associates (University of 
Maryland School of Medicine, Baltimore) followed a group of 48 HIe-positive and 98 HIV
negathve (but at-risk) pregnant women to assess their reproductive choices. Among those at 
or under 24 weeks gestation on initial prenatal evaluation, HIV-positive women were more 
likely to obtain a therapeutic abortion. However no significant differences were seen 
between the groups in numbers of subsequent tubal ligations or subsequent pregnancies. 
Similarly, Angelita Balanon and coworkers (New York City Department ofHealth) surveyed 
women (aged 15-44) pregnant or planning pregnancy, who had real or perceived risks of 
HIV infection about their intentions regarding the pregnancy. Of the 609 women inter
viewed, 56% had self-perceived risks for HIV infection, 26% were in fact at risk, and 19% 
had both perceived and real risks. All were asked if they would terminate pregnancy If 
tcstrd HIV-positive. Responding "yes"were the following: 83% with perceived risks; 35% 
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with actual risk, 60% with perceived and real risks. Non-Hispanic (67% versus 33%) and 
less religious (60% versus 40%) women said they would terminate the pregnancy. These 
data indicate that perceived risk, ethnicity, and religious beliefs all enter into decisions to 
termLiate pregnancy if HIV-positive. 
A study of asymptomatic HiV-positive women was reported by Maeve Foreman and 
coleagues (St. James's Hospital, Dublin). These women were asked of their plans for their 
own and their children's future needs should they get an HIV-related illness. Women with
out children were much less likely to have made any plans than those with children. The 
authors concluded that despite significant handicaps-drug use, single parenthood, 
poverty, and stigmatizing illness-HIV-positive women with children plan ahead in making 
provisions for their children should they become ill and die. 
In another study of HIV-positive women, Bryan Leibman an'] associates (Brown University,
Providence, Rhode Island) prospectively followed three gro,..ps of infected women for 6 to 42 
months: 11 women infected via heterosexual transmission 21 women infected via IV drug
use; and 26 women who had both IV drug use and prostitution as risk factors. Members of 
the heterosexual transmission group had fewer sexual partners and were more likely to 
have a stable heterosexual relationship. 

Correlates of Risky Behaviors in Females. Adeline Nyamathi and colleague (University of 
California, Los Angeles) described the results of their study of327 relatively high-risk black 
and Hispanic women from drug recovery programs and homeless shelters in Los Angeles.
These women were IVDUs, sexual partners of IVDUs, women with a past h!story ofSTDs, or 
homeless women. Women who had high scores in any single resource-coherence, self
esteem, or support-reported less emotional and physical distress, and those with high lev
els of all three resources were less risky in their sexual behavior. Women with high self
esteem or coherence were less likely to engage in high risk activities. The Implications of 
this study clearly point to the need for helping women to become empowered, thus reduc
ing their vulnerability to high-risk s-xucI activities. 
In an evocative study reported by Jacqueline Coberly (Johns Hopkins University,
Baltimore) and associates, 83 recently pregnant Haitian smokers were compared to 34 
former smokers and 303 nonsmokers. Smokers were found to be less likely to be mar
ried, have had first intercourse eaylier, have had more lifet!me sexual partners, be of a 
different religion, and to be Infected with HIV, the latter association was still significant
when adjusted for the effects of multiple variables. Still to be examined is the question
of whether smoking has a biologic effect. The role of smoking in relation to STDs was 
also explored by Ernesto Guerrero and associates (Centro de Orientacion e 
Investigacion Integral, Santo Domingo, Dominican Republic) who found that female sex 
workers who smoked reported higher rates of STDs. 
Interventions. A study of condom use by 77 female sexual partners of IVDUs reported by
Kyung-Hee Chol and associates (University of Californ'a, San Francisco) found the follow
ing predictors of condom use: woman's perception of risk, discussion of condom use with 
partner, and man's anticipated attitude toward condom use. The authors concluded that 
future intervention should Include work with men's groups to promote condom use, with 
women's groups to support self-protection and enhanced negotiation skills, and work with 
couples aimed at reaching mutually agreed upon strategies for avoiding HIV risk. These 
findings were consistent with the results of a series of focus groups comprised of 63 women 
of childbearing age and at high risk for HIV Infection, reported by Chrystal Tunstall 
(University of California, San Francisco) and colleagues. These researchers found that 
many of the barriers to safer sex practices encountered by high risk women were not only
institutional and socioeconomic, but al3o psychological. Among the psychological barriers 
that surfaced were feelings of inertia, i jolation, stigmatization, powerlessness, and lack of 
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trust and self-efficacy. The conclusion of the researchers was a call to a multifocal inter
vention including counselling for behavioral strategies "rmd support, drug treatment and 
recovery, and attention to normative health beliefs of the general community. 

Using the theory of reasoned action as a framework with a sample of college women, Susan 
Middlestadt and Martin Fishbein (University of Illinois, Champaign-Urbana and CDC, 
Atlanta) concluded that sexually experienced and inexperienced women need different 
kinds of interventions to affect their Intentions to tell their partners to use condoms. 
Interventions aimed at sexually inexperienced women should stress the potential health 
benefits of condom use, their intention being under attitudinal control; however, such an 
appioach is not likely to be effective with experienced women. With this group, the norma
tive pressure perceived by the women, especially from potential sex partners, must be 
addressed. This latter finding is consistent with the two University of California (San 
Francisco) studies cited above. 

A study comparing interventions with 64 female sex workers comprised of counselling and 
testing only, condom skills training, or counselling, testing and condom skills training was 
reported by Peter Barchi (California State University, Long Beach) and colleagues. These 
researchers found that adding condom skills training to counselling and testing signifi
cantly increased condom use for vaginal sex. 

EDUCATION 

Because HIV transmission patterns vary geographically, education and intervention pro
grams in different countries-and even in different regions of the same country-may require 
appropriately weighted differences with regard to emphasis. (In North America, Western 
Europe, South America, and Australia, for example, more than 50% ofall AIDS cases occur 
among homosexual/bisexual males or IVDUs. In contrast, in sub-Saharan Africa and the 
Caribbean, heterosexual transmissioi Is the primary mode of transmission. See Chapter 3: 
EPIDEMIOLOGY for a detailed discussion.) Education programs in major metropolitan areas in 
the United States, therefore, may focus on the risks of homosexual/bisexual behavior and IV 
drug use, whereas programs in Africa may target prostitutes and S'ID clinic patients. 

CHANGING HIGH-RISK BEHAVIORS 

Educational attempts at behavioral change can be implemented on three levels: societal, 
group, or individual. Societal efforts to change HiV-risk bchaviors include those which 
attempt to Inform the public at large, modify preferences for risky behavior, and prevent 
societal overreaction or discrimination.The majority of national programs have been 
attempts at the societal level. Examples include, the mailing of the U.S. Surgeon General's 
pamphlet "Understanding AIDS" to every household in the country and the television 
advertising campaign "America Responds to AIDS." 

Group-based educational programs are those which are specifically targeted to groups who 
are deemed to be at high risk for HIV infection because of the likelihood of group members 
engaging in specific high-risk behaviors. Such groups include gay and bisexual men, 
IVDUs, sexual partners of IVDUs, persons with multiple partners such as commercial sex 
workers, adolescents, hemophiliacs, and others. Peers have been shown to be most credi
ble for group-based educational piograms. Most of the educational interventions reported 
at this year's Conference were group-based. 

Individually based programs are frequently undertaken in a counselling format, and may 
be paired with HIV testing. Because this form ofAIDS education is labor intensive and 
expensive, it is ordinarily used only with individuals at particular risk for being infectcd, or 
for infecting others (for example, HIV-positive persons). 
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Common to all risk-reduction efforts is the need to properly evaluate the program being
implemented. Peter Aggleton and others (Bristol Polytechnic, Bristol, U.K.) reviewed a 
number of critically different strategies in relation to the evalmitlon of HIV education and 
health promotion. Alternative approaches to process and outcom- evaluation were consid
ered, differences among short-term, mid-term, and long-term evaluations were delineated,

and consideration was given to evaluation techniques that can identify unintended conse
quences of particular interventions.
 
In the next section, group-based efforts to reduce high-risk behaviors reported at the
 
Conference are summarized.
 

EDUCATIONAL EFFORTS iNTARGET POPULATIONS 

Homosexual/Bisexual Men. A major project to evaluate the impact offour AIDS preven
tion programs on psychosocial factors thought to facilitate risk behavior change was 
reported by Christine Galavotti and others (CDC, Atlanta). In four U.S. cities (Denver,
Seattle, Dallas, and Long Beach, California), 1,947 gay and bisexual men were recruited to 
participate in an intervention. A questionnaire was completed at study entry and at 6 
months post-intervention (1,032 men returned for the 6-month assessment question
naire). In all four cities subjects' confidence In their ability to protect themselves from AIDS 
increased; in three cities, risk-reduction skills increased; in two cities, perceived normative 
support for risk reduction increased; and in two cities a substantial increase in the belief 
that safe sex is effective was found post-intervention. 
The effect ofpersonal counselling on the use of condoms during oral/anal intercourse by 
gay men was reported by Sarna Seppo and S. L.Valle (University of Helsinki. Finland). It was 
concluded that repeated, closely argued personal counselling increased the use of condoms 
during anal intercourse from 78% never using to 68.7% always using or not practicing such 
sex. The percentage ofmen engaging in unprotected oral intercourse dropped from 97.2% to 
66.1%, but most of the drop was accounted for in the "not practicing such sex" category. 
Ted Myers and others (AIDS Committee ofToronto) evaluated the effects of two models of 
small discussion-group education on change in knowledge and behavior in 612 gay and 
bisexual men. It was concluded that a single, volunteer peer-led discussion group could 
have a positive change from unprotected to protected sex or abstinence. 
Male Prostitutes. Paulo Longo and colleaglies (Insituto Brasileiro de Inovacoes em Saude 
Social, Rio de Janeiro) reported on the effect of a street-based intervention on sexual 
behavior of 100 male prostitutes aged 15 to 23 in Rio de Janeiro. In 1988, 43% of the group 
was HIV-pos'tive; this had increased to 69% by 1989. Before the street-based intervention 
program, 15% of the group used condoms with their clients; this increased to 65% after a 
6-month intervention. These men are now beginning to develop their own prevention mate
rial and are organizing regul.,r meetings. 
IVDUs. An evaluation of a risk-reduction program for IVDUs was reported by Dale 
Chitwood (University of Miami School of Medicine) and colleagues. These researchers 
found that risk reduction in parenteral and other drug use and in sexual behavior could be 
achieved even with IVDUs not in treatment programs. In a separate presentation, this 
same team, led by Carolyn McKay (University of Miami School of Medicine), described a 
program designed to decrease risk behavior in female sexual partners of IVDUs. They
enrolled 148 women in a standard or an enhanced intervention program who were 
reassessed after a 6-month interval to determine sexual behavior change. Almost half of 
the subjects reduced sexual risk taking, especially reducing the numbers of sexual part
ners who used drugs; 10% increased the amount ofrisk-taking behavior; about 40% made 
no changes at all. Another study measuring the impact ofa risk-reducing intervention with 
female partners of IVDUs was reported by Marc Weiner and others (University of Texas 
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Health Science Center, San Antonio). An experimental intervention that reflected the val
ues of Mexican-American culture was given to 107 female par'ners of male IVDUs and 42 
heterosexual, male IVDUs. Results indicated that the women showed increases in 
HIV/AIDS knowledge, acceptance of personal risk. intention to change risk behavior, and 
skills to effect change. No changes were observed in the male IVDU subjects. 
Dr. Don Des Jarlais and associates (Narcotic and Drug Research, Inc., New York) reported 
on an attempt to stimulate IVDUs to organize themselves to promote HIV prevention, 
mutual education, and individual counselling. Ex-addict outreach workers were used to 
provide IVDUs with HIV/AIDS education. The project led to decreases in drug injection fre
quencies, but not in unprotected anal or vaginal sex frequencies. Some evidence of 
increased use ofbleach, new needles, and condoms was noted. 

Reporting on the effects of an extensive street-based intervention involving 189 IVDUs in 
Italy, Glanstefano Martin (HIV Screening Section, Verona) and coworkers confirmed what 
others have also found-interventions have greater impact on reducing risk in drug-related 
behavior than in reducing risk in sexual behavior. 
The need for interventions that do more than give information was underscored by a report by 
Paul Young (NOVA Research Company, Bethesda, Maryland). Reflecting responses to over 
15,000 interviews with IVDUs not in treatment programs, it was found that 85% of IVDUs 
know that cleaning needles with bleach Is an effective way of killing HIV, but despite this 
knowledge, only 11% actually always clean their needles with bleach before injecting drugs. 
Results of a questionnaire administered to 833 street-based addicts was a report by Earl 
Harris (University ofCalifornia, San Francisco). Of these, 23% reported that they shared nee
dles with others. A wide variety of drugs were used, particularly heroin (9 1%) and cocaine 
(57%). Cleaning needles with bleach was reported by 80%; 90% indicated that they were will
ing to obtain clean needles from an outreach worker and 86%, from a clinic. These data indi
cate that addicts are aware ofrisk behaviors and are interested in reducing their level ofrisk. 
Maura O'BrIen (Network for Continuing Medical Education, Secaucus, New Jersey) 
described a normative framework within which issues relating to needle-exchange policies 
can be analyzed and recommendations can be formulated. Principles considered were 
those of human dignity, well-being, personal security, Justice, and social solidarity. Ethical 
issues examined included confidentiality of program participation and HIV antibody test 
results, access of IVDUs to needle-exchange programs, and proportionality ofbenefits and 
harms to individuals and society. 
In a major study of4,007 heterosexual IVDUs in San Francisco (1986-89,) Dr. John Waiters 
and others (University of California, San Francisco) reported that following an intervention 
including bleach distribution and needles exchanges, no evidence emerged supporting argu
ments that such programs stimulate drug abuse. These researchers encouraged additional 
outreach, education, bleach distribution, and needle-exchange programs. 

Adolescents. The frequently tragic and ungrounded sense of invulnerability shared by 
adolescents was summarized In the 1987 Report by the U.S. House Select Committee on 
Children, Youth and Families: "Adolescence is... a period characterized by a sense of 
invulnerability that often leads to 'a good deal' ofexperimentation with sex and drugs." The 
report concludes that "If we fail to act now to limit the widening spread ofAIDS, the public 
health threat of the '80s will become the public health and economic disaster of the '90s." 
Education programs for teenagers are seen as the cnly recourse. 
Even before the House Select Committee Report, In 1986, the CDC institutionalized six 
Initiatives to assist schools and other agencies working with youth to develop and imple
ment prograis to reduce HIV infection. Lloyd Kolbe and associates (CDC, Atlanta) 
reported on the activities to date. State policies for HIV education In schools have been 
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implemented in 41 of 50 states; an equal number have adopted a curriculum for such

education; 35 have conducted personnel training programs, and 33 states assist agencies

in HIV programs for school dropouts.
 
A number of presenters at the Conference described educational programs designed snecif-

Ically for adolescents. The United States General Accounting Office assessed the status of

AIDS education for youth, both in and out of school, as reported in a at-idy by Cheryl Oros
 
and associates (GAO, Washington, D.C.). The General Accounting Office contacted state

and local education agencies, national organizations, and local community-based organi
zations by telephone interview. It was found that two-thirds of the U.S. public schools offer

formal AIDS education, but not at all grade levels. Few schools have monitored the results
 
of their programs. Typical teacher training for the programs are insufficient In time and
 
coverage. Programs for high risk out-of-school youth, such as runaways, homeless, and
 
incarcerated youth, were found to be particularly inadequate.
 
One program specifically designed to target high risk adolescents was reported on by Mary

Jane Rotheram-Borus (New York State Psychiatric Institute and Columbia University,

New York). The 10-session intervention, based on a cognitive-behavioral model, focused
 
on AIDS knowledge, coping skills, and access to resources for runaways and gay male

youths. Results Indicated that youths receiving the program were significantly more likely

to use condoms, or to practice abstinence than youths who were in a typical AIDS inter
vention of I to 2 sessions.
 
A program to increase adolescents' knowledge, to build decision-making, problem-solving

and communication skills, and to prevent or modify risk behaviors was Implemented with
 
544 ethnically diverse urban high school students and reported by Cherrie Boyer (University

of California School of Medicine, San Francisco). Data indicated that the Intervention was
 
effective at Increasing knowledge and facilitating problem-solving and decision-making

skills. Interactive teaching methods, such as using persons with AIDS (PWAs) in the presen
tation ofHIV/AIDS information, was reported to be more effective than non-interactive pro
grams by Kevin Cranston (Massachusetts Department ofEducation, Quincy) and colleague.

Compared to high school students participating in similar HIV/AIDS education programs,

but without PWAs, greater changes in attitude scores were obtained.
 
Recognizing that AIDS education programs can only be as good as the preparation of the
 
program teachers, CDC has funded a special training program that trains the trainers to
 
cover facts, feelings, perceived risk, and skills for teachers and students. The program,

described by Patti Britton and coworkers (ETR Associates, Scotts Valley, California) con
ducted 7 HIV prevention education traJnings and 5 trainer trainings for almost 800 educa
tors from 9 states. Evaluation of these training sessions was positive, and the project was
 
said to have had a major impact in the nine states.
 
College Students. Several Conference reports dealt with the evaluation ofAIDS education
 
programs made for college students. Ross Conner and colleagues (University of California.
 
Irvine) showed that a college course that Included lectures and small-group discussions
 
about a range of HIV/AIDS topics (biomedical aspects to psychology to legal aspects) was
 
more effective than a traditional human sexuality class ,.n terms of Increasing knowledge

about HIV/AIDS and bringing about risk-reduction behaviors such as condom use. A study

comparing the impact of an intensive AIDS program (with peer risk-reduction education,

free condoms, and frequent multimedia reinforcement) with typical AIDS education pro
grams in I1 Northeastern co~lege3 was reported by Steven Weinstein and others (University

of Massachusetts Medical School, Worcester). Self-reports of risk behaviors revealed that

57% of college students participating in the intensive AIDS program (285 of 500) were more
 
likely to report reduction in risk behavior than their traditional AIDS education counter
parts, and 63% of them reported a reduction in the numbers ofsexual partners.
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Women. Andrew Box (Michael Reese Hospital, Chicago) and associates reported results of 
a team of indigenous and professional women educators conducting 437 one-to-one and 
group sessions in various clinics and wards at Cook County Hospital and Cook County Jail 
(Illinois). Statistically significant improvement on 83% of the test items was noted when 
pre- and post-test scores were compared. Of 232 women who were tested for HIV, 23%were 
HIV-positive. The authors concluded that culturally relevant AIDS education des!gned for 
specific high-risk populations can significantly modify attitudes and improve knowledge 
about HIV. 

In an African study measuring the effectiveness of HIV testing and a single follow-up coun
selling session with 182 randomly selected HIV-positive and HIV-negative women, D. 
Klragu and others (University of Nairobi, Kenya) found no significant changes in condom 
use, oral contraception, and ubsequent pregnancy, 12 to 15 months after counselling. 

COUNSELLING HIV-INFECTED PERSONS 

Counselling individuals reprtsents an intensive way ofattempting to change the behaviors 
of HIV-positive persons (to curtail the potential for transmitting the virus to others) as well 
as of persons at risk for HIV infection. According to Stephen Bowen and associates (CDC, 
Atlanta) counselling and testing srvices are now provided at public expense In 5,013 loca
tions in the U.S. More than 2.5 million people have been tested, and more than 160,000 
have been diagnosed as HIV-posltive. 

Dr. Thomas Coates (University of California, San Francisco) presented an overview of HIV 
testing and counselling in a comprehensive AIDS prevention strategy. Two major points 
made in Dr. Coates' plenary lecture were: testing for antibodies to HIV can only ba a part, 
and not the major part, of a comprehensive AIDS prevention program and that HIV testing 
could be a more effective strategy In AIDS prevention If It were not used to discriminate, 
stigmatize, or deny human rights. 

A diagnosis ofAIDS, ARC, or HIV seropositivity Is a significant, frequently life-altering event 
for the individual. Even though treatments for HIV infection are becoming available, and tWe 
Implication for the condition is changing from that ofImminent death to that of a chronic 
but manageable disease, a diagnosis has devastating consequenc,_s for the patient. Several 
important questions have been asked about the effect of learning that one Is HIV seropos
tive. What Is the psychological impact? How does such knowledge change an individual's 
risk behavior? And how can at-risk populations be encouraged to seek HIV testing? 
Many individuals whose behaviors place them at high risk of infection will avoid testing
opportunities if they feel no cure is available and a posltive result will socially jeopardize 
them. Consequently, those at-risk are, In effect, driven "underground-undermining the 
ultimate public health objective of curtailing the spread of HIV through education and 
counselling of persons at high risk of infection. 

COUNSELUNG APPROACHFs 

As would any group confronted with terminal illness, those infected with HIV generally have 
great dlfculty coping with their disease. For this reason, psychological counselling can be 
quite beneficial for many HIV-infected persons. Counselling of high-risk (but uninfected) 
individuals can also have a profound influence on reducing risky behaviors. Numerous 
counselling programs have been established, with varying degrees of effectiveness. 
Donna Higgins and associates (CDC, Atlanta) reviewed the effects reported in 45 studies of 
HIV antibody counselling and testing on risk behaviors in homosexual men, intravenous 
drug users, and high-risk heterosexuals. Most of the 26 studies involving gay men showed 
a decrease in the frequency of high-risk behavior for both HIV-positive and HIV-negative 
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men, with larger effects for the former. All 9 studie dealing with counselling of IVDUs 
showed reduction ofhigh-risk drug related behaAor, but only 3 showed changes in sexual 
behavior. The 10 studies dealing with heterosex-als had inconclusive results. 
Dr. Brian Mulhall (University ofSydney. Australia) described a counselling approach used 
with gay men to help reduce the spread of HIV. A cohort of gay men has been followed 
since 1983; all cohort members received counselling at each 6-month clinical evaluation. 
The numbers of sexual partners of these men has fallen significantly since 1983; condom 
use has increased, and there has been a significant decrease in the frequency of insertive 
and receptive anal intercourse. The finding that there have been no seroconversions in 
this group since 1985 suggests that counselling may indeed be effective in reducing high
risk behaviors. 

