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PROLOGUE

At the beginning of the 20th century, infectious and parasitic diseases were the leading
cause of morbidity and mortality for the planet’s population, especially children. Acute
infectious diseases, such as tuberculosis, diarrhea, meningitis, and acute respiratory in-
fections produced morbidity and mortality rates that would be unthinkable today. Fur-
thermore, chronic diseases of infectious origin, such as syphilis and rheumatic fever, aiso
generated high levels of morbidity and mortality.

After World War I, the populations of what are now developed countries experienced
a rapid improvement in their standard of living. Coupled with an increase in life expect-
ancy, this was a sign that there were ways of preventing, controlling, or at least reducing
the impact of communicable diseases on human health. Better socioeconomic conditions
and the rapid implementation of public health measures further improved the health of
the population, especially after World War II. The discovery of antibiotics, the miracle
cure that would make it possible to save people once condemned to death almost with-
out exception, led even pessimists to assume that the era of infectious diseases was com-
ing to an end. Unfortunately, these assumptions proved wrong. Resistance to one or
more antibiotics is becoming increasingly common. This is as true for species which 30
years ago were synonymous with susceptibility—for example, Streptococcus pneumoniae—
and which in vitro are currently resistant to the antibiotics to which they once succumbed,
as for other species, such as Enterococcus faecium or Staphylococcus spp., which, when
resistant to vancomycin, leave very few therapeutical options for their effective control.
The appearance of resistant enterococci in several countries of the Americas and of sta-
phylococci with similar characteristics in Guatemala, Japan, the United Kingdom, and
the United States of America is a warning to health authorities worldwide.

Although infectious diseases are caused by specific etiologic agents, their origin,
evolution, and outcome depend on an increasingly complex biological, social, and eco-
nomic situation. In 1993, life expectancy at birth in the world’s least developed coun-
tries was 43 years, while in the developed countries it was 73. Even by the year 2000,
life expectancy at birth in 45 of the poorest developing countries was not expected to
reach 60 years. In 1993, an estimated 51 million people died worldwide; communi-
cable diseases were responsible for 20 million of these deaths and 16 million, or 80% of
them, occurred in developing countries. Infectious diseases, while a worldwide prob-
lem, are more frequent where poverty and related factors prevail; malnutrition, lack of
running water and latrines, illiteracy, and overcrowding. While higher morbidity and
mortality are found in the most disadvantaged groups, no one is exempt, especiaily
now that travel and trade foster close contact between hosts and unknown etiologic
agents. The hosts, in tum, can serve as a vehicle for these exotic etiologic agents to
come into contact with unexposed populations.

A World Bank study conducted in 1990 and published in 1993 attempted to measure
the burden of disease from a series of health problems that, individually or as a group,
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weighed on the world. This measure took into account the losses stemming from prema-
ture death (defired as the difference between the age at which death occurred and the
age at which death would have occurred in a population of low mortality) and the im-
pact of the losses caused by poor health. The impact of the loss of healthy life was quan-
tified for the health problems on the list of 109 cause groups in the International Classifi-
cation of Diseases, Ninth Revision, and for approximately 95% of the potential causes of
disability. The burden of disease was quantified in units of disability-adjusted life years
(DALY). The relative burden for specific diseases or groups of diseases was calculated by
comparing the DALY for different diseases or groups of diseases. Thus, acute respiratory
diseases, diarrheal diseases, vaccine-preventable diseases, malaria, tuberculosis, and sexu-
ally-transmitted infections (including HIV) are the leading causes of mortality in devel-
oping countries. The first two, acute respiratory diseases and diarrheal diseases, are the
leading cause of mortality in children under 5 years of age worldwide. Together, all of
the aforementioned diseases produce a burden of 518 million DALY. Of that total, 52%
corresponds to acute respiratory diseases and diarrheal diseases, which to a large extent
are of bacterial etiology. In 1993, acute respiratory diseases were responsible for the death
of 4.3 million individuals throughout the world, among them 2.7 million children under
5 years of age. Diarrheal diseases caused the death of 2.9 million individuals, 2.5 million
of whom were children under 4 years.

The assumption in the 1940s and 1950s that the next millennium would bring a world
virtually free of infectious disease remained an unfulfilled prophecy. This was partly
because economic progress did not spread fast enough or to a sufficient depth, and be-
cause cerfain diseases emerged whose etiologic agents were not recognized as such or
were unknown (for example, AIDS and Lyme disease). In addition, the drugs used in the
treatment of some infectious diseases became ineffective. Thus, since the 1960s many
pathogens have become resistant to several classes of antimicrobial drugs; this became a
factor of clinical, epidemiological, and sociceconoric importance, since infections due
to resistant microorganisms can be especially difficult and expensive to treat.

Antimicrobial resistance stems from the selection of species with inherent resistance
during exposure to antibacterial drugs, or from the appearance of resistant varjants among
sensitive strains. The resistance of previously susceptible species can come about through
mutation and can be transmitted vertically within a single species, or it may be the result
of the horizontal acquisition of genetic material from other bacteria. The latter can occur
as a result of the action of plasmids, transposons, or the direct capture of DNA, as in the
case of certain bacteria (pneumococci).

The excessive and inappropriate use of antibiotics is probably the most significant
factor in the development of resistance to these drugs. Intensive use in the community is
usually attributable to the fact that in some countries antibiotics are sold without pre-
scription (even against the law) or else, over the counter. Hence, the importance of the
recent decision by Chilean health authorities reaffirming the requirement that antibiot-
ics be sold under prescription only. Although fewer prescriptions are written in hospi-
tals, their use of antibiotics is greater. Furthermore, it is in hospitals where almost 30% of
the antibiotics are used to prevent surgical infections. Nosocomial infections with mono-
or multiresistant microorganisms bode ill for patients who are immunocompromised,
debilitated, or elderly. However, even outside these situations, hospital infections are
not only difficult to treat, they delay the discharge of the patient and significantly in-
crease the cost of care. Further, if the patient becomes a carrier, the transmission of resis-
tant organisms to the community is facilitated.
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If the use of antibiotics to control existing or potential infections in humans is exces-
sive, their use in veterinary medicine for mass treatment, prophylaxis, and growth en-
hancement constitutes an even greater excess.

The Pan American Health Organization/World Health Organization (PAHO/WHO)
intensified its activities in the field of antibiotic resistance in the 1980s, when, in collabo-
ration with Dr. Thomas O'Brian of Brigham and Women’s Hospital of Boston, Massa-
chusetts, United States of America, it conducted a survey on activities taking place in the
countries concerning the monitoring of resistance to antibiotics. As a result, improve-
ments in infrastructure of the laboratories working in this area and in the training of
their staff were achieved. In 1995, due to the regional alert on the importance of emerg-
ing and reemerging diseases, including those originating in resistance to antibiotics, and
as a result of new mandates issued by the Governing Bodies, the PAHO intensified its
activities in this area. Prior to that, it had provided support for the development of a
surveillance system that made it possible to study the distribution of the prevalent sero-
types and determine the susceptibility to antibiotics of 4,018 isolates of Streptococcus
pneumoniae, a pathogen responsible for invasive disease, pneumonia, and meningitis in
children under 5 years of age that causes significant morbidity and mortality. This net-
work, in which 70 hospitals in 30 cities and 6 countries (Argentina, Brazil, Colombia,
Chile, Mexico and Uruguay) originally participated and which has financial support
from the Canadian International Development Agency, is being expanded to other coun-
tries and now also includes the results for isolates of Haemophilus influenzae and Neisseria
meningitidis.

Work subsequently began on the development of a network to monitor the antibiotic
susceptibility of the genera Salmonella, Shigella, and Vibrio cholerae, major etiologic agents
of diarrheal diseases that sometimes require treatment with antibiofics. Review of the
scientific literature dating back to the 1950s shows that in most countries the results of
tests to determine the susceptibility of Salmonella and Shigella strains to antibiotics in-
cluded only a limited number of specimens and that there was usually no relationship
between the microbiological findings and the temporal, spatial, and population context.
Hence, strengthening this network fills a significant void. The consequences of this defi-
ciency go beyond the individual medical problems of children and adults, since the emer-
gence of epidemics of the diseases of the aforementioned etiology give the problem a
clear public health dimension. Furthermore, potential transmission through food con-
tamination, sometimes at the very source, by infected livestock, also turns an individual
medical problem into an epidemiological one with economic and social consequernces.
To illustrate, it is worth citing the appearance of Salmonelia typhitnurium DT 1(4 resistant
to five antibiotics, in Europe, especially the United Kingdom, and subsequently the United
States. The cholera epidemic is another example. This disease resurfaced in the Americas
in 1991 after an absence of 90 years, and in Peru alone resulted in losses of US$ 760
million.

The surveillance network for etiologic agents of enteric disease was implemented in
1996 with the participation of the reference laboratories of eight countries of the Region:
Argentina, Brazil, Chile, Colombia, Costa Rica, Mexico, Peru, and Venezuela. The par-
ticipating countries reasonably concluded that, in order to have confidence in the results
obtained, it would be necessary to improve quality control of each laboratory’s internal
practices and implement a system that would permit periodic performance evaluation.
The Laboratory Centre for Disease Control of Canada agreed to act as the organizing
Iaboratory for the system. Subsequently, the laboratories of five Caribbean countries (Ba-
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hamas, Barbados, Jamaica, Saint Lucia, and Trinidad and Tobago) joined the network.
The information for all these countries, up to 1998, is available on the PAFHIO Web page.
Another six Latin American countries joined the network in 1998: Bolivia, Cuba, Ecua-
dor, El Salvador, Nicaragua, and Paraguay. In five of these countries, with support from
the U.S. Agency for International Development, surveillance activities were expanded to
cover other bacterial agents found in the community and in sentinel hospitals. A new
organizing laboratory was also added: Argentina’s National Administration for Labora-
tories and Health Institutes is in charge of evaluating the performance of these five coun-
tries for bacteria other than Salmonella, Shigella, and Vibrio cholerae.

There are operational differences between the surveillance network for Streptococcus
pneumoniae and Haemophilus influenzae and the one for enteric bacteria. In the former, the
national reference center receives the isolates already identified by each national labora-
tory and processes them for serotyping and determining their sensitivity to antibiotics.
In the network, the national reference center is the head of the national network that
produces information on both the identification of the species isolated and its sensitivity
to antibiotics. The national reference center also supervises quality control practices in
each network laboratory and is responsible for conducting performance evaluations.

Promotion of surveillance activities and their findings must be the basis for country
actions to prevent the appearance of resistance to antibiotics. Thus, it will be necessary to
have information on the policies and practices int place in the different countries; to dis-
seminate this analyzed information so as to show the risk posed by the appearance of
resistance, and its economic consequences; to seek partners among the different sectors,
in order to disseminate information on successful prevention practices; and, finally, to
take steps to facilitate the rational use of antibiotics. All these aspects of resistance to
antibiotics, from its prevalence and medical significance to policy implications and the
rational use of these drugs, were discussed at the conference held in Caraballeda, Ven-
ezuela, in November 1998. Some of the papers presented at that event were published in
a special issue of the Pan American Journal of Infectious Diseases (Supplement 1, volume 3,
May 1999), a publication of the Pan American Association of Infectious Diseases, which
collaborated with PAHO/WHO in the organization of the conference. A selection of those
articles is included in this publication. Also included are other articles that were spe-
cially requested in order to cover subject-matter areas which were not dealt with suffi-
ciently during the conference, as well as to obtain information from several countries
that were not represented there. _

We hope that the findings described in the chapters that follow will help to show the
magnitude of the problem, promote surveillance activities, and point the way for the
application of preventive measures that will facilitate the rational use of antibiotics on
humans and animals.

Gabriel A, Schmunis, MD, PhD
Coordinator
Program on Communicable Diseases
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CHOOSING A TESTING METHOD FOR
SURVEILLANCE OF ANTIMICROBIAL-
RESISTANT BACTERIA

Fred C. Tenover! and M. Jasmine Mohammed'

Bacteria that are resistant to antimicrobial agents are continuing fo develop and spread
worldwide. To track the spread of resistant organisms, it is imperative fo have accurate,
relinble, reproducible, and cost-effective methods of antimicrobial susceptibility testing avail-
able in clinical microbiology Iaboratories. No single method can detect all mechanisms of
resistance. Thus, multiple methods, including a number of novel screening tests, must be
used, particularly to detect bacterial strains with new antimicrobial resistance mechanisms.
Laboratory-quality control programs are crucial to producing accurate results, and exter-
nal proficiency testing programs are needed to ensure that the susceptibility testing meth-
ods currently used in clinical laboratories will detect organisms with critical antimicrobial

resistance mechanisms.

INTRODUCTION

Antimicrobial resistance in bacteria has be-
come a global problem (1, 2). While clinical
microbiology laboratories have always tested
isolates of bacteria for susceptibility to anti-
microbial agents to help guide antimicrobial
chemotherapy (3), laboratories now have a
broader mission that includes monitoring the
susceptibility patterns of microorganisms for
the emergence of new resistance patterns.
Antimicrobial resistance clearly impacts the
therapy of the individual patient, and also af-
fects the community at large, i.e., empiric
therapy for certain infectious illnesses must

"Nosocomial Pathogens Laboratory Branch (G08), Hos-
pital Infections Program, Centers for Disease Control and
Prevention, 1600 Clifton Road, Atlanta, GA 30333, United
States of America.

PREVIOUS PAGE BLANK

be altered when resistance levels compromise
the effectiveness of commonly used agents (4,
5). Decisions to change empiric therapy, how-
ever, should only be made after a review of
current antimicrobial susceptibility data from
the pathogens in question. This means that
laboratories must optimize their methods to
ensure that the susceptibility testing data they
generate are accurate.

CHOOSING ATESTING METHOD

The antimicrobial susceptibility testing
method selected for routine use must be reli-
able, reproducible, accurate, and cost effective.
It is possible to generate highly reproducible
data that are inaccurate if, for example, the
wrong growth medium is used for testing.
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Failing to include 2% NaCl in agar-based
methods when performing staphylococcal
susceptibility testing will likely yield repro-
ducible but inaccurate results (6). Likewise,
some methods may be highly accurate and
reproducible, but too costly to perform rou-
tinely in the laboratory. Thus, the choice of a
susceptibility testing method must consider a
variety of factors.

Using standardized methods of testing and
interpretation, such as those developed by the
National Committee for Clinical Laboratory
Standards in the United States of America (7,
8), makes surveillance easier on a regional or
national level, since laboratories using a com-
mon method of testing can interchange their
data more readily (9). It also encourages the
development of regional surveillance net-
works where smaller laboratories may seek
assistance from larger reference laboratories,
especially when testing fastidious organisms
or unusual antimicrobial agents (9). Use of a
common software package to store and ana-
lyze data, such as the WHONET program (10),
also enhances regional surveillance.

Other factors that influence the choice of a
susceptibility testing method include shelf-life
of reagents, ease of use, ease of in’cerpretation,
and the types of organisms to be tested. Not
all methods are applicable to all organism
groups. Fastidious organisms, such as Strep-
tococcus pneumoniae, Haemophilus influenzae,
and Neisseria gonorrhoeae, must be tested us-
ing a different method than that used for sta-
phylococci and enteric bacilli.

VANTIMICROBIAI. SUSCEPTIBILITY
TESTING METHODS

The methods commonly used in microbiol-
ogy laboratories around the world include
disk diffusion, broth microdilution, agar di-
lution, agar gradient dilution (E-test), and sev-
eral automated and semi-automated methods
(3, 11). Dilution methods, including those that
are automated, usually report results in mini-
mal inhibitory concentrations, or MICs, in

addition to the qualitative interpretative cat-
egories of susceptible, intermediate, and
resistant. Disk diffusion tests yield only quali-
tative results, although some of the instru-
ments that record the diameters of the zones
of inhibition from disk diffusion plates can
extrapolate MIC values. Genetic methods,
such as DNA probes and polymerase chain
reaction, can be used to detect DN A sequences
associated with antimicrobial resistance genes;
however, such methods are usually limited to
reference laboratories (12). Genetic methods
can be very helpful for arbitrating borderline
MIC results or detecting resistance genes in
organisms directly in clinical specimens, but
such assays are expensive to perform and dif-
ficult to control due to contamination of re-
agents with previously amplified material.

Some newer mechanisms of antimicrobial
resistance, such as extended-spectrum beta-
lactamases in Kiebsiella preumoniae and Escheri-
chia coli, or high-level aminoglycoside resis-
tance in emnterococci, are not reliably detected
by the usual disk diffusion or MIC methods
(13~15). Thus, it has been necessary to de-
velop novel screening metheds for specific
organism-antimicrobial agent combinations to
increase the sensitivity of detecting these re-
sistance phenotypes. Several of these screen-
ing tests are presented in Table 1.

Many commercial MIC methods test a very
narrow range of antimicrobial agent dilutions,
often only the two or three dilutions that
bracket the MIC breakpoints for that drug.
These “breakpoint panels” (11) increase the
number of antimicrobial agents that a labora-
tory can test and report, but it is often diffi-
cult to know whether the panels are provid-
ing accurate results, since the quality control
organisms tested do not produce results that
fall within those 2 to 3 concentrations, thus
giving off-scale values. This can pose problems
when unusual results {(such as high MIC val-
ues) are obtained with clinical isolates, since
it is not clear if the test is performing appro-
priately. This often necessitates testing the or-
ganism by a second method, which delays the
report to the clinician.
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DRAWBACKS TO THE DISK
DIFFUSION METHOD

Disk diffusion has been the primary anti-
microbial susceptibility testing method for
miany clinical laboratories around the world
for years (16). Unfortunately, as resistance has
become more widespread, several critical
drawbacks to this test have been discovered.
First, disk diffusion cannot be used to test
pneumococci against beta-lactam drugs, such
as penicillin and cefotaxime (7, 17, 18). Sec-
ond, disk diffusion does not detect glycopep-
tide resistance in staphylococci (19). Finally,
the results of disk diffusion testing correlate
poorly with the results of MIC tests with
Stenotrophomonas maltophilia and Burkholderia
cepacia (20). The alternate method often used
for these organism-drug combinations is agar
gradient dilution, but given its cost, testing
is usually limited to only a few antimicrobial
agents. Nonetheless, the method has been
shown in numerous studies to generate results
comparable to those produced by the broth
microdilution reference method (21, 22).

To enhance the utility of disk diffusion test-
ing, which remains the most cost-effective
method of susceptibility testing, several
screening tests based on disk diffusion prin-
ciples have been developed (7, 8). Many of
the tests in Table 1, such as the T pg oxacillin
disk screening test for B-lactam resistance in
pneumococci, are used worldwide as a cost-

effective means of limiting the number of peni-
cillin MIC tests that the laboratory is required
to perform. Similarly, the brain heart infusion
vancomycin agar screen test, which can be
used for detecting glycopeptide resistance in
both enterococci and staphylococd, is cost ef-
fective and simple to perform (19).

QUALITY CONTROL AND
PROFICIENCY TESTING

Quality contro] testing ensures that the re-
agents, media, and technologist conducting the
test are performing in a predictable and reli-
able fashion. For susceptibility testing, several
bacterial strains with highly stable and well-
described antimicrobial susceptibility patterns
are tested. The results of testing must fall within
defined limits before the results for clinical iso-
lates (or unknowns) can be released. Quality
control is often ignored by laboratorians who
consider it either too time-consuming, too ex-
pensive to perform, or both. Yet, quality con-
trol testing is at the heart of good surveillance
data, and should be mandatory before such
data are used to guide changes in empiric anti-
microbial chemotherapy.

Proficiency testing is an ongoing system of
testing strains from an external source to de-
termine the ability of a laboratory to identify
and determine the antimicrobial resistance
profile of challenge strains of bacteria. Profi-

TABLE 1. Screening tests for key antimicrobial resistance profiles

Organism Antimicrobial agent Method
Staphylococcus aureus Oxacillin Mueller-Hinton (MH) agar*
Vancomycin Brain Heart Iafusion {BHY) agart
Coagulase-negative staphylococci Vancomycin BHi agar®
Enterococci Vancomycin BHI agar
Gentamicin 8HI agar containing 500 pg/mi
BHY broth containing 500 pg/mi
120g disk on MH agar
Streptomycin BHJ agar containing 2000 pg/ml
BH) broth conataining 1000 pg/mi
300g disk on MH agar
Streptococcus pneumoniae Penicillin Oxacillin disk {1 pg)

*The oxacillin agar screen test (7} is performed by inoculating a standardized amount of staphylococci onto a plate of Muelier-Hintoo agar
containing & pig/ml of oxacillin and 4% NaCl and incubating the plate for 24 h at 35 °C.

*The vancomycin agar screen test (7, 16} is performed by inoculating a standardized amount of enterococci onto a plate of brain heart
infusion agar containing 6 pg/ml of vancomycin and incubating the plate for 24 h at 35 *C.
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ciency testing programs can help laboratories
determine whether their current testing meth-
ods are sufficiently sensitive to detect emerg-
ing antimicrobial resistance mechanisms.
Strains should be tested using routine meth-
ods and the activity should be viewed as an
educational experience. The results of the
WHONET QC/PT (quality control/profi-
ciency testing) system have been encouraging,
Most laboratories have been able to detect
extended-spectrum B-lactamases in K. pneu-
moniae, methicillin resistance in Staphylococcus
aureus, and vancomycin resistance in Entero-
coccus faecium. However, laboratories continue
to have problems with detection of penicillin
resistance in pneumococci. Almost half of the
laboratories participating in the PT challenge
failed to detect a zone diameter of <19 mm in
a strain of pneumococci with low-level peni-
cillin resistance. Thus, the need for both qual-
ity control and proficiency testing systems
must be emphasized, coupled with educa-
tional programs to improve our surveillance
for antimicrobial resistance.

In summary, surveillance for antimicrobial
resistance usually requires that laboratories
employ more than one method of susceptibil-
ity testing. These may inctude disk diffusion
testing, broth microdilution testing, agar gra-
dient dilution tests, and a variety of screening
tests. Frequent examination of surveillance
data is important to detect emerging resis-
tance. Software programs, such as WHONET,
can facilitate this task. Finally, quality control
and proficiency testing programs help en-
sure the quality of the data generated by the
laboratory.
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CONSIDERATIONS REGARDING THE NEED
FOR BACTERIAL RESISTANCE NETWORKS

J. Sifuentes-Osornio,' J. Donis-Herndndez,? and members of the
Program on Bacterial Resistance in Mexico, Mexican Association
for Infectious Diseases and Clinical Microbiology’

In recent years the problem of antimicrobial
resistance has been examined with growing

interest in many countries (1-3). The world .

press has not been the only source of infor-
mation on outbreaks of resistant germs such
as enterococcus in the United States and van-
comycin-tolerant staphylococcus in Hong
Kong (4). In the scientific arena, international
meetings sponsored by the World Health Or-
ganization (5, 6) have been held in collabora-
tion with health agencies in a number of coun-
tries, and the topic is on the agenda of most
congresses and conferences on clinical micro-
biology. Some countries have officially recog-
nized that increased bacterial resistance to
antibiotics is a threat to public health (7). As a
result, associations such as the Alliance for the
Prudent Use of Antibiotics (APUA) have been
formed, and programs like WHONET (the
World Health Organization network for moni-

1 National Institute of Nutrition, Mexico City, Mexico.

* Hospital Espafiol de México.
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Espafiol de México; Arredondo-Garcia J.L., Soriano-
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Escalante-Ramirez Q., Novoa-Farias O., New Sanatorium,
Durango; Esparza~Ahumada 5., Morfin-Otero R.,
Rodriguez-Noriega E., Guadalajara Civil Hospital,
Guadalajara, Jalisco; Macias A., Mufioz J.M., Ledn Re-
gional Hospital, Guanajuato; Ontiveros L., Tinoco 1.C.,
Durango General Hospital, Durango; Martinez-Barreda
C., Puebla Clinical Laboratories, Puebla; Rolén AL, Na-
tional Institute of Nutrition, Mexico City.

toring bacterial resistance) have been estab-
lished to combat the problem.

At the 1998 European Conference on Bacte-
rial Resistance, Norman Simmons declared
that physicians should own up and apologize
for the fact that they had blundered; they had
been given the marvelous gift of antimicro-
bial drugs, but were destroying it through in-
appropriate use (8).

The same issues have been recognized the
world over in most of the meetings that have
been held on this subject—namely, indiscrimi-
nate use of antibiotics for the treatment of dis-
ease in humans and increased use of these
products in agriculture and the livestock in-
dustry (9). It has been suggested that the use
of antimicrobial agents might be questionable
in as much as 50% of human cases and 80% of
the applications in agriculture (10). As stud-
ies have shown, the quality of microbiology
laboratories is inadequate in many countries,
and this has led to the inappropriate prescrip-
tion of antimicrobial drugs (11). It has been
proposed that basic education centers modify
their infectious disease and microbiology
curricula to give emphasis to this growing
problem (12).

The pharmaceutical industry may take ad-
vantage of physicians’ lack of up-to-date in-
formation about infectious diseases to fry to
sell new drugs by exaggerating their value (13,
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14). At the same time, the inadequacy of pub-
lic health regulations in many countries and
the unrestricted sale of antimicrobial drugs
promote the use of these products (15).

It has been pointed out that lack of knowl-
edge about the epidemiology of local and re-
gional bacterial resistance makes it impossible
to issue guidelines for empirical treatment
based on particular local situations. As a re-
sult, information from other places must be
relied on without any certainty that it will be
beneficial and without knowledge about the
abuse of extended-spectrum antibiotics. In
some cases, decisions are based on question-
able sources, such as the publications refer-
ring to the resistance of Pseudomonas aeruginosa
to vancomycin (16).

International programs have been devel-
oped——for example, the Alexander, Sentry, and
Resist Net projects, to mention the most seri-
ous ones—that help to address this situation
because they concentrate on information that
has not been produced for commercial pur-
poses. (The Sentry and Resist Net projects are
described elsewhere in this publication.)

One way to address this problem is to cre-
ate networks to monitor bacterial resistance,
or to adapt existing networks to ensure that
they have all the necessary elements, includ-
ing the degree of quality required to assure
clinicians that they can have confidence in the
data (17, 18). There is no doubt that creating
networks to monitor bacterial resistance in
countries with only limited resources—that is,
most of the Latin American countries—can
vield benefits as long as certain basic points
are kept in mind when they are created (159).

First, quality control must be strict at the cen-
ters for monitoring bacterial resistance; other-
wise their data cannot be used to generate an
adequate regional consensus, nor can the data
serve as a basis for recommendations on the
empirical treatment of specific diseases or for
the implementation of control measures (20).

There should be a reference laboratory
where problem clinical isolates can be tested,
the quality control program (internal at first
and later external) can be coordinated, shift-

ing trends in bacterial resistance can be stud-
ied, changes in susceptibility can be verified,
and recommendations for dealing with qual-
ity control problems can be formulated (21).

The information, beginning with local data,
should be analyzed by experts, with care taken
to differentiate between pathogens in the com-
munity and those originating in hospitals.
Later, data from other centers in the region can
be included. It is essential to analyze frends
in order to detect changes in the usual pat-
terns of resistance and to recognize outbreaks.
Regional data should be analyzed with cau-
tion, taking into consideration the number of
isolates per center, the patient population at
each participating site, and the use of antimi-
crobial drugs in each population group.

The results of the analysis should be passed
on to physicians-—most notably through pe-
riodic publications (22)—so that the empiri-
cal treatments in everyday use can be adapted
and the utilization of antimicrobial drugs can
be improved on a timely basis.

It would seem logical for the information
to be handled using a statistical program that
has been adapted to local needs, but the draw-
back to this approach is that the results would
not be comparable with information gathered
at other centers. WHONET, however, is an
example of a statistical program for studying
bacterial resistance that can analyze epidemio-
logical data about the patient and at the same
time information about the sensitivity of the
germ under study (23-26). This program
makes it possible to conduct statistical stud-
ies by center or by region, since it can analyze
jointly the information from several centers.
It has the advantage of being compatible with
several computer programs, thus facilitating
the task of data collection. It is being used with
increasing frequency in many countries, which
will make it possible to conduct regional
analyses for the entire world.

Monitoring bacterial resistance is funda-
mental to proposing measures to promote the
rational use of antimicrobial drugs. Local in-
formation from centers where quality control
is adequate should be used to create continu-
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ing education programs for those who pre-
scribe antimicrobial drugs and to draft poli-
cies for controlling infections. Regional infor-
mation, in turn, can be used to prepare
guidelines on empirical treatment, adjust the
availability of drugs, and determine the true
impact of bacterial resistance on morbidity
and mortality.

In conclusion, networks for studying bac-
terial resistance are necessary in the developed
countries, but they are even more useful in the
developing nations because they promote the
use of uniform methods for studying antimi-
crobial susceptibility and make it possible to
fully and accurately appreciate the problem.
However, it is essential to have quality con-
trol int the participating centers so that the re-
sults will be reliable and have a real impact in
terms of reducing the toll of antibiotic con-
sumption. In the future, they could also help
to reduce the rates of bacterial resistance to
antibiotics, as some hospital facilities (27) and
other parts of the world (28) have already
managed to do.
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DETECTION OF ANTIBIOTIC RESISTANCE
USING THE BIOMERIEUX VITEK AND
VITEK 2 SYSTEMS

joanna T. Gerst'

This review was undertaken to present the bioMérieux VITEK and VITEK 2 Systems in
light of their ability to detect specific mechanisms of resistance found in clinically impor-
tant bacteria. A description of both the systems is provided as well as a sampling of the
literature from evaluations of these test methods. Tewo specific examples of detection of mecha-
nisms of resistance utilizing the VITEK System are presented. These include detection of
extended spectrum B-lactamases in Escherichia coli and Klebsiella pneumoniae and
vanconycin resistance in enterococci. Additionally, two examples utilizing the VITEK 2
are also presented: glycopeptide intermediate Staphylococcus aureus and penicillin resis-
tance in pneumococci. The bioMérieux’s Advanced Expert System (AES), a software tool
employed to assist in the phenotypic interpretation of susceptibility results,is also described.
From the review of the literature presented, it can be concluded that both the VITEK and the
VITEK 2 provide a means to accurately and reproducibly detect resistance in the examples
cited. Furthermore, the AES offers additional on-line validation and interpretation of sus-
ceptibility results and assists in better communication between the laboratory and other

members of the health care team.

INTRODUCTION

Antibiotic resistance is a serious problem that
is both global in nature and expanding in scope.
The American Society for Microbiology (ASM)
states in a report by its Task Force on Antibi-
otic Resistance, that costs related to reatment
of infections with antibiotic-resistant organisms
are estimated by the National Centers for Dis-
ease Control and Prevention (CDC) to be over

*bioMérieux, Inc., 595 Anglum Road, Hazelwood, Mis-
souri 63042, United States of America.
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$4 billion annually. Concern continues to mount
that resistant organisms may occur which can-
not be effectively treated with available anti-
microbial therapy (1). Emergence of resistance
in the Gram-positive arena including glycopep-
tide intermediate Staphylococcus aureus (GISA),
vancomycin-resistant enterococci (VRE) and
penidillin-resistant Strepfococcus pneunoniae in-
dicate an alarming trend toward that end
{2), as do Gram-negative organisms, especial-
ly strains of Escherichia coli and Klebsiella
preumonine, which harbor extended spectrum
beta-lactamases (ESBL). These enzymes confer
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resistance to all cephalosporins, penicillins,
beta-lactam /beta-lactamase inhibitor combina-
tions and monobactams., The selection of re-
sistant pathogens in hospitalized patients with
serious infections has generally been linked
to the widespread use of antimicrobial agents
(3).

The ability to accurately and reliably detect
resistance in pathogenic bacteria is a required
component in the arsenal of tactics needed to
reverse the trend of antimicrobial resistance. In
1991, C. Sanders proposed a somewhat revo-
lutionary approach to susceptibility testing (4).
She suggested that rather than testing for sus-
ceptibility, specific tests for resistance should
be developed and instituted in routine labora-
tory testing. Low and Scheld, in a 1998 edito-
rial in the Journal of the American Medical Asso-
ciation (5), stated the need for appropriate tools
so that physicians may more accurately diag-
nose conditions for which an antibiotic is indi-
cated, thereby decreasing the inappropriate use
of antimicrobials, Additionally, the ASM Task
Force on Antibiotic Resistance included as one
of their recomrnendations to curb the excessive
use of broad-spectrum antimicrobial agents, the
requirement for reliable diagnostic tests. It was
stated that when therapy is needed, appropri-
ate diagnostic tests would lead to use of more
targeted agents, again resulting in the reduc-
tion of the widespread administration of broad-
spectrum antibiotics.

In this review, two systems from bio-
Mérieux, Inc. will be discussed, the VITEK and
VITEK 2. These systems will be examined in
light of their ability to accurately detect resis-
tance in four example situations: ESBL pro-
duction in K. pneumonige and E. coli, vanco-
mycin resistance in enterococci, penicillin
resistance in S. pneumoniae and glycopeptide
intermediate S. aureus. Additionally, bio-
Meérieux's Advanced Expert System (AES) will
be presented. The AES is an adjunct software
program associated with the VITEK 2 that
validates and interprets susceptibility results,
thus providing a means to identify the resis-
tance mechanism present in an isolate and
comment on its interpretation.

THE VITEK SYSTEM

The VITEK System is an automated instru-
ment dedicated to identification of bacteria
and yeasts and susceptibility testing of non-
fastidious bacteria. The system consists of a
reader/incubator, disposable test kits re-
ferred to as cards, a filler/sealer unit, and a
workstation.

The reader/incubator is the analysis com-
ponent of the system. It houses the optical
system that monitors changes in transmitted
light. The VITEK majntains a constant incu-
bation temperature and automatically posi-
tions the cards for each reading. Readings are
taken hourly. As the data are collected, they
are passed to the workstation for analysis and
presentation to the operator.

The filler/sealer prepares the cards for in-
cubation. After the inocula are standardized
by the microbiologist, the tubes are placed in
a fray with an appropriate card associated
with each tube. Contact between the inocu-
lum and the card is provided by a small, thin
transfer tube. The tray of tubes and cards are
placed in the filling chamber. A vacuum is
applied to the tray and the cards are inocu-
lated and rehydrated concurrently. Following
inoculation, the transfer tube is severed and
sealed by the hot blade activity in the sealer
portion of the unit. The cards are then ready
to be inserted in the instrument and monitored

- for growth and metabolic activity.

The computer is a PowerPC, RISC based,
UNIX workstation and serves as the central
processing unit for the system. The software
provided with the VITEK System includes
analysis and data management programs. A
bi-directional interface is provided so that re-
sults can automatically be transferred to the
laboratory’s information system and to the
patient report. An Expert System is also avail-
able which provides on-line validation of re-
sults and interpretation of resistant pheno-
types found during testing.

The card is a unique design that contains
30 or 45 miniaturized wells that house either
biochemical substrates for identification prod-
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ucts or various concentrations of antibiotics
in susceptibility products. The appropriate
substrate solutions are dispensed in each well
and, after drying, the cards are overlaid with
a thin, transparent film. The film seals the
cards but allows appropriate transfer of gas-
ses. The card is small {(§5mm by 55mm) and
compact. Due to its sealed nature and com-
pact design, it minimizes the risk of biohaz-
ard contamination and significantly decreases
the amount of waste that must be decontami-
nated prior to disposal.

The VITEK allows identification testing of a
variety of bacteria (Gram-negative rods, Gram-
positive cocci and rods, fastidious and anaero-
bic bacteria) and yeasts and specific cards are
designed to provide these identification results.
Susceptibility testing can be performed on
Gram-positive cocci (staphylococci, enterococc
and 5. agalacting) and Gram-negative bacilli (En-
terobacteriaceae and non-fermentative, Gram-
negative bacilli). Fifty antibiotics are available
for testing against Gram-positive cocci and 65
for Gram-negative bacilli. Additionally, specific
tests to detect resistance are available (ESBL,
beta-lactamase).

Since its introduction about 20 years ago,
the VITEK has been extensively evaluated (6,
7,8, 9). Ina more contemporary study, Doern
and colleagues performed a multicenter evalu-
ation of the VITEK antimicrobial susceptibil-
ity testing system with 11 antimicrobial agents
versus members of the family Enterobacteri-
aceae and Pseudomonas aeruginosa. Both recent
clinical isolates and a challenge set of strains
were included in the study. The total category
error rate with the VITEK and the clinical iso-
lates (11,902 organism-antimicrobial compari-
sons) was 4.5%, including 1.7% very major
errors, 0.9% major errors and 1.9% minor er-
rors. The authors stated that there was excel-
lent overall interlaboratory reproducibility
(10). Two recent studies from the UK (11, 12)
evaluated the VITEK in terms of its usefulness
and cost effectiveness in a hospital laboratory.
Shetty et al. found the VITEK to be valuable
for the speed and accuracy with which results
were available for the common pathogens.

Resistance detection on the VITEK
£58L detection in K. pneumoniae and E. coli

In 1983, the first ESBL-producing strains
were reported by Knothe et al. in Klebsiella and
Serratia. The isolates contained plasmids
which encoded a mutation of an older enzyme
that made the bacteria resistant to cefotaxime
(13). The incidence of ESBLs has increased rap-
idly since that report. Numerous hospitals and
extended care facilities have described epi-
demics, usually due to the spread of an en-
demic strain under the selective pressure of
extensive use of broad-spectrum cephalospor-
ins (14, 15). The prevalence of ESBLs is likely
to be greater than reported because of diffi-
culties in their detection by clinical laborato-
ries {16). Evaluations to determine the ability
to detect ESBLs in clinical strains have shown
that standard or automated MIC methods
were not sensitive enough to detect the pres-
ence of an ESBL that resulted in elevated MIC
values that did not cross the resistant break-
point (17). The same can be said for disk dif-
fusion testing against aztreonam, cefotaxime,
ceftazidime, and cefoxitin (18). The National
Committee for Clinical Laboratory Standards
(NCCLS} has provided guidelines for screen-
ing and confirmatory testing for detection of
ESBL-producing strains that can be incorpo-
rated in clinical laboratory practices (19).
While the screening protocol can serve as an
indicator (20), the presumptive result must be
confirmed by a test containing clavulanic acid.

The VITEK ESBL test was developed to pro-
vide a means for laboratories to routinely
monitor the presence of ESBL-producing
strains. The test is based on the double disk
synergy test which was developed by French
investigators (21). The double disk test dem-
onstrates the inhibitory effect of clavulanic
acid on ESBLs. It utilizes two disks, one con-
taining a third generation cephalosporin and
the other clavulanic acid. The disks are placed
30 millimeters apart on a lawn of bacteria. An
enhanced zone of inhibition between the disks
indicates the presence of an ESBL-producing
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strain. The VITEK ESBL test consists of four
wells on a standard VITEK susceptibility
panel. The four wells include one each of
cefotaxime and ceftazidime with and without
clavulanic acid. A significant reduction in
growth in either well containing clavulanic
acid compared to the growth in the well with
the antibiotic alone indicates the presence of
an ESBL-producing strain (22).

In 1996, Sanders et al. reported on the abil-
ity of the VITEK ESBL test to detect these en-
zymes in Enterobacteriaceae when compared
to the double disk method (23). In all phases
of the study, the VITEK ESBL test was com-
parable in performance (Table 1) yet much
easier to perform than the double disk test.
The authors concluded that the VITEK ESBL
test is reliable for the detection of ESBLs in
E. coli and K. pneumonige. An additional
evaluation of the VITEK ESBL test was pre-
sented at the Interscience Conference on An-
timicrobial Agents and Chemotherapy in
1998 by Spargo et al. (24). In this study 32
characterized strains of K. prneumoniae, K.
oxytoca and E. coli along with 11 strains nega-
tive for ESBL were tested with the VITEK
ESBL test. Sensitivity was 100% (32/32) and
specificity was 91% (10/11). Additionally,
108 random clinical isolates were tested at
bioMérieux as part of this study. Eleven of
these strains were positive and 10 confirmed

by the double disk method. An additional
20 non-ESBL producing strains harboring
TEM-1, TEM-2 and SHV-1 enzymes were
negative on the VITEK ESBL test, allowing
for 100% sensitivity and 99% specificity.

Vancomycin resistance in enterococci

The emergence of vancomycin-resistant en-
terococci (VRE) was first reported in the mid
to late 1980s. Since that time, reports of VRE
have continued. Among hospitals participat-
ing in the National Nosocomial Infection Sur-
veillance System from 1989 to 1997, the per-
centage of enterococci reported as resistant to
vancomycin increased from 0.4% to 23.3% in
intensive-care settings (25). In this report,
Martone noted several factors as contributors
to the spread of VRE in US hospitals which
included suboptimal clinical laboratory rec-
ognition. Along with increased incidence, van-
comycin resistance has a negative impact on
the clinical outcome of patients infected with
these strains of enterococci. In a recent study
by Stosor et al. designed to determine the clini-
cal impact of VRE, patients infected with these
organisms were shown to have longer hos-
pitalizations than those with vancomycin-
susceptible enterococci (VSE) (35.8 versus 16.7
days, respectively) and hospitalization costs
of more than $27,000 more per episode than

TABLE 1. Overall agreement of the Vitek ESBL test and the 2-disk test with characterizations of B-lactamases

in strains evaluated in phase 1 and phase 2

Result by indicated test compared with standard result

Parameter VITEK ESBL test 2-disk test
No. of strains with positive standard

and test result 205 . 202
No. of strains with negative standard

and test result 159 157
No. of strains with positive standard

and negative test result 1 4
Mo. of strains with negative standard

and positive test result 0 1
Agreement (%) 99.73 98.63
Sensitivity (%) 99.51 98.06
Specificity (%) 100 99.37

Source: Sanders et al. ] Clin Microbiol 1996; 34:2997-3C01.
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did patients with VSE bloodstream infections
($83,897 versus $56,707) (26).

As newly recognized genotypes of VRE
emerged (27), it was reported that various
methods had difficulty detecting some strains
of VRE, especially those of the VanB pheno-
type (28, 29). Investigation into factors that
influence the VITEK's ability to detect VRE of
this phenotype (30) lead to a reformulation of
this test for the VITEK System. This modified
vancomycin-susceptibility test was compared
to the agar screen method by Horvat and col-
leagues (31). In that study, the VITEK showed
99% agreement with the standard method. In
1998, Endtz et al. from the Netherlands also
studied the VITEK's ability to detect VRE (32).
They tested 145 VRE (50 VanA, 15 VanB and
50 VanC1 and 30 VanC2) and 50 vancomycin-
susceptible strains The VITEK vancomycin
test had no very major errors when compared
to standard methods, thus demonstrating its
ability to detect this resistance.

THE VITEK 2 SYSTEM

The VITEK 2 System is a fully automated
microbiological testing system that integrates
sample preparation, incubation, optical inter-
rogation, and test kit handling in a single in-
strument. After the inoculum is prepared and
standardized by the microbiologist, the instru-
ment performs all the tasks necessary to com-
plete identification and susceptibility testing.
This includes inoculum dilution, test kit fill-
ing, sealing and transfer to the incubator,
monitoring for metabolic changes, transfer of
results to the workstation, and disposal of test
kits (33).

The optical system houses both multi-wave-
length transmittance and fluorescence optics.
Each well of the test kit is scanned 10-14 times
every 15 minutes which allows precise, kinetic
analysis. The cards are incubated in a tempera-
ture controlled carousel that carries the test kit
to the read head for each interrogation.

The computer provided with the VITEK 2
is a PowerPC, RISC based, UNIX workstation.

The software provided includes analysis and
data management programs and is presented
to the operator in a graphical user interface
format. A bidirectional interface allows results
to be automatically transferred to the labora-
tory’s information system and to the patient
report. bioMérieux's Advanced Expert System
is included as an adjunct to susceptibility test-
ing and will be presented in more detail.

The primary interface with the VITEK 2 is
through a small, lap top computer-like device
called the Smart Carrier Station. Here the user
links the sample identification with the spe-
cific VITEK 2 card that will be tested. The in-
formation is provided via bar code or key-
board entry and is stored in a memory chip
imbedded in the Smart Carrier cassette. The
cassette is comparable to a fest tube rack and
it holds the tubes and cards as they are being
processed at the bench and in the instrument.

bioMérieux has designed unique cards for
the VITEK 2. They contain 64 wells, are opaque
and packaged with a factory applied bar code
and pre-inserted transfer tube. Identification
products utilize fluorescent technology and
currently include kits for Gram-negative ba-
cilli, Gram-positive cocci and yeasts. Turbid-
ity as a direct measurement of growth is uti-
lized for susceptibility testing. Forty-six
antibiotics are available for testing against
Enterobacteriaceae and non-fermenting Gram-
negative rods, 32 for staphylococci, enterococci
and streptococci other than Streptococcus
preumoniae and 12 antibiotics are available for
testing against 5. pneumoniae. Additionally, a
nitrocefin based beta-lactamase test for Staphy-
lococcus and Enterococcus is provided.

Due to the rapid time to report for identi-
fication tests, automated processing and op-
timized workflow, the VITEK 2 has been
shown to provide time savings when com-
pared to other methodologies. In 1997,
Auckenthaler discussed this concept at the
European Congress on Clinical Microbiology
and Infectious Diseases (presented at the 8th
European Congress on Clinical Microbiology
and Infectious Diseases, Lausanne, Switzer-
land, 1997). In a preliminary evaluation of the
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VITEK 2, he reported that it required 1.4 min-
utes hands-on time to obtain a result utiliz-
ing the VITEK 2 compared to 7.5 minutes per
isolate using conventional methods (Figure
1). He concluded that the system should dem-
onstrate a significant progress for automation
of bacteriology. Funke et al. also evaluated
the VITEK 2, particularly for its ability to
identify medically important Gram-negative
rods (34). He found the system to be a prom-
ising, highly automated new tool for the
rapid identification of Gram-negative bacilli.
Evaluations of particular aspects of suscep-
tibility testing on the VITEK 2 have been con-
ducted by various groups (35-38) conclud-
ing that the VITEK 2 is reliable, reproducible
and accurate (Table 2).

Resistance detection on the VITEK 2
Penicillin resistance and S. pneumoniae

Penicillin resistance in pneumococci is a
serious threat to public health worldwide. The
incidence of resistance has increased signifi-
cantly over the past decade. In the United
States, prevalence of pneumococci with de-
creased susceptibility to penicillin varies from
2% to 53% (39). Some of these strains are also
resistant to multiple antimicrobial agents,
making them increasingly difficult to treat
(40). The NCCLS has focused its attention on
clarifying its recommendations for MIC test-
ing of pneumococcal isolates (41). Those
strains that are nonsusceptible by the oxacil-

FIGURE 1. Comparison of hands-on time for VITEK 2, VITEK, and manual methods

Total hands-on time per isolate

Time
{in minutes)

0 1 2 3

API + SIRSCAN

VITEK |

VITEK 2

Inoculum preparation [ Kit preparation

2.9m

F&] Information transfer [ System loading ] Result product

Source: Auckenthaler R, integrating automation in a microbiology fab. ECCMID, Lausanne, 1997,
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TABLE 2. Resulis of clinical isolates and reproducibility studies on the VITEK 2 with various antibiotics

Clinical isolates Reproducibility

essential agreeatent

+~ 1 dilution card

Antibiotic {%) results only (%6}
Amikacin 179/185 (96.81 98.2
Amoxicillin-clavulanic acid 175/186 {94.1} 96.3
Ampicillin 188196 (95.9) 98.8
Ampicillin-sulbactam 181/190 (95.3) 98.8
Aztreonam 1817197 (91.9) 97.0
Cefepime 190/199 (95.5) 92.8
Cefixime 186/198 {(93.9) 95.2
Cefotetan 184/190 (96.8} 98.8
Gentamicin 183/185 (98.9) 98.8
Imipenem 188/198 (34.9) 93.4
Mezlocillin 173/197 (87.8) 9.6
Nalidixic acid 190/201 (94.5) 98.2
Netilmicin 180/185 (97.3) 96.4
Norfloxacin 190/201 (94.5) 96.4
Piperacillin 179/197 {(90.9) 91.0
Tobramycin 183/185 (98.9) 98.8
Trimethoprim-sulfamethoxazole 191/196 (97 .4) 98.2

Source: Modified from: Moland, Thomson, Sanders. ICAAC Toronto, 1997; D48.

lin screen method should have MIC determi-
nations performed to penicillin, an extended-
spectrum cephalosporin, chloramphenicol
and vancomycin. Until recently, no automated,
rapid MIC method has been available to pro-
vide this testing.

The VITEK 2 provides an automated, rapid
method to determine MICs to relevant anti-
microbial agents used in treating pneumo-
cocci. Ruesing et al. demonstrated the ability
of the VITEK 2 to detect penicillin resistance
in S. preumonine (42). Two hundred and
twenty-six strains were evaluated, covering a
wide range of penicillin MIC values. This
study showed 100% essential agreement and
no major or very major errors were obtained.
Additionally, a challenge set of 52 strains pro-
vided by the CDC were tested. Again, there
were no major or very major errors with these
strains and four minor errors. Finally, resis-
tance to penicillin was reproducibly detected
at a level of 99.3%. A multicenter evaluation
performed by Jorgensen et al. examined sus-
ceptibility testing of S. pneumonine on the
VITEK 2 (43). Of the 407 clinical isolates tested
against penicillin, no major or very major er-
rors were obtained. The CDC challenge set

described in the study by Ruesing and col-
leagues was also tested by each of the three
sites in this evaluation. Of the 162 tests, only
one major and no Very major errors were ob-
tained. The authors concluded that the VITEK
2-determined MICs compared favorably with
the reference MICs and that the tests were
simple to perform with results available inan
average of 8.4 hours.

Detection of glycopeptide intermediate
S. aureus

In 1996, the first documented case of a strain
of S. aureus with intermediate resistance to
vancomycin was reported from japan (44j. The
following July, a GISA strain from a patient
with peritonitis was reported in Michigan (45),
followed by one the next month from New
Jersey (46). These strains were characterized
by Tenover et al. (47} and none of them were
found to contain any known vancomycin-
resistance genes. Moellering discussed this is-
sue and reiterated the larger concern that van-
comycin-resistance genes found in enterococci
may be transferred to staphylococdi or preu-
mococci (48). The CDC presented guidelines
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for the prevention and control of GISA (49).
The requirement for accurate laboratory test-
ing was paramount in their recommendations.

Two S. aureus isolates provided by the CDC
and known to demonstrate vancomycin MICs
of 8 were tested on the VITEK 2 by Leahart et
al. (50). After multiple testing, the strains con-
sistently gave MIC values of 8-16, intermedi-
ate by NCCLS breakpoints (Table 3). These
results give an indication that GISA strains
should be detected on the VITEK 2.

THE BIOMERIEUX ADVANCED
EXPERT SYSTEM -

The use of expert systems as an adjunct to
susceptibility testing was discussed by Leclercq
(presented at the 8th European Congress on
Clinical Microbiology and Infectious Diseases,
Lausanne, Switzerland, 1997). He noted that
utilization of expert systems has become an
accepted practice, especially due to their em-
phasis on detection of resistance mechanisms
that may not be fully expressed or observed.
Most expert systems are rule based which re-
quires a careful choice of good marker antibi-
otics to test and the use of interpreted results,
which can differ country to country.

The AES provides an expert system with a
different approach. It utilizes a matrix of phe-
notype descriptions based on expected MIC
ranges for antibiotics that can be associated
with each phenotype. In this way, the AES of-
fers a universally accepted basis of information
(the MIC value) and uses a pattern-matching
approach that compares the observed pheno-
typeto the descriptions in the knowledge base.
The AES knowledge base is built on reports

from the scientific literature and supplemented
with internal data. It contains 2,147 species-
resistance mechanism patterns and over 17,000
MIC distributions (51).

The AES follows a three step process: bio-
logical validation, therapeutic interpretation
and commentary on the results. In the vali-
dation phase, the AES compares the observed
MICs from the VITEK 2 susceptibility results
and the identification of the isolate to the ma-
trix of resistance mechanisms in the knowl-
edge base. If AES determines a slight incon-
sistency between the observed and the best
fit expected result, it will propose either an
alternative identification or a modification to
the susceptibility result (Figure 2). There may
be instances when resistance is not fully ex-
pressed and therapy may be misdirected if
the susceptibility results are not interpreted
beyond the category breakpoints, This is the
case, for instance, with oxacillin-resistant sta-
phylococci. While other beta-lactam antibi-
otics may be susceptible as tested, they
should be interpreted as resistant because
these antibiotics would be an ineffective
therapy choice. This is the second step in AES.
Additionally, AES has the ability to deduce
resulis for antibiotics that were not tested
based on the MIC distributions and the re-
sistance mechanisms it recognized during the
biological validation phase. Finally, AES is
able to attach comments to the susceptibility
results that facilitate communication between
the laboratory and the physician and staff.
The AES can be customized to accommodate
recommendations of local consensus commit-
tees (e.g. the NCCLS) and tailored to provide
interpretations and comments that best suit
each institution.

TABLE 3. VITEK 2 results of glycopeptide intermediate Staphylococcus aureus

strains )

Strain of Vancomycin MIC Teicoptanin MIC
Staphylococeus aureus (ug/ml} {ng/mi)
CDC HIP-5827 8, 16,8 4,4, 4
CDC HIP-5836 16,16, 8 8,8, 16

Source: Leahart, Fitzsiramons, Peyret. ASM Atlanta, 1998.
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FIGURE 2. VITEK 2 laboratory report showing bioMérieux Advanced
Expert System recommendations
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(see proposed changes).

Expert notice: There are therapeutic comments (see proposition).

CONCLUSION

From the review of the literature presented,
it can be concluded that both the VITEK and
the VITEK 2 provide a means to accurately and
reproducibly detect resistance in the examples
cited. Furthermore, the AES offers additional
on-line validation and interpretation of sus-
ceptibility results and assists in better commu-
nication between the laboratory and other
members of the health care team.
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SENSITIVITY OF SALMONELLA, SHIGELLA,
AND VIBRIO CHOLERAETO
ANTIMICROBIALS IN THE AMERICAS,
1948 TO 1998

Zaida Yadon' and Gabriel Schmunis’

Antimicrobial resistance in general is currently a significant public health problem. In
particular, the resistance of strains of Salmonella, Shigella, and Vibrio cholerae affects
not only human public health, but also the food industry. In order fo better understand the
antimicrobial vesistance profiles of these microorganisms in the Region of the Americas,
more than 80 articles on the subject published between 1961 and 2000 were reviewed. The
results of that analysis reveal an increasing trend in the resistance of these infectious agents
to the antimicrobial drugs included in this review: ampicillin, ciprofloxacin, chlorampheni-
col, tetracycline, and trimethoprim-sulfamethoxazole. Even though the information obtained
from the articles reviewed is partial and fragmented and does not allow trend assessment or
the determination of patterns of resistance by country, much less by smaller geographic
areas, its importance from the clinical, epidemiological, and sociceconomic standpoints can-
not be dismissed. The studies reviewed show that, in most of the countries, more than 40
years after the appearance of resistance to antimicrobial agents there is still no monitoring
or surveillance, or what there is refers to a limifed number of samples, which affects its

usefulness.

INTRODUCTION

Acute infectious diarrhea is a commmon and
significant cause of morbidity and mortality,
particularly in developing countries. Due to
the lack of laboratories, most of the time those
infections are treated empirically, usually by
administering antibiotics. In the last four de-

WCommunicable Diseases Program, Division of Disease
Prevention and Control, Pan American Health Organi-
zation, Washington, DC 20037, United States of America.
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cades, both the appearance of antimicrobial
resistance and its increase have been observed,
with a consequent rise in morbidity and mor-
tality from infectious diseases. The resistance
of microorganisms such as Salmonella and Shi-
gella to antimicrobials is not a new phenom-
enon. Studies in the United States of America
reported the appearance in the late 1940s of
isolates of Salmonella and Shigells that were
resistant to tetracycline and chloramphenicol,
a phenomenon also seen in other couniries of
the Region.
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In 1991 there was a cholera epidemic in Peru
which spread rapidly to other countries in
South and Central America and which was
followed by the detection, for the first time, of
Vibrio cholerge strains resistant to antibiotics.

The objective of this literature review was
to analyze for the first time the distribution
of Salmonella, Shigella, and Vibrio cholerae re-
sistance to antimicrobials over time and geo-
graphiclocation. These enteropathogens were
selected for their importance to public health
and their impact on the countries’ economies,
basically through their effects on the food in-
dustry and tourism.

MATERIALS AND METHODS

The articles about the resistance of Salmo-
nella, Shigella, and Vibrio cholerae in countries
of the Region of the Americas from the late
1940s to the present were identified througha
search of the MEDLINE and LILACS data-
bases and the use of the bibliographic refer-
ences cited in these and other articles on the
subject.

A total of 120 published articles were iden-
tified in the bibliographic search. The distri-
bution by country was as follows: Argentina,
11; Bolivia, 1; Brazil, 22; Chile, 10; Colombia,
1; Ecuador, 2; Guatemala, 3; Honduras, 1; Ja-
maica, 3; Mexico, 16; Nicaragua, I; Peru, 1; the
United States, 35; and Venezuela, 3.

Some of the articles reviewed were excluded
because they did not mention the study pe-
riod or the laboratory technique used to de-
termine how susceptible the organisms were
to antibiotics. In most of the articles reviewed,
sensitivity to antimicrobials was studied by
means of the agar diffusion method; in a much
smaller number, the dilution method was
used. The antibiotics evaluated varied by mi-
croorganism, period, and study site. In order
to simplify the presentation of data, this re-
port focuses on the resistance of isolates of
Salmonella, Shigella, and V. cholerae to ampicil-
lin, ciprofloxacin, chloramphenicol, tetracy-
cline, and trimethoprim-sulfamethoxazole,

although occasionally other antibiotics are
mentioned.

Tables 1 and 2 present information on the
resistance of Salmonella and Shigella in studv
sample sizes of 30 or more isolates. However,
in describing the resuits, reference is also
made to works that contain data on fewer
than 30 isolates. The number of isolates ap-
pearing in the tables represents the sum of all
the isolates studied in all the articles reviewed
for the specific period of study. The tables
show the lowest and highest percentages pub-
lished in the aforementioned articles for that
period.

RESULTS

The results are presented by microorganism
and by drug.

Salmonella

Salmonella resistance varied widely, depend-
ing on the antimicrobial drug, the geographic
area, and the period of study (see Table 1).

Tetracycline

In the United States, the percentage of
tetracycline-resistant Salmonella isolates in-
creased steadily from 0% in 1948 to 9.7% in
the 1959-1960 period (1), and to 31% in 1975
(2). From 1975 to 1997, the figures recorded
varied widely (between 8% and 55%), but the
general trend was upward (2-8). In consider-
ing the 5. typhimurium isolates separately
from those of other species of the genus Sal-
monelln, it was noted that resistance had been
greatest among the former (3, 5, 9-13). In
Mexico, the percentage of tetracycline-resis-
tant Salmonella isolates also increased, from
7.1% in the 1953-1965 period to 84.2% in 1979-
1980 (14}, with a subsequent decline to 48%
in the 1980s (15). In Brazil, the tetracycline
resistance in Salmonella isolates remained
stable from 1978 to 1992, hovering around
60% (16~17).
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Mexico

1978-1980G (14, 25 Salmonella 870 5910 66 870 3948 870 75-84 B70 36.5-42
S. typhimurium 129 71 21 45 105 92 129 37
S. typhi 16 12 16 12 14 29 7 79
1982~1985 (25} Salmonella 298 2810 50 298  46-50 298 3348 198 2.6
S, typhi 305 5.1-15.4 305 4.2-5.1 305 8.7-23.4
United States
1948 (1) S. typhimurium . . 100 - 100 -
1956~1957 (I} S. typhimurium 100 - 100 5
19591960 (1) S. typhimurium 158 1.9 158 13.9
Salmonelia, other 150 - 150 5.3
19621966 (18, 84-85) S, typhimurium 88 20 40 0-2 401 9.8-38
Salmanella, other 28 - 144 - 144 0-11
19671969 (9-10) Salmonella 692 8-13.5 692 - 692 2.6-12.5
S. typhimurium 230 16.5-255 230 - 230 4,4-31.4
1970-1980
(2-3, 5, 9-13) Salmonella 13,083 3,5-24 11,298 0-7 14,343 8.6-31 10,748 0-7
5. typhimurium 1,441 4.3-42.8 1,441 029 1,441 21-46.2 263 0-1.2
19811990 (2, 7, 20) Salmonella 11,332 9-24 11,332 2-6 11,332 8-24 11,332 0.6-3 200 -
1994-1995 (21) Salmonella . 4,008 0.02
1997 (8) Salmonelfa 1,30 181.5 1,301 10.1 1,301 21.8 1,301 1.8
- = zer0.
... = no data,
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Chloramphenicol

In the United States, Salmonella resistance
to chloramphenicol has generally been low.
Resistance was not detected in the first stud-
ies in 1948; it was observed in 1959-1960 solely
among isolates of S. typhimurium (1.9%) (1),
In the other species, the phenomenon was not
noted until 1972, when resistance in Califor-
nia was detected in 1.5% of the Salmonella iso-
lates and in 16.5% of those of 5. typhi (12). From
1973 to 1997, resistance of Salmonella isolates
in the United States remained between 0%
and 10% (2-5, 7-8, 13, 18-21). In Argentina,
the percentage of chloramphenicol-resistant
Salmonella isolates has also been zero or low:
0% in the 1980s and 5.3% in the 1990s (22-23).
However, there are data indicating that S.
typhimurium resistance to chloramphenicol has
been higher, both in the 1960s and in the 1990s
(23-24). In Mexico, resistance by Salmoneila,
which was nil during the 1953-1965 period,
reached 50% in the 1980s (25-26). In 1972
Mexico City was hit by a major epidemic of
typhoid fever, with more than 10,000 cases
(27). The principal characteristic of that out-
break was the high percentage of chloram-
phenicol-resistant isolates of 5. typhi (91.7%),
which up to that time had been a rare phe-
nomenon (27). In several studies conducted
in the United States, the resistance of Salmo-
nella strains was found to have a prevalence
of 1 per 1,000 isolates, except for a study con-
ducted in California between 1971 and 1972.
In that study, 33 isolates out of a total of 2,246
were resistant to chloramphenicol and 19 of
the resistant isolates corresponded to S. fyphi
(12). One possibility considered is that the
chloramphenicol-resistant strains originated
in Mexico (28). In Chile, where most of the
information available pertained to S. typhi, this
microorganism has remained susceptible. In
1951 and 1952 and 1958-1974, there were, re-
spectively, 8, 2, and 0 resistant isolates (the
referenced article does not include the num-
bers of isolates tested). Of the 2,594 isolates
studied between 1975 and 1983, 6 were resis-
tant (0.23%) (29-31). In contrast, resistance by

S. typhimurium has been higher, though there
was a downward trend between 1972 and
1996: 67.6% in 1972-1974; 25% in 1983-1984;
and 0.9% in 1996 (32-34). In Jamaica, between
1964 and 1975 no resistance was detected
among isolates of S. fyphi, and resistance in
isolates of the other species ranged between
5.6% in 1964-1965 and 35% in 1975 (35). In
Brazil, Salmonella resistance ranged from
37.5% to 74.2% in the period from 1973 to 1992
(16,17, 36).