PARTNER NoTIFICAIoN 

informing sexual partners of one's positive HIV status is viewed by many as crucial to the 
curtailment of sexually transmitted HIV infection. Nevertheless, the issue of notifying con
tacts of those found to be HIV Infected remains controversial for several reasons. Should 
the testing organization be responsible for tracing and notifying individuals about their 
possible seropositivity? Should this be legally binding? How should the counselling of these 
persons be handled? Confidentiality and anonymity are of paramount importance. 
Surveys of different HIV-Infected groups reveal that only a small percentage actually
Inform their sexual contacts. For this reason, many public health units provide a HIV 
ner notification service. One such service in Florida was described by B. Jones and jfr
(Florida Department of Health and Rehabilitative Services, Tallahassee). Over a perii -. 0 
months, 1,497 HIV-positive persons named 2,087 partners for field follow-up. Almost 75% 
of these (1,467) were actually located and counselled. Of the 1,286 persons who were sub., 
sequently tested. 30.3% were found to be HIV-positive. Such a high seroprevalenc.- rate 
has essentially mandated that Florida's STD bureau consider HIV partner notification to be 
a top priority issue. 

CONSEQUENCES OF HIV DIAGNosIs 

A diagnosis of HIV seropositivity is of major consequence. Previous research has shown 
that there are a number of behavioral consequences of HIV infection. Some of these are: 

* 	 Most persons prefer to be told their HIV-antibody status when they have the 
opportunity. 

" Most studies showed that an awareness of serostatus decreases risk behaviors (that
is, more change is noted among HIV-positive persons than among HIV- negative
Individuals); inappropriate "binge"behavior has generally not been reported. 

Two studies at the Conference reported on the behavior of blood donors who have been 
notified that they are HIV-positive. Carol White and others Including investigators from 20 
U.S. blood centers (CDC, Atlanta) attempted to determine why HIV-positive heterosexuals 
who are aware of their partner's risk do not defer from donating blood. The researchers 
identified 28 males and 61 females who were sexu-d partners of IVDUs (3 females were 
partners of bisexual men) and who knew of their partner's risk before the date ofdonation, 
and 94% reported reading self-deferral Information provided by the blood bank. Reasons 
for donation include4: not believing they belonged to a 'risk group," feeling pressure to 
donate, not thinking they were at risk, wanting to be tested, and not understanding educa
tional materials. Debra. Kessler and associates (Greater New York Blood Program) reported
that HIV-positive, repeat donors may be using the blood center to reconfirm their original 
HIV-positive status. More counselling of HIV-positive donors is urged. 
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Heidi Wayment and associates tUniversity of California. Los Angeles) reported on the "sur
vivor syndrome" of gay men who know they are seronegative. It was found that among 129 
HIV-negatve gay men, those who had more sexual partners prior to 1985 felt more guilty 
about their HIV status than those who had fewer sexual partners. Those who bad more 
friends with AIDS felt more vulnerable to HIV infection than those with fewer such friends. 
Social support from gay friends was seen as helpful to gay men experiencing survival guilt 
and vulnerability to AIDS. 

PSYCHoSocIAL CONSF.QUENCES 

Eduard Coene and others (InnovatieproJekt, Amsterdam) reported on a project to increase the 
knowledge about AIDS-related issues among PWAs and to provide guidelines and information 
on self-care techniques so that PWAs can remain independent as long as possible. The pro
gram was seen as successful in assisting PWIAs in self-care skills and self-confidence. 

Hemophiliacs. Man-Chiu Poon and other-s (University of Calgary) reported on a study to 
analye.t Ask behaviors in 53 HIV-positve heriophiliacs. Married couples in which the male 
was HIV-positive (4 females were also HIV-positive) were separately given questionnaires 
regarding sexual behavi3r and other potentially high-risk behavior. Of the men, 25% 
reported no cendow. use during intercourse as did 44% of women. Other high-risk sexual 
behavior was reported, as was razor and toothbrush sharing. These couples had 13 chtl
dren born to them in the previous 4 years; 2 of the women were currently pregnant. It was 
concluded that "safer sex" counselling has not been successful with this group. In a study 
on the same topic, Charles Roy (Montreal Children's Hospital) found that in 20 couples 
with a hemophiliac male, the women expressed a greater need and interest than did the 
men in all forms of psychosocial support services. "Safer sex" was selected as a topic of 
interest to 65%of the women, compared with only 14% of the men. 

A study of the stigmatization of 212 Danish HIV-positive and HIV-negative hurmophillacs 
was reported by Jakob Bjorner and colleagues (University ofCopenhagen). While the objec
tive data indicated that the two groups had equally intact social networks, HIV-posltive 
men were less sure whether they were accepted by their friends and whether their doctors 
were open with them, thus reflecting a greater social vulnerability. 

Men. A comparison of the psychosocial adjustment ofHIV-positive and HIV-negative high
risk men was reported by Varda Soskolne (Hadassah Medical Organization, Jerusalem) 
and colleagues. Of the 46 HIV-posltive and 40 HIV-negative men in the study, support from 
friends was reported to be more common than support from family. Both groups encoun
tered psychological distress at the psychopathological level. HIV-positive men had less 
support from friends than HIV-negative men (44%versus 82%), and more psychosocial 
adjustment problems. K. Frasier and others (Henry Ford Hospital, Detroit) reported on a 
pilot study of 20 black and 20 white seropositive gay men attending a major infectious dis
ease clinic. Physical examinations and interviews were conducted to assess social 
resources and coping strategies, specific stressors and vulnerabilities. Significant racial 
differences in tension-reduction expectancies and sexual disinhibition associated with the 
use of alcohol and marijuana were reported. Racial differences were also no.d in the 
reporting of primary versus steady sex partners, and in the use of drugs in the sexual set
ting. These findings have Implications for the devising ofculturally and behaviorally appro
priate interventions in these populations. 

A comperIson of coping responses between gay men who know and do not know their HIV 
status was reported by Richard Rodrigues and others (University of California, Los 
Angeles). Men who had chosen not know their antibody status (169) and men who know 
they are HIV-negative (312) reported less engagement in various active coping processes 
such as helping others, personal growth, health promotion behaviors as compared to HIV
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positive men (238). Those who do not know, but who belfeve themselves to be HIV-positive 
worry about developing AIDS as much as the men who know they are HIV-positive. It was 
concluded that choosing to know one's HIV status and finding that it is HIV-positive may 
promote active coping efforts. 
The finding that persons who communicate their feelings about stressful situatlons and 
who participate in religious/spiritual activity reduce their risk behavior was reported by
Constance Phillips (University ofCalifornia, San Francisco). In a study of 540 HIV-positlive,
HIV-negative, and untested gay men, it was found that subjects who cope by keeping their 
feelings to themselves are more likely to engage in unprotected anal sex, and that subjects
who take part in religious/spiritual activity are less likely to engage in this risk behavior. 
A high, negative correlation was found between coping skills and reported levels ofdepres
sion and anxiety in 60 HrV-posIlve gay men, as reported by Barbara Hedge and J. Green 
(St. Mary's Hospital, London). These researchers found that a short-term focused cogni
tive behavioral intervention led to increased levels of self-esteem, self-efficacy and greater
problern-soMng skills, as well as less depression and anxiety. 
Women. Laurie Hauer and associates (San Francisco General Hospital) found that HIV
positive pregnant women have complex psycho/socio/economic problems both before and 
after birth, such problems often cintr!bu ting to lack of compliance with rescarch protocols
and treatment plans. Obsta !esto compliance include -receiptof public assistance (92%);
domestic violence (85%): IV drug use (77%); care of children other than index pregnancy
(46%); and homelessnesa (38%). It was found that client compliance can be enhanced by
assistance with these problems, as well as use of a multi-ethnic, bilingual staff, on-site 
ronmedical services, availability ofconsistent care providers, Interagency case coordina
tion, small cash reimbursements, and emphasis on integrity ofthe mother-infant unit. 

FAMILY AND CARE GWVER NEEDS 

While much research focuses on the needs of the HIV-infected patient, a few studies are 
beginning to look at the needs of the patients' families and care givers. 
Jacqueline Y.Q. Mok and associates (City Hospital, Edinburgh, Scotland) described an 
investigation of the psycho ocal needs of 16 HI V-infected mothers of 18 children. These 
women reported the following sources of support: health professionals (75%), p.?-ner
(68.8%), parent or sibling (68.8%), and friends (43.8%). Only 53.9% discussed HIV-re 'ed 
problems with other parents, even though 81.3% knew other parents of H.WV-positlve , uil
dren. Less than half wanted to meet other similar parents. 
Rheba Adolph and E. Schere (Toronto) described a module to facilitate bereavement among
AIDS-affected populations (care givers, lovers, buddies/friends, families, PWAs and HIV 
positives). An "AIDS language" of grieving was constructed and is now spoken in the AIDS 
affected community. Bereavement modules have been developed to enable individuals to 
discern and label reponses that are normal to grief and bereavement. 



APPENDIX A:
 
CDC DEFINITION OF AIDS
 

Acquired immunodeficiency syndrome (AIDS) isan aggregate of signs and symptoms and illnesses resulting from a compromised immune 
system. A diagnosis of AIDS requires the definitive or presumptive diagno-is of one or more "indicatordiseases" and, depending on certain 
criteria, may or may not require laboratory evidence of HIV Infection. The following outline is used by physicians in the United States to 
arrive at an AIDS diagnosis. 
Note: The original case definition for AIDS, and a subsequent revision in 1965, set forth by the Centers for Disease Control (CDC) falled to rec.
ognize several disease entities that are now known to be the direct result of infection with the AIDS virus (human immunodeficiency virus, 
orHIV) oran indirect result cf in-tunodeficiency caused byHIV. Below is an adaptation of the latest revision, August 1987. 

I Adiagnosis of AIDS can be made la laboratory evidence of HIV 
infection has been established and a definitive diagnosis of any 

of the following indicator diseases has been mrde--regardless of 
the presence of other causes of immunodeficiency 

" Candidiasis of the esophagus, trachea, bronchi, or lungs 
* Coccidioldomycosis, disseminated 

" Cryptococccsis (extrapulmonary) 

" Cryptosporidiosis with diarrhea persisting more than 1month 

" Cytomegalovirus disease of an organ other than the liver, 


spleen, or lymph nodes in a patient older than 1month 
" Herpes simplex virs infection causing a mucocutaneous ulcer 

(e.g., in eyes, nose, mouth, and genitoanal areas) that persists for 
more than I month; or bronchitis, pneumonitis, or esophagitis 
caused by herpes simplex virus in a patient older than 1 month. 

disseminated SHistoplasmosis,

* HIV encephalopathy; also called subacute encephalopathy due 

A diagnosis of AIDS can be made if laboratory evidence of 
I. HIV is positive and any of the following indicator diseases 

is diagnosed presumptively. (A presumptive diagnosis is generally 
made in situations in which the patient's condition does not permit 
the performance of definitive testing.) 

* Candidiasis of the esophagus
 
@Cytomegalovirus retinitis with loss of vision
 
•Kaposi's sarcuma 
* Lymphoid interstitial pneumonitis and/or pulmonary lym

phold hyperplasia affecting a patient less than age 13 
* Mycobacterial disease, disseminated
 
e Pneumocystiscariniipneumonia
 
a Toxoplasmosis of the brain in a patient older than 1month
 

A diagnosisorAIDScanbemadeIflaboratoryevi

dence of HIV infection is LACKING or INCONCLUSIVE but a definitive diagnosis of an of the followin indicator diseases 
toHIV;also referred to as dementia or AIDS dementia com-is made, provided other known causes of immunodeficiency are 
plex (ADC), which Isclinically defined as a disabling cognitive ruled out. 
or motor dysfunction interferi-'g with the patient's occupation 
or activities of daily living, or loss of behavioral developmental 
milestones in the absence of a concurrent illness or condition 

"HIV wasting syndrome, defined as involuntary weight loss ofgreater than 10% of body weight plus chronic diarrhea or 

chronic weakness and fever in the absence of a concurrent Ill-
ness or condition; also referred to as "slimdisease"• Iosodaiswith diarrhea persisting foi longer than 1month 


SIsosporasisrcom a 

SKaposims sarcoma 

"Lymphoma (primary) of the braan p 

"Lymphoid interstitial pneumonitis (LIP) and/or pulmonary 

lymphold hyperplasia affecting a child under 13 years of age 

"Mycobacterial (other than Mycobacterium tuberculosis)disease, 

disseminated 


"M. tuberculosisdisease, extrapulmonary (may have concurrent 
pulmonary involvement) 

* Non-Hodgkin's lymphoma 
"Pneumocystiscariniipneumonia 

•Candidiasis of the esophagus, trachea, bronchi, or lungs 
* Cryptocc(.cosis, extrapulmonary 
* C 

rtp
Cytoinegaloirus disease of an organ other than the liver, 

spleen, or lyph nodes in a patient older than month 
*e pHerpes lmp h virs Infetion nam o nHerpes simplex virus infection causingcausing a mucocutaneous 

ulcer than persists longer than 1 month; or bronchitis, pneu
monitis, oresophagitis affecting a patient older than 1month 
Kaposi's sarcoma affectinga patientbelowage 60 

.Lymphoma of the brain (primary) affecting a patient less than 
60 years of age 
60yearofae
 

* Lymphoid interstitial pneumontis and/or pulmonary lym
phoid hyperplasia affecting apatient less than age 13 
Mycobacterium avium coplex or M. kansasii disease, dissemi
nated 

-Pneumocystis carnii pneumoniaoProgressive multifocal leukoencephalopathy * Progressive multifocal leukoencephalopathy
SPalonrelaiseptifcmia recurrenty e Toxoplasmosis. ( thebrain In a patient older than 1month" Salmonella septicemia, recurrent 

" Toxoplasmosis of the brain in apatient older than 1month "" Adiagniosis of AIDS can also be made when laboratory 
" Any combination of at least two of the following bacterial infec- IV evidence of HIV infection is negative. If all other 

tions within a 2-year period affecting a patient less than 13 causes of lmmunodeficiency are excluded and the patient has 
years of age: septicemia, pneumonia, meningitis, bone or joint had either a definitive diagnosis of A carinii pneumonia or a 
infection, or abscess of an Internal organ or body cavity caused definitive diagnosis of any of the indicator diseases of AIDS and 
by Haemophilus,Streptococcus,orother fever-inducing bacteria a CD4 (T4) cell count less than 400/mm3 . 
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CRITERIA FOR ARC
 
The CDC does not provide a precise definition of AIDS-related complex (ARC), but rather classifies it as an AIDS-like syndrome, not
ing that it is synonymous with pre-AIDS and prodromal AIDS. The medical community has Pdopted its own definition based on 
exclusion clauses in the CDC definition of AIDS. 

Persons with HIV infection who have "constitutional symp-
toms," or clinical abnormalities, that accompany lymphaden-
opathy are described as patients with ARC. These incl'xde 
patients with fever persisting for more than 1month, invoi ..-
tary weight loss of greater than 10% of baseline, or diarrhea 
lixsting more than I month in the absence of other conditions 
that could explain these findings; patients with hairy leuko-
plakia, multidermatomal herpes zoster, recurrent Salmonefla 
bacteremia, nocardiosis, tuberculosis, or oral candidiasis; and 
patients with chronic lymphoid interstitial pneun'onitis. Note 
'hat ARC is not synonymous with persistent generalized 
lymphadenopathy (PGL). 

ARC patients present with a spectrum of immunologic abnormal
ities ranging from minimal alterations to severe cellular immuno
deficiency comparable to those of patients with frank AIDS. An 
absolute CD4 cell count cannot be used as a diagnostic measure 
since some asymptomatic -fl-nfected individuals have had low 
CD4 cell cour.s wh!le other patients with constitutional syrp
toms have haJ relatively high counts. Many ARC patients are 
anergic, and many exhibit hypergammaglobulinemia, hyper
splenism, and sometimes a diminution in primary antibody 
responses. Some ARC patients also have mild anemia, leukope
nia, or thrombocytopenia. Patients with PGL or ARC generally 
progress to full-blown AIDS, usually within a 3-year period. 

APPENDIX B:
 
CLASSIFICATION OF PEDIATRIC HIV INFECTION
 

(UNDER AGE 13)
 

CLASS P: INDETERMINATE INFECTION 
This class encompasses infants and children up to age 15 months 
who cannot be classified as definitely infected according to any 
of the definitions below but who have antibody to HIV. 

CLASS P1: ASYMPTOMATIC INFECTION 
Pediatric patients who have documented HIV infection but 
who have had no Frevious signs or symptoms. Subclassi-
fications of asymptomatic IIV-infected children are based on 
immunological test findings (tests should included quantita-
tive immunoglobulins, complete blood count with differential, 
and T lymphocyte subset counts): 
Subclass A.Nornial immune function 
Subclass B.Abnormal immune function 
Subclass C. Immune function not tested 

CLASS P2: SYMPTOMATIC INFECTION 
Pediatric patients who have pioven HIV infection and who 
have signs and symptoms of Immunodeficiency, for which 
other causes have been excluded, fall into this category. 
Subclasses are defined according to signs and symptoms: 
patients may be classified in more than one subclass. 

Su!lasa A. Nonspecfic findings 
Subclass B.Progressive neurological disease 
Subclass C. Lymphoid interstitial pneumonitis 
Subclass D. Indicator diseases 

Category D-1. Specified indicator diseases listed in the 
(adult)CDC AIDSdefinition 
Category D-2. Recurrent serious bacterial infections 
Category D-3. Other indicator diseases:, including oral 
candidiasis persisting for 2 months or more, 2 or more 
episodes of herpes stomatitis within I year, or multider
niatomal or disseminated herpes zos~er Infection 

Subclass E.Secondary cancers 
Category E-1. Specified secondary cancers listed in the 
(adult) CDC AIDS definition 
Category E-2. Other cancers possibly secondary to HIV
infection 

Subclass F.Other diseases possibly due to HIV infection, such 
as hepatitis, cardiopathy, nephropathy, hematologic disorders 
(anemia, thrombocytopenia), and dermatologic diseases 
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APPENDIX C:
 

STAGING CLASSIFICATION
 

SYSTEMS FOR HIV INFECTION
 

CDC Classification 

STAGE 	 DESCRIPTION 

I Acute HIV infection (at time of exposure) 
H Asymptomatic HIV infection (but may have some signs of irm- une dysfunction)
 
II Progressive generalized lymphadenopathy (PGL)
 
IV HI disease
 

IVa Constitutional disease: Having one or more of the following symptoms: fever for longer than I month, 
10% weight loss, diarrhea lasting 1month-and no other conditions explain findings. 

IVb Neurological disease: AIDS dementia complex (ADC), myelopathy, or peripheral neuropathy-and no 
other conditions explain findings. 

IVc Secondary infectious diseases 
c-1 Opportunistic infections (one of the following): Pneumocystis cariniipneumonia; cryptococcosis; 

cryptosporidiosis; toxoplasmosis; strongyloidiasis (extra-intestinal); isosporiasis; candidiasis 
(esophageal, bronchial, or pulmonary); histoplasmosis; mycobacterial disease (disseminated); 
cytomegalovirus; herpes simplex (disseminated); progressive multifocal leukoencephalopathy 

c-2 	 Symptomatic or invasive disease (one of the following): oral hairy leukoplakia, multidermatomal 
herpes zoster, Salmonella bacteremia (recurrent), nocardiosis, tuberculosis (extrapulmonary), or 
oral candidiasis 

IVd Cancers (one of the following): Kaposi's sarcoma, non-Hodgkin's lymphoma, primary brain lymphoma 
IVe Other conditions: lymphoid interstitial pneumonitis, constitutional symptoms not meeting subgroup 

IVa, infectious diseases not meeting subgroup IVc, cancers not meeting subgroup IVd 

Walter Reed Staging 

This classification system ises specific immune parameters to establish patients' disease status: from 
WRO, or HIV exposure, through progressive immune dysfunction, to WR5 (ARC) and WR6 (AIDS). 

Stage 
HIV status 

(antibodyorvirus) 
Lymphadenopathy 

(chronic) 
CD4 count 
(#/mm 3 ) 

Skin Tests (delayed 
hypersensitivity) Oral th-iush 

Opportunistic 
infections 

WRO negative no >400 normal no no 
WR1 positive no >400 normal no no 
WR2 positive yes >400 normal no no 
WR3 positive yes or no < 400 normal no no 
WR4 positive yes or no <400 partial defect no no 
WR5 
WR6 

positive 
positive 

yes or no 
yes or no 

<400 
<400 

complete defect and/or yes 
partial or complete yes or no 

no 
yes 
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APPENDIX D:
 
UNIVERSAL PRECAUTIONS
 

In the Health Care Setting &
 
Precautions for Special Settings
 

The Centers for Disease Control (CDC), Atlanta, published recommendations for the prevention of transmission of HIV
and other blood-borne pathogens in the health care setting in Morbidity andMortality Weekly Report:37(24): June 24,1988.
In this update, the CDC emphasized the need to treat blood and other body fluids from all patients as potentially infective.
Changes 'r additions ,(, the 1983 edition ("Guidelines for Isolation Precautions in Hospitals") and 1987 edition
("Recommendations for Prevention of HIV Transmission in Health-Care Settings") are indicated. This year, the CDC 
added new recommendations for health care workers and developed specific guidelines for guidelines for fire-service per
sonnel, emergency medical technicians, paramedics, and law-enforcement and correctional-facility personnel:
"Guidelines for Prevention of Transmission of HIV and Hepatitis B Virus to Health-Care and Public-Safety Workers," 
MorbidityandMortality Weekly Report:38(S-6): June 23,1989. 