Ampicillin

In the United States, resistance to ampicil-
linby Salmonella strains, particularly S. typhi-
murium, has increased since the late 1960s
(9-10). The highest resistance values were
reached in 1975, approximately 43% for S.
typhimurium and 17% for all species of Salmo-
nella (5). There were no changes in the period
from 1979 to 1997 (8, 20). In Brazil, 77% of the
Salmonellz isolates were found to be resistant
to ampicillin between 1978 and 1983 (16) and

73% between 1987 and 1992 (17). In Argentina,

resistance of Salmonella spp. showed large
variations—from 14% to 100% between 1985
and 1995 (22, 23, 37). In Chile, 97% of the iso-
lates of S. typhimurium were resistant to ampi-
cillin during the 1972-1974 period (32).

Trimethoprim-suffamethoxazole

In the United States, the resistance of Sal-
monella to trimethoprim-sulfamethoxazole
rose from 0% in 1973 to 7% in 1978 (2-3), and
then ranged between 0% and 5% through 1997
(2, 7-8, 20). In Argentina, between 1969 and
1998 resistance by Salmonella spp. did not ex-
ceed 33% (24, 38), a lower value than the fig-
ure reported for Brazil, 69.8% between 1978
and 1992 (16-17), and for Mexico, which was
36% in 1979 (25).

Quinolones

Fluoroquinolones were introduced into the
U.S. market in the mid-1980s. A national sur-
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vey conducted in 1994-1995 by the Centers for
Disease Conirol and Prevention (CDC) in that
country showed that, of 4,008 Salmonella iso-
lates studied, only one (0.02%) was resistant
to ciprofloxacin {21}, a frequency similar to
that found in another survey conducted from
1989 to 1990 (7). In Argentina, the resistance
to ciprofloxacin and trovafloxacin in 1998 was
0% (39), whereas between 1995 and 1996 it had
been 2% (38). In Chile, resistance to quinolones
was 0% in 1996 (34) and in several other Latin
American countries it was 0% to ciprofloxacin
and 0.9% to trovafloxacin (40) in 1998.

Shigella

Strains of the genus Shigella currently show
high percentages of resistance in the Region
and, as in the case of Salmonella, a review of
the published articles indicates wide varia-
tions by species, geographic area, antibiotic,
and period of study (see Table 2).

Ampicillin

In the United States, Shigella resistance to
ampicillin increased from 0% to 95% between
1967 and 1974, in both east- and west-coast
states (41-46). Two surveys conducted by the
CDC, in 1979 and 1985-1986, revealed resis-
tance in 35% and 32% of isolates, respectively
{47). In Venezuela, resistance to ampicillin in-
creased from 7% in 1972 to 54% in 1992 (48—
50). In Rio de Janeiro, Brazil, resistance to the
drug increased from 0% between 1960 and
1969 to 2.2% in the 1970-1978 period (51); and
in the Northeast, by more than 50% between
1988 and 1993 (52). In Mexico, in the period
from 1978 to 1985 the figures ranged from 30%
t067% (14,2526 ) and, in Argentina, from 42%
to 83% in the 1980s (22, 53) and from 51% to
95% in the 1990s (54). When considering the
species S. flexneri and S. sonnei separately, it
was found that resistance has occurred most
frequently among the strains of S. flexrneri (38—
39, 54). For example, in Chile it was around
50% in the 1980s (33, 55), while in Bolivia,
Colombia, Cuba, Ecuador, and Nicaragua it

was around 95%, 76%, 80%, 90%, and 70%,
respectively, in the early 1990s (56-60). In Ja-
maica, by contrast, resistance was low both in
the 1970s (7%) and in the 1980s (2.6%)} (61-62).

Trimethoprim-sulfamethoxazole

In Argentina, the resistance of Shigella iso-
lates to trimethoprim-sulfamethoxazole has
been high since 1985, with values ranging from
57% to 85% (22, 38, 53-54). In Rio de Janeiro,
Brazil, resistance was 12.4% in the 1960s, in-
creasing to 20.9% and then 91.7% during the
1970s and 1980s, respectively (36, 51). However,
in the Northwest of Brazil, resistance of Shigella
isolates to trimethoprim-sulfamethoxazole was
nonexistent until the end of the 1970s, but in-
creased to 75% at the beginning of the 1980s
and to 100% in the 1990s (52, 63-64). In Chile,
resistance to that drug was 7.6% between 1983
and 1984 (33) but it increased to 43% in 1989-
1990 {55). Since then it has remained stable; in
1996, 43.7% of the isolates were resistant (34).
Resistance in Mexico in the 1980s ranged from
15% to 33% (26), and in Bolivia, Nicaragua, and
Venezuela in the 1990s it was approximately
90% (50%, 86%, and 93%, respectively) (56, 60,
65). In this same period, the resistance of Shi-
gella strains to trimethoprim-sulfamethoxazole
in Colombia, Cuba, and Ecuador reached val-
ues of 93%, 92%, and 48%, respectively (57-59).
In Jamaica, resistance to that antibiotic, as well
as to ampicillin, was low during the 1980s
(2.2%) (62). In the United States, in Houston,
Texas, 100% of Shigella isolates were sensitive
to trimethoprim-sulfamethoxazole in 1974 (66}
and only 1% presented resistance in New York
in 1973 (13} and in the national survey con-
ducted by the CDC in 1979, but this had in-
creased to 7% by 1985-1986 (47). In another
region, at 2 Navajo reservation, resistance in-
creased from 3% in 1983 to 21% in 1985 (67).

Chloramphenicol
The information analyzed shows that dur-

ing 1967-1990 resistance of Shigella isolates to
chloramphenicol in the United States was a
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Colombia
1997-1997 (57}

Cuba
1990-1997 (58)

Ecuador
1994-1997 (59)

Jamaica
1975 (61)
1983-1985 (62)

Mexico
1978-1980 (14, 25)
1982-1985 (26)

United States
19671970 {41-43, 86)
1971-1978
(41, 436, 66, 87}

1983-1986 (47, 67)

- = 2ero,
... = no data,

Shigella

Shigella

Shigelia

Shigella
S. flexneri
5. Sonnei

Shigella
Shigelia

Shigella
Shigelia

5. Hlexneri
S. sonnei
Shigella

S. flexneri
. sonnei

55

2,250

380

125
217
17

306
187

1,358
1,654
56
215
252
692
382

40-80

80-98.2

79-90

0.5
2.6

33.5-43
30-37.7

0-84
5-95

4560

32
19-40
21-85

55

2,253

380

125
217
1z

310
187

1,276
1,548
56
215
252
389
294

40-80

70-83

68-78

0.5
09

22-24
17.4-30

0-3
0-4
69
1-98

0-1
0-9

2,253
64
125

310

1,654
56
215
252
480
391

65-76

90

77-82.3

5-82.3
33

35

46
8-67
1-34

55
2,250
380

125
217
17

260
187

1,358

56
13
252
682

466

33-93
66.5-91.9

30-48

09

33
15-33.3

100
100

3-20
3-21

380
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low 0% to 5% (7, 42, 45, 47, 67). In Argentina,
however, it was quite variable during the pe-
riod from 1985 to 1997, ranging from 3% to
73%; resistance was higher among the isolates
of S. flexneri than among those of 5. sonnei (22,
38, 54). On the other hand, resistance in Brazil
was 0% between 1950 and 1959 but rose to
between 14% and 24% in the 1960s and 1970s
(51, 68-70). In Chile, resistance was also vari-
able, with an upward trend in the 1980s (0%
to 23%) and 1990s (28.9% to 81%) (33-34, 55,
71). In Mexico, resistance of Shigella isolates
to chloramphenicol ranged from 22% to 24%
between 1978 and 1980 (14, 25) and was ap-
proximately 24% in the period between 1982
and 1985 (26). The data from Colombia for
1996 and from Cuba for the period between
1990 and 1997 indicate that resistance ranged
from 40% to 80% in the former and from 70%
to 83% in the latter (57-58). In Jamaica, be-
tween 1983 and 1985 Shigella resistance to
chloramphenicol was less than 1% (62).

Quinolones

In the United States, resistance of Shigella
isolates to ciprofloxacin was 0% from 1989 to
1990 (7). In Argentina, from 1995 to 1996 re-
sistance to ciprofloxacin and trovafloxacin was
0% (38) and in 1998, resistance to ciprofloxacin
was 1% among S. sonnei isolates and 0% in
Shigella spp. and Shigella flexneri. Also, resis-
tance to trovafloxacin was 0% for Shigella spp.,
S. sonnei, and S. flexneri (3%). The data from
Chile for 1996 and from Ecuador for 1990 to
1997 indicate that the resistance of Shigella
isolates to quinolones was also 0% (34, 57).
During 1998, the resistance of this genus of
bacteria to ciprofloxacin and trovafloxacin re-
mained at 0% in several Latin American coun-
tries (Argentina, Brazil, Chile, Colombia,
Costa Rica, Bcuador, Guatemala, Mexico,
Peru, Uruguay, and Venezuela) (40).

Vibrio cholerae

From around 1200 to 1973 in North America
and to 1991 in South America, there were no

autochthonous cases of cholera reported. In
January 1991, there was an outbreak of chol-
era in Peru caused by V. cholerae 01, El Tor, se-
rotype Inaba (72). Cases of cholera were sub-
sequenily reported in Bolivia, Brazil, Chile,
Colombia, Ecuador, El Salvador, Guatemala,
Mexico, Panama, the United States, and Ven-
ezuela (73). Between 1991 and 1996, a total of
1,189,553 cases were reported, with more than
11,000 deaths (74).

A review of published articles shows that in
Latin America, multiple resistance in V. cholerae
appeared almost simultaneously with the 1991
cholera outbreak in Peru (personal communi-
cation, Dr. Eduardo Gotuzzo). In 1991, 36% and
9%, respectively, of a series of 42 and 11 samples
from Guayaquil, Ecuador, were multiresistant
(75). Between 1992 and 1993, 0.9% of some
samples from northern Ecuador were re-
sistant to tetracycline and trimethoprim-
suifamethoxazole (76). In addition, in Chile
multiresistance to tetracycline, chlorampheni-
co), and trimethoprim-sulfamethoxazole was
reported in a V. cholerae strain in 1991 (77). In
Guatemala, 47% of the isolates studied in 1993
were resistant to furazolidone, sulfisoxazole,
and streptomycin, although all the strains iso-
lated in 1991 had been sensitive to all the anti-
biotics evaluated (78). Similarly, 27% of the
strains of V. cholerae evaluated in Honduras
were multiresistant to ampicillin, cefalotin,
chloramphenicol, doxycycline, gentamicin,
kanamyecin, tetracycline, and trimethoprim-
sulfamethoxazole (79). In Mexico, resistance to
ampicillin, chloramphenicol, and tetracycline
in 1991 was 6.9%, 0.1%, and 3.6%, respectively,
declining in 1992 t0 2.3%, 0%, and 0.1%, respec-
tively (80).

Since the reappearance of cholera in Argen-
tina, there has been strict monitoring of the re-
sistance of V. cholerae to the following drugs:
ampicillin, tetracycline, nitrofurantoin, eryth-
romycin, trimethoprim-sulfamethoxazole,
chloramphenicol, ciprofloxacin, sulfonamides,
and streptomycin. Of the 122 samples studied
at the beginning of the cholera outbreak in 1992,
none was resistant to the antimicrobials tried.
However, 1.2% of the 681 isolates studied dur-
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ing the outbreak of 1992-1993 presented dif-
ferent resistance profiles: one isolate was resis-
tant to sulfonamides and ampicillin; three to
tetracycline, chloramphenicol, sulfonamides,
and trimethoprim-sulfamethoxazole; three
others to tetracycline, erythromycin, chlor-
amphenicol, sulfonamides, trimethoprim-
sulfamethoxazole, ampicillin, and streptomy-
cin; and one to sulfonamides, ampicillin, and
streptomycin. Similarly, 3% of 511 isolates stud-
ied during the 1993-1994 outbreak showed
variable resistance: one was resistant only
to ampicillin; one to erythromycin, ampicil-
lin, and streptomycin; one to sulfonamides
and trimethoprim-sulfamethoxazole; one to
tetracycline, sulfonamides, trimethoprim-
sulfamethoxazole, ampicillin, and streptomy-
cin; and a group of 12 isolates was resistant o
streptomycin only. No resistance was reported
to any of the antimicrobials tested during the
fourth (n=133) and fifth outbreaks (n=277) of
cholera. During the sixth epidemic period
(1996-1997), of the 252 isolates studied, 20 (7%)
presented multiple resistance; they were sen-
sitive to ciprofloxacin and to erythromycin.
Furthermore, in that same period four other
isolates had different resistance profiles:
one showed resistance to sulfonamides,
trimethoprim-sulfamethoxazole, and nitro-
furantoin; one to erythromycin, nitrofurantoin,
and ampicillin; one to tetracycline, erythromy-
cin, chloramphenicol, nitrofurantoin, ampicil-
lin, and streptomycin; and one to nitrofuran-
toin and ampicillin. The 13 isolates recovered
in the seventh outbreak (1997-1998) presented
resistance only to sulfonamides and trime-
thoprim-sulfamethoxazole. During 1999 no
cases of cholera were reported in Argentina
(personal communication, Dr. Norma Binztein
and Dr. Marcelo Galas, Antimicrobial Service,
National Institute of Infectious Diseases “Dr.
Carlos G. Malbran,” ANLIS; unpublished data).

In Nicaragua, analysis of 120 isolates in 1993
indicated that all were sensitive to all the an-
tibiotics tested, including ampicillin and
trimethoprim-sulfamethoxazole. The first re-
sistant strains, recovered from two patients
who had come from Nicaragua, were isolated

in 1995 in Costa Rica. The study of 143 iso-
lates in Nicaragua in 1995 indicates that
11% were resistant to ampicillin, 27% to
trimethoprim-sulfamethoxazole, and 29.3% to
both antibiotics (81). In Colombia, the isolates
recovered between 1991 and 1996 were all
sensitive to tetracycline, chloramphenicol,
trimethoprim-sulfamethoxazole, norfloxa-
cin, and ciprofioxacin. However, 21% of
176 isolates recovered in 1997 were resis-
tant to chloramphenicol, tetracycline, and
trimethoprim-sulfamethoxazole (57).

DISCUSSION

Antibiotics can be administered, depending
on the type of syndrome manifested by the
patient, for the treatment of enteric infections
caused by any of the etiologic agents men-
tioned in this review. Usually, the infection is
more serious in children under 5 years of age,
the elderly, and individuals with immuno-
deficiency. In general, salmonellosis or shi-
gellosis in transitory carriers, and mild entero-
colitis do not require treatment. When the
predominant symptom is diarrhea with or
without vomiting and dehydration occurs, the
therapy of choice is rehydration. However, in
cases presenting bacteremia from Salmonella,
enteric fever or among chronic carriers, ad-
ministration of antibiotics is indispensable;
ampicillin or trimethoprim-sulfamethoxazole
are the drugs of choice. With regard to shi-
gellosis, in cases in which the infection is not
self-limiting, administration of ampicillin or
tetracycline reduces the period of bacillary
excretion and limits the course of the disease.
Obviously, the treatment of choice will vary
with the pattern of resistance of the microor-
ganisms to the antibiotic being considered.

In the case of Vibrio cholerae, treatment of
dehydration is usually sufficient. However,
the period of bacillary dissemination and,
therefore, of environmental pollution is de-
creased with antibiotic treatment. In addition,
shortening the period of diarrhea shortens the
period of dehydration in the patient.
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The administration of antibiotics in any of
the aforementioned circumstances has the
potential for developing resistance through
selection of the resistant bacterial population
or the transfer of genetic material through
plasmids or transposons, either between the
same species or between different enterobac-
teria. Thus, for example, the increased fre-
quency of Salmonella resistance to some anti-
biotics is related to their therapeutic use in
humans (5). The information available shows
that 40% of the cases were treated with antibi-
otics and that almost 9% had received antimi-
crobials a month prior to the onset of salmo-
nellosis, which strengthens the presumption
that part of the resistance is related to the use
of antibiotics in the treatment of the human
salmonellosis (6). The resistance in Salmonella
was also linked with the introduction of anti-
biotics in livestock or pouliry to promote
growth or to prevent or treat infections, thus
giving rise to the selection and persistence
of resistant bacteria in animals destined for
human consumption and, potentially, cases
of human disease due to multiresistant bac-
teria (82).

Although this literature review included
more than 80 articles published in the Region
between 1961 and 2000 on the sensitivity of
Salmonella, Shigella, and V. cholerae to different
antibiotics, in several studies the number of
isolates whose sensitivity was studied was
small. In addition, information on the antimi-
crobial resistance of isolates of Salmonella and
Shigella was obtained from only 10 of the 35
countries of the Region. With regard to the
antimicrobial resistance of V. cholerae, informa-
tion was obtained on seven of the 20 coun-
tries that reported having had outbreaks of
cholera between 1991 and 1993 (73). The in-
formation reviewed made it possible to deter-
mine the resistance to certain antibiotics and,
to a lesser extent, the trends in some countries
and during specific periods. In only part of
the published articles, mostly those originat-
ing in the United States, was it possible to re-
late the data on resistance to antibiotics with
the temporal, geographic, and demographic

context. Among the various countries there
were differences as to the year in which the
first studies on Salmonella and Shigella resis-
tance to antimicrobials were conducted and
published. Thus, for example, the information
reviewed on the resistance of Salmonella in
United States was published in 1961, based on
data from studies conducted in 1948 (1), while
for Colombia, the information was published
in 1999 (57) but the studies had been done
between 1991 and 1997. For Brazil, the in-
formation reviewed on the resistance of Shi-
gella to antimicrobials was from studies con-
ducted between 1950 and 1959 and published
in 1970 (70).

In all the countries in which it was possible
to obtain data for successive periods, resis-
tance tended to increase over time. However,
there were some differences among countries.
Thus, for example, the frequency of resistance
to chloramphenicol among isolates of Salmo-
nella in the United States during the period
1948 to 1997 (0% to 10%) was lower than that
detected in Mexico (30% to 50%) in the period
1978 to 1985. Susceptibility to that antibiotic
was also marked (>90%) in Argentina, even
between 1995 and 1998, and in Chile in 1996,
In addition, Jamaica was the only country in
which the resistance of Shigella to ampicil-
lin, chloramphenicol, and trimethoprim-
sulfamethoxazole was equal to or lower than
8%. In the other countries, except for the first
articles published in Brazil in 1950, in Chile in
1983, and in the United States from 1970 to
1986, resistance rates were higher.

The data presented in this review should be
interpreted carefully, since the patterns of re-
sistance in each country can be influenced by
local variations in the circulation of the mi-
croorganisms. Furthermore, the differences
found may be due simply fo an artifact, since,
with few exceptions, the rates of resistance
presented in the articles reviewed are based
on potentially biased samples of microorgan-
isms, because the isolates analyzed might have
been sent to the laboratory for diagnostic pur-
poses or because of failure of the empirical
therapy instituted, or because they are from
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patients who came from different types of
health care facilities. Furthermore, the differ-
ences among various periods in a single coun-
try or different countries may be the product
of sample size, publication bias (83), or the use
of different laboratory techniques or cut-off
points for the evaluation of sensitivity, or even
of quality control.

Even though the information obtained from
the published articles is too partial and frag-
mented to be used in assessing trends and
determining resistance patterns by country
and even less by smaller geographic areas, its
importance from the clinical, epidemiological,
and socioeconomic standpoints cannot be dis-
missed. The findings point out that, in most
countries, over 40 years after the appearance
of resistance to antimicrobials, monitoring or
surveillance is not carried out, or has been re-
stricted to a limited number of samples, which
negatively affects its usefulness.

Inasmuch as antibiotic therapy will con-
tinue to be utilized, surveillance of resistance
should be routine in all the couniries of the
Region, not only as a part of activities to pro-
mote the rational use of antibiotics, but be-
cause of its importance in relation to patient
treatment and to the introduction of changes
in medication in a timely fashion.
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ANTIBIOTIC RESISTANCE IN LATIN
AMERICA: IMPORTANCE OF THE ARTEMIS
AND RESIST NET PROGRAMS

Resist Net Collaborative Group

The Artemis project was designed fo eliminate a series of intrinsic problems associated
with international surveillance studies, such as the lack of standardized testing methodolo-
gies and the limited number of isolates and sites for the studies and for validation of the
information. This study applied a standardized methodology for sensitivity testing, together
with standardized reagents and materials. Of the isolates studied, 10% were validated in a
central laboratory, where they were stored for future reference and research. The Artemis
project, which began in January 1997 and ended in June 1998, was conceived as a global
study for in vitro monitoring of the patterns of resistance to various antimicrobials in many
countries. In Latin America, 10 countries and 30 hospitals participated. Each center col-
lected 190 isolates of Gram-positive or Gram-~negative aerobic bacteria or facultative anaer-
obes, and a total of 100 isolates of the following bacteria: Staphylococcus aureus, Strep-
tococcus pyogenes, and difficult-to-grow bacteria, such as Haemophilus influenzae,
Streptococcus pneumoniae, and Moraxella catarrhalis. A total of 7 300 isolates of vari-
ous Hypes of infections were collected in the period in question. This is the information
analyzed here.

Artemis served as the inspiration for the Resist Net project, launched in April 1998,
which is also described here. Resist Net is a multicenter international project involving 11
countries. As of May 1999 a total of 131 centers were participating in the project, whose
design is more long-ferm. Some changes were introduced, such as the use of the disk diffu-
sion method (Kirby-Bauer-Sherry). Like Artemis, Resist Net was created as a program for
continuous monitoring of the sensitivity patterns of the most common pathogens in com-
munity and hospital environments.

As of 1 November 1998 a fotai of 26,999 isolates had been obtained from all the partici-
pating countries. By May 1999 a total of 84,044 isolates had already been collected. The
information below is incomplete and represents only a general analysis of the microorgan-
isms of current epidemiological and clinical importance most commonly isolated in the
period April to September 1998.

INTRODUCTION interest in scientific fora over the past 10 years.

Although this phenomenon was first recorded

Resistance to antibjotics and antimicrobials ~ in the 1940s in the description of a strain of
has been a highly important topic of common  B-lactamase-producing Staphylococcus aureus,
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the scientific community has witnessed the
advent of new antibiotics of different classes.
Strains of infectious agents that are initially
susceptible o these drugs soon become resis-
tant to them, a phenomenon that has been re-
ported in every country in the world. There
are currently strains of Staphylococcus aureus
susceptible only to vancomycin. If such strains
acquire genes that confer resistance to that
antibiotic, for example from Enterococcus, we
will soon find ourselves in a situation similar
to that of the era prior to the discovery of
antibiotics.

In some countries and regions such as the
United States of America, Canada, and Eu-
rope, resistance to various classes of antibiot-
ics or to specific antimicrobials is more or less
well known. Nevertheless, specialists in this
field have pointed out that much remains to
be known and described. In other regions,
such as Africa, Southeast Asia, and Latin
America, little is known about antimicrobial
resistance and there is no real understanding
of the magnitude of the resistance of the vast
majority of bacteria, whether community- or
hospital-acquired. Attempts have been made
to describe what is happening in the countries
of Latin America. However, given the scarcity
of data and regular publications with up-to-
date information, it is difficult to draw any
conclusions (1-3).

National and international antimicrobial
resistance surveillance studies have contrib-
uted to an understanding of this problem (4-
7). These surveillance systems have reported
on the susceptibility patterns of a variety of
pathogens and have investigated demo-
graphic and geographical differences in the in
vitro efficacy of numerous antimicrobials. The
data generated by these studies should be in-
terpreted with caution, since local differences
can be masked in the national information (8).
Similarly, information generated in one coun-
try cannot be applied to others, since condi-
tions may be different. The Artemis project
was designed to eliminate a series of intrinsic
problems associated with international sur-
veillance studies—for example, the lack of

standardized test methods (9) and the limited
number of specimens and sites (10) for stud-
ies and validation of local information. The
Arternis study utilized a standardized method
(E-test®) for conducting susceptibility tests,
in addition to standardized reagents and ma-
terials. Ten percent of the specimens studied
were confirmed in a central laboratory,' where
they were conserved for future reference and
research. '

Drawing its inspiration from this project,
the Resist Net project, described below, was
launched in April 1998. Capitalizing on the
experience of Artemnis made it possible to de-
sigh a new, longer-term study. Some changes
were introduced, like the use of a more prac-
tical and accessible methodology, such as disk
diffusion (Kirby-Bauer-Sherry).

THE ARTEMIS PROJECT?

The Artemis project was conceived as a glo-
bal study for the in vitro monitoring of pat-
terns of resistance to different antimicrobials
in many countries (11). In Latin America, 10
countries and 30 hospitals participated.

The project was launched in January 1997
and concluded in June 1998. Participating
countries included: Argentina (6 centers), Bra-
zil (56 centers), Chile (1 center), Colombia (4
centers), Ecuador (1 center), Guatemala (1 cen-
ter), Mexico (5 centers), Peru (1 center), Uru-
guay (1 center), and Venezuela (5 centers).
Table 1 presents the number and percentage
distribution of the isolates, by country.

Materials and Methods

All the laboratories participating in the
project were requested to collect a minimum
of 290 recently isolated clinical specimens of

! International Health Management Associates, Mount
Pleasant, IL, USA.

2 The bulk of the information cited here was published
in Revista Panamericana de Infectelogta Volume 1 Number
2, pages 68-75, 1999.



TABLE 1. Number of clinical isolates from the respiratory tract in Latin America and percentage distribution per country between fanuary 1997 and
June 1998, ArtemierS!qji_y_

" Number of Viso'lal_(_.'_;)_("’/u_ir_w

Pathogen Argentina Brazil Chile Colombia  Ecuador  Guatermala  Mexico Peru Uruguay  Venezuela Total
Haemophilus

influenzae 125(18.6) 114 (17.0} 38 (5.7} 108 {16.1) 63 (9.4 3(0.5 79(11.7) 26 (3.9} 27 (4.0 89013.2) 672
Klebsiella

preumoniae 116 (25.6) 70(15.5) 17 (3.8} 55 (12.1} 19 (4.2) 8(1.8) 68 (15.0) - 92.00 91 (20.1) 453
Moraxella .

catarrhalis 99 (32.1) 45 (14.6) 10(3.2) 17 (5.5) 12 (3.9) - 28 (9.1} 31 (0.1 32{(104} 34(11.0) 308
Pseudomonas

aeruginosa 138(25.3) 96 {17.6) 19 (3.5) 58(10.6} 20(3.7) 24 (4.4) 60 (11} 10(1.8) 21(3.8) 100(18.3) 546
Staphylococcus

aureus, methicillin-

sensitive 135(17.2) 125 (16.0) 251(3.2) 133 (17.0) 212.7) 30 (3.8} 104 {13.3) 2513.2) 19(2.4) 166{21.2) 783
Staphyiococcus

aureus, methicillin-

resistant 23273 26309 - 9(10.7) 5(5.9) - 8(9.5) - 3(3.6) 10(11.9) 84
Streplococcus

pneumaoniie 210 Q24.4) 123 (14.3) 40 (4.0} 119(13.8) 20 (2.3} 4 {0.5) 131(15.2) 23(2.7) 38 (4.49) 153(17.8) 861

dnoin aAne0qejoD) 19N 15159y
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community or hospital origin. Duplicate speci-
mens were not accepted. Each isolate was
identified down to its species and was sub-
jected to antimicrobial susceptibility tests at
the collection center. Also recorded were de-
mographic data, including the size of the hos-
pital, the patient’s location, and the source of
the infection. Every center collected 190 iso-
lates of facultative Gram-positive or Gram-
negative aerobic or anaerobic bacteria and a
total of 100 isolates of the following: Staphylo-
coccus aureus, Streptococcus pyogenes, and fas-
tidious species, such as Haemophilus influen-
zae, Streptococcus preumoniae, and Moraxella
catarrhalis. The antimicrobial resistance of all
isolates was evaluated with the E-test®
{AB BIODISK, Solna, Switzerland), following
the manufacturer’s recornmendations. A panel
of antimicrobials was used that included:
trovafloxacin, ciprofloxacin, amoxicillin-
clavulanate, ampicillin-sulbactam, cefo-
perazone-sulbactam, cefaclor, ceftazidime,
ceftriaxone, and cefuroxime. In addition, all
isolates of S. aureus were tested for resistance
to methicillin; all 5. pneumoniae isolates for
resistance fo penicillin; and all H. influenzae
and M. catarrhalis isolates, for production of
B-lactamases. A central laboratory (Interna-
tional Health Management Associates, Mount
Pleasant, Illinois, USA) was in charge of pro-
viding all E-test® strips and the culture me-
dia. The isolates were sent to this laboratory
and frozen for future research. All results are
recorded in a centralized project database.
Validation of the results took place at the cen-
tral laboratory, where 10% of the isolates were
reidentified and the minimum inhibitory con-
centrations (MIC) evaluated by the broth
microdilution reference method, following the
procedures recommended by the U.S5. National
Comimittee for Clinical Laboratory Standards
(NCCLS) (12). When discrepancies were higher
than 10%, laboratory tests were repeated. Each
local laboratory was also asked to conduct qual-
ity control tests at intervals of at least one week,
using the standard ATCC control strains for
S. pneumoniae # 49619, H. influenzae# 49247, Es-
cherichia coli #25922, S. aureus #29213, Pseudomo-

nas aeruginose #27853, and Enterococcus faecalis
#29212. The cutoff point for determining the
susceptibility of pathogens to antimicrobials
was the one indicated in the guidelines ap-
proved by the NCCLS (12) and the U.S. Food
and Drug Administration (FDA).

Results

A total of 7,300 diverse specimens were col-
lected from infections in the period in ques-
tion. The initial analysis of this information
was conducted exclusively with the isolates
from infections of the respiratory tract—3,707
in all, both community- and hospital-acquired.
This information is shown here. There was
a clear predominance of specimens from
community-acquired infections.

The distribution of the isolates, which ap-
pears in detail in Table 1, was as follows: 861
isolates of S. preumonine (23%), 867 of S. aureus
(23%), 672 of H. influenzae (18%), 546 of
P. aeruginosa (15%), 453 of Klebsiella preumoniae
(12%), and 308 of M. catarrhalis (8%). The
majority of H. influenzae and M. catarrhualis
isolates were sensitive to tested antibio-
tics (>97%). Just under 3% of these isolates
were resistant to trovafloxacin, ciprofloxacin,
ampicillin-sulbactam, amoxicillin-sulbactam,
cefoperazone-sulbactam, ceftazidime, and
ceftriaxone.? Only 9% of H. influenzae isolates
were resistant to cefaclor, and 10% of M. ca-
tarrhalis isolates were resistant to cefuroxime.

Of the 861 isolates of Streptococcus pneu-
moniae, only 643 were tested for sensitivity fo
penicillin. Of these, 524 (81.5%) were sensitive
and 119 (18.5%), resistant. Of the resistant
strains, 66 had intermediate resistance (55.4%),
and 53 (44.6%) were highly resistant. Of the
total S. prneumoniae isolates tested for resistance
to penicillin, 66 (10.2%) had intermediate sen-
sitivity to penicillin and 53 (8.2%) were highly
resistant (Table 2).

# This same phenomenon has been observed with third-
generation cephalosporins (cefotaxime and ceftriaxone)
by various investigators in the Resist Net study (see fur-
ther on). This information was discussed within this group
af their Jast meeting (May 1999) and must be confirmed.
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TABLE 2. Comparative in vitro activity against penicillin-sensitive and penicillin-resistant strains of Strep-

tococcus pneumoniae. Artemis Study

Sensitive Intermediate Resistance High Resistance
(MIC < 0.06 mg/L) (MIC=1 mp/) (MIC 2 2 mpfl}
=524 (81.5%) =66 (10.3%) =53 (8.2%)

Antimicrobial MIC,,  Susceptibility (%) MIC,, Susceptibility (%) MIC,, Susceplibility (%}
Trovafloxacin 6.25 99.6 0.5 100 038 100
Ciprofloxacin 2 ND 2 ND 2 ND
Cefaclor 1 ND 24 N/D >256 ND
Ceftazidime 1.5 ND 16 ND 64 ND
Ceftriaxone 0.094 97.7 1 87.7 3 24.5
Cefuroxime 0.25 95.6 2 68.2 12 11.3
Amoxicillin-clavulanate 0.047 97.5 1 84.4 2 32
Ampicillinsulbactam 0.094 ND 1.5 ND 8 ND
Cefoperazone-sulbactam 0.38 N/D 2 ND 4 ND

N/D = Not determined.

More than 99% of the isolates of S. pneu-
monige were susceptible to trovafloxacin, re-
gardless of their sensitivity to penicillin (MIC,
0.25 mg/L}. Ciprofloxacin was the least active
drug against S. pneumoniae, with an MIC,, of
3.0 mg/L. Second-generation (cefaclor and
cefuroxime) and third-generation cepha-
losporins (ceftazidime, ceftriaxone, and
cefoperazone-sulbactam) were powerful
against the majority of S. pneumoniae isolates.
The MIC_ were 32, 4,24, 1, and 2, respectively
(Table 3). The prevalence of penicillin-resistant
S. pneumoniae was 27% in Argeniina, 21% in
Mexico, 15% in Colombia, 11% in Venezuela,
and 3% in Brazil. Given the limited number
of specimens collected in the other countries,
it is not possible to draw conclusions about
the prevalence of penicillin-resistant 5. preu-
monige (Table 4).

The prevalence of B-lactamase-positive
Haemophilus influenzae throughout the study
was 16%, but varied from country to country:
it was 22% or more in Argentina, Mexico, and
Uruguay; between 15% and 19% in Brazil,
Chile, and Venezuela; and less than 10% in
Colombia, Ecuador, and Peru (see Table 4).
Overall frequency of B-lactamase-positive M.
catarrhalis was 76%; the lowest figures were
for Peru and Venezuela, with 9% and 15%,
respectively. The rest of the countries had fre-
quencies that ranged from 79% to 100%.

In total, 867 isolates of Staphylococcus aureus
were collected in the countries participat-

ing in the study. Of these, 84 (9.7%) were
methicillin-resistant. All the antimicrobial
agents tested exhibited a comparable degree
of activity (>90%) against methicillin-resistant
Staphylococcus aureus strains (see Table 3), with
the exception of ceftazidime and ceftriaxone,
which yielded sensitivities of 24% and 76%,
respectively.

With regard to Klebsiella pneumoniae, 407 (90%)
of the 453 isolates were sensitive to the two
quinolones tested and 84% to cefoperazone-
sulbactam. Some 40% to 60% of the strains ex-
hibited sensitivity to the rest of the antibiotics
(see Table 3). The sensitivity of Pseudomonas
aeruginosa to antibiotics with activity against
Pseudomonas (ciprofioxacin, ceftazidime,
cefoperazone-sulbactam, and trovafloxacin)
was similar, ranging from 63% to 68%.
Resistance to ciprofloxacin, ceftazidime,
cefoperazone-sulbactam, and trovafloxacin
varied from country to country, ranging from
66.7% to 48.6% in Mexico and Argentina,
70.7% to 59.6% in Colombia, and 82.3% to
70.8% in Brazil and Venezuela (Table 5).

RESIST NET PROGRAM

Like Artemis, Resist Net was created as a
program for continuous surveillance of sensi-
tivity patterns among the most common
pathogens in community and hospital envi-
ronments. It was also a response to the need
for an extensive, highly reliable database. The
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TABLE 3. in vitro susceptibility of respiratory pathogens in Latin America, by infectious agent, Artemis
Study

Staphylococcus Staphviecoccus

aureus aureus
. Haemophilus  Klebsiella Moraxella  Pseudomonas methicillin- methicillin-  Streptococcus
influenzae  preumonize  catarrhalis  aeruginosa sensitive resistant  pneumoniae

Antimicrobial (n=672) (n=453) {(m=308) (n=546}) (n=783} {n=84) (n=861)
Trovafloxacin

Susceptibility (%) 99,9 91.8 99.3 62.5 99.2 90.5 99.5

MIC,, 0.064 1.5 0.125 32 0.064 2 0.38
Ciprofloxacin

Susceptibility (%) 98.1 90,9 96.7 65,7 95.2 41.5 N/D*

MIC,, 0.047 1.0 0.25 32 0.5 32 3
Cefaclor

Susceptibility (%) 90.9 50.9 99.0 0.8 94.6 26.8 N/D*

MIC,, 8 256 2 256 4 256 32
Ceftazidime

Susceptibility (%) 97.2 62.1 97 66.2 23.6 1.2 N/D*

MIC,;O 0.75 256 2 256 32 256 24
Ceftriaxone

Susceptibility (%) 99.6 61.5 99 3.1 76.3 14.6 87.5

IC,, 0.032 32 1 32 32 32 1

Cefuroxime

Susceptibility (%) 97.8 46.4 90.1 1 95.2 28.6 789

MIC,, 2 256 4 256 3 256 4
Amoxicillin-clavulanate

Susceptibility {%) 99.1 46.3 100 2.1 95.5 329 86.8

MIC,, 1.5 256 0.75 256 3 64 1
Ampicillin-sulbactam

Susceptibility (%) 97 41.4 100 3.6 96.4 41.7 80.8

MIC,, 1.5 256 0.75 256 4 48 1.5
Cefoperazone-sulbactam

Susceptibility (%) N/D* 83.8¢ 100 67.61 97 .9t 43 .41 N/D*

MIC, Q.5 32 1 128 4 256 2

* NCCLS has not determined cutoff points.
*Adapted on the basis of cutoff points for cefoperazone, according to the NCCLS.

TABLE 4. Percentage distribution of penicillin-resistant isolates of Streptococcus pneumoniae, methicillin-
resistant Staphylococcus aureus, B-lactamase-producing Haemophilus influenzae and B-lactamase-producing
Moraxella catarrhalis, by country. Artemis Study

5. preumoniae S. aureus H. influenzae M. catarrhalis

Resistance Resistance

to peniciltin to methicillin B-lactamase B-lactamase
Country Total  No. % Total  No. % Total  No. % Total  No. %
Argentina 165 45 27 158 23 15 123 29 24 92 86 93
Brazil 98 3 3 151 26 17 93 18 19 39 39 85
Chile 33 14 42 25 - - 38 6 16 10 10 100
Colombia 86 13 15 142 9 6 102 6 6 17 17 94
Ecuador 16 2 13 26 5 19 62 4 & 12 12 83
Guatemaia 4 21 - 30 - - 3 - - - - -
Mexico 100 - 21 112 8 7 72 16 22 24 24 79 |
Peru 6 1 17 25 - - 13 1 8 22 22 9
Uruguay 34 9 26 22 3 13 27 7 26 32 32 97
Venezuela 103 11 11 176 10 6 72 11 15 27 27 15

Total 645 119 18 867 84 10 605 98 16 275 275 76

-~ = Zero.
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TABLE 5. Pattern of Pseudomonas aeruginosa susceptibility in Latin America (MIC mg/L and percentage of
susceptibility) to antimicrobial, by counfry. Artemis Study

Argentina Brazil Chile Colombia Ecuador Guatemala Mexico Peru Uruguay Venezuela

Antimicrobial (n=138} (n=96} (n=19) (=58} (n=20) (n=24) (n=60) (n=10} (n=21) (N=100)
Trovafloxacin
Susceptibility (%} 48.6 71.9 52.6 63.8 60 72 66.7 40 57.1 82
MIC,, 32 32 32 32 8 6 32 32 32 32
Ciprofloxacin
Susceptibility {%) 493 708 421 65.5 85 91.3 65 20 65 82
MIC 32 32 32 32 2 1 32 32 32 32
Ceftazidime
Susceptibility (%) 64 729 737 70.7 40 66.7 533 60 52.4 76
MIC 256 96 256 64 256 64 256 48 256 9%
Cefoperazone-sulbactam
Susceptibility (%) 59.1 823 89.5 59.6 40 75 59.3 60 524 78
MIC, 96 64 32 128 256 48 256 256 128 64

90

initial proposal was to include as many Latin
American countries and centers as possible
and, in the course of one year, to collect from
60,000 to 80,000 isolates. These were tested for
susceptibility by the disk diffusion method.
All the centers used this method, according
to the standards set by the NCCLS (13). Speci-
men collection began in April 1998, and the
first phase concluded in April 1999.

External quality control for the study was
the responsibility of the microbiological re-
search laboratory at Brigham and Women's
Hospital in Boston, Massachussets (Dr. Tho-
mas O’Brien coordinated this part of the
study). Test strains were sent three times a year
to each country coordinator for distribution
to the centers, which identified the genus and
species; the strains were tested for sensitivity
to certain antibiotics and their inhibition zones
measured. Reports were sent to the country
coordinator, who, in turm, informed the exter-
nal quality control coordinator. The country
coordinator or the person whom he or she
designated conducted periedic audits to verify
internal quality control. The Pan American
Sanitary Bureau, Regional Office for the
Americas of the World Health Organization,
collaborated in these audits.

In order to conduct the study, a manual of
procedures and quality control was prepared

based on the NCCLS standards for sensitivity
testing; the manual also includes the neces-
sary steps to ensure adequate internal quality
control. The manual was reproduced and dis-
tributed to all participating centers. Among
the many topics addressed in the manual is
the medium selection, control strains, storage
of disks, preparation and standardization of
the inoculum, length and conditions of the
incubation, and reading and interpretation of
the results. The manual was prepared follow-
ing the guidelines published by the NCCLS,
the American College of Pathologists and the
American Society for Microbiology.

The following countries participated in the
Resist Net project; the number of centers in
each country appears in parenthesis: Argen-
tina {31), Brazil (10}, Chile (5), Colombia {6),
Costa Rica (1), Ecuador (3), Guatemala (1),
Mexdico (13), Peru (3), Uruguay (7), and Ven-
ezuela (7). A total of 87 centers had partici-
pated by November 1998. In May 1999, there
was a total of 131 centers participating in the
project. More centers will be added in the sec-
ond phase of the project.

Method

Organization: The program has a general
coordinator and is sponsored by Pfizer Labo-
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ratories. Each country has a group of research-
ers in various centers, as well as a country
coordinator, who is in charge of determining
which laboratories meet the requirements for
participation in the program; selecting bacte-
ria not specified in the protocol that should
be tested with different antimicrobials; select-
ing antimicrobials not listed as compulsory in
the protocol; preparing local reports; verify-
ing internal quality control at the participat-
ing laboratories; holding meetings with other
local researchers; analyzing the information
generated; cleaning up databases, and other
functions. Participating laboratories had to
meet quality standards and keep up-to-date
with sensitivity testing using the disk diffu-
sion method. They also had to be able to re-
ceive bacterial specimens of clinical isolates
obtained within communities or hospitals.
These laboratories, moreover, acted as repre-
sentatives of their respective region or coun-
try. The standards issued by the American
Society for Microbiology, the American Col-
lege of Pathologists, and the NCCLS were ac-
cepted as international standards for labora-
tory procedures.

The WHONET program was utilized to col-
lect the data generated during the project. This
software is free and has already been tested
and validated (14, 15). Pfizer distributed the
software to all country coordinators and par-
ticipating centers. WHONET is used to record
the following information: patient identifica-
tion, age, and sex; data on the specimen; ser-
vice from which the isolate was recovered;
whether it was from an ambulatory or hospi-
talized patient; type of microorganism in-
volved (genus and species); and cutoff points
and the diameter of the inhibition zone, in
millimeters, for each antibiotic tested.

The participating laboratories agreed to fol-
low the method and guidelines proposed by
the NCCLS for sensitivity tests using disk dif-
fusion (Kirby-Bauer-Sherry) as published in
1997 and any subsequent updates (13). The
measurements were always reported in milli-
meters and the diameter of the inhibition
zones were measured by ruler, manual or

semiautomatic calipers, or BIOMIC reading.
In addition, there was a continuous update of
the aforementioned method. Sensitivity read-
ings classified as sensitive, intermediate, or re-
sistant were not acceptable.

The control strains utilized were: E. coli
ATCC 25922; P. geruginosa ATCC 27853; S.
aureus ATCC 25923; E. faecalis ATCC 29212; E.
coli ATCC 35218; N. gonorrhoeae ATCC 49226;
H. influenzae ATCC 49247; H. influenzae
ATCC 49766, and S. prreumonine ATCC 49619,
B-lactamase-producing E. coli ATCC 35218 was
recommended only for quality control of disks
that contained the combination “B-lactam —
B-lactamase inhibitor”, which include ¢la-
vulanic acid, sulbactam, and tazobactam.

All bacteria isolated in the laboratory were
identified down to the genus and species. All
participating centers conducted sensitivity
tests of the following bacteria isolated in the
community: Streptococcus preumoniae, Haemo-
philus influenzae, Moraxella catarrhalis, Strep-
tococcus pyogenes, other f-hemolytic strepto-
cocci, Staphylococcus aureus, Salmonella spp.,
Shigella spp, diarrheogenic Escherichia coli,
and other bacterial enteropathogens such as
Yersinia enterocolitica, and Vibrio cholerae.
Other types of pathogenic bacteria, such as
Neisseria gonorrhoeae and N. meningitidis, were
also included. As in the Artemis project,
collection of duplicate isolates was not per-
mitted. Sequential, but unrepeated, isolates
from hemocultures and sterile fluids were
allowed.

Isolates of enterobacteria, Staphylococcus
spp., Pseudomonas spp., and other nonfer-
menting bacteria (e.g., Acinetobacter and
Stenotrophomonas) were also recovered from
the different services of participating hospi-
tals. For Pseudomonas and other nonfermenting
bacteria, specifically, sensitivity tests were
done using the microdilution method.

The most common sites of specimen recov-
ery were: respiratory tract, abdomen, geni-
tourinary tract, and surgical and nonsurgical
wounds. Every bacterium isolated from ab-
scesses or from fluids and tissues considered
sterile (blood, cerebrospinal fluid, pleural
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fluid) was identified and tested for sensitiv-
ity. Each participating center had to obtain a
minimum of 75 specimens per month.

Each country analyzed the epidemiological
and resistance patterns of antimicrobials se-
lected for routine testing. It was determined
that each bacterium isolated would be tested
with at least seven obligatory antimicrobials,
and that the agents proposed in the NCCLS
standards (13) would be included among
them. Trovafloxacin was included in various
panels as a courtesy to Pfizer. Table 6 lists the
bacteria and compulsory antibiotics. Another
five antibiotics could be tested with each bac-
terium, and the decision on which antimicro-
bials to test rested with each country coordi-
nator, provided that there was a rational basis
for their selection. A maximum of 12 antimi-
crobials were tested for each strain.

During the study, other tests, such as the
nitrocefin test, were conducted to detect
B-lactamases in H. influenzae, M. catarrhalis,
N. gonorrhoeae, S. aureys, and nonurinary Ente-
rococeds spp. In addition, tests were done to
detect broad-spectrum B-lactamases using
aztreonam, ceftazidime, or cefotaxime, as in-
dicated by the NCCLS.

As of 1 November 1998 a total of 26,999 iso-
lates had been coliected in all the participat-
ing countries. Part of this information was
presented during the Pan American Confer-
ence on Antimicrobial Resistance in the Ameri-
cas, held in Caraballeda, Venezuela from 2 to
4 November 1998. By May 1999, a total of
84,044 isolates had already been collected. The
information below is the first to be released. It
is not complete and represents only a general
analysis of the microorganisms of current epi-
demiological and clinical importance most
commonly isolated from April to September
1998. The final analysis of the full database of
ail the microorganisms isolated, by country
and as a whole, will be published at a later
date. Most of the information analyzed in this
paper was presented at the 37th annual meet-
ing of the Infectious Disease Society of Amer-
ica, held in Philadelphia, Pennsylvania, from
18 to 22 November.

SENSITIVITY OF ESCHERICHIA COLI,
KLEBSIFLLA PNFUMONIAE,
SALMONELLA SPP. AND SHIGELLA SPP.
TO VARIOUS ANTIMICROBIALS

The sensitivity of 10,687 isolates of E. coli,
2,347 isolates of K. pneumonine, 403 isolates of
Salmonella spp., and 819 isolates of Shigella spp.
taken from different clinical specimens was
evaluated. Studies were conducted on the sen-
sitivity patterns of these isolates with respect
to the following antimicrobials:

* Salmonella spp. and Shigella spp.: ampicil-
lin, ceftriaxone, ciprofloxacin, chloram-
phenicol, trimethoprim-sulfamethoxazole,
and trovafloxacin.

* Escherichia coli and Klebsiella pneumoniae:
ampicillin, ampicillin-sulbactam, cefalotin,
ceftriaxone, ciprofloxacin, gentamicin, imi-
penem, trimethoprim-sulfamethoxazole,
and trovafloxacin.

For E. coli, the antimicrobials with the great-
est activity were imipenem, gentamicin,
trovafloxacin, and ceftriaxone, which exhib-
ited resistance rates of 0%, 8.9%, 10.5%, and
2.9%, respectively. For K. preumoniae, the
drugs with the greatest activity were imi-
penem and trovafloxacin (0.3% and 6.7% re-
sistance). For Salmonella spp. and Shigelia spp.
the most active drugs were ciprofloxacin and
trovafloxacin (resistance rates ranging from 0
to 0.9%). All isolates of Shigella spp. were sen-
sitive to ceftriaxone. Only in Argentina were
ceftriaxone-resistant isolates of Salmonella spp.
detected; these were isolated during an out-
break of salmonellosis.

SENSITIVITY OF STAPHYLOCOCCUS
AUREUS, COAGULASE-NEGATIVE
STAPHYLOCOCCUS, AND
ENTEROCOCCUS SPP. TO VARIOUS
ANTIMICROBIALS

As mentioned earlier, 11 countries partici-
pated in the network. For analytical purposes,
the information on Staphylococcus aureus,



TABLE 6. Compulsory antibiotics to be tested in the Resist Net Study, by type of bacterium

Bacterium

Compulsory antibiotics

Haerhoghilus spp. *

Streptococcus
pneumoniae
Enterococcus spp.

Staphylococcus spp.!

Streptococcus spp.,
except for
$. pneumoniae

Neisseria gonorrhoeae

Enterobacteria

Salmonelia spp.
and Shigelfa spp.

Ampicillin

Oxacillin
Ampicillin
Oxacillin
Ampiciltin
Penicillin
Ampicillin
Ampicillin

Pseudomonas aeruginesa  Piperacitlin

Acinetobacter spp.

* Susceptibili?)}_iéusié of Haemophilus spp. are conducted in HTM medium.
*Tmp-$mix = trimethoprim-sulfamethoxazole.

Gentamicin

Tmp/Smx * Ceftriaxone Trovafloxacin Azithromycin Chloramphenicol  Cefaclor
Erythromycin Vancormycin Tetracycline Trovafloxacin Tmp/Smx Chioramphenicol
Vancomycin Gentamicin? Streptomycin® Trovafloxacin Ampicilfin- Nitrofurantoin
sulbactam?®
Penicillin Vancomycin Clindamycin Azithromycin Tmp-Smx Trovafloxacin
Erythromycin Vancomycin Chloramphenicol  Clindamycin Trovafloxacin Ofloxacin
Ciprofloxacin Trovafloxacin Ceftriaxone Spectinomycin Azithromycin ! Tetracycline
Cefalotin Gentamicin Trovafloxacin Tmp-Smx Ceftriaxone Ampicillin-
sulbactam
Chloramphenicol  Trmp/Smx Ciprofloxacin Ceftriaxone Trovafloxacin Aztreonam
Gentamicin Ceftazidime Cefoperazone Imipenem Ciprofloxacin Ampicillin-
Ceftazidime Aztreonam Imipenem Amikacin Ciprofloxacin sulbactam

# Gentamicin: High level (120 ug); Streptomycin (300 pg).

§ Optional, based on the researcher’s criterion.

1 It was felt that, in the case of Staphylococcus, gentamicin should be added to seven antibiotics mentioned.
Il Optional. There was no cutoff value at the start of the study.
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swesSoig 19N 1159y PUE SILSUY [EILIBWY UJET UI 80URSISSY JI0IgNUY




Resist Net Collaborative Group 47

coagulase-negative Staphylococcus, and Entero-
coccus spp. was broken down into three groups
of countries:

Group 1: Argentina, Chile, Peru, and Uru-
guay; Group 2: Brazil; and Group 3: Colom-
bia, Costa Rica, Ecuador, Guatemala, Mexico,
and Venezuela.

Isolates of methicillin-resistant Staphylococ-
cus auretis were more common in Groups 1 and
2 and were more frequently associated with
resistance to gentamicin (Group 1, 91%; Group
2, 99%; and Group 3, 41%). The isolates of
coagulase-negative Staphyloceccus were highly
resistant to virtually all antimicrobials ana-
lyzed. Among Enterococcus isolates (n=1,832),
high resistance to streptomycin was more fre-
quent than to gentamicin, especially in Chile
and Mexico. The percentages of Enterococcus
Tesistance to trovafloxacin and ciprofloxacin
were 27% and 63%, 12% and 51%, and 24%
and 74% for Groups 1, 2, and 3, respectively.
Trovafloxacin was more active than cipro-
floxacin against all the species analyzed, ex-
hibiting marked activity against methicillin-
resistant 5. aureus. Vancomycin-resistant
isolates of Staphylococcus aureus were not
detected. In this phase of the study, only a few
vancomycin-resistant isolates of Enferococcus
were detected (Group 1, 2%; Group 2, 2%, and
Group 3, 11%) (Table 7).

SENSITIVITY OF PSEUDOMONAS
AERUGINOSA AND ACINETOBACTER
BAUMANNIITO VARIOUS
ANTIMICROBIALS

A total of 6,891 isolates of Psendomonas
aeruginosa and 1,322 isolates of Acinetobacter
baumannii were analyzed to determine their
patterns of resistance to the various antimi-
crobials used in their management. Only one
isolate per patient was analyzed. Studies were
conducted on the sensitivity patterns of these
isolates with respect to the following antimi-
crobials:

* Pseudomonas aeruginosa: amikacin, aztreo-
nam, ceftazidime, ciprofloxacin, gentami-
cin, imipenem, and piperacillin.

¢ Acinetobacter baumannii: amikacin, cefta-
zidime, ciprofloxacin, gentamicin, and
imipenem. This analysis did not include
information on ampicillin-sulbactam.

The rate of resistance of P. aeruginosa was
over 20% in Argentina, Brazil, Mexico, Gua-
temala, and Uruguay; the lowest resistance
was found in Costa Rica. Ecuador exhibited
the highest resistance to gentamicin (57%),
with figures of over 35% for Brazil, Colombia,
Guatemala, Peru, Argentina, and Mexico;

TABLE 7. Percentage of Staphylococcus aureus, coagulase-negative Staphylococcus and Enterococcus spp.
resistance fo various antimicrobials, by group of countries. Resist Net Study

Percentage of resistance

Group* Number O G z ) X A S GH SH N C T v

SA 1 3,275 39 38 38 N 22 - - - - - 238 5 -
2 383 37 39 40 37 38 - - - - - - 2 -

3 1,529 26 16 30 24 14 - - - - - 26 4 -

NS i 1,603 64 42 44 32 37 - - - - - 25 14 -
2 121 56 21 26 5 33 - - - - - - 14 -

3 1,386 69 48 56 44 50 - - - - - 36 23 -

E 1 827 - - - - - 8 7 24 3 8 63 27 2
2 102 - - - - - i 1 729 - 51 12 2

3 903 - - - - - 12 11 17 43 6 74 24 L

- = zero.
* Country groupings: Group 1: Argentina, Chile,
mala, Mexico, and Venezuela.

Peru and Uruguay; Group 2: Brazil; Group 3: Colombia, Costa Rica, Ecuados, Guate-

SA = Staphylococcus avreus; CNS = coagulase-negative Staphylococcus; E = Enterococcus.
O = oxacillin; G = gentamicin; Z = azithromycin; D = clindamycin; X = wrimethoprim-sulfamethoxazole; A = ampicillin; § = ampicilfin-
sulbactam; GH = gentamicin 120 ug; $H = streptomycin 300 pg; N = nitrofurantoin; C = ciprofloxacin; T = trovafloxacin; V = Vancomycin.
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again, the lowest rate was found in Costa Rica.
Resistance to ceftazidime was highest in Ven-
ezuela (29%), Mexico (25%), and Brazil (21%)
and lowest in Costa Rica (4%) and Peru (3%).
For piperacillin, the following values were
obtained: Ecuador, 46%; Venezuela, 36%; Bra-
zil, 34%; Mexico, 36%, Costa Rica, 11%. Resis-
tance to aztreonam was high in Colombia
(20%), Ecuador (18%), and Mexico (9%) and
low in Peru and Uruguay, where it was 6%.

Imipenem resistance was highest in Brazil
(19%), Ecuador {15%), Argentina (14%),
Mexico, and Uruguay (12% each) and lowest
in Colombia, Guatemala, and Peru. With re-
gard to ciprofloxacin, resistance rates of 52%,
39%, 35%, and 33% were found in Ecuador,
Peru, Colombia, and Brazil, respectively, with
lower figures for Costa Rica (9%).

A. baumanmii exhibited a high rate of resis-
tance to amikacin and gentamicin: Argentina,
65%, and 72%; Venezuela, 56% for both drugs;
Mexico, 55% and 42%, and Brazil, 73% and
52%. Uruguay had the lowest rate: 21% for
both antimicrobials. Resistance to ceftazidime
was high in Argentina and Brazil (63% each),
Mexico (37%), and Uruguay (48%), with the
lowest rate in Venezuela (9%). Resistance to
aztreonam was very high throughout the Re-
gion: Uruguay, 92%; Argentina, 78%; Brazil,
72%, and Mexico, 68%. Resistance to im-
ipenem was high in Mexico (19%) and Ven-
ezuela (33%), but insignificant in Brazil (2%).
High rates of resistance to ciprofloxacin were
found in Argentina (78%), Brazil (76%), and
Uruguay (62%), while in Mexico the rate of
resistance was 26%.

SENSITIVITY OF RESPIRATORY
{SOLATES OF STREPTOCOCCUS
PNEUMONIAE, HAEMOPHILUS
INFLUENZAE, AND MORAXELLA
CATARRHALIS TO VARIOUS
ANTIMICROBIALS

During the period April to September 1998,
a total of 1,085 isolates of Streptococcus pneu-
moniae, 541 of Haemophilus influenzae (26% type

b), and 304 of Moraxella catarrhalis were ana-
lyzed. Penicillin resistance in Streptococcus
preunoniae was determined by disk diffusion
with a 1 ug oxacillin disk.

Overall Streptococcus preumonide resistance
to penicillin was 38.2%. Resistance to eryth-
romycin, trimethoprim-sulfamethoxazole
(tmp-smx), chloramphenicol, tetracycline, and
trovafloxacin was 12.1%, 45.2%, 6.7%, 19.4%
and 0.4%, respectively.

Of all the isolates of Haemophilus influenzae,
20.4% were resistant to ampicillin. Resistance
to chloramphenicol, tmp-smx, and trova-
floxacin was 8.5%, 22.4%, and 0.2%, respec-
tively. Of all the isolates of Haemophilus
influenzae type b, 13.5% produced a halo of
inhibition of approximately & 26 mm for the
30 pg ceftriaxone disk. Other tests to charac-
terize this type of potential resistance were not
conducted in this initial stage of the study.

Thirty-six percent of Moraxella catarrhalis
isolates were sensifive to ampicillin. Trova-
floxacin-resistant strains wezre not identified
among these isolates.

REMARKS

Arternis is the first study in Latin America
to collect a large number of isolates of respi-
ratory origin in a brief period of time. How-
ever, as observed in Tables 1 and 4, in some
countries the number of isolates of some bac-
teria were very low, making it impossible to
draw any conclusions about local sensitivity
patterns. Most collection sites did not obtain
a significant number of isolates of M. ca-
tarrhalis, with the exception of Argentina,
where almost 100 were collected. In contrast,
at least five countries sent a significant num-
ber of S. aureus isolates. The level of resistance
to methicillin detected was approximately 6%
in Colombia, Mexico, and Venezuela, and 15%
in Argentina and Brazil. In Chile, Guatemala,
and Peru no isolates of methicillin-resistant S.
aureus were obtained during this sampling.

Resist Net is a valuable epidemiological
surveillance system for identifying resistance
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patierns in Latin America. Research into po-
tential new resistance mechanisms can emerge
from the information generated by epidemio-
logical surveillance programs such as the one
described here.

This study confirms that bacterial resistance
continues to present a significant problem in
Latin America and underscores the need to
maintain epidemiological surveillance pro-
grams without interruption.

One of the objectives of the Resist Net study
is to collect a sufficient number of isolates of
the principal pathogens in each center, coun-
try, or region to obtain a better understanding
of the phenomenon of resistance in Latin
America. The first phase of Resist Net should
be completed by the end of 1999.
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ANTIMICROBIAL RESISTANCE AMONG
PATHOGENS CAUSING NOSOCOMIAL AND
COMMUNITY INFECTIONS IN LATIN
AMERICA: A COMPREHENSIVE REVIEW
OF 1997 STATISTICS

Helio S. Sader’ and Ronald N. Jones?

The SENTRY Antimicrobial Surveillance Program began in January 1997 and was de-
signed to monitor nosecomial and community-acquired infections via a worldwide surveil-
lance network of sentinel laboratories. This report will present the results obtained with the
10 sites (six countries) that participated in the SENTRY Program in 1997. Rank order of
occurrence and antimicrobial susceptibility of pathogenic species causing bloodstream in-
fections, pneumonia, wound or skin and soft Hssue infections, and urinary tract infections
in hospitalized patients were determined by collecting consecutive isolates over a specified
period of titne. Selected species causing community-acquired respiratory infections were
also evaluated. All isolates were tested by reference broth microdilution, and molecular
studies were performed on selected isolates.

A total of 3,468 bacterial strains were obtained. The largest number of isolates were
collected from patients with bloodstream infections (1,642 cases), followed by pneumonia
(557 cases), wound or skin and soft tissue infections (470 cases), urinary tract infections
(469 cases), and community-acquired respiratory tract infections (330 cases). Escherichia
coli was the most frequently isolated pathogen in general (19.8%). Staphylococcus aureus
was the most common species isolated from bloodstream infections and wound or skin and
soft tissue infections, and Pseudomonas aeruginosa was the most frequent species iso-
lated from patients with nosocomial prneumonia (26.9%). The main resistance problems
found in Latin American medical centers were: imipenem resistance among F. aeruginosa
(72.4%—84.2% susceptibility) and Acinetobacter (88.5-92.0% susceptibility); extended-
spectrum B-lactamases (ESBL) production among Klebsiella pneumoniae (35.0%—44.4%)
and E. coli (4.9~30.3%); fluoroquinolone resistance among E. coli (as high as 40% of strain),
resistance to third-generation cephalosporins among Enterobacter; and oxacillin resistance

Laboratério Especial de Microbiologia Clinica, Federal TThe Medical Microbiology Division, Department of Pa-
University of Sao Paulo, Sdo Paulo, Brazil. thology, University of lowa College of Medicine, lowa
City, Iowa, United States of America.
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among staphylococci. Vancomycin resistance rates remain low among enterococci in Latin

America.

Molecular typing showed a great genomic variability among extended-spectrum
Blactamase-producing strains with some cases of clonal dissemination within and befween
medical centers. Only 47.7% of pneumococci (197 isolates evaluated) were susceptible to
penicillin and approximately 10% of the isolates showed high-level resistance to penicillin
and resistance to third-generation cephalosporins. Trimethoprim-sulfamethoxazole showed
low activity against pathogens causing community-acquired respiratory tract infection
(50.6%—63.5% susceptibility) and some newer quirclones were active against 100% of
these pathogens. The high rates of resistance observed in this study underscore the need for
ongoing global surveillance and local corrective action.

INTRODUCTION

Resistance among many nosocomial and
community-acquired pathogens to standard
antimicrobial agents has become a major prob-
lem throughout the world, with no evidence
of potential deceleration. This has been associ-
ated with changing patterns of pathogen oc-
currence e.g., the emergence of Gram-positive
organisms as the dominant species causing
bloodstream infections (BSI) in patients with
neutropenia (1). The most recent discussions
of this negative event have focused on the mis-
use of antimicrobial agents in the outpatient
setting and elsewhere (2). Actions necessary to
limit the selection of resistance have been sum-
marized in the comprehensive report by the
American Society for Microbiology Task Force
on Antimicrobial Resistance in 1995 (1). That
report emphasized the need for: 1) surveillance
networks to recognize emerging resistance and
direct interventions; 2) education of health care
professionals and the public as to effective pre-
scribing habits or therapeutic expectations; and
3) basic research for developing new modes of
therapy or infection prevention.

In general, resistance to commonly used
antimicrobial agents in predominant patho-
gens is of concern and is a result of selective
pressure due to frequent use of these agents
(3, 4), regardless of the clinical setting. Patho-
gens of primary concern throughout most
countries include oxacillin-resistant staphy-
lococci, penicillin-resistant pneumococci,

vancomycin-resistant enterococci, and the En-
terobacteriaceae resistant to “third-generation”
cephalosporins or extended-spectrum penicil-
lins due to production of extended-spectrum
B-lactamases (ESBL) or chromosomally-medi-
ated inducible cephalosporinases (Bush group
1 or AmpC). The Enterobacteriaceae strains re-
sistant to the fluoroquinolones and non-
fermentative Gram-negative bacilli resistant
to the carbapenems are also troublesome.
Resistance patterns among pathogens may
vary from country to country; thus, global sur-
veillance programs using standardized sus-
ceptibility testing methods are needed to pro-
vide reliable information about emerging
resistance problems throughout the world and
for individual countries. Information from sur-
veillance programs can guide appropriate se-
lection of empiric therapy as well as focus
implementation of preventive measures. In
Brazil, two recent multicenter studies. pro-
vided antimicrobial susceptibility data on lo-
cal pathogens (5, 6). Due to the change in re-
sistance patterns that are occurring in Latin
America and worldwide, ongoing surveil-
lance of predominant pathogens and antimi-
crobial susceptibilities is needed in order to
optimize patient care. The SENTRY Antimi-
crobial Surveillance Program, started in Janu-
ary 1997, was designed to monitor nosocomial
and selected community-acquired infections
via a worldwide surveillance network of sen-
tinel hospitals distributed by geographic lo-
cation and hospital size. The goal of this lon-
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gitudinal surveillance prograim is to track com-
monly occurring pathogens and their antimi-
crobial resistance trends in Latin American
countries, and internationally (United States,
Canada, Europe, Asia, the Middle East, South
Africa, and Australia) over a 3- to 5-year pe-
riod. Antimicrobial susceptibilities of patho-
gens causing BSI and fungemia, pneumonia,
wound or skin and soft tissue infections
(WSSTD), and urinary tract infections (UTT) in
hospitalized patients, as well as fastidious or-
ganisms (Streptococcus pneumoniae, Haemo-
philus influenzae, and Moraxella catarrhalis)
causing community-acquired respiratory tract
infections (CARTI} are routinely monitored.
Some of the SENTRY data collected in 1997
from Latin American countries has been pub-
lished or is in press (7~12). This report will fo-
cus on Latin America and will include the
antimicrobial susceptibility of predominant
pathogens causing blood stream infections,
pneumonia in hospitalized patients, wound
and soft tissue infections, and urinary tract
infections, plus antimicrobial susceptibility of
S. pneumonine, H. influenzae, and M. catarrhalis.
The results were analyzed according to the site
of infection and bacterial species. In general, the
results were similar among the various coun-
tries evaluated and the discrepancies found
among countries will be cited and discussed.

MATERIALS AND METHODS

Ten Latin American laboratories partici-
pated in the study, 8 hospital-based and 2 in-
dependent laboratories serving several medi-
cal centers. Of the 10 laboratories, 7 serve
tertiary hospitals; 2 serve secondary hospitals,
and 1, several primary hospitals. The labora-
tories were distributed throughout eight cit-
ies in six countries: Sao Paulo, Rio de Janeiro
and Florianopolis, Brazil; Buenos Aires and
San Isidro, Argentina; Santiago (two centers),
Chile; Montevideo, Uruguay; Medellin, Co-
lombia; and Mexico City, Mexico.

Bacterial isolates were collected according
to the site of infection:

¢ Blood stream infections——each participating
center sent 20 consecutively collected iso-
lates per month. Thus, each center contrib-
uted approximately 240 BSI isolates per
year.

* Community acquired respiratory infec-
tions—each participating center contributed
over a 6-month period (1 July through 31
December 1997) consecutive clinically sig-
nificant outpatient isolates (one isolate per
patient) of S. preumoniae (n=40), H. in-
fluenzae (n=40), and M. catarrhalis (n=20) that
were considered pathogens. Isolates were
collected from both adults and children.

* For pneumonia in hospitalized patient—
each participant center collected approx-
mately 100 isolates in the second semester
of 1997,

» For wound and soft tissue infections—each
participating center contributed approxi-
mately 50 isolates collected between 1 April
and 30 June 1997.

» For urinary tract infections—each partici-
pating center collected approximately 50
isolates from 1 February through 1 May
1997.

Data collected for each isolate from each
infection site included species identificatior,
local antimicrobial susceptibility profile, date
of isolation, specimen type, and various risk
factors (BSI only). Isolates were placed on
specified transport media or agar slants and
sent to the coordinating/monitoring labora-
tory at the University of Towa College of Medi-
cine (Iowa City, lowa, USA).

Organism identification. All pathogens
were identified at the participating center us-
ing routine methods for that laboratory and
were confirmed at the coordinating laboratory
using automated (Vitek and AP, bioMerieux,
St. Louis, MO, USA) or conventional methods.
Isolates were stored at —70 °C at the coordi-
nating laboratory.

Susceptibility testing., Antimicrobial sus-
ceptibility testing was performed at the coor-
dinating laboratory using broth microdilution
methods as described by the National Com-
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mittee for Clinical Laboratory Standards
(NCCLS) (13). Antimicrobial agents were ob-
tained from respective manufacturers as labo-
ratory-grade powder and included macrolides
* (erythromycin, azithromycin, clarithromycin),
the streptogramin quinupristin-dalfopristin,
glycopeptides (vancomycin, teicoplanin),
fluoroquinolones {(gatifloxacin, ciprofioxacin,
ofloxacin, sparfloxacin, levofloxacin, tro-
vafloxacin), aminoglycosides (amikacin,
gentamicin, tobramycin), carbapenems (imi-
penem, meropenem), a monobactam (az-
treonamy), cephalosporins (cefepime, cefu-
roxime, cefotaxime, ceftriaxone, ceftazidime,
cefazolin, cefoxitin, cefaclor, cefixime), peni-
cilling (ampicillin, penicillin, amoxicillin, ox-
acillin, ticarcillin, piperacillin), B-lactamase in-
hibitor combinations (amoxicillin-clavulanate,
ticarcillin-clavulanate, piperacillin-tazobactam),
and other drugs including clindamycin,
chloramphenicol, tetracycline, rifampin, and
trimethoprim-sulfamethoxazole. Quality con-
trol measures were utilized by testing S.
preumoniae ATCC 49619, S. aureus ATCC 29213,
Enterococcus faecalis ATCC 29212, E. coli ATCC
25922, and P, aeruginosa ATCC 27853, Break-
point interpretive criteria used were those es-
tablished by the NCCLS (14).

Molecular methods. Selected isolates were
genotyped by ribotyping using the Ribo-
Printer™ Microbial Characterization System
(i.e. duPont de Nemours, Wilmington, Dela-
ware, United States of America) according to
the manufacturer’s instructions (15). The pat-
terns were electronically imaged, stored, and
compared. Pattern comparison was based on
both band position and signal intensity (15).

The strains with identical ribogroups were
also molecular typed by pulsed-field gel elec-
trophoresis (PFGE). The PFGE was performed
using restriction endonuclease Spel, as previ-
ously described (16). Analysis of PFGE pat-
terns was performed by visual inspection of
photographs of ethidium bromide-stained
gels. All bands had to match exactly for iso-
lates to be classified as “identical.” Banding
patterns differing by one or two bands were
termed “similar” and were grouped under the

same DNA type. Isolates with a difference of
at least three bands were considered “differ-
ent” DNA {ypes.

The studies of the ESBL-producing Klebsiella
preumoniae and E. coli with isoelectric focus-
ing (IEF) were performed utilizing crude B-
lactamase extracts prepared by freeze-thaw
lysis (17). IEF tests utilized a Multiphore Il
electrophoresis system in ampholine-poly-
acrylamide gels, pl 3.5-9.5 (Pharmacia Biotech
Inc., Piscataway, NJ, USA). Gels were run for
90 minutes at a potential difference of 1,500 V,
30 mA and 30 W and were stained with 0.5
mM Cefinase 2 (Becton Dickinson Microbiol-
ogy Systems, Cockeysville, Maryland, USA)
(18). Preparations of TEM-1, TEM-4, SHV-1,
SHV-3 and SHV-5 were included as standards
in each gel (19).

RESULTS AND DISCUSSION

A total of 3,468 bacterial strains were ob-
tained from 10 laboratories participating in
SENTRY in Latin America in 1997, of which
330 were fastidious organisms from commu-
nity-acquired respiratory infections, and the
remainder were cultured from hospitalized
patients. Based on the study design, the larg-
est number of isolates were obtained from
patients with BSI (1,642 cases), followed by
preumonia (557 cases), WSSTI (470 cases), and
UTI (469 cases). The 15 most frequently oc-
curring pathogens isolated from all nosoco-
mial infection sites are listed in Table 1. The
top seven pathogens accounted for more than
80% of all isolates. E. coli was the most fre-
quently isolated pathogen in general (19.8%
of the total isolates). However, S. aureus was
the most common species isolated from BSI
and WSSTI, and P. aeruginosa was the most
frequent species isolated from patients hospi-
talized with pneumonia (26.9%). Gram-nega-
tive bacteria were responsible for appro-
ximately two-thirds of pathogens isolated
(Table 1).

Bloodstream infections. The predominant
bacterial pathogens causing bloodstream in-
fections in Latin America were S. aureus
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TABLE 1. Occurrence (%) of the 15 major pathogen isolates (3,138 strains) from 10 medical centers in
Latin America. Each strain tested by reference antimicrobial susceptibility methods (1997)

% occurrence in {no. tested):* All sites

Organism in rank order BS1 (1,642) LRTI {(557) 55Ti (470) UTI (469) No. (%6)
1. Escherichia cofi 171 5.9 13.6 52.5 620 (19.8)
2. Staphylococcus aureus 20.5 23.0 28.2 0.6 600 (19.1)
3, Pseudomonas aeruginosa 56 26.9 123 7.5 335 110.7)
4. Klebsiefla spp. 10.3 10.2 83 12.8 325 (10.4)
5. CoNs* 15.2 0.7 4.7 13 282 9.0}
6. Acinetobacter spp. 5.3 11.7 5.5 3.2 193 (6.2}
7. Enterobacter spp. 58 7.0 7.9 43 192 (6.1}
8. Enterococcus spp. 29 20 79 4.3 116 {3.7)
9. Serratia spp. 22 3.6 2.1 2.3 76 {2.4)
10. Proteus mirabilis 1.0 0.5 28 49 35 08
11. Salmonelia spp. 3.0 0.0 0.6 0.2 33 (1.7
12. Streptococcus pnevmoniae 19 14 0.0 0.0 40 (1.3)
13. Citrobacter spp. 0.6 0.9 2.1 2.6 37 (L2
14. Indole-pasitive Proteus 0.5 0.7 1.6 23 33 a1
15. B-haemolytic streptocacci 1.6 0.2 0.8 0.2 32 (1.0}
16. Stenotrophomonas maltophilia 0.9 2.3 0.8 0.0 32 (1O

*BS! = blood stream infections; LRT1 = lower respiratory tract infections; 557! = skin and soft tissue or wound infections; LTl urinary tract
infection; and ColNS = coagulase-negative staphyfococei. A total of 330 fastidious organisms from community-acquired respiratory tract and

other infections are listed in Table 5.

*“Top-ranked pathogens listed by all-site occurrence. The top 10 pathogens accounted for nearly 90% of all isolates.

(20.5%), E. coli (17.1%), coagulase-negative
staphylococci (CoNS) (15.2%), Klebsiella spp.
(10.3%), Enterobacter spp. (5.8%), P. aeruginosa
(6.6%), and Acinetobacter spp. (5.3%). The rank
order of occurrence differed only slightly from
country to country, but greater differences
were found between Latin America and other
regions of the world (10). S. aureus, E. coli and
CoNS were the three most frequent pathogens
in most Latin American countries (except for
Urnguay where Klebsiella spp. was more fre-
quent than CoNS) as well as in the United
States and Canada.

When comparing the data from Latin
America to that of the United States and
Canada we found that Acinetobacter spp.,
Enterobacter spp., and Salmonella spp. were
more common in the former, while Enterococ-
cus spp., and streptococci (S. prneumoniae, B-
haemolytic and viridans group) were more
frequently isolated from BSI in the latter two
countries (10).

The most prevalent Gram-positive organ-
isms causing BSI (Table 2) were S. aureus (336

isolates), CoNS (250 isolates), and Enferococ-
cus spp. (48 isolates). The antimicrobial activ-
ity of 11 drugs against these pathogens is
shown in Table 2. Among the S. aurens isolates,
29.2% were resistant to oxacillin. Oxacillin re-
sistance was much higher among the CoNS
(68.4%). For 5. aureus, activity of the other B-
lactam agents tested paralleled that of oxadl-
lin (13, 14). Trovafloxacin and gatifloxacin
were more active than ciprofloxacin against
S. aureus and CoNS, and gatifloxacin was
markedly more active than other fluoro-
quinolones against CoNS. No resistance to
vancomycin was observed among S. aureus or
CoNS. Only one isolate of Enterococcus spp.
resistant to vancomycin was detected. High-
level resistance to gentamicin was docu-
mented in 41.7% of the enterococcal isolates.

The most prevalent Gram-negative patho-
gens causing BSI and their susceptibility to
selected agents are listed in Table 3. Cefepime
was the most active cephalosporin tested
against the five predominant Gram-negative
pathogens, although none of the cephalospor-
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TABLE 2. Antimicrobial susceptibility of the three most frequent Gram-posifive pathogens from blood-
stream infections in Latin America, Senfry Antimicrobial Surveillance Program, 1997

Pathogen (prevalence rank/number tested)

S, aureus (1/336)

CoNS (3/250y%  Enterococcus spp. (9/48)

Antimicrobial agent % susc. % susc.t % susc.'
Oxacillin 70.8 316 0.0
Penicillin - 6.3 10.0 81.3
Clindamyein 74.4 59.2 0.0
Erythromycin 38.9 41.6 -
Ciprofloxacin 723 60.0 333
Gatifloxacin 82.1 91.6 54.2
Trovafloxacin 854 72.8 45.8
Gentamicin 69.9 47.6 58.3
Tetracycline 74.7 74.8 37.5
Trimethoprim-sulfamethoxazole (1:19 78.2 49.6 -
Vancomycin 100.0 100.0 97.9

*CoNS = coagulase negative staphylococci (10 species).

tCategories of susceptibility interpreted by NCCLS [1998] criteria. For gatifloxacin, a fluoroquinolone under investigation, susceptible was

defined as'<2 pg/mL.

ins demonstrated significant activity against
Acinetobacter spp. (0.0%-41.4% susceptible).
Imipenem and tetracycline were the only
agents that exhibited reasonable in vitro ac-
tivity against Acinetobacter spp. (92.0% and
70.1% susceptible, respectively). However,
there is no significant data in the literature
regarding the clinical efficacy of the tetracy-
dlines for the treatment of Acinetobacter infec-
tions. Against the Enterobacteriaceae, cefepime
was the most active cephalosporin; however,
activity of all the B-lactams (except imipenem)
against Klebsiella spp. was reduced. This trend
of lower B-lactam spectrum against Kiebsieila
spp. was also seen in most Latin American
countries and was secondary to a high per-
centage of ESBL-producing strains (7, 20).
Utilizing the screening concentrations rec-
ommended by the NCCLS (14) to predict
isolates of Klebsiella spp. and E. coli suspected
of harboring an ESBL (MIC 22 ug/mL to
ceftazidime or aztreonam or ceftriaxone),
8.5%-8.9% of E. coli and 43.2-44.4% of Kleb-
siella spp. isolates met these criteria. When
analyzing the data by country, the percentage
of ESBL-producing strains causing BSI varied
from 4.5% (Uruguay) to 12.0% (Chile and
Mexico) among E. coli, and from 31.0%
(Mexico) to 56.6% (Brazil) among K. pneu-

moniae. In a recent Brazilian study approxi-
mately 40% of K. pneumoniae isolates collected
in a Sao Paulo University hospital (Hospital
Sao Paulo, Federal University of Sao Paulo)
were ESBL producers. The majority of isolates
from that study corresponded to BSI (21). In
another study, which evaluated isolates col-
lected between December 1995 and March

" 1996 in Brazilian hospitals, only 87% of Kleb-

stella isolates were susceptible to cefoxitin, sug-
gesting that resistance to B-lactams may also
be due to mechanisms other than ESBL pro-
duction (plasmid-mediated AmpC) (5). In a
more recent surveillance study of over 30 Bra-
zilian hospitals, we discovered that approxi-
mately 50% of K. pneumoniae and 15% of E.
coli isolates were potential ESBL producers.
The surveillance study included different
types of hospitals, from small private clinics to
large tertiary university medical centers (22).
Imipenem and the fluoroquinclones were
the most active agents against Klebsiella spp.,
and cefepime and imipenem were the most
active agents against Enferobacter spp. (96.4-
98.2% susceptible). Resistance of Enterobacte-
riacene to the fluoroquinolones appears to be
rapidly increasing in Latin America; a suscep-
tibility rate of 87% among E. coli to fluoro-
quinolones was significantly lower than that
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TABLE 3. Antimicrobial susceptibility of the five most prevalent Gram-negative pathogens causing blood-
stream infections in Latin America. SENTRY Antimicrobial Surveillance Program, 1997

Pathogen (prevalence rank/number tested)

E. coli Klebsiella Enterobacter P aeruginosa Acinetobacter
(27281 spp. (4/169)  spp. (5/96) {6/92) spo. (7/87}
Antimicrobiat class/agent % susc.* % susc.” % SusC.* % susc.* % susc.*
Cephalosporins
Cefazolin 77.6 46.2 42 0.0 5.7
Cefuroxime 84.3 52.7 33.3 1.3 92
Ceftriaxone 93.2 (8.5)* 60.4 (43.2) 76.0 76 172
Ceftazidime 95.0 (8.9)* 66.3 (44.4) 72.6 7.7 39.1
Cefepime 97.2 79.9 94.8 72.8 414
Other p-lactams
Ampicillin 40.9 24 21 0.0 11.5
Aztreonam 93.6 (8.5) 61.5 (42.6)" 72.9(32.3) 65.2 13.8
Imipenem 99.6 99.4 99.0 848 92.0
Piperacillin-tazobactam (4 pg/ml) 87.5 57.4 70.8 859 31.0
Aminoglycosides
Amikacin 97.2 75.7 823 83.7 40.2
Gentamicin 90.7 59.8 75.0 17 40.2
Tobramycin 90.7 54.4 69.8 78.3 42,5
Fluoroquinofones
Nalidixic Acid 83.3 746 79.2 33 356
Ciprofloxacin 86.9 84.0 91.7 73.9 35.6
Gatifloxacin 87.5 89.9 91.7 717 391
Levofloxacin 872 86.4 90.6 739 37.9
Trovafloxacin 87.2 84.0 88.5 68.5 425
Others
Nitrofurantoin 87.1 338 269 0.0 8.1
Tetracycline 52.7 63.3 71.9 0.0 70.1
Trimethoprim-sulfamethoxazole (1:19)  51.6 60.4 76.0 0.0 34.5

*Categories of susceptibility interpreted by NCCLS [1998] critetia. For the investigational fluoroquinelone gatifloxacin, susceptible was

defined as 2 ug/ml.

*Percentages of E. coli and Kiebsieifa spp. isolates meeting the screening ceitevia for pessible ESBL preduction INCCLS, 1938).

observed in Canada and the United States
(97%) (7).

P. aeruginosa causing BSI (92 isolates evalu-
ated) showed high rates of resistance to most
antimicrobial agents tested. Imipenem and
piperacillin-tazobactam were the most active
drugs (approximately 85% susceptible) fol-
lowed by amikacin (83.7% susceptible), tobra-
mycin (78.3%), ciprofloxacin-levofloxacin
(73.9%), and cefepime (72.8% susceptible). F.
aeruginosa resistance to imipenem varied from
around 7% in Argentina and Colombia, to as
high as 24% in Uruguay and Mexico. The in-
creasing resistance of P. aeruginosa to imi-

penem and fluoroquinolones in Latin America
is of great concern.

Acinetobacter spp. was the seventh most fre-
quent pathogen isolated from BSI. A. bau-
mannii is a pathogen of considerable impor-
tance in this geographic area because of the
high mortality related to hospital-acquired
phieumonia, and the fact that said condition is
usually resistant to multiple antimicrobial
agents (23, 24). In our study, 92.0% of Acireto-
bacter spp. isolates were susceptible to
imipenem (MIC 90, 2 ug/mL). Tetracyclines
were also active in vitro (70.1% susceptible).
The next most active compound was tobra-
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mycin, which inhibited only 42.5% of the iso-
lates tested (MIC 50, 16 ug/mL). Thus, only
carbapenems, and possibly some tetracyclines,
represent viable options for treating BSI due
to Acinetobacter spp. in the hospitals evaluated.
These findings are of great concern. The high
prevalence of multiresistant, nonfermentative
Gram-negative bacilli as a cause of BSI em-
phazise their importance as a true cause of
other infections, such as pneumonia. In addi-
tion, these findings may stimulate the use of
carbapenems, and possibly a greater carba-
penem resistance in Latin American medical
centers. ,

Salmonella spp. isolates were analyzed sep-
arately in Table 4. Some degree of resistance
to penicillins was detected (8.2% resistance
to ampicillin, ticarcillin, and piperacillin).
Susceptibility was partially restored by [3-
lactamase inhibitors such as clavulanic acid.
Resistance to trimethoprim-sulfamethoxazole
was relatively high, with only 83.7% of iso-
lates being susceptible MIC <0.5/9.5 ug/mL).
These findings are of concern because ampi-
cillin (or amoxicillin} and trimethoprim-
sulfamethoxazole are very frequently used to
treat salmoneila infections in Latin America.

Community-acquired respiratory tract in-
fection caused by isolates of H. influenzae,
M. catarrhalis, and S. pneumoniae. During

approximately 6 months, 81 strains of H.
influenzae, 52 strains of M. catarrhalis, and 197
strains of S. pneumonine were obtained from
patients with CARTL It should be noted that,
due to the study design, the number of iso-
lates for each organism does not represent the
frequency of occurrence. During 1997, low
compliance by participating centers in the col-
lection of fastidious organisms and the viabil-
ity of the organisms when they reached the
coordinating laboratory resulted in a low
sample size.

The antimicrobial activity of 17 parenteral
and orally administered drugs against these
community-acquired pathogens is shown in
Table 5. Most of the antimicrobial agents tested
showed good activity against H. influenzae,
with notable exceptions of trimethoprim-
sulfamethoxazole (50.6% susceptible), and
clarithromycin (61.7% susceptible). A compari-
son of the susceptibility of H. influenzae to
amoxicillin and amoxicillin-clavulanate
suggests that 16.0% of the strains were
B-lactamase producers. As expected, a larger
percentage (~90%) of the M. catarrhalis strains
were producers of f-lactamase. The B-lacta-
mase stable compounds, including cefepime,
cefotaxime, and cefixime were active against
all of the H. influenzae and M. catarrhalis strains
(100.0% susceptible) (see Table 5).

TABLE 4, Antimicrobial susceptibility of 50 Salmonelfa spp. bloodstream isolates tested against 15 poten-
tial therapeutic compounds. SENTRY Antimicrobial Surveillance Program, 1997

Antimicrobial agent MIC 90 (pg/ml) % Susceptible % Resistant
Ampicillin 2 91.8 8.2
Amoxicillin-clavulanic acid (2:1} 1 93.9 : 2.0
Piperacillin 4 91.8 8.2
Piperacillin-tazobactam (4 pg/ml) 4 98.0 2.0
Ticarcillin 4 91.8 8.2
Ticarcillin-clavulanic acid (2 pg/ml} 4 91.8 6.1
Aztreonam =012 100.0 0.0
Ceftriaxone £0.25 100.0 0.0
Ceftazidime 0.25 100.0 0.0
Cefepime 0.2 100.0 0.0
Imipenem 0.5 100.0 0.0
Ciprofloxacin 0.06 100.0 0.0
Ofloxacin 0.5 100.0 0.0
Gatifloxacin 0.12 100.0 0.0
Trimethoprim-sulfamethoxazole (1:19) >1 83.7 16.3
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Among the 197 outpatient isolates of S.
pneumoniae obtained, only 47.7% were suscep-
tible to penicillin (MIC <0.06 pg/mL), and
approximately 10% had high-level resistance
(MIC, 22 ug/mL) to penicillin. Most 8-
lactams, including cefepime, cefotaxime,
amoxicillin-clavulanate, and amoxicillin (ex-
cept for cefaclor and cefixime where the sus-
ceptibility is determined by the penicillin test
results [14]) were active against more than
90% of strains of S. prnewmonine. Macrolides
and chloramphenicol were active against
90.9%-93.4% of isolates, while only 52% of
isolates were susceptible to trimethoprim-
sulfamethoxazole. Compared to a previous
report of pneumococcal resistance in clinical
isolates from Brazil (25), it appears that resis-
tance is increasing. In an evaluation of 50
strains of 5. preumonige obtained from patients
with pneumonia or meningitis, intermediate
resistance to penicillin among these strains
was 24%; high-level resistance was not de-
tected. Resistance to trimethoprim-sulfa-
methoxazole was 32%, and all but one isolate
was susceptible to erythromycin (25).

Alarge Latin American study conduced by
the Pan American Health Organization
(PAHO) analyzed 1,635 pneumococdi isolates,
and found that 75.1% were susceptible to peni-
cillin (MIC <0.06 pg/mL). Among non-
susceptible strains (408 isolates), 274 (16.7%)
had an intermediate resistance (MIC 0.06-1.0
pg/mL), and 134 (8.2%) presented high-level
resistance (MIC <2 ng/mL). However, there
was a great variation among countries. The
highest rate of nonsusceptible strains was
found in Mexico (47.3%) and the lowest in
Colombia (12.1%). Mexico also presented the
highest rate of high-level resistance (21.3%),
while the lowest rate was observed in Brazil
(1.4%) (26).

Pneumonia in hospitalized patients. The
most prevalent pathogens causing pneumo-
nia in hospitalized patients were P. aeruginosa
(26.9%), S. aureus (23.0%), Acinetobacter spp.
(11.7%), Klebsiella spp. (10.4%), and Entero-
bacter spp. (7.0%). Gram-negative bacilli were
responsible for almost 75% of monitored cases.
Table 6 shows the antimicrobial activity of 15
drugs against the five most prevalent Gram-

TABLE 5. Antimicrobial activity and spectrum for 17 selected parenteral and orally administered drugs
tested against S. preumoniae (197 strains), M. catarrhalis (52 strains), and Haemophilus influenzae (81
strains) in Latin America. SENTRY Antimicrobial Surveillance Program, 1997

H. influenzae

M. catarchalis S. preumoniae

Antimicrobial class/agent MIC 90 % susc.* MIC 90 % susc.” MIC 30 % susc.”
Penicillin >16 - 8 7.7 2 47.7
Amoxicillin >8 84.0 8 7.7 2 94.9
Amoxicillin-clavulanate 1 100.0 0.25 98.1 2 849
Cefaclor 8 93.8 1 100.0 >32 477
Cefuroxime 2 98.8 2 100.0 4 773
Cefixime 0.2 100.0 0.5 100.0 >4 477"
Cefiriaxone? 0.06 100.0 0.5 100.0 0.5 92.4
Cefepime 0.25 87.5 4 100.0 1 85.9
Azithromycin 4 97.5 <0.12 100.0 0.25 90.9
Clarithromycin 16 6.7 <0.25 100.0 £0.25 90.9
Ciprofloxacin 0.03 100.0 0.06 100.0 2 -
Gatifloxacin <0.03 100.0 .06 160.0 0.5 100.0
Levofloxacin <0.5 100.0 <0.5 106.0 2 100.0
Chlaramphenicol < 97.5% =2 100.0 = 93.4
Tetracycline 52 97.5 <2 100.C >16 82.8
Trimethoprim-sulfamethoxazole (1:19) 8 50.6 2 63.5 4 520
Vancomycin >16 0.0 >16 0.0 0.5 100.0

*Interpreted by NCCLS {1998] criteria, where available. Criteria for susceptibility of gatifloxacin was defined as <2 pg/ml.
*Percentage susceptible determined by the penicillin test results [INCCLS, 1998},

1 Also indicates spectrum of cefotaxime.
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TABLE 6. Antimicrobial activity and spectrum for 20 drugs tested against the five most prevalent Gram-
negative pathogens causing pneumonia infections in Latin America. SENTRY Antimicrobial Surveillance

Program, 1997

Pathogen (prevalence rank/number tested)

P. aeruginosa  Acinetobacter Klebsiella Enterobacter E.coli .
(1/150) spp. (3/65) spp. (4/57) spp- (5/39) - (6/33)
Antimicrobial classfagent Yo susC.* % susc.* % susc.* % susc.* % susc.*
Cephalosporins . '
Cefazolin 0.0 1.5 56,1 5.1 424
Cefuroxime 0.0 0.0 509 35.9 57.6
Ceftriaxone 14.7 9.2 64.9 (38.6) 53.8 69.7 (30.3)
Ceftazidime 65.3 20,0 73.7 (38.6) 53.8 84.8 (30.3)
Cefepime 69.3 30.8 73.7 89.7 72.7
Gther B-lactams
Ampicillin 0.0 0.0 1.8 541 27.3
Aztreonam 54.7 0.0 66.7 (38.6) 53.8 69.7 (30.3)
imipenem 74.0 89.2 98.2 100.0 100.0
Piperaciltin-tazobactam (4 pg/ml) 77.3 18.5 64.9 56.4 57.6
Aminoglycosides
Amikacin 753 24.6 842 74.4 818
Gentamicin 64.0 29.2 70.2 69.2 69.7
Fluoroguinolones
Ciprofloxacin 68.0 16.9 82.5 79.5 93.9
Levofloxacin 66.0 18.5 80.7 84.6 93.9
Gatifloxacin 61.3 23.0 86.0 82.1 93.9
Other
Trimethoprim-sulfamethoxazole (1:19) 2.7 24.6 63.2 61.5 48.5

*Categorles of susceplibility interpreted by NCCLS [1998] criteria. For the investigational fluoroquinolone gatifloxacin, susceptible was

defined as <2 pgfml.

*indicates the percentage of isolates having MICs consistent with possible ESBL preduction [NCCLS, 1998].

negative pathogens causing bacterial pneumo-
nia. The strains of P. aeruginosa isolated from
patients with pneumonia showed high rates
of resistance to most drugs tested. Rates of
resistance found in Brazil were generally
higher than those seen in Latin American as a
whole (20). Piperaciilin-tazobactam was the
mostactive drug (77.3% susceptible), followed
by amikacin (75.3%), imipenem (74.0%), and
cefepime (69.3%).

Resistance rates were even higher for
Acinetobacter spp., against which only imi-
penem showed reasonable activity (88.5% sus-
ceptibility). Piperacillin-tazobactam was ac-
tive against only 18.5% of the isolates. All other
compounds inhibited less than 40% of the iso-
lates evaluated. Cefepime was the most active

cephalosporin (30.8% susceptibility) and none
of the quinolones exhibited reasonable activ-
ity against this pathogen. The increasing fre-
quency of Acinefobacter spp. causing pneumo-
nia in hospitalized patients in Latin America
has been reported previously (20, 27), and
Acinetobacter spp. was recently reported to be
the third leading pathogen in hospitalized
patients with pneumonia in Latin American
countries participating in SENTRY (11). The
high rate of mortality associated with this
pathogen in patients with hospital-acquired
preumonia (28) and its resistance to multiple
antimicrobial agents makes it a particularly
acute therapeutic problem. The prevalence of
P. aeruginosa and Acinetobacter spp. in hospi-
talized patients with pneumonia, and the high
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resistance rates of both pathogens seen in this
study suggest that these organisms were cul-
tured from patients with prolonged hospital-
ization and/or previous multiple courses of
antimicrobial agents, who may not be repre-
sentative of the general population of hospi-
talized patients with pneumonia. This is also
supported by the low occurrence in this study
of S. pneumoniae and H. influenzae as pneu-
monia-causing pathogens. However, with
the increasing trend to provide more outpa-
tient treatment rather than hospital-based
therapy, we may have observed a shift in the
pathogens causing pneumonia towards those
that are indicative of nosocomially-acquired
infections.

Cefepime and imipenem were the most ac-
tive agents against Enterobacter spp. (89.7% and
100.0% susceptibility, respectively), whereas
susceptibility rates to the other B-lactams and
cephalosporins were less than 60.0% (5.1% to
56.4% susceptible). The reduced susceptibility
of Enterobacter spp. to ceftazidime, cefiriaxone,
aztreonam (53.8% each), and to piperacillin-
tazobactam (56.4% susceptible) suggests the
occurrence of chromosomally inducible (Class
1 or AmpC) B-lactamase producing strains.
Based on the screening concentrations recom-
mended by the NCCLS (14), approximately
30% of E. coli and 40% of Klebsiella spp. were
possibly ESBL producers. According to the
NCCLS, this suggests that 84.8% of E. coli iso-
lates were susceptible in vitro to ceftazidime,
but 30.3% may be clinically refractory to
therapy by virtue of ESBL production. Ami-
kacin was the most active aminoglycoside. The
four fluoroquinolones tested were uniformly
active against the Enterobacteriaceae, with
slightly less activity against Enterobacter spp.
(79.5-84.6% susceptible) and Klebsiella spp.
(80.7%—86.0% susceptible) than E. coli (93.9%
susceptible). As was noted for the blood stream
isolates, the fluoroquinolones showed greater
activity against Brazilian isolates of Klebsiella
(92.6% susceptible-—data not shown) than
against those from other Latin American SEN-
TRY sites (80%—82% susceptible).

S. aureus was the primary Gram-positive
pathogen causing pneumonia; very few other
isolates (enterococci [11 isolates] and CoNS
[four isolates]) were processed. As was dem-
onstrated with the Gram-negative pathogens
causing pneumonia, resistance rates of S.
aureus were high. Of the 128 strains isolated,
50.0% were resistant to oxacillin (29.2% for
BSD). Similar rates of resistance were seen with
cephalosporins, other B-lactams, clindamycin,
gentamicin, ciprofloxacin, and trimethoprim-
sulfamethoxazole. The newer fluoroquino-
lones, gatifloxacin and trovafloxacin, had
greater activity (77.3% and 78.1% susceptible,
respectively). All isolates were susceptible to
vancomycin. Similar susceptibility patterns,
including ~50% resistance rate to oxacillin,
were seen in isolates of 5. aureus from each
country when the data were analyzed sepa-
rately (data not shown).

Wound or skin and soft tissue infections in
hospitalized patients. The frequency of occur-
rence of pathogens causing WSSTI was, in
rank order, S. aureus (28.2%), E. coli (13.6%),
P. aegruginosa (12.3%), Klebsiella spp. (8.3%),
Enterobacter spp. {7.9%), and Enterococcus spp.
(7.9%) As expected, 5. aureus was the predomi-
nant pathogen, but as observed with other
sites of infections, Gram-negative organisms
played a significant role. Table 7 summarizes
the antimicrobial susceptibility results for the
five most prevalent Gram-negative pathogens
listed in the order of cccurrence. As seen with
the pseudomonal isolates causing preumonia,
the antimicrobial susceptibility rates were also
low among the 58 isolates of P. aeruginosa caus-
ing WSSTI. Piperacillin-tazobactam was the
most active compound with 84.5% suscepti-
bility followed by aminoglycosides (72.4—
77.6% susceptible), ciprofloxacin and imi-
penem (both 72.4% susceptible).

Against Enterobacter spp., cefepime was the
most active cephalosporin (86.5% susceptible)
and was significantly superior to ceftazidime
(59.5% susceptible, P <0.05). Imipenem inhib-
ited all strains at concentrations less than or
equal to the susceptibility breakpoint while the
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TABLE 7. Antimicrobial susceptibility of the five most prevalent Gram-negative pathogens causing skin and
soft tissue infections in Latin America. SENTRY Antimicrobial Surveillance Program, 1997

Pathogen {prevalence rank/number tested)

E. coli P, aeruginosa Klebsielfa Enterobacter  Acinetobacter
(1/60) (3/58) spp. (4/39) spp. (5/37) spp. (6/26)

Antimicrobial class/agent Y% susc.* % susc.*® % susc.* % susc.* %o SUISC.*
Cephalosporins

Cefazolin 583 0.0 46.2 5.4 0.0

Cefuroxime 73.3 0.0 48.7 16.2 0.0

Ceftriaxone 90,0 (11.7¢ 6.9 64.1 (43.6) 70.3 19.2

Ceftazidime 88.3 (15.0¢ 69.0 69.2 (43.6) 59.5 26.9

Cefepime 93.3 64.9 76.9 86.5 26.9
Other B-lactams

Ampicillin 28.3 0.0 2.6 8.1 0.0

Aztreonam 90.0 (15.0) 58.6 66.7 (43.6) 56.8 15.4

Imipenem 100.0 72.4 100.0 100.0 88.5

Piperacillin-

tazobactam (4 pg/ml) 78.3 84.5 61.5 56.8 61.5

Aminoglycosides

Amikacin 91.7 77.6 84.6 91.9 38,5

Gentamicin 70.0 724 61.5 83.8 30.8

Tobramycin 71.7 741 56.4 78.4 38.5
Fluoroquinolones

Ciprofloxacin 60.0 72.4 8§7.2 83.8 30.8

Levofloxacin 60.0 62.1 89.7 83.8 30.8

Catifloxacin 60.0 58.6 92.3 83.8 30.8
Others

Tetracycline 40.0 0.0 66.7 67.6 42.3

Trimethoprim-

sulfamethoxazole (1:19) 41.7 1.7 61.5 81.1 23.1

*Categories of susceptibility interpreted by NCCLS [1998] criterfa. For the investigational flucroquinolone gatifioxacin, susceptible was

defined as <2 pg/ml.

*Proportion of isolates having NCCLS [1998] screening criteria consistent with ESBL production.

fluoroquinolones were active against 83.8% of
the Enterobacter spp. isolates. Interestingly,
trimethoprim-sulfamethoxazole showed rea-
sonable in vitro activity against Enterobacter
spp.- and inhibited 81.1% of the isolates.
Piperacillin-tazobactam and aztreonam exhib-
ited marginal activity against Enterobacter spp.
(56.8% susceptible).

A notable finding in the susceptibility of the
60 E. coli isolates was the high rate of resis-
tance to the fluoroquinolones (40.0%), which
was similar to that exhibited to cefazolin. The
other B-lactams, except ampicillin, and
aminoglycosides remained active against most
E. coli isolates. Fifteen percent of the isolates

were considered ESBL-producers, based on
increased MICs to ceftazidime and/or az-
treonam (NCCLS criteria). Resistance rates to
gentamicin and tobramycin were also high.

In contrast, all Klebsiella spp. isolates were
susceptible to the fluoroquinolones, but sus-
ceptibility to B-lactams and cephalosporins
was variable. Based on NCCLS (1998) criteria
for production of ESBL, 43.6% of the Kiebsicila
spp. were possible producers of these en-
zymes. Imipenem was active against all Kleb-
siella spp. strains, and amikacin was markedly
more active than gentamicin and tobramycin
(84.6%, 61.5% and 56.4%, respectively) (see
Table 7).
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TABLE 8. Antimicrobial susceptibility of the three most common Gram-positive pathogens from skin and
soft tissue infections in Latin America. SENTRY Antimicrebial Surveillance Program, 1997

Pathogen (prevalence rank/number tested)

$. aureus (1/133) Enterococcus spp. (5/37)* CoNS {7122y
Antimicrobial class/agent % susc.! % susc.! % susc.t
Penicillin 38 94.6 4.5
Oxacillin 68.4 0.0 9.1
Clindamycin 729 0.0 545
Erythromycin 271 10.8 36.4
Ciprofloxacin 67.7 27.0 45.5
Gatifloxacin 84.2 64.9 77.3
Trovafloxacin 79.7 56.8 54.3
Gentamicin 69.2 83.8 3.8
Tetracycline 759 37.8 54.5
Trimethoprim-sulfamethoxazole (1:19) 82.0 70.3 40.9
Vancomycin 100.0 97.3 100.0

*Includes E. faecalis (31 strains), £. faecium (three strains), E. avium {two strains), and one unspecified Enterococcus spp.
*CoiNS = coagulase-negative staphylococci that includes 11 unspeciated Staphylococcus spp., S. epidermidis (six strains), 5. haemolyticus

{four strains), and S. equorum {one strain).

“Categories of susceptibility interpreted by NCCLS (1998} criteria. For the investigational flucroquinclone gatiffoxacin, susceptible was

defined at <2 pg/ml.

S. aureus was the most common Gram-posi-
tive organism isolated from hospitalized pa-
Hents with WSST], and the antimicrobial sus-
ceptibility of the 133 isolates is shown in Table
8. Resistance to oxacillin was detected in 31.6%
of the isolates, with similar cross-resistance to
other B-lactams and cephalosporins. How-
ever, piperacillin-tazobactam was slightly
less active (35.3% resistant). Gatifloxacin, a
fluoroquinolone still under research, was the
most active fluoroquinolone (84.2% suscep-
tible) and was the second most active com-
pound for systemic infection after vancomy-
cin (100% susceptible). This susceptibility
profile was similar to that observed with BSI
strains, whereas pneumonia isolates were
markedly more resistant. Coagulase-negative
staphylococci showed higher resistance rates
in general. Only 9.1% of the isolates were sus-
ceptible to oxacillin. The newer fluoro-
quinolone gatifloxacin was markedly more
active than ciprofloxacin (77.3% vs. 45.5% re-
spectively). In contrast, Enferococcus sp. iso-
lates remained very susceptible to penicillin
(94.6%) and vancomycin (97.3%).

Urinary tract infections (UTI) in hospital-
ized patients. The rates of occurrence (Table

1) of the most prevalent pathogens causing
UTI in Latin America were E. coli (52.5%), Kleb-
siella spp. (12.3%), P. aeruginosa (7.5%), Proteus
mirabilis (4.9%), and Enterobacter spp. (4.3%).
These results varied slightly from country to
country. Table 9 lists the susceptibility testing
results of these pathogens in the order of oc-
currence. The cephalosporins and other B-
lactams (except ampicillin and cefazolin) were
active against most of the E. coli isolates.
Cefepime was the most active of the cepha-
losporins (98.4% susceptible) and imipenem
was the most active of the other B-lactams. Of
the E. coli strains, 8.1% had an ESBL pheno-
type by NCCLS criteria (14}. The fluoro-
quinolones were less active than many of the
other agents, and cross-resistance was appar-
ent among these drugs. Trimethoprim-
sulfamethoxazole, a commonly used agent for
urinary tract infections, was not active against
the majority of E. coli isolates (43.1% suscep-
tible). Nitrofurantoin, an older agent with ex-
clusive UTI use, was active only against E. coli
(84.1% susceptible).

Against Klebsiella spp. and Enterobacter spp.,
cefepime was the most active cephalosporin.
More than 35% of the Klebsiella strains had
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TABLE 9, Antimicrobial susceptibility of the five most prevalent Gram-negative pathogens causing urinary
tract infections in Latin America, SENTRY Antimicrobial Surveillance Program, 1997

Pathogen {prevalence rank/mumber tested}

E. coli Klebsielfa P aeruginosa  F mirabilis  Enterobacter
(17246} spp. (2/60) (3/33) (4/23) spp. {5/20)
Antimicrobial class/agent % susc.* Y% susc.* % susc.* % susC.* % susc.*
Cephalosporing
Cefazolin 74.4 53.3 0.0 65.2 0.0
Cefuroxime 90.7 60.0 0.0 78.3 15.0
Ceftriaxone 96.7 (4.9} 75.0 (35.0) 0.0 78.3 65.0
Ceftazidime 97.2 (8.1 1.7 (37.7)t 54.3 87.0 60.0
Cefepime 98.4 81.7 371 91.3 90.0
Other B-lactams
Ampicillin 40.7 3.3 0.0 56.5 0.0
Aztreonam 96.3 (7.3)* 70.037.7¢ 28.6 82.6 60.0
Imipenem 99.2 98.3 77.1 91.3 100.0
Piperacillin-tazobactam (4 pg/ml} 87.8 61.7 62.9 87.0 65.0
Aminoglycosides
Amikacin 98.4 83.3 71.4 82.6 80.0
Gentamicin 89.4 71.7 25.7 73.9 75.0
Tobramycin 90.7 68.3 40.0 73.9 60.0
Fluoroguinolones
Nalidixic acid 75.6 58.3 Q.0 60.9 40.0
Ciprofloxacin ] 82.5 75.0 37.1 65.2 65.0
Gatifloxacin 83.7 85.0 343 65.2 65.0
Levofloxacin 81.3 81.7 28.6 65.2 65.0
Trovafloxacin 82.5 68.3 20.0 65.2 55.0
Others :
Nitrofurantoin 84.1 20.0 0.0 0.0 20.0
Tetracycline 50.4 58.3 0.0 4.3 40.0
Trimethoprim-sulfamethoxazole (1:19) 43,1 53.3 0.0 56.5 30.0

*Categories of susceptibility interpreted by NCCLS [1998] criteria. For the investigational fluoroguinclones gatifloxacin and trovafloxacin,

susceptible was defined as MIC £2 and 1 pg/mL, respectively.

*Iindicates the number of strains (%) having positive screening criteria for ESBL production.

MICs for aztreonam, ceftriaxone or ceftazi-
dime of > 2 ng/mL, suggesting an ESBL phe-
notype (14). Patient-to-patient transmission
was observed in several centers where ESBL-
producing isolates were detected (Table 10).
Less than 70% of isolates of Klebsiella spp.
and Enterobacter spp. were susceptible to
piperacillin-tazobactam. The fluoroquinolones
had good activity against Klebsiella spp. but
65% or less of Enfercbacter spp. were suscep-
tible to those agents. Amikacin was the
most active of the aminoglycosides against
both Klebsiellz and Enterobacter (83.3% and
80.0% susceptible, respectively), suggesting
that a plasmid-mediated aminoglycoside in-
activating enzyme may be prevalent in the

monitored Brazilian centers. Trimethoprim-
sulfamethoxazole, tetracycline, and ampicil-
lin (WHO essential drugs) had limited activ-
ity against the most prevalent pathogens
causing nosocomial urinary tract infections in
Brazil.

The most outstanding susceptibility testing
results were those for P. aeruginosa: the num-
ber of susceptible isolates to antipseudomonal
agents was extremely limited. The most active
agents were imipenem (77.1% susceptible),
amikacin (71.4% susceptible), and piperacillin-
tazobactam (62.9% susceptible); less than 60.0%
of the isolates were susceptible to the rest of
the agents. In particular, the susceptibility to
fluoroquinolones ranged from 0 (nalidixic acid)
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TABLE 10. Comprehensive evaluation of ESBL-producing strains* of Klebsiellz spp. and Escherichia coli
isolates from bloodstream infections having potential epidemiological clustering characteristics, as ob-
tained in the SENTRY Antimicrobiat Surveillance Program from six Latin American countries® during 1997

Medical center/ Typing results! MIC (ug/miy

strain number Ribotype PFGE Meropenem  Cefepim  Cefoxitin  Coresistance® pFF

Klebsiella pneurnoniae
41/K22 204-1 G <0.06 4 4 AG,S 54,7682
41/K23 204-1 G =0.06 2 8 AGS 54,7682
41/K24 20441 G 0.12 16 8 AG,S 5.4,76,8.2
41/K25 204-1 G <0.06 2 8 AGS 76,82
41/K26 204-1 G <0.06 i 4 AGS 54,76
42/K30 20441 H <0.06 8 § AGETS 5.4,6.8,7.682
42/K31 204-1 H £0.06 16 8 AGETS 5476
43/K35 2041 H 0.12 >16 16 AGETS 54,5.6,68,7.682
40/K15 614-1 F £0.06 8 16 AG,TS 5.4,7.6
40/K16 614-1 F <0.06 >16 >32 AGFETS 54756
42/K29 6714-4 i <0.06 16 4 AGFETS 54,7.6
42/K32 614-4 I <0.06 8 8 AGETS 54,7.07.6
42/K33 614-4 H <0.06 16 4 AGTS 5.4,7.07.6
42/K34 614-4 | <0.06 8 4 AGETS 54,7.0,7.6
39/K12 621-1 E <0.06 >16 8 AG 5.4,6.5,6.8,7.680
39413 621-1 E 0.25 >16 8 AGETS 5.4,6.5,6.8,7.6,8.0

Escherichia coli
48/E8 182-2 G <0.06 2 2 AG,S 54,7076
48/E9 182-2 G <£0.06 1 2 AGS 54,7.0,8.2
48/E10 182-2 G <0.06 4 2 AGS 54,7082
40/E4 2414 J <0.06 >16 32 AGET,S 54,8.0
42/€5 2414 K <0.06 »16 8 AGETS 54,7.0
43/€6 2474 L <0.06 8 2 AGS 54,76
46/E7 241-4 M <0.06 8 16 AG,S 54,7076

*ESBL production was confinmed by the E-test method with a fixed concentration of clavulanic acid (2 pg/ml). A »2 log, dilution step
reduction in the MIC with clavulanic acid compared to cephalosporin alone was defined as a positive test.

*Medical center locations: Brazil (three), Argentina (two), Chile (tw0), Colombia {one), Mexico (one), and Uruguay (one).

YMolecular typing with RiboPrinter and PFGE = pulsed field gel electrophoresis.

*Coresistance defined as a MIC in the intermediate or resistant range by NCCLS criteria {1998]. F = fluoroquinolone (using ciprofloxacin
as an index drug), AG = aminoglycostde {using tobramycin as an index drug), T = tetracycline, and § = trimethoprim-sulfamethoxazole.

*Isoetectric focus analysis.

to 37.1% (ciprofloxacin). The predominance of
P. aeruginosa and the resistance profile of the
isolates again suggest that these isolates were
cultured from patients with prolonged hospi-
tal stays and/or muitiple courses of antimicro-
bial therapy for chronic urologic disorders.
Nevertheless, the occurrence of the multiresis-
tant strains is worrysome.

Most enterococd isolated from patients with
urinary tract infections were identified as
E. faecalis (90.0%); no E. faecium was detected.
All isolates were susceptible to penicillin and
one non-faecalis isolate presented intermedi-

ate resistance to vancomycin. High-level re-
sistance to gentamicin was detected in 40% of
the enterococd.

Malecular Investigations of
Antimicrobial-Resistant Strains

During 1997, ESBL phenotype isolates from
blood cultures were subjected to further stud-
ies (7, 20). Those isolates that produced an in-
habitable (2 pg/mL cdavulanic acid) enzyme
by the E-test method (29) were then studied
using ribotyping, PFGE and IEF (15, 16, 19).
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Molecular epidemiology techniques are use-
ful as tools to assess resistance mechanisms
dissemination within a hospital, community,
country or even a continent. The selective pres-
sure created by the use of antimicrobial agents
is the main factor for the appearance of nu-
merous mechanisms of resistance. However,
the dissemination of the mechanism may be
the result of clonal spread of resistant strains
(patient-to-patient transmission), the spread
of resistance genome (DNA from strain-to-
strain), or independent selection of resistant
mutants. When isolates with a specific mecha-
nism of resistance present litile genetic vari-
ability (identical or similar typing patterns),
clonal dissemination (patient-to-patient) of
resistant strains is highly suspected. Oxacil-
lin resistance among staphylococci is probably
the best example of this kind of resistance dis-
semination (30). Other resistance mechanisms
that may disseminate in this manner include
penicillin resistance among S. pneumoniae,
vancomycin resistance among enterococci,
and imipenem resistance among Acinetobacter
spp. (31).

On the other hand, great genomic variabil-
ity among isolates demonstrating a certain
resistance mechanism indicates that selection
of resistant mutants is occurring in different
strains, probably due to the selective pressure
produced by antimicrobial use. The best ex-
ample of this type of resistance dissemination
in Latin America is B-lactam resistance due to
the production of ESBL. Data from the SEN-
TRY, as well as from other local studies, has
documented an enormous genomic variabil-
ity among ESBL-producing strains. Selective
pressure also appears to be the main factor for
the dissemination of resistance to “third-gen-
eration” cephalosporins due to the production
of chromosomally-mediated inducible class 1
B-lactamases. Although imipenem resistance
among P. aeruginosa may disseminate from
patient-to-patient, ample genomic variability
among some of these multiresistant strains in
our hospitals indjcate that selective antibiotic
pressure may play an important role in the
dissemination of this resistance.

Atotal of 7 E. coli and 16 K. prieumonine were
characterized and the results are listed in Table
10. Possible patient-to-patient transmission
was observed (E. coli ribotype 182-2 and PFGE
pattern G; K. preumoniae ribotype 204-1 and
PFGE pattern G) in both institutions. Wide
genetic diversity was found among the re-
maining ESBL isolates. Examination of other
phenotypicand molecular data (pl) among the
five potential epidemic strains of K. pneu-
monige in medical center 041 notes only two
isolates (K24, K26) with identical molecular
results, but these strains were markedly dif-
ferent in their phenotypic expression of §-
lactam activity; transmission appears doubt-
ful. Similarly, for medical center 048, among
the three potential epidemic E. coli (E8-10)
only two had identical molecular and pheno-
typic resulis, indicating only one probable
nosocomial transmission episode.

An extreme variation in pl results was docu-
mented and coresistances were found most
commonly for aminoglycosides (84.6%), tet-
racycline (30.8%), and sulfonamides (69.2%).
Fluoroquinolone resistance was rarer (7.7%).
The carbapenems (imipenem, meropenem)
remained active, and intermediate or suscep-
tible results for cefoxitin were observed with
25 of 26 isolates (low probability of AmpC).
Cefepime MICs were £16 ug/mL (intermedi-
ate)and <1 pg/mL (NCCLS ESBL screen con-
centration) for 96.2% and 25.0% of strains,
respectively.

CONCLUSIONS

Gram-negative bacilli and S. aureus were the
predominant pathogens causing serious infec-
tions in Latin American medical centers par-
ticipating in the SENTRY Antimicrobial Sur-
veillance Program. The predominance of P.
aeruginosa and Acinetobacter spp. and the sig-
nificant levels of resistance to most agents are
of major concern in Brazil and all of Latin
America. With only imipenem and tetracy-
cline exhibiting in vitro activity against
Acinetobacter spp., frequent use of the carba-
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penems could lead to even higher levels of
resistance. Currently, imipenem-resistant P.
deruginosa is increasing in Brazil. Of additional
concern is the epidemic rate of ESBL-produc-
ing strains of Klebsiella spp. and E. coli in many
Latin American medical centers, which is
much higher than rates found in other areas
of the world. Resistance among P. neruginosa
and the Enferobacteriaceae to fluoroquinolones,
oxacillin-resistant 5. aureus, and penicillin- and
trimethoprim-sulfamethoxazole-resistant
preumococci were other significant resistance
issues identified in this ongoing surveillance
study. Vancomycin resistance among the en-
terococci (42 invasive isolates), 5. aureus, and
S. pneumoniae was not identified in 1997.

Reasons for the high rates of resistance to
other agents observed in this study are unclear,
but this appears to be a common problem
throughout Latin America. These resistance
patterns may be related to compromised in-
fection control practices, wide antimicrobial
availability and high usage, climate condi-
tions, or other undetermined medical practices
that vary geographically. This benchmark
study (1997) will serve as comparison for fu-
ture surveillance studies, including the ongo-
ing SENTRY program, to monitor emerging
resistance issues in Latin American nations.
The high rates of resistance observed in this
study underscore the need for surveillance
and local agressive corrective action.
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NEISSERIA GONGRRHOEAE IN CANADA

Lai-King Ng'

This is a review of the occurrence of antibiotic-resistant Neisseria gonorrhoeae in Canada.
Isolates characterized at the National Laboratory for Sexually Transmitted Diseases (NLSTD),
Winnipeg, Canada, were collected from public health and reference laboratories.

The isolates were screened by the participating laboratories for plasmid-mediated resis-
tance to penicillin or tetracycline and chromosomal-mediated resistance. The resistant iso-
lates were sent to the NLSTD for further characterization. In addition, all the isolates from
children in Canada were tested by NLSTD for antimicrobial susceptibility and typing. The
typing methods included auxotype, serotype, and plasmid profile analysis. The data were
analyzed in vegard to the infection rate of gonorthea, the prevalence of antimicrobial resis-
tance and the distribution of different types of resistance in the country.

Gonorrhea in Canada is decreasing, but antibiotic resistance remains a national con-
cern. Although the trends and low incidence may lead us to believe that the national goal to
eliminate endemic gonorrhea in Canada by 2010 is realistic, success will partly depend on
the effectiveness of antimicrobial therapies. Therefore, it is important fo continue national

surveillance of antibiotic resistance in the gonococcus.

INTRODUCTION

Infection caused by Neisseria gonorrhoeae is
one of the most common sexually transmit-
ted diseases (STD) of bacterial origin in the
world, and it is the second most often reported
STD in Canada. In 1996, the highest rates of
gonococcal infection occurred in those regions
with the highest concentration of First Nation
communities, including the Northwest Terri-
tories (187.8 per 100,000 population), Yukon
(31.8 per 100,000) and Manitoba (48.4 per

'National Laboratory for Sexually Transmitted Dis-
eases, Bureau of Microbiology, Laboratery Centre for Dis-
ease Control, Health Canada, Winnipeg, Canada. Room
H2570 - 1015 Arlington St., Winnipeg, Manitoba, Canada,
R3E 3R2.
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100,000); the lowest rates were found in the
Maritimes (0.4 to 10.3 per 100,000) (1).

There are multiple strategies used to con-
trol STDs in Canada, including the use-of an-
timicrobial therapies, sensitive and accurate
detection and diagnostic methods, and part-
ner notification. Also, educational programs
are in place to increase public awareness of
STDs. With the implementation of these strat-
egies, the number of cases of N. gonorrhoeae
reported by Canadian hospitals has fallen
from 56,330 in 1981 to 5,023 in 1996 (Figure 1).
This represents a decrease in the rate of infec-
tion from 226.2 per 100,000 population t0 16.8
per 100,000 population in those same years,
respectively.

Despite a tenfold reduction in the reported
incidence of gonorrhea in Canada, the disease
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is still an important public health concern,
causing between 20% and 40% of cases of pel-
vic inflammatory disease (PID) and 14% of all
tubal infertility. During the period from 1985
to 1996, the highest incidence rates of gonor-
rhea among females were found in the 15-19
year age group, indicating a shift in the dis-
ease toward younger women (Figure 2) (1).
The estimated annual cost for the Canadian
health care system of female gonococcal in-
fections and the associated impact of the dis-
ease is approximately CANS$ 43 million.

Although effective antimicrobial treatment
is an important intervention for controlling
gonorrhea, antimicrobial resistant N. gonor-
rhoeae is a major concern, given that inappro-
priate therapy may result in treatment failure
and cause an increase in the risk of transmis-
sion. This report reviews the trends, the dis-
tribution, and the current status of resistant
N. gonorrhoeae in Canada.