I. Universal Precautions 9 Hands and other skin surfaces should be thoroughly
(also referred to as "universal blood and body-fluid washed immediately after contamination with blood or
precautions") other body fluids. Hands should be washed immediately

Blood and body-fluid precautions are to be used for all patients, after gloves are removed, even if gloves appear to be intact.
regardless of their infection status (i.e., seropositive or seronega- e When hand-washing facilities are available, wash hands
tive). This recommendation serves to protect health care work- with warm water and soap. When hand-washing facilities 
ers from unsuspected specimens that are in fact infected and are not available, use a waterless antiseptic hand cleanser.
specimens encountered in emergency medical care situations. * Body fluids to which universal precautions apply:
(The 1983 guidelines called for adoption of precautions only - Semen 
when a patient was known or suspected to be infected.) - Vaginal secretions 
Universal precautions are intended to supplement rather than - Cerebrospinal fluid (CSF)
replace recommendations for routine infection control, such as - Synovial fluid 
handwashing and using gloves to prevent gross microbial con- - Pleural fluid 
tamination ofhands. -	 Peritoneal fluid 
" 	 "Exposure" is defined as contact with blood or other body - Pericardial fluid 

fluids through percutaneous inoculation or contact with an - Amniotic fluid 
open wound, nonintact skin, or mucous membrane. - Feces, nasal secretions, sputum, sweat, tears, urine, and

* 	 Extra attention should be paid when using needles, vomitus (only when they contain visible blood).
scalpels, and other sharp instruments or devices; when However, when emergency medical and public-safety
hand;ling sharp instruments after procedures; when clean- workers encounter body fluids under uncontrolled 
ing used instruments; and when disposing ofused needles. emergency circumstances in which differentiation

" 	 Used needles should not brf. recapped by hand; used nee- between fluid types (contaminated or noncontaminated)
dies should not be removed from disposable syringes by is difficult, they should treat all body fluids as potentially
hand; used needles should not be bent, broken, or other- hazardous. 
wise manipulated by hand. Used disposable syringes and -	 Breast milk in special setting: breast milk banking
needles, scalpel blades, and other sharp items should be - Saliva, only in the dental setting, where it is likely to be 
placed in puncture-resistant containers (as close to the use contaminated with blood 
area as is practical) for disposal. * Protective barriers to reduce the risk of exposure to blood

* 	 Reusable needles should be left on the syringe body and and other body fluids. Masks, protective eyewear, and face
should be placed in a puncture-resistant container for trans- shields should reduce the incidence of contamination of 
port to the reprocessing area. mucous membranes of the mouth, nose, and eyes.

" Health-care workers who have exudative lesions or weep- -	 Gloves should reduce the incidence of contamination of
ing dermatitis should refrain from all direct patient care hands, but they cannot prevent penetrating injuries due 
and from handling patient-care equipment until the condi- to needles or other sharp instruments.
 
tion resolves. 
 -	 Gowns 

323
 



324 

- Masks 
- Protective eyewear 
- Face shields 
Special note on gloves: The Food and Drug Administration 
regulates the medical glove industry both sterile surgical 
gloves and nonsterile examination gloves made of vinyl or 
latex. Intact latex gloves have been shown to have greater 
barrier effectiveness, 
- Sterile gloves should be used for procedures involving 

contact with normally sterile areas of the body. 
- Examination gloves should be used for procedures 

involving contact with mucous membranes and for 
other patient care or diagnostic procedures that do not 
warrant the use of sterile gloves. 

- Change gloves between patient contacts, 

- Do not wash or disinfect gloves for reuse. 

- General-purpose utility gloves (rubber household
 

gloves) can be used for housekeeping chores involving 
potential blood contact and for instrument cleaning and 
decontamination procedures. Utility gloves may be 
decontaminated and reused but should be discarded if 
they are peeling, cracked, or discolored, or if they have 
punctures, tears, or other evidence of deterioration. 

- Gloves should be worn for performing phlebotomy 
(drawing blood samples) when the health-care worker 
has cuts, scratches, or other breaks in their skin. 

- Gloves should be worn in situations where the health-
care worker judges that hand contamination with blood 
may occur, for example, when performing phlebotomy 
on an uncooperative patient. 

- Gloves should be worn for purforming finger and/or 
heel sticks on infants and children. 

- Gloves should be worn when persons are receiving 
training in phlebotomy 

II. Precautions for Invasive Procedures 
Universal precautions apply to all surgical procedures in the 
delivery room, operating room, emergency room, physicians' 
and dentists' offices, or any outpatient setting. Surgery 
includes: 
" 	 Cardiac catheterizationandangiographicprocedures 
" 	 Vaginal or cesarean delivery or other invasive obstetrical 

procedure. (All health care workers who perform or assist 
in vaginal or cesarean deliveries should wear gloves and 
gowns when handl~ng the placenta or the infant until blood 
and amniotic fluid have been removed from the infant's 
skin and should wear glove:; during post-delivery care of 
the umbilical cori.) 

" 	 Manipulation, cutting, or removal of any oral or perioral 
tissues. 

III. Precautions forDentistry 
Universal precautions apply to blood, saliva, and gingival 
fluid from all dental patients. 
* 	 Rubber dams, high-speed evacuation, and proper patient 

positioning, when appropriate, should be utilized to mini-
mize generation of droplets and spatter. 

APPENDIX D: UNIVERFAL PRECAUMONS 

a 	 Handpieces should be sterilized after use with each patient;
 
handpieces that cannot be steilized should at least be
 
flushed, the outside surface cleaned and wiped with a suit
able germicide, and rinsed. Handpieces should be flushed
 
at the beginning of the day and after use with each patient.
 

a 	 Materials that have been used in the mouth-bite registra
tion materials, for example-should be thoroughly cleaned
 
of blood and saliva. Contaminated materials should be
 
cleaned and disinfected before being handled in the,"ental
 
laboratory and before placed in the patient's mouth.
 

a 	 Dental equipment and surface that may become contami
nated and are difficult to disinfect-x-ray heads, for exam
ple-should be wrapped with impervious-backed paper,
 
aluminum foil, or clear plathL wrap. The coverings should
 
be removed and discarded, and clean coverings should be 
put in place after use with each patient. 

IV. Precautions for Autopsies or Morticians' Services 
a 	 Instruments and surfaces contaminated during post

mortem procedures should be decontaminated with appro
priate chemical germicide.
 

9 	 All persons performing or assisting in postmortem proce
dures should wear gloves, masks, protective eyewear,
 
gowns, and waterproof aprons.
 

V. Precautions for Dialysis 
• 	 Disinfecting dialysis fluid pathways of the hemodialysis
 

machine after use by all patients are based on conventional
 
infection-control strategies: formaldehyde or sodium 
hypochlorite (household bleach) for 30-40 minutes 
overnight. 

* 	 Individual dialyzerw must never be used on more than one 
patient. 

e 	 HIV-infected patients on dialysis need not be isolated from 
other patients. 

VI. Precautions for Clinical Laboratories 
* 	 All specimens should be put in a well-constructed con

tainer with a secure lid to prevent ieaking during transport. 
Contamination of the outside of the specimen container 
should be avoided when collecting the specimen. 
(Implementation ofuniversal blood and body-fluid precau
tions eliminates the need for warning labels on specimens.) 

* 	 All personnel handling blood and body fluid specimens 
should wear gloves. Gloves should be changed and hands 
washed after processing each specimen. 

* 	 Masks and protective eyewear should be worn if mucous
membrane contact is anticipated. 

9 	 Biological safety cabinets should be used for procedures 
that have a high potential for generating droplets, includ
ing blending, sonicating, and vigorous mixing.

• 	 Mouth pipetting should never be permitted. Mechanical 
pipetting devices should be used forall liquids. 

* 	 Laboratory work surface should be decontaminated with 
appropriate germicide after a spill of blood or other body 
fluid and when work is completed each day. 

• 	 Contaminated materials used in laboratory tests should be 
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decontaminated before reprocessing or disposal. (See 
infective waste disposal outline below; institutional poli-
cies for disposal of infective wastes are generally guided by 
state and local regulations.) 
*-')oratory equipment that has been contaminated with 
blood or other body fluids should be decontaminated and 
cleaned before being repaired in the laboratory or trans-
ported anywhere for service, 
All personnel should wash their hands after completing 
laboratory activities and should remove protective cloth
ing before leaving the laboratory. 

VII. Sterilization &Disinfection 
" 	 Instruments or devices that enter sterile tissue or the vascu-

lar system of any patient or through which blood flows 
should be sterilized before reuse. Devices or instruments 
that contact intact mucous membranes should be sterilized 
or receive high-level disinfection. (Chemical germicides 
registered with the EPA as "sterilants" may be used either 
for sterilization or for high-level disinfection depending on 
contact time.) 

" Contact lenses used in trial fittings should be disinfected 
after each fitting by using a hydrogen peroxide contact lens 

° °disinfecting system, or if permissible, with heat (78 to 80 
C) for 10 minutes. 

" 	 Medical devices or instruments that require sterilization or 
disinfection should be thoroughly cleaned before being
exposed to the germicide, and the manufacturer's instruc-
tions for the use of the germicide should be followed, 

" 	 In addition to commercially available chemical germicides, 
a solution of sodium hypochlorite (household bleach) pre-
pared daily is an effective germicide. Concentrations rang-
ing from approximately 500 to 5,000 ppm (parts per mil-
lion) are effective depending on the amount of blood or 
other body fluid present on the surface to be cleaned and 
disinfected. Commercially available chemical germicides 
may be more compatible with certain medical devices that 
might be corroded by repeated exposure to sodium 
hypochlorite. 

VIII. Cleaning &Decontamination Spills of Body Fluids 
" Chemical germicides that are approved for use as "hospital

disinfectants" and are tuberculocidal when used at recom-
mended dilutions can be used to decontaminate spills of 
blood and other body fluids, 

" 	 In patient-care settings, visible material should first be 
removed and then the area should be decontaminated with 
an appropriate germicide. Gloves should be worn during 
cleaning and decontaminating. If splashing is anticipated,
protective eyewear should be worn along with an impervi-
ous gown or apron which provides an effective barrier to 
splashes. 

" 	 Where there is massive blooi contamination on floors, the 
use of disposable impervious shoe coverings should be 
worn. Gloves should be worn to remove contaminated 
shoe coverings. The coverings and gloves should be dis-
posed ofin plastic bags. 

* 	 Large spills of cultured or concentrated infectious agents in
 
the laboratory require that the contaminated area be
 
flooded with a liquid germicide before cleaning, then
 
decontaminated with fresh germicide. Gloves should be 
worn during cleaning and decontaminating. 

* 	 Soiled cleaning equipment should be cleaned and decon
taminated or placed in an appropriate container and dis
posed of properly. Plastic bags should be available for
 
removal of contaminated items from the site of the spill.
 

IX. Infective Waste 
* 	 Wastes with the potential for causing infection during han

dling and disposal should be identified; policies for defin
ing, collecting, storing, decontaminating, and disposing of
 
infective waste are generally determined by institution in
 
accordance with state and local regulations.
 

* 	 Hospital wastes for which special precautions appear pru
dent include microbiology laboratory waste, pathology
 
waste, and blood specimens or blood products.
 

* 	 Infective waste, in general, should either be incinerated or 
should be decontaminated before disposal in a sanitary 
landfill. 

* 	 Bulk blood, suctioned fluids, excretions, and secretions
 
may be carefully poured down a drain cornected to a sani
tary sewer.
 

X. Housekeeping 
* 	 Cleaning and removal of soil from surfaces such as walls
 

and floors should be routine.
 
* 	 Horizontal surfaces-bedside tables and flooring-in
 

patient-care areas should be cleaned when soiling or spills
 
occur and when a patient is discharged.
 

e 	 Disinfectant-detergent formulations registered by EPA can
 
be used for cleaning surfaces, but the actual physical emoval
 
of microorganismsbyscrubbingis equallyimportant.
 

XI. Laundry 
e 	 Hygienic and common-sense storage and processing of
 

clean and soiled linen are recommended.
 
* 	 Soiled linen should be handled as little as possible and with 

minimum agitation to prevent gross microbial contamina
tion of the air and of persons handling the linen. 

a All soiled linen should be bagged at the location where it 
was used; it should not be sorted or rinsed in patient-care 
areas. 

* 	 Linen soiled with blood or body fluids should be placed 
and transported in bags that prevent leakage. 

* 	 Linen should be washed with detergent in water (at least 
71 ° C) for 25 minutes. 

9 Protective clothing and work uniforms should be washed 
and dried according to manufacturer's recommendations. 

e 	 Boots and leather goods may be brush-scrubbed with soap 
and hot water to remove contamination. 

XII. Precautions forFire and Emergency Medical Personnel 
* 	 All protective attire-including disposable gloves, gowns, 

masks, and protective eyewear---should be put on before 
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beginning patient care. For multiple trauma victims, gloves
should be changed between patient contacts, if the emer-
gency situation allows. 

" Structural fire-fighting gloves should be worn in any situa-
tion where sharp or rough surfaces are likely to be encoun-
tered. 

" While wearing gloves, avoid handling personal items that 
could become soiled or contaminated. Gloves that have 
become contaminated with blood or other body fluids 
should be removed as soon as possible, taking care to avoid 
skin contact with the exterior surface. Contaminated gloves
should be disposed of or, in the case of reusable gloves,
cleaned and disinfected properly. 

" 	 Masks and cyewear and impervious gowns or aprons
should b2 used prior to any situation wh:re splashes of 
blood or other body fluid are anticipated. An extra change 
of work clothing should be available at all times. 

" 	 Disposable airway equipment or resuscitation bags should 
be used during artificial ventilation with trauma victims. 
Disposable resuscitation equipien ,And devices should be 
used once and disposed of or, if reusable, thoroughly
cleaned and disinfected after each use according to the 
manufacturer's recommendations, 

" Pocket mouth-to-mouth resuscitation masks (i.e., double 
lumen systems) designed to isolate emergency response 
personnel from contact with victims' blood and blood-con-
taminated saliva, respiratory secretions, and vomitus 
should be provided to all emergency personnel. 

XIII. Precautions for Law-Enforcement and Correctional-

Facilify Officers 


" 	 Caution must be used in dealing with the suspect or pris-
oner ir there is any indication of asraultive or combative 
behavior. When blood is present and a suspect or an inmate 
is combative or threatening to staff, gloves should always 
be put on as soon as conditions permit. In case of blood 
contamination of clothing, an extra change of clothing 
shou!d be available at all times. 

" 	 Protective masks or resuscitation airways should be avail-

able to officers, along with special training in their proper 

use. Devices with one-way valves to prevent the patients' 

saliva or vomitus from entering the care giver's mouth are 
preferable. 

" 	 Protective gloves should be worn if exposure to blood is 
likely to occur. For very large spills (e.g., a homicide crime 
scene), aprons, boots, or protective shoe covers should be 
donned. If torn or soiled, they should be changed and 
removed prior to leaving a scene, 

" While wearing gloves, avoid handling personal items that 
could become soiled or contaminated. 

" Protective gloves should be worn for all body cavity 
searches. 

* If cotton gloves are to be worn when working with evi
dence of potential latent fingerpi .nt value at a crime scene,
they can be worn over protective disposable gloves when 
exposure to blood may occur. 

APPENDIX D: UNIERSAL PRECAUMONS 

* 	 Use puncture-proof containers to store sharp instruments 
and clearly mark plastic bags to store other possibly con
taminated items. 

9 Face masks and eye protection or a face shield are required 
for laboratory and evidence technicians whose jobs which 
entail potential exposures to blood via a splash to the face, 
mouth, nose, or eyes. It is recommended that protective
masks and eyewear or face shields be worn by laboratory 
or evidence technicians when removing the blood stain for 
laboratory analyses. (Airborne particles of dried blood may 
be generated when a stain is scraped.) 

* When handling a deceased person, all personnel should 
wear gloves and cover all cuts and abrasions to create a 
barrier and carefully wash all exposed areas after contact 
with blood-regardless of whether the person(s) is known 
or suspected to be infected. Precautions should be used for 
everyone. These precautions should also be followed when 
handling amputated limb,, hands, or other body parts. 

* 	 In forensic laboratories, blood from all individuals should 
be considered infective. All b'ood specimens should be put
in a well-constructed, appropriately labelled container 
with a secure lid to prevent leaking during transport.Care 
should be taken when collecting each specimen to avoid 
contaminating the outside of the container and of the lab
oratory form accompanying the specimen. 
- All persons processing blood specimens should wear 

gloves. Masks and protective eyewear or face shields 
should be worn if mucous-membrane contact with 
blood is anticipated. Hands should be washed after 
completion of specimen processing. 

- Mechanical pipetting devices should be used for 
manipulating all liquids in the laboratory. Mouth pipet
ting must not be done. 

- Laboratory work surfaces should be cleaned of visible 
materials and then decontaminated with an appropri
ate chemical germicide after a spill of blood, semen, or 
blood-contaminated body fluid and when work activi
ties are completed. 

- Contaminated materials used in laboratory tests should 
be decontaminated before reprocessing or be placed in 
bags and disposed of in accordance with institutional 
and local regulatory policies for disposal of infective 
waste. 

- All persons should wash their hands after completing 
laboratory activities and should remove protective 
clothing before leaving the laboratory. 

- Arei posting of warning signs should be considered to 
remind employees of continuing hazard of infectious 
disease transmission in the laboratory setting. 



PRESENTER INDEX
 

Abramowitz, Al, 305 

Abrams, Elaine, 110 

Achoar, Ammar, 120 

Adeodato Filho, Sergio, 291 

Adib, Maurice, 302 

Adjorlolo, Georgette, 84 

Adolph, Rheba, 319 

Aggleton, Peter, 313 

Alary, Michel, 53 

Allain, Jean-Pierre, 85,99 

Allen, David, 64 

Altman, Sidney,158 

Alvarez, Perez, 76 

Alves, Carlos, 80 

Amemiya, Kel, 13,14 

Ampel, Niel, 205 

Anand, Rita, 236 

Andersen, Robert, 179 

Anderson, Donna, 278 

Ankrah, E.Maxine, 293 

Antinori, Spinello, 73 

Aoki, Shizuko, 187 

Aoun, Hacib, 283 

Apte, S., 60 

Araneta, Maria Rosario, 196 

Archibald, Chris, 207 

Arco, Massimo, 88 

Armitage, Peter,219 

Armstrong, John, 160 

Arno, Peter,217, 222 

Arnold, Wendy, 295 

Aronow, Howard, 244 

Arslhoff, Rena, 304 

Artigas, Juan, 248 

Atkinson, Hampton, 255, 255f 

Augustyniak, Linda, 70 

Baba, Masanorl, 153 

Baende, Ekungola, 195 

Balanon, Angelita, 310 

Ball, Judy,215 

Bandura, Albert, 289 

Barchi, Peter, 312 

Bard, M., 295 

Barnes, Donna, 219 

Barry, Anita, 195 

Bartholow, Brad, 302 

Bartlett, John, 165t 

Bash, Margaret, 225 

Battjes, Robert, 64,66 

Batungwanayo, Jean, 195 

Bauer, Stanley, 273 

Baum, M., 212 

Beach, Richard, 54 

Beeknann, Susan, 272,273 

Behets, Frieda, 108 

Beirnes, Denise, 310 

Beldescu, Nicolae, 57 

Bell, David, 271,272 


Belman, Anita, 263 

Bendet, 1.,:08 

Benlto-Garcia, Ana, 83 

Benson, Constance, 196 

Berger, Edward, 150,161 t 

Berger,Joseph, 245 

Bergmann, John, 8 

Berkelman, Ruth, 65 

Berman, Philip, 132 

Bertozzi, Stefano, 214 

Berzofsky, Jay, 116,128 

Beuscart, Claude, 295 

Bez, Gabriel, 213 

Bhave, Geeta, 72, 73f 

Blberfeld, Gunnel, 128,133 

Bigley, Joseph, 261 

Bird, Graham, 87 

Blrx, Deborah, 19 

Bjomer, Jakob, 318 

Blatt, Stephen, 211 

Blumenfeld, Walter, 189 

Boccher-Lattimore, Daria, 309 

Bohlin, Ann-Britt, 79 

Bomboko, Bombelenga, 300 

Bornstein, Robert, 259 

Boucher, Charles, 152, 184 

Boudinot, Douglas, 153 

Boue, Francois, 79, 79t 

Boulos, Reginald, 82 

Bowen, Stephen, 316 

Box, Andrew, 316 

Boyer,Cherrie, 315 

Bozzette, Samuel, 185 

Brito, Germania, 294 

Brition, Palti, 315 

Broadhead, kobert,297 

Brunkhorst, Ulrike, 165t 

Brust, Stefan, 94t 

Bryce, Jennifer, 291 

Buchanan, Thomas, 128 

Buck, David, 130 

Bustan, Muhammad, 299 

Butler, Karina, 227 

Caine, Virginia, 277 

Calabrese, Leonard, 276 

Calabrese, Teresa, 294 

Caldwell, Blake, 77 

Callahan, Larry,148 

Camara, Carmen S., 195 

Campbell, Ian, 293, 294 

Campbell, Scott, 270 

Canas-Ferreira, Wanda, 15 

Canavaggio, Michel, 84 

Canessa, Andrea, 245 

Canick, Jonathan, 258 

Capella. Fausto, 189 

Capellan, Mirtha, 55, 84,85 

Capon, Daniel, 149 


f = figure; 