NATIONAL SURVEILLANCE OF
ANTIBIOTIC RESISTANT NEISSERIA
GONORRHOEAE

The National Laboratory for Sexually Trans-
mitted Diseases (NLSTD) of the Laboratory
Centre for Disease Control, Health Canada,
has been monitoring gonococcal susceptibil-
ity to antibiotics since the 1970s to ensure that
treatment recommendations are effective. In
1976, the first plasmid-mediated penicillinase-
producing N. gonorrhoeae (FPNG) was identi-
fied and characterized at the NLSTD; in 1986,
two cases of plasmid-mediated high level
tetracycline-resistant N. gonorrhoeae (TRNG)
were identified. Besides the PPNG and TRNG,
chromosomal resistance is also a concern, since
it has contributed to increased frequencies of
treatment failure (2).

The monitoring program has evolved as a
result of the increased capability of public

FIGURE 1. Reported cases of Neisseria gonorrhioeae in Canada, from 1940 to 1996, by year
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FIGURE 2. Distribution of cases of gonorrhea, by age and sex, in Canada, 1996
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health laboratories throughout the country,
and due to the use of different antibiotic thera-
pies. At present, isolates from clinics and hos-
pital laboratories are sent to the correspond-
ing provincial public health laboratory or the
local reference laboratory for susceptibility
testing. Penicillin- or tetracycline-resistantand
chromosomal-mediated resistant isolates are
forwarded, on a voluntary basis, to the NLSTD
for further characterization. In addition, all
isolates from children less than 14 years of age
are also forwarded to the NLSTD. To ensure
that antimicrobial data are comparable across
laboratories, a national proficiency program
was implemented in 1992. As not all laborato-
ries monitor the same panel of antibiotics, the
NLSTD performed susceptibility tests for an-
tibiotics not tested in other laboratoriest

The NLSTD monitored resistance to penicil-
lin, ceftriaxone, cefixime, tetracycline, spec-
tinomycin, ciprofloxacin, erythromycin and
azithromycin. Isolates were differentiated us-
ing auxotype, serotype and plasmid profile

analysis. To confirm -lactamase production in
PPNG isolates, hydrolysis of nitrocefin was
used. The mechanism of high level plasmid-
mediated tetracycline resistance was confirmed
by DNA hybridization using a DNA probe con-
taining the tet(M) sequence, or by polymerase
chain reaction (PCR). The latter method has
been used since 1997, using primers described
by Xia et al. which could distinguish plasmids
of Dutch or American origin (3).

GEOGRAPHICAL DISTRIBUTION OF
RESISTANT N. GONORRHOEAE
IN CANADA

In 1996, 69% of the 1,256 isolates received
at NLSTD were from Ontario. Among the re~
sistant isolates from Ontario, 71% were
TRNG; 6.4%, PPNG; 8.5%, PP/TRNG; and
7.5%, chromosomal multiple-resistant N.
gonorrhoeae (CMRNG). Tetracycline resistant
N. gonorrhoeae in Ontario accounted for 97%
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of all Canadian TRNG isolates received by
the NLSTD during 1996. In conirast, resistant
strains from Quebec showed a higher propor-
tion of PPNG (34%) than TRNG (9.7%) and
PP/TRNG (9.7%). Most of the resistant N.
gonorrhoeae strains had chromosomal resis-
tance (44%), but there was no CMRNG (mul-
tiple resistance to penicillin, tetracycline and
erythromycin) reported from Quebec in 1996.
The diiferent types of resistance in Alberta
and British Columbia were much lower and
more evenly distributed than in Ontario and
Quebec.

CHARACTERISTICS OF RESISTANT
N. GONORRHOEAE ISOLATES IN
CANADA

The characteristics of gonococcal resistance
in Canada in 1995 may be summarized as fol-
lows. Most {81%) of the resistant gonococci are
wild-type (auxotypes not requiring proline,
NR), followed by proline-requiring auxotype
(P)8%) (Figure 3). The most common sero-

types of resistant gonococcal isolates were
1B-1 and 1B-2, and correspond to the NR
auxotype (Figure 4). The plasmid profiles of
the most common auxotype/serotypes (A/S
types), that is NR/1B-1 and NR/1B-2, were
mainly comprised of strains containing both
the cryptic plasmid (2.6 Mda) and the tetracy-
cline-resistant (25.2 Mda) plasmids (Figure 5).

In contrast, the distribution of plasmid pro-
files (Figure 6) of P~ strains was different from
the NR strains (Figure 5). The plasmid profile
containing the 2.6 Mda and 25.2 Mda plasmids
of TRNG was less dominant in P~ strains than
in NR/1B-1 and NR/1B2 strains. In fact the
most common- plasmid profile (46%) con-
tained only the cryptic 2.6 Mda plasmid (Fig-
ure 6) collected in 1995. Other plasmid pro-
files observed in P-/1B-1, 1B-2 and 1B-3 strains
included those that were associated with PPNG
and PP/TRNG. The 4.5 Mda B-lactamase plas-
mid was most common amongst PPNG iso-
lates, followed by the 3.2 Mda plasmid (Figure
6). Only the 4.5 Mda plasmid was found asso-
ciated with the 25.2 Mda plasmid in PP/TRNG
isolates (Figure 6).

FIGURE 3. Distribution of auxotypes of resistant Neisseria gonorrhoeae in Canada, 1995
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FIGURE 4. Distribution of serotypes of resistant Neisseria gonorrhoeae in Canada, 1995
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PENICILLINASE-PRODUCING
N. GONORRHOEAE

Following the first isolation of PPNG in 1976,
the number of reported PPNG strains increased
during the 1980s and in 1990, and represented
approximately 7% of all reported cases. Con-
cerns regarding treatment failure due to the
high prevalence of penicillin resistance has re-
sulted in the revision of case management
guidelines in 1992 (4). Penicillin has been re-
placed by third generation cephalosporins,
such as ceftriaxone; penicillin was only recom-
mended for use in areas where the prevalence
of PPNG is less than 3% (4). Recently, the re-
ported rate of PPNG has decreased to 2.2% and
2.4% in 1995 and 1996, respectively. The de-
crease in prevalence of PPNG strains may be
due, in part, to the change in the recommended
therapy used in the country.

Plasmid profiles of the PPNG in Canada
from 1991 to 1996 are shown in Table 1. The
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B0
70
60
50
40
30

3.2 Mda plasmid is the most prevalent
B-lactamase-encoding plasmid found in Ca-
nadian isolates; and it may be found with (11%
to 24.1% of isolates) or without (31.3% to 48.0%
of isolates) the 24.5 Mda plasmid in gono-
coccal isolates (Table 1). The 3.05 Mda plas-
mid, which usually coexists with the 24.5 Mda
plasmid, was less common during 1991 and
1992 among Canadian isolates. However, its
prevalence increased during 1993 to 1996 (see
Table 1). The importance of the 4.5 Mda plas-
mid seems to have fluctuated over time (see
Table 1).

Phenotypic characteristics of the PPNG iso-
lates are shown in Table 2. In recent years,
about half of PPNG are NR. These NR isolates
often corresponded to serotype 1B-1 or 1B-2.
Proline-requiring auxotype was the next most
common auxotype of PPNG. Although 1B-1
and 1B-2 were also found among - isolates,
these serotypes were less prevalent than in the
NR isolates.
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FIGURE 5. The plasmid contents of resistant Neisseria gonorrhoeae
isolates with NR/1B-1 0 NR/1B-2 phenotypes
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FIGURE 6. The plasmid contents of resistant Neisseria gonorrhoeae isolates
with P-/1B-1, P-/1B-2 or P-/1B-3
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TABLE 1. The distribution of plasmid profiles of penicillase-producing Neisseria gonorrhoeae (PPNG) iso-

tated in Canada, by year, between 1991 and 1996

Percentage of PPNG isolates (by year)

Plasmid profile 1991 1992 1993 1994 1995 1996
(size in Mda) n=665 n=572 n=147 n=163 n=125 =121
2.6, 3.05, 24.5 3.8 3.0 17.0 15.0 19.0 12.4
2.6,3.2 43.2 31.3 354 48.0 44.0 28.9
2.6,3.2,245 241 1190 15.0 17.0 19.2 24.0
26,45 20,5 10.5 - 15.0 10.0 11.2 9.9

8.6 44.2 17.3 - 10.0 6.4 24.8

2.6, 4.5, 24.5

TETRACYCLINE-RESISTANT
N. GONORRHOEAE

High level tetracycline resistance was

caused by the presence of te{(M) on the 25.2
Mda plasmid. Since the first isolation in 1986,
there has been a steady increase in the isola--

tion rates of TRNG, which reached about 2.6%
in 1991. During the period 1992 to 1996, there
was a sharp increase in the isolation rates of
TRNG, peaking at 16% in 1995. In 1996, the
rate was about 13%.

In the last five years, most of the TRNG have
been a nonrequiring auxotype, often with se-
rotype 1B-1 and 1B-2 (Table 2).

PENICILLINASE-PRODUCING AND
TETRACYCLINE-RESISTANT
N. GONORRHOEAE

Most PP/TRNG isolates (73% to 99%, 1991
to 1996} carry the 2.6, 3.2 and 25.2 Mda plas-
mid. The remainder have the 4.5 Mda plas-
mid instead of the 3.2 Mda plasmid. The tet-
racycline resistant 25.2 Mda plasmid was not
found in other types of B-lactamase produc-
ing plasmids.

It is interesting to note that the auxotype/
serotype classes of PP/TRNG were quite dif-
ferent in 1995 and 1996. There appears to have
been a shift in the prevalence of strain types

TABLE 2. The five most common auxatypes and serotypes of penicillase-producing Neisseria gonorrhoeae
(PPNG), tetracycline-resistant Neisseria gonorrhoeae (TRNG), and PP/TRNG isolates, Canada, 1994-1996

Resistance 1994 1995 1996

group _Rank Serotype No Serotype No. Serotype No.

PPNG 1 NRAB-O1 -9 NRAB-01 14 P~/IB-05 24
2 NR/IB-02 8 NR/IB-03 8 NRAB-01 20
3 NR/IB-22 - 6 P+1B-03 6 NR/1B-02 17
4 P-/1A-06 6 NR/A-06 6 P+/B-02 13
5 PAB-01 5 NR/B-22 6 NR/IB-22 11
6 Others 36 Others 47 Others 36

TRNG 1 NR/IB-02 600 NR/IB-02 485 NR/IB-01 328
2 NR/IB-03 116 NR/IB-C1 221 NR/IB-02 185
3 NR/AB-O1T 116 NR/A-02 54 NRAA-02 57
4 NR/1B-06 46 NR/IB-03 43 NRAB-03 10
5 NRAA-02 3 NRAA-06 12 POAB-11 o
6 Others 85 Others 86 Others 48

PP/TRNG 1 NRAB-02 51 NR/1B-02 99 NRAA-03 18
2 NRAB-01 28 NRAA-O6 40 P-/IB-02 6
3 NRAA-06 14 NR/IB-03 7 NR/IB-03 . 6
4 NRAA-02 ‘10 NRAA-02 4 P-/A-08 5
5 NR/IB-08 8 PAA-06 4 OfA-02 5
6 Others 35 Others 61

Others 45
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in Canada in 1996, with a smaller proportion
of NR/1B-2 isolates than in 1994 and 1995.

CHROMOSOMAL RESISTANCE
(CRNG AND CMRNG)

Chromosomal resistance in N. gonorrhoeae
(CRNG) continues to cause concern. The emer-
gence of ciprofloxacin resistance in different
parts of the world alerted us to the cautionary
use of this antibiotic. In 1989, six norfloxacin-
resistant gonococci were isolated in Canada.
These strains also had reduced susceptibility
to lomefloxacin and ciprofloxacin, and all
originated outside Canada. Five of these six
CRNGs were from Asian countries. A study
in Quebec conducted during 1994-1998
showed an emergence of decreased suscepti-
bility to ciprofloxacin (5). It was estimated that
one out of every 100 isolates is resistant to
ciprofloxacin, with the majority being of Asian
origin (5). To ensure that the prevalence of
ciprofloxacin-resistant gonococcus remains
low in Canada (Table 3), recommendations
were made not to prescribe ciprofloxacin to
patients who had traveled to Asian countries,
where the incidences of quinolone resistance
to gonococcus are high (6). If either cipro-
floxacin or ofloxacin were to be used in such
cases, a test-by-cure is recommended (6).

High levels of chromosomal resistance to
penicillin, tetracycline and erythromycin (MIC
22 mg/L of each antibiotic, CMRNG) were
also found in Canada. In 1996, 25% of the iso-
lates tested at the NLSTD presented chromo-
somal resistance; amongst them, 5.5% were
CMRNG. The highest incidence of CMRNG
was observed between 1991 and 1994, The
prevalence trend of CMRNG is similar to that
of PPNG, a fact which may be due to reduced
selective pressure of penicillin in the popula-
tion, which, in turn, is probably due to changes
in the recommended therapy for gonococcal
infections. In Manitoba, resistant isolates were
mainly PPNG; this province contributed about
21% of the Canadian PPNG isolates.

It should be noted that resistance to ceftri-
axone or cefixime in Canadian isolates was not
observed.

DISCUSSION AND CONCLUSIONS

The incidence of N. gonorrhoeae has been de-
creasing in the last decade. Incidence rates of
infection were less than 17 per 100,000 popu-
lation in the last few years. As a result, the
consensus during the 1996 National Sexually
Transmitted Diseases Forum was that the goal
of eliminating endemic N. gonorrhoeae by 2010
is within reach (7). One of the factors that

TABLE 3. Number of CMRNG* and N, gonorrhoeae isofates with reduced

susceptibility to ciprofloxacin

Number of isolates with

RS or R! ciprofloxacin CMRNG
Reported RS, MIC R, MIC

Year cases 0.125 to 0.5 (mg/L) 21.0 mg) No. of isolates
1989 19,110 2 0 60
1950 13,822 8 Y 86
1991 12,457 0 0 184
1992 9,253 13 1 345
1993 6,832 30 2 186
1994 6,167 59 5 179
. 1995 5715 36 15 147
1996 5,023 29 17 70

‘CMRNG = gonococcus with MIC for penicillin, tetracycline and erythromycin 22 mg/L.
RS = reduced susceptibility; R = resistance. The breakpoints are based on NCCLS 1998 criteria. (8]
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could prevent the national goal from being
achieved is antimicrobial resistance. There-
fore, ongoing surveillance of antimicrobial re-
sistance is vital to ensure that the effective-
ness of current antimicrobial therapies
remains. We have been fortunate in that the
current recommended single dose therapy,
i.e., ceftriaxone or third-generation cepha-
losporins, has not resulted in the emergence
of pathogens resistant to these antibiotics, and
in that there is no endemic ciprofloxacin re-
sistant N. gonorrhoeae. Almost all of the iso-
lates with reduced susceptibility or resistance
to this drug were of Asian origin.

Another challenge of monitoring N. gonor-
thoeae resistance in the next few years, is that
some laboratories may use nonculture meth-
ods, e.g., PCR, to detect these organisims. Non-
culture methods are much more sensitive for
Chlamydia and the use of a dual test for both
gonococcal and Chlamydia infections may be
more practical. In view of the potential shift
in techniques used for the diagnosis of gonor-
rhea, a plan to develop a nucleic acid-based
method to monitor N. gonorrhoeae in the Ca-
nadian population is in progress.

Serotyping, together with auxotyping, has
been useful for the differentiation of N.
gonorrhoege isolates. Unfortunately, commer-
cial monoclonal antibodies are no longer avail-
able for serotyping. This is another reason for
developing molecular methods for laboratory
surveillance of this organism.

The antimicrobial resistance information
collected at the NLSTD has been provided to
public health laboratories and the Division of
Sexually Transmitted Diseases Control of
LCDC for policy and decision making by pub-
lic health officials, especially in regard to rec-
ommendations for antimicrobijal therapy for
N. gonorrhoeae.
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LABORATORY NETWORK FOR
MONITORING ANTIMICROBIAL RESISTANCE
WHONET-ARGENTINA PROGRAM:
RESULTS OF FIVE YEARS OF OPERATION

A. Rossi,t' M. Galas,' M. Tokumoto,’ L. Guelfand, and
WHONET-Argentina National Laboratory Network?

In the past two decades there has been a
dramatic increase in the proportion of micro-
organisms resistant to antibacterial drugs, in-
cluding the causative agents of infections ac-
quired in the community. This phenomenon
may be due to the misuse of antimicrobial
agents, but thereis dear evidence that it is tak-
ing place at a much more alarming rate in
some regions than in others.
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The application of regional strategies to
achieve more appropriate use of antimicrobial
agents entails, among other things, the devel-
opment of reliable programs to monitor the
degree of bacterial resistance to the drugs of
greatest clinical interest. This information also
makes it possible to focus attempts to limit
development of new resistance mechanisms
or large increases in existing resistance (1, 2).
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Hospital General San Martin (Entre Rios); J. Tanaro, Hos-
pital Centenario de Gualeguaychu (Entre Rios); A.
Pereyra, N. Moreno, Hospital Gobernador Centeno (La
Pampa); S. Grenon, Hospital Provincial de Pediatria
(Misiones); C. Kremer, Hospital Provincial de Neuquén
(Neuquén); J. Mulki, Hospital Materno Infantil (Salta); M.
Cacace, Hospital San Vincente de Paul {Salta); H. Castro,
Hospital Marcial Quiroga (San juan); W. Krause, H Cano,
Hospital Regional Rio Gallegos (Santa Cruz); O. Daher,
Hospital Zonal de Ezquel (Chubut); C. Mayoral, Hospi-
tal Gutiérrez (Santa Fe); C. Lura, Hospital J. B. Itwrraspe
{Santa Fe); R. Notario, N. Borda, Instituto ABC {Santa Fe);
E Sutich, 1. Bogado, Facultad de Ciendas Bioguimicas
(Santa Fe); N. Zalazar, M. Laferrara, Hospital Regional
de Rioc Grande (Tierra del Fuego); M. Arévalo, Hospital
Regional de Ushuaia {Tierra del Fuego); H. Musa, Clinica
de Microbiologia Médica {Tucumdn); A. Trejo, Hospital
Nifio Jesiis (Fucumdn).
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In Argentina, the national laboratory net-
work began to take shape in 1994. At first,
the network consisted of centers in the Fed-
eral Capital; today it has 33 participating
institutions throughout the country (Figure
1). Coordination has been entrusted to the
Antimicrobial Service of the Bacteriology
Department, Dr. Carlos G. Malbran National
Institute of Infectious Diseases (ANLIS), with
the collaboration of an advisory committee.

In order to standardize the methodology
and criteria for the interpretation of results,
the coordinating center regularly offers a
course on theory and practice, attended by
at least one staff member from each partici-
pating laboratory, that presents the latest
information on antimicrobial agents. In ad-
dition, a workshop is held once a year to dis-
cuss laboratory results and possible sources
of methodological error or quality control
problems. All the laboratories use the same
manual of procedures, which includes a list
of the drugs to be tested on each group of
microorganisms,

The coordinating laboratory receives
samples of any bacteria that present unusual
resistance profiles or require confirmation.
These are assayed using quantitative and/or
molecular techniques to identify the resistance
mechanisms (for example, detection of the
mecA gene in Staphylococcus spp.; identifica-
tion of extended-spectrum B-lactamases
(ESBla) in enterobacteria; detection of vanA,
vanB, vanC1l, or vanC2 genes in Enterococcus
spp.). This review by the coordinating labora-
tory brings to light new mechanisms of resis-
tance and the spread of existing ones so that
appropriate warnings can be issued.

The network laboratories are subject to two
external quality control programs. The first is
the National Program for Bacteriological Qual-
ity Control, coordinated by ANLIS and the
Buenos Aires Provincial Public Health Labo-
ratory. This program sends bacterial isolates
to participating Iaboratories for biochemical
characterization and determination of antimi-
crobial susceptibility. Each participating labo-
ratory receives an analysis of their own results,

including appropriate pointers on possible
sources of error. The program also circulates
the latest international recommendations on
the interpretation of antimicrobial susceptibil-
ity tests, as well as bibliographic information
on recent publications in the area of clinical
microbiology.

The other quality control program is the
External Quality Assurance Scheme in Anti-
microbial Susceptibility Testing (EQAS AST),
developed by the World Health Organization
and the U.S. Centers for Disease Control and
Prevention (CDC). Strains for this program are
distributed to the participating laboratories,
and the results and respective analyses are
submitted to WHO and the CDC for review.

Reference strains from the ATCC collection
are distributed regularly for internal quality
control of antimicrobial susceptibility testing.
The results are incorporated into the comput-
erized information system, which uses WHO-
NET, the database management program de-
veloped by the World Health Organization.

Each participating laboratory submits, ona
monthly basis, the results from all antimicro-
bial susceptibility tests performed following
the recommendations of the United States Na-
tional Committee for Clinical Laboratory Stan-
dards (NCCLS) on agar diffusion testing. The
coordinating laboratory analyzes the informa-
tion; prepares detailed comments on the re-
sults, indicating those that need to be con-
firmed; and analyzes the tests performed for
purposes of internal quality control.

Since 1998, the WHONET-Argentina net-
work has participated in two Latin Ameri-
can programs for the monitoring of resis-
tance, namely: Monitoring of Enteropathogen
Resistance in Latin America, a project orga-
nized by PAHO in collaboration with the
Canadian Laboratory Center for Disease
Control (LCDC), the latter acting in its capac-
ity as an international reference center, and
the Latin American Network for Monitoring
Antimicrobial Resistance (RESISTNET) coor-
dinated by the Pan American Association for
Infectious Diseases, PAHQO, and Pfizer Labo-
ratories International.,
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FIGURE 1. WHONET Laboratory Network, Argentina, 1998
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Figure 2 shows the results obtained by the
program in 1994-1998 for the microorganisms
of greatest clinical interest.

ENTEROBACTERIA

Approximately half the microorganisms
studied were from the family Enterobacteri-
acede. In general, resistance to the p-lactam
and aminoglycoside antibiotics was very
high, particularly among hospitalized pa-
tients (data not shown). In 1997, with the
participation of network laboratories, a study
was conducted to identify the enzymatic and
impermeability mechanisms involved in re-
sistance to third- and fourth-generation
cephalosporins and monobactams. A total of
622 enterobacteria isolates were collected,
with inhibition area diameters of <27 and
<22 mm produced by cefotaxime and ceftazi-
dime, respectively. Quantitative sensitivity
tests were performed on these microorgan-
isms. As part of characterizing the f-lactamases
present, the isoelectric point of crude enzy-
matic extracts was determined for each of the
isolates. In addition, hybridization and poly-

merase chain reaction (PCR) tests were per-
formed using probes and specific nutrients
for TEM, SHV, CTX-M, PER, AMP-C, and PSE
f-lactamase families. Also, given the sus-
pected existence of an impermeability phe-
nomenon, electrophoresis tests were con-
ducted on outer membrane proteins. The
results are presented below in the sections
corresponding to each of the species.
During 1994-1997 no resistance to carba-
penems was found in this family of micro-
organisms. In 1998, through the network, the
first isolates with reduced susceptibility to
these drugs were observed, as follows: one
isolate of Enterobacter cloacae, three of Entero-

. bacter aerogenes, one of Enterobacter ammeni-

genus, one of Citrobacter freundii, one of Serra-
tia marcescens, and five of Klebsiella preutnoniae.

The characteristics of the resistance profiles
of several members of this family are de-
scribed below.

Escherichia coli
The levels of antimicrobial resistance re-

mained almost constant during the first three
years, with slight increases in resistance to

FIGURE 2. Percent resistance to antimicrobial drugs among bacterial
pathogens of ciinical interest, Argentina, 1994-1998
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FIGURE 2 {continued)

Klebsiella pneumoniae
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FIGURE 2 (continued)
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FIGURE 2 (continued)}
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ampicillin, ampicillin-sulbactam, cefalotin,
and cotrimoxazole in 1997 and 1998.

A considerable number of isolates presented
resistance to broader-spectrum drugs such as
third-generation cephalosporins (TGC) or
aminoglycosides. Studies conducted in the
United States of America and Canada showed
resistance levels of 0.6% and 5.7% to TGC and
gentamicin (GEN), respectively (3). A1997 Ar-
gentine study of 80 TGC-resistant isolates re-
vealed that in 19%, the resistance was medi-
ated by overproduction of the chromosomal
cephalosporinase {type AMP-C) characteris-
tic of the species, and 81%, by extended-spec-
trum B-lactamases—specifically, CTX-M-2,
PER-2, SHV-2, and SHV5 (4).

Among the oral antibiotics, cefaclor, axetil,
cefuroxime, nitrofurans, and fluoridated
quinoiones retained considerable activity,
above 92% in all cases.

Klebsiella pneumoniae

Third-generation cephalosporins and
aminoglycosides showed very little activity on
Klebsiella isolates. Moreover, during 1995 four
hospitals (three in Buenos Aires Province and
one in Misiones Province) had an increase in
the proportion of isolates resistant to both
groups of drugs, probably related to outbreaks
of nosocomial infections.

Molecular studies conducted on 156 isolates
of K. pneumonige indicated that 69% of them
carried B-lactamase CTX-M-2, while in the re-
mainder there was a distribution between en-
zymes such as PER-2 (9%), SHV-2 (11%), and
SHV-5 (9%). There was no evidence of ESBla
from the TEM family, as has been reported in
some of the European and North American
countries (5). Although 7% of the isolates ana-
lyzed were resistant to cefoxitin, none showed
enzymatic activity with that drug. Analysis of
outer membrane proteins suggests the exis-
tence of impermeability phenomena in these
isolates.

Isolates collected from pediatric hospitals
showed <5% resistance to fluoridated quino-

lones, which is very low compared with the
levels found in general hospitals (>15%). This
difference could be due to the fact that fluori-
dated quinolones are not approved for use in
pediatric practice because of their toxic effects
on bone development.

Proteus mirabilis

The aminopenicillins and acylureido-
penicillins were more active on P. mirabilis than
on E. coli, whereas with third-generation
cephalosporins and fluoridated quinolones,
the situation was reversed. First-generation
cephalosporins were equally active on both
groups of microorganisms, as was amikacin.
With gentamicin, however, P. mirabilis showed
percentages of resistance four times higher
than those of E. coli.

Piperacillin-tazobactam was the second
most active drug against this enterobacter-
ium, after the carbapenems. In this bacterial
species, resistance to B-lactam antibiotics con-
ferred by broad- or extended-spectrum plas-
mid f-lactamases is low, and it can be effec-
tively reversed by the addition of an enzyme
inhibitor such as tazobactam,

Enterobacter cloacae

Approximately half the isolates of E. cloacae
were resistant to third-generation cepha-
losporins, and about 40% were resistant to
gentamicin. In studies of 79 TGC-resistant iso-
lates, derepression of chromosomal $-lacta-
mase was the only mechanism of resistance
found in more than half of them. The rest car-
ried plasmid ESBla such as PER-2, CTX-M-2
or SHV-2, and SHV-3. This distribution is
atypical since, although ESBIla have been de-
scribed in this species in different regions of
the world, the finding continues to be highly
unusual (6).

The activity of fluoridated quinolones was
also low (lower than for the rest of the entero-
bacteria), comprising about one-third of the
microorganisms.
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Salmonella spp.

The activity of antimicrobial agents on this
genus varies widely, depending mainly on
the serotype and the origin of the isolates—
i.e., whether they come from a hospital or the
community.

Ahigh proportion of Salmonella spp. isolates
were resistant to TGC (99% when in associa-
tion with aminoglycoside resistance), particu-
larly during 1995. These were mainly isolates
from nosocomial infections in pediatric hos-
pitals. One group of 160 microorganisms
showed, in all cases, the presence of a high-
molecular-weight transferable plasmid con-
taining the genes bla. , ., aac(6’)-1, and
aac(3)-II, which were responsible for the re-
sistance to third-generation cephalosporins
and aminoglycosides (7).

A major loss of activity with nitrofurans be-
gan to appear in 1996.

Salmonella enteritidis has been isolated essen-
tially from the adult population in general
hospitals, and it rarely requires antimicrobial
treatment. It is susceptible to most of the drugs
of clinical interest, except for nitrofurans. Dur-
ing 1998 a sharp increase in resistance to ampi-
cillin was observed in this serotype.

There have been a few isolates of Salmonella
spp. that were resistant to fluoridated quino-
lones, but these were highly unusual.

Shigella flexneri and Shigella sonnei

Ampicillin and cotrimoxazole showed low
activity with both species of Shigellz spp. The
isolates of S. flexneri were noticeably less sus-
ceptible to these two drugs and also to chloram-
phenicol. For this reason, it is difficult to estab-
lish an initial empiric therapy for patients in
need of treatment with antimicrobial agents, es-
pecially since nitrofurans and fluoridated
quinolones may have to be ruled out, the
former because of poor patient tolerance and
the latter because they have not been approved
for pediatric use. However, both of these drugs
have excellent levels of activity and have been
associated with very few resistant isolates.

The aminoglycosides and first- and second-
generation cephalosporins are not effective for
the treatment of bacterial diarrheal diseases.
It should be pointed out that the frequent ap-
pearance of strains resistant to both groups of
agents is a sign of the extent to which the cor-
responding resistant genes have spread.

NONFERMENTING GRAM-NEGATIVE
BACILLI

Pseudomonas aeruginosa

Unlike the situation with enterobacteria, in
the majority of hospitals that participated in
this program there has been a reduction in the
resistance of P. aeruginosa to most of the drugs
in question, particularly gentamicin and
ceftazidime. Nevertheless, resistance to
imipenem remained constant throughout the
period under study.

With variations from year to year, between
8% and 12% of the isolates of P. aeruginosa pre-
sented simultaneous resistance to ceftazidime,
gentamicin, and fluoridated quinolones; be-
tween 30% and 50% of these multitesistant
isolates were also resistant to imipenem, and
it has therefore been very difficult to find
therapeutic options.

The drug cefepim, which has been included
in the protocol since 1998, and imipenem were
the most effective agents against P. aeruginosa,
with 16% and 14% resistance, respectively.

Acinetobacter spp.

Infections caused by these microorganisms,
especially A. baumannii, pose a real challenge
for hospital health teams, given their grow-
ing resistance to antibacterial agents.

Unlike the case of P. aeruginosa, these spe-
cies have been showing a marked rise in re-
sistance to all the drugs tested. During the .
period in question, the only antimicrobial
agent that retained its activity was imipenem.

Aminoglycosides showed very poor activ-
ity. Unlike the situation with the other fami-
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lies studied, there was no dissociation between
the activity of gentamicin and amikacin.

Sulbactam by itself is active in the presence
of Acinetobacter spp., but, in Argentina, when
combined with ampicillin, resistance in-
creased from 40% in 1994 to 60% in 1998. The
rest of the B-lactam antibiotics were even less
active. The activity of fluoridated quinolones
was also low.

GRAM-PGSITIVE COCCH
Staphylococcus aureus

Resistance to oxacillin, and thus to the ac-
tivity of B-lactam antibiotics, varied consid-
erably from one institution to another. This
resistance was closely tied to resistance to
gentamicin, the macrolides, tetracycline,
rifampicin, clindamycin, cotrimoxazole, fluo-
ridated quinolones, and chloramphenicol. As
was to be expected, the conventional fluori-
dated quinolones had low activity on Gram-
positive bacteria. Trovafloxacin was tried in
1998 and demonstrated a broader spectrum
of activity against these microorganisms;
only 5% of the isolates were reported to be
resistant.

Through molecular epidemiology studies
(PFGE), the prevalence of two methicillin-
resistant clones of Staphylococcus aureus was
detected in Argentina: a multiresistant one
previously described in Brazil and another
one, prevalent in pediatric hospitals, which
was resistant only when methicillin was
used in combination with gentamicin (8).
Reduced susceptibility to glycopeptides was
not detected.

Enteracoccus spp.

Probably because of the proportion of iso-
lates of E. faecium present in the sample, resis-
tance to ampicillin and ampicillin-sulbactam
was consistently lower than 10%. Half the iso-
lates were resistant to the conventional fluo-
ridated quinolones, and 26%, to trovafloxacin,

which was tried in 1998. High levels of resis-
tance to gentamicin and streptomycin, evalu-
ated with high-powered disks, was found in
22% and 25% of the isolates, respectively.
Fortunately, vancomycin-resistant isolates
of Enferococcus spp., causative of infectious
processes, were not reported until 1998,
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OVERVIEW OF ANTIMICROBIAL RESISTANCE
BY SHIGELLA SPP. IN 10 CHILEAN
HOSPITALS: THE PRONARES PROJECT?

Paola Pidal P,? Valeria Prado J.,? Olivia Trucco A.,2 Francisco Valdivieso R.,2
Maria Cristina Diaz .,? Alicia Ojeda S.,” and the PRONARES Group?

Shigella infections are a frequent cause of morbidity and mortality among Latin Ameri-
can children. In Chile, Shigella infections are responsible for some 4% to 12% of the cases
of acute diarrhea of varying degrees of severity and 22% to 30% of the episodes of bloody
diarrhea among children under 5 years of age, depending on the socioeconomic level of the
population studied and whether the surveillance is active or passive.

The emergence and spread of antimicrobial resistance in strains of Shigella is a real
problem that complicates the treatment of serious cases. In order to gain an overview of
resistarice in Shigella strains isolated in Chile, a surveillance program using a common
protocol was set up in 10 hospitals in November 1997. The results were analyzed using the
WHONET software. A total of 495 isolates were studied in the course of 12 months of
surveillance, 395 of them from children. Shigella flexneri was the most frequent species in
adults and Shigella sonnei was the most common in children. In the Shigella flexneri
isolates the percentages of resistance observed were 87% for ampicillin, 76% for
cotrimoxazole, 73% for tetracycline, and 52% for chloramphenicol. These figures compared
with only 4% resistance to furazolidone and 0% to ciprofloxacin. The Shigella sonnei
isolates were highly resistant to ampicillin (91%), tetracycline (75% ), and chloramphenicol
(81%), compared with 1% resistance to furazolidone and 0% to ciprofloxacin. The resis-
tance patterns were similar in the different regions of the country, which indicates that this
is a generalized phenomenon with only slight regional differences. The most frequent pat-
tern was the association of genes resistant to ampicillin, chloramphenicol, and cofrimoxazole.
It i5 very necessary to establish surveillance systems fo monitor the resistance of Shigella
spp. to the clinically useful antimicrobial drugs, which would appear to be the only way to
provide guidelines for effective empirical treatment in each situation that may arise.
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INTRODUCTION

Shigellosis is a major cause of diarrhea in
both the developing and industrialized coun-
tries (1-8). In Chile, Shigella infections are re-
sponsible for some 4% to 12% of acute cases
of diarrhea and 22% to 30% of bloody diar-
rheal cases in children under 5 years of age,
depending on the socioeconomic situation of
the population studied and whether the moni-
toring is active or passive (1-3).

The clinical shigellosis picture covers a spec-
trum of symptoms ranging from watery diar-
rhea with or without fever to the classical dys-
enteric syndrome, which can entail serious
complications (9, 10).

The distribution of Shigella species and se-
rotypes varies from one geographical area to
another. In Latin America the two predomi-
nant species are Shigella flexneri and S. sonnei,
whereas in the industrialized countries Shigella
sonnei is the species isolated most frequently.
Shigella boydii remains confined to the region
of India and is isolated only sporadically in
other areas. Shigella dysenterine type 1, the most
virulent of all the serotypes, is rare in the
Americas, but there are occasional outbreaks
that produce high mortality. The last reported
epidemic occurred in Mexico and Guatemala
in 1969 and spread rapidly to the rest of Cen-
tral America and subsequently to Africa and
India, where it has become an endemic patho-
gen. In Chile, S. sonnei, 5. flexneri 2, and S.
flexneri 6 account for more than 80% of the
serotypes isolated (1-3).

The main problem currently associated with
shigellosis is undoubtedly its treatment, even
though it is one of the enteric infections for
which the use of antimicrobials is widely ac-
cepted and recommended, since it has been
demonstrated that proper antibiotic therapy
shortens the duration and severity of diarrheal
symptoms, reduces the bacteria-shedding
time, and aJso reduces potential complications
of the disease (9~11). Studies conducted in
Europe, Africa, and North America have
shown high percentages of Shigelia strains re-
sistant to various, cornmonly used antimicro-

bial drugs such as ampicillin, cotrimoxazole,
and chloramphenicol, with levels as high as
100%, 96%, and 65%, respectively. In addition,
a considerable number of multiresistant
strains have been identified (4, 12-16). In Latin
America there is only limited information
available in this regard, although studies con-
ducted in Bolivia and Brazil already show a
high percentage of multiple resistance (6, 17).

In Chile the resistance of Shigells was moni-
tored from 1995 until 1997 in a community
norih of Santiago, where the situation was sini-
lar to the one described above, with high per-
centages of resistance to the antibiotics custorn-
arily used in the country. In this study, the
discovery of 69% resistance to chlorampheni-
col, a first-line drug for the treatment of
shigellosis, is a significant event affecting the
situation of this disease in Chile. Moreover, 49%
of the isolates were multiresistant—i.e., resis-
tant to one or more antimicrobial drugs (18).

Given these circumstances, the care and
treatment of shigellosis has become consider-
ably more complicated. The present situation
reduces the possibility of setting standards for
empirical treatment that will ensure effective
results. With regard to the resistance of Shi-
gella strains, there is no information available
in Chile that would allow an overview of the
situation nationwide. Although data exist in
the files of individual laboratories, since there
is no common code, it is difficult to integrate
them and compare the results for the entire
country. For this reason, through the National
Program for the Surveillance of Resistance
(PRONARES Project) and using the WHONET
software, we undertook to monitor the anti-
microbial resistance of Shigella in 10 hospitals
representing different regions of the country
s0 as to obtain results that would reflect the
situation in Chile as a whole. The objectives
of the study were:

a) To determine and compare the percentage
of antimicrobial resistance in strains of Shi-
gella flexneri, 5. sonnei, and S. boydit isolated
in 10 hospitals located in different regions
of Chile; and
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b) To analyze the pattern of resistance in the
Shigella strains isolated in Chile.

MATERIALS AND METHODS

In November 1997 the PRONARES Project
started making arrangements to monitor the
antimicrobial resistance of pathogenic bacte-
ria associated with various diseases, includ-
ing Shigella, in 10 general hospitals located in
different parts of the country. The hospitals
selected were representative of different Chil-
ean provinces. Two were in the northern area
(Antofagasta and Iquique Hospitals), four in
the central area {Gustavo Fricke Hospital in
Vifia del Mar and Félix Bulnes Hospital,
Roberto del Ric Hospital, and the Military
Hospital, in Santiago), and four in the south-
ern area (Chillin, Talcahuano, Temuco, and
Osomo Hospitals).

The study of antimicrobial susceptibility
was conducted locally using the agar gel dif-
fusion technique, Kirby-Bauer method. The
inhibition halo of each isolate was tested for
the following antimicrobial drugs: ampicillin,
tetracycline, ciprofloxacin, chloramphenicol,
cotrimoxazole, nalidixic acid, and furazoli-
done, following the recommendations of the
U.5. National Committee for Clinical Labora-
tory Standards (NCCLS), with some variations
in the selection of antibiotics at the local level
(19). The corresponding halos were entered on
an ad hoc form and sent to the Eastern Mi-
crobiology Unit at the University of Chile,
where they were entered into the WHONET
database.

The following steps were taken to standard-
ize the technique and ensure quality control:
use of a manual of procedures and standard-
ized rules for measurement, local visits, peri-
odic checks against ATCC reference strains
(Escherichia coli 25922, Staphylococcus aureus
29213, Pseudomonas aeruginosa 27853, Haemo-
philus influenzae 49247, Streptococcus pneu-
monige 49619, Enterococcus faecalis 29212). Ex-
ternai microbiological control, which consisted
of sending unidentified isolates to participat-

ing centers, was the responsibility of the East-
ern Microbiology Unit.

The strains were classified as sensitive, in-
termediate, or resistant, following the NCCLS
standards published in 1998 and already in-
corporated in WHONET.

The percentage of resistance to each antibi-
otic was calculated, and the profiles of resis-
tance of the various Shigella species were
analyzed.

RESULTS

The results of the first 12 months of sur-
veillance in the 10 Chilean hospitals were
studied.

A total of 495 Shigella isolates were obtained
in the 10 hospitals during the surveillance
period, 395 from pediatric patients and 100
from adults. Table 1 shows the distribution of
the different types of Shigella by age of the
patients. Shigella flexneri was the species iso-
lated most frequently from aduit patients, and
Shigella sonnei was the one found most often
in pediatric patients. There were 30 Shigelln
isolates for which the species could not be
determined, and these have been indicated
merely as Shigella sp.

Of the total of 219 Shigella flexneri isolates
obtained in the 10 participating institutions
during the surveillance period, 215 were stud-
ied in vitro to determine their susceptibility
to chloramphenicol; 218 were tested against
ampicillin; 216 against cotrimoxazole; 198
against furazolidone; 183 against cipro-
floxacin, and finally, 59 against tetracycline.
The 5. flexneri isolates showed high percent-
ages of resistance to antibiotics such as ampi-
cillin, cotrimoxazole, tetracycline, and chlor-
amphenicol, with resistance levels of 87%,
76%, 73%, and 52%, respectively. There was
very low resistance to furazolidone—only 4%
of the isolates were resistant—and no resis-
tance to ciprofloxacin was observed at all
(Table 2).

The species Shigella sonnei also presented
high percentages of resistance to ampicillin
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TABLE 1. Distribution of Shigeffa isolates in 19 Chilean hospitals by age of
patients. The PRONARES Project, 1997-1998

Age
<15 years > 15 years Total

Species No. % No. % No. %
S. ffexneri 156 40 63 63 219 44
$, sonnei . 219 55 23 23 242 49
S. bovdii 3 1 1 1 4 1
Shigellasp. 17 4 13 13 30 6

Total 395 100 100 100 495 100

(91%), tetracycline (75%), and chlorampheni-
col (81%). For ampicillin and tetracycline the
percentages were similar to those for 5. flexneri.
With chloramphenicol, however, resistance
was significantly higher than for the 5. flexneri
isolates. Again, a low percentage of resistance
to furazolidone (1%) was observed, and there
was no resistance to ciprofloxacin (Tabie 2).

All four of the Shigella boydii isolates ob-
tained during the surveillance period were
studied in vitro for their susceptibility to
chloramphenicol, ampicillin, cotrimoxazole,
furazolidone, and ciprofloxacin, and two of
the four were studied for sensitivity to tetra-
cycline. Although the number of isolates is
very small, it is worth noting that three were
resistant to ampicillin and two were resistant
to both cotrimoxazole and furazolidone (Table
2).

Figure 1 shows the variations between the
hospitals in the northern, central, and south-
ern areas of Chile in percentages of resistance

to each antibiotic. Resistance to ampicillin was
high in all three areas studied—very high in
the northern and central areas (96% and 95%,
respectively) and a bit lower in the south
(73%). For chloramphenicol, the highest per-
centage of resistance was seen in the central
area (81%), while in the north and south of
the country the resistance figures were simi-
lar, i.e., 52% and 54%, respectively. For
cotrimoxazole, the percentages of resistance
ranged from 31% in the central area to 52% in
the southern area and 72% in the northern
area. For tetracycline, the values were quite
high in all three areas: 60%, 85%, and 68% in
the north, the central area, and the south, re-
spectively. Finally, resistance to furazolidone
was very low in all three areas, ranging from
1% to 4%. No resistance to ciprofloxacin was
observed.

To analyze the patterns of resistance, 396
isolates were used that had been studied in
vitro for susceptibility to at least four antibi-

TABLE 2. Antimicrobial resistance of Shigelfa isolates in 10 Chilean hospitals, 12 months of surveillance,

The PRONARES Project, 1997-1998

S. flexnery S. sonnei S. boydii
No. of isolates Resistance No. of isolates Resistance No. of isolates  Resistance
Antibiotic studied (%} studied (%o) studied (%o}
Chloramphenicol 215 52 234 81 4 -
Ampicillin 218 87 241 91 4 75
Cotrimoxazole 216 76 242 21 4 50*
Furazolidone i98 4 181 1 4 50%
Ciprofloxacin 183 - 172 - 4 -
Tetracycline 59 73 55 75 2 -

*Two out of four isolates.
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FIGURE 1. Variations in resistance among hospitals in northern, central, and southern Chile,
12 months of surveillance. The PRONARES Project, 1997-1998
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otics (ampicillin, cotrimoxazole, chloram-
phenicol, and furazolidone). Of this total, 381
isolates were resistant to one or more antimi-
crobial agent. Ten different profiles of resis-
tance were observed. The most frequent pat-
tern for S. flexneri was resistance to ampicillin,
chloramphenicol, and cotrimoxazole, which
was observed in 119 isolates. That pattern was
followed in frequency by resistance to ampi-
cillin and chloramphenicol, which was ob-
served in 22 isolates. For Shigella sonnei, the
most frequent pattern was resistance to ampi-
cillin and chloramphenicol. Finally, of the
three Shigella boydii isolates, two were resis-
tant only to ampicillin. Table 3 also shows that
44% (176/396) of the selected strains had a
pattern of multiple resistance.

DISCUSSION

This study, which monitored Shigella anti-
microbial resistance in 10 hospitals of Chile,
shows us a discouraging and troubling na-
tional picture with regard to the resistance of
this pathogen to various antimicrobial drugs

B North
[ Central area
H South

that are recommended for the clinical treat-
ment of shigellosis. Shigella resistance is a uni-
versal phenomenon. Many countries have re-
ported high percentages of Shigella resistance
to commonly used antimicrobial drugs such
as ampicillin, cotrimoxazole, and chloram-
phenicol, which have been employed at dif-
ferent times and in numerous countries as the
treatment of choice for this disease. In 1994
chloramphenicol was introduced in Chile as
the treatment of choice for shigellosis, in light
of increased resistance to ampicillin and sub-
sequently to cotrimoxazole (20-21).

Asin therest of Latin America, thereis little
information available on this problem in Chile.
In a previous study of ours, in which we moni-
tored the antimicrobial susceptibility of Shi-
gella isolates in a semirural commune north
of Santiago in 1995-1997, we found high per-
centages of resistance to various antimicrobial
drugs, as indicated in the scientific literature
published abroad. Resistance to ampicillin
ranged between 56% and 100% among the
different species; resistance to cotrimoxazole
was between 21% and 53%; and resistance to
chloramphenicol, between 11% and 69%.
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TABLE 3. Patterns of resistance of 381 Shigefla isolates resistant to one or more antimicrobial drugs. The

PRONARES Project, 1997-1998

Antibiotic S.flexneri  S.sonnei S. boydii  Shigellasp. Total
Armpicillin 4 3 2 2 11
Cotrimoxazole 10 3 - 1 14
Furazolidone 1 - - - 1
Ampicillin-chloramphenicol 22 127 - 4 153
Ampicillin-cotrimoxazole 17 7 - - 24
Ampicillin-furazolidone 1 - - 1
Chioramphenicol-furazolidone 1 - - 1
Ampicillin-chloramphenicol-cotrimoxazole 119 23 - 19 161
Ampicillin-chloramphenicol-furazalidone 2 3 - - 5
Ampicillin-cotrimoxazole-furazolidone ~ 1 1 - 2
Arapicillin-chloramphenicol-cotrimoxazole-
furazolidone 6 1 - 1 8
Total 183 168 3 27 381

There was also a high percentage of multire-
sistant strains (49%) (18). This study revealed
the need for more knowledge about the anti-
microbial resistance of Shigella strains in the
Chilean situation.

The present study has shown that the pic-
ture is no more encouraging at the national
level, with resistance to chloramphenicol cur-
rently appearing in 81% of Shigella sonnei
isolates and 52% of Shigella flexneri isolates.
Resistance of Shigella sonnei to ampicillin
was 91%, and with S. flexneri it was 87%. For
cotrimoxazole, the degree of resistance was
significantly higher in the isolates of S. flexneri
(76%) than in those of S. sonnei (21%). Given
the limited number of strains of S. boydii (4), a
species that is rarely isolated in Chile, it is not
appropriate to draw conclusions about their
behavior in terms of antimicrobial resistance.

As in the previous study, no resistance to
ciprofloxacin was observed, and there were
very low levels of resistance to furazolidone,
probably because of the limited use of this
drug in the treatment of shigellosis.

With regard to the variations in resistance
observed in the different areas of the country,
there is high resistance to ampicillin in the
northern, central, and southern areas of Chile,
with percentages of 96%, 95%, and 73%, re-
spectively. This is an interesting phenomenon
because, even though ampicillin has not been
used for some 15 years for the treatment of

shigellosis, it can be seen that the bacterium
has retained the genes that are resistant to that
antibiotic. A possible explanation might be
selective pressure from the widespread use of
ampicillin in Chile for other indications, es-
pecially respiratory infections. The same
might be said of cotrimoxazole, which is still
frequently used in primary care for the treat-
ment of acute diarrhea.

With regard to chloramphenicol, there was
rather high resistance in the north (52%) and
south (54%) of Chile, and the level was even
higher in the central area (81%), probably be-
cause of the widespread use of this antimicro-
bial drug in the capital, Santiago, often with-
out any clear indication. The figures for
cotrimoxazole were different in the three ar-
eas: 72% in the north, and 31% and 52% in the
central area and the south, respectively. These
variations in resistance may reflect different
policies regarding the use of antibiotics in the
various regions of the country. Thus we see
that the northern area has the highest percent-
age of resistance to cotrimoxazole (72%) but
less for chloramphenicol (52%), unlike the cen-
tral area, where resistance to chlorampheni-
col is very high (81%) and not so high for
cotrimoxazole (31%).

Despite these variations between the differ-
ent areas of the country, because resistance
hovers at such high levels, none of the afore-
mentioned antimicrobial agents can be used
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empirically for the treatment of Shigella infec-
tions. Moreover, we believe it important to
emphasize the high number of multiresistant
isolates, which accounted for 44% (176/396)
of the isolates selected for analysis of the re-
sistance profile.

This rapid acquisition of resistance to anti-
microbial drugs on the part of Shigella strains
has led to the search for other drugs, such as
the third-generation cephalosporins and the
new quinolones, for the treatment of Shigella
infections.

According to our study and others that have
been done abroad, ciprofloxacin, as well as
other new quinolones, show excellent in vitro
activity against the several Shigella species. It
has also proven to be effective in clinical and
bacteriological treatment of the disease,
achieving high concentrations in serum and
stool. Its disadvantage, however, is that its use
in children is restricted because it has the po-
tential to damage growth cartilage, according
to observations in small rodents exposed to
high concentrations of antibiotic over an ex-
tended period of time.

In this regard, a great deal of experience has
been gained using ciprofloxacin in children for
specific indications—mainly for the treatment
of infections due to multiresistant Pseudomo-
nas gaeruginosa in flare-ups of cystic fibrosis. In
these experiences with prolonged treatment,
the appearance of reversible arthralgias has
been documented in a small proportion of
patients, but no disorders of growth cartilage
have been observed, even after evaluation
with sensitive diagnostic imaging methods. A
clinical trial in which ciprofloxacin was used
for the treatment of children with shigellosis,
published recently by Salam M. et al. (22),
showed good clinical and bacteriological cure
of the disease and was unable to establish a
link between the use of ciprofloxacin and the
development of arthropathy in the children.
For these reasons, we believe that, given the
multiple resistance observed in Shigella strains,
consideration might well be given to the use
of ciprofloxacin, an antimicrobial drug that has
not been proven to have any more adverse

effects in children than those observed in
adults (23-27).

In the search for effective antimicrobial
agents against shigellosis, third-generation
cephalosporins (26-30) have been used. How-
ever, it is important to save these drugs of last
resort for the treatment of other sericus infec-
tions, such as meningitis and septicemia, in
order to avoid the emergence of bacterial re-
sistance. The use of third-generation cepha-
losporins should be restricted to serious cases
of shigellosis caused by multiresistant strains.
Moreover, it is important to keep in mind that
studies in other countries have shown that,
even though the third-generation cepha-
losporins have excellent in vitro sensitivity and
are very effective clinically in the treatment of
shigeliosis, they do not reduce bacteria-shed-
ding time, which is a key consideration in the
treatment of this enteric infection that is so
readily transmitted between children (28-30).

The present study showed low levels of re-
sistance to furazolidone—4% for Shigella
flexneri and 1% for Shigella sonnei. A clinical
trial conducted in Bangladesh in 1995, in
which furazolidone was used for the treatment
of bloody diarrhea, showed good clinical and
bacteriological improvement of shigellosis
patients (31). Although in clinical practice
furazolidone is used in many Latin American
countries with apparently good results in cases
of shigellosis, there have been few controlled
treatment studies to evaluate this use of the
drug. For this reason, only light to moderate
use in cases of mild shigellosis could be rec-
ommended. Furthermore, a technical problem .
for evaluating the susceptibility of furazoli-
done in vitro is the absence of cut-off values
for enteric infections; this has made it neces-
sary to use the values corresponding to uri-
nary infections (19).

Given the rapid acquisition of resistance by
Shigella strains, coupled with the lack of regu-
lations governing the use of antimicrobial
agents by either physicians or the general pub-
lic, the developing countries need to have safe
and effective vaccines—ideally oral vaccines—
that will protect against shigellosis. As long



98 Antimicrobial Resistance by Shigelfa spp. in Chile

as that goal is not achieved, projects like the
PRONARES Program are an excellent means
of monitoring the resistance of different patho-
gens at the country level. For this reason, it
is important to maintain and enhance these
programs.

With regard to the monitoring of Shigella, it
would be important in the future to control the
selection of antibiotics in all participating cen-
ters in such a way that they make use of all the
antibiotics recommended in the protocol, thus
allowing for better analysis of the results. This
was an obstacle in analyzing the in vitro sus-
ceptibility results for nalidixic acid, which was
used in a very small number of cases.

Earlier Chilean studies and foreign studies
of Shigella strains show that, in addition to
presenting good in vitro activity, nalidixic acid
has demonstrated good clinical efficacy in the
treatment of shigellosis. It has therefore been
used as the drug of choice in some countries,
such as Brazil and Bangladesh, given the in-
crease in resistance to ampicillin and cotri-
moxazole, the original first-line antibiotics in
these and other regions of the world (31-33).
It will be important in the future to have in-
formation on the behavior of Shigella strains
with nalidixic acid in Chile.

Bearing in mind the ease with which Shi-
gella strains acquire resistance, as well as the
variations that exist in different geographical
areas, we consider it of the utmost importance
to conduct susceptibility studies in each coun-
try to determine the degree of bacterial resis-
tance and also provide the basis for orienting

‘clinical physicians with regard to appropriate
empirical treatment. This should help to pre-
vent the selection and spread of resistant
strains.

REFERENCES

1. Ferreccio C, Prado V, Ojecla A, Cayyazo M, Abrego
T, Guers L. Levine M. Epidemiologic patterns of acute
diarrhea and endemic Shigella infections in children
in a poor periurban setting in Santiago, Chile. Am |
Epidemiol 1991;134:614-627.

2. Prado V, O'Ryan M. Acute gastroenteritis in Lafin
America. Infect Dis Clin North Am 1994:8(1):77-106.

10.

11.

12.

13.

14.

16.

17.

18.

. Prado V, Lagos R, Nataro ], San Martin O, Arellano C,

Wang J, et al. A population-based study of the inci-
dence of Shigella diarthea and causative serotypes in
Santiago, Chile. Pediatr Infect Dis | 1999;18:500-505.

. Haider K, Malek M, Albert M. Occurrence of drug

resistance in Shigella species isolated from patients
with diarrhoea in Bangladesh. f Antimicrob Chemother
1993;32:509-511.

. Lollekha &, Vibulbandhitkit 5. Response to antimi-

crobial therapy for shigellosis in Thailand. Rev Infect
Dis 1991;13 (suppl 4): 5342-346.

. Townes ], Quick R, Gonzales O, Linares M, Darniani

E, Bopp C, et al. Etiology of bloody diarrhea in Boliv-
ian children: implications for empiric therapy. J In-
fect Dis 1997;175:1527-1530.

. Finkelman Y, Yagupsky F, Fraser D, Dagan R. Epide-

miology of Shigella infections in two ethnic groups in
a geographic region in southern Israel. Eur J Clin
Microbiol Infect Dis 1994;13(5):367-373.

. Litwin C, Leonard R, Carroll K, Drummond W, Pavia

A. Characterization of endemic strains of Shigella
sonniei by use of plasmid DNA analysis and pulsed
field gel electrophoresis to detect patterns of trans-
mission. | Infect Dis 1997;175:864-870.

. Bennish M, Wojtyniak B. Mortality due to shigello-

sis: community and hospital data. Rev Infect Dis 1991;
13 (suppl 4):5245-5251.

Bennish M. Potentially lethal complications of
shigellosis. Rew Infect Dis 1991;13(suppl 4):5319-5324.
Salamn M, Bermish M. Antimicrobial therapy for
shigellosis. Rev Infect Dis 1991;13(suppl 4):5332-5341.
Bratoeva M, John J. Dissemination of trimethoprim-
resistant clones of Shigella sonntei in Bulgaria. [ Infect
Dis 1989;159(4):648-653,

Eko F, Utsalo S. Antimicrobial resistance trends of
Shigella isolates from Calabar, Nigeria. ] Trop Med Hyg
1991,94(6):407-410.

Mache A, Mengistu Y, Cowley 5. Shigella serogroups
identified from adult diarrhoeal outpatients in Addis
Ababa, Ethiopia: antibiotic resistance and plasmid
profile analysis. East Afr Med [ 1997;74(3):179--182.

. Harnett N. High level resistance to trimethoprim,

cotrimoxazole and other antimicrobial agents among
clinical isolates of Shigella species in Ontario, Canada:
an update. Epidemiol Infect 1992;109:463472.

Sack R, Rahman M, Yunus M, Khan E. Antimicrobial
resistance in organisms causing diarrheal disease. Clin
Infect Dis 1997;24(Suppl 1):5102-5105.

Lima A, Lima N, Pinho M, Barros E, Teixeira M, Mar-
tins M, et al. High frequency of strains multiply re-
sistant to ampicillin, trimethoprim-sulfamethoxazole,
streptomycin, chloramphenicol and tetracycline iso-
lates from patients with shigellosis in Northeastern
Brazil during the period 1988 to 1993. Antimicrob
Agents Chemother 1995;39(1):256-259.

Prado V, Pidal P, Arellano C, Lagos R, San Martin O,
Levine M. Multirresistencia antimicrobiana en cepas



Pidal et al. 499

19,

20.

21.

24,

26.

de Shigella sp. en una comuna semi-rural del 4rea
norte de Santiago. Rev Med Chile 1998;126:1464-1471.
National Committee for Clinical Laboratory Stan-
dards 1998. Performance standards for antimicrobial
susceptibility testing, 8th informational supplement.
D'Ottone K, Astorga ], Zapata L, Seoane M. Suscepti-
bilidad antimicrobiana de 561 cepas de Shigella
obtenidas de muestras clinicas. Rev Chile Infect 1985;
2:57-60.

Siri M, Santolaya M, Cérdova M, Torres T. Sen-
sibilidad in vitro de Shigella y correlacién clinica
después de la administracién de cotrimoxazol oral.
Rev Chile Infect 1982;2:106-108.

. Salam M, Dhar U, Khan W, Bennish M. Randomised

comparison of ciprofloxacin suspension and pivme-
cillinam for childhood shigellosis. Lancet 1998;
15;352(9127):522-527.

. Richard D, Nousia-Arvanitakis S, Sollich V, et al. Oral

ciprofloxacin vs. intravenous ceftazidime plus
tobramycin in pediatric cystic fibrosis patients: com-
parison of antipseudomonas efficacy and assessment
of safety with ultrasonography and magnetic reso-
nance imaging. Cystic Fibrosis Study Group. Pediatr
Infect Dis ] 1997;16(6):572-578.

Kubin R. Safety and efficacy of ciprofloxacin in pedi-
atric patient-review. Infection 1993;21(6):413-421.

. Bennish M, Salam M, Haider R, Barza M. Therapy

for shigellosis. 11, Randomized, double-blind com-
parison of ciprofloxacin and ampicillin. | Infect Dis
1990;162:711-716.

Gottuzzo E, Oberhelman R, Maguifia C, Berry 5, Yi
A, Guzman M, et al. Comparison of single-dose treat-

29.

3L

32.

ment with norfloxacin and standard 5-day treatment
with trimethoprim-sulfamethoxazole for acute
shigellosis in adults. Antinicrob Agents Chemother
1989;33(7):1101-1104.

. Khan W, Seas C, Dhar U, Salam M, Bennish M. Treat-

ment of shigellosis. V, Comparison of azithromydn
and ciprofioxacin. Ann Intern Med 1997;126:697-703.

. Ashkenazi 5, May Zahav M, Sulkes ], Zillberberg R,

Samra Z. Increasing antimicrobial resistance of Ski-
gella isolates in Israel during the period 1984 to 1992.
Antimicrob Agents Chemother 199539(4):819-823.
Salam M, Seas C, Khan W, Bennish M. Treatment of
shigellosis. IV, Cefixime is ineffective in shigellosis
in adults. Ann Infern Med 1995;123:505-308.

. Kabir I, Butler T, Khanam A. Comparative efficacies

of single intravenous doses of ceftriaxone and ampi-
cillin for shigellosis in placebo-controlled trial.
Antimicrob Agents Chemother 1986;29(4):645-648.
Dutta P, Sett A, Sarkar A, Mitra U, Saha D, Manna B,
et al. Comparative efficacy of furazolidone and nali-
dixic acid in the empirical treatment of acute inva-
sive diarrhea: randomized clinical trial. Indian Pediatr
1995;32(1):13-19.

Salam M, Bennish M. Therapy for shigellosis. 1, Ran-
domized, double-blind trial of nalidixic acid in child-
hood shigellosis. | Pediatr 1988;113:901-907.

. Materu S, Lema O, Makunza H, Adhiambo C, Carter

J. Antibiotic resistance pattern of Vibrio choleraz and
Shigella causing diarthoea outbreaks in the eastern
Africa region: 1994-1996. East Afr Med | 1997.74(3):
193-197.