Carey,John, 164t 

Caries, Michel, 183 

Carrow, Emily, 37,122 

Casarigo, Zulema, 205 

Catania, Joseph, 298 

Caussy,Deoraj, 226 

Cech, Thomas, 158 

Celum, Connie, 100 

Cereda, Faolo Marino, 148 

Cerlgo, Helene, 195 

Chaisson, Mary Ann, 71 

Chamberland, Mary, 272 

Chase, Cynthia, 262 

Chehimi, Jihed, 34 

Chen, Yao-Tseng, 242 

Cheng, Sheau-Mei, 133 

Cheng-Mayer, Cecilia, 46 

Cheynier, Remi, 12,110 

Chitwood, Dale, 313 

Choi, Kyung-Hee, 304,311 

Chopard, Pierre, 190 

Chou,Tlng-Chao, 161t, 165t 

Christeff, Nevena, 178 

Chu, Susan, 82 

Chuang, Henry, 253 

Cimoch, Paul, 212 

Ciridilo, Samuel, 250 

Clark, Wayne, 305 

Clarke, Sian, 76 

Clarkson, Robert, 175 

Clay,Charlton, 310 

Cleghorn, Farley, 55 

Clifford, David, 258 

Closen, Michael, 292 

Coates, Randall, 179 

Coates, Thomas, 316 

Coberly,Jacqueline, 75,311 

Coene, Eduard, 318 

Coffin, John, 12 

Cohen, Bruce, 246 

Cohen, Eric, 12 

Cohen, Mitchell, 290 

Coleman, Patrick, 95t 

Collier, Ann, 187 

Coilman, Ronald, 32 

Coltin, Kathryn, 218 

Cone, Lawrence, 205 

Conner, Ross, 315 

Connor, Edward, 227 

Connors, Margaret, 304 

Conway, Brian, 105 

Cooke, Molly,276,283 

Cooley,Timothy, 187 

Coombs, Robert, 161 t, 183 

Cooney, Elizabeth, 124 

Cooper, E.C., 261 

Corbeil, Jacques, 44 

Corey, Lawrence, 136 


t = table 

Comuet, Pierre, 31,32
 
Costagliola, Dominique, 69,86,
 

226
 
Costanzi, Giulio, 260-261
 
Coste, Joliette, 84
 
Cottone, James, 278
 
Couland, Jean-Pierre, 197
 
Coulston, Ann, 212
 
Couturier, Elisabeth, 206
 
Cowan, Jane, 310
 
Cowen, Edward, 281
 
Coyle, Molly,216
 
Cranston, Kevin, 315
 
Crisell, Paul, 158
 
Crombleholme, William, 228
 
Crooks, Levinia, 294,295
 
Cross, David, 113
 
Crowe, Suzanne, 174
 
Culbert, Arthur, 277
 
Dabis, Francoise, 224
 
Dadaglio, Giles, 120
 
Dalakas, Marinos, 242
 
Dallabetta, Gina, 68
 
Dandekar, Satya, 210
 
Darrow,William, 291,297
 
Davenny, Katherine, 175
 
Davey, Richard, 165t
 
Davey,Victoria, 164t, 185-186
 
Davies, Peter,301
 
Davis,Arlene, 297
 
Davis, Brian, 31
 
Davis, his, 195
 
De Clercq, Erik, 147,151
 
DeJose, Maria Isabel, 227
 
de Gans, Jan, 244-245
 
de la Fuente Luis, 65
 
Deckmann, Michael, 94t
 
DeCock, Kevin, 82
 
Del-Rio, Aurora, 299
 
Delgado-Rodriquez, Miguel, 64
 
Denning, David, 205
 
Denomme, Nicole, 174
 
Des Jarlais, Don, 314
 
Desgranges, Claude, 136
 
Desrosiers, Ronald, 126
 
Detels, Roger, 177
 
DeVico, Anthony, 8
 
Dickie, Peter,21
 
DiClemente, Ralph, 307
 
Dieterich, Douglas, 193
 
Dietrich, Ursula, 15
 
Dittrnann, Sieghart, 56
 
Doerr, Hans, 72
 
Dohln, Elisabeth, 192
 
Dolan, Katie, 66
 
Dolin, Raphael, 153,186
 
Dominique, Mathez, 177
 
Dondero, Dale, 105
 



328 

Donegan, Patrick, 78 

Dorn, Henry, 234 

Downs, Angela, 58,88 

Drew, Lawrence, 193 

Drexler, Karen, 256 

Dumas, Michel, 84 

Durnan, Richard, 280 

Duzgunes, Nejat, 40 

Egan, Vincent, 260 

Eichberg, Jorg, 132 

Elnhaiipl, Karl, 250f, 251 

Eke, Tukumbe, 295 

Eliaswicz, Murielle, 194 

Elifson, Kirk, 73 

Ellerbrock, Tedd, 310 

Ellison, Viola, 8 

Elmslie, K., 291 

Emery, Vincent, 14 

En sol, Barbara, 44 

Eriki, Peter, 194 

Escaich, Sonia, 111 

Evans, D.L., 255 

Evans, Louise, 33,34 

Evans, Nancy, 295 

Fabrizio, Manca, 123 

Fahey, John, 175 

Falutz, Julian, 189 

Farnet, Christopher,8 

Farzadegan, Homayoon, 46 

Fassil, Ketema, 108 

Fauci, Anthony, 40,42 

Feijoo, Rosa, 291 

Feinberg, Judith, 192 

Feingold, Lisa, 298 

Ferguson, Leona, 294 

Fernandez, Isabel, 279 

Fernandez, M. 1.,293 

Fernandez, Maria E., 307 

Fetro, J., 295 

Feuerstein, Irwin, 190-191 

Finberg, Robert, 150 

Fischl, Margaret, 182,183 

Fishbein, Martin, 312 

Fisman, Noemi, 290 

Flam, Lisa, 296 

Flanigan, 71mothy, 204 

Fleetwood, Debbie, 189,217 

Fong, Kei-La, 148 

Foreman, Maeve,311 

Fowler,Arnold, 103 

Francioli, Patrick, 269, 269f 

Frasier, K., 318 

Freedberg, Kenneth, 218 

Friedman, Wolfgang, 209 

Friedman-Kien, Alvin, 207 

Fultz, Patricia, 19 

Fung, Michael, 129,130 

Fust, George, 34 

Fyfe, James, 7 

Gabiano, Clara, 110 

Gail, Mitchell, 86 

Galavotti, Christine, 313 

Galli, Richard, 100 

Ganzales-Canali, Gustavo, 208 

Garcia, Homer D.C., 293 

Gardiner, Ben, 295 


Gardner,Murray, 19,133,134 

Garraffo, Rodolphe, 227 

Garry, Robert, 113 

Gatti, Giorgio, 188 

Gavazzeni, Giovanna, 214 

Gendelman, Howard, 163 

Gerberding, Julie, 268,273 

Gianni, Guiseppe, 39,40 

Gibson, David, 297 

Gilson, Ian, 292 

Gluckman, Jean-Claude, 132 

Gohchi, Kengo, 161t 

Goldberg, David, 64 

Golden, Eve, 305 

Coldstein, Allan, 127,136 

Goldstein, Andrew, 102 

Goldstein, Mark, 292 

Gonzalez, Roxane, 55 

Gopinath, Nanda, 191 

Gothua, Samuel, 195 

Gottlinger, Heinrich, 7 

Goudsmit, Jaap, 120,122 

Graham, Neil, 217 

Granato, Celso, 72 

Grant, Igor, 256-257 

Green, J., 319 

Green, Jesse, 217, 220f, 221 f,222 

Green, Timothy,53 

Griffin, Diane, 238 

Griffin, John, 241 

Grose, Robert, 294 

Gross, Elaine, 279 

Grund, Paul, 305 

Grunfeld, Carl, 211 

Guermonprez, G., 208 

Guerraro, Ernesto, 75,311 

Guimaraes Dias, Martha, 206 

Gurtman, Alejandra, 204 

Gutierrez, Rosben, 256 

Gwinn, Marta, 52 

Habicht, Sabine, 246 

Haffer,Omar, 129 

Hall, Christopher, 296 

Hankins, C., 295 

Hansell, David, 294 

Hansen, Bente, 295 

Hansen, John-Erik, 121,148 

Hardy, David, 192 

Harouse, Janet, 33 

Harris, Earl, 314 

Harrison, Janet, 301 

Harrison, Lee, 83 

iart,Graham, 67 

Hartgers, Christina, 65 

Hartman, Nell, 187 

Hasbrouck La Mar, 305 

Haseltine, Peter,188 

Hauer, Laurie, 319 

Hausser, Dominique, 299 

Havlik, Joseph, 196 

Hayes, Melvyn, 235 

Hayes, Robbie, 306 

Hays, Robert, 301 

Healy-Chidekel, Jane, 280 

Hedge, Barbara, 319 

Heise, Walter, 193 


Henderson, Lee, 34 

Hendriks, Jan, 88 

Hengelein, Hans, 294 

Henin, Yvette, 69 

Henrion, Roger, 111 

Herbert, Pamela, 280 

Hersh, Bradley,81 

Hersh, Evan, 166 

Herskowitz, Ahvie, 39 

Hewitt, Ross, 164t 

Hewlett, Indira, 160 

Higgins, Donna, 316 

Hill, Todd, 94t 

Hingson, Ralph, 308 

Hinkin, Charles, 258 

Hittleman, Joan, 263 

Hodges, Teri, 187 

Hoilyng, Niels, 204 

Hollander, Harry, 252 

Holodnly,Mark, 178 

Holtzman, Deborah, 307 

Hooker, Malcolm, 217 

Horsburgh, Robert, 196 

Houff, Sidney, 237-238,241 

Hoxie, James, 15 

Hu, Shiu-Lok, 124 

Huet, Thierry, 16,17 

Hughes, Gail, 62 

Humes, Steven, 281 

Hunter-Young, Nancy,215 

Hurtrel, Bruno, 235 

Iguchi, Martin, 65 

Ikuta, Kazuyoshi, 12 

Indyk, Leonard, 295 

Ippolito, Giuseppe, 271 f, 272,274 

Isaacman, Scott, 292 

Ishida, Takuo, 20 

Izagulrre, Carlos, 104 

Izazola, Jose, 303 

Jacobson, Lisa, 207 

Jacobson, Mark, 193 

Jadresic, Danitza, 253 

Jagger, Janine, 268-269 

James, William, 158 

Jason, Janine, 290 

Jeang, Kuan-Teh, 14 

Jennens, lan, 193 

Jewett, Don, 252 

Jmenez, Antonio,306 

Jimenez, Richard, 292 

Jindau, M. K., 290 

Jingu, Mwana, 300 

Johnson, Margaret, 190 

Johnson, Paul, 121 

Johnson, Victoria, 161t, 165t 

Johnston, Susan, 212 

Jones, B., 317 

Jones, David, 190,294 

Jordan, Elaine, 235 

Joshi, Shriram, 108 

Jouault, Thierry, 4,32 

Jun, Li Jian, 105 

Justement, J.S., 41 

Kabagabo, Uwa, 262 

Kahn, James, 188,215 

Kaldor, John, 60 


PRESENTER INDEX 

Kaleebu, Pontiano, 46
 
KaU, Kerstin, 73
 
Kamps, Bemd Sebastian, 295
 
Kaneshima, Hldeto, 21
 
Kang, Edward, 96t
 
Kannagi, Marl, 38
 
Kapiga, Saldi, 308
 
Kapita, Bila, 82
 
Kaplan, Jonathan, 85
 
Kaplan, Lawrence, 209
 
Karon, John, 87
 
Karpas, Abraham, 160
 
Kashamuka,Mwandagalirwa,
 

108
 
Kass,Nancy, 274-275
 
Katabira, Elly, 220
 
Katlama, Christine, 193
 
Keet, Ireneus, 61
 
Keffelew,Atnaf, 66
 
Kelen, Gabor, 277
 
Keller, Steven, 76,308
 
Kelley, Patrick, 78f
 
Kellogg, Timothy,61
 
Kemeny, Margaret, 173
 
Kemp, Maurice, 166
 
Kemp, Sharon, 152
 
Kemper, Carol, 197
 
Kent, Charlotte, 197
 
Kent, Karen, 134
 
Kemdt, Peter, 303
 
Kessler, Debra, 80,317
 
Kestens, Luc, 103,176f
 
Khaitov, Rakhm, 96t
 
Khayam-Bashi, Hassan, 105
 
Kilbourne, Barbara, 82
 
Kingsley, Lawrence, 61
 
Kiragu, D., 316
 
Klee, Hilary, 304
 
Kleiber, Dieter,304
 
Knupp, C.A., 186
 
Koch, Matthew, 184
 
Koch, Thomas, 263
 
Kocsis, Agnes, 258, 259t
 
Koff, Wayne, 115
 
Kojouharoff, Georgi, 30
 
Kolbe, Lloyd, 307,314
 
Koopman, Cheryl, 308
 
Koralnik, Igor, 251f, 252
 
Kotloff, Karen, 309
 
Kouri, Yamil, 214
 
Kovacs, Andrea, 225
 
Kowalewski, Mark, 305
 
Kozhich, Alexander, 95t
 
Kraft, Pal, 308
 
Kramer, Alexander, 175
 
Krell, Pamela, 259
 
Krown, Susan, 165t, 208
 
Kuiken, Carla, 119
 
Kukla, Michael, 153
 
Kumagai, Kazuo, 149
 
Kurth, Reinhard, 19
 
Kuznetsova, Irina, 75
 
Kyungu, .,290
 
LaBoy, Felicity,306
 
Lacomte, Isabelle, 204
 
Lacroix, Martial, 94t
 

f= figure; t = table 



329 PRESENTER INDEX 

Laga, Marie, 58,72 

Lagakos, Steven, 174 

Lallemant, Marc, 82 

Lamptey, Peter,69,80 

Lane, Clifford, 163,164t, 181,187 

Lang, William, 217 

Laporte, A., 189 

Larder, Brendan, 146,152,184 

Laurent, Anne,ll 

Laurian, Yves, 70 

Lavilla, P., 205 

Lee, Francis, 111, 112 

Lee, Helen, 85 

Lee, Jacalyn, 294 

Leibman, Bryan, 311 

Leigh, 'Tmothy 191 

L.-mp, George, 81 

Leonard, John, 282 

Leoro-Monroy, Galo, 109 

Lepage, Philippe, 82,, 225 

Leport, Catherine, 190,192,196, 


197,204 

Lerche, Nicholas, 19 

Levin, B.E., 259 

Levine, Alexandra, 126,136 

Levy, Jay, 29,42,46,122 

Levy, Robert, 247, 249f 

Lewis, Charles, 276 

Lewis, Diane, 304 

Lhomond, Brigitte, 298 

LI, Jul-Lien, 142 

Lichter, Saralyn, 206 

Liekweg, Richard, 215, 216t 

Liesnard, Corinne, 194 

Lifson, Alan, 52,171,172f 

Lima, Moreira, 281 

Lindholm, Merete, 295 

Link, W., 294 

Littell, Cary, 271 

Liuzzi, Grazia, 241 

Lo, Shyh-Ching, 44,197 

Longhini, Ira, 87 

Longiaru, Mathew, 85 

Longo, Paulo, 291,313 

Loring, Keith, 277 

Louie, Leslie, 46,47,172 

Louis, Jean Paul, 300 

Loveday, Clive, 103 

Low, Loretta, 151 

Luna, G. Cajedtan, 308 

Luo, Nkandu, 108 

Macguire, Bryan, 219 

MacKenzie, Betsey,291 

Mackewicz, Carl, 38 

Maeda, Yosuke, 130 

Magi, Carlos, 54 

Magruder, Charles, 299 

Mahari, Maxwell, 194 

Malcolm, John, 212 

Malek, Adel, 225 

Malkin, Jean-Elie, 83 

Manhalter, Josef, 132 

Mann, Dean, 206-207 

Manning, Donna, 254 

Marasco, Canio, 159 

Marchsio, Paola, 227 


Marcus, Ruthanne, 267 

Marder, Reggi, 215 

Margolis, David, 13 

Matin, Barbara, 306 

Mariner,Wendy, 117 

Markoulatos, Panayotis, 105 

Marra, Christina, 259 

Martin, Alex, 241 

Martin, Glanstefano, 314 

Martin, Luisa, 73 

Martin, Malcolm, 13 

Martin, Natasha, Ill 

Martinex-Maza, Oto, 43,44 

Masiero, Janet, 68 

Masur, Henry, 164t 

Matheny,Samuel, 222 

Matheron, Sophie, 193-194 

Mayer, Kenneth, 188 

Mbidde, Edward, 206 

McAllister, Ruth, 252 

McArthur, Justin, 260 

McBride, Evelyn, 279 

McCray, Eugene, 70 

McCullough, Laurence, 232,283 

McCune, Joseph, 21,142 

McDaniel, Reg, 166 

McGrail, Michael, 188 

lcGrath, Michael, 154 

McGreevy, P.B., 97 

McKay, Carolyn, 304, 313 

McKinney, Ross, 227 

McKusick, Leon, 302 

McManus, Thomas, 302 

McMichael, Andrew,36,42 

Meng, Tze-Chiang, 161t, 185 

Merlgan, Thomas, 153,185,186 

Merino, Fernando, 58 

Merrill, Pauline, 252 

Merson, Michael, 49,58 

Merzel, Cheryl, 213 

Messenheimer, John, 252 

Meyerhans, Andreas, 38 

Michel, Frederique, 121 

Middlestadt, Susan, 312 

Miedzinski, Lii, 218 

Mikol, Jacqueline, 247 

Miller, Kim, 291 

Minns, Daniel, 306 

Mishu, Ban, 274 

Mitchell, Charles, 226 

Mitchell, Janet, 79 

Mitsuya, Hiroaki, 185 

Moas, Carlos, 56 

Mohri, Hiroshi, 153 

Molen, Mary 213 

Mok, Jacquelne Y.Q., 319 

Molye, Graeme, 193 

Moncany, Maurike, 105 

Montagnier, Luc, 44,45,197 

Montaner, Julio, 152,153 

Montgomery, Bruce, 189 

Montgomery, Kathleen, 276 

Monzon, Ofelia, 109 

Mora, Jose Luis, 54 

Moran, Patrida, 104 

Moriyama, Etsuko, 16 


Morse, Gene, 164t 

Mosier, Donald, 21,134,135 

Mozharova, Galina, 308 

Mposo, Ntumbanzondo, 281 

Muga, Roberto, 64 

Mulanga, Kabeya, 107 

Mulder, Jan, 161t 

Mulhall, Brian, 60,62,317 

Mullen, M., 244 

Muller. Werner, 155 

Murphy-Corb, Michael, 126 

Musagara, Maako,300 

Muska, Susan, 295 

Mwale, Clement, 79 

Mwilu, Roy,294 

Myers, Ted, 313 

Naber, Dieter, 253,259 

Nadeau, Denise, 275 

Narayan, Bill, 18 

Nau, Charles, 285 

Ndugwa, Christopher, 75 

Nease,Jr. R.F, 275 

Nelson, Kenrad, 66 

Neumann, Peter, 178 

Ngcongco, Vuyelwa Ndlki, 278 

Nicholas, Peter, 245 

Nicolosi, Alfredo, 69 

Noble, Anita. 204 

Noskin, Gary, 190 

Ntaba, H.M.,217 

Nyamathi, Adeline, 311 

O'Brien, Joan, 279 

(YBrien, Maura, 314 

OBrien, Thomas, ,3 

O'Bryen, Barbara, 97, 98f 

O'Farrell, Nigel, 71 

OReilly, Kevin, 302 

Odero, Theresa, 295 

Ogden, Ann, 279 

Ogunyankin, 0., 290 

Ohkl, Kohji, 130 

Ohlsson-Wilhelm, Betsy, 104,177 

Orchi, Nicoletta, 214 

Ordonana, Juan, 308 

Orenstein, Jan, 205 

Ornelas, Gloria, 294 

Oros, Cheryl, 315 

Osmond, Dennis, 179 

Ostrow, David, 254 

Otten, Mac, 71 

Ovens, Douglas, 267 

Packard, Mark, 174 

Padgug, Rc bert, 222 

Padian, Nancy,67,69 

Page, Iris, 295 

Pando, Jose, 188 

Panicall, Dennis, 129 

Panlillo, Adellsa, 267-268 

Pappas, Les, 304 

Para, Michael, 174-175 

Parenti, David, 192 

Park, Lawrence, 172 

Parry, John, 102 

Patrone-Ree3e, Janine, 278 

Paul, David, 34 

Pauwels, Rudi, 8,153 


Payanzo, Ntsomo, 300
 
Pedersen, Court, 174
 
Peeters, Martline, 16,20
 
Pelagi, Micaela, 130
 
PembertonIain K., 3
 
Penny, Ronald, 32, 44, 45f
 
Peralta, J., 83
 
Pereira, Rosemarie, 31,40
 
Perkins, Diana, 255
 
Pel, Daniel, 240
 
Perno, Carlo-Federico, 42
 
Pert, Candace, 150
 
Peterman, Thomas, 78
 
Peters, Barry Stephen, 82
 
Phillips, Andrew, 172
 
Phillips, Constance, 319
 
Picard, Odile, 137
 
Plata, Fernando, 38,123
 
Plotkin, Stanley, 125
 
Pokrovsky,Vadim, 56,308
 
Poll, Guido, 41
 
Pollack, Lance, 301
 
Pollard, Richard, 162
 
Polsky, Bruce, 140
 
Poon, Man-Chiu,318
 
Porter, Anne, 95t
 
Pottage, John, 196
 
Prakesh, Kesh, 125
 
Price, Richard, 239-240
 
Prudent, Nicole, 295
 
Pullam, Lynn, 240
 
Puro, Vincenzo, 273
 
Pursell, Kenneth, 205
 
Putney,Scott, 36,37, 119f, 120,122
 
Quleffin, Jean, 191
 
Quinhoes, Eleonora, 194
 
Quinn, Thomas, 80
 
Quinnan, Gerald, 122
 
Quintos, M. Lourdes L., 310
 
Rabin, Linda, 21
 
R-bkin, Charles, 209
 
Rader, Alison, 294
 
Rakusan, Tamare, 111
 
Ramah, Michael, 289
 
Rankin, Michael, 292
 
Rasmussen, Bjarne, 308
 
Rautenberg, Ellen, 216
 
Reade, Russell,310
 
Recker, David, 113
 
Redfleld, Robert, 135
 
Redick, Mary,292
 
Reyes, Oswaldo, 299
 
Reynes, Jacques, 206
 
Rhodes, Andrew, 158
 
Rich, Kenneth, 112
 
Rich, Lynne, 261
 
Rico, Blanca, 291
 
Rieckmann, Peter, 39
 
Riera, Anna, 212
 
Robbins, Susan, 309
 
Roberts, Jeff, 225
 
Roberts, Noel, 158
 
Robertson, Kevin, 259
 
Robertson, Roy, 172
 
Robinson, Edward, 122
 
Rodrigues, Lair, 54
 

f = figure; t = table 



330 

Rodrigues, Richard, 318 

Rodriquez, Evelyn, 84 

Rogers, Marl, 280 

Rohde, Iris, 190 

Roithamann, Sergio, 208 

Romo,Javier, 194 

Rose, David, 194 

Rose, Thanne, 102 

Rosenberg, Philip, 88 

Rosenberg, Steven, 160 

Rosenblum, Mark, 209,247,250 

Rotheram-Borus, Mary Jane,315 

Roy, Charles, 318 

Royce, Rachel, 172 

Rubini, Norma P.M., 226 

Rubio, Rafael, 209 

Ruf, Bernhard, 244,245 

Rukarangira, N.W., 291 

Ruprecht, Ruth, 134 

Rusche, James, 11 

Russell, Michele, 306 

Rwakagiri, Francis, 281 

Saag, Michael, 177 

Sakaguchi, Mamou, 32 

Sakai, Koj, 12 

Sakuntanaga, Pralom, 67 

Salk, Jonas, 125 

Salmon, Dominique, 183 

Sandfort, Theo, 297 

Santana, Rosemarie, 310 

Santos Esperanca Abreu, 272 

Sarver, Nava, 158 

Scaravilli, F, 248 

Schattenkerk, Eeftinck, 204 

Schelbel, Steven, 190 

Schere, E., 319 

Scherer, Wolfgang, 163 

Schiltz, Marie-ange, 62 

Schinaia, Nicola, 70,172 

Schindler,Stephen, 293 

Schmid, P., 238 

Schmitt, Frederick, 260 

Schnittman, Steven, 29 

Schoenbaum, Ellie, 63 

Schouten, Jeffrey, 294 

Schroder, Heinz, 155 