SURVEILLANCE OF ANTIMICROBIAL

SUSCEPTIBILITY OF STRAINS RESPONSIBLE

FOR INVASIVE INFECTIONS AT 11
HOSPITALS IN CHILE!

NATIONAL PROGRAM FOR MONITORING
ANTIMICROBIAL RESISTANCE (PRONARES)

Olivia Trucco A.;2 Valeria Prado J.," Francisco Valdivieso R.,’

Maria Cristina Diaz J.," Alicia Ojeda S.,' and the PRONARES Group®

Invasive infections require early and effective treatment, which must often be initinted
empirically. In order to improve the chances for success, it is essential to have information
about the prevalent agents and their local patterns of resistance to antibiotics.

PRONARES, Chile’s program for monitoring antimicrobial resistance, was instituted
at 11 of the country’s hospitals in November 1997. With the use of WHONET software,
analyses and comparisons were made of the resistance patterns observed over a 12-month
period throughout the country in 1,305 isolates of strains responsible for invasive infec-
tions (20 isolates from sterile body fluids per month, per center). Antimicrobial susceptibil-
ity was determined using the disk diffusion method, following the guidelines of the LS.
National Committee for Clinical Laboratory Standards (NCCLS).

Most of the isolates were obtained by hemoculture (63.1%). Of the bacteria isolated,
57% were Gram-negative bacilli and 43% were Gram-positive cocci. The most prevalent
species was Staphylococcus aureus (355): 40% of the isolates were resistant to methicil-
lin and 38.3% and 37.6% to cefazolin and gentamicin, respectively; 17% to trimethoprim-
sulfamethoxazole; and 10.5% to rifampicin. The coagulase-negative species of staphylo-
cocci had the highest indexes of resistance.
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With Streptococcus pneumoniae, 24.2% of isolates were resistant to penicillin, whereas
none of thetn were resistant to cefotaxime or vancomycin. Among the Gram-negative ba-
cilli, Escherichia coli (320 isolates) had high levels of resistance to ampicillin (58.3%),
aztreonam (47.2%), trimethoprim-sulfamethoxazole (40.3%), and ceftriaxone and ampicil-
lin-sulbactam (18.4%), but less than 5% showed resistance to gentamicin, ciprofloxacin,
amikacin, or imipenem.

Among the nonfermenting bacteria, 100% of Pseudomonas and Acinetobacter (151
isolates) proved to be resistant to ampicillin, while 59.1% were resistant to ampicillin-
sulbactam in combination, 35.9% fto ceftazidime, and 41.4% to cefoperazone. Half the iso-
lates were resistant to gentamicin and 32.7%, to amikacin.

The high levels of resistance observed in our environment, as well as the variations from
one region to another, bear out the need to maintain a surveillance program for monitoring

the resistance of prevalent pathogens.

INTRODUCTION

Bacterial resistance to antimicrobial agents
develops when these drugs are introduced for
the freatment of infectious diseases. In spite
of the efforts that have been made to create
new and better molecules, the bacteria con-
tinue to find ways to elude their action.

Over the years, antimicrobial resistance has
extended among a growing number of patho-
gens that plague humankind, thus posing a
serious problem for the therapeutic manage-
ment of many prevalent infectious diseases.

The literature has described many new
mechanisms through which bacteria have
managed to thwart the bactericidal or bacte-
riostatic action of antibiotics, and some anti-
microbial agents can induce resistance even
during the course of treatment (1-3).

The resistance phenomenon is of particular
concern in the case of life-threatening condi-
tions such as invasive infections, when the
antimicrobial management of patients be-
comes critical. The complexity of progress
in modern medicine is such that patients in
intensive care units, already weak and suf-
fering from disease, are especially at risk of
developing serious systemic infections of hos-
pital origin because of resistant pathogens or
opportunistic infections, or both (4, 5).

Life-threatening bacterial infections are a
growing cause of morbidity and mortality, es-
pedially during the beginning and final periods

of life. They contribute significantly to higher
mortality from infectious diseases, as well as to
the cost of caring for such infections (6).

Microorganisms associated today with in-
vasive infections can vary in frequency from
hospital to hospital and include numerous
bacterial species, both Gram-positive and
Gram-negative. The most common ones are
the enterobacteria, Staphylococcus aureus and
coagulase-negative staphylococd (CNS), non-
fermenting bacilli such as Pseudomonas and
Acinetobacter, and, finally, Enterococcus spp.
(7-9).

At the present time, the most serious prob-
lems in Chilean hospitals are the increasingly
broad profile of resistance to third-generation
cephalosporins in Gram-negative bacilli, the
growing resistance to methicillin in Staphylo-
coccus aureus and CNS, and the recent emer-
gence of Enterococcus strains resistant to van-
comycin (10-14).

In this group of microorganisms, antimicro-
bial resistance is the rule rather than the ex-
ception. For this reason, it is just as important
to study the in vitro behavior of these bacte-
ria vis-a-vis the various antimicrobial agents
as it is to characterize the disease-causing
strains themselves. The problem becomes
even more important with life-threatening in-
fections in which the prognosis depends
largely on the speed with which the condition
is clinically recognized and appropriate and
timely antibiotic treatment {(usually empirical)
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can be initiated. There is no time to wait for
the results of microbiological studies and, in
any event, antimicrobial treatment should be
based on local epidemiological information
about the agents and the resistance that has
developed against them—a phenomenon that
is highly dynamic.

When resistance is high, it is imperative to
monitor the behavior of the pathogens vis-a-
vis specific antimicrobial agents. Such an in-
vestigation should not only test the agents
routinely used in the clinic but also look at new
molecules that may be more active, cover a
broader spectrum, or have particular pharma-
cokinetic advantages, so that up-to-date infor-
mation will be available to help in making
treatment decisions.

PRONARES is a longitudinal program for
monitoring antimicrobial resistance in various
sentinel centers throughout Chile. The pro-
gram evaluates infectious pathogens using
standardized study and analysis methods
(WHONET Program).

The present article reports on the in vitro
susceptibility of bacteria associated with in-
vasive infections at 11 Chilean hospitals over
a one-year period.

MATERIALS AND METHODS

A surveillance system was implemented
using a common study protocol and manual
of procedures. The antimicrobial agents to be
used with each pathogen were defined. Eleven
hospitals, located throughout Chile, were in-
vited to participate—two in the northern area
(Antofagasta and Iquique), five in the central
area (Vifia del Mar and Santiago), and four
in the southern area (Chillan, Talcahuano,
Temtico, and Osorno).

Each participating center contributed up to
20 isolates a month, taken consecutively from
hospitalized patients with invasive infections,
one isolate per patient, over the period from
1 November 1997 through 30 October 1998.

“Invasive infection” was considered to ex-
ist whenever a pathogenic or opportunistic

bacterial strain was isolated from a sterile site
(blood, cerebrospinal fluid, or other organic
fluids) from a patient presenting a compatible
clinical picture.

Antimicrobial susceptibility was studied in
each laboratory using the Kirby-Baucr agar
disk diffusion method. The inhibition halo of
each isolate studied was measured for each
antibiotic. The antibiotics were selected tak-
ing into account the particular pathogen and
the study protocol, based on the U.5. National
Committee for Clinical Laboratory Standards
(NCCLS) recommendations (15). The halos
were recorded in an ad hoc manner and sent
to the Microbiology Unit-East, where they
were entered in the WHONET software data-
base.

For purposes of internal quality control, the
following ATCC reference strains were in-
cluded: Escherichia coli 25922, 5. auireus 29213,
Pseudomonas aeruginosa 27853, Haemophilus
influenzae 49247, S. pneumoniae 49619, and
Enterococeus faecalis 29212. External microbio-
logical control was the responsibility of the
Microbiology Unit—East, which submitted un-
known isolates every four months to each
participating center.

The isolates were automatically classified as
susceptible, intermediate, or resistant when
their inhibition halos were recorded, based on
the cut-off values established in the NCCLS
98 guidelines, which have been incorporated
into the WHONET software.

The data analysis was presented in the form
of histograms (a graph showing the distribu-
tion of the inhibition halos observed) and re-
sistance profiles for the different bacterial spe-
cies with respect to each antimicrobial agent
included in the study. The reports were sent
regularly to each participating center for use
at the local level.

RESULTS

During the 12-month surveillance period,
information was gathered on 1,305 isolates
taken from sterile sites from hospitalized pa-
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tients. The most frequent source of these iso-
lates was hemocultured (63.1%). Less frequent
sites were the abdomen (13.6%), central ve-
nous catheter (9.3%), pleural effusion (5.3%),
cerebrospinal fluid (2.4%), tissues (1.5%), ar-
ticular fluid (1.2%), and others {(bone marrow,
gastric fluid).

Of the bacteria isolated, 57% were Gram-
negative bacilli and the remaining 43% were
Gram-positive cocci. Table 1 shows the spe-
cies isolated and their frequency. Three pat-
terns of prevalence were observed for the
pathogens in the participating hospitals: in six
of the hospitals, E. coli and §. aureus were re-
sponsible for similar numbers of cases and
were by far the most prevalent species (60%
or more); in two other hospitals, S. aureus was
the most frequent pathogen, accounting for
more of half the isolates; and, finally, in the
three remaining hospitals, four bacteria were
almost equally prevalent: S. aureus, E. coli,
Pseudomonas spp., and Klebsiella spp.

In the overall analysis of susceptibility, the
Gram-positive cocci showed high profiles of
resistance in the cases of Staphylococcus aureus,
CNS, and Streptococcus preumoniae. Of the 355
S. aureus isolates, 40% were resistant to methi-
cillin; 38.3%, to first-generation cephalosporins
(cefazolin); and 37.6%, 43%, 50.9%, and 38%,
to gentamicin, erythromycin, chlorarnphenicol,
and clindamycin, respectively. Only the

trimethoprim-sulfamethoxazole combination
and rifampicin showed good in vitro activity,
with resistance levels of 17% and 10.5%, respec-
tively (Figure 1). A pattern of multiple resis-
tance (resistance to three or more antibiotics)
was observed in 28% of the isolates.

Staphylococcus spp., S. aureus, and CNS all
presented a similar profile of antibiotic resis-
tance, with somewhat higher levels in CNS
(Figure 2).

Of the 64 isolates of Streptococcus preu-
moniae, 24.2% were resistant to penicillin,
whereas none of them was found to be resis-
tant to cefotaxime or vancomycin.

Among the Gram-negative bacilli, Escherichia
coli (320 isolates) had high levels of resistance
to ampicillin (58.3%), aztreonam (47.2%),
trimethoprim-sulfamethoxazole (40.3%), and
cefotaxime (24.7%). Better activity was demon-
strated by the ampicillin-sulbactam combina-
tion, to which only 18.4% of the isolates were
resistant. Gentamnicin, ciprofloxacin, amikacin,
and imipenem had good in vitro activity, with
resistance found in less than 5% (Figure 3).

When the resistance profiles of other fer-
menting Gram-negative bacilli, such as Kleb-
siella spp. (124 isolates), were compared with
the isolates of E. coli, Klebsiella was the most
resistant of all: 62.2% of the isolates showed
resistance to aztreonam, 57.2% to cefotaxime,
34.5% to gentamicin, 16.7% to dprofloxacin,

TABLE 1. Frequency of pathogenic bacteria isolated from systemic infections at
11 Chilean hospitals. PRONARES Program, November 1997 through October

1998
Bacterial species Isolates (No.) Frequency (%o}
Staphylecoccus aureus 335 272
Escherichia coli 320 24.6
Klebsiella spp. 124 9.5
Coagulase-negative Staphylococcus 103 79
Pseudomonas 97 7.3
Streptococcus pneurnoniae o4 4.9
Salmonella 63 4.9
Other entercbacteria 52 1.0
Acinetobacter 50 3.8
Other Streplococcus spp. 30 23
Enterococcus 24 1.8
Haemophilus influenzae 12 0.9
Miscellaneous 11 0.8
Total 1,305 100
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FIGURE 1. Antimicrobiaf resistance of 355 $taphylococcus aureus isolates causing invasive infections
in 11 Chilean hospitals, by antimicrobial drug. PRONARES Program, 1997-1998
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and 43.9% to the ampicillin-sulbactam com-
bination (Figure 4).

Figure 5 shows the histogram generated by
the distribution of E. coli inhibition halos in
the presence of aztreonam. In this case the his-
togram makes it possible to predict the pres-
ence of an enzymatic resistance mechanism
insome of these isolates—namely, the produc-
tion of extended-spectrum B-lactamases
(ESBL)—inasmuch as 38% of the isolates had
an inhibition halo equal to or smaller than 27
mm, the cut-off value for suspecting the pro-
duction of this type of inactivating enzymes
in E. coli isolates (15).

Among the 151 isolates of nonfermenting
Gram-negative bacilli, those of Pseudomonas
and Acinetobacter were 100% resistant to ampi-
cillin. When a p-lactamase inhibitor (sui-
bactam) was added, the combination did not
show any improved activity against Pseudo-
monas; however, resistance in the Acinetobac-

ter isolates dropped to 13%. Ceftazidime
and cefoperazone showed moderate activity
against Pseudomonas (resistance levels of only
19.5% and 23.3%, respectively), but their ac-
tivity was very low in the presence of Acineto-
bacter (70.7% and 84% resistance). With gen-
tamicin, 33.7% of the Pseudomonas and 79.6%
of the Acinetobacter isolates were resistant.
Amikacin was more active with both species
than its predecessor, gentamicin. It performed
better against Pseudomonas, in which resistance
was 19.4%, than against Acinefobacter, in which
it was 57.1%.

Aztreonam also showed better activity
against Psendomonas than against Acinefobacter
(18.5% and 70% resistance, respectively). The
antimicrobial agent that was most active
against both genera turned out to be imipe-
nem, for which the resistance levels were only
6.8% in Pseudomonas and 2.2% in Acinetobacter
(Figure 6).
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FIGURE 2. Antimicrobial resistance (%) of 355 Staphylococcus aureus isolates and
101 isofates of coagulase-niegative Staphylacoccus causing invasive infections in
11 Chilean hospitals, by antimicrobial drug. PRONARES Program, 1997-1998
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Another contribution of the WHONET sys-
tem was to show differences in the resistance
mechanisms of bacteria, isolated from differ-
ent hospitals, to the same antibiotic. Figures 7
and 8 show two different histograms for
Acintetebacter baumannii in two different hos-
pitals. In one hospital, ail the isolates of this
species were resistant to ampicillin, and 100%
were susceptible to ampicillin-sulbactam
given in combination. This would indicate that
the B-lactamases produced by these isolates
had a great affinity for the inhibitor. In con-
trast, at another hospital, the isolates of this
species produced B-lactamases that were not
recognized by sulbactam and failed to have
any susceptibility to the combination, which

was mirrored by small inhibition halos at left
of center on the graph.

With the surveillance system in place in a
number of centers throughout Chile, we were
able not only to evaluate the first-line antimni-
crobial agents already in use for the treatment
of invasive infections but also to assess new
therapeutic options. One of these was the new
fluoroquinolone grepafloxacin, which, consis-
tent with reports from other countries, showed
little activity against S. aureus isolates (37.5%),
many of which were resistant to methiciilin.
This agent also showed poor activity against
nonfermenting bacilli (ranging from 33.2% to
80%), but it showed good activity against fer-
menting Gram-negative bacilli such as E. coli
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FIGURE 3. Anfimicrobial resistance (%) in 320
isolates of Fscherichia colf causing invasive
infections in 11 Chilean hospitals,
by antimicrobial drug, PRONARES
Program, 1997-1993
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and Klebsiella spp. (resistance of 5% and 10%,
respectively).

DISCUSSION

The high proportion of isolates from inva-
sive infections that currently exhibit resistance
to the antimicrobial agents in use at Chilean
heaith care centers can be attributed to a num-
ber of factors. Among these, as pointed out
earlier, is technological progress itself. The
many advances in the care of seriously ill pa-
tients has led to the concentration of patients
at high risk for life-threatening infections in
hospitals—patients who are being subjected
to invasive procedures and broad-spectrum

FIGURE 4. Anfimicrobial resistance (%) in 320
isolates of Fscherichia coli and 124 isolates of
Kiebsiella spp. causing invasive infections in 11
Chilean hospitals, by antimicrobial drug.
PRONARES Program, 1997-1998
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combination therapies. This situation exerts
selective pressure on bacteria in the hospital
environment and facilitates the selection and
subsequent spread of resistant strains.
Having a system in place to monitor resis-
tance in the prevalent pathogens has turned
out to be very useful for modifying the em-
pirical therapeutic practices. The PRONARES
program made it possible to obtain informa-
tion on a sizable number of isolates (1,305)
from invasive infections in our environment
within the relatively brief period of 12 menths.
The results have clearly shown that in Chile
two organisms, 5. aureus and E. coli, are chiefly
responsible for invasive infectious processes.
Together, they accounted for 51.7% of the
strains agsociated with these infections.
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FIGURE 5. Inhibition halos for Escherichia coli isolates tested with aztreonam in a
study conducted in 11 Chilean hospitals. PRONARES Program, 1997-1998
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FIGURE 6. Comparative antimicrobial resistance (%) in isolates of
Pseudamonas spp. and Acinetobacter spp., by antimicrobial drug, in a
study conducted in 11 Chilean hospitals. PRONARES Program, 1997-1998
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FIGURE 7. Inhibifion halos (mm) for isolates of Acinebacter baumannii tested with ampicillin-sulbactam
combination in hospital A. PRONARES Program, Chile, 1997-1998
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FIGURE 8. Inhibition halos {(mm) for isolates of Acinohacter baumannii tested with ampicillin-sulbactam
combination in hospital B. PRONARES Program, Chile, 1997-1998
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These findings are consistent with reports
by such authors as Pfaller et al. {(16), who, ina
monitoring study of resistance in the United
States of America, showed that these two or-
ganisms were also the most prevalent. In other
countries, however, monitoring studies of
nosocomial infections have indicated signifi-
cant involvement of Gram-positive cocci such
as CNS (33.5%), as well as Enferococcus spp.
(16, 17).

We observed a high frequency of 5. aureus
isolates resistant to methicillin (40%), and re-
sistance to this drug was even more frequent
in CNSisolates (45.4%}. These levels are higher
than previously reported in our environment,
which suggests a rising trend. On the other
hand, according to published reports (18, 19),
Staphylococcus isolates from community-
acquired infections are still showing relatively
little resistance to methicillin in Chile.

High levels of resistance to antimicrobial
agents were demonstrated by all the Gram-
negative bacilli. For both the fermenting and
the nonfermenting bacilli, the percentages of
resistance to the majority of antibiotics were
high.

The ampicillin-sulbactam combination is
effective against Acinetobacter as has been pre-
viously seen. This combination therefore rep-
resents a good option for the treatment of in-
fections caused by these pathogens (20).

Comparison of resistance levels in the vari-
ous participating centers revealed differences
for some of the pathogens; thus, itis indispens-
able to have a national network where local
results can be generated. The processing of
such resuits as a whole helps in the formula-
tion not only of recommendations or stan-
dards for the treatment of invasive infections
at the local level, but also of broader guide-
lines that are valid for the entire country.

Maintaining a national surveiliance system
on antimicrobial susceptibility also makes it
possible, as in this study, to evaluate new thera-
peutic options that might offer solutions to the
problems of resistance we are facing today.

The study of resistance is particularly im-
portant in the case of life-threatening infec-

tions. In our environment, the incidence of
bloodstream infections is 1.8 per 1,000 hospi-
tal discharges. This figure suggests how vitally
important it is to have adequate information
for the management of patients with these
very serious infections.

Through use of the WHONET computer
software for compiling and analyzing infor-
mation, we have been able to establish a cen-
tral database that will assist in the selection of
antibiotics for the empirical freatment of our
patients. WHONET has also enabled us tospot
quality control problems in the laboratories
and to deal with them, identify bacterial sub-
populations on the basis of their resistance
profile, and predict the appearance of new
resistance mechanisms.

Maintenance of the surveillance system over
time will make it possible to evaluate trends
in antimicrobial resistance and to make rec-
ommendations regarding the best therapeu-
tic options for empirical use, as well as strate-
gies for controlling the spread of resistance.

The surveillance exercise—which has been
conducted with great success in other Latin
American countries such as Argentina and
Venezuela—has shown that, in some cases, the
development and spread of antimicrobial re-
sistance has remained constant year after year,
while at the same time resistance among noso-
comial bacteria is steadily rising. This rein-
forces our interest in maintaining this system
of antimicrobial surveillance in Chile.
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ANTIMICROBIAL RESISTANCE AND
MICROBIOLOGICAL SURVEILLANCE IN CUBA'
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A retrospective study (1989-1998) was conducted in Cuba to determine the antimicro-

bial resistance in six bacteria that have been the object of microbiological surveillance: Strep-
tococcus pneumoniae, Haemophilus influenzae b, Shigella spp., Salmonella typhi,
Neisseria meningitidis B and Neisseria gonorrhoeae. A total of 5305 strains were
studied, 4,523 of them from patients with invasive processes, and the rest from carriers of
S. pneumoniae and H. influenzae. The strains originated in isolates obtained from hospi-
tal patients throughout the country and from studies conducted in the community, and
were processed at the National Microbiology Reference Laboratory, Pedro Kouri Institute of
Tropical Medicine. Minimum inhibitory concentrations were determined for all of then,
and some were also subjected to the B-lactamase test. The results presented are compared

with findings from the national and international literature.

A comparison of the patterns of resistance encountered in the Cuban strains with those
reported in other countries indicate that Cuba’s policy regarding the use of antibiotics has
been influenced by economic factors and drug availability.

INTRODUCTION

Antimicrobizal resistance has become an in-
creasingly important problem throughout the
world. An essential component of any pro-

i Source: Revista Panamericana de Infectologin 1999 (Suppl.
1 May):533-540. Reprinted by permission of the Asocia-
cién Panamericana de Infectologia [Pan American Asso-
ciation of Infectious Diseases].
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gram for controlling antimicrobial resistance
is the appropriate use of these drugs. The in-
discriminate use of antibiotics in humans, ani-
mals, and agriculture exerts selective pressure
and leads to the development of resistance. It
is therefore essential to devise better strategies
for controlling the problem (1).

New aspects of antimicrobial resistance and
the consequent spread of the respective bac-
teria in the environment and the community
should be closely watched by epidemiologists,
clinicians, and microbiologists, since resistance
is a health problem for both developed and
developing countries. Many authors have sug-
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gested that the prime factor leading to the
spread of resistant bacteria in the community
is the indiscriminate and rising use of antibi-
otics (2-4).

Various underlying mechanisms are
involved in the development of antibiotic
resistance (5).

In order to achieve more effective control,
it is essential to know how the patterns of bac-
terial resistance evolve over time in a given
region or country.

In Cuba, the microbiological laboratory net-
work of the National Health System comprises
160 units; 89 of them in hospitals and the rest
in province and municipality health units. The
microbiology laboratory at the Pedro Kouri
Institute of Tropical Medicine (PKI) serves as
the national reference laboratory. There, all
microbiological surveillance for the National
Health System is unified.

The problem of emerging resistance is be-
ing recognized throughout the world. Its mag-
nitude and extension make it everyone’s prob-
lem. One of the most important elements in
addressing the problem is microbiological
surveillance of drug resistance. In the present
report we will review the historical patterns
of antimicrobial resistance for the following
microorganisms that are the object of national
microbiological surveillance: Streptococcus
preumoniae, Haemophilus influenzge typeb, Shi-
gella spp., Salmonella typhi, Neisseria menin-
gitidis B, and Neisseria gonorrhoeae.

MATERIALS AND METHODS

At the request of the Pan American Health
Organization, a retrospective study was un-
dertaken by the National Microbiology Ref-
erence Laboratory (NMRL) of the PKI. The
study began by bringing together the data on
antimicrobial resistance that had been gath-
ered over many years by the NMRL-PKI on
the following microorganisms:

Years studied
 Streptococcus preumoniae {1992-July 1998)
* Haemophilus influenzae’b  (1989—july 1998)

¢ Shigella spp. (1990-1997)
» Salmonella typhi (1995-1997)
» Neisseria meningitidis B (1989-1997)
» Neisseria gonorrhoeae (1995-Tuly 1998)

In addition, strains from carriers of S. prneu-
monige and H. influenzae, isolated between Janu-
ary 1997 and July 1998, were also studied.

a) Strains. For each of the microorganisms,
the laboratory procedures used to identify the
strains were reviewed in order to assure adher-
ence to the guidelines of the NMRL-PKIManual
of Operations and Procedures (MOP) (6).

All specimens had been sent to the NMRL-
PKIby laboratories in the network. There were
4,523 specimens isolated from invasive pro-
cesses and 782 obtained from carriers, for a
total of 5,305 isolates.

b} In vitro tests for antimicrobial suscepti-
bility. In all cases, minimum inhibitory con-
centrations {(MIC) were determined for each
of these microorganisms using the established
tests for the respective infectious agents (6)
and following the guidelines set by the U.S.
National Committee on Clinical Laboratory
Standards (NCCLS) (7).

¢) The B-lactamase test. This test was ap-
plied to Shigella spp., N. meningitidis B,and N.
gonorrhoede using nitrocefin oxoid.

d) Plasmid profile. Also in the cases of Shi-
gella spp., N. meningitidis and N. gonorrhoeae,
a plasmid profile was determined using the
techniques of Maniatis (8).

The accumulated data from each laboratory
were examined, and a new database was de-
veloped for the specific purposes of the study.
Published national scientific information was
also reviewed.

Pearson’s correlation coefficient (R) was
calculated for each antibiotic, based on length
of time in years and the percentage of resis-
tance found for each microorganism.

RESULTS AND DISCUSSION

Streptococcus pneumoniae is one of the
most important causative agents of acute in-
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fectious bacterial disease. High on the list of
emerging—and nowadays increasingly com-
mon—infectious diseases, this organism was
found to be very resistant. It is associated with
rising morbidity and mortality at the two ex-
tremes of life, especially mortality in children
under 5 years of age. In the monitoring pro-
cess, the microbiclogy laboratory should re-
gard sterile body fluids indicative of invasive
processes as pathological products, and there-
fore, important clinical findings. 5. pneumoniae
has been systematically monitored in Cuba
since 1992,

Table 1 shows the results obtained from 359
isolates of S. prneumonige from invasive pro-
cesses, 285 of them from patients under 5 years
of age and 74 from adults living in various
regions of the country. Overall resistance to
penicillin rose steadily from 1992, when it was
7%, until 1998, when it reached 10.8% (R=0.96;
P>0.01). The study also revealed intermedi-
ate susceptibility in 32.1%. If the latter group
is also regarded as resistant, then the total pro-
portion of resistance to penicillin would be
42.9%. This is demonstrated (except for
cotrimoxazole and chloramphenicol, which
had R = 0.96 and P>0.05) by the high positive
correlation coefficients, all of which were sta-
tistically significant (ranging from P = 0.01 to
P=005).

A study conducted in 1997-1998 in three
Cuban kindergartens with populations of na-
sopharyngeal carriers under 5 years of age
yielded the following results. In a sample of
195 isolates in the city of Havana, resistance
to oxacillin was 61.4% and to cotrimoxazole,

59.3%; chloramphenicol, erythromycin, and
tetracycline had lower levels that were very
close to the critical value of P (P = 0.0519).
Resistance to ofloxacin was not observed. Re-
sistance in the isolates obtained from carriers
(1998}, compared with those from patients
suffering from invasive processes, showed
statistically significant values for penicillin-
oxacillin and ofloxacin, at P < 0.01. The dif-
ference was not statistically significant for
chloramphenicol, cotrimoxazole, tetracycline,
or erythromycin (P > 0.03).

Low and Scheld (1) have recently contended
that, based on the data available for Strepto-
coccus prneumoniae, not only the exposure to
antimicrobial agents is important, but also the
concentration at which these drugs are used.

In the case of Cuba, apart from any misuse
of antibiotics that may exist, the high levels
of resistance to oxacillin and cotrimoxazole
that were found in the specimens isolated
from nasopharyngeal carriers should be
taken into account. They may be indicative
of the extent to which these drugs are used
because of their availability in primary health
care facilities.

Haemophilus influenzae b becomes more
important every day because of its impact in
terms of morbidity from acute respiratory and
neurclogical infections (33% of all bacterial
meningitides) (9} and of mortality in the early
ages, especially in children under 5 years of
age, and above all in the first year of life. The
progressive changes observed in the patterns
of resistance make H. influenzae b one of the
emerging resistant bacteria of greatest concern

TABLE 1. Antimicrobiat resistance (MIC) of Streptococcus pneumoniae in 359 isolates from invasive pro-

cesses, Cuba, 1992--19%8

Juby
Antimicrobial 1992 1993 1994 1995 1996 1997 1998
agent (n=17) (n=43) {n = 45} (n=56) {n=24) {n=81) in=93}
Penicillin 7.0 7.0 7.2 8.2 8.8 9.4 10.8
Chloramphenicol 12.3 12.2 13.4 13.8 4.6 131 139
Cotrimoxazole 45.6 47.4 45.4 42.3 46.4 48.5 49.3
Tetracycline 1.3 11.4 12.4 12.1 135 144 144
Ofloxacin 12.2 133 12.6 14.6 16.4 18.2 19.8
Erythromycin 23 2.2 34 38 4.6 5.1 6.2
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TABLE 2. Antimicrobial resistance (MIC) of Haemophilus influenzae type b in 856 isolates from invasive

processes, Cuba, 1989-1998

July
Antimicrobial 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
agent (n=156) (n=139) (n=97) (n=130) (n=88) (n=061) (n=50) (n=18) (n=59) (n=58)
Ampicillin 40.3 40.5 41.1 42.3 42.6 43.2 45.0 47.5 52.4 55.6

Chloramphenicol  41.4 41.7 40.4 43.8
Cotrimoxazole 42 4 435 42.4 45.6
Tetracycline 10.2 10.3 10 10.3
Ofloxacin - - - -
Ceftriaxone - - - -

44.0 45.3 52.2 56.6 55.6 62.7
48.4 49.4 52.3 56.4 68.5 74.3
11.4 13.4 14.1 17.5 19.4 21.2

- - - 3.2 6.4

— = Zero.

to pediatricians the world over, and Cuba has
not been spared.

This makes microbiological surveillance
and the monitoring of resistance patterns even
more important, in order to acquire a solid
scientific foundation for orienting therapies.
By the late 1980s, studies of the resistance of
H. influenzae b to antimicrobial drugs had al-
ready begun. Table 2 summarizes the patterns
of in vitro resistance to antibiotics for 856 iso-
lates of H. influenzae b obtained from cere-
brospinal fluid and blood between 1989 and
July 1998. Resistance to ampicillin ranged from
40:3% to 55.6% (R = 0.91 and P > 0.01). In-
creased resistance was also observed with
cotrimoxazole (R = 0.92}, chloramphenicol,
and tetracycline (R = 0.94 and P > 0.01). Resis-
tance to ceftriaxone was observed for the first
time in 1997 (R = 0.68 and P > 0.05), and by
July 1998 it had doubled. H. influenzae has not
shown resistance to ofloxacin for almost 10
years. Evidence of p-lactamase production
was seen in 40% of the isolates.

Reporting on a study of strains isolated in
1992, Valdivia et al. (10} call attention to the
need to modify the treatment of H. influenzae
b, since 49% of the 55 isolates that they stud-
ied already showed resistance to ampicillin,
which at the time was the drug of choice. The
authors recomnmend the use of third-genera-
tion cephalosporins. Earlier, in 1992, the same
authors had reported finding 42.5% resistance
to ampicillin. At the time scientists were al-
ready aware of what was happening in other
countries, such as Spain, Taiwan, South Africa,
and Chile (11, 12), where 64%, 36%, 25%, and

24%, respectively, of different serotypes of H.
influenzae b had been found to exhibit resis-
tance to this drug.

In the study mentioned previously, con-
ducted in Cuba from 1997 to July 1998 among
children under 5 years of age at three kinder-
gartens in Havana, 587 specimens of acapsular
H. influenzae were isolated from the nasophar-
ynx. According to the MIC for these strains,
the resistance patterns were different from
those for strains isolated from invasive pro-
cesses: resistance was lower for ampicillin and
chloramphenicol and slightly higher for tet-
racycline, and it was double for cotrimoxazole
and ceftriaxone.

Comparison for each of the antibiotics
found significant differences of the percent-
ages of H. influenzae resistance found in 1998
with those for acapsular H. influenzae isolated
from the carriers, for ampicillin and chloram-
phenicol (P = 0.05), while for tetracycline and
ceftriaxone, although not actually significant,
Pearson values were borderline (P = 0.0505
and P = 0.5114).

Shigella spp. Resistance of Shigella to vari-
ous antibiotics has been reported from many
countries for over 10 years. In a study by
Shagid and O'Briend (12), the status of Shi-
gella resistance in various parts of the world
was updated as of 1989. In that same year,
Albert (13) reported multiple resistance of S.
dysenteriae type 1.

In light of the virulence shown by Shigella
strains circulating in Cuba, microbiological
surveillance was established in 1990 to moni-
tor the circulating strains and assess their re-
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sistance (Table 3). At that time, the World
Health Organization (WHO) warned coun-
tries about the importance of treating every
laboratory-confirmed case of shigellosis on the
basis of the results of in vitro sensitivity tests.

Shigella continues to be one of the primary
etiologic agents associated with acute diar-
theal disease in Cuba.

The MIC determinations for the 2,250 iso-
lates studied over 8 years of ongoing micro-
biological surveillance {partially published by
Ramirez et al.) (14) showed a statistically sig-
nificant increase in resistance to nalidixic acid
(R = 0.84) between 1990 and 1997. This resis-
tance developed later in Cuba than in some
other countries (15-17), but it is statistically
significant and is on the rise. Surveillance must
therefore be maintained, since nalidixic acid
is the drug of choice for treating this infectious
agent. On the other hand, there has been
a decline in the resistance of Shigellz to gen-
tamicin (R = 0.94; P>0.01) (see Table 3).
Trimethoprim-sulfamethoxazole, tetracycline,
chloramphenicol, ceftriaxone, and cefotaxime
all show a correlation between the percentage
of resistance and ength of time.

In 1994, Ramirez et al., at the Pedro Kouri
Institute (15), studied plasmids in 40 isolates
of Shigella flexneri from a single outbreak
among children interned in a pediatric hospi-
tal. For ampicillin, the MIC indicated 82.5%
Tesistance to concentrations above 8 mg to
16 mg/ml, while seven isolates, i.e. 18.5%,
proved to be sensitive to concentrations of
4 mg/mL. A common plasmid was found,
which was purified and transferred to E. coli

HB 101, thus confirming the transmission of
resistance.

In many countries Shigella has exhibited in-
creasing virulence, which has made it neces-
sary to step up surveillance (12, 13).

Given the significance of the research dem-
onstrating the transfer of plasmids from one
bacterial species to another (18), it is essential
to remain on the alert for all enterobacteria.

Salnonella typhi is not a health problem in
Cuba. It continues to be the object of micro-
biological surveillance, and its susceptibility
to antimicrobial drugs has been monitored for
years. Typhoid fever has occurred in isolated
cases or small outbreaks. S. ftyphi has only
shown resistance to ampicillin in 1996 and
1997 (10% and 8%, respectively). Resistance
to any of the other drugs in use (chioram-
phenicol, tetracycline, cotrimoxazole, and
nalidixic acid) has not appeared. In Cuba,
unlike other tropical countries, no strains re-
sistant or multiresistant to chloramphenicol
(19, 20) have been detected. Data on anfibi-
otic resistance, based on laboratory surveil-
lance and patient clinical progress, point to
chloramphenicol as the classical drug of choice
for the treatment of typhoid fever in Cuba.

Neisseria meningitidis B. The book Cromno-
logia de una epidemia [Chronology of an Epi-
demic] (21) recounts the history of the epi-
demic of meningococcal meningitis in Cuba
that began in the mid-1970s. The highest indi-
dence rate of meningococcal meningitis B was
reported in 1983, when it peaked at 144 per
100,000 population. Microbiological monitor-
ing of meningococcus isolates from invasive

TABLE 3. Antimicrobial resistance (MIC) of Shigella spp. in 250 isolates from patients, Cuba, 1990-1997

July
Antimicrobial 1990 1991 1992 1993 1994 1995 1996 1997
agent {n=250)  (n=250) {(n=300) {(p=3000 (n=250) {n=300) (n=300) {n=30K
Ampicillin 90.0 95.5 98.2 90.1 85.0 80.0 96.0 98.0
Cotrimoxazole 90.5 90.8 919 86.5 66.5 85.0 850 83.0
Tetracycline 705 65.0 70.0 76.0 75.2 70.9 68.0 70.0
Nalidixic acid 2.0 1.5 20 5.0 8.0 10.0 8.0 7.0
Gentamicin i0.0 10.0 8.0 8.0 8.0 7.0 7.0 5.0
Chloramphenicol 75.0 70.0 74.0 77.0 73.0 71.0 83.0 80.0
Ceftriaxone 50.9 510 550 50.0 49.0 500 55.0 50.0
Cefotaxime 60.4 65.0 60.0 61.0 60.8 65.0 65.0 30.0
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processes (22) was started that year. Monitor-
ing included not only characterization of
strains but studies of their behavior when chal-
lenged with the antibiotics most often used in
clinical practice, especially penicillin, which
has been and continues to be the antibiotic of
choice (23).

Between 1989 and 1993, Martinez et al. (22)
at the Pedro Kouri Institute conducted a lon-
gitudinal study using MIC to determine the
sensitivity of 682 isolates of Neisseria menin-
gitidis B and found that 24% of them had in-
termediate susceptibility to penicitlin, while
susceptibility to chloramphenicol, ampicillin,
and rifampicin was 16.65%, 19.85%, and
33.95%, respectively. None of the strains pro-
duced B-lactamase or were plasmid carriers.
In 1989, the Cuban antimeningococcal BC
vaccine began to be applied throughout the
country. By 1997 the incidence rate of me-
ningococcal meningitis was 0.49 per 100,000
popuiation.

By the mid-1980s, several countries had re-
ported strains that showed intermediate sus-
ceptibility, but without B-lactamase activity or
the presence of plasmids (24). In Cuba the first
strains to show intermediate susceptibility
(16.3%) appeared in 1986 (25). After that, there
was a rising trend in strains with these char-
acteristics, which reached 42.2% in 1996
(Llanes, unpublished data). In 1997, 56% of 166
isolates presented intermediate susceptibility
to penicillin (25). Intermediate susceptibility
increased from 24% to 88.9% in a 10-year pe-
riod. None of the strains studied by the Cu-
ban authors produced B-lactamase, nor were
any penicillin-resistant strains reported until
1997.

In 1994, Sosa et al. published a study of
strains that showed intermediate susceptibil-
ity to penicillin, but none of them were found
to have resistance plasmids (23).

Neisseria gonorrhoeae. The Nordic coun-
tries have seen a sizable drop in the incidence
of gonorrhea in the past decade, but at the
same time there has been an increasing pro-
portion of resistance to treatment with the
drugs indicated for uncomplicated cases.

Epidemiologically, the gonorrhea picture in
Cuba is quite different from the situation in
developed countries (26, 27). A total of 31,700
cases were reported in 1997, but with very low
coverage as {o laboratory culture.

The MIC determinations for 106 Cuban iso-
lates studied between 1995 and July 1998
(Table 4) showed that resistance to penicillin
rose steadily, going from 54% to 63.6% during
that period. The situation is even more seri-
ous if intermediate susceptibility is taken into
account (12%, 10%, and 13.6% in 1995, 1996
and 1997, respectively). Resistance to tetracy-
cline was 28%, 35%, and 60% those same years,
with intermediate susceptibility at 20% in
1995, 10% in 1996, and 20% in 1997. There was
no resistance to cefuroxime, ceftriaxone,
cefotaxime, or ciprofloxacin. The production
of B-lactamase was 58%.

In Cuba the pressure exerted by penicillin
and tetracycline for more than a decade is one
of the factors that led to clear in vitro resis-
tance to these two agents (28-30).

CONCLUSIONS

The findings show the need to improve sys-
tematic microbiological monitoring of bacte-
rial resistance to antimicrobial drugs.

A steady increase in the resistance of S.
prieumoniae to antibiotics was found in both
invasive processes and carriers. H. influenzae
b showed high resistance to antimicrobial
agents and 40% of the invasive strains exhib-
ited P-lactamase activity.

Shigella spp. showed a steady increase in
resistance to nalidixic acid.

In 1996 the emergence of S. typhi resistance
to ampicillin was confirmed.

No penicillin-resistant strains of N. menin-
gitidis B have been reported as yet, but inter-
mediate suscepiibility to that antibiotic has
been on the rise.

There has been a steady rise in the resistance
of N. gonorrhoeae to penicillinand tetracycline,
with 58% of the strains exhibiting B-lactamase
activity.
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TABLE 4. Antimicrobial resistance (MIC) in 106 isolates of Neisseria gonorrhoeae, Cuba, 1995-1998
13995 {n = 60) 1996 (n=271) 1997-1998 in = 23}
Antimicrobial agent S I R S 1 R s { R
Penicillin 34 12 54 30 10 60 22,7 13.6 63,6
Tetracycline 52 20 28 55 10 35 22 20 60
Cefuroxime 100 - - 100 - - 100 - -
Ceftriaxone 100 - 100 - - 100 - -
Cefotaxime 100 - - 100 - - 100 - -
Ciprofloxacin 100 - - 100 - - 100 - -
-~ = zefo
$ = susceptible
I = intermediate resistance
R = resistance
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INTRODUCTION

The growing use of antibiotics has induced
a widespread dissemination of resistant genes
among bacterial populations in developed and
developing countries (1, 2). Multiple drug-
resistance is becoming more common in com-
munity-acquired infections due to Shigella spp.
Streptococcus preumoniae, Mycobacterivum tuber-
culosis and Neisseria gonorrhoeae, as well as noso-
comial pathogens such as Staphylococcus aureus,
enterococci and Gram-negative bacilli. The glo-
bal spread of resistant genes poses a threat to
advanced antimicrobial drug regimens being
used for the management of both community-
acquired and nosocomial infections. The esti-
mated cost of antimicrobial resistance ranged
from as low as US$ 100 million to as high as
$30 billion per year in hospitals in the United
States of America (3). Although data on the
prevalence of antibiotic resistance are fragmen-
tary and underutilized, several trends in resis-
tance have emerged in many countries. Based
on those findings, the United States Institute
of Medicine emphasized the need for surveil-
lance to monitor trends in antimicrobial resis-
tance patterns in hospital- and community-
acquired infections (4).

Data on antibiotic resistance are limited
in the Caribbean. A few studies have been
conducted on the prevalence of antibiotic-
resistant organisms in selected institutions dur-
ing the past three decades (5-8). None of the
countries had a monitoring program to assess
the trends in antibiotic resistance in order to
institute policies to prevent and control the
spread of pathogens in communities and hos-
pitals. In this paper, we present the resistance
patterns of pathogens responsible for impor-
tant community- and hospital-acquired infec-
tions in selected countries of the Caribbean.

MATERIALS AND METHODS

An antimicrobial resistance surveillance
program to monitor the emergence of resis-
tance in pathogens causing nosocomial and

community-acquired infections is being estab-
lished through a network of hospital, and
public health and private laboratories in the
Caribbean. All laboratories were informed of
the objectives of the regional network and
were encouraged to participate in this collabo-
rative program. The monitoring program in-
cludes nosocomial pathogens isolated from
blood stream, urinary tract and wound infec-
tions, and respiratory pathogens (Streptococ-
cus pneumonige, Haemophilus influenzae and
M. tuberculosis), enteric pathogens (Salmonella
spp. and Shigella spp.) and gonococci respon-
sible for community-acquired infections.

Six participating laboratories contributed the
results of identification, quality control of anti-
microbial susceptibility testing (AST) and the
profile on all clinically significant bacterial patho-
gens jsolated between January 1998 and June
1998. Antibiotic susceptibility testing was done
by the disk diffusion method (Kirby-Bauer).

Tests for antimicrobial resistance were con-
ducted on 1,653 isolates of Salmonella spp. and
162 of Shigella spp. causing enteric infections.
The Caribbean Epidemiology Center (CAREC)
performed the tests by the disk diffusion
method (Kirby-Bauer), as described by the U.S.
National Committee for Clinical Laboratory
Standards (NCCLS). Strains of S. pneumoniae
(n =8b) and H. influenzae (n = 94) isolated from
invasive community-acquired infections (sep-
ticemia, meningitis, and pneumonia) in three
sentinel laboratories were tested by the E-test
method (AB BIODISK, Solna, Sweden).

Similarly, 204 isolates of M. tuberculosis from
five countries were tested for sensibility to an-
tituberculosis drugs by the indirect proportion
method or radiometric method (9-11) at the
WHO Collaborating Center for Tuberculosis
Bacteriology Research, at the Laboratory
Centre for Disease Control (LCDC) Ottawa,
Canada.

All N. gonorrhoeae isolates were tested for
B-lactamase production by the chromogenic
cephalosporin method using cefinase disks
(BBL, Cockeysville, MD) in all laboratories
participating in the Gonococcal Antimicrobial
Surveillance Program (GASP) in the Carib-
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bean. Minimum inhibitory concentrations
(MIC) to penicillin, tetracycline, ciprofloxacin,
ceftriaxone, and spectinomycin were deter-
mined at CAREC by the agar dilution method,
using gonococcal medium base supplemented
with 1% isovitalex, and serial twofold dilu-
tions of antibiotic. MIC interpretive criteria for
each antibiotic were those recommended by
the NCCLS.

Quality Control

Quality control was performed by testing
Escherichia coli ATCC 25922, Pseudomonas
aeruginosa ATCC 29213, Staphylococcus aureus
ATCC 25913, Streptococcus pneumonige ATCC
49619, Haemophilus influenzae ATCC 49247 and
ATCC 49766, Neisseria gonorrhoeae ATCC 49226
and WHO IIT, WHO V and WHO VIL, applying
interpretive criteria as described by the
NCCLS.

RESULTS

Frequency of Occurrence of Pathogens
in Participating Laboratories

During the six-month study period (January
to June 1998), six laboratories (four public and
two private) in four countries provided data to
- CAREC on 2,099 isolates of bacterial pathogens
and their antimicrobial susceptibility results.
The most common site of these isolates was
urine, followed by wound infections, blood,
and others. The predominant Gram-negative
(nonfastidious) pathogens isolated in partici-
pating laboratories during the study period and
the number and proportion of each organism
were as follows: Escherichia coli, 718 (34.2%);
Klebsiella spp., 472 (22.5%); Pseudomonas spp.,
281 (13.4%); Enterobacter spp., 267 (12.7%}; Pro-
teus spp., 245 (11.5%); others, 116 (5.5%).

Gram-negative Pathogens

Table 1 lists the results for 13 antimicrobial
agents tested against Gram-negative pathogens

isolated, and resistance rates seen in the Ca-
ribbean. The antimicrobial resistance rate for
ampicillin in this study ranged from 51% in
Barbados to 85% in Bahamas. Interestingly, the
amoxicillin-clavulanate resistance rate was
higher in Grand Bahamas (59%) compared to
other laboratories (23%—32%) in the Caribbean.,
Piperaciilin resistance rates ranged from 27%
to 33% in this study. Aminoglycoside resistance
rates were higher in hospital laboratories (87%—
11%) compared to isolates tested in two private
laboratories (3%-8%).

The overall rate of 9% resistance to third-gen-
eration cephalosporins was seen in pathogens
isolated in a tertiary hospital laboratory in
Trinidad. The resistance rates for trimethoprim-
sulphamethoxazole ranged from 27% in the
British Virgin Islands to 47% in Barbados.
Quinolone resistance was higher in the British
Virgin Islands (32%) than in other countries in
this study.

Table 2 shows the resistance rates for E. coli
and Klebsiella spp. isolated in laboratories par-
ticipating in this program. E. coli was the
pathogen most commonly isolated in this
study, and it showed a resistance rate of 6% to
quinolones (ofloxacin) and aminoglycosides.
Resistance to third-generation cephalosporins
among E. coli isolates was 2% in Trinidad. The
resistance rate to third-generation cepha-
losporins was 19% among Enterobacter spp.
isolates, followed by Klebsiella spp. (10%),
Pseudomonas (10%), and Proteus spp. (4%).
Twelve to sixteen percent of Pseudomonas spp-
isolates were found to be resistant to tobra-
mycin and gentamicin. Resistance rates for
piperacillin and ofloxacin were 9% and 8%,

respectively.

Antimicrobial Resistance of Salmonelfa
Other than S. typhi

Tests for resistance to a variety of antibiotics
were conducted on 1,653 strains of Salmonella
(Table 3). The overall prevalence of ampicillin
resistance was 18.3%, followed by chloram-
phenicol (15%), amoxycillin-clavulanate
(12.6%), trimethoprim-sulphamethoxazole
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TABLE 1. Resistance to antibiotics (%) in Gram-negative facultative anaerobic bacilli in the Caribbean,
according to laboratory and antimicrobial agent, 1998

Antimicrobial class and

Resistance (%) — Laboratory

agent tested TT-03 TT-06 TE-07 BV-01 BH-02 BR-01

Penicillins and B-lactam

inhibitors

+ Ampicillin 74 72 63 71 85 51
(n resistant/total) (969/1,306) {55/76) (25/40) {51/66) {297/351} (27/53) -

* Amoxicillin-clavulanate 24 32 23 NT 59 NT
{n resistant/total} (314/1,294) {33/71) (9/40) {135/332)

= Piperacillin 27 - NT 29 33 NT
{n resistant/total) (277/1,010) (0/7) {11/38) 5/15)

Cephalosporins

* Cephazolin-cephalothin 45 NT 67 50 64 49
(n resistant/total) (346/765) (9/28) (33/66) (101/284) (28/66)

¢ Cefuroxime 17 19 8 21 43 NT
(n resistant/total) (182/1,056) {(9/47) (2/24) (14/66) (46/105)

* Cefoxitin 19 NT NT NT NT NT
(n resistant/total) (30/160)

* Cefotaxime-ceftriaxone- 9 i6 NT NT NT NT
ceftazidime (n resistant/total) (134/1,432) (7/44)

Aminoglycosides

* Gentamycin 10 8 3 7 1 10
{n resistant/total} {133/1,353) (5/66) {(1/32) (6/86) (42/386) {11/51)

» Nalidixic acid NT 38 25 NT NT NT
(n resistant/total) (5/33) {10/40)

Quinolones

* Norfloxacin NT 7 8 25 9 NT
(r resistantftotal) (2/28) (3/40) (22/88) (237261)

¢ Ciprofloxacin-ofloxacin 7 7 8 47 NT NT
(n resistant/totaf) (54/774} (2/27) (18/38)

Others

* Furadantin 22 38 35 28 NT NT
(n resistant/total) (103/461) (5/13) {14/40) 15/53

* Trimethoprim-suiphamethoxazole 29 29 29 27 37 47
{n resistant/total) (373/1,265) (20/68) {9/31) 18/66 (143/386) (36/76)

NT = not tested,

(8.1%), and gentamicin, (2.1%). S. typhimurium
strains were responsible for most of the increase
in antibiofic resistance seen in the Caribbean
during the study period. Of S. typhimurium
strains, 49% were multiresistant (>2 antibiot-
ics). 5. heidelberg was the second most common
serotype, showing resistance to ampicillin,
(15.7%), chloramphenicol (11.4%), amoxycillin-
davulanate (10%) and gentamycin (10%). The
resistance of 5. agona and S. javiana ranged from
1.6% t0 5.8% against ampicillin, gentamicin and
trimethoprim-sulphamethoxazole. Resistance
among S. enfetitidis strains was very low (0.6%
to 2.3%).

Table 4 shows the resistance rates in different
Salmonella phage types (PT). S. typhimurium PT
104b was the most resistant in this study. Of 128
S. typhimurium (PT104 b) strains tested, 95% were
resistant to ampicillin and chloramphenicol, fol-
lowed by amoxycillin-clavulanate (90%) and
trimethoprim-sulphamethoxazole (49%) as com-
pared to PT 49 (2%~3%) and PT 135 (0%). No
resistance was observed for PT 4 and PT 1.

Shigella spp.

Regarding Shigella spp., 162 isolates were
tested for antimicrobial resistance to common
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TABLE 2. Resistance to antibiotics of Escherichia coli and Kiebsiella sp. in the
Caribbean, 1998

Resistance (%)

Antimicrobial class and Escherichia coli Klebsiellasp.
agent tested (n=718) {n=472)
Penicillins and B-lactam inhibitors
e Ampicillin 59 (424/718) 98 (464/472)
» Amoxicillin-clavulanate 14 {7B/577) 31 {126/403)
* Piperacillin 36 (171/479) 29 (109/379)
Cephalosporins
» Cefazolin-cefalotin 46 {311/682) 33 (147/433)
v Cefuroxime-cefoxitin 5  {26/558) 9 (37/420)
* Cefotaxime-ceftriaxone-

ceftazidime 4 {18/479 10 {36/379)

Aminoglycosides

» Gentamicin 5 (38/677) 6 (30/470)
= Tobramycin 5 {(26/479 7 (25379
+ Nalidixic acid NT NT
Quinolones
+ Norfloxacin 12 (3/25} | {(3/27)
» Ciprofloxacin-ofioxacin 6 (31/498) 2 (10/4200
Others
» Furadantin 21 {108/522) 25 (102/40
« Trimethoprim-
sulphamethoxazole 33 {236/718} 253 (117471
NT = not tested.

TABLE 3. Resistance to antibiotics (%) in Salmonelfa isolates in the Caribbean, 1994-1997

Salmonella
Antimicrobial class typhimurium  enteritidis  heidelberg  javiana  agona  Salmonellaspp. Total
and agent tested (rr=528) (n=350) (n=70 (n=62) {n=52) (n=391) {n=1,653)
Penicillins and B-
lactam inhibitors
* Aampicillin 49.4 23 15.7 1.6 38 34 183
+ amoxicillin-clavulanate 35.2 1.1 10 - 38 2.2 126
Cephalosporins
* Cefazolin 0.1 0.6 14 - 19 0.2 03
¢ Cefotaxime - - - - - - 0
Aminoglycosides
* Gentamicin 1.3 09 10 1.6 3.8 30 21
Quinolones .
s Norfloxacin - - - - - - 0
+ Ciprofloxacin - - 0 0 0 0 0
Others
» Chloramphenicol 47 - 11.4 - - 0.7 15.0

* Trimethoprim-
sulphamethoxazole 23.1 0.9 - - 58 1.2 8.1
— = Ze10.
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TABLE 4. Phage types and antibiotic resistance in Salmonella spp. isolated between 1994-1997 in selected

countries of the Caribbean

Salmonella typhi

Salmonella enteritidis

PT104b
(n=128)

Antimicrobial class
and agent tested

PT 49
{n=44)

PT 135 - PT8 PT 4 PT1
(n=14) (n=17) (n=19) (n=15)

Penicillins and B-lactam inhibitors
* Ampicillin
« Amoxicillin-clavulanate

122 (95%)
115 {90%)

Cephalosporins
» Cephazolin
» Cefotaxime

Aminoglycosides
* Gentamycin -

Quinolones
» Norfloxacin
» Ciprofloxacin

Others
+ Chloramphenicol
» Trimethoprim-suiphamethoxazole

122 (95%!}
63 (49%)

. 1(2.3%)
1(2.3%)

2 (4.6%)
1(2.3%)

- 2 (11.8%) - -

?
|
|

|
i
i
|

— = Z&ro.

antibiotics, Of those, 83% of Sh. flexneri isolates
were resistant to trimethoprim-sulpha-
methoxazole, followed by resistance to ampi-
cillin (78.5%), chloramphenicol (55.5%), and
amoxycillin-clavulanate (54%). All strains
were susceptible to quinolones and genta-
mycin.

Streptococcus pneumoniae and
Haemophilus influenzae

Of 86 5. pneumoniae isolates tested, one was
resistant to penicillin, cefaclor, amoxycillin-
clavulanate and erythromycin. However, 7%
of S. preumoniae isolates presented interme-
diate resistance (0.12 to 1 pg/mL) to penicil-
lin. All isolates were sensitive to trimethoprim-
sulphamethoxazole and ceftriaxone.

Of all H. influenzae isolates tested in Trini-
dad, 18% were [-lactamase positive. Resis-
tance noted was 20% to ampicillin, 4% to
chloramphenicol, and 7.4% to trimethoprim-
sulphamethoxazole. The rate of beta-lactamase
producing H. influenzae was 5% in St. Vincent.
Also, 5% resistance to ampicillin and chloram-
phenicol was observed there, All isolates were

sensitive to cefuroxime and ceftriaxone. Of 203
M. tuberculosis isolates profiled for antimicro-
bial susceptibility, three isolates (3/203) were
isoniazid- and rifampicin-resistant. The over-
all resistance rate for any antibiotic was 9.8%
(Table 5).

N. gonorrhoeae

Among 1,944 isolates tested, the rates of peni-
cillinase-producing N. gonorrhoeae (PPNG)
ranged from 4% in Trinidad, to 72% in Baha-
mas, Guyana, and Suriname. The lowest rates
were observed in St. Lucia (5%—6%) and
Antigua (12 %). Between 1994 and 1997, PPNG
rates decreased in Suriname (from 72% to 50%),
St. Vincent (38% to 10 %), Cayman Islands (56%
to 23%), Barbados (37% to 14%), and Belize
{63% t0 53%).

In Guyana, 57% of N. gonorrhoeae were PP/
TRNG (penicillinase-producing and plasmid-
mediated tetracycline resistant), 15% PPNG
alone, and 20% presented chromosomally-
mediated tetracycline resistant (CMTR). The
total burden of resistant N. gonorrhoeae (peni-
cillin and tetracycline) was 91% in Guyana as
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TABLE 5. Antimicrobial resistance patterns in community-acquired respira-
tory pathogens in selected Caribbean countries, 1994-1997

Mycobacterium  Streptococcus  Haemophilus
tuberculosis pneumoniae influenzae

Antibiotic (n=203) {n=86) {n=74)
Any antibiotic 20 (9.8% NA NA
Isoniazid 4 (2%} NA NA
Rifampicin 2 (1%) NA NA
Streptomycin 10{4.7%}) NA NA
Isoniazid plus rifampicin 3{1.5%) NA NA
Penicillin G NA 1%* NA
Ampicillin NA NA 235
Amoxicillia-clavulanate NA 1% -
Cefaclor NA 1% -
Ceftriaxone NA, NA -
Chioramphenicol NA NA 3.4
Trimethoprim-sulphamethoxazole NA - 76
Erythromycin NA 1% NA
f-lactamase NA NA 235

NA = not applicable.

* 7% of 5. pneumoniae presented intermediate resistance to penicitiin.

- = Zer0.

compared to 37% (22% CMTR, and 9% TRNG)
in 5t. Vincent and 43% (34% CMTR and 9%
TRNG) in Trinidad. All isolates were suscep-
tible to ceftriaxone (MIC, 0.004 pg/mL),
ciprofloxacin (MIC,,0.01 pug/mL) and spec-
tinomycin (MIC, 32 ug/mL). Sporadic strains
of reduced susceptibility to ciprofloxacin
(>0.0125 pg/mL) and ceftriaxone were ob-
served in Guyana, Suriname, S$t. Vincent and
Trinidad. The MIC, and MIC,, to ciprofloxacin
and ceftriaxone were two- to fourfold higher
in PPNG, CMENG, CMTR and TRNG strains,
as compared to sensitive gonococcal isolates
from Guyana and Trinidad.

DISCUSSION

it is very clear that an effective surveillance
system is needed in the Caribbean to monitor
trends in anfimicrobial resistance patterns of
pathogens causing both nosocomial and com-
munity-acquired infections. The information
on resistance patterns provided by surveil-
lance programs is crucial to the development
of empirical approaches for the management

of serious infections, as well as for policy for-
mulation for the control of antimicrobial-
resistant organisms. In the United States, the
National Nosocomial Infection Surveillance
system (NNIS) (12), the Surveillance and Con-
trol of Pathogens of Epidemiological Impor-
tance (SCOPE) (13), and the Intensive Care
Antimicrobial Resistance Epidemiology
(ICARE) (14) projects have been providing
data on antimicrobial resistance of nosocomial
pathogens. No such programs exist in the
Caribbean. As a cornerstone to improving
national sexually-transmitted disease control
programs, a laboratory-based surveillance
program was set up for monitoring the trends
in gonococcal resistance and detection of new
types of resistance in the Caribbean. This pro-
gram linked to the WHO/PAHO-supported
Gonococcal Antimicrobial Surveillance Pro-
gram (GASP). As part of the laboratory-based
Caribbean Antimicrobial Resistance Surveil-
lance project, a pilot study was carried out in
four countries in 1998, to establish the baseline
resistance rates in common bacterial patho-
gens. This was done through the application
of standardized protocols, quality control, and



126 Antimicrobial Resistance in the Caribbean

reporting of antibiotic resistance results, which
are presented in this paper and aim to empha-
size the need for ongoing surveillance of anti-
biotic resistance,

During the last three decades, several insti-
tutional studies to establish the baseline data
on antibiotic resistance rates in common bacte-
rial pathogens have been conducted in the Ca-
ribbean (5-8, 15}. Data on resistance rates for
ampicillin, trimethoprim-sulphamethoxazole,
first-generation cephalosporins and gentami-
cin in pathogens isolated between 1975 and
1992 in sefected countries have been published
elsewhere (5,7, 16). French et al. (5} reported a
multidrug-resistant rate of 4% among Gram-
negative bacilli in 1975 at the University Hos-
pital of the West Indies, Jamaica. Muitidrug-
resistant rates during 1992 were 55%, 51% and
43% in public hospital laboratories in Jamaica,
Trinidad, and Barbados, respectively.

Of 544 Gram-negative bacterial isolates
tested, less than 1% resistance to third-gen-
eration cephalosporin was observed in three
Caribbean islands, including Barbados, in
1992 (6). Bodonaik et al. (17) reported an over-
all rate of 18% resistance to third-generation
cephalosporins in the University Hospital of
the West Indies in Jamaica. Higher rates were
observed in Enterobacter spp. (20%) and
Acinetobacter spp- (28%) in that study. Simi-
lar rates were found in a tertiary care hospi-
tal in Trinidad in 1998. Levett et al. (18} re-
ported few isolates of Gram-negative bacilli
resistant to third-generation cephalosporins
in 1993. However, no prevalence studies
on extended spectrum. P-lactamase (ESBL)-
producing Gram-negative bacilli were con-
ducted in Barbados. In Trinidad, the preva-
lence of resistance to third-generation
cephalosporins ranged from 9% in a general
hospital to 18% among pathogens isolated in
a private laboratory. No published reports of
ESBL prevalence are available from other
countries of the Caribbean.