Schuman, Paula, 228 

Schurmann, Dirk, 247 

Schwartz, David H., 165t 

Scott, Charles, 37 

Sczakiel, Georg, 157,158 

Seaton, Timothy, 211 

Selik, Richard, 214 

Seines, Ola, 260 

Seppo, Sarna, 313 


Sepulveda, Jalime, 54, 55t 
Shafferman, Avigdor,133 

Shah, Kiran, 226 

Sharer, Leroy,236 

Shaunak, Suil, 238 

Sheppard, Haynes, 178 

Sherr,Lorraine, 289 

Shields, Anne, 214 

Shih, Yffhshing, 99 

Shin, Diana, 277 

Shioda, Tatsuo, 29 

Shirasaka, Takuma, 152 

Shurr, Archie, 13 

Sia, Dwo, 126 

Siegal, Frederick, 196-197 

Silicano, Robert, 135 

Siller, Karen, 101 

Simpson, David, 243 

Sinclair,Anne, 123 

Singer, Elys '. 240,241 
Siriann, 35 

Skinner, Harvey, 283 

Skowron, Gail, 161t, 185 

Slavin, Monla, 191 

Smit, Lia, 157 

SmIth, Elmer,222 

Smith, Gale, 135 

Smith, Jaime, 253 

SmIth, Mark, 218 

Snyder, Frederick, 305 

Soave, Rosemary, 204 

Soda, Kenji, 60 

Sodrosky, Joseph, 4 

Solomon, Liza, 290 

Soskolne, Varda, 318 

Sparger, Ellen, 20 

Sperduto, Andrea, 40 

St. Clair,Marty, 184 

St. Lawrence, Janet, 302 

S'4ll, Ron, 302 

Stailey Ann, 88 

Stanton, David, 217 

Stapinski, Andrzej, 58 

Stark, Klaus, 64 

Sidmer, Kathelyn, 122 

Stein, Michael, 194 

Stewart, Karen, 192 

Stille, W., 295 

Stimson, Gerald, 63,303 

Stocking, Carol, 282 

Stramer,Susan, 102 

Strauss, Ronald, 292 

Strayer,David, 154 

Stricof, Rachel, 76 

Strunin, Lee, 277,307 

Sugarman, Jeremy, 195 

Sutor,Christopher, 130 

Swanton, Katherine, 81 

Sweeney, Patricia, 74 

Syndulko, Karl, 256 

Tacconi, Federica, 68 

Takeda, Akira, 42 

Tarnalet, Catherine, 83 

Temoshok, Lydia, 258 

Tenant-Flowers, Melinda, 245 

Terwilliger, Ernest, 11 

Thomas, Pauline, 53 

Thompson, P.[mania, 293 

Ticc, Jeffrey, 300 

Tokars, Jerome, 272,273 

Toma, Emil, 190 

Torres, Ramon, 191 

Torrey, David, 38 

Tortem, Michael, 20 

Tozzi, Valerio, 260 

Tristem, Michael, 15 

Tsubota, Hirosl, 150 

Tucker,Tarvez, 246 

Tuite, Michael, 253 

Tunstall, Chrystal, 311 

Tuur,Sylvana, 197 

Uittenbogaart, Christel, 178 

Ungar, Wendy, 186 

Updike, Marcia, 246 

Urban, Daniel, 205 

Vlle,S. L., 313 

Van den Abeele, Anne,95t 

Van der Wouw, Poll, 164t 

van Griensven, Godfried J.P., 173 

Vanham, Guido, 38 

Vanhems, Phillipe, 214t 

Vazeux, Rosemary,261-262 

Velin, Robert, 259-260 

Vercautern, Gaby,97 

Vermund, Sten, 209 

Viale, Giovanna, 120 

Vilde, Jean-Louis, 211 

Viteri, Fernando, 212 

Vogt, Guillaume, 133 

Volberding, Paul, 182 

Volker, Daniel, 39 

Volkow, Patricia, 81 

Volsky, David, 140 

von Laer, Dorothee, 30,31 

Vujclc, Luba, 119 

Vyakarnam, Annapurna, 41 

Wadhawan, D., 196 

Wagle, Usha, 73f 

Wagner, Ralf, 129
 
Walker, Christopher, 38
 

PRESENTER INDEX 

Wang, Richard, 177,178 
Ward, John, 103
 
Waskin, Hetty, 191
 
Watters, John, 64, 304,314 
Wayment, Heidi, 318
 
Weber, Jonathan, 46
 
Weber, Rainer, 172
 
Weber,Thomas, 246
 
Weerts, Danlelle, 164t, 166
 
Weiblen, Barbara, 111
 
Weiner, M;,-c, 313,314 
Weinstein, Steven, 315
 
Weinstock, Hillard, 298
 
Weintrub, Peggy, 228
 
Weiss, Stanley, 172
 
Wells, James, 297
 
Werdegar, David, 292
 
Weslowski, Virginia, 215
 
White, Carol, 80,317 
White-Scharf, Mary,37
 
Whitt, Kenneth, 263
 
Widman, Mindy, 215
 
Wiebel, Wayne, 65
 
Wiley, Clayton, 248
 
Wilhelm, James, 129
 
Williams, Kenneth, 294
 
Willoughby, Brian, 62
 
Wilson, Mary T., 292
 
Winkelstein, Warren, 172,207 
Wolfe, Hannah, 65
 
Wolitski, Richard, 62
 
Wolters, Pamela, 227,263 
Wong, A.Y., 277
 
Wong, Phiipe, 95t 
Wong-Staal, Flossie, 12
 
Wood, Lauren, 38,121 
Woods Joycelyn Sue, 291
 
Wu, Ping, 94t 
Yamamoto, Janet, 134
 
Yarchoan, Robert, 153,184,185,
 

187,208
 
Yeoh. Eng-kiong, 60
 
Young, Mary, 188
 
Young, Paul, 314
 
Zaccarelli, Mauro, 64
 
Zackin, Robert, 166
 
Zagury, Daniel, 136
 
Zamora, Laura, 1%
 
Zarling, Joyce, 147
 
Zerboni, Roberto, 71
 
Zessler, Laurent, 54
 
Zuccotti, G., 79
 
Zurlo, John, 192
 



AFFILIATION INDEX
 

Abbott Laboratories, Chicago, 84,85, 94t, 99, 

102,103,106,107t, 108,109,158 


Academic Medical Center,Amsterdam, 119, 

120,122,152,157,-,64t, 184, 204,244-245 


Advanced BioScience Laboratories, 

Kensington, Maryland, 8 


Agency for Health Care Policy and Research, 

Rockville, Maryland, 215 


AIDS Committee of Toronto, 313 

AIDS Control Programme/Rakai Project, 


Uganda, 300 

AIDS Info BBS, San Francisco, 295 

AIDS Secretariat, Frederiksberg, Denmark, 38 

AIDS Unit USL, Rome, 64 

AIDSCOM/Porter Novelli, Washington, D.C., 


289 

Albert Einstein College of Medicine, New 

York, 196-197,217,222 

American Red Cross, 100 

Amsterdam Municipal Health Service, 88,173 

Applied bioTechnology, Cambridge,


Massachusetts, 129 

Armed Forces Institute of Pathology, 


Washington, D.C., 44,177,178,197 

Association ofState and Territorial Public 


Health Laboratory Directors, 100 

Auguste-Viktoria Hospital, Berlin, 193 248 

Bangkok Metropolitan Administration, 67 

Bar Ilan University, Israel, 166 

Baylor College of Medicine, Houston, 282, 283 

Bayview-Hunter's Point Foundation, San 


Francisco, 305 

Becton Dickinson Monoclonal Center, 


Mountain View,California, 130 

Behringwerke AB, Marburg, FRG, 94t 

"Being Alive," Los Angeles, 295 

Bernard Nocht Institute forTropical Medicine, 


Hamburg, FRG, 31,166 

Beth Israel Medical Center,New York, 273 

Biocine, 137 

Boston City Hospital, 78, 219, 262 

Boston Department ofHealth &Hospitals, 195 

Boston University Schools of Medicine& 

Public Health, 187,195,277,307 

Boston University, 117,295, 308 

Brazilian Army Institute for Biology, Rio de 


Janeiro, 97,108 

Bristol Polytechnic, Bristol, U.K., 313 

Bristol-Myers Squibb Company, New York, 


153,186 
Bristol-Myers Squibb Pharmaceutical Group, 


Ottawa, 186 

British Biotechnology, Ltd., Oxford, U.K., 129, 


137 

Brown University, P.avidence, Rhode Island, 


161 t, 311 

Burroughs ' ellcome Company, Research 


Triangle Park, North Carolina, 147,163,261 

Cabrini Medical Center,NewYork City, 244 

California Department of Health Services, 


Berkeley, 105,178 

California Primate Research Center,Davis, 19 


Cal fornia State University, Long Beach, 62,312 
Cambridge BioScence Corporation, 

Worcester, Massachusetts, 100,106,107t, 108 

Cambridge University, U.K., 160 

Canadian AIDS Society, 294 

Caremark Inc., Lincolnshire, Illinois, 180 

Case Western Reserve University Cleveland, 


164t, 204 

Cedars-Sinai Medical Center, Los Angeles, 153 

Center for Special Immunology, Ft. 


Lauderdale, Florida, 212 

Centem for Development and Health, Fort-au 


Prince, 82 

Centers for Disease Control, Atlanta, 52, 52f, 


53,58, 63f, 64, 65,70,71,72,74,77,78,80, 81, 

82,83,85,87,100,103,108,113,194,224,214, 

267,270,271,272,273,274,279,290,291,292, 

293,294,297,298,301,302,307,310,312,313, 

314,316,317 


Central Bureau ofAIDS Coordination 

Programme, Kinshasa, Zaire, 295 


Central Institute ofHygiene, Microbiology, & 

Epidemiology, Berlin, 56 


Central Research Institute of Epidemiology, 

Moscow, 56,75,308 


Centre Hospitalierde Kigali, Rwanda, 82,195, 

225 


Centre Hospitaher de l'Universite Laval, 

Quebec, 275 


Centre Hospitalier Universitaire Vaudois, 

Lausanne, Switzerland, 269, 269f 


Centre Regional de Transfusion Sanguine,

Montpellier, France, 84 


Centro de Orientacion e Investigacion Integral, 

Santo Domingo, Dominican Republic, 75, 

311 


Centro Medico Entre Amigos, Quito, Ecuador, 
294 


Cetus Corporation, Emeryville, California, 99 

Charing Crossand Westminster Hospital, 


London, 63,66 

Cildren's Hospital ofNewJersey, Newark, 


227,279 
Children's Hospital of Philadelphia, 34,125 
Children's Hospital ofSan Francisco, 217 

Childrem's National Medical Center, 


Washington, D.C., 111 

Chiron Corporation, Emeryvile, California, 


38,122,137 
Chris! Church Cambridge AIDS Concern 

I Committee, Cambridge, Massachusetts, 292 

Chulalongkom University Hospital, Bangkok, 


102 

Ciba-Geigy, 137 

Citizens' Commision on AIDS, New York City


and Northern NewJersey, 284 

City Health Department, Durban, South 


Africa, 71 

City Health, Harare, Zimbabwe, 194 

City Hospital, Edinburgh, 260,319 
Cityof Hope Medical Center,Duarte, 


California, 158 


Cleveland Clinic Foundation, Ohio, 276
 
Clinical Partners, Boston, 215
 
Clonatec, Paris, 107t
 
CNRS, France, 62, 298
 
Columbia Ur, varsity College ofPhysicians&
 

Surgeons, New York, 8,140,211 
Columbia University, New York, 308,315 
Communicable Disease Surveillance Centre, 

London, 76
 
Community Health Network, Rochester, New
 

York, 190
 
Connaught Centre for Biotechnology
 

Research, Ontario, 126
 
Cook County Hospital, Illinois, 316
 
Cook CountyJail, Illinois, 316
 
Cornell Medical Center, NewYork, 204
 
Cornell University Medical College, New 
York,101,242
 

Cotlter Immunology, Hialeah, Florida, 103
 
Dallas-Fort Worth Medical Center,Grand
 

Praide, 166
 
Dana-Farber Cancer Institute, Boston, 4,7,8,
 

11,12,134,150
 
Danderyds Hospital, Stockholm, 79
 
Decision Focus Inc., Los Altos, California, 275
 
Denver Disease Control, Colorado, 280, 302
 
Department of Disease Control, Akure,
 

Nigeria, 290
 
Department ofHealth Research Institute for
 

Tropical Medicine, Philippines, 109, 310
 
Department of ubli(. Health, San Francisco,
 

171,172f 
Department of Veterans Affairs, Washington, 

D.C., 280
 
Deutsche AIDS-Hilfe, Berlin, 294
 
Deutsches Krebsfori'chungszentrum,
 

Heidelberg, 158
 
Direccion General de Salud, Murcia, Spain, 308
 
Disease Detection International, Irvine,
 

California, 107t 
Duke University Medical Center, Durham, 

North Carolina,165t, 174,191,195,215, 216t, 
227,238 

DuPont, Wilmington, Delaware, 100,107,107t, 
108
 

Ecole de Sante Publique, Zaire, 300
 
Ecuadorian Red Cross, Quito, 109,299
 
Edinburgh Drug Addirtion Study, 172
 
Eisenhower Medical Center,Rancho Mirage,
 

California, 205
 
Elmhurst Hospital, New York, 204,245
 
Emilio Ribas Hospital, Sao Paulo, Brazil, 272
 
Emory University School of Medicine, Atlanta,
 

111,196 
Emory University, Atlanta, 19,87 
Empire Blue Cross &BlueShield, NewYork, 

222
 
Epitope, Inc., Beaverton, Oregon, 102
 
Erasme Hospital, Brussels, 194
 
ETR Associates, Scotts Valley,California, 315
 
European Addiction Research Institute,
 

Rotterdam, 305
 

f = figure; t = table 



332 

Fairfield Hospital, Melbourne, 191,192,193 

Family Health International, Durham, North 


Carolina, 69,80,109,109f 

F-'deral Centre for AIDS, Ottawa, 53f, 102,104, 


178,291,295 

f-ederal University of Bahia, Salvador,80 

Federation ofUganda Employers, 281 

Fenway Community Health Center,Boston, 


188 

Finlay Medical Society, Miami, 56 

Florida Department of Health and 


Rehabilitative Services, Tallahassee, 317 

Florida Psychological Association AIDS 


Network, Ft. Lauderdale, 261 

Food &Drug Administretion, Bethesda, 


Maryland, 37,100,119,122,142,143,147, 

148,160,192,236,261 

Fiee Hospital and School of Medicine, London, 

190 


Free University, Berlin, 244,245,246 

Fujirebio Inc., Japan, 106,107,108,109 

Fukushima Medical College, Japan, 153 

Fundacao Oswaldo Cruz, Rio deJaneiro, 83 

G.E.E.P., Villeneuve-Saint-Georges, Burkina 


Faso, 83 

Gaffr6e &Guinle University Hospital, Rio de 


Janeiro, 195,206 

Gay Men's Health Crisis, New York, 21'1,294 

Gen-Probe, Inc., San Diego, 105 

Genelabs, Inc., Redwood City, California, 154 

Genentech, Inc., San Francisco, 132,149,149f 

General Accounting Office, Washington, D.C., 


315 

Gen,-tic Systems, Inc., Seattle, 95t, 106,107t 

Gen.. a University Hospital, 190 

Georg-Speyer-Haus, Frankfurt, 15,30 

George Wash'r'iton University Medical 


Center,Wasi. '-gton, D.C., 127,136,188,192, 

205 


George Washington University, Washington, 
D.C., 274-275 


Georgia State Unive.i ty,Atlanta, 73 

Glaxo, Inc., North Carolina, 152 

Governor's Committee on AIDS, Honolulu, 


294 

Grady Memorial Hospital, Atlanta, 196 

Greater NewYork Blood Program, 80, 317 

Grupo Argentino de Tratamiento de la 


Leucemia Aguda, Buenos Aires, 290 

Hadassah Medical Organization, Jertsalem, 


318 

Hahnemann University, Philadelphia, 154,309 

Hannover Medical School, Germany, 165t 

Harlem Hospital Center, New York, 74,79 

Harvard Community Health Plan, Boston, 218 

Harvard Institute for International 


Development, Cambridge, Massachusetts, 

214 


Harvard Medical School, Boston, 32 

Harvard School of Public Health, Boston, 291, 


303 

Harvard University, Boston, 161t, 165t, 174 

Hasanuddin University, Indonesia, 299 

Hawaii Medical Association, 294 

Health Care Financing Administration, 


Baltimore, 222 


Health Department, Madrid Council, 76 

Health Resources and Services 


Administration, Rockville, Maryland, 222 

HEM Research, Inc., Philadelphia, 154 

Henry Ford Hospital, Detroit, 318 

Henry M. Jackson r-cndation, Rockville, 


Maryland, 163,258 

HIV Immunology Unit, Edinburgh, 175 

HIV Screening Section, Verona, 314 

Hoffmann-LaRoche &Company, Nutley,New 


Jersey,153,162 

Hoffmann-LaRoche, Basel, 94t 

Hokkaido University,Sapporo, Japan, 12,130 

Hong Kong Department ofHealth, 60 

Hbpital Antoine Beclare, Clamart, France, 79, 


79t 

H6pital Bichat-Claude Bernard, Paris, 161t, 


183,190,192,193-194,1%,197,204,211 

H6pital Cantonal Universitaire, Geneva, 214 

H6pital Cochin, Paris, 111 

H8pital de la ilmone, Marseilles, 83 

H6pital du St. Sacrement, Queb-c, 53 

H8pital Fernandez, Buenos Aires, 205 

H6pital Lariboisiere, Paris, 247 

H8pital Paul-Brousse, Villejuif, France, 31,32 

H~pital Pitie-Salpri6re, Paris, 192,193,208 

H~pital Raymond Poincare, Garches, France, 


177 

H6pital Saint-Antoine, Paris, 189.208 

Hospital Clinic, Barcelona, 196 

Hospital de laSanta Creu i Sant Pau, 


Barcelona, 212 

Hospital Gaffr6e a Guinle, Rio deJaneiro, 194 

Hospital Germans Tias i Pujol, Barcelona, 64, 


212 

Hospital Infantil la Paz, Madrid, 227 

Hospital PEMEX, Mexico City, 81 

H6tel-Dieu de Montreal, 190 

Hunter College Center for Community Action 


to Prevent AIDS, 294 

Hvidovre Hospital, Denmark, 121,148 

IAF BioChem International, Inc., Montreal, 94t, 


100 

IIUniversita, Rome, 88 

Illinois State University, Normal, 297 

Immune Products, Ltd., Horsham, 


Pennsylvania, 126,136 

Immune Response Corporation, San Diego, 136 

ImmvnoAG, Vienna, 132 

Imreg, Inc., New Orleans, 166 

Indiana University School of Medicine, 


Indianapolis, 190 

Innogenetics, Antwerp, 95t 

Innovatieprojekt, Amsterdam, ,318 

INSERM, Lyon, France, 111,136 

INSERM, Paris, 69,86 

INSERM, Universite de Bordeaux, France, 224 

INSERM, Universite Paris, 226 

INSERM, Villejuif, France, 31,290 

Insituto Brasileiro de Inovacoes em Saude 


Social, Rio deJaneiro, 313 

Institut de Neurologie Tropicale, CHU 


Limoges, France, 84 

Institut fur Physiologische Chemie, 


Universitat Mainz, 155 

Institut Pasteur Hellinesque, Athens, 105 


f = figure, t =tablc 

AFFIA ON INDEX 

Institut Pasteur, Paris, 11,12,16,17,38,44,69, 
105,110,120,121,123,197, 235,261-262
 

Institute Adolfo Lutz-Sao Paulo, 72
 
Institute of Immunohaematology, Bombay, 60,
 

108
 
Institute of Medical and Veterinary Science,
 

A, lelaide, Australia, 31,40
 
Institute ofPublic Health, Oslo, 308
 
Institute of Tropical Medicine, Antwerp, 16,20,
 

38,72,97,103,108,176f
 
Inshtute of Venereology of Medical Academy,
 

Warsaw, 58
 
Instituto Nadonal de Saude, Lisbon, 83
 
Instituto Superiore di Sanita, Rome, 172
 
International Hemophilia Training Center,
 

Kremlin-Bicetre, France, 70
 
IPN and Universite de Kinshasa, Zaire, 300
 
Israel Institute ofBiological Research, Ness-


Ziona, 133
 
Italian Cooperative Hemophilia-HIV Study
 

Group, 70
 
Italian Partners' Study,68
 
Italian Study Group on Occupational Risk of
 

HIV Exposure, 273
 
Janssen Research Foundation, Spring House,
 

Pennsylvania, 153
 
Johann Wolfgang Goethe Universitat.
 

Fr.,kfurt, 295
 
Johant.es Gutenberg Universitat, Mainz, 39
 
John Marshall Law School, Chicago, 292
 
John Radcliffe Hospital, Oxford University,
 

U.K., 36
 
Johns Hopkins Hospital, Baltimore, 39, 246
 
Johns Hopkins School of Hygiene &Public
 

Health, Baltimore, Maryland, 217,290
 
Johns Hopkins University School ofMedidne,
 

Baltimore, 18,135,206,260
 
Johns Hopkins University, Baltimore,
 

Maryland, 46,66,68,75,189,216,217,218,
 
238,241,260,277,311
 

Jornal Do Brasil &the lnstituto Brasileircde
 
Inovacoes em Saude Social, Rio deJaneiro,
 
291
 

Kabalikat ng Pamilyang Philipino Foundation,
 
Manila, 310
 

Karolinska Institute, Sundbyberg, 73
 
Katholieke Universiteit Leuven, Belgium, 8
 
Keith Medical Group, Los Angeles, 244
 
Kenya Medical Research Institute, Nairobi, 195
 
King's College Hospital, London, 302
 
Kingston General Hospital, Ontario, 279
 
Kumamoto University Medical School, Japan,
 

38,130
 
Laennec Hospital, Paris, 208
 
Landesinstitut iur tropenmedizin, Berlin, 64
 
Lazzaro Spallanzani Hospital, Rome, 271f, 272,
 

273,274
 
Life Foundatio,., 294
 
Lincoln Hospital, New York Medical College,
 

Valhalla, 226
 
London Medical College, 8
 
Long Island Jewish Medical Center/Albert
 

Einstein College ofMedicine, New York,
 
196-197
 

Los Alamos National Laboratcry, New
 
Mexico, 88
 

http:Johant.es


333 AFFIUATION INDEX 

LosAngeles County &University of Southern 

California Medical Center, 225 


Los Angeles County Department of Health 

Srrvices, 102,303 


MacF rlane Burnet C.ntre for Medical 

Restarch, Melbourne, 174 


MACS. Ser Multicenter AIDS Cohort Study 

Makerere University, Kampala, Uganda, 75,293 

Mama Yemo Hospital, Kinshasa, 82 

Manchester Polytechnic, U.K., 304 

Massachusetts Department of Education, 

Quincy,315 


Massachusetts General Hospital, Boston, 105, 

121,161t, 165t 


Massachusetts Institute of Technology, 

Cambridge, 214,292 


Massachusetts State Laboratory, Newton, 111 

Max von Pettenkofer-Institut, Munich, 129 

Medical Biology Institute, La Jolla, California, 


21,134 
Medical Research Coundl Clinical Research 

Center,Harrow, U.K., 123 

Medical School of Hannover, 130 

Memorial Sloan-Kettering Cancer Center, New 


York, 140 161t, 165t, 205,208 
Merck, Sharp, &Dohme Research Laboratories, 

West Point, Pennsylvania, 120,158 

Merieux Institute, France, 166 

Mexico City General Hospital, 194 

Michael Reese Hospital, Chicago, 316 

Michigan Department of Public Health, 


Lansing, 291 

MicroGeneSys, Inc., West Haven, Connecticut, 


124,135 

Mid-Atlantic AIDS Education &Training 


Center, Washington, D.C., 281 

Middlesex Hospital, London, 252 

Middlesex School of Medicine, London, 41 

Midwest AIDS Biobehavioral Research Center, 


Chicago, 306 

MinisterioJustida, Madrid, 73 

Ministry of Health, Brazil, 54,281 

Ministry of Health, Kenya, 295 

Ministry of Health, Malawi, 217 

Ministry of Health, Mexico, 54, 55t, 294,299, 

303 


Ministry ofHealth, Paris, 189,213 

Ministry of Health, Romania, 57 

Ministry of Public Health, Ecuador,294 

Ministry of Public Health, Moscow, %t 

Montefiore Medical Center, New York, 63,175, 

217,222 


Montreal Children's Hospital, 318 

Montreal General Hospital, 189 

Mount Sinai Hospital, New York, 240,243 

Mount Sinai School of Medicine, New York, 


194,295 

Mount Zion Hospital and Medical Center,San 


Francisco, 193,30 

Mulago Hospital, Kampala, 75,220 

Multicenter AIDS Cohort Study, Bethesda, 172, 

207 


Multicenter AIDS Cohort Study, Los Angeles,
175,177 

Municipal Health Services, Amsterdam, 61,65, 
161t 

Municipal School System, Copenhagen, 295 

Murex Corporation, Norcross, Georgia, 107t 

Narcotic and Drug Research Inc., NewYork, 


291,314 

NationAl Bacteriological Laboratory, 


Stockholm, 128,133 

National Cancer Institute, Bethesda, 


Maryland, 42,44,86,88,116,128,152,153, 

160,184,185,187,206-207,208, 209,226,227, 

263 


National Center for Health Statistics, 

Hyattsville, Maryland, 213 


National Centre in HIV Epidemiology & 

Clinical Research, Sydney, 60 


National Council of Research, Milan, 69 

National Hemophilia Foundation, New York, 


70,296 
National Hospital, London, 248 

National Institute for Biological Standards & 


Control, Potters Bar, U.K., 134 

National Institute ofAllergy &Infectious 


Diseases, Bethesda, Maryland, 13,14,21,29, 

38,39,40,41,42,80,84,113,115,121,125, 150, 

158,161t, 163,164t, 165t, 181,185-186,187, 

192,209 

National Institute of Genetics, Mishiwa, Japan, 
16 


National Institute of Hematology and Blood 
"fl'ansfusions,Heidelberg, 34 

National Institute ofMental IIealth, Bethesda, 
Maryland, 150,187,235,241 

National Institute ofNeurological Disorders 
and Stroke, Bethesda, 13,14 

National Institute on Drug Abuse, Rockville, 
Maryland, 64,66,294 

National Institutes of Health, Bethesda, 
Maryland, 190-191,192, 234,235,237-238, 
241,242,272,273 


National Medical Association, Washington, 
D.C., 277 


National Public Health and Hospital Institute, 

Washington, D.C., 215 


National Research Institute of Health, Addis 

Ababa, Ethiopia, 10 


National Task Force on AIDS Risk Reduction, 

San Francisco, 306 


National Veterinary Institute, Uppsala, 

Sweden, 124 


Neptune Computer Group, Stamford, 

Connecticut, 295 


Network for Continuing Me-ical Education, 

Secaucus, New)ersey, 314 


Nevada Brothel Associalion, 310 

New England Behavioral Health Study, 


Providence, Rhode island, 298 

New England Deaconess Hospital, Boston, 32, 


187 

Ne., England Regional Primate Center, 

Massachusetts, 126,150 
New Jersey Medical School, Newark, 236 

New University of Lisbon, Portugal, 15 

New York Business Group on Health, Inc., 281 

New York City Department of Health, 53,71, 

196,216,310 
New York City Perinatal HIV 'I'ansmission 


Collaborative Study Group, 110 


f= figure; t =table 

NewYork Hospital-Cornell Medical Center, 
195,254,306 

New York Medical College, Valhalla, 211
 
NewYork State Department of Health, Albany,
 

76
 
New York State Psychiatric Institute, 308,315
 
New York University Medical Center, 105,207,
 

217,220f, 221f, 222
 
NewYork VA Medical Center, 195
 
Nippon Veterinary &Zootechnical College,
 
Tokyo,20
 

North American Biologicals, Inc., Miami, 112
 
North C.,rolina AIDS Service Coalition,
 

Chapel Hill, 294
 
North York Public Health Department,
 

Ontario, 295
 
Northwestern University School of Medicine,
 

Chicago, 209,246,247, 249f
 
NOVA Research Company, Bethesda,
 

Maryland, 305,314
 
Obafeml Awolowo University, Nigeria, 290
 
Ohio State University, Columbus, 174-175,259
 
Oncogen Corporation, Seattle, 104,124,129,
 

135,136,147
 
Ontario Ministry of Health, Toronto, 100
 
Organisation de Coordination pour la Lutte
 

contre les E demies en Afrique Centrale, 
Cameroon, 300
 

Organon Teknika, 109
 
ORSTOM S/URB, Paris/Brazzaville, 82
 
Ortho Diagnostics Systems, Raritan, New
 

Jersey,94t
 
Ospedali Riuniti, Bergamo, 214
 
Ottawa General Hospital/University of
 

Ottawa AIDS StudyGroup, 174
 
Oxford University, U.K., 36,42,129,158,219
 
Pan American Health Organization, Mexico
 

City,291
 
Pan American Health Organization,
 

Washington, D.C., 54,55, 55t
 
Paul Ehrlicl. Institute, Langen/Frankfurt, 19
 
PB DiagnostiL.. Systems, Westwood,
 

Massachusetts, 95t, 107t
 
Pennsylvania State University College of
 

Medicine, Hershey,104,177
 
Peoria City/County Health Department,
 

Illinois, 297
 
Pharmaceutical ManufacturersAssociation,
 

143,147
 
PHIS Virus Reference Laboratory, London, 102
 
Pitie-Salp6trire Medical School, Paris, 4,32,132
 
Pitzer College, Claremont, California, 293
 
Planned Parentho.A, Alameda/San Francisco,
 

310
 
Population Services International,
 

Washington, D.C., 290
 
Professionai Standards Review Council of
 

America, Inc., New York, 279
 
Project HOPE Center for Health Affair Chevy
 

Chase, Maryland, 297
 
Projet CONNAISSIDA, Lubumbashi-Zaire, 291
 
Projet RETRO-CI, Abidjan, Ivory Coast, 82,84,
 
95t
 

Projet San Francisco, Kigali, Rwanda, 225,295 
Projet SIDA,Kinshasa, Zaire, 107,108,195,262, 
281,300 



334 

Public Health Department, Miami, 68 

R.O.W Sciences, Inc., 306 

Rega Institute for Medical Research, Leuven, 


Belgium, 147,151,153 

Regional Epidemiology Unit, Rome, 214 

Repligen Corporation, Cambridge, 


Massachusetts, 11, 37,119f, 120,122 

Research Triangle Institute, Nort; Carolina, 


184 

Rhode Island Hospital, Providence, 194 

Roche Diagnostic Systems, Inc., Nutley, New 


Jersey,85 

Roche Products, Ltd., U.K., 8,158 

Rochester Medical Center, NewYork, 186,253 

Rorer-Rhone Poulec, Fort Washington, 


Pennsylvania, 136 

Royal Free Hospital School of Medicine, 


London, 14 

Royal Hospital & School ofMedicine, London, 


172 

Royal Newcastle Hospital, Australia, 212 

Royal Postgraduate Medical School, London, 


46 

Ruchill Hospital, Glasgow, 64 

Rudolf Virchow University Hospital, Berlin, 


163,209,247 
Rush-Presbyterian-St. Luke's Medical Center, 


Chicago, 34,196 

Rutgers University, New Brunswick, New 


Jersey,213, 309 

Rutgers University, Newark, New Jersey,309 

S.Martino Hospital, Genoa, 123 

Saint-Antoine Hospital, Paris, 194 

Salk Institute, La Jolla, Califomia, 125 

Salvation Army Chikankata Hospital, Zambia, 


293,294 

San Francisco AIDS Foundation, 304 

San Francisco Community College District, 


292 

San Francisco Department of Public Health, 52, 


61,62,81,292,295,301,305 

San Francisco General Hospital, 65,154,179, 


188,193,209,263,271,273,319 

Santa Clara Valley Medical Center,San Jose, 


California, 197,204,205 

Sanyo-Kokusaku Pulp Company, Yamaguchi, 


Japan, 152 

Schering Plough, 162 

Seattle-King County Department of Public 


Health, 282 

Seth G.S. Medical College &KEM Hospital, 


Bombay, 72, 73f 

SmithKline Beecham Pharmaceuticals, King of 


Prussia, Pennsylvania, 148,158 

South Bank Polytechnic, London, 301 

Southern n11-nois University School of 


Medicine, Springfield, 279 

Southwest Foundation for Biomedical 


Research, San Antonio, Texas, 132 

Sozialpaedogogsches Institut Berlin, 304 

Spallanzani Hospital, Rome, 260 

Spectrum House, Amherst Massachusetts, 304 

SRA Technologies, Inc., Rockville, Maryland, 

103 


Srikant Thpathy of Indian council of Medical 
Research, New Deli, 73f 

SSA/DPS/SPE/CEA, Fontenay auxRoses, 

France, 133 


St.James's Hospital, Dublin, 311 

St. Luke's/Roosevelt Hospital Center,New 


York, 12,140,193 

St. Mary's Hospital and Medical School, 


London, 82,258, 259t, 289,319 

St. Paul's Hospital, Vancouver, 62,152,191 

St. Paul-Ramsey Medical Center,14. Paul, 


Minnesota, 270 

St. Pierre University Hospital, Brussels, 164t, 


166,205 

St. Stephen's Clinic, London, 217,253 

St. Vincent's Hospital and Medical Center, 


New York, 191 

St. Vincent's Hospital, Sydney, Australia, 44, 


245 

Stanford University Medical Center, 


California, 31,153,165t, 212, 267 

Stanford University School of Medicine, 


California, 178,185,197 

Stanford University, California, 8,186 

State Office for National Plan on Drugs, 


Madrid, 64,65 

State University ofNew York Brooklyn,263 

State University ofNew York, Buffalo, 164t 

State University ofNew York, Stony Brook, 263 

Statens Serum institut,Copenhagen, 204 

Sumitomo Chemical Co. Ltd., Hyogo, Japan, 


149 

Syntex Corporation, Palo Alto, California, 285 

SyStemix, Inc., Palo Alto, California, 21,142 

Tanox Blosystems Lnc., Houston, 129 

Tenon Hospital, Paris,204 

Texas A & M University, College Station, 1C5 

Transfusion Related AIDS Support Unit, 


Sydney, Australia, 81 

Triton Bioscieres, Gi'fc "ia, 162 

Tucson VA Medical Center, University of 


Arizona College ofMedicine, 205 

Tufts University, Boston, 12 

Tulane School of Medicine, New Orleans, 34, 


113 

U.S. Conference ofMaycrs, Vdsington, D.C., 


293 

Uganda Cancer Institute, Kampala, 206 

Uganda Virus Research Institute, Entebbe, 46 

Unified School District, San Francisco, 295 

Union ofAmerican Hebrew Congregations 


Committee on AIDS, New York, 292 

United Biomedical, Inc., LakeSuccess, New 


York 96t,106 

Universidad Autonoma, Madrid, 205 

Universidad del Pais, Vasco, 58 

Universite de Lile, France, 295 

Universit6 de Montral, 190 

Universit6 Pierre et Marie Curie,Paris, 120,137 

University College &Middlesex School of 


Medicine, London, 67,103 

University Hospital, Berlin, 190 

University Hospital, Geneva, 251f, 252 

University Howpital, Nice, 183 

University Hospitals of Cleveland, Ohio, 246 

University Medical College, Chicago, 190 

University ofAlabama, Birmingham, 177 

University of Alberta, Edmonton, 218 


f=f1gure; t =table 

AFFuAnON NDEX 

University ofArizona, Tucson, 166,307
 
University of Bari,Italy, 241
 
University of Brihsh ColumbiaVancouver, 62,
 

207,253
 
University of Calgary,Alberta, 253,313
 
University ofCalifornia,
 

Berkeley 46,67,69,172,197,207,212
 
Davis, .2,19,20,134, Davis, 210
 
Irvine, 315
 
Los Angeles, 276,277,305,311,318
 
San Diego, 161t, 185, 255f, 256, ?59-260
 
San Francisco, 29,40,42,46,64,65,66,105,
 

111,122,182,189,193,211,215,219,228, 
240,250,252,263,271,27-,276,283,297, 
298,300,301,302,304,303,307,311,314, 
316,319 

Santa Cruz, 304
 
University of California, School of Medicine,
 

Davis, 133
 
Los Angeles, 18,40,43,44:173,178,192 258
 
San Diego, 248,256-257
 
San Francisco, 38,315,252,258
 

University of California, School of Pharmacy,
 
San Francisco, 188
 

University of Cambridge, U.K., 15
 
University of Chicago, 282
 
University of Colorado Health Sciences Center,
 

Denver, 278
 
University of Colorado, Boulder, 158
 
University ofConnecticut, Storrs, 297
 
University of Copenhagen, 174,318
 
University of Dares Salaam, Tanzania, 308
 
University ofEdinburgh, 87
 
University of Frankfurt, 72
 
ITniversity of Genoa, 245
 
University of Georgia, Athens, 153
 
University ofG6ttingen, 246
 
University of Hawaii, 294
 
University of Heidelburg,39
 
University of Helsinki, Finland, 313
 
University of Illinois, Champaign-Urbana,
 

312
 
University of Illinois, Chicago, 65,112,215,306
 
University of Kentucky School ofMedicine,
 

Lexington, 260
 
University of Lausanne, Switzerland, 299
 
University of Maryland School of Medicine,
 

Baltimore, 309,310
 
University ofMassachusetts, Worcester, 42,315
 
University ofMedicine &Dentistry of New
 

Jeisey,65, 76,172.215,227,279,308
 
University ofMianu School ofMedicine, 54,68,
 

182,183,212,226,334,313,259,280
 
University of Miami, Ilorida,245, 278
 
University of Michigan, Ann Arbor,254, 255,
 

302
 
University ofMilan, 71, 73,79,120,130,227,
 

260-261
 
University ofMinnesota, Minneapolis, 239-240
 
University ofMississippi Medical Center,
 

Jackson, 302
 
University ofMontpellier, France, 206
 
University of Munich, 250f, 251,253,259
 
Univers ty of Nairobi, Kenya, 316
 
University ofNew South Wales, Sydney,
 

Austalia, 32,33,34,44
 



335 AFFIuATION INDEX 

University of North Carolina School of 

Medicine, Chapel Hill, 259 


University of North Carolina School of 

Pharmacy,Chapel Hill, 159 


University ofNorth Carolina, Chapel Hill, 252, 

255,263, 292 


Unive&ssty ofPavia, Italy,68,148 

University of Pennsylvania Medical Center, 


Philadelphia, 32 

University (,. Pennsylvania School of 


Medicine, Philadelphia, 33 

University of Pennsylvania, Philadelphia, 15 

Univerqity ofPittsburgh, 38,61,160 

University ofRio deJaneiro, 226 

University ofRome, 35 

University of San Francisco, 306 

University of Southern California School of 


Medicine, Los Angeles, 126,136 

University ofSouthern California, Los 


Angeles, 188 

University ofSydney, Australia, 60,62,317 

University ofTexas Health Science Center,San 


Antonio, 278,313,314 

University of Texas Medical Branch, 


Galveston, 162 

University of the West Indies/CAREC, Port of 


Spain, 55 

University ofToronto, 179,191,283,304 

University ofTurin, Italy,110 

Uilversityof Utrecht, The Netherlands, 297 

University ofVirginia, Charlottesville, 268-269 

University ofWashington, Seattle, 100,124, 


128,136,161t, 183,187,259,310 

University of Wollonong, Australia, 294 

University of Zaragiza, Spain, 291 

University of Zurich, 172 

University Teaching Hospital, Lusaka, 


Zambia, 79,108,196,225 

University Teduologica de Santiago, 55, 84,85 

University Tibingen, 175 

Upjohn Company,Kalamazoo, Michigan, 158 

USSR Academy of Sciences, Moscow, 95t 

VA Medical Center,San Diego, 255, 255f, 256, 


259-260 

VA Medical Center, University ofMiami, 


Florida, 188 

VA Medical Center, West Los Angeles, 256 

Vanderbilt University, Nashville, Tennessee, 122 

Veterans Administration Medical Center, San 


Francisco, 259 

Vical, Inc, San Diego, California, 142 

Viral Technologies, Inc., Washington, D.C., 127, 


136 

ViRx, Inc., San Francisco, 179 

Walter Reed Army Institute ofResearch, 


Rockville, Maryland, 19 

Walter Reed Army Institute ofResearch, 


Washington, D.C., 74,78, 78f, 97,98f, 135 

Walter Reed Army Medical Center, 


Washington, D.C., 100, 225,258 

Washington Biolab, Inc., Creston, Iowa, 154 

Washington StateOffice on HIV/AIDS, 


Seattle, 214 

Washington University School ofMedicine, St. 