Several outbreaks of multidrug resistant
Salmonella spp. and antimicrobial resistance
patterns in nontyphoidal Salmonella spp. and
Shigella spp. in the Caribbean were reported

between 1980 and 1995 (19-23). Antimicrobial
resistance in enteric pathogens is increasing
in the United States of America (24). The risk
factors for increased resistance in Salmonella
spp. were shown to be the use of antibiotics
one month prior to infection, and the patient’s
age (under 1 year) (24). In this study, resis-
tance to ampicillin, chloramphenicol, and
trimethoprim-sulphamethoxazole was high
in 8. typhimurium, followed by S. heidelberg
and 5. agona. The occurrence of multidrug re-
sistant S. typhimurium PT104 b is a cause for
concern in the Caribbean (Table 4). Itappears
that resistant genes are being transferred to
other nontyphoidal Salmonella, namely, 5.
heidelberg and S. agona. The resistance rate
among S. enteritidis strains is low when com-
pared to other Salmonella spp. in our study.
Interestingly, antibiotic resistant Sh. flexneri
serotype 2/2a strains are common in this
study. This strain was responsible for two
outbreaks {Suriname and Barbados) in the
Caribbean. Multidrug resistant Sk. flexneri
strains have also been reported in other coun-
tries in the Caribbean. It appears that this
strain is spreading to a number of Caribbean
islands.

The low level of resistance seen in H. in-
fuenzae and S. pneumoniae strains responsible
for serious community-acquired infections is
surprising. Although the rate of penicillinase-
producing H. influenzae (5%—20%) is compa-
rable fo that of the United States, the preva-
lence of resistance to chloramphenicol and
trimethoprim-sulphamethoxazole was very
low in the present study. No second- or third-
generation cephalosporin resistance was
found among strains of H. influenzae. Only 1%
of S. pneumoniae isolates were found to be re-
sistant to penicillin and erythromycin. Resis-
tant strains of S. pneumoniae are still uncom-
mon in the Caribbean despite two published
reports in the last few years (25, 26). Importa-
tion of penicillin-resistant strains of S. preu-
moniae by visitors to the Caribbean from other
countries of the Americas, Europe, and else-
where warrants ongoing surveillance in cer-
tain key islands.
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The global rate of resistance in tuberculosis
has recently been reviewed by Cohn et al. (27)
Even though the rate of multidrug-resistant
tuberculosis is high in the Americas, the preva-
lence of resistance in the present study was
only 9.4%. Resistance to isoniazid-rifampicin
was seen in 1.5% (3/203) of M. tuberculosis iso-
lates. However, only a fraction of those strains
were tested for antibiotic susceptibility in this
series; therefore, the data should be inter-
preted with caution. The possibility of TB
cases with primary and acquired resistant M.
tuberculosis strains exists in CAREC member
countries. This means there is ant urgent need
for a comprehensive study to determine the
true prevalence of resistance in M. tuberculo-
sis in the Caribbean.

The continued high prevalence of plasmid-
mediated penicillin- and tetracycline-resis-
tance among isolates of N. gonorrhoeae in the
Caribbean and other parts of the world pre-
cludes the use of these antibiotics for the treat-
ment of gonococcal infections (28-31). How-
ever, N. gonorrhoeae remains highly susceptible
to ceftriaxone, spectinomycin and fluoro-
quinolones, drugs which have been shown to
be effective in the treatment of gonorrhea in
the Caribbean. Only a few strains having in-
termediate susceptibility to ceftriaxone and
quinolones have been identified in Caribbean
countries. To ensure that these drugs are ef-
fective, ongoing surveillance of gonococcal
resistance is needed.

In conclusion, the baseline data on antimi-
crobial resistance of selected pathogens have
been established in the Caribbean. Ongoing
national and regional surveillance of emerg-
ing pathogens and their resistance mecha-
nisms would enhance our efforts to contain
the spread of antibiotic resistant organisms in
the Caribbean.
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TRENDS IN THE ANTIMICROBIAL
SUSCEPTIBILITY OF STRAINS ISOLATED
FROM A HIGH-COMPLEXITY HOSPITAL IN
CHILE FROM 1991 TO 1998

Patricio Nercelles,” Ema Gaete,? Maria Eugenia Gil,?
and Gerardo Peralta?

In view of the fact that local information on antimicrobial resistance helps to intprove
clinical decision-making and supports policies on the utilization of antimicrobial drugs, the
objective of this study was to determine trends in the antimicrobial resistance of the princi-
pal bacteria in Carlos Van Buren Hospital in Valparaiso, Chile. Data on the antimicrobial
susceptibility of ail the bacteria isolated in the Microbiology Laboratory of Van Buren Hos-

pital from 1991 to 1998 were analyzed.

Substantial increases were observed in antimicrobial resistance, especially in Gram-nega-
tive bacilli, which means that the usefulness of many of these agents has decreased.

INTRODUCTION

Since the incorporation of antimicrobial
drugs as therapeutic tools, it has been ob-
served that certain microorganisms present
natural resistance to antibiotics, or acquire it
through various genetic mechanisms. In the
hospital and the community a link has been
found between the increase in the resistance
to antimicrobials and the increase in their use.
This phenomenon has accelerated in hospitals,

'Hospital Epidemiology Unit, Carles Van Buren Hos-
pital, Valparaiso, Chile. E-mail: pnercell@ssvsa.cl

Microbiology Laboratory, Carlos Van Buren Hospital,
Valparaiso, Chile.
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to a large extent because of the greater dis-
semination of resistant strains in those insti-
tutions, the result of poor practices for the pre-
vention of infection, and the intensive use of
antimicrobials, which in tumn is the conse-
quence of the lack of effective policies to ra-
tionalize their use or the ineffectiveness of
such policies, when they exist.

With some frequency, multiresistant bacte-
ria are isolated for which there are no effec-
tive antimicrobials in the hospital environ-
ment. Although this phenomenon has not
resulted in a demonstrated increase in mor-
tality (1-3), it has led to concern among prac-
ticing physicians about the treatment of cer-
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tain severe infections. Furthermore, the clear
impact of antimicrobial resistance has been
observed in the cost of health care, since the
need for treating infections due to bacteria
resistant to certain antibjotics has given rise
to the empirical use of third generation drugs,
which cost 20 times as much or even more than
that of traditional therapies (Eliana Rojas, per-
sonal communication). For these reasons, epi-
demiology surveillance of resistance to anti-
microbials has become a useful tool in the
guiding of clinical patient care and in the
adoption and strengthening of policies for the
utilization of antimicrobial drugs.

MATERIALS AND METHODS

Carlos Van Buren Hospital is located in the
city of Valparaiso, Chile. It is a tertiary level
public hospital with 650 beds and approxi-
mately 30,000 admissions per year. It treats
critical adult, pediatric, and neonatal patients.
Bacterial identification was carried out in the
hospital’s microbiology laboratory using
standard microbiology techniques; the anti-
biograms were performed using the Kirby-
Bauer technique, following the recommenda-
tions of the U.S. National Committee for
Clinical Laboratory Standards (NCCLS) (4).
Internal and external quality controls are ex-
ercised periodically by the Institute of Public
Health of Chile. Susceptibility results are re-
ported on the basis of the halo readings from
the WHONET software (5).

The bacteria selected for epidemiological
analysis were those most frequently isolated
in Carlos Van Buren Hospital, where a mini-
mum of 40 such isolates were available per
year. This information was obtained from the
microbiology laboratory database and corre-
sponds to the percentage of bacteria isolated
from hospital patients (one isolate per patient)
between 1991 and 1998 that were susceptible
to antimicrobials. To determine the differences
between the percentages of susceptibility
observed in 1991 and in 1998, the %2 test was
performed.

RESULTS

During the period analyzed, data on sus-
ceptibility to antimicrobials were obtained for
30,191 bacterial isolates from the hospital.
These came for the most part from urine
samples, surgical wounds, bronchia, and
blood. The bacteria most frequently isolated
were Escherichia coli, Staphylococcus aureus,
Pseudomonas aeruginosa, Klebsiella pneumoniae,
coagulase-negative Staphylococcus, Proteus
wirabilis, Acinetobacter baumanii, and Entero-
bacter spp. (see Table 1).

In 1998, 97% of the isolates of the species
Acinetobacter baumannii were sensitive to
imipenem, half of the isolates were sensitive
to ampicillin-sulbactam, and less than 40% to -
other antibiotics evaluated. Of the isolates of
Pseydomonas aeruginosa, 95% were sensitive to
imipenem and 91% to ceftazidime. Sensitiv-
ity to the rest of the drugs was less than 20%.
Of the isolates of the Klebsiella pneumoniae spp.,
more than 90% were sensitive to imipenem,
but less than 65% were sensitive to the other
antimicrobial drugs. All the isolates of Escheri-
chia coli were sensitive to imipenem and 90%
o the majority of the antimicrobials com-
monly used in the hospital environment. Of
the Proteus mirabilis isolates, 99% were sensi-
tive to imipenem and more than 70% to
cefotaxime and amikacin. There was no resis-
tance to imipenem among the isolates of
Enterobacter cloacae, and 80% were sensitive to

TABLE 1. Distribution of the bacterial strains iso-
lated in the Carlos Van Buren Hospital, Valparaiso,
Chile, in 1998

Number of

Bacterial species isolates  Percentage
Escherichia coli 1,801 43.5
Staphylococcus aureus 580 14.0
Pseudomonas aeruginosa 347 8.4
Klebsiella pneurmoniae 333 8.0
Coagulase-negative

Staphylococeus 229 5.5
FProteus mirabilis 202 4.9
Acinetabacter baumannii 136 3.3
Enterobacter spp. 119 2.9
Enterococcus spp. 24 0.6
Other 371 8.9

Total 4,142 100
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the rest of the antimicrobials (see Table 2). All
the isolates of Staphylococcus aurens were sen-
sitive to vancomycin and 68% to oxacillin.
Similarly, 60% of the isolates of coagulase-
negative staphylococci were sensitive to ox-
acillin. Isolates of Enterococcus spp. were found
very infrequently; 90% of them were sensitive
to ampicillin and 100% to vancomycin (see
Table 3).

Changes in the sensitivity of Escherichia coli,
Staphylococcus aureus, Psendomonas aeruginosa,
Klebsiella pneumonine, coagulase-negative
Staphylococcus, Proteus mirabilis, Acinetobacter
baumannii, and Enterobacter spp. between 1991
and 1998 can be seen in Table 4. There were
significant reductions in the sensitivity of the
isolates of A. baumannii to amikacin (49.9%),
ampicillin-sulbactam (49.2%), and ciprofloxa-
cin (~41.7%). In addition, the sensitivity of K.
preumoniae isolates to cefotaxime decreased by
42.2%, to ceftazidime by 58.6%, and to
ciprofloxacin by ~34.9%. The sensitivity of P.
geruginosa to amikacin also decreased, by
18.1%, and to ceftazidime by 3.2%. With re-

gard to the isolates of P. mirabilis, the most
notable change was the decrease in the sensi-
tivity to ciprofloxacin by 34.5%. In general, the
sensitivity of the E. coli strains has held steady;
however, a ~4% reduction in its response to
ciprofloxacin was observed. The sensitivity of
E. clogceae to cefotaxime was reduced by 22.1%,
to ceftazidime by 9.6%, to ciprofloxacin by
7.2%, and to ampicillin/sulbactam by 57.4%.
The isolates of S. aureus showed a decrease of
8.4% in sensitivity to oxacillin.

COMMENTS AND CONCLUSION

Sensitivity to quinolones, represented by
ciprofioxacin, has declined substantially
among the majority of the Gram-negative ba-
cilli subject to surveillance. There has also been
a decline in the sensitivity of nonfermenting
Gram-negative bacilli and in the strains of .
mirabilis to amikacin. Almost all the Gram-
negative baciili, except for E. coli, have shown
reduced sensitivity to third-generation cepha-

TABLE 2. Sensitivity of the most frequently isolated Gram-negative bacilli to various antimicrobials, Carlos

Van Buren Hospital, Valparaiso, Chile, 1998

Sensitivity (%)

Bacterial species Amika-  Ampi-  Ampicillin-  Cefo-  Cefta- Imi- Genta-  Cipro-
{number of isolates) cin cillin  sulbactam  taxime zidime penem  micin  iloxacin
Escherichia cali(1,801) 96 29 76 96 96 100 92 93
Klebsiella pneumnoniae (333) 57 1 30 42 37 98 44 36
Pseudomonas aeruginosa (347) 64 0 6 24 91 93 46 73
Acinetobacter baumannii (136) 36 2 50 3 26 97 14 14
Proteus mirabilis (202) 73 35 84 92 99 99 33 60
Enterohacter cloacae (47} 89 17 57 38 85 100 87 89

TABLE 3. Sensitivity of the most frequently isolated Gram-negative coccaceous bacteria to various antimi-
crobials, Carlos Van Buren Hospital, Valparaiso, Chile, 1998

Bacterial species

Sensitivity (%}

(number of isolates) Oxacillin -~ Ampicillin Vancomycin Cefazolin Erythromycin Ciindamycin  Ciproifloxacin
Staphylococcus aureus

(580} 68 5 100 72 47 71 66
Coagulase-negative

Staphylococcus

(229) 60 12 100 86 52 78 71
Enterococcus spp.

{24} N/A 90 100 NFA NIA N/A 29

N/A = not applicable; these antibiotics were not evaluated.
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losporins, such as ceftazidime and cefotaxime,
as illustrated by the sensitivities of the K.
pneumoniae isolates presented in Figure 1. The
reduction in the sensitivity of A. baumannii to
ampicillin-sulbactam in the last two years
must be considered serious, especially since
this drug is one of the two effective options
for treating infections by this agent (see Fig-
ure 2). With respect to 5. aureus, the loss of sen-
sitivity to oxacillin detected in the hospital at
the beginning of the 1980s has slowed in re-
cent years (see Figure 3). On the other hand,
the increase in the sensitivity observed among
some bacteria, such as E. cloacae or P. mirabilis,
is of greater interest from the microbiological

FIGURE 1. Susceptibility of Kiebsiella
pneumoniae, Hospital Carlos Van Buren,
Valparaiso, Chile, 1991 to 1998
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FIGURE 2. Susceptibility of Acinetobacter
baumannii, Hospital Carlos Van Buren,
Valparaiso, Chite, 1991 to 1998
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FIGURE 3. Susceptibility of Staphylococcus
aureus, Hospital Carlos Van Buren, Valparaiso,
Chile, 1991 to 1998
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standpoint than from the practical one, since
it concerns less frequently isolated bacterial
types and involves antimicrobials that are not
the first indicated, especially because of their
cost (third-generation cephalosporins or ampi-
cillin-sulbactam). The sensitivity of Gram-
negative bacilli to imipenem has remained
high and 100% of the strains of Staphylococcus
aureus and Enlerococcus spp. remain suscep-
tible to vancomycin.
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OVERVIEW OF ANTIBIOTIC RESISTANCE
IN COLOMBIA'

Carlos Robledo R.? and Jaime Robfedo R.?

To determine the status of antibiotic resistance in Colombia, data on hospital bacterial
infections and bacteria in the community were gathered from recent epidemiological reports.

The most significant findings were the following: Regarding the bacteria in the commu-
nity, 20% of the Streptococcus pneumaoniae isolates had reduced susceptibility to peni-
cillin, and 8.3% were highly resistant. In the cases of Haemophilus influenzae, B-lactamase
production was 22% in the isolates from hemocultures. In the isolates of Salmonella spp.,
76% were resistant to ampicillin and trimethoprim-sulfamethoxazole, while resistance in
the Shigella spp. was 80% for ampicillin and chloramphenicol and 93% for trimethoprim-
sulfamethoxazole, with marked variations between regions. Resistance in Vibrio cholerae
was 21% for trimethoprim-sulfamethoxazole, tetracycline, and chloramphenicol; in Neis-
seria meningitidis, 8.5% had reduced susceptibility to penicillin and 43% to rifampicin.
Among the isolates of N. gonorrhoeae, 51% were -lactam-positive.

Among the isolates from hospitals, Staphylococcus aureus presented very low suscep-
tibility to oxacillin (66% of isolates in university hospitals). The first cases of vancomycin-
resistant Enterococcus spp. were reported. Resistance of Enterobacter spp. and Kieb-
siella pneumoniae fo third-generation cephalosporins was also observed. Ceftazidime and
imipenem were more active against Pseudomonas aeruginosa. The sensitivity of
Acinetobacter spp. to amikacin, aztreonam, ciprofloxacin, cefoperazone, and ceftazidime
was less than 50%. The data show that antimicrobial vesistance in Colombia is a major
problem, whose recognition should lead fo the styengthening of surveillarice systems and
the formulation of national policies that will make for better control.

INTRODUCTION

Antibiotic resistance is a worldwide phe-
nomenon that respects neither countries nor
national borders. A current example is the
spread of penicillin-resistant pneumococci,

Y Source: Revista Panamericana dg Infectologin 1999 (suppl.
1 May):518-525. Published by permission of the Aso-
clacidn Panamericana de Infectologia [Pan Amerjcan As-
sociation of Infectious Diseases].

2 Laboratorio Fundacion Santa Maria, Medellin, Colom-
bia. Correspondence: Jaime Robledo R., MD, Unidad de

134

which went from sporadic events in a few
countries in the 1970s to a frequency today
of more than 20% in almost all areas of the
world (1). Other examples of this problem are
methicillin-resistant Staphylococcus aureus,
already a common finding in nosocomial

Bacteriologia, Corporacién para Investigaciones Biol6gi-
cas, Carrera 72A No. 786-14 7, Medellin, Colombia. E-mail:
robledoj@epm net.co
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infections; the appearance of vancomycin-
resistant enterococci; and, in Gram-negative
bacteria, the spread of extended-spectrum
B-lactams, which is being described with
increasing frequency (2). These examples
show that it is increasingly important to
monitor antibiotic resistance in order to un-
derstand and anticipate the trends and thus
promote actions to improve management of
the problem (3).

Colombia shares with many other countries
the factors that confribute to the growing re-
sistance to antibiotics. Among these are the
lack of clear policies for conirolling and gov-
erning the production of antibiotics, the pre-
carious economic situation of the health sys-
tems, and the almost total lack of systematic
surveillance programs at either the institu-
tional or national level.

Colombia also has other special circum-
stances that have stood in the way of gaining
an adequate understanding of the problem:
meager research and published literature on
the topic, the need for more research and ref-
erence centers devoted to basic aspects of re-
sistance, lack of standardized methods, and
inadequate quality assurance systems in many
Colombian laboratories.

Despite these circumstances, however, in
recent years, thanks to efforts by public and
private institutions, external quality control
programs have been strengthened and inter-
nal quality control has assumed greater im-
portance as a fundamental aspect of labora-
tory performance. This has permitted not
only the generation of more reliable data on
the susceptibility and resistance of infectious
agents to antibiotics, but also the possibility
of compiling these data to give a current view
of the status of antibiotic resistance in Colom-
bia, as in the present article.

MATERIALS AND METHODS

Recent data were collected on the bacteria
that cause infections in the community and in
hospitals.

From the bacteria in the community, infor-
mation was obtained on the following patho-
gens of special importance: Streptococcus
pneumoniae, Haemophilus influenzae, Salmonella
spp., Shigella spp., Vibrio cholerae, Neisserin
meningitidis, and Neisseria gonorrhoeae. The
data came from national programs coordi-
nated by the Microbiology Group at the Na-
tional Institute of Health and had been pub-
lished in biweekly national epidemioclogical
reports or various national and international
scientific publications.

To obtain data on hospital bacterial isolates,
four third-level hospitals were selected, each
of which has ongoing quality control pro-
grams, offers routine systematic management
of data on susceptibility, and applies interna-
tionally standardized methods in its testing.

Two of these institutions were university
hospitals: the University del Valle Evaristo
Garcia Hospital in Cali, and the St. Vincent de
Paul University Hospital in Medellin. Both of
them are recognized for their strong teaching
component. For the most part they serve
low-income communities. The other bwo hos-
pitals that contributed data are private: the
Santafé de Bogotd Foundation Hospital in
Bogotd, and the Pablo Tobén Uribe Hospital
in Medellin. They both have teaching func-
tions, but are not considered university hos-
pitals. They tend to serve communities that
are in a better economic situation.

Susceptibility data for 1997 were collected
from these hospitals in electronic or written
form. The Pablo Tobon Uribe Hospital and St.
Vincent de Paul University Hospital routinely
use WHONET as a tool for the collection and
management of data on susceptibility.

RESULTS

Streptococcus pneumoniae. The available
data in Colombia on this microorganism are
part of a study promoted by the Pan Ameri-
can Health Organization and the Regional
System for Vaccines (SIREVA) in six Latin
American countries. In Colombia, the study
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was coordinated by the Microbiology Group
at the National Institute of Health. As of 1998,
a total of 543 isolates had been studied, all of
them from children under the age of 5, and
73.7% from children under 2. The breakdown
by diagnosis was as follows: meningitis, 255
isolates (47.1%); pneumonia, 215 (39.6%); sep-
sis, 43 (7.9%); other invasive processes, 30
(5.5%).

Of the 543 isolates studied, 110 (20.3%)
showed reduced susceptibility to peniciilin: 65
of these (12%) had intermediate resistance
(MIC 0.15-1.0 pg/mL) and 45 (8.3%) were
highly resistant (MIC >2.0 ug/mL). The fre-
quency of highly resistant isolates rose signifi-
cantly between 1994 and 1998 (Table 1).

Resistance to penicillin was accompanied by
resistance to other antibiotics, particularly
ceftriaxone: 32 (71.1%) of the 45 isolates that
were highly resistant to penicillin also showed
intermediate resistance to ceftriaxone, and
6 (13.3%) were highly resistant (MIC >2.0
pg/ml) to this drug. Moreover, 54 {(49.1%) of
the isolates with reduced susceptibility to
penicillin were resistant to a third and fourth
antibiotic (4).

Haemophilus influenzae. A total of 264 iso-
lates from different hospitals in Colombia
were processed using the broth microdilution
technique in the Microbiology Laboratory of
the National Institute of Health between May
1994 and April 1997. With variations depend-
ing on where the isolates came from, their sus-
ceptibility to ampicillin, chloramphenicol, and
trimethoprim-sulfamethoxazole ranged from

5.8% to 87%, with some 5.3% to 18% of the
isolates clearly resistant. On the other hand,
only 1% of the isolates showed intermediate
susceptibility to cefuroxime, and all of them
were sensitive to ceftriaxone.

In these same isolates the production of -
lactamase was detected in 6.5% of the samples
from cerebrospinal fluid and 22% of those
from hemoculture (5).

Staphylococcus. In Colombia it is common
to find methicillin-resistant Staphylococcus
aureus (MRSA) in hospital isolates. To illus-
trate this situation, data were compiled for the
year 1997 from two university hospitals, St.
Vincent de Paul University Hospital (SVPUH)
in Medellin and University del Valle Evaristo
Garcfa Hospital in Cali, both of which have
more than 500 beds, and two private hospi-
tals, Pablo Tobén Uribe Hospital in Medellin
and Santafé de Bogota Foundation Hospital
in Bogotd, with less than 500 beds (6-9).

Susceptibility to oxacillin was 92% to 93%
in the private hospitals, whereas the levels at
the university hospitals were considerably
lower: 66% and 68%, respectively, for St. Vin-
cent de Paul and Evaristo Garcia (Table 2). Re-
sistance to vancomycin has not been reported
to date.

An example of the presence and spread of
MRSA in a university hospital can be seen at
the SVPUH in Medellin, where the frequency
of MRSA increased from 5% in 1972 to 41% in
1998. In 1994, when 64 of isolates of this patho-
gen were studied by pulsed-field gel electro-
phoresis, 90% of them were shown to be ge-

TABLE 1. Annual increase in penicillin-resistant Streptococcus pneumoniae,

Colombia, 1994-1998.*

solate resistance

Murnber of Intermediate High Total

Year isolates No. % No. % No. %
1994 140 9 6.4 5 3.6 14 10.0
1995 167 18 10.8 5 3.0 23 13.8
1996 100 17 17.0 6 6.0 23 23.0
1997 99 20 20.2 17 17.2 37 374
1998 37 1 2.7 12 324 13 351

Total 543 &5 12.0 45 8.3 110 20,3

* Modified from (4).
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TABLE 2. Suscepfibility of Staphylococcus aureus hospital isolates to various antibietics, Colombia, 1997
Antibiotic—Susceptibility (%)

No. of Oxa- Cipro- Cefa- Genta- Erythro-  Trimethoprim-  Clinda-
Hospital isolates cillin floxacin lotin mycin mycin  sulfamethoxazole  mycin
SVPUH 1,117 66 - - 63 56 99 -
PTUH 241 92 90 92 87 - - -
UVH 1,093 68 75 - 66 69 - 72
SBF 377 93 93 93 25 82 97 89

SVPUH: 5t. Vincent de Paul University Hospital, Medellin; PTUR: Pablo Tebén Uribe Hospital, Medellin; UVH: University del Valle
Hospital, Cali; SBF: Santafé de Bogotd Foundation Hospital, Bogota.

netically related, which suggests the dissemi-
nation and intrahospital transmission of a
clone. More than 90% of these same isolates
were susceptible to glycopeptides, rifampicin,
trimethoprim-sulfamethoxazole, and fusidic
acid, whereas fewer than 10% were suscep-
tible to erythromyecin, clindamycin, or the
aminoglycosides (10).

The isolates of coagulase-negative Staphy-
lococeus showed the following rates of suscep-
tibility to oxacillin: 68% at the SVPUH, 44% at
the Pablo Tobén Uribe Hospital, 55% at the
University del Valle Hospital, and 51% at the
Santafé de Bogoti Hospital. Susceptibility to
ciprofloxacin ranged from 67% to 88%, de-
pending on the hospital (6-9).

Enterococcus. The most significant situation
with regard to enterococcus resistance in Co-
lombia is the appearance of isolates resistant
to vancomycin. In 1997, four cases were re-
ported at a third-level clinic in Bogotd—two
of them E. faecalis, which had intermediate
susceptibility to vancomycin, and two of them
E. faecium, which were resistant to vancomy-
cin (9). In 1998 there was an outbreak of noso-
comial infections at a university hospital in
Medellin, in which the first six cases were van-
comycin-resistant E. faecium (MIC >128 pg/
mL); the isolates were also resistant to peni-
cillin, ampicillin, gentamicin, streptomycin,
and ciprofloxacin (11).

Enterobacteria. The information compiled
from the hospitals came from isolates taken
from the urine of hospitalized patients. Of the
most commonly isolated enterobacteria, Es-
cherichia coli continues to have good levels of

susceptibility: approximately 90% of the speci-
mens were sensitive to amikacin, ceftazidime,
ceftriaxone, ciprofloxacin, aztreonam, and
imipenem. With cefoperazone and cefotaxime
there were differences between hospitals, with
suscepfibility ranging from 54% to 87% and
from 77% to 97%, respectively, for these fwo
antibiotics (Table 3) (6-9).

With the third-generation cephalosporins
and aztreonam, slightly lower susceptibility
was observed for the isolates of Enterobacter
spp. than for E. coli~——namely, 56% vs. 77%.
Except for the data from one of the hospitals,
susceptibility to ciprofloxacin and amikacin
was good, ranging from 85% to 99%. Imi-
penem continued to be very active on these
isolates, with an activity of 93%, except at the
University del Valle Hospital, where suscep-
tibility was 65% (Table 4) (6-9).

With regard to Klebsiella pneumoniae, suscep-
tibility to third-generation cephalosporins,
amikacin, and azfreonam was highly variable.
Imipenem, however, was very active in all the
hospitals surveyed (>98% susceptibility). Sensi-
tivity to ciprofloxacin was equally good, except
at one of the university hospitals (Table 5) (6-9).

Pseudomonas aeruginosa. Ceftazidime and
imipenem were the most active antibiotics
against this bacterial species, with suscep-
tibility ranging from 77% to 87% and from
60% to 98%, respectively. Other antibiotics—
aztreonam, ciprofloxacin, cefoperazone, and
amikacin—yielded less than 80% susceptibil-
ity (Table 6) (6-9).

Acinetobacter spp. Unlike the pathogens
mentioned so far, these bacteria had suscepti-
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TABLE 3. Susceptibility of Escherichia colf hospital isolates to various antibiotics, Colombia, 1997

Antibiotic-Susceptibility (%)

No. of Ami-  Aztreo-  Ampicillin-  Cefo- Cefopera- Ceftri-  Ceifta- Imi- Cipro-
Hospital isolates kacin  nam  sulbactam  taxime  zone | axone  zidime penem fioxacin
SVPUH 682 87 89 64 20 87 21 89 98 85
PTUH 231 95 92 38 94 54 93 92 95 -
UVH 2,320 89 83 41 77 69 94 " 100 89
SBF 1,337 96 94 - 97 80 97 96 99 88

SVPUH: St. Vincent de Paul University Hospital, Medellin; PTUH: Pablo Tobdn Uribe Hospital, Medellin; UVH: University del valle

Hospital, Cali; SBF: Santafé de Bogotd Foundation Hospital, Bogotd.

bility levels of less than 50% with amikacin,
aztreonam, ciprofloxacin, cefoperazone, and
ceftazidime, but higher than 77% with
imipenem. Nevertheless, the isolates from one
of the hospitais showed 96% susceptibility for
amikacin, ceftazidime, and ciprofloxacin
(Table 7) (6-9).

Salmonella spp. and Shigella spp. In 1996
the Pan American Health Organization
launched a program for monitoring the anti-
microbial susceptibility of enteropathogens in
the Americas. In Colombia, the program is
coordinated by the Microbiology Laboratory
at the National Institute of Health.

During 1997, 17 public health laboratories
in Colombia submitted 92 isolates of Salmo-
nella spp., 68 (74%) of which had been obtained
from stool, 7 (7.6%) from blood, 4 (4.4%) from
cerebrospinal fluid, and 13 (14%) from other
specimens. The species detected most fre-
quently were S. enteritidis, 44 isolates (47.8%);
S. typhimurium, 25 (27.1%); and Salmonella
Group E1, 16 (17.4%). There were two isolates
of 5. typhi (2.2%) and five of various other se-

rotypes (5.5%). Depending on the geographi-
cal area of the country from which the iso-
lates had come, the percentages of resistance
ranged from 6% to 76% for ampicillin and
trimethoprim-sulfamethoxazole, and from 0%
to 9% for chloramphenicol (12).

Of the 55 isolates of Shigella spp. studied,
52 (94.5%) were taken from stool and 3 (5.5%)
from other samples. The species identi-
fied were Sh. flexneri, 31 (56%); Sh. sonnei, 22
(40%); and Sh. dysenteriae, 2 (4%). Resistance
to ampicillin and chloramphenicol ranged
from 40% to 80%, and to trimethoprim-
sulfamethoxazole, from 33% to 93% (12).

Vibrio cholerae 01. As part of the national
epidemiological surveillance program, the
Microbiclogy Laboratory at the National In-
stitute of Health received 4,000 isolates dur-
ing the period 1991-1997. Their susceptibility
pattern was determined using the agar gel
diffusion technique. The isolates recovered
between 1991 and 1996 were fully sensifive to
tetracycline, chloramphenicol, trimethoprim-
sulfamethoxazole, and norfloxacin or cipro-

TABLE 4. Susceptibility of Enterobacter spp. hospital isolates to various antibiotics, Colombia, 1997

Antibiotic-Susceptibility (%)

No. of Ami-  Aztreo- Ampicillin-  Cefo- Cefopera- Ceftri-  Cefta- Imi- Cipro-
Hospital isolates kacin  nam  sulbactam taxime  zone axone  zidime penem floxacin
SVPUH 136 85 74 41 73 72 71 77 92 93
PTUH 66 95 68 27 76 63 63 68 - 97
UVH 426 65 60 28 62 56 72 68 65 99
SBF 100 87 73 - 76 72 73 73 93 96

SVPUH: §t, Vincent de Paul University Hospital, Medellin; PTUR: Pablo Tobon Uribe Hospital, Medellin; UVH: University del Valle

Hospital, Cali; SBF: Santafé de Bogota Foundaticn Hospital, Bogota.
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TABLE 5. Susceptibility of Klebsiella pneurnoniae hospital isolates to various antibiotics, Colombia, 1997

Antibiotic-Susceptibility (%)

No. of Ami- Aztreo- Ampicillin-  Cefo- Cefo-  Ceftri-  Cefta-  Cipro- Tmi-
Hospital isolates kacin  nam  sulbactam taxime perazone axone zidime iloxacin penem
SVPUH 476 64 66 58 78 68 72 69 95 99
PTUH 86 90 81 56 80 61 83 g1 - a8
UvVH 965 63 64 38 81 58 90 73 68 100
SBF 215 78 70 57 83 67 72 72 94 98

SVPUH: St. Vincenrt de Paul University Hospital, Medellin; PTUH: Pablo Tobdn Uribe Hospital, Medellin; UVH: University del Valle

Hospital, Cali; SBF: Santafé de Bogotd Foundation Hospital, Bogotd.

floxacin. In 1997, however, of the 176 isolates
recovered and confirmed, 37 (21%) were re-
sistant to irimethoprim-sulfamethoxazole, tet-
racycline, and chloramphenicol {13).

Neisseria meningitidis. To determine the
minimum irhibitory concentration with peni-
cillin and rifampicin, studies were done on 249
isolates from the bacterial collection that the
Microbiology Laboratory at the National In-
stitute of Health had received from various
public health laboratories in Colombia be-
tween 1987 and 1997. Using the agar dilution
technique, it was determined that 21 isolates
(8.5%) had reduced susceptibility to penicil-
lin (MIC 0.125 ug/mL} and 107 (43%), to
rifampicin (14).

Neisseria gonorrhoeae. As part of the pro-
gram on sexually transmitted diseases, the
microbiology laboratory at the National In-
stitute of Health studied 100 isolates submit-
ted by various health services in Colombia
between 1984 and 1994, using the agar dilu-
tion technique. The MIC was >2 ug/mL for
penicillin in 5 isolates of non-B-lactamase-
producing strains and 47 of B-lactamase-pro-

ducing strains. The MIC for tetracycline was
22 pg/mLin 78 isolates. The presence of §-
lactamase was determined in 51% of the
isolates (15).

More recently, the susceptibility findings
from a study of 29 gonococcus isolates were
presented by the Public Health Department
Laboratory of the Sectional Health Bureau in
the department of Antioquia. Of 10 isolates, 6
were resistant to penicillin and 12 were resis-
tant to tetracycline. Of 5 isclates studied for
their susceptibility to spectinomycin, all were
sensitive, and the 12 isolates studied for
ceftriaxone were also sensitive, However, this
is the first report on a gonococcus isolate re-
sistant to ciprofloxacin (16).

DISCUSSION

The figures reported on antibjotic resistance
in Colombia are a local manifestation of a
growing world probiem, as evidenced by data
on the resistance of Streplococcus prieumoniae
to penicillin, the appearance of vancomycin-

TABLE 6. Susceptibility of Pseudomonas aeruginosa hospital isolates to various antibiotics, Colombia,

1997

Noof Antibiotic-Susceptibility (%)
Hospital isolates Amikacin  Aztreonam  Cefoperaxone Ceftazidime  Ciproiloxacin  Imipenem
SVPUH 418 64 66 63 79 63 60
PTUH 120 75 55 63 87 70 a8
UVH 695 56 79 - 77 63 97
SBF 273 93 68 76 78 75 54

SVPUH: St. Vincent de Paul Uriversity Hospital, Medellin; PTUH: Pablo Tobdn Uribe Hospital, Medellin; UVH: University dei Valle

Hospital, Cali; SBF: Santafé de Bogota Foundation Hospital, Bogota.
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TABLE 7. Susceptibility of Acinetobacter spp. isolates to various antibiotics, Colombia, 1997
Antibiotic-Susceptibility (%)

Na. of Ami-  Aztreo- Cefo- Cefta- Cipro- Imi- Cefoperaxone-
Hospital isolates kacin nam perazone zidime floxacin  penem sulbactam
SVPUH 347 46 16 15 41 53 77 58
PTUH 24 32 19 6 42 53 100 -
UVH 557 4 32 13 75 41 100 99
SBF 26 96 20 25 96 96 96 -

SVPUH: t. Vincent de Paul University Hospital, Medellin; PTUH: Pablo Tobén Uribe Hospital, Medeltin; UVH: University del Valle
Hospital, Cali; SBF: Santafé de Bogotd Foundation: Hospital, Bogotd.

Tesistant strains of Enterococcus, the resistance
of enteric bacilli to third-generation cepha-
losporins, and data on oxacillin-resistant S.
aureus. This alone justifies launching surveil-
lance programs that will make it possible to
develop adequate control strategies.

A number of studies have been undertaken
in Colombia—for examyple, on the surveillance
of susceptibility to enteropathogens in the
Americas, and on the resistance and sero-
typing of pneumococci—which have been
promoted by PAHO and directed in our coun-
try by the National Institute of Health. These
are good examples of coordinated efforts to
determine the real situation of pathogen re-
sistance in the community. However, in the
area of hospital infections, where the indis-
criminate use of antibiotics also has a greater
impact in terms of the development of resis-
tance, there have been few national efforts, and
these have been sporadic, sustained only by
the individual work of several institutions and
professionals.

Publication of these data gives an overview
of current developments in Colombia with
respect to antibiotic resistance. It is important
that this effort be the basis not only for the
coordinated monitoring of resistance, but also
for the development of national policies that
will be directly used to curtail its increase.

It is urgent that the recommendations issued
by the various meetings organized by WHO
and PAHO be applied in Colombia. The joint
involvement of government agencies, research
centers, teaching institutions, and health ser-
vice providers will strengthen the implemen-

tation of these policies and help to reduce the
impact of this problem on health.

The publication of this information is also
expected to foster the creation of epidemio-
logical surveillance and hospital infection
committees and strengthen those already in
place.
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ANTIMICROBIAL SUSCEPTIBILITY
SURVEILLANCE IN ECUADOR

Jeannete Zurita' and the REDNARBEC Group?

Bacterial resistanice has become a serious public health problem and currently is one of
the greatest obstacles to be overcome in the field of health care (1-3). One of the strategies to
contain this problem consists of determining the magnitude of the resistance and monitor-
ing the behavior of the pathogens in the presence of antimicrobials. In Ecuador few data
were available, and they were mostly very local (4, 5), which made obtaining countrywide
data indispensable. In April 1999 the National Network for Surveillance of Bacterial Resis-
tance in Ecuador (REDNARBEC) was created, grouping fogether 10 hospital centers in
the country. All of them have internal quality control systems and use the WHONET soft-
ware.” This article presents the data obtained in the first eight months of network opera-

tions (May to December 1999).

INTRODUCTION

In April 1999, the bacterial resistance sur-
veillance system called Red Nacional de
Vigilancia de Resistencia Bacteriana en el Ecua-
dor (REDNARBEC) was implemented in Ec-
uador. The objectives of the network were
to reach an agreement on the standardization
of microbiological procedures, cultures, and

1Vozandes Hospital, Quito, Ecuador. Correspondence:
Hospital Vozandes, Quito, Villalengua Qe2-37, Casilla 17-
17-691. Telephone: (593 2} 262 142; fax: (593 2) 242 777; e-
mail: jzurita@hcjb.org.ec

2 REDNARBEC Group: Julio Ayabaca, Graciela Pabon,
Monica Tirado, Eulalia Cisneros, and Sonia del Salto,
Hospital of the Armed Forces of Ecuador; Ximena Villalba
and Adriana Jativa, Baca Ortiz Children’s Hospital;
Ménica Haro and Isabel Moya, San José Foundation;
Ramiro Salazay, Isabel Narviez, Verdnica Sudrez, and
Mercedes Naranjo, Carlos Andrade Marin Hospital.;
Carlos Vasquez, Grace Delgado, and Silvana Lozano,
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antibiograms and obtain information on the
pathogens and their profiles of resistance. Ten
hospitals were invited to participate: seven in
the central area (Quito}, one in the western
area {Manta), and two in the southern area
{Azogues and Cuenca). The WHONET soft-
ware was installed at each hospital, and a pro-
tocol for conducting the sensitivity tests was
provided.

Enrique Garcés Hospital; Jeannete Zurita and Yolanda
Espinosa, Vozandes Hospital; Diana Ififguez, Solca
Cuenca Hospital; Cristina Neira and Carmen Villagémez,
Quito Hospital of the National Police; Carlos Bueno and
Blanca Mosquera, SOLCA Quito Hospital; Remberto
Cevallos, Anabelly Burgos, and Tania Rodriguez,
Rodriguez Zambrano Manta Regional Hospital; Leticia
Maldonado, Regional Hospital; Homer Castanier
Azogues, Coordinating Center, Vozandes Hospital, Quito,
Ecuador.

3 Immunology and Microbiclogy Surveillance Support
Services of the World Health Organization.
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MATERIALS AND METHODS

ATl the laboratories used the Kirby-Bauer
disk diffusion method to test for sensitivity
(6). After correct identification of the genus
and species of the bacterial strain (manual
system, bioMérieux API, or BBL-Crystal sys-
tem), the antibiogram was performed accord-
ing to an established protocol, following the
standards established by the U.S. National
Committee for Clinical Laboratory Standards
(NCCLS) (7). For internal quality control,
ATCC reference strains of Escherichia coli
25922, Staphylococcus aureus 29213, Pseudomo-
nas aeruginosa 27853, and Enterococcus faecalis
29212 were included.

The strains were automatically classified as
sensitive, intermediate, or resistant on the ba-
sis of the inhibition halos, using the cut-off
values established in the NCCLS standards,
which are included in the WHONET program.
Each participating center sent data on bacte-
ria isolated consecutively from the patients
served in each institution. The monthly sub-
mission was made by diskette to the coordi-
nating center in the Vozandes Hospital. One
isolate was entered per patient. Bacteria from
hospitals and the community (outpatient and

emergency consultation) were recorded, since
the software allows such a breakdown.

The analyzed data, using both histograms
and resistance profiles, was sent monthly to
each participating center. Each hospital cen-
ter analyzed the information for its own use.

RESULTS

During the eight months of surveillance,
data were obtained from 7,682 isolates taken
from the infectious processes of patients seen
at the participating centers. Of those isolates,
4,421 (57.6%) were obtained from hospitalized
patients, and 3,261 (42.4%) from outpatient
and emergency services (community isolates).
Escherichia coli, constituting 32% of the isclates,
was the pathogen found most frequently, fol-
lowed by Staphylococcus aureus, with 20%. In
third place were the isolates of Psendomonas
aeruginosn and Klebsiella, both with 7%. The
distribution of hospital pathogens in three
centers are shown in Figure 1.

In the investigation of Gram-positive
coccaceous bacteria, it was found that of the
1,530 isolates of Staphylococcus aureus, 21%
were resistant to oxacillin and a similar pro-

FIGURE 1. Percentages of isolates of specific strains (infectious agents) obtained from hospitalized
patients in three centers of the National Network for Monitoring Bacterial Resistance in Ecuador,
by center, May to December 1999
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portion to trimethoprim-sulfamethoxazole
(23%) and clindamycin (22%). With regard to
gentamicin, 22% were resistant. For erythro-
mycin, 19% showed resistance, while for
ciprofioxacin the figure was 17.6%. Tetracy-
cline and penicillin were the drugs to which
the greatest resistance was shown, 30% and
90%, respectively. To date, vancomycin-resis-
tant strains of Staphylococcus have not been
detected.

The coagulase-negative strains of Staphy-
lococcus presented greater resistance than
those of S. aureus, as can be observed in Fig-
ure 2, which shows a comparison of the two
bacteria.

Among the 119 isolates of Strepfococcus
prewmoniae studied, 8.3% were resistant to
penicillin (1 pg oxacillin disk); no strains re-
sistant to cefotaxime, imipenem, clindamycin,
or vancomycin were detected. With regard to
ciprofloxacin, 41.2% of the isolates presented
intermediate sensitivity and 58.8% were
sensitive.

Enterococci infections are becoming increas-
ingly difficult to treat, since they present mul-

tiple resistance and the available therapeutic
arsenal is limited. In the REDNARBEC, resis-
tance to ampicillin was detected in only 2% of
the isolates of Enterococcus faecalis and in 8%
of those of E. faecium. These resistances arelow
in comparison to those found in the Vozandes
Hospital in 1997 and 1998, which reported
resistance to ampicillin of 8% in E. faecalis
and 30% in E. faecium (5). The first report of
vancomycin-resistant E. faecium came from
the Hospital of the Armed Forces of Quito.
Vancomycin-resistant strains have not been
detected in the other centers.

Gram-negative bacilli present increasing
resistance to third-generation cephalosporins
and quinolones in many places. Among the
2,455 isolates of Escherichia coli studied, there
were high levels of resistance to ampicillin
(63%), trimethoprim-sulfamethoxazole (52%)
ampicillin sulbactam (27%), and ciprofloxacin
(23%). However, the levels of resistance to
ceftriaxone and cefepime were low, 6% and
1%, respectively (see Figure 3).

With respect to the sensitivity profile of Kieb-
stella spp., it was observed that 95% of the iso-

FIGURE 2. Resistance of 1,530 isolates of Staphylococcus aureus and 496 isolates of
coagulase-negative Staphylococcus to various drugs. National Network for
Monitoring Bacterial Resistance in Ecuador, May to December 1999
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FIGURE 3. Resistance of 2,455 isolates of Escherichia coli to various drugs.
National Network for Monitoring Bacterial Resistance in Ecuador, May to December 1999
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lates were resistant to ampicillin, 46% to ampi-
cillin-sulbactam, and 45% to gentamicin. The
degrees of resistance to the quinolones (10.7%),
imipenem (0%), and cefepime (3%) remain
acceptable (see Figure 4).

Figure 5 shows that 14% of the isolates of

Pseudomonas aeruginosa were resistant to

aminoglycosides, 14% to netilmicin, 33% to
amikacin, and 40% to gentamicin. For the
antipseudomonal drugs such as ticarcillin-
clavulanic acid, resistance was 54%. The low-
est resistance was observed for imipenen and
cefepime (15%), ceftazidime (20%), and
aztreonam (21%).

FIGURE 4. Resistance of 538 isolates of Klebsiella spp. to various drugs.
Natianal Network for Monitering Bacterial Resistance in Ecuador, May to December 1999

100
80~
3
o 60~
]
5
= 40
]
oL
20+
0 ¢ & ¢ & >
& L . ¢ . \ <
;& Lo & £ & F & & &
N Fe Ffe N £ FF S
S EFFETF S & S e
Y‘,}o o a\i‘&&e:\“\ C R
W Antibiotic



146  Antimicrobial Susceptibitity Surveillance in Ecuador

FIGURE 5. Resistance of 537 isolates of Pseudomonas aeruginosa to various drugs.
Nattonal Network for Monitoring Bacterial Resistance in Ecuador, May to December 1999
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The 316 isolates of Acinetobacter spp. were
highly resistant {o antibiotics: 78% to ampicil-
lin, 60% to trimethoprim-sulfamethoxazole,
70% to aztreonam, 45% to ceftriaxone, and 53%
to gentamicin. Lower percentages were resis-
tant to amikacin (39%), ampicillin-sulbactam

(34%), cefepime (18%), imipenem (12%) and
ciprofloxacin (10%). The observed resistances
are presented in Figure 6.

The resistance of Shigella strains is a world-
wide phenomenon. In many countries, very
high resistance has been reported to the anti-

FIGURE 6. Resistance of 316 isolates of Acinefobacter spp. to various drugs.
National Network for Monitoring Bacterial Resistance in Ecuador, May to December 1999
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microbial drugs in everyday use, such as
ampicillin, trimethoprim-sulfamethoxazole,
and chioramphenicol (8). This microorgan-
ism continues to be an important etiologic
agent for diarrheal syndrome in Ecuador
and presents notable multiple resistance (9).
The species isolated most frequently in this
study was S. flexneri, followed by S. sonnei;
very few strains of S. boydii and S. dysenteriae
were found. According to the data from
REDNARBEC the problem in Ecuador is
similar to that in the rest of the world, since
96% of the strains are resistant to fetracycline,
77% to ampiciliin, 70%, to trimethoprim-
sulfamethoxazole, and 72% to chlorampheni-
col. In this study, the quinolones continued
to be a very good therapeutic option for
adults, with the data indicating that the re-
sistance to these drugs is nil (see Figure 7).

To date there has been no reported resistance
to ampicillin, trimethoprim-sulfamethoxazole,
chloramphenicol, quinolones, and ceftriaxone
by strains of Salmonella spp.

Among the isolates of Haemophilus influen-
zae obtained from the respiratory tract, 10%
were resistant to ampicillin, while 5% of bio-
type b strains isolated from cerebrospinal
fluid were resistant fo this P-lactamic drug.
Resistance has remained at this level since

1994, when it was first reported in Ecuador
(see Figure 8).

Figure 9 shows the sensitivity of Klebsiellr
preumoniae isolates in three different hospital
centers. Center No. 2 presents a large number
of BLEA-producing isolates of Klebsiella with
high resistance to third generation cepha-
losporins. Significant variations in the sensi-
tivity patterns of Staphylococcus aureus in the
three hospital centers can also be observed in
Figure 10.

DISCUSSION

The data on bacterial resistance to antimi-
crobials in Ecuador indicate that this is a seri-
ous public health problem in the country. Data
presented here show oxacillin-resistant 5.
aureus and penicillin-resistant pneumococdi,
a growing increase in the resistance of Gram-
negative bacilli to guinolones and cepha-
losporins, and the appearance of vancomydn-
resistant enterococci.

The establishment of a system for monitor-
ing the resistance of the prevalent pathogens
in Ecuador has been very useful in determin-
ing not only the degree of resistance but also
which bacterial strains are most often involved

FIGURE 7. Resistance of 41 isolates of Shigella sp. to various drugs.
Nationai Network for Monitoring Bacterial Resistance in Ecuador, May to December 1999
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FIGURE 8. Resistance of 164 isolates of Haemophilus influenzae
from the respiratory tract to various drugs. National Network for
Monitoring Bacterial Resistance in Ecuador, May to December 1999

50 -
40 A
30

20 1

Resistance (%)

in the infectious processes in the hospital en~
vironment and in the community. The results
presented show that in Ecuador the two most
commonly isolated bacteria are Escherichia coli
and Staphylococcus aureus, which together con-
stitute 51.8% of the isolates reported in the
period covered. These data agree with those
of other national surveillance programs (10).
Surveillance also helped to establish a con-
sensus on the microbiological procedures to
be used in all the participating centers. By us-

Antibiotic

ing the WHONET software for data collection
and analysis a centralized database has been
created that makes it possible to detect qual-
ity control problems in the laboratories and
then to correct and overcome them. In sum,
the surveillance system has made it possible
to identify the resistance profiles in each op-
erating unit and issue recommendations on
the best therapeutic options, and also to seek
strategies to control the spread of resistance
locally and nationally.

FIGURE 9. Sensitivity patterns presented by Klebsiefla pneumoniae isolates from three hospital centers
of the National Network for Monitoring Bacterial Resistance in Ecuador, May to December 1999
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FIGURE 10. Sensitivity patterns presented by the Staphylococcus aureus isolates from three hospital
centers of the National Network for Monitoring Bacterial Resistance in Ecuader, May to December 1999
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It is imperative that this surveillance sys-
tem be maintained, since the data obtained
over time will serve to evaluate trends and
variations in the infectious agents and their
resistance profiles. This will in turn promote
the development of national policies to help
contain the increase in resistance.
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REPORT ON BACTERIAL RESISTANCE:
PILOT STUDY OF SIX MEXICAN CENTERS'

/. Sifuentes-Osornio,? |. Donis Herndndez,? J. L. Arredondo-Garcia,*
O. Escalante-Ramirez,® A. Macias,® J. M. Mufioz,” L. Ontiveros,”
O. Novoa-Farias,* R. Rodriguez-Sandoval,? A. L. Rolon,?
D. M. Soriano-BecerriF and J. C. Tinoco®

This article summarizes the findings of a pilot study on bacterial resistance carried out
in six hospital centers located in various Mexican states. Information for 19961997 is
given for the following species: Escherichia coli, Klebsiella pneumoniae, Pseudomonas
aeruginosa, Acinetobacter spp., Staphylococcus aureus, Streptococcus pneumoniae,
and Haemophilus influenzae. Isolates studied came from hospitals and communities.

A dangerous rise in resistance to quinolones was noted among Gram-negative bacilli,
especially E. coli and Klebsiella spp. Resistance of S. aureus to oxacillin also poses cause

for concern.

INTRODUCTION

The increased use of antimicrobials initially
promotes bacterial resistance at the local level,
which subsequently can spread all over the
world (1-3). Knowledge of available informa-
tion on resistance to antimicrobials helps clini-
cal physicians to make better decisions regard-
ing empirical choice of medications (4-6). In

'Source: Revista Panamericana de Infectologin 1999;(supl
1 mayo):545-547. Published by permission of the
Asociacion Panamericana de Infectologia [Pan American
Association of Infectious Diseases].
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Mexico, worldwide data on bacterial resis-
tance were lacking; therefore, in 1996 an invi-
tation to participate in the collection of data
was extended to the leading hospital centers
meeting accepted standards of quality control.

METHODS

During the first two years, six hospital cen-
ters gathered information on 17,269 clinical
isolates including Escherichia coli, Kiebsiella
prneumoniae, Pseudomonas aeruginosa, Acineto-
bacter spp., Staphylococcus aureus, Streptococcus
preumoniae, and Haemophilus influenzae. These
are all sentinel germs used in the surveillance
of resistance to antimicrobial drugs in various
regions of the world.
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The centers that sent information have inter-
nal and external quality controls. The bacteria
were identified and their susceptibility to drugs
established according to the recornmendations
set out by the National Committee for Clinical
Laboratory Standards (NCCLS).

Data collection began in January, 1996. The
present analysis includes data for 1966 and 1997.

RESULTS

Tables 1 to 6 show the total numbers of clini-
cal isolates, which were divided into two
groups: 8,371 obtained from hospitalized pa-
tients and 8,750 obtained from ambulatory
patients. It was observed that in the isolates
of E. coli obtained from the community (Table
1), more than 50% showed resistance to ampi-
cillin and more than 20%, to ciprofloxacin. As
regards strains of K. prneumoniae, there was
more than 60% resistance to ampicillin in the
total number of isolates. Resistance to ceftri-
axone was 19% among the nosocomial isolates
(Table 2).

With regard to nosocomial isolates of P.
aeruginosa (Table 3), more than 30% were re-

TABLE 1.

sistant to ceftazidime, over 40% were resistant
to aminoglucosides, and above 30% to quino-
lores. Among the community isolates, over
30% showed resistance to P. reruginosa and
aminoglucosides, while resistance to cipro-
floxacin exceeded 40%.

More than 35% of the strains of Acinetobacter
spp- were resistant to ceftazidime, amino-
glucosides, and quinolones (Table 4). Among
strains of Staphylococcus aureus, resistance to
oxacillin was higher than 15% in hospital iso-
lates, and less than 10% in the community iso-
lates (Table 5). Resistance to ciprofloxacin ex-
ceeded 10% in the hospital.

As for Streptococcus pneumoniae (Table 6),
less than 10% resistance to penicillin was ob-
served. It was noted that 30% of the strains
of Haemophilus influenzae were producers of
B-lactamase.

The resistance to ciprofloxacin observed
among E. coli isolates was probably due to the
administration of quinolones to ambulatory
patients, according to data furnished by par-
ticipants. Resistance to third generation ce-
falosporins among Klebsiella strains suggests
that these are producers of wide-specter -
lactamase. Resistance notified in relation to

Resistance (%6) of Escherichia coli to different antimicrobials,

according to community or nosocomial origin of isolates. Pilot study of six
hospital centers, Mexico, 1996 and 1997

Resistance (%)

Community Nosocomial

Antimicrobial 1996 1997 1996 1997
agent in=3437) (n=2,192) (n= 1,365} {n=2317)
Ampicillin 63 63 43 68
Amoxicitlin-

clavulanate 7 9 17 24
Ampicillin-

sulbactam 18 n 21 28
Cefalotin 49 32 29 35
Cefotaxime 5 1 2 3
Ceftriaxone 4 i 3 4
Ceftazidime 3 2 9 )
imipenem 1 1 1 2
Gentamicin 7 1" 18 18
Amikacin 2 2 21 6
Trimethoprim-

sulfamethoxazole 55 55 a4 61
Ciprofloxacin 21 25 15 24
Norfloxacin 17 28 14 19
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TABLE 2. Resistance (%) of Klebsiella pneumoniae to different antimicrobi-
als, according to community or nosocomial origin of isolates. Pilot study of six
hospital centers, Mexico, 1996 and 1997

Resistance (%)

Community Nosocomial

Antirnicrobial 1996 1997 1996 1997
agent (n=267) (h=211) (n=433) {n=587)
Ampicillin 80 78 77 85
Amoxicillin-

clavulanate 12 14 30 40
Ampicillin-

sulbactam 14 12 39 33
Cefalotin 17 23 48 46
Cefotaxime 13 11 25 20
Ceftriaxone 19 5 22 19
Ceftazidime 12 8 19 17
Imipenem 2 4 4 5
Centamicin 13 14 32 24
Amikacin 6 3 - 30 24
Trimethoprim- ‘

sulfamethoxazole 27 49 42 52
Ciprofloxacin & 29 9 5
Norfloxacin 5 30 5 6

TABLE 3. Resistance (%) of Pseudomonas aeruginosa to different anti-
microbials, according to community or nosocomial origin of isolates. Pilot
study of six hospital centers, Mexico, 1996 and 1997

Resistance (%)

Community Nosocomial

Antimicrobial 1996 - 1997 1996 1997
agent {n=164) (n=184 (n = 505) (n=939)
Ceftazidime 25 30 42 31
Ticarcillin-

clavulanate 5 34 10 34
Piperacillin 15 28 33 26
Cefoperazone 25 42 29 19
Imipenem 23 13 17 18
Gentamicin M1 36 51 43
Amikacin 33 32 41 37
Ciprofloxacin 43 40 26 35

TABLE 4, Resistance (%) of Acinetobacter spp. to different antimicrobials,
according to community or nosocomial origin of isolates. Pilot study of six
hospital centers, Mexico, 1996 and 1997

Resistance (%)

Community Nosoconnial

Antimicrobial 1996 1997 1996 1997
agent (n=79) (h=32) (n=160) {n=231
Amoxicillin-

clavulanate 9 20 60 36
Cefotaxime 7 15 50 42
Ceftazidime 4 11 35 37
Centamicin 19 13 54 33
Amikacin 4 19 45 35
Imipenem 4 9 4 2
Ciprofloxacin 1 13 35 32
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TABLE 5. Resistance (%) of Staphyloceccus aureus to different antimicrobi-
als, according to community or nosocomial origin of isolates. Pilot study of six

hospital centers, Mexico, 1996 and 1997

Resistance {%)

Community Nosocomial

Antimicrobial 1996 1997 1996 1997
agent (n=499) (n=391) {n=508) {n=1,126)
Oxacillin 4 10 16 22
Vancomycin - - - -
Gentamicin 11 6 10 15
Trimethoprim-

sulfamethoxazole 3 13 9 14
Ciprofloxacin 8 12 10 25

TABLE 6. Number of Streptacoccus preumoniae strains and percentage resis-
tant to penicillin according to type of infection. Pilot study of six hospital

centers, Mexico, 1996 and 1997

1996 1997
Type of infection Number  Percentage Mumber  Percenlage
Invasive, in adults 48 4 37 5
Colonizing, in adults 16 - 52 -
Invasive, in children 35 - 82 -
Colonizing, in children 119 - 286 1

isolates of P. aeruginosa and Acinobacter ob-
tained from hospitalized patients shows the
appearance of different resistance mechanisms
in germs exposed to a varied number of anti-
microbials. In this study, the 5. aureus resis-
tance to oxacillin that was notified did notrep-
resent an epiderniological problem.

Resistance to penicillin on the part of pneu-
mococcus was low, but those results could
be related to sample size. Production of B-
lactamase by Haemophilus influenzae strains
was not high.

At the present time, there are 13 centers
participating in the program. All of them
maintain strict quality controls and have ex-
ternal supervision and a center of reference.

CONCLUSIONS

A dangerous increase was observed in
the resistance to quinolones among Gram-

negative bacilli, E. coli and Kiebsiella spp. in
particular. Another cause of concern is the re-
sistance shown by Staphylococcus aureus to ox-

acillin. On the other hand, the prevalence of
resistance to penicillin remains low in pneumo-
coccus isolated from well-defined infection.
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MONITORING OF ANTIBIOTIC RESISTANCE
IN PARAGUAY

Wilma Basualdo' and Antonio Arbo-Sosa?

Bacterial resistance to antibiotics is a serious and growing problem in developing coun-

tries. Paraguay is no exception, as witnessed by the high levels of antibiotic resistance that
have been observed among pathogens both in hospitals and the community. More than 70%
of the Shigella spp. strains isolated from diarrhea in children are already resistant to ampi-
cillin, trimethoprim-sulfamethoxazole, and chloramphenicol. With H. influenzae type b,
33% and 25% of the isolates studied were found to be resistant to ampicillin and chloram-
phenicol, respectively, and 11% were resistant to both. Of Streptococcus pneumoniae
isolates from cases of invasive disease, 24% proved to be resistant to penicillin. The suscep-
tibility patterns among hospital (nosocomial) pathogens are even more disturbing.
Acinetobacter spp. were highly resistant to cefotaxime (86% ), ceftazidime (70%), and
ciprofloxacin (58%), and there was also 10% resistance to imipenem. Among the isolates of
Klebsiella preumoniae, 60% were resistant to cefotaxime, 44% to ceftazidime, and 22%
to ciprofloxacin. Finally, in the cases of Pseudomonas aeruginosa, 56% were resistant to
piperacillin, 48% to cefoperazone, 27% and 28% to ceftazidime and ciprofloxacin, respec-

tively, and 15% to imipenem.