Louis, 252,258 
Wayne State University of Medicine, Detroit, 

228
 
Wellcome Diagnostics, 108
 
Welcome Research Laboratories, Beckenham,
 

U.K., 146,152,184
 
Wellcome Research Laboratories, Research
 

Thangle Park, North Carolina, 7,184
 
Wellcome, Inc., Paris, 227
 
West Los Angeles Veterans Administration
 

Medical Center,238,240,241
 
Westmead Hospital, Sydney, Australia, 151
 
Westminster Hospital, London, 191,193
 
Westminster Medical School, London, 303
 
WHO Collaborating Centre on AIDS, Paris,
 

206
 
Wilford Hall U.S. Air Force Medical Center,
 

San Antonio, 211,256
 
Womack Hospital, Ft. Bragg, North Carolina,
 

299
 
World Health Organization Collaborating 

Centre on AIDS, Paris, 58,88 
World Health Organization, Geneva, 49,51,52, 

57f, 58, 59f, 67,74,108,179,194,291,294,299 
World Health Organization, Regional Office
 

for Africa, Congo,278
 
Wyeth-Ayerst Research Laboratories,
 

Pennsylvania, 129,133
 
Yale University, 158
 
Yerkes Regional Primate Center,Georgia, 126
 
Yokohama City University School of Medicine,
 

60
 



A 

acemannan, 166 


AZT with, 164t 

acriflavine derivatives, 144t 

acrylic acid, 151 

acupuncture, 73,266 

acyclouridlne derivatives, 144t, 153 

acydovir, 144t, 183 


AZT with, 161t 
ADC. See AIDS dementia complex 
ADCC. See antibody-dependentcellularcyto-

toxicity 

adenovirus, in recombinant vaccine, 126 

adjustment disorders, 253 

adjcvants 


defined, 123 

vaeoines based on, 127t, 128-129 


adolescents, 75-77 

AIDS incidence among, 77 

alcohol use among, 76,308 

education of,314-315 

ethnic/cultural variables among, 76,305,308 

homeless and runaway, 76,308,315 

homosexual, 308,315 

knowledge, attitudes, and behavior of, 307-


308 

risk behaviors among, 75-76,305,307-308 

seroprevalence among, 53,76 


Africa 

AIDS cases in, 51, 58-59, 59f, 69,80 

blood supply in, 80 

clinical trials in, 220-221 

heterosexual transmission in, risk factors for, 


68 

HIV-2 in, 83 

HIV-associated mortality in, 82 

HTLV-I in, 84 

Kaposi's sarcoma in, 206 

nursing care in, 278 

pediatric HIV infection in, 223 

perinaial transmission in, 79 

religious organizations in, 293 

transfusion-associated AIDS cases in, 69,80 

tuberculosis and HIV in, 194 

women in, 75, 88-89 


Afro-Americans. See ethnic/cultural variables 

age, disease progression and, 172 

agglutination tests, 106. See alsospecific tests 


(e.g., Serodia) 

on pooled sera, 109 


AIDS 

clinical aspects of, 168-228. See alsospecific 


aspects (e.g., opportunistic infections) 

diagnosis of 


criteria for, 170-171,320 

financial implications of, 171 


education. See education 

INDEX
 

epidemiology. See epidemiology; specific 

groups at risk (e.g., IV drug users;
women) and specific geographic regions 

incidence, worldwide, 49-50. See alsospecific 
geographic areas 


mortality in, 81-82 

occupationally acqu rL. 1,270. See alsooccu-


pational risks 
pediatric. See pediatric AIDS 
progression of. See disease progression 
risk factors for. See risk factors 
transfusion-associated, 69-70. See alsotrans-

fusion-associated AIDS 
AIDS dementia complex (ADC), 239-241,322 


defir-d, 239 

prevalence of, 256 


AIDS policies, corporate, guidelines for, 284 

AIDS-related complex (ARC) 


criteria for, 321 

In HIV disease progression, 171 f 

passive immunotherapy for, 160 


alcohol, high-risk sexual behavior and, 76,301-

302,305,308,318 


alpha interferon. See under interferon(s) 
aluminum, 233f, 240 

amebiasis, 198t 

American Dental Association, HIV-related rec-


ommendations by, 284 

American Medical Association, IV-related 


recommendations by,284 

amikacin, 196 

amniotic fluid, 268,323,324 

ammonium trichlorotellurate. See AS-101 

amphotericin B,145t 


for cryptococcosis, 244 

Ampligen, 141f, 144t, 154-156,155f 

anal intercourse, 61, 62,68,73,75,301,305,319 

androgens, disease progression and, 178 

anginlyc, 145t 

animal models, 18-21. See alsospecific animals 


(e.g., mice) 

drug evaluation using, 142 

in vaccine development, 130-135 

ofneurological aspects, 235-236 


ansamycin. See rifabutin 

antibody(-ies) 


detection of. See antibody tests 

enhancing 


in HIV infection, 42-43 

vaccine development and, 122 


idiotype/anti-idiotype, 129-130,131f 

intrathecal, 237-238 

in neonates, 110-111,223f, 224 

monoclonal. See monoclonal antibodies 

neutralizing 


cross-neutralization capabilities of,122 

defined, 36 

in response to HIV infection, 36-37, 37f 

vaccine elicited, 121-122 


to gp4l. See gp41 
to gp120. See gp12O 
to gp160. See gp160 
to p24. See p24 
to "self." See autoantibodies 

antibody response. See immune response 
antibody tests, 94-96t, 98-102. Seealsodiagnos

tic tests; specific tests (e.g., ELISA)
 
algorithms for,91, 91f, 109f
 
antigens used in, 99
 
for HIV-2, 94-96t, 100
 
problems with, 92
 
rapid, 106,107t
 

antibody-dependent cellular cytotoxicity
 
(ADCC)
 

defined, 38
 
epitopes eliciting, 121
 
in autoimmune neurological disease, 241
 
in response to HIV infection, 37f, 38
 
vaccine elicited, 121,123
 

in chimpanzees, 132
 
antidepressants, 254
 
antigen (HIV), 36-37f. See also specific antigens
 

(e.g., p24)
 
conformation of,116,118,121, 122,123
 
detection of See antigen tests
 
mass production of, 129
 

antigen presentation
 
cells involved in, 26
 
in vaccine development, 116,118,123-124
 

antigen recognition, 27,28, 33f
 
by Bcells, 24,28
 
by T cells, 26,123
 
in normal immune response, 27
 

antigen tests, 93t, 102-104
 
antigenernia, disease progressior and, 175-177,
 

176f, 179
 
antigenic determinants. Se. epitope(s)
 
antigenic drift, 28,116,119,121. See alsostrain
 

variation
 
antigenic sites. See epitope(s)
 
antigen-presenting cells, 26
 
antigen-specific memory, 28
 
anti-idlotypes, 129-130,131f
 
antisense DNA, 156,156f
 
antisense molecule(s), 156-158,156f
 
antisense oligonuceotide(s), 141f, 144t, 157
 

alpha interferon with, 165t
 
AZT with, 161t
 

antisense RNA, 141f, 144t, 156-157,156f, 157
158
 

antiviral agents, 147-159,181-188. See alsospe
cific agents (e.g., Ampligen; AZT)
 

combination therapies using,146-147,161 t,
 
167
 

immunomodulators with, 1,47,164-165t, 167
 
target sites of, 140,141 f
 

appetite stimulation, 212
 
ARC. Se AIDS-related complex
 

f=figure; t = table 



337 INDEX 

Argentina, 55t, 290 

AS-101 (ammonium ,!rchlorotellurate),145t, 


166 

AZT with, 164t 


Asia, AIDS cases in, 51,60 

aspergillosis, 205 

Australia 


AIDScases n, 60 

heterosexual transmission in, 67 

homosexual/bisexual men in, 62,317 


AuT (1-aurothioglucose), 145t 

autoantibodies 


defined, 39,148 

in HIV infection, 39 

in CNS, 233f 

in inflammatory demyelinating polyneu-


ropathy,242 

to CD4 receptor, 39,148 


autoimmune disease, 27. Seealsoautoantibodies 

cross-reacting antibodies in, 101 

in HIV infection, 39 

neurological, 241-243 


eutoradiography, in PCR testing, 105 

azidouridine (AZddU), 144t 

AZT (azidothymidine or zidovudne), 152-153, 


181-186 

acemannan with, 164t 

ACTG trials of, 182-183 

acyclovir with, 161 t, 183 

alpha interferon with, 163,164t, 165t, 185-186 

Ampligen synergism with, 155 

antisense oligonucleotide with, 161 t 

AS-101 with, 164t 

CD4-exotoxin hybrid with, 150, 161t 

combination therapy with, 161 t, 164-165t, 


185-186 

cost effectiveness of,218 

ddC with, 161 t, 185 

ddl with, 161t 

depression and, 255 

disease progression, effect on, 81-82, 86,181-


182,216 

doses and dosing schedules for, 182-183 

dsRNA with, 155,161 t 

during pregnancy, for prevention of pedi- 


atric IIV infection, 228 

erythropoietin with, 164t 

evaluation of, 152 


In humans, 181-186 

in SCID-hu mice, 142 


for Kaposi's sarcoma, 208 

for pediatric HIV infection, 226-227 

G-CSF with, 164t 

GM-CSF with, 164t, 165t 

IgG with, 165t 

In early HIV disease, 182 

interleukin-2 with, 165t 

length of treatment with, 184 

lipid analogue synergism with, 159 

liposome-encapsulated vs. standard, evalua-


tion in mice, 142 

mechanism of action of, 8,141f, 144t, 152 

myopathy due to, 183,184,242-243 

neuropsychological performance and, 260-


261 

post-exposure prophylaxis with, 273-274 


resistance to, 152-153,184-185 

survival time and, 81-82 

toxidtyol,152,183-184 

underuse of, in pre-AIDSpatients, 217 


RB 

Bcells, 24, 25f 


activation of, in HIV infection, 39,237 

cytoklne secretion by,. 39 

HIV-speciflc antibody-secreting detection 


of, 111-112 

in CNS, 237 


baculovirus, recombinant vaccine using, 135 

BCG (bacille Calmette-Gu6rin), recombinant 


vaccine using, 126 

behavior. See behavior change; knowledge, 


attitudes, and behavior; specific behaviors 

(e.g., condom use) 


behavior change. See also counselling; educa-

tion; specific behaviors (e.g., condom use) 


among adolescents, 307 

among cocaine users, 305-306 

among female partners of IVDUs, 313-314 

among homosexual/bisexual men, 62,302 

among IVDUs, 65, 66-67,305-306,314 

in needle sharing, 66-67,304-305 

induction of. See education 

relapse, 62,302 

strategies for,312-313 


benzodiazepines,153, 254 

bereavement, 319 

beta interferon. See under interferon(s) 

beta-2-microglobuin 


disease progression and, 175,179 

in children, 226 


in cerebrospinal fluid, 237,238 

Beaseron, 162. See also interferon(s), beta 

BHC-89,144t 

bioavailability, defined, 142 

biologic response modifiers. See immunomod-


ulators; specific agents 

biopsy, brain. See brain biopsy 

bisexual men. Seealso homosexual/bisexual 


men 

and heterosexual transmission, 54, 67 


blacks 

adolescents, 76, 305,308 

AIDS education, effectiveness of,306 

condom use ameng, 298,299,305,309 

crack use among, 305 

homosexual/bisexual men, 61,306,313 

IVDUs, 63, 74, 290-291 

knowledge surveys among, 306 

in U.S. military, 77-78, 78f 

seroprevalence (HIV) among, 52-53,74 

seroprevalence (HTLV-I) among, 84
 
survival time in, 81
 
women
 

seroprevalence among, 52-53,74

IVDUs, 63 

in U.S. military,78 

mortality in, 82 

risk behaviors among, 298,309,311 


blastocystis, 198t 

blastomycosis, 198t 


f= figure; t = table 

bleach (in IV needle reuse), 66,67,305
 
bleomycin, 208
 
blood/blood products. See alsotransfusion

associated AIDS
 
occupational exposure to. See occupational
 

risk
 
screening of. See under blood supply
 
transmission via. See under transmission
 

(HIV)
 
universal precautions for,323-326
 

blood supply
 
HIV screening of,97, 98f, 109f
 

in developing countries, 107-108
 
in India, 60
 
safety of, 80, 96-97
 

HTLV-I/II screening of,85
 
transmission via. See under transmission
 

(HIV); transfusion-assodated AIDS
 
blood-brain barrier, 233f, 236-237
 
body fluids, universal precautions for,323-326
 
bone marrow toxicity, AZT and, 183
 
bovine colostrum, hyperlmmune, 204
 
bovine immunodeficiency vrus (IV), 17f
 
bovine leukemia virus (BLV), 17f
 
bovine syncytial virus (BSV), 17f
 
bowel epithelial cells, 32,34
 
brain. Seealso central nervous system
 

cell types infected by HIV in, 232-234
 
mocel of HIV infection in, 233f
 
tumors in, 247
 

brain biopsy
 
image-guided, 247
 
indications for, 249f, 250
 

Brazil
 
AIDS cases in, 51, 54, 55t
 
blood donors in, 80
 
education by mass media in, 291
 
heterosexual transmission in, 67
 
HIV-2 in, 83
 
IV drug users in, 64
 
Kaposi's sarcoma in, 206
 
tuberculosis and HIV in, 194
 

breastfeeding
 
antibody transfer via, 110
 
child-to-mother transmission via, 75
 
mother-to-chIld transmission via. 79
 

bronchospasm, pentamidline-induced, 191
 
Bulgaria, AIDS cases in, 56, 57f
 
Burkitt's lymphoma, 208
 
Burundi
 

AIDS cases in, 59f
 
tuberculosis and HIV in, 194
 

business and industry
 
education in, 280-282
 
ethical and legal considerations in, 285
 
guidelines for corporate AIDS policies, 284
 

cachexia, 41,211
 
Califontia
 

AIDS cases in, 52f
 
mortality In children in, 82
 
women in, 74
 

campylobacter enteritis, 197,200t
 



338 

Canada 

AIDS cases in, 52,53-54, 53t 

heterosexual transmission in, 67 

HIV-associated mortality in, 82 

needle/syringe exchange programs in, 66 


cancer, HIV-assodated, 43-44,166,206-209, 

320,321,322 

candidiasis, 198t, 205 

as AIDS-defining illness, 320,321,322 

treatment of,205-206 


caprine arthritis encephalitis virus (CAEV), 17f 

capsid. See p24 

carbohydrate epitope, 121 

carboxyclic dideoxyguanosine (Carbovir), 144t 

cardlomyelopathy, HIV-assodated, 39 

care givers, 319. See alsohealth care workers 

Caremark Connection, 180 

Caribbean, AIDS cases in, 35-56, 55t, 69 

cat(s), asanimal model, 20,134 

cat scratch disease, 197 

CD4 cell(s), 24, 25f, 26 


abnormal function of, in HIV infection, 34 

defined, 29,146,170 

depletion of,in HIV infection, 34 

depletion ofprecursor cells for,40 

HIV entry into, 32, 33f 

in central nervous system, 234 

preferential infection of,29-30 

regulatory functions of,25f, 29 


CD4 cell counts 

AZT efficacy and, 181-184,227 

disease progression and, 174, 174t, 179,322 


in children, 226 

epidemiological model based on, 87 

in in vivo drug studies, 146 

normal range of,174 


CD4 immunoadhesin, 144t, 149-150, 149f, 187 

CD4 Immunotoxin, 141f, 144t 

CD4 receptor, 4,170 


antibodies to, 32,141 f,144t, 147 

autoantibodies to, 148 

in enhancement of HIV Infec'ion, 42 

in HIV entry into cell, 31-33, 33f 

interventions aimed at, 7-8,144t, 147-151 

microglial cell infection and, 234 

on non-T cells, 32-33 


C}), soluble (sCD4), 141f, 144t, 148-150,149f, 

187 


bacterial toxin conjugation with, 150,161 t 

ddl with, 161 t 

for pediatric HIV infection, 228 

IgG fusion with, 144t, 149-150,149f, 187 

liposome conjugation with, 149 


CD4-toxin hybrid, 150, 161 t 

CD8 cells, 24-26, 25f. Seealso cytctoxic T cell3; 


suppressor T cells 

CD8, soluble, disease progression and, 179 

CDC. See Centers for Disease Control 

cell therapy, 160 

cell tropism 


of HIV,29-34,117,232-234 

of lentiviruses, 18 


Centers for Disease Control (CDC). See alsoin 

AffiliationIndex 


criteria for AIDS diagnosis, 171,320 

staging dassifcation system, 322 


Central America, 55t. Seealso Latin America 

central nervous system (CNS) 


cell types infected by IV in, 232-234 

defined, 232 

HIV entry into, 237 

immune surveillance in, 236-237 

immunological changes in, 237-238 

model of HIV infection in, 233f 

opportunistic infections of,243-246 


cerebrospinal fluid (CSF) 

antibody levels in, 237-238 

HIV detection in, 238-239 

JC viru ., etection in, 246-247 

quinolinic add levels in, 235 


cervical cancer, 209 

cervical ectopy, as risk factor, 68 

cervix, as HIV reservoir,78 

Chagas' disease, 198t 

Challenge-HIV, 112 

chancroid, 68,198t 

children. See adolescents; entries beginning 


with "pediatric" and "perinatal" 

chimpanzee(s) 


lentivirus infections in 19-20 

vaccine trials involving, 130-132 


chimpanzee immunodeficiency virus (CIV), 

16,17f 


chlamydia, 72,198t 

ciprofloxadn, 196 

circumdsion, 68,89 

cladosporiosis, 198t 

clarithromycdn, 1% 

clindamycin, for toxoplasmosis, 245 

clindamycin/primaquine, 190 

clinical management, 168-228. Seealsopatient 


care; specific aspects of (e.g., nutrition, 

opportunistic infections; therapeutic 

agents) 


clinical trials, 143 

ACTG trials, 182-183 

changes in methodology of, 219-221 

community-based, 220 

in children, 226-228 

in developing countries, 220-221 

ofAZT, 181-185,226-227 

of AZT combination therapy, 185-186 

of Compound Q,188 

of ddC, 186 

ofddl, 186-187,227-228 

ofpeptide T, 188 

ofsoluble CDI, 228 

parallel track, 220 


clofazimine, 196 

CMV. See cytomegalovirus 

cocaine, 65-66, 71, 75,291,305-306 

cocddioldomycosis, 199t, 205,320 

cognitive impairment. See neuropsychological 


deficits 

cohort study, defined, 171 

colitis, cytomegalovirus, 193 

college students 


AIDS education of, 292,315 

high-risk behavior among, 300 

knowledge, attitudes, and behavior of, 296, 


309 

seroprevalence among, 309 


INDEX 

colony stimulating factors (CSF), 27t, 163-166
 
defined, 163
 
granulocyte (G-CSF), 163
 

AZT with, 164t
 
therapeutic use of,145t
 

granulocyte-mononuclear (GM-CSF), 163
 
alpha interferon with, 165t
 
AZT with, 164t, 165t
 
for Kaposi's sarcoma, 208
 
ganciclovir with, 192
 
HIV replication and,41
 
therapeutic use of,145t
 
virus culture stimulation using, 104
 

mononuclear (M-CSF), 163
 
therapeutic use of, 145t
 
virus culture stimu! ion using, 104
 

therapeutic use of, 145t
 
colostrum, hyperimmune bovine, 204
 
combination therapy, 167
 

advantages of, 146-147
 
AZT in, 185-186
 
with antiviral agents, 161t, 167
 
with antiviral agents and immunomodula

tors, 164-165t, 167
 
community-based organizations (CBOs), in
 

AIDS education, 293-295
 
complement protein(s), defined, 149-150
 
Compound Q,188. See alsoGLQ223
 
computed tomography (CT)
 

for neurological diagnosis, 249-250, 249f,
 
250f
 

single photon emission (SPECT), 250-251,
 
250f
 

computers, in AIDS education, 295-296
 
condom use
 

amongadolescents, 307,308
 
among blacks, 298,299,305,309
 
among Hispanics, 306-307
 
among homosexual/bisexual men, 61,62,
 

301-302
 
among STD clinic attendees, 298-299
 
among women, 310,311-312
 
factors affecting, 297-298
 
in developing countries, 300
 
in general population, 299
 
in heterosexual transmission, 68
 
knowledge and beliefs and, 297-298
 
oral sex and, 305
 

condyloma acuminatum, 200t
 
confidentiality
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AIDS cases in, 59f
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perinatal transmission in, 79
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Costa Rica, 54, 55t 
costs, HIV-related, 221-223 


duration ofAZT therapy and, 184 

early intervention and, 217-218 

of hospital-based care, 213-215, 214t, 216t 

of outpatient care, 180,180f, 215-216, 216t 

public sector financing of, 220f, 221f, 222 
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sulfamethoxazole 

counselling. See a/so behavior change;education 

for HIV-infected persons, 316-319 

training heaith care workers for, 280 


CPFs (synthetic peptides), 141f, 144t, 150 

crack, 65-66,71,75,291,305-306 

cross-spedes transmission theory, 16-17 

cryptococcosis, 199t, 204,243-244,320,322 
cryptosporidiosis, 199t, 204,320,322 
CSF. See cerebrospinal fluid; colony stimulat-

ing factors 

CTLs. Sx cytotoxic T cells 

Cuba, AIDS cases in, 55t, 56 

cytokine(s), 26-27,27t. Seealso interferon(s); 


specific cytokines 

defined, 19,26,162 

feedback loop, 41-42, 43f 

f Ictions of, 40-41 

in neuropathogenesis, 233f, 240 

inappropriate secretion of,40-42 


B cell activation and,39 

cellular damage due to, 36 

in syncytia formation, 35, 35f 


therapeutic use of, 145t, 162-163 

cytomegalovirus (CMV) 


as HIV cofactor, 46 

encephalitis due to, 246 

gastrointestinal illness due to, 193 

HIV LTR transactivation by, 13 

infection, 191-193,198t, 320,322 

retinitis due to, 191-193 


cytopenla, defied, 41 

cytotoxic Tcells (CrLs),24, 25f, 37-38, 37f 


autologous, cell therapy using, 160 

epitopes recognized by, 120-121 

HIV-specific response of,37-38, 37f, 121 


in infants of HiV-positive mothers, 110 

in autoinrtune neurological disease, 241, 


242 

in normal immune response, 28 

killing of infected cells by,34, 37f 
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Czechoslovakia, AIDS cases in, 56, 57f 
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ddA (ddeoxyadenosine), 144t 

ddC. See dideoxycytidine 

ddl. See dideoxyinosine 

dehydroeplandrosterone (DHEA or EL-10), 


145t 
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exposure risk in, 267-268 

universal precautions for,324 


dementia. SeeAIDS dementia complex 
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dentists 