INTRODUCTION

Although the increase in bacterial resistance
to antibiotics is receiving considerable atten-
tion in first-world countries, the same is not
true in Latin America, where bacterial resis-
tance rates are high (1—4). The problem is more
serious in the less developed countries, where
infections, notably of the respiratory and gas-

1 Pediatric Microbiologist, Chief, Bacteriology Research
Laboratory, Institute of Tropical Medicine, Asuncién,
Paraguay.

* Specialist in Pediatric Infectious Diseases, Master in
Medical Sciences, Chief, Pediatric Service, Institute of
Tropical Medicine, Asuncién, Paraguay.
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trointestinal tract, are among the leading
causes of morbidity and mortality, especially
among children (2, 3, 5, 6). Several factors con-
tribute to the high prevalence of infections in
these latitudes: lack of minimum sanitary con-
ditions such as safe drinking water and ad-
equate excreta disposal, populations with little
knowledge about hygiene and sanitation, and
poor access to primary health care. The high
frequency of infections and the concomitantly
high use of antimicrobial drugs has set the
stage for a triple phenomenon of excessive use,
inappropriate use, and a shortage of antibiot-
ics when they are really needed. Since a pre-
scription is not usually required in order to
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obtain antibiotics, they are typically sold with-
out any professional control. It should be
noted that antibiotics are among the pharma-
ceutical products with the greatest impact on
the environment. Their uncontrolled use in
humans and animals has created a situation
in which bacterial agents are subjected to se-
lective pressure, which results in the constant
appearance of germs newly resistant to the
different antibiotics (2-6).

The present article examines such resistance
ina number of the bacterial pathogens of clini-
cal importance in Paraguay.

MATERIALS AND METHODS

Aretrospective review was conducted of the
informnation available for 1995-1998 at the In-
stitute of Tropical Medicine, Ministry of Pub-
lic Health and Social Welfare, on the in vitro
sensitivity of germs found in the community
(Shigella spp., Salmonella spp., Haemophilus
influenzae, Streptococcus pneumoniae) and
Gram-negative germs found in hospitals
(Psendomonas aeruginosa, Acinetobacter spp.,
Klebsiella pneumoniae).

RESULTS

Bacterial Resistance among Pathogens
in the Community

Enteric Pathogens

The Shigella spp. are among the microorgan-
isms on which antibiotics have exerted enor-
mous selective pressure over time and which
have thus been steadily acquiring resistance
to antibiotics (6-11). Shigellosis is endemic in
Latin America and causes between 8% and
12% of all episodes of diarrhea, including
nearly 50% of the dysentery cases requiring
hospitalization (5, 12, 13). In Paraguay this is
one of the bacterial gastrointestinal infections
with the greatest impact on child morbidity
and mortality (14, 15).

The species 5. flexneri and S. sonnei are pre-
dominant in Paraguay (14, 15). Susceptibility
studies of Shigella isolates during the period
1995-1997 showed that less than 30% of the
strains of Shigella were susceptible to ampi-
cillin, trimethoprim-sulfamethoxazole, or
chloramphenicol. On the other hand, resis-
tance to nalidixic acid was only 2%, and no
resistance to third-generation cephalosporins
or fluoroquinoclones could be confirmed (Fig-
ure 1) (16). However, another national hospi-
tal recently reported 4% resistance to third-
generation cephalosporins {17).

Salmonella spp., except 5. typhi, were isolated
in 5% of the cases of dysenteric diarrhea in
children under 2 years of age in Paraguay (14).
In addition, there have been occasional epi-
demic outbreaks related to the consumption
of contaminated food. The Institute of Tropi-
cal Medicine has observed a relatively con-
stant sensitivity to antibiotics in the salmo-
nellas isolated from cases of diarrhea in the
community. Of the 40 isolates studied between
1995 and 1997, two (5%) were resistant to
ampicillin and three (7%) were resistant to
trimethoprim-sulfamethoxazole, while none
showed resistance to chloramphenicol,
cefotaxime, or ciprofloxacin.

invasive Pathogens

The profile of antimicrobial susceptibility in
52 isolates of Haemophilus influenzae type b
(Hib) taken from children with bacterial men-
ingitis (80%) and pneumonia (20%)} showed
that 32.7% of them were resistant to ampicl-
linand 25.0% to chloramphenicol, while 11.5%
had combined resistance to both drugs. None
of the isolates studied were resistant to thind-
generation cephalosporins (18, 19).

The principal etiologic agent of complicated
pneumonias is Strepfococcus pnetmonine, which
also ranks second as the cause of acute bacte-
rial meningitis in children under 3 vears of age
in Paraguay.

A study of antibiotic susceptibility in iso-
lates of $. pneumoniae from patients with in-
vasive pneumococcal disease, using the Kirby-
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FIGURE 1. Resistance (%} of 205 isolates of Shigella sp. to antimicrobials in Paraguay, 1995-1997
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Bauer method, showed that 23.6% (n=17) of
these pathogens were resistant to penicillin.
Application of the E-test to the 17 penicillin-
resistant isolates to determine the minjmum
inhibitory concentration (MIC) yielded the
following results: 13 had an MIC of 2 1 pg/
mL (nonpenicillin-susceptible S. preumoniae),
while 4 had an MIC of 2 ug/mL (penicillin-
resistant 5. preumoniae). Moreover, 1 of the 4
isolates resistant to penicillin was also resis-
tant to cefotaxime, and 3 were resistant to
chloramphenicol. None of these isolates was
resistant to vancomycin. The frequency of re-
duced susceptibility to penicillin was analyzed
vis-a-vis the age of the patients from which
the S. prneumoniae samples were taken: of the
50 S. pneumoniae isolates from children with
invasive disease, 12 were not susceptible to
penicillin (MIC = 0.1 pg/mL), and 3 of these
were actually resistant to the drug MIC2 pg/
mL); among the isolates taken from adults, one

was nonpenicillin-susceptible (MIC > 1 pg/
mL) and one was resistant to penicillin (MIC
2 ug/mlL) (P<0.05).

Resistance of Nosocomial Pathogens

Hospital, or nosocomial, infections are as-
sociated with high morbidity and mortality,
higher hospital operating costs because of the
need to use more expensive antibiotics and
procedures, and prolonged hospital stays for
infected patients. In Paraguay, more than 50%
of the patients in intensive care units have had
one or more episodes of nosocomial infection
(20). These nosocomial infections have a
highly varied etiology, but the predominant
pathogens are Gram-negative bacteria, such
as Pseudomonas spp., Klebsiella spp., and
Acinetobacter spp.; Gram-positive coccl, such
as Staphylococcus aureus (coagulase-negative
and enterococcal); and fungi, such as Candida
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TABLE 1. Percentage of in vitro resistance to nosocomial Gram-negative bacilli, Asuncién, Paraguay

Antibiotic
Infectious agent Pip Cef Cit Ciz Imp Cip Amk  Sul-cei
Pseudomonas aeruginosa (n = 100} 56 48 98 27 15 28 39 18
Klebsiella pneumoniae (n = 50} 76 76 60 44 0 22 38 23
Acinetobacter spp. (n = 50) 92 92 86 70 10 58 62 30

Pip = piperacillin; Cef = cefoperazone; Cit = cefotaxime; Ciz = ceftazidime; Imp = imipenem; Cip = ciprofloxacin; Amk = amikacin; Sul-

cef = sulbactam-cefoperazone,

albicans. Stenotrophomonas maltophilia is also an
emerging pathogen.

In studies of nosocomial Gram-negative
bacilli from several intensive care units in the
city of Asuncién, a high degree of in vitro re-
sistance to several antimicrobial agents was
found (21). However, the drugs imipenem,
ciprofloxacin and cefoperazone-sulbactam
were active against more than 75% of the
K. pneumoniae isolates, while imipenem and
cefoperazone-sulbactam were also active (50%
and 70%, respectively) against Acinefobacter
spp.» which were highly resistant to cipro-
floxacin and other antibictics. Finally, imi-
penem and cefoperazone-sulbactam were the
most effective agents (85% and 82%, respec-
tively) against Pseudomonas spp. (22) (Table 1).

This paper has reported on the susceptibil-
ity profiles of a number of different pathogens
to the antimicrobial agents used most often in
Paraguay. It shows high levels of antibiotic
resistance in both the community and hospi-
tals. One of the principal factors in this esca-
lation of resistance is the inappropriate use of
antimicrobial agents by prescribing physi-
cians: 90% of antibiotic consumption takes
place in the community, with inappropriate
use increasing at alarming rates, in tandem
with the vertiginous growth of bacterial resis-
tance to these drugs (14). A recent study
showed that 60% of the pediatric patients with
respiratory infections seen as outpatients ata
third-level center are given antibiotics {A.
Arbo, personal communication). A related
factor that seriously contributes to the prob-
lem is the population’s unrestricted access to
antibiotics, since in Paraguay, as in other

countries, antibiotics are sold freely without
prescription.

It is interesting to see that programs pro-
moting the appropriate use of antibiotics have
made the most progress in countries where
health systems favor primary care.

Given the dramatic reality that must be ad-
dressed, a multidisciplinary effort involving,
primary care physicians, clinicians, pediatri-
cians, clinical pharmacologists, pharmacists,
microbiologists, and infectious disease spe-
cialists is the only possible or logical road to
follow. Such a multifaceted and organized re-
sponse will yield the best results in the pro-
grams we are promoting to improve the use
of antimicrobial agents in our countries.
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STREPTOCOCCUS PNEUMONIAE
RESISTANCE TO ANTIMICROBIALS IN
URUGUAY: 12 YEARS OF MONITORING

Teresa Camou,’ Rosario Palacio,’ Gabriela Algorta,?
Laura Pivel? and Maria Hortal

In Uruguay Streptococcus pneumoniae is the bacterial agent most frequently isolated
from invasive community-acquired infections.

This study analyzes the findings of 12 years of monitoring of invasive Streptococcus
pneumoniae in children and adults in order to track the changes in resistance to nine
antibiotics over time.

Streptococcus prieutnoniae isolafes from systemic infections in children under 5 (n =
402) and children over that age and adults (n = 234) were sent to the Department of Public
Health Laboratories to complete their characterization: typing by Quellung reaction and
antibiogram using the disk diffusion method (oxacillin, trimethoprim-sulfamethoxazole,
erythromycin, chloramphenicol, tefracycline, rifampicin, and vancomycin). For strains re-
sistant to oxacillin, the minimum inhibitory concentration (MIC) for penicillin, cefotaxime,
and ceftriaxone was determined.

During the period 1987-1993, the percentage of resistance to B-lactam drugs did not
exceed 5%. However, beginning in 1994, there was a marked increase in resistance to peni-
cillin that was greater in young children (24.4%) than in older children and edults (13.5%).
In subsequent years, resistance in the first group continued fo rise (peaking at 44% in
1996), while in the second group, it reached only 14%. As of 1994, most nonsusceptible
strains belonged to capsular serotype 14 and showed patterns of resistance with an MIC for
penicillin of 1.0-2.0 mgfL; for cefotaxime and ceftriaxone, 0.5~2.0 mg/L; and resistance to
trimethoprim-sulfamethoxazole, but susceptibility to all other antibiotics tested. Subsequent
molecular studies revealed the presence of a clone imported to Uruguay from Southern
Europe in the early 1990s. None of the 636 Streptococcus pneumoniae isolates studied
had diminished susceptibility to rifampicin or vancomycin.

The results analyzed revealed a very pronounced, steady rise in resistance to B-lactam
drugs in isolates recovered from infants and preschool children, which led investigators to
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question traditional therapeutic practices. In view of the prevailing situation, monitoring of
the susceptibility to antibacterial drugs is fundamental for proper therapeutic management
of pneumococcal infections in children and adults.

INTRODUCTION

In Uruguay, as in other regions, Strepfococ-
cus pneumonige is the agent most frequently
isolated from invasive community-acquired
infections (1). Bacteremic pneumonia and
pneumococcal meningitis are frequent, with
high morbidity and mortality in Uruguayan
patients of all ages, but basically in children
under 2 years of age and people over 65 (2, 3).

The emergence of Streptococcus preumoniae
resistant to penicillin and other antibiotics is
currently a serious problem in vast regions of
the world (4).

The first clinical isolation of penicillin-resis-
tant Streptococcus pneumonize was described in
Papua New Guinea in 1967 (5). After two years
of sporadic findings, an outbreak of multire-
sistant Streptococcus pneumonige was reported
in South Africa (6); Streptococcus pneumoniae
resistance to penicillin and other 8-lactam drugs
subsequently spread to all parts of the globe.

The prevalence of nonsusceptible strains is
correlated with antimicrobial use. In Europe,
in countries such as the United Kingdom and
Germany, where the use of antibiotics is
strictly controlled and restricted, the percent-
ages of resistance are low. However, in France
and Spain, high frequencies of resistance co-
incide with high and unrestricted use of anti-
microbials (7).

The biological processes responsible for the
emergence and spread of resistance to B-lactam
drugs were, first, the alteration in successive
passages of the genes that encode synthesis
protein of the cell wall, with the consequent
loss of the natural affinity for the drug and
the subsequent geographical dissemination of
resistant clones, which gave the problem a
universal dimension (8). Finally, the selec-
tive pressure exerted by the use of f-lactam
drugs, which varied from region to region,

either inhibited or facilitated the spread of
resistance.

Of particular interest is the case of Iceland,
where the prevalence of penicillin-resistant
strains went from zero in 1988 to nearly 20%
in 1993, after the importation of a multiresis-
tant Spanish clone, serotype 6B. Since Iceland
is a country with strict controls on the use of
B-lactam drugs, this development was attrib-
uted to the selective pressure exerted by other
families of antibiotics (9).

Before the advent of antibiotics, mortality
associated with pneumonia caused by Strep-
tococcus pneumonine was approximately 20%;
with mortality from bacteremia at 50% and
from meningitis at 80%~100% (10). In the case
of pneumococcal meningitides, the correlation
between resistance to penicillin and third-gen-
eration cephalosporins and a deterioration in
the course of disease has been repeatedly dem-
onstrated (11); in the case of pneumonias, how-
ever, the impact of the problem is still being
studied. The U.5. Centers for Disease Control
and Prevention (CDC) have called for contin-
ued surveillance, since some studies point to
an increase in mortality among cases caused
by resistant strains (12). However, in Argen-
tina and Uruguay, a retrospective analysis
comparing 99 pneumococcias caused by
nonsusceptible Streptococcus pneumoniae with
175 cases caused by susceptible strains treated
with f-lactams revealed no significant differ-
ences in the course of the disease (13).

Since 1987, Uruguay has conducted surveil-
lance of invasive pneumococcal infections in
children and adults, with special emphasis on
determining the susceptibility of Streptococcus
preumonige. This paper presents the results of
12 years of monitoring, which confirmed a
steady increase in resistance to penicillin and
cephalosporins in the isolates collected in this
process.
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MATERIALS AND METHODS

Collection of Streptococcus
preumoniae lsolates

Between 1987 and 1998, the Department of
Public Health Laboratories (DLS) received 636
samples of Streptococcus pneumoniae isolated
from invasive cases at public and private
health facilities throughout the country. These
isolates were analyzed in two separate groups:
children up to 5 years of age (n = 402) and pa-
tients 6 years of age and older (n = 234), whom
we will refer to as adults. Only specimens from
normally sterile sites, such as blood, cere-
brospinal fluid, and peritoneal and pleural
exudate, were included. In children, the pre-
dominant clinical diagnosis was pneumonia
(68%), followed by meningitis (20%) and other
processes (12%), such as sepsis, bacteremias
without apparent foci, peritonitis, abscesses,
and celiulitis. Among adults, the same order
of frequency obtained—that is, 44%, 31%, and
17%, respectively.

In 1994, surveillance was intensified with
the country’s participation in a multicenter
study organized by the Pan American Health
Organization’s Regional System of Vaccines
(SIREVA) (14). The object of this study was to
monitor the distribution of serotypes and
antimicrobial resistance of the Strepfococcus
prieumonige strains responsible for invasive
disease in six Latin American countries.

Susceptibility to Antimicrobials

Identification of Streplococcus pneuntoniae
was confirmed by conventional methods (15);
the Quellung reactive technique was em-
ployed for serotyping, using 12 pools of sera
and selected factors (Statens Seruminstitut,
Denmark).

Susceptibility to oxacillin, erythromycin,
trimethoprim-sulfamethoxazole, chloram-
phenicol, tetracycline, rifampicin, and vanco-
mycin was determined by disk diffusion on
Mueller-Hinton agar plates with 5% ovine
blood incubated at 37 °C in 5% CO,.

The MIC for penicillin, cefotaxime, and
ceftriaxone was determined by E-test for all
strains resistant to the oxacillin disk (€19 mm).
ATCC 49619 was utilized as the control strain.
A subsample was also analyzed by micro-
dilution in Mueller-Hinton broth and 5% lysed
horse blood (16) to correlate this with the E-
test. In the case of meningitides, the recom-
mendations of the National Committee for
Clinical Laboratory Standards (NCCLS) call
for the determination of the MIC to be made
without prior screening with a disk, which
means that the E-test was done on the strains
obtained from that source.

The cutoff points were the ones proposed
by NCCLS (16). The values for the E-test were
estimated on the basis of the dilutions used in
the reference method (for example, an MIC of
1.5 mg/L by E-test was read as 2.0 mg/L)}, as
recommended by the manufacturer (AB
Biodisk, Sweden). The MIC for trimethoprim-
sulfamethoxazole was also studied in 120 iso-
lates that included susceptible and resistant
strains. The MIC for erythromycin and chlor-
amphenicol was determined by microdilution
only in isolates resistant to these drugs, after
screening by disk diffusion.

Since 1994 the DLS has participated in an
external quality conirol program coordinated
by the National Streptococcus Center of the
University of Alberta, Canada. As part of that
quality control system, unknown strains are
received regularly for characterization (for
identification, serotyping, and susceptibility
testing). Ten percent of the isclates in Uruguay
are sent for confirmation of the results.

In this document, following the latest rec-
ommendations of the CDC, the term “not sus-
ceptible” refers to the sum of the intermedi-
ate and absolute resistance.

RESULTS

Between 1987 and 1993, 124 isolates of in-
vasive Sireptococcus pneumoniae obtained from
patients of all ages were studied. For both chil-
dren and adults, the isolation of strains not
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susceptible to one or more antibiotics was an
infrequent event, which occurred in no more
than 5% of cases, except for resistance to
trimethoprim-sulfamethoxazole, where the
figure was 27%.

From 1994 on it was observed that strains
in the pediatric population were steadily be-
coming more resistant fo penicillin, reaching
a maximum of 44% in 1996, with a decline in
subsequent years (1997 and 1998). Among
adults, in contrast, the percentage of resistance
in the same period only fluctuated a little,
never exceeding 14% (Figure 1).

In children, the frequency of resistance var-
ied with the disease in question, being higher
in pneumonias than meningitides. In 1996, the
percentage of resistant Streptococcus pneu-
monige in pneumonia cases reached 53%, while
for meningitis the highest level was 20%. Di-
viding the country into four regions—that is,
western, central, eastern, and metropolitan
area—the percentages of resistance for the
strains isolated from children in the period
1994-1998 were 32%, 15%, 35%, and 36% for
each region, respectively.

The increase in the global percentage of
nonsusceptible strains (106/313 or 33.9%) was
accompanied by a greater frequency of abso-

lute resistance to penicillin, which in 1996
reached a peak of 24.3% (Table 1). Intermedi-
ate resistance to third-generation cephalospor-
ins attained significant levels in the pediatric
population, while full resistance to these drugs
was low among children and insignificant
among adults (Table 2). The highest MIC for
penicillin was 4.0 mg/L and for cephalospor-
ins, 2.0 mg/L.

The results presented in Tables 1 and 2 were
obtained by E-test. However, a comparison
between the two methods for determining the
MIC (E-test and microdilution) for penicillin
and ceftriaxone demonstrated that the E-test
tends to systematically lower the readings. For
example, in 16 isolates of Streptococcus preu-
monige with an MIC for penicillin of 2.0 mg /L
by microdilution, the MICs by E-test were 1.0
mg/L, which implies a change in category. The
results were similar with ceftriaxone.

The strains isolated from cerebrospinal fluid
were for the most part susceptible to penicil-
lin (Figure 2). Of the 22 fatal cases of pneumo-
coccal meningitis in children, only two of the
strains had an intermediate resistance to peni-
cillin (0.12 and 1.0 mg/L) and one of them to
ceftriaxone (I mg/L). The 14 case fatalities
recorded in the adult population were caused

FIGURE 1. Streptococcus pneumoniae from invasive infection in children and adults in Uruguay:
percentage of strains not suscepfible to penicillin, by year, 1987 a 1998*
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TABLE 2. p-lactam-resistant Streptococcus pneurnoniae isolated from invasive infections in adults, Uru-

guay, 1994-1998*

Penicillin Cefotaxime Ceftriaxone
S | R S 1 R s ! R
Number 177 10 12 189 10 - 187 10 2
Percentage 88.9 5.0 6.0 95.0 5.0 - 94.0 5.0 1.0
11% 6%
*Through August.

§ = Susceptible, MIC for penicilfin £0.06 mg/L and MIC for cefotaxime and ceftriaxone =0.50 mg/L.
I = intermediate resistance, MIC for peniciliin 0.12-1.0 mg/L and MIC for cefotaxime and ceftriaxone Tmg/L.
R = Resistant, MIC for penicillin, cefotaxime and ceftriaxone 22.0 mg/L.

by Streptococcus pneumoniae susceptible to
B-lactam drugs.

In 1992 the first isolation of serotype 14 not
susceptible to penicillin or trimethoprim-~
sulfamethoxazole was recorded in Uruguay.
From then on, most of the nonsusceptible iso-
lates from children (90%) and adults (78%)
exhibited the same phenotypical characteris-
tics. The remaining serotypes associated with
resistance were 6B, 6A, 194, 23B, and 23F.

In the child population, resistance to
trimethoprim-sulfamethoxazole reached its
highest levels in the period 1994-1998 (45%),
remaining at about 15% in adults (Table 3).
When the MICs were determined, a good pro-
portion of these strains showed high levels of
resistance. Resistance to erythromycin went

from 0.8% (1987-1993) to roughly 3% (Table
3). The MICs ranged from 4 mg/L to over 256
mg/L. These resistant strains belonged to 11
different serotypes in children (9V(3); 18C(2);
and 1, 5, 14, 18B, 19A, and 23F) and to 8 in
adults (9V (4); 6A, 11 A, 18B, and 23B), and they
usually exhibited resistance to another anti-
biotic {trimethoprim-sulfamethoxazole,
chloramphenicol, and tetracycline).

Resistance to chioramphenicol in both
populations remained low and stable during
the 12 years of monitoring, and the MICs of
the resistant strains were 2.0 or 4.0 mg/L.
Strains resistant to rifampicin or vancomycin
were not isolated, and only eight strains re-
sistant to three or more antibiotic families were
detected.

FIGURE 2. Minimum inhibitory concentration for penicillin in Streptococcus pneumoniae isolated in
meningitis cases among children and adults, Uraguay, 1994 a 1998*
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TABLE 3. Streptococcus pneumoniae resistant to other antibiotic drugs, isolated from invasive infections in

children and adults in Uruguay, by year, 1994-1998*

Antibiotic 1994 1995 1996 1997 1998* Total
and population n % n % n % % n % n %
SxT* C 34 44 36 44 33 47 27 44 10 43 140 45
A i5 29 9 19 6 14 4 14 4 14 38 19
ER? C 4 5 3 4 1 1 3 5 - - 11 35
A 1 2 1 2 - - 1 4 2 7 5 25
TE* C 4 5 6 7 6 9 - - 1 4 7 34
A 6 12 1 2 1 2 - - 2 7 i0 3.0
cLt C - - 3 4 3 5 - - 6 19
A 1 2 - - - - - - 1 05
Total C 78 81 70 61 23 313
strains A 52 48 42 28 29 199
* Through August.

* = Includes resistant strains only.

SxT = Trimethoprim-sulfamethoxazole. ER = Erythromycin. TE = Tetracycline. CL = Chloramphenical.

C = children; A = adults.

DISCUSSION

Twelve years of monitoring the antimicro-
bial susceptibility of Streptococcus pneunoniae
strains isolated exclusively from invasive pro-
cesses made it possible to confirm a clear in-
crease in resistance to penicillin, beginning in
1994—a phenomenon that, while coinciding
with the start of SIREVA, was unrelated to that
program or to changes in methodology.

While in the 1980s an increase in resistance
to penicillin had been confirmed in only a lim-
ited number of countries, the 1990s were char-
acterized by the universal spread of that
resistance.

Uruguay was not exempt from that process,
although the phenomenon exhibited special
characteristics. Most of the strains that were
not susceptible to penicillin were of a single
capsular type, 14, and were also resistant to
trimethoprim-sulfamethoxazole. Although it
was the most frequent serotype in Uruguayan
children (17, 18), the absolute prevalence of
this serotype among the resistant strains al-
ready suggested a clonal origin, which was
later genetically confirmed (19, 20).

The drastic increase in resistance to penicil-
lin that occurred in Uruguay due to the im-
portation of a single clone is comparable only

to what occurred in Iceland (9), since non-
susceptible strains in other countries are more
genetically diverse.

In the late 1980s that clone, which was as-
sociated with serotype 14 and serogroup 9,
had already spread in Spain, France, and Por-
tugal (21). A limited number of strains of the
same clone were isolated in Brazil, Chile, Co-
lombia, and Mexico, expressing serotype 14
or serogroup 9 (22). By contrast, in Argentina
{23) and, to a greater extent, Uruguay that
clone predominated among the strains not
susceptible to penicillin, although all belonged
to serotype 14 and none to serogroup 9.

In 1992 surveillance at the national level
made it possible to document the first isola-
tion of that clone and its subsequent spread
throughout the country; it was isolated more
frequently in children from the metropolitan
area with a clinical diagnosis of pneumonia.
The lower percentages of resistance observed
in the strains isolated from the adult popula-
tion could be related to a lower frequency of
that serotype, which may be attributed to
greater acquired immunity.

Most of the strains not susceptible to peni-
cillin had MICs by E-test around the cutoff
point between intermediate and absolute re-
sistance (1.0 or 2.0 mg/L). However, compar-
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ing the results of the E-test with those of
microdilution, on repeated occasions MICs of
1.0 mg/L by E-test and 2 mg/L by micro-
dilution were verified. Although the difference
with dilution is technically acceptable, E-test
results may underestimate the percentages of
absolute resistance. The same could be said
for third-generation cephalosporins.

The introduction of the clone also led to an
increase in global percentages and high levels
of resistance to trimethoprim-sulfametho-
xazole in children. In adults, the percentages
of resistance to trimethoprim-sulfametho-
xazole were lower, probably due to the lower
prevalence of the clone. Nevertheless, doubts
have been rajsed about the correlation be-
tween the in vitro results and the therapeutic
efficacy of the drug (24).

In Iceland, the spread of another multire-
sistant clone (serotype 6B) was fostered by the
administration of non-B-lactam antibiotics (9).
In the case of Uruguay there is a possibility
that the treatment of upper respiratory infec-
tions with trimethoprim-sulfamethoxazole
may have exerted selective pressure, promot-
ing colonization or infection with serotype
14 strains resistant both to that antibiotic and
B-lactams. In addition, in Uruguay, the low
levels of resistance found in invasive pneu-
mococcal infections can be attributed to the
very limited use of erythromycin and chloram-
phenicol; nevertheless, high levels of resis-
tance to erythromycin (25) and chlorampheni-
col (26) have been reported in countries where
these drugs are utilized on a regular basis.

The increase in Streptococcus prneumoniae re-
sistance to B-lactams implies serious problems
for therapeutic management of meningitides
(11). Not so for pneumonias, however, since
the low toxicity of these antibiotics makes it
possible to increase the dosage to serum con-
centrations that exceed the MICs registered up
to now (<4 mg/L).

A recent CDC communication noted a pos-
sible increase in mortality in patients with
pneumnonia caused by resistant strains (12).
However, research conducted in Argentina
and Uruguay by Deeks et al. (13) found no

significant differences in the outcomes of pa-
tients infected with susceptible and resistant
Streptococcus preumoniae. In that same work,
an analysis of the risk factors for acquiring an
invasive infection with nonsusceptible Strep-
tococcus preumoniae showed that only two of
the parameters analyzed were significant: the
administration of penicillin or ampiciilin dur-
ing the previous three months and receiving
medical care in a private institution. Both pa-
rameters point in the same direction—that
is, they link these risks with the overuse of
antibiotics.

Hungary and Finland (27) have recently had
success in reducing the frequency of resistance
by controlling and restricting the use of anti-
biotics. These results confirm that the process
can be reversed through a national antibiotic
policy.

New experimental conjugate vaccines have
proven to be immunogenic and safe in chil-
dren (28). Since the proposed formulas include
the serotypes associated with B-lactam resis-
tance, the administration of these vaccines
could reduce their prevalence. With the same
objective, immunization of older persons with
the 23-valent vaccine could be encouraged.

However, as long as conjugate vaccines are
not available, the only possible measure is to
attempt to control the steady rise in resistance
through a campaign to educate health work-
ers and the public alike to avoid the indiscrimi-
nate use of antibiotics resulting from self-
medication and improper prescription.
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NOSOCOMIAL INFECTIONS IN URUGUAY:
ANTIBIOTIC RESISTANCE OF THE PRINCIPAL
MICROORGANISMS IDENTIFIED'

Maria Hortal,? Cristina Bazet,’
Maria Matturo,? Rosario Palacio,? and Teresa Camou?

n Uruguay the growing antibiotic resistance of pathogens in both the community and
hospitals is creating serious public health problems. The Public Health Laboratories De-
partment it the Ministry of Health is responsible for centralizing the information in this
areq, processing it in order to provide feedback at the operational levels, and standardizing
quality assurance procedures. Accordingly, a series of studies was launched in 1996, witha
view lo making an initial diagnosis of the situation, with emphasis on nosocomial infec-
tions. For a period of seven months (1996-1997) all invasive processes (n=17) representing
10 generafspecies with different spectra of resistance and endemicity were monifored at
three sentinel hospitals. Both Staphylococcus aureus and congulase-negative Staphylo-
coccus showed multiple resistance, 46% and 54% of isolates, respectively, being resistant
to methicillin. All these cases, as well as the enterococci (n=38), were susceptible to vanco-
mycin. Variable resistance patterns were also observed in 103 invasive Gram-negative ba-
cilli, all susceptible to imipenem. In addition, cases in the intensive care unit of a fourth
hospital were monitored for six months in 1997 and agein for six months in 1998. No
differences were found at this latter institution, either in the frequency of the agents (n=181 )
ot in their resistance. With the enterococci, 13% were resistant to ampicillin and 20% were
highly resistant to gentamicin. Isolates of Acinetobacter spp. were obtained from both
invasive infections and those of other origin.

- Apart from the risk to life and the treatment problems posed by the 352 nosocomial
infections, the estimated cost of care alone is justification for improving microbiological
surveillance to help to control the existing confirmed antimicrobial resistance and to pre-
vent the appearance of other forms of resistance that have not yet been reported in Uruguay.

18gurce: Revista Panamericana de Infectologia 1999 (suppl. * Laboratorio de Microbiologfa, Hospital Pasteur,
1 May):56-510. Published by permission of the Asociacion Ministerio de Satud Piblica, Uruguay.
Panamericana de Infectologia [Pan American Association Correspondence: Marfa Hortal, MD, Hidalgos 532,
of Infectious Diseases). Montevideo 11.300, Uruguay. Tel/fax (598-2} 710-2017.

Departamento de Laboratorios, Direccién General de E-mail: mhortal@st.com.uy
Salud, Uruguay.
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INTRODUCTION

Antibacterial resistance has become one of
the most serious public health problems
worldwide (1) in recent years, and Uruguay
has not been immune fo this phenomenon. A
number of different bacterial species are al-
ready known to have reduced susceptibility
to antibiotics and are causing infections in both
the community and hospitals alike, The treat-
ment difficulties created by antibiotic resis-
tance have not only led to higher morbidity
and mortality, they have made it more diffi-
cult to manage patients and have significantly
increased the cost of care.

It is already recognized that resistance is
encoded in more than 100 genes, which can
be transferred to bacteria of the same species
or from one type to another (2). It is only a
matter of time before new forms of resistance
appear in different bacteria and spread to dis-
tant geographical areas. It is therefore essen-
tial to be constantly on the alert (3). A num-
ber of factors are implicated in the spread of
resistance—for example, social and environ-
mental change, the widespread use of anti-
biotics in agroindustry, the speed of commu-
nications, travel, and trade. The use and
misuse of antibiotics in humans and animals
are undoubtedly fundamental to the spread
of resistance, since these practices exert se-
lective pressure on bacterial populations and
facilitate survival of the more resistant forms
4).

Recently, Greenwood (5) raised the fear that
some of the multiresistant hospital pathogens,
such as Staphylococcus aureus, might spread to
the community and infect healthy individu-
als. An inverse case has already been docu-
mented: there have been outbreaks of Strepto-
coccus pneumoniae, a typical community
pathogen, in hospitals as well (6). In Uruguay
there are exceptional cases that illustrate both
risks. The situation created by antibacterial
resistance is very complex; its study and con-
trol requires the coordinated effort of multi-
disciplinary teams. Clinical bacteriologists
must have optimum skills in culture tech-

niques and species identification, since find-
ing the appropriate treatment for serious in-
fections depends on being able to isolate the
causative agent and determine its susceptibil-
ity to antibiotics. Although this is primarily a
support task, once collected and analyzed, the
data generated by clinical pathology provide
valuable information for hospital infection
committees. Moreover, this information
should be compiled in national databases so
that the ministries of health can offer guide-
lines to physicians on empirical treatments
and establish policies on the use of antibiot-
ics. Added to this challenge is the task of en-
suring the comparability of results, including
quality controls on the procedures for deter-
mining susceptibility to different drugs.

In the 1970s, hospital staphylococcal infec-
tions were replaced by Gram-negative bacilli
infections. In the 1980s, new antibiotics de-
signed to fight the infections caused by these
germs offered hope that nosocomial infections
could be fully brought under control. How-
ever, these infections have persisted, with the
further involvement of multiresistant Gram-
positive and Gram-negative bacteria. The fac-
tors contributing to this new stage in the his-
tory of the nosocomial infections include the
changing biology of the bacteria as they be-
come increasingly resistant, the extension of
human life, technology advances, and immu-
nosuppressive therapies.

The Public Health Laboratory Department
(PHLD) in the General Bureau of Health,
which acts as the Ministry of Health"s national
reference and communicable disease control
laboratory in Urugnay, has not been indiffer-
ent to these problems. In 1996, it began to ad-
dress the issue of nosocomial infections
through actions aimed at:

¢ Strengthening the laboratories that provide
support services;

¢ Having sentinel hospitals determine sus-
ceptibility profiles of the isolates mentioned
above;

*» Performing quality control with a view to
standardizing techniques, identifying the
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antibiotics to be tested, and setting up a
uniform reporting system;

* Organizing and maintaining a collection of
bacteria to be used in evaluating new drugs
or techniques and conducting other related
studies;

* Using molecular biology techniques such as
pulsed-field gel electrophoresis or multi-
locus enzyme electrophoresis to genetically
characterize the most important bacterial
species;

* Demonstrating the feasibility and benefits
of having a centralized microbiological sys-
tem for monitoring resistance, with continu-
ous up-to-date feedback to the operational
levels.

MATERIALS AND METHODS
Definitions

* According to the World Health Organiza-
tion (7), nosocomial infections are infections
that occur in patients who are currently
hospitalized (48 h or more) or have recently
been discharged (within the past month),
the causative agents of which come from the
endogenous flora of the patient or are en-
demic in the hospital.

* An invasive strain is one that is recovered
from a normally sterile site.

Sentinel Hospitals

* The etiology of systemic infections reported
in three hospitals was monitored for a pe-
riod of seven months, from October 1996 to
April 1997. Two of these hospitals, referred
to here as Hospitals 1 and 2 (one for adults
and one for children), are located in Monte-
video, and Hospital 3 is a general hospital
in the interior of the country (8). All the iso-
lates collected during this period were sent
to the PHLD to confirm or complete their
identification and determine their suscep-
tibility to antimicrobial drugs. Information
on 299 isolates (one per patient) was entered

in the WHONET database. Of the cases in
question, 57% were from nosocomial infec-
tions, and these are the ones that will be
analyzed in the present paper.

¢ In 1997, a sentinel site was set up in a fourth
hospital (Hospital 4), for adults, located in
Montevideo, in order to include data from
an intensive care unit (ICU) in the monitor-
ing exercise and be able to compare the ap-
pearance of nosocomial infections from se-
lected pathogens (Staphylococcus aureus,
Enterococcus spp., Acinefobacter spp.) over
time.

* As part of a multinational program (CEM-
NET) coordinated by Rockefeller University,
isolates of methicillin-resistant Staphylococ-
cus spp. were collected at Hospital 4 and
another hospital for adults, also in Monte-
video (Hospital 5), for the purpose of ge-
netically characterizing them.

Technigues

Both the clinical bacteriology and the PHLD
laboratories used conventional bacteriology
techniques (9). All the techniques for study-
ing antibacterial susceptibility (disk diffusion
and minimum inhibitory concentration (MIC)
using microdilution or the E-test) were ap-
plied, following the recommendations of the
U.S. National Committee for Clinical Labora-
tory Standards (NCCLS) (10). Depending on
the bacterial species, the antibiotype was
tested against up to 16 drugs. In addition, in
the case of Staphylococcus isolates, an oxacillin
disk (1 pg) was included as a marker of resis-
tance to methicillin, on Mueller-Hinton me-
dium with 2% sodium chloride added. Read-
ings were taken at 24 hours for S. aureus and
48 hours for coagulase-negative Staphylococ-
cus. In the disk diffusion or E-test studies of
Entergcoccus spp. susceptibility to vancomy-
cin, the results were read at 24 and 48 hours,
with illumination to observe any occasional
growth inside the halo.

For the genetic characterization of Staphy-
lococcus spp., the first stage of training was
completed abroad, after which training in
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pulsed-field gel electrophoresis (PFGE) was
continued in Uruguay. Chromosomal DNA
extracts digested with Smal enzyme were
separated using a CHEF-DRII apparatus (11).

External Quality Conirols

The PHLD cooperated with the World
Health Organization (Prof. Vandepitte,
Louvain University, Belgium) on an external
quality control program for clinical bacteriol-
ogy. In addition, under a PAHO/CIDA pro-
gram, specialists from the University of
Alberta in Canada assisted in setting up the
microdilution technique and provided qual-

ity control for this aspect of the study.

Estimatied Cost of Patient Care

The daily cost of patient care in a hospital
ward (treatment, bed and meals, paraclinical
services, and other costs) ranges from US$ 60
in a public hospital to $300 in a private insti-
tution. The cost of a day in intensive care, de-
pending on the level of complexity and the
institution involved, can be anywhere from
US$ 400 to $1,200. At the University Hospital’s
ICU, the average cost is estimated at US$ 900.

Based on a study conducted in 338 hospi-
tals in the United States, the additional days
of hospitalization required as a result of noso-
comial infection have been calculated at an
average of 6.8 days for serious infections and
4 days for other infections (12).

RESULTS

Hospitals 1, 2, and 3 recovered a total of 299
bacterial isolates from normally sterile sites.
Of this total, 171 corresponded to nosocomial
infections—106 patients from intensive care
and the rest from hospital wards. Antibiotic
susceptibility was tested for 10 predominant
genera/species, each with at least six isolates.
The breakdown by institution is shown in
Table 1. The infectious agent isolated most
frequently was S. aureus. Of the 39 isolates of
this pathogen, 18 (46%) were resistant to me-
thicillin, and 11 of these (61%) were suscep-
tible only to vancomycin, while the 7 remain-
ing were sensitive to rifampicin, amikacin, and
chloramphenicol.

Only 13 isolates of coagulase-negative
Staphylococcus were referred to the PHLD; 7
(54%) of these were resistant to methicillin,
and the MIC for the rest of them was atready
borderline (4 mg/L).

Table 2 shows the behavior of Gram-nega-
tive bacilli vis-a-vis some of the antibiotics
tested. Of the Gram-negative bacill, Escheri-
chia coli (n=29) was the pathogen isolated most
frequently from systemic infections. These iso-
lates were tested against 15 antibacterial
drugs, and all of them (100%) proved to be
susceptible to 7 of the antibiotics. In addition,
all the isolates of Enferobacter cloacae (n=11),
Serratia marcescens (n=11), Klebsiella pneumonine
{n=21), and Klebsiella oxytoca (n= 6) were re-
sistant to ampicillin.

TABLE 1. Predominant genus/species of bacteria recovered from hospital invasive infections, in Hospitals
1,2, and 3 during seven months of monitoring as part of study on nosocomial infections, Uruguay, October
1996 to April 1997+

Coagulase- Kleb-

Staphylo- negative  Emtero- Esche-  siella  Klebsi-  Entero- Peeudo-  Acireto-
coccus  Staphylo-  coccus  richia  pneu- efla  coccus Sercatia monas bacter
aureus  coccus  faecalis  coli monize oxyloca cloacae  marcescens aeruginusa sp. Total
Hospital 1 36 11 6 19 14 4 7 8 4 25 134
Hospitat 2 3 2 - 9 6 2 2 2 4 - 30
Hospital 3 - - ~ i 1 - 2 1 2 - 7
Total 39 13 6 29 21 6 Tt n 10 25 171

* Data modified from (8).
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The Acinetobacter sp. isolates (n = 25) came
from only one of the three institutions, and the
susceptibility varied. The following levels of
resistance were found in these isolates: 52% to
ceftazidime, 68% to amikacin, and 45% to ampi-
cillin-suibactam. Resistance to imipenem was
not demonstrated by disk diffusion or MIC.

Six isolates were obtained from invasive
Enterococcus faecalis, all of which (100%) were
susceptible to ampicillin and vancomycin. No
isolates of E. faecium were cultured.

Pseudomonas aeruginosa (n = 10) yielded a
variety of susceptibility profiles. Only three
of these isolates were multiresistant. However,
two of them, which were sensitive to imi-
penem in the disk diffusion test (halos of 25
and 26 mm, respectively), had MICs of
8.0 mg/L, indicating reduced susceptibility to
that drug,.

Table 3 shows the isolates taken from inten-
sive care patients in Hospital 4 over six con-
secutive months (March to August) in 1997
and again in 1998. A total of 181 cases of hos-
pital infection were identified, corresponding
to three of the most common pathogens. There
was little difference between the two years in
the reported frequency of the pathogens or in
their levels of resistance: in 1997, 42 isolates
of S. aureus were recovered and 45.2% of these
were resistant to methicillin, while in 1998
there were 41 isolates, 36.6% of which showed
resistance to this drug.

All the multiresistant isolates were sensi-
tive to vancomycin. Of 32 enterococcal iso-
lates, 31 corresponded to E. faecalis, and the
remaining one, taken from peritoneal fluid,
was identified as E. faecium. The latter was
resistant to ampiciilin, and 13% of the others
were resistant to ampicillin, while 19% were
resistant to gentamicin (MIC 2500 mg/L). No
B-lactamase production or resistance to van-
comycin was detected. The numbers of
Acinetobacter spp. (n = 66) isolates were simi-
lar in both years, but in 1997 the proportion
of invasive strains was higher. The percent-
ages of resistance were also similar in both
years—namely, 30% for amikacin and 73% for
ampicillin-sulbactam. None of the isolates
was resistant to imipenem.

Between April and August 1997, Hospitals
4 and 5 recorded 167 isolates of 5. aureus, 47
(28%) of which were resistant to methicillin.
In addition, 27 isolates of coagulase-negative
Staphylococcus (44%) were resistant to this
same drug. The breakdown of this group was
as follows: S. epidermidis, 13; S. haemolyticus,
7; S. chromogenes, 3; S. hominis, 2; and S. capitis
and S. cohnii, 1 each.

Genetic analysis of the 1997 5. aureus iso-
lates revealed a single pattern, B, with nine
subtypes, B1-B9. Subtypes Bl and B2 were the
most frequent, with 46.4% and 30.3%, respec-
tively (13). Subtype Bl has a PFGE profile
identical to that of strains from the clone found

TABLE 2. Resistance to seven antibiotics observed in Gram-negative bacilli isolated from invasive processes
in hospitalized patients at Hospitals 1, 2, and 3, as part of a study on nosocomial infections, Uruguay, 1997

and 1998*
Ampicillin- Cipro-  Genta-
Ampicillin - sulbactam  Ceftazidime Imipenem floxacin ~ micin  Amikacin

Organism % R % R % R % R %R % R %R
Escherichia coli(n=29 79 28 - - 7 - _
Klebsiella pneumoniae (n=21) 100 70 48 - 10 62 29
Klebsiella oxytoca {n=6) 100 50 33 - 50 30 17
Enterococcus cloacae (n= 11} 100 a1 91 - - 27 -
Serratia marcescens (n=11) 100 100 14 - 27 73 45
Acinetobacter spp. (n = 25) NP 46 52 - 50 36 32
Pseudomonas aeruginosa (n=10) NP N/P 10 o 20 30 -

*Data modified from (3).

R = resistance (intermediate + absolute},

N/P = not processed.

*2 strains with intermediate resistance according to MIC,
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TABLE 3. Staphylococcus aureus, Enterococcus spp., and Acinetobacter spp. isolated in the ICU of Hospital
4, as part of a study of nosocomial infections, Uruguay, six consecutive months of monitoring in 1997 and

1998

1997 1998
Organism No. Invasive Noninvasive No. Invasive Noninvasive
Staphylococcus aureus 42 9 33 41 5 36
Enterococcus spp. 19 4 15 13 3 10
Acinetobacter spp. 34 7 27 32 1 3

in Brazil in 1992-1994, which was later also
described in Argentina (14).

With the coagulase-negative Staphylococcus
spp., the PFGE revealed great genetic diver-
sity: there were 19 different profiles, 5 of which
corresponded to the 13 isolates of S. epidermidis
and the rest to the remaining species.

The estimated cost of providing hospital
care for these infections was calculated by tak-
ing the average number of additional days of
hospitalization required because of nosoco-
mial infections and multiplying this figure by
the lowest estimated daily cost of care in a
hospital ward and the ICU. The results are
shown in Table 4. Based on these calculations,
the 352 microbiologically confirmed nosoco-
mial infections in the four hospitals would cost
a total of US$ 796,240. If the 287 ICU hospital-
izations were calculated on the basis of the
average cost of care at the University Hospi-
tal, the sum would be $1,756,440.

DISCUSSION

Epidemiological surveillance, by definition,
is the ongoing systematic collection, analysis,
and interpretation of data for utilization in the
planning, implementation, and evaluation of
interventions or programs (15). The purpose
of monitoring for antibacterial resistance, ac-
cording to O’Brien, is to observe and explain
the emergence and spread of the genes that
express it (16). This involves a highly intricate
problem, which is virtually limitless, given the
infinite number of bacterial populations.

The objectives of this study on nosocomial
infections were very narrow. The first was to

collect concrete data on specific pathogens and
their behavior vis-a-vis antibacterial drugs in
order to arrive at a diagnosis of the situation
in the hospitals studied. Then, the exercise
called for proposing some control measures
and illustrating the potential benefits of moni-
toring antimicrobial resistance. Through this
project it has been possible to recognize or
confirm certain types of existing antimicrobial
resistance and, at the same time, in some bac-
terial species, to confirm the persistence of sus-
ceptibility to drugs that in other geographical
areas have lost their effectiveness due to re-
sistance by the pathogen.

1t was also determined that in Uruguay
most of the species implicated in nosocomial
infections have some loss of susceptibility to
the antibiotics of choice and that they are of-
ten multiresistant. Nevertheless, reduced sus-
ceptibility to vancomycin has not yet been
demonstrated in isolates of Staphylococcus spp-
or Enterococcus spp- Fortunately, this antibi-
otic of last resort continues to be available for
the treatment of patients infected with multi-
resistant Gram-positive pathogens. The ap-
pearance of isolates resistant to vancomycin
would eliminate the last drug available for
treating several infections, and this would
definitely be considered a medical emergency
requiring compulsory notification. The rela-
tively privileged situation of Uruguay within
the international context makes it essential to
intensify surveillance in order to detect the
appearance of vancomycin-resistant strains as
soon as possible and implement measures to
prevent their spread.

Of the patients with serious S. aureus infec-
tions, 37 had to be treated with vancomycin,
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TABLE 4. Estimated cost of 352 nosocomial infections hased on estimated
costs of extended hospitalization at lowest daily rate, multiplied by the aver-

age number of additional days (12)

Number of infections/cost in US$

Institution Ward ICuU Total

Hospitals 1,2 and 3 65/15.600 106/288.320 171%303,920

Hospital 4 - 181/492.320 181%/492.320
Total 65/15.600 287/780.640 352/796.240

*Invasive infections only.
"Hospitalized ICU patients.

an expensive and highly toxic drug. The out-
look for the availability of other options in the
future is not encouraging, since the pharma-
ceutical industry, for various reasons, has
slowed its research for the development of
new drugs.

A few years ago a development occurred
that was a serious wake-up call: strains of S.
aureus, an important pathogen both in the hos-
pital environment and elsewhere, began to
show reduced susceptibility to vancomycin,
first in isolates recovered in Japan (17) and
then in the United States (18).

In our study, the percentage of coagulase-
negative Staphylococcus recovered from sys-
temic infections at Hospitals 1, 2, and 3 was
relatively low, although in other studies their
number has exceeded that of S. aureus (19). The
small number of confirmed coagulase-nega-
tive Staphylococcus may have been due to the
problem of recognizing the isolates as inva-
sive agents, since for years they were consid-
ered a habitual contaminant of hemocultures
and other specimens. Its growing importance
as a methicillin-resistant hospital pathogen is
compounded by the fact that it provides a res-
ervoir of resistant genes that are capable of
being transferred to the same or other species.

In Hospitals 1, 2, and 3 the number of En-
terococcus spp. isolates was very small, since
only invasive strains were collected. However,
at the ICU in Hospital 4, this microorganism
was represented in greater numbers in both
years, since other sites were included in addi-
tion to those that are normally sterile.

The prevalence of ampicillin- and vancomy-
cin-resistant E. faecalis has been described in

the United States since 1989 (20). In Uruguay,
13% of the ICU isolates were resjstant to ampi-
cillin, but in samples obtained of other areas
of the hospital, resistance was as high as 30%.
The history of high-level resistance to gentami-
cin (19%) means that it is necessary to deter-
mine the MIC for all invasive strains or when
the treatment of choice combines a B-lactam
drug with an aminoglycoside. Prevention of
the appearance of vancomycin resistance re-
quires the rational and restricted use of all
antibiotics, since any antibiotic that alters the
fecal flora, even if it is ineffective against the
enterococci (e.g., the cephalosporins and
quinolones), favors the predominance of re-
sistant forms (21).

Both the Gram-positive and the Gram-nega-
tive bacteria identified in the four hospitals
were repeatedly isolated as part of the en-
demic flora in those institutions. In Hospital
1, isolates from Acinetobacter spp. were repeat-
edly obtained from normally sterile sites,
whereas at the ICU in Hospital 4 the isolates
were recovered from various samples during
the two six-month periods. This bacterium is
usually associated with nosocomial infections,
particularly in patients on ventilators. Some-
times it is difficult to differentiate between a
mere colony and an infectious process, al-
though the importance of its isolation must
not be downplayed, because several authors
have attributed a considerable increase in
mortality to this pathogen (22).

In Uruguay, patients are often transferred
from one institution to another, and at the
same time, health workers frequently hold
more than one job. Both these factors would
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facilitate the spread of Acinetobacter spp. and
other agents proper to the hospital environ-
ment.

The molecular biology techniques available
in the PHLD could be applied to the screen-
ing of Acinetobacter and Enferococcus infections
as a way of adding to the body of information
available on how these pathogens are trans-
mitted and thus enabling the introduction of
control and prevention measures. Also, at
some future point this information might be
useful in helping to assign responsibility in the
event of legal problems (23).

The cost of the 343 nosocomial infections
evaluated in this paper measures only part of
the economic impact, because the calculations
were based on the cases for which a bacterio-
logical diagnosis had been obtained, without
taking into account those for which the cul-
tures were not successful. Moreover, in Hos-
pitals 1, 2, and 3 the estimate of the costs was
based only on systemic infections and did not
include other infectious processes. Also, in
Hospital 4 the study corresponded to only
three infectious agents, which had been se-
lected because they were considered to be in-
dicative of the situation. In any case, ail four
institutions were found to have resistance to
the drugs of choice, multiple resistance, and a
variety of endemic pathogens.

The information obtained in this study is
barely a starting point toward the attainment
of our objectives. This is the first time that a
standard-setting reference institution such as
the Public Health Laboratory Department has
brought together properly validated informa-
tion, analyzed it, and made it available at the
operational level. The study demonstrated not
only that it is feasible to organize a surveil-
lance system, but the need to have such a sys-
tem. In the current situation a surveillance
system should be viewed as a high-yield in-
vestment, whose cost is very low compared
to the costs involved in nosocomial infections.
These arguments more than justify following
the recommendations of the ad hoc commis-
sion of the Pan American Association of In-
fectious Diseases (24), which highlight the

need to increase human resources for drug
surveillance and for efforts aimed at standard-
izing the tests, as well as the antibiotics to be
tested and reported on.
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ANTIMICROBIAL RESISTANCE:
A PERSPECTIVE FROM THE UNITED STATES

David M. Bell’

Antimicrobial resistance is a problem of great concern in the United States and the world.
For example, in some areas of the United States, up to 30% of infections with Streptococ-
cus prieumoniae are ne longer susceptible to penicillin. In some intensive care units, 28%
of bacteria that cause hospital infections are resistant to the preferred antibiotic treatment,
and many strains of Staphylococcus aureus are now resistant to all antibiotics, except

vancomycin.

This section explores strategies to prevent the further spread of antimicrobial resistance
of different infectious agents, and discusses a Public Health Action Plan to Combat Anti-
microbial Resistance, including the surveillance system, data needs, and the translation of
the latter into useful information for prevention and control. An appendix provides a sum-
mary of current CDC surveillance projects which focus on antimicrobial resistance.

Antimicrobial resistance is a serious prob-
lem in the United States and globally, involv-
ing bacteria, parasites, viruses, and fungi. In
some areas of the United States, up to 30% of
infections with Streptococcus pneumoniae, the
most common cause of bacterial pneumonia,
meningitis, and ear infections, are no longer
susceptible to penicillin (1, 2). Data from in-
tensive care unit patients in the United States
indicate that 28% of the bacteria that most fre-
quently cause hospital-acquired infections are
resistant to the preferred antibiotic for treat-
ment (3-5). One organism of particular con-
cern is Staphylococcus aureus; many strains are
now resistant to every available antibiotic ex-

Office of the Director, National Center for Infectious
Diseases, Centers for Disease Control and Prevention,
Atlanta, GA, United States of America. Phone (404) 639-
2603; fax (404) 639-4197; email dmbi@cdc.gov

177

cept vancomycin. In 1996 a strain of S. aureus
with decreased susceptibility to vancomycin
was identified for the first time in a hospital-
ized child in Japan (6). Similar strains have
subsequently been reported in individual pa-
tients in the United States of America (7), in
Hong Kong, and in Europe (8). In the United
States, resistanice has also been a problem for
pathogens that cause tuberculosis (9), gonor-
rthea (10), AIDS (11), salmonellosis (12), and
other common infections.

Strategies to prevent the development and
spread of antimicrobial resistance differ for
different pathogens. One common theme is
that antimicrobial drug use exerts selective
pressure favoring the emergence of resistance.
For bacterial respiratory tract pathogens (e.g.,
Streptococcus prewmoniae) controlling outpa-
fient antimicrobial use is critical; for some en-
teric pathogens (e.g., Salmonella) imiting an-
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timicrobial use in animals is important; and
for pathogens that cause nosocomial infec-
tions, improving inpatient antimicrobial use
and adhering to appropriate infection control
practices are necessary. Addressing antimi-
crobial use and resistance is a priority in the
United States Centers for Disease Control and
Prevention (CDC) plan for confronting emerg-
ing infectious disease threats. The plan encom-
passes four goals: improving surveillance and
response capacity, addressing applied research
priorities, strengthening the nation’s public
health infrastructure, and enhancing preven-
tion and control programs required to controk
emerging and reemerging infectious diseases
(13). Additional information is available on
CDC’s antimicrobial resistance webpage at:
www.cdc.govincidodfar/.

In 1999 an Interagency Task Force on Anti-
microbial Resistance, comprising 10 federal
agencies and departments and co-chaired by
the Centers for Disease Control and Preven-
tion, the Food and Drug Administration, and
the National Institutes of Health was formed.
The Task Force is developing a Public Health
Action Plan to Combat Antimicrobial Resis~
tance, with input from expert consultants and
the public. The plan will address issues related
to surveillance, prevention and control, re-
search, and product development. Part 1 of
the Plan, currently being developed, focuses
on domestic issues—i.e., actions to address
drug resistance within the United States, Sub-
sequently, the Task Force will consider actions
by United States federal agencies needed in
collaboration with international partners to
address drug-resistance issues on a global ba-
sis. When completed, the plan will serve as a
blueprint for coordinated United States fed-
eral action to address antiricrobial resistance.

Goals of antimicrobial resistance surveil-
lance include providing timely, relevant infor-
mation to assist in therapeutic decisions, iden-
tifying priorities for new drug development,
and targeting prevention and control mea-
sures. Necessary surveillance data include
microbiologic data to quantitate levels of drug
resistance, epidemiologic data on the patients

with resistant infections to help identify risk
factors, and clinical data to assess the severity
and public health impact of resistant infec-
tions. Data are also needed to monitor trends
inrisk factors, notably antimicrobial drug use.
Since resistance involves diverse pathogens
requiring different prevention and control
measures, CDC’s strategy for national antimi-
crobial resistance surveillance involves mul-
tiple components. At present, these include
projects for surveillance of resistance in noso-
comial infections, foodborne pathogens (in
collaboration with the Food and Drug Admin-
istration [FDA] and the U.S. Department of
Agriculture [USDA]), gonococei, pneumo-
cocci, Mycobacterium tuberculosis, human im-
munodeficiency virus, and malaria, and, to a
limited extent, outpatient antimicrobial drug
prescribing (Appendix).

Surveillance systems require expansion and
strengthening, both domestically and interna-
tionally. Several issues must be addressed,
including which “bug-drug combinations”
should receive particular attention, the
amount of epidemiologic, clinical, and drug
use data that should be collected, and opti-
mal sampling strategies. For some pathogens,
sentinel systems may suffice, but for patho-
gens in which resistance rates may vary con-
siderably within a single geographicarea (e.g.,
prneumococci), a population-based approach
may be necessary. Of particular importance
are standardization and quality control of
clinical laboratory methodologies to ensure
the timely and accurate identification of or-
ganisms and detection and reporting of resis-
tance. In the United States and many other
countries, there is variability in the capabili-
ties and performance of clinical laboratories.
Modern trends in health-care delivery in the
United States may facilitate or hinder surveil-
lance. Large databases acquired by networks
of health-care organizations, including man-
aged care organizations, and improvements
in electronic data standardization and trans-
mittal will be beneficial. On the other hand,
in some cases, cost-containment pressures
have led to fewer cultures being obtained and
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less susceptibility testing, to the detriment of
surveillance. Another issue to be addressed is
how to coordinate or combine the several dif-
ferent surveillance systems currently in place,
including systems in both the public and pri-
vate sectors (14).

Priorities for applied research include iden-
tifying the molecular basis of antimicrobial
resistance and epidemiologic risk factors as-
sociated with its development and spread,
developing new and improved diagnostic
laboratory tests, and in collaboration with
other agencies and private industry, assessing
the role of new vaccines and orphan drugs in
preventing and controlling the spread of re-
sistant infections. As part of the implementa-
tion of the CDC Emerging Infections Plan, an
extramural research program was recently
established.

Perhaps the most daunting challenge is
translating information from surveillance and
research into practical public health preven-
tion and control measures. A key element of
the prevention strategy is ensuring that anti-
microbial agents are used judiciously. The use
of antimicrobial agents is determined by the
policies and practices of numerous individu-
als and organizations. These include clinicians,
patients, health-care institutions, managed
care organizations, clinical laboratories, phar-
macists, pharmaceutical companies, agricul-
tural producers, public health agencies, regu-
latory agencies, and public agencies and
private companies that pay for medical care.
A public health approach to influencing these
diverse groups encompasses several compo-
nents, such as educational interventions to
improve prescribing practices among clini-
cians and to promote more realistic expecta-
tions among patients. Clinical practice guide-
lines may be helpful if actively promoted and
perceived by clinicians as a resource devel-
oped with their input. Adherence to practice
guidelines may be evaluated by indicators of
appropriate antimicrobial use in quality of care
assessments. Cost-benefit analyses of judi-
cious antimicrobial use are likely to be par-
ticularly important in affecting antimicrobial

use. As a supplement to voluntary measures,
more direct controls may also need to be con-
sidered, induding reimbursement policies that
do not support inappropriate antimicrobial
use, as well as formulary controls and regula-
tory actions. Finally, public health systems at
local, state, federal, and international levels,
which have in many cases atrophied due to
cost-cutting pressures in recent years, must be
afforded sufficient resources to ensure appro-
priate surveillance and response and preven-
tion and control activities.