ADA recommendation- to, 284 

attitudes, beliefs, and practices of, 277-278 

HIV transmission and,266,274,283 

universal precautions for, 324 


deoxynojirimycin (DNM), 144t, 159 

depression, 253 


AZT and, 255 

immunodeficiency and, 173 
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developing countries 


clinical trials in, 220-221 

diagnostic tests for use in, 107-109,109f 

knowledge, attitudes, and behavior in, 299-
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dextran sulfate, 151 


dsRNA complexed with, 154 
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145t 

diabetics, HIV infection among, 66 

diagnosis 
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of HIV infection, 170. Seealsodiagnostic tests 


consequences of, 317-318 
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algorithms for, 97, 98f, 107-108,109f 

confirmatory, 93t, 97,98f, 100-101, 101f, 102 

direct, 92 
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97 
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for HIV-1 /HIV-2 dual infection, 94-96t 
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in developing countries, 108 

specificity of, 96 
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for research use, 93t 
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quality ccirrol fo-, I i2-113 
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universal precautions for, 324 
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in cytomegalovirus infection, 193
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153 
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education, AIDS (continued) identification of, 118-121 flucytosine, 244
receiver variables in, 294, neutralizing, 119-120, 119f fluoroquinolone(s), 145t, 151
 
social marketing approach to, 288-296 
 PND, 119f, 120 folinic acid, for toxoplasmosIs, 245 
source variables in, 290-295 Epstein-Barr virus (EBV), 13,46,247 folliculitis, 199t 
training health care workcrs to provide, 280 equine infectious anemia virus (EIAV), 17f foscarnet (phosphonoformic add or PFA),

EIA (enzyme immunoassay). SeealsoELISA erythropoietin (EPO), 163 144t, 151

for HIV antibody,93t 
 AZT with, 164t for cytomegalovirus retinitis, 192,193,198t
for HIV antigen, 92, 93t, 103-104 therapeutic use of, 145t for systemic cytomegalovirus infection,
for HIV-1 /HV-2 antibodies, 94t, 95t estrogen, disease progression and, 178-179 246

EL-l0 (dehydroepiandrosterone or DHEA), ethambutol, 196 frameshift, 10 
145t ethical and legal issues,117-118, 282-285 France

electroencephalography (EEG), 25 If, 252 in business and industry, 285 AIDS cases in, 51, 57f,58
electrophysiological testing, 251-252,251f in health care setting, 282-285 AIDS education by mass media in, 290
ELISA (enzyme-linked immunosorbent assay) in vaccine development, 117-118 HIV infection in health care workers in, 271f

for HIV antibody,93t, 99-100 partner notification, 317 HIV-2 in, 83
in saliva, 102 ethnic/cultural variables hospital stays in, 213
in urine, 102 among blacks. See blacks transfusion-associated AIDS cases in, 69
synthetic peptide-based vs.recombinant- among college students, 309 Freund's adjuvant, 124,128
based,100 among Hispanics. See Hispanics fungal diseases, 204-205. See alsospecific dis

for HIV-1 /HIV-2 antibodies, 94t, 95t, 96t among homosexual/bisexual men, 61 eases 
for HIV-2 antibody, 94t, 100 among U.S. military, 77-78,78f fusion peptides, vaccines using, 126-127
immunofiltration, 107t among women, 53,74 fusion proteins, antibody tests using, 99 
in combination screening, 97 commitment to civil rights and, 293 
on pooled sera, 109 in knowledge, attitudes, and behavior,306- gag gene, 9f,10, llf 
rapid, 106 307 PCR detection of, 105

ELISPOT (enzyme-linked immunospot), 111- in mortality,82 in infants of HIV-positive mothers, 111
112 in survival time, 81 gag proteins. See alsospecific proteins (e.g.,

emergency response personnel, 266,27b, 325- in Thridad, 55 p24)
326 in U.S. AIDS cases, 52-53 epitope recognition by CTLs specific to, 121 

emergency room personnel, 266,267 needle sharing and, 63 gag-pol polyprotein, 9f,10
universal precautions for, 325-326 Europe gamma interferon. See under interferon(s)

encephalitis, 246, 248 AIDS cases in, 51, 56-58,57f ganciclovir

encephalopathy, HIV-associated, 231,320 epidemiological modellingin, 88 cytomegalovirus resistance to, 193


in children, 261-262,321 heterosexual transmission In, 67 
 forcytomegalovirus gastrointestinal illness,
psychosis and, 253 HIV-2 in, 83 193,198t

endonuclease. See integrase perinatal transmission in, 79 for cytomegalovirus retinitis, 192,193,198t
endothelial cells ofCNS, 234,233f evoked potentials, 251-252, 251f for systemic cytomegalovirus infection, 246
enteritis, 199t auditory brainstem response, 252 gastrointestinal tract. See also specific infec

bacterial, 197 tious agents and diagnoses (e.g., diarrhea;
fungal, 204-205 enteritis)
in children, 225 F-G 
 HIV infection of,32,34, 210 env gene, 9f,10,11 Gf-CSF See undercolony stimulating factors
PCR detection of, 105 false negative gene amplification, 104. See alsopolymerase


envelope, 2f,3,7,10 contamination of blood supply due to, 80, 96- chain reaction
 
envelope glycoproteins, 21,3. See alsogp4l; 
 97 GENIE, 106,107t

gpl20; gpl6O defined, 96 for detection of HIV-1 and IIIV-2, 95t

antigenic variation i, 28,119 false positive, defined, 96 genital ulcer disease (GUD), 199t
 
monoclonal antibodies specific to, 141f,148 Fansidar (pyrimethamine/sulfadoxine), 244- genital ulceration, 68,72


enzyme immunoassay. See EIA 245 homosexual transmission and, 61
enzyme-linked immunosorbent assay. See Fcreceptor genital warts,75, 200t 

ELISA in enhancement of HIV infection, 42-43 Germany
enzyme-linked immunospot (ELISPOT), 111- in HIV entry into cells, 4,34 AIDS cases in, 56,57f, 58 

112 Fc region, of IgG, 149-150,149f HIV infection in health care workers in,271f
eosinophil(s), immature, HiV infection of, 31, feline immunodeficiency virus (FIV), 17f,20 IV drug users in, 64 

32-33 vaccine trials, 134 giardiasis, 200t
epidemiological modelling, 86-89 feline leukemia virus (FeLV), 17f, 20 gingivitis, 200t
epidemiology, 48-89. Seealso specific aspect feline syncytium-forming virus (FSFV), 17f glial cell(s), HIV infection (f, 33,233f, 234(e.g., risk factors; risk groups; transmis- firefighters, 278,325-326 GLQ223 (trichosanthin), 144t, 154,188

sion) first-Response personnel, 266, 278, 325-326 glucose tolerance, aerosol pentamidine's
epithelloid angiomatosis, 197,199t flow cytometric assay,93t effects on, 191
epitope(s) for diagnosis in infants ofHIV-positive glycoproteins. See envelope; specific envelope

ADCC, 121 mothers, 112 glycoproteins (e.g., gpl20)
carbohydrate, 121 for HIV antigens, 93t, 104 glycosylation inhibitors, 141f, 144t, 159 
CTL,120-121 fluconazole glycyrrhizin, 145t

defined, 118 for candidiasis, 205-206 
 GM-CSF.See under colony stimulating factors
enhancing, 122 for cryptococcosis, 204,244 gonorrhea, 68,72, 200t 
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gp4l, 2f, 3, 9f 
ADCC epitopes in, 121 
antibodies to, 94. 96t, 101, 101t, 102,120 
enhancing epitope ia, 122 
fusion of, with HIV,6 
synthetic peptide vaccrne using, 127,128 
TM receptor binding te. 34 

gpl20, 2f,3, 9f 
antibodies to, 94t, 96t, 101,101t, 102,120 

disease progression and,46 
in vitro vs. in vivo effectiveness of, 148 

antigenic variation in, 119 

CD4 binding by, 4,32,33f 
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human trials of, 137 
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soluble, toxicity of, 150, 233f 

V3 loop of,36-37,119f, 120 
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recombinant vaccine using, 126 

human trials of, 135-137 

response to, in chimpanzees, 132 
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Great Britain. See United Kingdom 
Guatemala, 54, 55t 
Guillan-Barr syndrome, 242 
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AIDS cases in, 52,55-56, 55t 
HTLV-I/HIV dual infection in, 85 
pediatric AIDS in, 82 

Health Belief Model, 288-289,309 
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attitudes, beliefs, nnd practices of,274-278 
AZT prohylaxis for, 273-274 
disclosure of HIV status of,283-284 
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ethical and legal issues for, 282-285 
HIV-infection incidence of,270-273,271f 
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universal precautions for,268-270,323-326 
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hemophiliacs, 69-70 

age and disease progression in, 172 
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neuropsychological deficits in children, 263 
psychosocial consequences of HIV infection 

in,318 

hepatitis, 200t 
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as HIV cofactor, 46 
infection, 75 
occupational risk for, in operating room, 267 
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as risk factor, 65, 73 

HTLV-I and, 85 


herpes simplex virus (HSV) 

as HIV cofactor, 46 

HIV LITR transactivation by,13 

infection, 200t, 320 


herpes zoster, 200t, 321,322 

heterogencity See alsostrain variation 


vaccine development and, 1.6 
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cents; women) 


bisexuals and, 54,67 

dynamics of,68-69 
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in Americas, 52 
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in Caribbean, 55 

in Eastern Europe, 56 

in India, 60,72,73f 

in Latin America, 54 

in Mexico, 54 

in sub-Saharan Africa, 58 

in U.S., 67-68 

in Western Europe, 58,88 

IVdrug users and, 54,65-66,88 

male-to-female, 68-69 

modelling of,88-89 
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Pattern II,50, 88-89 

risk factors for, 68 


HGP-30,127,136 
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adolescents, 76,308 
condom use among,305 
crack use among, 305 
homosexual/bisexual men, 61,302 
IVDUs, 63,74 
mortality in, 82 
seroprevalence among, 52-53,74 
survival time among, 81 
women 

knowledge surveys among, 306 
seroprevalence among, 52-53,74 
IVDUs, 63 
risk behaviors among, 309..311 

histocompatibility proteins. 5ee HLA antigens 
histoplasmosis, 201t, 320, 322 
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body" 

antigenic drift in, 28,116,119,121 
antigens. See antigen (HIV); specific HIV 

antigens (e.g., gpl20) 
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cell tropism, 29-34,117,232-234 
cell types infectible by, 29-31,210,232-234 
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drug resistant strains of, 152-153,184-185 
endonuclease. See integrase 
entry of, into central nervous system, 140, 

233f, 237 
entry of, into host cell, 4-6 

CD4-receptor-mediated, 31-33, 33f 
interventions aimed at, 7-8,144t, 147-151 
non-CD4-receptor-mediated, 33-34 

envelope, 2f, 3. See alsospecific envelope gly
coproteins (e.g., gpl20) 

exposure to 
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AZT prophylaxis after,273-274 
occupational. See alsooccupational risks 

genome, 8-14, 11f. See also specific genes 
deletion mutants of, 125 
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integrase. See integrase 
life cycle, 3-8,4-5f, 141f 
maturation of, 7,8 
natural history of, 14-17 
protease. See protease 
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replication of. See replication 
reverse transcriptase. See reverse transcriptase 
RNA, 2f, 3, 5f, 105-106,154-155 
strain variation of. See strain variation 
therapeutic agents targeting. See antiviral 

agents; specific agents (e.g., AZT)
 
transmission. See transmission
 
vaccines for. See vaccines
 
viruses related to, 16-17,17f
 

HIV Immunogen, 126,136 
HIV infection 

acquisition of. See transmission (HIV) 
active, 7,31f 
cancers associated with. See Kaposi's sar

coma; lymphomas 
cofactors for (suggested), 4447,245 
course of, 169-170,171f. See also disease pro

gression 
diagnosis of, 170. See alsodiagnostic tests 
disease-causing mechanisms in, 38-44 
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(e.g., rijk groups; transmission) 
immune cell destruction in, 34-36,117 
immunological defenses against, 36-38,37f 
incubation time, 53,81, 86 
initial acute illness due to, 170,171f 
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mortality associated with, 81-82 
neurological manifestations of.See neurolog

ical manifestations 
neuropsychological deficits associated with. 

See neuropsychological deficits (HIV
related) 

opportunistic infections associated with HIV. 
See opportunistic infections
 

oral infections and lesions, 205-206
 
pediatric. See pediatric HIV infection
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Pneumocystis carinii pneumonia (PCP) 
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HIV infection (continued) heterosexual transmission by,67 cytotoxicTcells
prevention of. See specific aspects of (i.e., incubation time in, modelling of, 86 therapy aimed at improving, 160behavior change; condom use; coun- Kaposi's sarcoma among,206-207 vaccine elldted, 123selling; education; vaccines) knowledge, attitudes, and behavior surveys in chimpanzees, 132
psychosocial consequences of, 318-319 among, 301-303 in humans, 135
reportingof,51 rel'se among. 62,302 cytokinesin,49-41
restrictive, 30,31f resistance to self-identification as, 306 individual variation in, disease progressionrisk factors for. See riskfactors risk factors for,61-62 and, 46-47

sentinel populations for,70-78 alcohol use, 301-302,318 normal, 27-28

seroprevalence. Seealso under specific risk anal intercourse, 61,62 nutritional status and, 211
 

groups condom use, lack of,61 to early HIV infection, 36-38, 37fdefined, 50 drug use (recreational), 301-302,318 vaccine elicited, 121-123,135
staged model of,87 genital ulceration, 61 immune system
staging classification systems for, 322 sex partners, number of,61, 62 
 cellular componeng of,24-26, 25ftests for.See diagnostic tests STDs, history of,61 changes in, in central nervous system infectreatment of. See patient care; therapuetic psychosocial studies among, 318-319 tion, 237-238 

agents; specific diagnoses (e.g., seroprevalence (HIV) among, 53,61 function of. See immune responsecytomegalovirus infection) Honduras, AIDS cases in, 54-55, 55t in central nervous system, 23C 237worldwide estimate of,49 Hong Kong, AIDS cases in, 60 overview of, 23-28
HIV-1. See HIV hospital-based care,213-215, 214t, 216t immune-stimulating complexes (ISCOMs),

HIV-2,15 HTLV-I, 17f, 84 124,124f

epidemiology of, 83-84 blood screening for,85 vaccines based on, 127t, 128in Africa, 59 HIV LTR transactivation by, 13 immunity, passive, in infants, 110
in children, 83-84 seroprevalence of,85 immunization. See also vaccines

origin of,16-17 
 HTLV-I/HIV dual infection, 84-85 in HIV-infected children, 224
relatedness to SIV, 134 HTLV-II, 17f, 85 mechanism of, 28
tests for, 94-96t, 100 human herpes virus-6 (HHV-6), as HIV cofac- iinmuroblot assay, 100
in developing countries, 108 tor,46 
 Immunocomb, in combination screening, 97specificity of,96 human nasopharyngeal carcinoma virus immunofiltration ELISA, 107tvaccine for, trials in macaques, 131 (NPCV), 17f immunofluorescence assay (IFA), 93t, 97,102

HIVAC-le, 136 human papilloma virus (HPV), cervical cancer immunogenicity

immune system priming with, 124,135,136 and, 209 
 defined, 123HIVChek, in combination screening, 97 human T-lymphotropic virus. See HTLV-I; vaccine strategies involving enhancement of,HIVChek 1+2,107t HTLV-II 123-124,124f
in combination screening, 108 human trials immunoglobulin G(IgG)HIVChek HIV-1, 107t of therapeutic agents, 181-186,219-221 AZI with, 165t
in combination screening, 107-108,109f ofvaccines, 135-137 
 CD4 fusion with, 144t, 149-150,149f, 187HIV-1 /HIV-2 dual infection Hungary,AIDS cases in, 56,57f immunoglobulin therapy, 159-160diagnostic tests for, 94-96t, 108 hypericin, 145t immunological marker(s), 173-175,174tin Africa, 59, 83-84,108 hyperimmune bovine colostrum, 204 immunomodulators, 160-167. Seealsospecific
in Brazil, 83 hyperimmunoglobulinemia, in HIV infection, agentsin children, 84 39 antiviral agents with, combination therapiesHIV/HTLV-I dual infection, 84-85 using,164-165t, 167

HIV-related dementia. See AIDS dementia I 
 experimental, 166-167complex natural, 145t, 162
HLA antigens (histocompatibility proteins) synthetic, 145tCTL recognition ofepitopes and, 120 idiotype(s) with antiviral activity,166

defined, 31-32,120 defined, 129 immunosomes, 124,124f
disease progression and, 47,172 vaccines based on, 127t, 129-130 vaccines based on, 127t, 129

in normal antigen recognition, 32,33f IFA (immunofluorescence assay), 93t, 97,102 immunotherapy, 159-167
Kaposi's sarcoma and, 207 IL-1 (interleukin-1), 27t active, 160-167. See also immunomodulators;

Hodgkin's disease, 208-209 IL-2. See interleukln-2 specific agentshomeless persons, 77 IL-3. See interleukin-3 defined, 181
adolescent, 76, 308, 315 IL-4 (interleukin-4),27t passive, 159-160 

homosexual adolescent, 308,315 IL-5 (interleukin-5), 27t Imreg-1, 145t, 166homosexual/bisexual men, 60-62,301-303, IL-6. See interleuldn-6 Imuthiol (diethyldithiocarbamate or DTC),
318-319 imaging techniques, for neurological diagno- 145t, 166-167AIDS incidence among, 53,54,60,61 sis, 249-251 incubation time, 81,270-271

attitudes toward, 275 immune response for pediatricAIDS, 77,226
behavior change among, 62,302 antibody,24, 36-37, 37f modelling of,86
condom use (increased) among, 62 diagnostic monitoring of,24 India
counselling of, 316-317 vaccine elicited,121-122 AIDS cases in, 60

denial of care to,275 
 in chimpanzees, 132 prostitutes in, 72, 73feducation targeting, 313 in humans, 135 Iransfusion-associated AIDS cases in, 69ethnic/cultural variables among, 61,302, cellular, 24-26,25f, 37-38, 37f. See alsoanti- tuberculosis and HIV in, 194

306,318 body-dependent cellular cytotoxicity; inducer T cells, 25f, 26. See also CD4 cell(s) 
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infants. Seealso pcdiatric AIDS; pediatric HIV 
infection; perinatal transmission 
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clinical trials with, 181 

cognitive function and, 261 

ddl with, 165t 

for Kaposi's sarcoma, 208 

GM-CSF with, 165t 

therapeutic useof, 145t 
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therapeutic use of, 145t 
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HIV replication and, 41 
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therapeutic use of,145t 
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Bcell activation and, 39 
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ISCOMs. See immune-stimulating com-
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