Recent increases in antimicrobial resistance
are cause for alarm, but not pessimisaor. Im-
proving prescribing practices and decreasing
the spread of antimicrobial resistance can be
accomplished. The CDC, in partnership with
State health departments, health-care delivery
organizations, and professional societies, has
begun to evaluate additional interventions to
decrease antimicrobial use and, through sur-
veillance, to measure the impact on antimi-
crobial resistance. The rapid spread of resis-
tance, however, demands an immediate and
aggressive response. All practicing clinicans
can assist by examining their practices and
identifying where improvement in diagnos-
tic methods or communication with patients
concerning the lack of benefit, potential pa-
tient side effects, and development of drug
resistance may decrease unnecessary antimi-
crobial use. Professional societies, health-care
delivery organizations, and the CDC can pro-
vide materials to assist in this process. By
forming effective partnerships involving cli-
nicians, public health officials, and patients,
we can prolong the effectiveness of currently
available antimicrobial drugs and reduce the
threat of antimicrobial resistance for patients
today and in future generations.
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APPENDIX: LIST OF CDC SURVEILLANCE PROJECTS WITH A MAJOR
FOCUS ON ANTIMICROBIAL RESISTANCE

1. Pneumococcal disease

The Division of Bacterial and Mycotic Dis-
eases has conducted surveillance for invasive
pneumococcal disease, including drug resis-
tant infections, since 1978. The first system was
a voluntary sentinel surveillance system de-
signed to assess serotype distribution and an-
timicrobial susceptibility. Over time, the sys-
tem has involved 12-54 hospitals in 11-26
states. With this system, researchers at partici-
pating hospitals collect all pneurnococcal iso-
lates from sterile sites along with some demo-
graphic and clinical information. The isolates
are sent to CDC for serotyping and suscepti-
bility testing. In 1994, the Division began ac-
tive, population-based surveillance for inva-
sive pneumococcal disease. This system
currently includes sites in eight states (total
population of 16.5 million) and is adminis-
tered, in part, through the Emerging Infections
Program. Surveillance personnel in each site
have regular contact with all microbiology
laboratory directors or hospital infection con-
trol practitioners in their areas to detect pa-
tients with Strepfococcus preumoniae isolated
from blood or other sterile sites. Clinical iso-
lates are collected and undergo antimicrobial
susceptibility testing at reference laboratories.
Surveillance personnel complete a standard-
ized report form for each case-patient. In ad-
dition to surveillance, the system provides an
infrastructure for epidemiologic and microbio-
logic studies.

[Contact person: Cynthia Whitney MD, Di-
vision of Bacterial and Mycotic Diseases, Na-
tional Center for Infectious Diseases, CDC,
Atlanta GA 30333; phone (404) 639-4727.]

2, Nosocomial infections

The Hospital Infection Program’s (HIP)
National Nosocomial Infections Surveillance
(NNIS) system reports antimicrobial suscep-
tibility profiles for nosocomial infections de-
tected through active surveillance in approxi-
mately 260 voluntarily participating hospitals.
Ir a subset of approximately 40 hospitals, ad-
ditional data are collected from the microbi-
ology laboratories and pharmacies in a spe-
cial study (Project ICARE) conducted in
coliaboration with Emory University School
of Public Health. Objectives of this project in-
clude more detailed examination of the rela-
tionship between antimicrobial use and anti-
microbial resistance and early detection of
new resistance mechanisms by establishing
a sentinel network of microbiology laborato-
ries in NNIS hospitals that can identify and
send specific antimicrobial-resistant isolates
to CDC. Both the NNIS system and Project
ICARE provide hospitals with semi-annual
reports containing data and methodology to
make comparisons of nosocomial infection
and antimicrobial usage patterns among hos-
pitals. This allows hospital personnel to re-
spond quickly to excessive infection, resis-
tance, or usage rates in efforts to reduce
antimicrobial resistance. {Contact person:
Scott Fridkin, MD, Hospital Infections Pro-
gram, National Center for Infectious Diseases,
CDC, Atlanta GA 30333; phone: (404) 639-
6436.]

In collaboration with several European
investigators, CDC has also initiated an
International Surveillance Program for Emerg-
ing Antimicrobial Resistance (INSPEAR) in
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nosocomial infections. This project includes
standardization of antimicrobial susceptibility
testing and linkage of epidemiologic and labo-
ratory data to assess the efficacy of surveillance
and interventions in preventing the develop-
ment and spread of antimicrobial resistance in
hospitals. Thirty hospitals in France, Germany,
Slovenia, Poland, Switzerland, United King-
dom, and the United States have joined
INSPEAR to date and others are being re-
cruited. [Contact person: Herve Richet, MD,
Hospital Infections Program, National Center
for Infectious Diseases, CDC, Atlanta GA 30333;
phone: (404) 639-6413.]

3. Foodborne zoonotic pathogens

The National Antimicrobial Resistance
Monitoring System (NARMS) was established
in 1996 by the U. S. Food and Drug Adminis-
tration (FDA), the Centers for Disease Con-
trol and Prevention (CDC), and the U, 8. De-
partment of Agriculture (USDA) to monitor
changes in antimicrobial susceptibilities of
foodborne zoonotic pathogens in humans and
animals. Goals include providing timely in-
formation to prolong the life span of approved
drugs by promoting the prudent use of anti-
biotics, identifying areas for more detailed
investigation, and guiding research in the area
of antibiotic resistance. Antimicrobial suscep-
tibilities to 15 antimicrobial agents are deter-
mined from randomly selected Salmonella,
Escherichia coli O157:H7, and Campylobacter
isolates from humans and animals. Human
isolates are obtained from clinical specimens
forwarded by clinical laboratories to the pub-
lic health laboratories of 14 participating state
and local health departments. Animal isolates
are obtained from several sources including
clinical specimens submitted to the National
Veterinary Diagnostic Laboratory, surveys of
healthy animals, and isolates collected at
slaughter. [Contact person: Fred Angulo,
DVM, PhD, Division of Bacterial and Mycotic
Diseases, National Center for Infectious Dis-
eases, CDC, Atlanta GA 30333; phone: (404)
639-2840.]

4, Gonorrhea

The Gonococcal Isolate Surveillance Project
(GISP) was established in 1986 to' monitor
trends in antimicrobial resistance in N,
gonorrhoeae in the United States and to estab-
lish a rational basis for the selection of gono-
coccal therapies. Data and isolates are col-
lected from Sexually Transmitted Disease
(STD) clinics in 26 cities. Data from this project
have been used to revise the CDC’s STD Treat-
ment recommendations in 1989, 1993, and
1997. The specific objectives of GISP are (1) to
monitor trends in antimicrobial susceptibili-
ties in N. gonorrhoene and (2) to characterize
phenotypically antimicrobial-resistant isolates
to describe the diversity of antimicrobial re-
sistance in N. gonorrhoese. [Contact person:
joan Knapp, PhD, Division of AIDS, STD, and
TB Laboratory Research, National Center for
Infectious Diseases, CDC, Atlanta GA 30333;
phone: (404) 639-2840.]

5. Helicobacter pylori

Helicobacter pylori is a leading cause of pep-
tic ulcer disease and chronic active gastritis.
The H. pylori antimicrobial resistance moni-
toring project was established in January 1999
by CDC to determine the prevalence of H.
pylori antimicrobial resistance in the United
States and monitor changes in antimicrobial
resistance. Goals of this project are to iden-
tify risk factors associated with the isolation
of antimicrobial resistant H. pylori strains, de-
termine the clinical outcome of patients in-
fected with H. pylori resistant strains, and
utilize data obtained from this project to help
optimize future treatment strategies for H.
pylori infected patients. Antimicrobial suscep-
tibilities are determined from H. pylori iso-
lates obtained from patients undergoing up-
per endoscopy at 10 centers in the United
States. [Contact person: Cindy R. Friedman,
MD, Division of Bacterial and Mycotic Dis-~
eases, National Center for Infectious Dis-
eases, CDC, Atlanta GA 30333; phone: (404)
639-2206.]
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6. Tuberculosis

The antimicrobial susceptibility profile of
the isolate from every culture positive case
of tuberculosis diagnosed in the United States
is reported, along with epidemiologic and
clinical data to State Health Departments,
which in turn transit the information to CDC.
[Contact person: Eugene McCray, MD,
Division of Tuberculosis Elimination, Na-
tional Center for HIV, STD, and TB Preven-
tion, CDC, Atlanta GA 30333; phone: (404)
639-8117.]

7. Human immunodeficiency virus

During 1998, CDC began conducting
antiretroviral drug susceptibility testing con-
ducted on HIV strains obtained from groups
of patients believed to have recently acquired
infections and/or for whom recommenda-
tions for drug prophylaxis to prevent trans-
mission have been made. These include adult
seroconverters, adult patients beginning
antiretroviral therapy, women and infants in
perinatal transmission studies, and source-
patients involved in health-care worker
needlestick exposures. Contact person: Walid
Heneine, PhD, Division of AIDS, STD, and TB
Laboratory Research, National Center for In-
fectious Diseases, CDC, Atlanta GA 30333;
phone: (404) 639-0218.]

8. Malaria

In the United States, surveillance for drug
resistant malaria is passive; i.e., limited to re-
ports of cases. In Africa, Peace Corps volun-
teers are followed prospectively to assess pro-
phylaxis failure. In cerfain other countries, a
sentinel system is in place to monitor treat-
ment of ill patients to detect clinical failures
which serve as a marker of resistance. {Con-
tact persor: Peter Bloland DVM, MPV Divi-
sion of Parasitic Diseases, National Center for
Infectious Diseases, CDC, Atlanta GA 30333;
phone: (770) 488-7787.]

9. Antimicrobial drug use

CDC’s National Ambulatory Medical Care
Survey, conducted every 3 to 4 years, collects
information on a sample of outpatient vis-
its from a nationwide probability sample of
office-based physicians. The survey provides
data on patient diagnosis and medications
prescribed, including antimicrobial drugs. A
similar survey, the National Hospital Ambu-
latory Medical Care Survey, collects this in-
formation from hospital outpatient and emer-
gency departments. [Contact person: Cheryl
Nelson, MSPH, Division of Healthcare Statis-
tics, National Center for Health Statistics,
CDC, 6525 Belcrest Rd, Hyattsville, MD, 20782;
phone: (301) 436-7132.]



SURVEILLANCE OF ANTIMICROBIAL
RESISTANCE IN BACTERIAL
ENTEROPATHOGENS ISOLATED IN BRAZIL

Délia dos Prazeres Rodrigues’

Bacterial resistance to antimicrobial drugs
has been analyzed in Brazil since the 1950s.
Cisalpino (1) described a progressive increase
in the resistance of Salmonella strains isolated
during the three-year period from 1947 to 1950.
Later, Costa etal. (2) found 12% of Shigella spp.
to be resistant to tetracycline and 9,8% of Sal-
monella spp. to be resistant to chloramphenicol
in children treated in a University Hospital in
Rio de Janeiro. Trabulsi et al. (3) detected mul-
tiresistance in nine Salmonella spp. strains iso~
- lated at hospitals in the state of Sdo Paulo.

© Studies carried out in the 1970s (4-11) re-
vealed the progressive increase of simple or
multiple resistance to different antimicrobial
drugs in enteropathogens. Among these stud-
ies, the evaluations carried out by Costa and
Hofer (12) and Hofer et al. (13) in Salmonella
typhi strains isolated between 1923 and 1967
in different regions of Brazil revealed that re-
sistance to chloramphenicol had increased
since the introduction of this antibiotic into the
country in 1953. Multiresistance to nine drugs
in S. typhimurium (12%) was reported for strains
isolated during the 1973 to 1980 period (14).

1Qswaldo Cruz Institute, FIOCRUZ, Laboratory of En-
terobacteria, National Reference Center for Cholera and
Enteric Diseases, Av. Brasil, 4365 — Pav. Rocha Lima -
Manguinhos —CEP 21.045-900, Rio de Janeiro, Brasil. E-
mail: dalia@ioe.fiocruz.br

In 1980, 94 laboratories from six Brazilian
capitals participated in a project to evaluate
the frequency of pathogens isolated from rou-
tine clinical material and their sensitivity to
antimicrobial drugs. The data were collected
and kept in a databank whose final analysis

- after 10 years (15) demonstrated a progressive
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increase of resistance and the need for clini-
cians, laboratories, and governmental organ-
isms to be on the alert for this problem.

A directive published in 1993 by the Minis-
fry of Health established that the Boards for
the Control of Hospital Infections should also
oversee the use of antibiotics in order to re-
duce bacterial resistance and, consequently,
the number of nosocomial infections, espe-
cially among immunodepressed patients.

Parallel studies carried out in different re-
gions of the country on strains isolated from
human, food, and environmental sources
showed simple or multiple resistance in en-
terobacteria from the indigenous microbiota,
and in all Salmonella, Shigella, and enteropatho-
genic Escherichia coli, as well as the transfer-
ence capacity of these markers (16-27). Simi-
lar results were obtained by Solari et al. (22)
in 240 strains of Selmonella agona, by Campos
(28) in 658 salmonellas from different serovars,
and by Reis (29) in an analysis of 948 isolates
of Salmonella enteritidis. All strains used in
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these studies were isolated from different
sources and regions of the country.

Other interesting results refer to the detec-
tion of a high percentage of resistance in non-
01 Vibrio cholerae strains isolated by Martins
(30) from sewage waters in Sao Paulo and by
Dias et al. (31) from a similar source in Rio de
Janeiro, as well as in V. parahaemolyticus strains
(97,2%) obtained from ocean fish. Asensi (32)
reported resistance to nine antimicrobial drugs
and the presence of conjugative plasmids in
Salmonella spp. isolated in the period 1987-
1992 from hospitalized patients in Rio de
Janeiro.

With the reemergence of cholera in Brazil
in 1991, the Ministry of Health reactivated the
national reference laboratory at the Oswaldo
Cruz Institute-FIOCRUZ through the Coor-
dination of the Public Health Laboratories
whose structure comprises a network of de-
pendent laboratories acting all over the coun-
try. The municipal units send samples or iso-
lates to the state units where the results are
confirmed and forwarded together with their
own strains to the macroregional units
(Evandro Chagas Institute, Public Health
Laboratory (LACEN) Dr. Milton Bezerra So-
bral, Ezequiel Dias Foundation, Adolfo Lutz
Institute, and the Federal District Health In-
stitute). After additional tests, the macro-
regional units send the materials to the Na-
tional Reference Center for final analysis.

Among the routine procedures performed
at the National Reference Center are the sur-
veillance of antimicrobial susceptibility as well
as elaboration of half-yearly reports submit-
ted to the Coordination of the Public Health
Laboratories. Referenced analyses are carried
out on all strains isolated and sent by the labo-
ratories, thus allowing reliable characteriza-
tion, particularly with respect to V. cholerae 01.

Since 1995, evaluations of antimicrobial sus-
ceptibility have been carried out according to
the procedures established by the U.5. Na-
tional Committe for Chinical Laboratory Stan-
dards (NCCLS). The Kirby & Bauer Method
is applied to all strains of Shigella spp. and Sal-
monella spp. isolated from different sources

and regions and, for Aeromonas spp. and non-
01 V. cholerae isolates from human and animal
sources. Also evaluated are the results of other
strains received from public and private in-
stitutions and identified at this laboratory. As
in the case of V. cholerae 01, the results obtained
are reported half-yearly to the Ministry of
Health.

Erythromycin and/or ampicillin resistance
were the prevalent profiles observed in V.
cholerae 01 from 1991 to 1995 (Figure 1). Since
1996, the patterns of resistance have suddenly
changed and all strains analyzed have been
susceptible to erythromycin and ampicillin.
However, high percentages of nitrofurantoin
resistance have been detected.

Every year, about 7,000 strains of 50 to 60
different Salmonella serovars are isolated from
humans, foods, the environment, arimals, and
foodstuffs or feed and identified. Routinely,
the frequency and pattern of antimicrobial
resistance are determined in 30% of the Sal-
monella strains isolated each year that areran-
domly selected from three different sources
among all strains isolated from humans and
food sources.

Al S. typhi strains were susceptible to the
antimicrobial drugs tested. The most impor-
tant epidemiological agent identified was S.
enteriiidis, whose distribution is fairly wide in
the food chain and whose resistance profile
reflects lower selective pressure. Among all
other Salmonella serovars, results indicated
growth of the major antimicrobial resistance
profiles observed year after year, particularly
to multiple antibiotic drugs {Table 1). Those
characteristics show that complex medical,
socioeconomic, and political issues play a
largely unmeasured but extensive role in the
spread of antibiotic resistance.

In Shigella spp., 92.2% of strains showed re-
sistance. A significant increase in their resis-
tance to ampicillin, chloramphenicol, and
trimethoprim-sulphametoxazole has become
evident since 1996 (Table 2) and also in
Aeromonas spp. (Table 3) isolated from humans
and animals as well as from the aquatic envi-
ronment and food sources. Data available on
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FIGURE 1. Resistance profile in V. cholerae 01 isolated from different sources in Brazil, 1991-1998
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SFT = trimethoprim-sulfamethoxazole; ER| = erythromycin; AP = ampicillin; NT = nitrofurantoin,

TABLE 1. Resistance profile among strains of Salmonella isolated from different sources and localities in
Brazil, 19961998

3 3 3 3 S. typhi-
Antimicrobial agona  enteritidis  hadar infantis ~ murium Total
resistance profile 9697 98 969798 969798 9697 98 969798 9697 98
AP 1 2 6 1 2 2 6
CO 1 1
CRX 1 4 2 3 5 2 3
GN 1 25 1 2 25
SFT 2 1t 11 1 1 3
T8 17 23 17 23
1T 3 6 711 6 221810 1 4 7 3333 29
CO-SFT i1 1 2 1 32 1
AP-CO 1 1
AP-CF 1 1
AP-CRX 1 1
AP-SET 11 1 1
AP-TT 1 2 3 1 3 4
CO-TT 2 1 1 2
CO-CFO 1 1
CRX-CFO 1 1
GN-TT 2 1 2 1
GN-TB 2 2 12 2 14
SFT-TT T 1 1T 1 1
TT-TB 1 1
CiP-CO-CRX 1 1
AP-CO-GN 1 1
AP-CO-SFT 1 1
AP-CF-CFO 1 1 2
AP-CF-TT 1 1
AP-GN-CRX 1 1

AP-SFT-TT 1 1 11
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TABLE 1. (continued)

S. S. s 5. 5. yphi-
agona  enteritidis  hadar infantis  murium Total

Antimicrobial resistance profile 969793 969798 969798 969798 969798 9697 98
CF-CFO-CO 1 1
CF-CFO-CRX 11 11
CO-TT-SFT 1 1
SFI-TI-TB i 1
AP-CRX-CF-CFO 2 2
AP-CRX-CO-GN 1 1
AP-SFT-TT-TB 1 i
AP-CO-SFT-TT 1 1
AP-CRX-CO-SFT 2 4 6
CF-CRO-IPM-NT 4
AP-CF-CRO-CRX-TB 4 4
AP-CO-CF-GN-TT-TB 1 1
AP-SFT-CO-CFQO-CRX-TB 1 1
AP-GN-CRX-CQ-CF-TT-TB 3 3 6
AP-CO-CE-CFO-CRX-GN-TB-CRO 1 i
AP-GN-CRX-CO-CF-CFO-TT-TB i ]
AP-SFT-GN-CRX-CO-CF-TT-TB 1 1
AP-SFT-GN-CRX-CO-CF-CRO-TT-TB [ 6

Total 12 5 11 334480 252014 8 6 1 4 6 11 828> 117

AP = Ampicillin; CO = Chloramphenicol; CF = Cefalotin; CRX = Cefuroxime; CRO = Ceiftriaxone; CFO = Cefoxitin; GN = Gent2micin;
1T = Tetracycline; TB = Tobramycin; $FT = Trimethoprim-sulfamethoxazole; CIP = Ciptofloxacin; IPM = Imipenem

TABLE 2. Antimicrobial resistance pattern in Shigella spp. isolated from dif-
ferent sources and localities in 8razil, 1996-1998
Isolation year

Antimicrobial resistance profiles 1936 1997 1998
1T 1 - 1
SFT - - 11
AP-SFT 1
AP-ERI
TTI-SFT
CO-TT
AP-CO-SFT
AP-TT-SFT
TT-SFT-ERI
AP-TT-CQ
CO-TT-SFT
AP-CO-GN-SFT
AP-CO-TT-ERI
AP-CO-TT-SFT
AP-CO-GN-SFT
CO-TT-SFT-ERI
AP-CO-TT-SFT-ERI
AP-CO-NT-TT-SFT - 1
AP-CO-TT-SFT-NT - - 1
Total resistant strains 10 13 72
Total analyzed strains 10 13 80
Total strains 46 50 80

AP = Ampicillin; CO = Chloramphenicol; CF = Cefalotin; CRX = Cefuroxime; CRO = Ceitriaxone;
CFO = Cefoxitin; GN = Gentamicin; TT = Tetracycline; T8 = Tobramycin; $FT = Trimethoprim-
sulfamethoxazole; CIP = Ciprofloxacin; IPM = Imipenem
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TABLE 3. Anfimicrobial resistance profile in Aeromonas spp. isolated from different sources and localities

in Brazil, 1996 to 1998
Antimicrobial Human Food Environment Animnal Total
resistance profile 96 97 98 9% 97 98 96 97 98 96 97 98 9 97 98
AP 14 26 30 - - 10 15 - - - - 18 29 26 48
SFT 4 1 1 -~ - y S - = - 6 1 1
NT 1 - 3 - - - 2 - - - - 3 - 4
AP-SFT 2 4 7 - - - 9 - - - - = 1. 4 7
AP-SFT-CO - = 1 - - - - - - - - - - - 1
AP-SFT.CO-NT - - 1 - - - - - - - -~ . T
Total strains 21 31 43 - - 10 28 - 1 - - 18 49 31 62

AP = Ampicillin; CO = Chloramphenicol; CRX = Cefuroxime; CRO = Ceftriaxone; CFO = Cefoxitin; GN = Gentamicin; TT = Tetracy-
cling; TB = Tobramycin; NT = Nitrofurantoin; CiP = Ciprofloxacin; SFT = Trimethoprim-sutfamethoxazole; IPM = Imipenem,

the incidence of antibiotic resistance in Brazil
probably represent only the tip of the iceberg
and this means, therefore, that significant so-
lutions are sorely needed.
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THE USE OF ANTIBIOTICS TO PREVENT
INFANT MORTALITY!

Yehuda Benguigui®

Antibiotics are essential for the treatment of many infectious diseases. They can keep
such diseases from becoming worse and can prevent a probably fatal outcome. Since their
introduction, these drugs have made it possible fo save countless lives afl cver the world,
helping to alter the trend in the rates of serious morbidity and mortality.

The use of antibiotics to treat children is even more important, because a large number of
infectious diseases occur during the early years of life. Both acute respiratory infections
(ARI) and diarrhea are included among the major infectious diseases due to their high inci-
dence, but they are different in that diarrhea can be ensily prevented with basic sanitation
measures and good hygiene, and its treatment only occasionally requires antibiotics (for
exampile, for the treatment of bloody diarrhea caused by Shigella). However, antibiotics are
essential to prevent a worsening of the patient’s condition and mortality from preumonia,
which is responsible for more than 80% of all deaths from ARI in children under 5 years of
age in many developing countries.

On the other hand, antibiotics are frequently used unnecessarily and inappropriately,
leading to increased bacterial resistance to said drugs. Bacterial resistance has led fo fre-
quent changes in treatnent protocols. It has aiso created the need for ongoing investment in
know-how and technology o develop new drugs to overcome antimicrobial resistance.

The strategy for Integrated Management of Childhood Hiness (IMCI), developed by
PAHO/WHO and UNICEF and suggested as a way of addressing health care for children
seeking services at the primary health care level, is designed to prevent and control the most
frequent illnesses in this population, among which infectious diseases are significant. The
strategy seeks to rationalize the prescription of antibiotics and improve their use by health
workers and the community alike. It is hoped that implementation of IMCI in all countries
will lead to improvements in the use of this powerful tool for preventing serious morbidity
and mortality and contribute to a reduction in infant mortality in most of the world's devel-
oping countries,

! Paper presented at the Pan American Conference on ? Regional Advisor, Integrated Management of Child-
Antimicrobial Resistance in the Americas. Pan American hood ilinesss (IMCD), Program on Communicable Dis-
Health Organization/World Health Organization, Cara- eases, Division of Disease Prevention and Control, Pan
balleda, Venezuela, 2-4 November 1998. American Health Organization, Washington, DC 20037,
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INTRODUCTION

Each year some 500,000 children under the
age of 5 years die in the Region of the Ameri-
cas. Half of these deaths are due to a group
of diseases that include acute respiratory in-
fections (ARI), especially pneumonia, and
diarrheal diseases. Prevention and control
measures are currently available for both prob-
lems—for example, the timely and appropri-
ate administration of antibiotics, especially in
the treatment of pneumonia.

The use of antibiotics to treat diseases has
helped to reduce serious morbidity and mor-
tality among children. Unfortunately, this ben-
efit has not been accessible to many children
who need it in most developing countries. The
lack of access to health services or health work-
ers, frequent shortages of these drugs, and
their inappropriate use are factors that, sepa-
rately or in combination, have limited the im-
pact of antibiotics on serious morbidity and
mortality in children.

Acute respiratory infections are among the
leading causes of mortality in children under
the age of 5 years. Pneumonia is responsible
for over 80% of deaths from such infections
and can be treated with antibiotics. Neverthe-
less, the lack of timely access to antibiotics is
a problem for a large part of the population,
and it keeps children from benefiting from
these drugs.

The inappropriate use of antibiotics to treat
iliness in children limits the availability of
drugs for cases that truly require them. It also
coniributes to growing bacterial resistance to
these drugs, and unnecessarily increases the
cosis of care, for both the health services and
the family of the child involved.

Under these circumstances, monitoring bac-
terial resistance to antibiotics becomes twice
as important. First, it allows us to continuously
assess the impact of the inappropriate and
excessive use of antibiotics, such as reduced
effectiveness, and to determine the need for
research and the development of new drugs.
Secondly, the results of monitoring are used
to issue recommendations on antibiotic pre-

scription and treatment practices to guaran-
tee the effectiveness of these drugs in treating
illness in children.

Use of the results of monitoring to improve
Practices in the prescription and use of antibi-
otics is, in turn, essential for reducing mortal-
ity in children under 5 years of age due to the
persistence of many infectious diseases.

MAGNITUDE AND CHARACTERISTICS
OF MORTALITY FROM SOME
CHILDHOOD ILLNESSES IN THE
REGION OF THE AMERICAS

In this Region, approximately 40% of deaths
(out of 500,000) in children under 5 are from
a group of illnesses for which prevention
measures, early diagnosis, and treatment are
available,

Acute respiratory infections (ARI) and di-
arrhea are responsible for most of these deaths,
and currently represent 27% of all mortality
each year among children in this age group
{1, 2). Other infectious diseases, such as ma-
laria and vaccine-preventable diseases, cause
nearly 4% of the deaths in this group, as do
septicemia and meningitis.

Many of these deaths are associated with
malnutrition, an extremely important risk fac-
tor in that it seriously affects the ability of the
child’s body to fight off disease and worsens the
prognosis and evolution of clinical symptoms.

However, the distribution of these deaths
is not even. An analysis of the situation by
country reveals major contrasts. While in some
countries this group of diseases is responsible
for less than 5% of all deaths in children un-
der 1 year of age, in others, the burden of these
diseases is 10 times higher, and one out of ev-
ery two infant deaths is due to one of these
causes. The contrast seen in the burden of
mortality from these causes among children
aged 1 to 4 is even greater: While in some
countries of the Americas the proportion of
deaths from acute respiratory infections and
diarrheal diseases is 8%, in others it is between
60% and 70%.
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Inboth age groups, mortality from ARIand
diarrheal diseases is closely related to the
countries’ infant mortality rates (IMRs), for
which they are a major determinant. For ex-
ample, in Canada and the United States, the
two countries of the Americas with the low-
est infant mortality rates, ARI and diarrheal
diseases together cause 5% or less of infant
deaths. However, in countries with infant mor-
tality rates over 40 per 1,000 live births, ARI
and diarrheal diseases are responsible for
more than 30% of deaths among children un-
der 1 year of age and more than 45% among,
children aged 1 to 4 years.

In those countries that fall between these
two extremes, we find an intermediate situa-
tion, which points to the differences that stiil
exist among developing countries. In coun-
tries with infant mortality rates of between
20 and 40 per 1,000 live births, these diseases
represent between 20% and 40% of mortality
among children aged 1 t0 4 years, and less than
30% of mortality among children under1 year
of age. Nevertheless, among developing coun-
tries with infant mortality rates between 10
and 20 per 1,000 live births, AR and diarrheal
diseases account for less than 20% of deaths
both in infants and children between the ages
of 1 and 4 years.

These mortality figures are affected by
underreporting, which is higher in countries
where the infant mortality rates are also higher.
For example, while the number of registered
and estimated deaths from diarrhea and preu-
monda and influenza is similar in countries with
infant mortality rates below 20 per 1,000 live
births, in countries where the IMR is over 40
per 1,000, the number of estimated deaths is
more than twice the number of registered
deaths. In countries where the IMR is between
20 and 40 per 1,000 live births, the difference
between the number of registered and esti-
mated deaths is greater than in the first group.
It is estimated that the number of registered
deaths is less than 50% of estimated mortality
(Figure 1).

The fact that ARI and diarrheal diseases
cause a lower percentage of mortality in some

developing countries indicates, on the one
hand, that it is possible to take steps to reduce
deaths from those causes. On the other hand,
it also points to the impact that reducing these
diseases can have on infant mortality. Both as-
pects reinforce the need to support effective
measures to control these problems as a way
of contributing to a rapid reduction in infant
mortality in the Americas. These actions, in
turn, can help to improve equity in children’s
health conditions.

THE BURDEN OF MORBIDITY FROM
SOME CHILDHOOD ILLNESSES IN
CHILDREN UNDER 5 YEARS OF AGE

Various surveys in developing countries (3—
9) reveal the frequency with which ARI and
diarrhea, the two principal causes of mortal-
ity from childhood illness in children under 3
years of age, affect heaith. Some 17% to 24%
of the families visited reported having had
children under 5 years who had had a cough
and difficult breathing in the two weeks prior
to the survey. In addition, between 8% and
30% of families reported having had children
who suffered diarrhea at some time during
that period (Figure 2). In addition to being the
two most frequent causes of disease among
children in most developing countries, ARI
and diarrhea contribute to a deterioration in
their nutritional status, as a result of the diffi-
culties that families encounter in feeding sick
children. A cycle is thus created that increases
the risk factors for a worsening of the condi-
tion and for mortality of the affected child (10).

Another way to analyze the importance of
ARI and diarrhea as causes of disease in chil-
dren is by looking at the proportion of visits
that these conditions represent in terms of to-
fal pediafric visits to the health services. In
Peru, for example, visits for ARI and diarrhea
account for approximately 90% of total care
in the health services (Figure 3). Although this
percentage is lower in other countries, the two
causes represent approximately half of all vis-
its to the health services for children at this
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FIGURE 1. Registered and estimated number of deaths from pneumonia and influenza
and from diarrhea in children aged i week to 11 months, in countries of the Americas,
grouped by estimated infant mortality rate, around 1925
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FIGURE 2. Percentage of children who had an episode of cough and difficult breathing or diarrhea in the
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age. ARl and diarrhea are also responsible for
a significant number of hospital admissions.
For example, in Ecuador, these diseases rep-
resent some 50% to 60% of all hospitalizations
of children under 5 years of age.

Another way to assess the importance of
infectious diseases as causes of morbidity in
the population is to examine the burden of
disease that they represent for the population
{11), expressed in disability-adjusted life years
(DALY) (Figure 4).

Acute respiratory infections and diarrhea
are the two infectious diseases that cause the
highest number of disability-adjusted life
years, followed by AIDS, which ranks third.

ACCESSTO CARE

ARI and diarrhea are responsible for a high
percentage of outpatient visits and hospital
admissions among children. This reveals the
importance of providing adequate access to
care in order to prevent more severe episodes
and the death of many children. In developing
countries of the Region, the population’s access
to health care varies, and there are sectors that
have neither health services nor workers at a

reasonable distance from their homes. Further-
more, even when care is available, many health
services and workers do not have the capacity
to respond to the diagnostic and treatment
needs of the cases they handle.

Access to health care for children and the
characteristics of the services to a large extent
define the final outcome of episodes of ARI
and diarrhea, because they determine patients’
ability to receive timely, adequate treatment
for their illness.

Itis estimated that approximately one third
of the population in the Americas does not
have access to health services. This makes care
difficult in terms of implementing preventive
measures and providing early treatment of ill-
nesses and health problems. Lack of access to
services keeps many children from receiving
care from health workers when they need it
due to an episode of disease. These difficul-
ties are directly related to a greater incidence
of serious morbidity and mortality from
avoidable causes. Both are seen more fre-
quently in developing countries when com-
pared to developed countries. These differ-
ences are also seen in comparisons among
different regions within a single country,
whether developing or industrialized.

FIGURE 3. Percentage distribution of consultations by children
under 5 years of age, by cause, Peru, 1992
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FIGURE 4. Global burden of disease, in disability-adjusted [ife years (DALY),
associated with communicable diseases, Latin America and the Caribbean, 1990
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Deaths in the home can be considered the
most serious event and are due to a set of cir-
cumstances that include factors related to the
family caring for the child and the opportuni-
ties provided to seek care for the illness. The
two aspects should be considered together,
since the alarm that leads the family to seek
care outside the home is affected by the diffi-
culties the family must face when seeking care.

When there are no health services or health
workers close to home, the family will delay
the search for care. The family will do the same
thing if the hours of operations are restricted,
if waiting periods for service are long, if there
is a history of a lack of drugs or bad outcomes
from previous visits, if there are economic or
cultural barriers, or if patients are treated
badly.

The magnitude of mortality in the home has
been studied in several countries. It has been
observed that care-seeking behavior is affected
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not only by the distance between the home
and the health services or health workers, but
also by difficulties in obtaining timely and
appropriate access to care when the family
needs it. In an urban area of Argentina, deaths
at home accounted for 32% of total deaths
among children under 5 years of age, and in
anurban area of Fortaleza, Brazil, the percent-
age of deaths at home was nearly 50%. In both
studies, diarrhea and acute respiratory infec-
tions were the most frequent causes of death
at home, according to an assessment based on
the signs and symptoms described by the fam-
ily (Figure 5). Many of these deaths could have
been prevented if the children had had timely
access to treatment.

Some community surveys (3-9) evaluated
the attitude of parents and family members
about seeking care outside the home for chil-
dren with ARI In general, less than half of the
children studied with episodes of cough or
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difficult breathing in the two weeks prior to
the survey had been taken to the health ser-
vices by their parents for assessment and reat-
ment (Figure 6). This proportion was very low
in some countries. In Haiti, for example, only
16% to 34% of the children with cough or dif-
ficult breathing were taken to the health ser-
vices for consultation.

Not seeking care outside the home is not
necessarily a poor decision on the part of the
family, especially since the vast majority of
episodes of cough in children under 5 years
of age evolve favorably after a few days with
only symptomatic treatment administered at
home. However, some cases of ARJ, especially
those accompanied by difficult breathing, may
be caused by pneumonia, and require timely
treatment by health workers. If such care is
not provided, the severity of the illness and
mortality are greater.

USE OF ANTIBIOTICS TO TREAT
CHILDHOOD ILLNESS IN THE HEALTH
SERVICES AND COMMUNITY

Many children who could benefit from
treatment with antibiotics do not receive these
drugs due to limited access.

Most cases of ARI that come to the health
services are treated with antibiotics, although
these drugs may not be required for the favor-
able evolution or cure of the episcde. Of all chil-
dren consulting for AR, some 40% to 60% cus-
tomarily are treated with antibiotics, and this
percentage exceeds 70% in many health ser-
vices. Only a very small percentage of thesean-
tibiotics is used to treat pneumonia and otitis
in children under the age of 5 years, and these
are the two causes of ARI that most frequently
require antibiotics, since streptococcal pharyn-
gitis is rare under the age of 4 vears. Thus, the

FIGURE 5. Principal causes of death at home in children under the age of 5 years.
Studies conducted in Argentina and Brazil, 1996
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FIGURE 6. Percentage of children under the age of 5 years, with cough or difficult breathing
who were brought to a health service for treatment. Results of surveys
conducted in Colombia, 1995, and Haiti, 1994-1995

Children with cough or difficult breathing who were brought to a health service (%)

70—

60 —

50

40 -

30

20

10 —

12-23
Age {in months)

<6 6-11

W Colombia 1995 EdHaiti 19941995

49.2

 24-35 36-47 48-59

Source: National Demographic and Health Surveys. Institute for Resource Development/Macro International, Inc.

antibiotics used daily in the health services to
treat ARI are for the most part not necessary to
halt the progress of the disease, nor do they help
to prevent a worsening of the condition.

Table 1 presents the magnitude of unneces-
sary investment in antibiotics for treating epi-
sodes of ARI among children in the United
States in 1996. Approximately 60% of all anti-
biotics used to treat these illnesses, or almost
50 million prescriptions, are considered unnec-
essary for achieving a favorable result in the
evolution of the illness.

The unnecessary use of antibiotics does not
only affect the final cost of care. Given that no
drug is entirely innocuous, the unnecessary
. administration of these antibiotics to children
under 5 years of age, often repeatedly, exposes
children to the potential adverse effects of
these drugs and contributes to the develop-
ment of bacterial resistance. In addition, par-
ticularly in developing countries, the unnec-
essary prescription of antibiotics creates a
scarcity of drugs for the management of cases
that do in fact need them, and puts the child

population at risk of more serious illness and
death.

The magnitude of the problem of unneces-
sary antibiotic prescription is accompanied by
a failure on the parents’ part to-adhere to a pre-
scribed treatment. This occurs in cases where
use of the drug is justified and in those where
it will not produce any benefit to the patient.
Efficiency studies of health services in Latin
America have shown that only one out of ev-
ery four people visiting the health services
understands, aibeit with limitations, the health
workers’ treatment instructions. In these stud-
ies, moreover, only 8% of children correctly
received the prescribed treatment at home. In
the remaining cases (i.e., 92%) the treatment
was administered incorrectly because of dos-
age or dilution errors, the antibiotic was di- .
luted, the course of the treatment given was
shorter than indicated, or the quantity of the
antibiotic administered was incorrect (12).

All these factors indicate that even when
children have access to health services and
health personnel prescribe the necessary and
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TABLE 1. Unnecessary use of antibiatics to treat acute respiratory infections among children under 5 years
of age, estimates for the United States of America, 1996

No. of antibjotic

Type of prescriptions Percentage

infection per annum unnecessary Reason for efror

Ear infection 23 million 30% 1t is rot necessary to administer antibiotics 10 a child who
has 2 cold and secretion behind the eardrum but no
earache, inflammation of the eardrum, or fever

Sore throat 13 million 50% Antibiotics should not be used unless a test confirms that
sore throat is due to streptococcal infection

Sinusitis 13 million 50% In the absence of facial pain or inflammation, studies
maintain that one should wait about 10 days to assess
improvement in symptoms before prescribing antibiotics

Bronchitis 16 million 80% Swdies have not shown benefits from treatment with
antibiotics, except in some specific infections or cases
with serious chronic lung disease

Common cold 18 million 100% Viral infections do not respond ta antibiotics

Total 83 million 60%

appropriate treatment for the illness, the drug
is administered properly in less than 10% of
the cases.

Parents do not follow the child’s treatment
indications fully. This is partially a result of
the frequent use of antibiotics without proper
explanation and instruction regarding the
importance of responsible use of these drugs.
Improper administration of antibiotics pro-
motes bacterial resistance, as the drugs are
often administered to the child in low dosages,
which leads to the selection of resistant strains.

On the other hand, when antibiotics repre-
sent the essential treatment for remission of
the disease, failure to follow the prescribed
treatment in terms of dosage, length of treat-
ment, or time between doses can contribute
to longer or more serious episodes.

The above refers only to treatments admin-
istered in the health services. Nevertheless, in
many cases parents themselves decide to treat
the child with antibiotics, without any instruc-
tion from health workers. In this sense, self-
medication is an additional factor contribut-
ing to the unnecessary and improper use of
antibiotics.

Because of their high frequency and because
antibiotics are the treatment that the health ser-

vices customarily provide for them, ARI are
the most frequent cause of parental decisions
to administer antibiotics to children under 5
years of age without medical advice. A study
of the family demand for antibiotics at phar-
macies revealed that over 90% of the time
these drugs are requested for the treatment of
acute respiratory infections and less than 10%
of the time for the treatment of another type
of illness (Figure 7).

Although the same study showed that two
out of three requests for antibiotics were for
amoxicillin, ampicillin, or cotrimoxazole, the
remaining third included a variety of antibi-
otics, even cephalosporins, erythromycin,
aminoglycosides, and chloramphenicol.

Parents’ requests for antibiotics from phar-
macies were based on previous recommenda-
tions from the health services or information
obtained from other people who had had
“similar” experiences with episodes of child-
hood ARJ. For this reason, the rational use of
antibiotics in the health services is essential
not only to limit the unnecessary administra-
tion of these drugs by health workers, but to
instill a more responsible attitude in the com-
munity about indiscriminate self-medication
with this type of drug.
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FIGURE 7. Antibiotics requested in pharmacies for the treatment of acute respiratory infections (ARI)
in children under 5 years of age, Santa Fe, Argentina, 1990
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Source: Instituto Nacienal Emilio Conf, Ministry of Health ard Social Action, Argentina.

When antibiotics are used without instruc-
tion from health workers, their improper use
can be even more frequent in terms of dos-
age, the time between doses, and the length
of treatment, particularly because most
places where drugs are sold are not run by
health professionals. In addition, sometimes
the antibiotic presentations available are not
enough to complete the treatment, and this a
priori prevents the child from receiving the
dosage required for cure. Furthermore, some
places where drugs are sold divide up anti-
biotics so that they can sell the number of
tablets needed for only one or two days, al-
though the correct length of treatment is
seven to ten days.

There are several reasons for intensifying
activities in the developing countries to en-
sure universal access to appropriate preven-

tion and control measures, in both the health
services and the home. These include the con-
tinued high mortality from preventable causes
among children under 5 years of age, and the
impact of access to early and appropriate treat-
ment with antibiotics in terms of preventing
mortality and reducing the severity of epi-
sodes of disease. If to these reasons we add
the excessive and improper use of antibiotics
for treating illness in children under the age
of 5 years, thereby contributing to the devel-
opment of bacterial resistance, it becomes nec-
essary for interventions to include a sirong
component to improve the quality of care. As
a result, the prescription and improper use of
antibiotics should be reduced and emphasis
placed on the monitoring of bacterial resis-
tance to the antibiotics in use to guarantee the
effectiveness of current treatments.
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IMPROVING THE USE OF ANTIBIOTICS
TO PREVENT MORTALITY

Greater access by the population to care for
childhood illness and health problems and the
use of standardized criteria to assess, classify,
and treat episodes of iliness in children are the
two most effective lines of action for reducing
mortality and serious morbidity in childhood.
These activities, moreover, would help to im-
prove the quality of care and reduce the ex-
cessive and unnecessary use of antibiotics in
the health services and the community.

1tis also essential fo improve monitoring of
the effectiveness of antibiotics in treating the
most frequent childhood ilinesses that require
these types of drugs for their cure to ensure
that proposed interventions actually help to
reduce serious morbidity and mortality.

Access to adequate health care for
children in the Americas

Since the late 1980s, the Pan American
Health Organization/World Health Organiza-
tion (PAHO/WHO) has lent its support for
developing and implementing the interven-
tions described above. This has been in the
form of strategies for standard case manage-
ment of diarrhea® and ARL* which make it
possible to increase access by the population
to health workers and health services trained
to appropriately assess, classify, and treat these
childhood illnesses (13). Given the high lev-
els of excessive antibiotic use in the daily man-
agement of ARI in both health services and
the home, the benefits of implementing these
strategies go beyond reducing mortality and
morbidity from these causes (severe morbid-
ity in the case of ARI), because they help to
reduce the inappropriate use of these drugs.
Thus, adoption of these interventions and

* Pan American Health Organization. Dierritea Treatment
Manual. PALTEX Series for Health Program Directors, No.
13; 1997.

 Pan American Health Crganization. Caring for Chil-
dren with Acule Respiratory Infection. PALTEX Series for
Intermediate Technicians and Assistants, No. 21; 1992.

their implementation in the health services at
the primary care level in the countries have
given an ever-growing number of children
access to adequate quality care for the ilinesses
that most frequently affect their health (14).

In recent years, PAHO/WHO and the
United Nations Children’s Fund (UNICEF)
have analyzed these and other strategies to
control childhood illness and health problems
and have developed a new intervention for
children’s care in the health services and at
home and to improve the efficiency of care.
The strategy for integrated management of
childhood illness {(IMCI) is the result of that
joint effort and is presented as the single in-
tervention that, when applied to the care of
children seen in the health services, makes it
possible to completely assess the health of the
child, identify the most frequent illnesses and
health problems, and provide full treatment
for them. This care also includes the system-
atic application of disease prevention and
health promotion measures to improve the
treatment and care of children both at home
and in the conununity (15).

The IMCI strategy integrates all measures
to control and combat the principal causes of
death in children through prevention and
treatment. It also helps to improve the capa-
bilities of health workers, the operation of
health systems, and family and community
practices in caring for children (16, 17). Imple-
mentation of IMCI can have a great impact on
infant mortality, morbidity, and the severity
of episodes of childhood illness. It alsc affects
the quality of care and treatment that children
receive in the health services and at home
(Box 1).

By October 1998, as a result of country ef-
forts to implement the IMCI strategy, almost
5,000 people had been trained to properly as-
sess, classify, and treat children in 600 health
services at the primary care level. This entire
effort, which will be redoubled in upcoming
years, is designed to increase the annual per-
centage reduction in mortality in infants and
children aged 1 to 4 years. The strategy thus
seeks to meet the targets of the World Summit
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for Children held in the year 2000, and to
project the decline in infant mortality beyond
that year, so as to reduce the number of deaths
in children under 1 year of age by a total of
100,000 between 1999 and 2002 (18).

Multicenter study on pneumococcal
resistance to antibiotics

In recent years, PAHO/WHO has coordi-
nated a joint systern for monitoring pneumo-
coccal infection with the Latin American and
Caribbean countries to identify the prevalence
of the various serotypes in the population of
the different countries (19) and to evaluate
bacterial resistance to antibiotics. The purpose
of the system is to increase knowledge about
the problem in the Region, since most of the
current information on bacterial resistance
comes from developed countries.

The multicenter study on pneumococcal
resistance to antibiotics involves several coun-
tries in the Americas that are providing infor-
mation on the serotypes of this pathogen—
information that could potentially be used to

develop a vaccine. Data are also being ob-
tained on the sensitivity profile of pneumo-
coccl in order to evaluate the microorganism’s
resistance in the Region (20).

Based on the results of this study, up-to-date
information has been obtained on the resis-
tance of Streptococcus preumoniae to B-lactam
antibiotics: 24% overall for isolates collected
in Argentina, Brazil, Chile, Colombia, Mexico,
and Uruguay, with variations among the coun-
tries (21-24). Although these figures cannot be
extrapolated to all cases of pneumonia from
S. pneumonige, because the samples were for
the most part obtained from hospital cases,
they do provide information on the circula-
tion of strains resistant to first choice antibiot-
ics in the treatment of pneumonia at the pri-
mary health care level based on the IMCI
strategy. _

Expanding these studies will provide more
data on the sensitivity of bacteria to the vari-
ous antimicrobials being used to treat pneu-
monia, as well as other invasive diseases such
as septicemia and meningitis. This informa-
tion will make it possible to continuously
adapt treatment recommendations in the sug-
gested strategy for reducing mortality and
serious morbidity in children, and improving
the quality of their care both in the health ser-
vices and at home.

Monitoring bacterial resistance to antibiot-
ics will also make it possible to underscore the
need to improve criteria for antibiotic use in
the health services and the community, in or-
der to curb the development of bacterial re-
sistance caused by the improper and exces-
sive use of these drugs.

REFERENCES

1. Pan American Health Organization. Health Statistics
from the Americas. 1998 Edition. (Sci Pub 567).

2. Pan American Health Organization. Health in the
Anmericas. 1998 Edition, (Pub Cient 569).

3. Centro Paraguayo de Estudios de Poblacién. Demo-
graphic and Health Surveys. Institute for Resource
Development,/Macro Systems, Inc. Encuesta Nacional
de Demografia y Salud 1990. Paraguay, febrerode 1991,

4. Sociedade Civil Bem-Estar Familiar no Brasil —
BEMFAM. Demographic and Health Surveys, Macro



Benguigui 205

10.

11.

12.

13.

14

15.

Internatioral Inc. Pesquisa sobre Satide Familiar no
Nordeste Brasil 1991. Qutubro 1992.

. Instituto de Estudios de Poblacién y Desarrollo,

Profamilia. Oficina de Planificacién. Demographic
and Health Surveys, Institute for Resource Develop-
ment/Macro Systems, Inc. Repiblica Dominicana.
Encuesta Demogréfica y de Salud 1991. Septiembre
de 1992

. Instituto Nacional de Estadistica e Informética.

Asociacion Benéfica PRISMA. Demographic and
Health Surveys. Macro International, Inc. Pert.
Encuesta Demografica y de Salud Familiar 1991/
1992. Septiembre de 1992

. Instituto Nacional de Estadistica. Demographic and

Health Surveys. Macro International Inc. Boiivia.
Encuesta Nacional de Demografia y Salud 1994.
Octubre de 1994.

. Institut Haitien de }'Enfance. Demographic and

Health Surveys. Macro International Inc. Haiti.
Enquéte Mortalité, Morbidité et Utilisation des Ser-
vices EMMUS-II 1994 /95. Décembre 1995.

. PROFAMILIA, Asoctacién Pro-Bienestar de la Familia

Colombiana. Demographic and Health Surveys. In-
stitute for Resource Development/Macro Interna-
tional, Inc. Colombia. Encuesta Nacional de Demo-
grafia y Salud 1995. 1996.

O’'Donnell A, Bengoa JM, Tonin B, Caballero B, Pantin
EL y Penia M, eds. Nutricidn y alimentacion del nifio en
los pritneros arios de vida, Washington, DC: Programa
Ampliado de Libros de Texto (PALTEX), OP5/0OMS,
CESN y Fundacion CAVENDES; 1997.

World Bank. World Development Report 1993: invest-
ing in Health. Oxford University Press; 1993.
Benguigui Y, ed. Investigaqdes Operacionais sobre o
Controle das InfecgGes Respiratérias Agudas (TRA)
em Brasil. Serie HCT /ATEPL-2, OPS/OMS, 1997.
Benguigui Y, Lépez Antufiano F], Schmunis G, Yunes
J. Infecciones respiratorins en nifies. Washington, DC:
Organizacién Panamericana de la Salud; 1997 (Serie
HCT/AIEFPI-1).

Benguigui Y, Valenzuela C, eds. Investigaciones
operativas sobre el control de las infecciones respiratorias
agudas (IRA) en los nifios en América Lating y el Caribe.
Washington, DC: Organizacién Panamericana de la
Salud; 1998, {Serie HCT/AIEPI - 3E).

Organizacidon Panamericana de la Salud. Atencién
integrada a las enfermedades prevalentes de la

16.

17.

13.

15.

20.

21

24,

infancia: curso clinico de 1 dias. Washington, DC;
1996. {OPS/HCP/HCT/ARI/CDD/9%6.4).
Organizadién Panamericana de la Salud. Conside-
raciones sobre la estrategia AIEPL. Washington, DC;
1997. (HCP/HCT/ AIEPI/97.19).

Organizacién Panamericana de la Salud. Atendén
integrada a las enfermedades prevalentes de la
infanda. Propuesta regional para su implementacdién.
Washington, DC; 1995, (OPS/HCP/HCT/ARI-
CDD/93.24).

Pan American Health Organization. 25th Pan Ameri-
can Sanitary Conference, 21-25 September 1998.
Washington, DC: Pan American Health Organization;
1999.

i Fabio JL, Homuma A, De Quadros C. Pan Ameri-
can Health Organization Epidemiclogical Surveil-
lance Network for Streptococcus prcumonize. Microb
Drug Resist 1997; 3(2).

Kertesz DA, Di Fabio JL, de Cunto Brandileone MC,
Castafieda E, Echiniz-Avilés G, Heitmann I, et al. In-
vasive Streplococcus pneunionine infecton in Latin
American children: results of the Pan American
Health Crganization Surveillance Study. Clin Infect
Dis 1998;26: 1355-1361.

Rossi, A, Ruvinsky, R, Regueira M, Corso A, Pace ],
Gentile A, Di Fabio JL. Distribution of capsular types
and penicillin-resistance of strains of Strpiovoccus
preumeniae causing systemic infections in Argentin-
ian children under 3 years of age. Microb Drug Resist
1997; 3(2):135-140.

. Castafieda E, Leal AL, Castillo O, De 1a Hoz F, Vela

MC, Arango M, et al. Distribution of capsular types
and antimicrobial susceptibility of invasive isolates
of Streptococcus pneumoniae in Colombian children.
Microb Drug Resist 1997; 3(2):147-152.

. Echéaniz-Aviles G, Veldzquez-Mesa ME, Carnalla-

Barajas MiN, Scto-Noguerdn A, Solérzano Santos F,
Pérez-Miravete A, et al. Antimicrobial susceptibili-
ties and capsular types of invasive Sireploceccus
preunieniae isolated in children in Mexico City: Micreb
Drug Resist 1997; 3(21:153-157.

Hortal M, Algorta G, Bianchi I, Borthagaray G, Cestau
1, Camou T, et al. Capsular type distribution and sus-
ceptibility to antibiatics of Streplocorcus purumontas
clinical sirains isolated from Uruguavan children
with systemic infections. Microb Drug Resist 1997;
3(2):159-163.



RATIONAL USE OF DRUGS: REGIONAL
POLICIES, REGULATIONS, AND STANDARDS!

Enrique Fefer?

The rational use of antibiotics is an issue that cannot effectively be addressed in isolation,
since it is the result of numerous factors that affect the marketing, prescription, dispensing,
and use of drugs in general. This paper summarizes the trends in the global pharmaceutical
market that have particular implications for the health sector. It also describes some educa-
tional, administrative, and regulatory interventions that are within the reach of developing
countries and that, when applied together, contribute to the rational use of drugs. Regulatory
agencies control the entry of pharmaceutical products to the market. It is therefore essential
that they have the necessary means to fulfill their mission to safequard public health.

INTRODUCTION

We are living in an era where major ad-
vances in the field of medicine are a frequent
occurrence. Certainly that is the impression
people get from newspapers and television.
The new drugs are aimed not only at prevent-
ing or treating disease but also at improving
the quality of life. Some of them, the so-called
lifestyle enhancers, such as Prozac and, of
course, Viagra, are treated like Hollywood
celebrities or Wall Street tycoons and are fea-
tured on the covers of popular magazines such
as Time and Business Week.

The possibility of adverse reactions to these
drugs is not as appealing a topic. Thus, an ar-

! Paper presented at the Pan American Conference on
Antimicrobial Resistance in the Americas. Pan American
Health Organization/World Health Organization, Cara-
balleda, Venezuela, 24 November 1998.

* Program on Essential Drugs and Technrology, Divi-
sion of Health Systems and Services Development, Pan
Axmerican Health Organization, Washington, D.C.
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ticle on adverse reactions in hospitalized pa-
tients, published last May in the Journal of the
American Medical Association, stating that drugs
are the sixth leading cause of hospital deaths,
went virtually unnoticed (1). The case of Fen-
Phen demonstrated that the enthusiasm gen-
erated by the positive, short-term effects of the
drug led both physicians and patients to en-
gage in practices beyond what is scientifically
and, perhaps, ethically acceptable (2).

All of this underscores the fact that promot-
ing the proper use of antibiotics is no easy task.
It is part of the larger problem of inappropri-
ate drug use, which involves a lack of under-
standing about the risks associated with drug
therapy. The special nature of antibiotics, true
miracles of modern science, makes it even
more difficult to alter the behavioral patterns
that contribute to antimicrobial resistance.

Here, we will first review the global factors
that affect the availability and use of pharma-
ceutical products; further on, we will outline
a number of interventions and strategies that
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can lead to an improvement in their utiliza-
tion. The strategies are generic—that is, they
can be applied to antibiotics as well as other
categories of drugs.

Let us begin with a pragmatic definition of
the term “rational use.” These two words sum-
marize a complex process that, according toa
publication by the World Health Organization,
requires not only that the appropriate drug be
prescribed but that it be available when it is
needed ata price that people can afford; more-
over, it should be taken in the proper dosage,
at suitable intervals, for the appropriate length
of time, and it must be effective, of acceptable
quality, and safe (3).

There are many ways to stray from the path
toward the achievement of this ideal situation:
the long chain in the process from manufac-
turer to consumer offers many opportunities
in this respect. The agencies responsible for
regulating pharmaceuticals, when unsophis-
ticated, permit the marketing of ineffective
products or the advertisement of drugs for
unauthorized uses; some pharmaceutical
plants have no systems or procedures in place
for quality assurance; health professionals
have little access to objective information
about the drugs they prescribe and dispense,
and the information they have cannot com-
pete with the sophisticated advertising strat-
egies of the industry; pharmacies allow un-
trained auxiliary personnel to counsel clients
about what products to buy, promoting drugs
that yield the greatest profit. And finally, there
is the user, the patient who cannot purchase
enough tablets to complete the recommended
course of therapy, or who, once he feels bet-
ter, stops taking his antibiotics or hyperten-
sion medication.

This is nothing new; the where we are has
been documented in numerous studies. We are
responsible for this situation: governments,
universities, professional schools, the pharma-
ceutical industry, health professionals, and
consumers who regard drugs as an easy, im-
mediate response to health problems whose
cure requires well-considered individual and
social action.

Given these circumstances, what can be
done to promote better use of drugs? The nec-
essary efforts will undoubtedly entail re-
sources that are far beyond those provided by
the international organizations. Thus, a basic
strategy of the PAHO/WHO Program on Es-
sential Drugs is to encourage all parties to
participate in the achievement of this goal,
without detriment to their legitimate interests.

it should also be recognized that decision-
making at the national level is influenced and
limited by what is happening in the world as
a whole, given the international nature of the
pharmaceutical industry and the profound
political and economic changes stemming
from globalization.

TRENDS IN THE PHARMACEUTICAL
SECTOR AND NATIONAL IMPACT (4-6)

¢ The pharmaceutical market will continue to
grow, due to well-known factors: the aging
of the population, urbanization, attitudes
and behavior, chronic diseases, emerging
and reemerging infectious diseases, and, of
course, the development of new products,
thanks to greater scientific knowledge about
processes at the celtular and molecular level.
* Paradoxically, in a growing market, the
number of companies with the capacity to
engage in research and development for the
discovery of new drugs is shrinking. Merg-
ers, acquisitions, and joint ventures have
resulted in the creation of megacompanies
with the resources to engage in ever more
costly research and development and the
capacity to market their products globally.
* Major companies recognize that they will
have to develop new drugs if thev are to
prosper, since the patents on many of the
products to which they have exclusive
rights have expired or will do so within a
few years. Expiration of the patents on a sig-
nificant number of products, added to gov-
ernment interest in cost confainment, has
led to the rapid growth of the market for
generic drugs. Until very recently, only
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small national companies and a few multi-
national enterprises were interested in this
type of activity. This picture has changed
dramatically and all the major companies
have entered this market, either with their
own product Jines or through acquisitions
and partnerships with other companies.

*» In addition, the introduction of patents and
the extension of their protection as a result
of the Uruguay Round of the General Agree-
ment on Tariffs and Trade (GATT) will lead
to higher prices for new pharmaceuticals.

* The opening of new markets, together with
economic integration and the formation of
free-trade blocs, has given heavy impetus o
drug regulatory harmonization. Through the
International Conferences on Harmonization
of Technical Requirements for Registration
of Pharmaceuticals for Human Use, Japan,
the European Union, and the United States
will draw up the international guidelines
and criteria that will be imposed on Latin
America, even though the countries of the
Region have not participated in the debates,

¢ In our Hemisphere NAFTA, MERCOSUR,
Central America, and the Andean Atea are
also moving forward in the formation of
expanded pharmaceutical markets to facili-
tate product flows between the countries.
Multinational corporations will no longer
be required to maintain production plants
in a country simply to comply with the pro-
tectionist laws that prevailed up to the
1980s. For example, Pfizer, Bayer, Squibb,
and Lepetit no longer have plants in Chile.
The opening to trade also threatens national
companies, particularly small ones, which
will have difficulty meeting international
standards for quality and good manufactur-
ing practices.

¢ The modernization of the State involves re-
ducing its regulatory role and its bureau-
cracy, creating an environment that places
economic considerations above health.

How do the aforementioned issues relate to
the rational use of drugs in our societies and
health institutions?

First, the new drugs are and will continue
to be very expensive, and heavy pressures to
use them will undoubtedly be brought to bear,
since companies will have to recover their
costs if they are to continue their research and
development activities, Thus, it will be impor-
tant to educate and inform physicians about
the cost/benefit of alternative therapies, since
“new” does not necessarily mean “better.”

Second, the availability of similar products
(generics) represents an opportunity to put the
market on a healthy footing and permit com-~
petition, provided that a culture that encour-
ages the use of generic drugs is fostered—a .
culture whose first step would be to require
that the generic name appear clearly on the
package, as well as the insert and all advertis-
ing. We must recall that the topic of generic
drugs is always linked with quality and
bioequivalence. There will be no significant
market for these products as long as physi-
cians, pharmacists, and the general public are
not convinced that generics are quality prod-
ucts every bit as good as brand-name drugs.

Third, opening and integrating the markets
will increase the number of circulating prod-
ucts. The proliferation of name brands will not
contribute to good prescription practices,
making the use of generic names even more
urgent. It will also complicate the work of the
agencies responsible for the monitoring and
control of drug quality, which have had little
success to date in adequately regulating the
current market.

Furthermore, the expanded markets created
by openness and economic integration may
have a positive impact, since their operation
requires regulatory consistency to facilitate the
flow of goods between countries. This is forc-
ing countries to review their criteria for the
approval of manufacturers and products and,
in the search for common criteria, they are re-
sorting to internationally recognized stan-
dards. Thus, the Southern Cone has adopted
the standards for good manufacturing prac-
tices (GMP) recommended by the World
Health Organization (WHOj, and the Andean
Area intends to adapt the WHO Certification
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Scheme on the Quality of Pharmaceutical
Products Moving in International Commerce
for its own use.

STRATEGIES FOR THE RATIONAL
USE OF DRUGS

Anumber of strategies to improve the utili-
zation of drugs and procure their rational use
are within the reach of the countries of the
Region. Those presented in this paper are de-
scribed in the second edition of Managing Drug
Supply (1997), published by Management Sci-
ences for Health under the auspices of WHO,
and refer to interventions in critical areas that
affect the use of drugs (7}: the education of
health professionals; the administration and
management of drugs, and drug legislation
and regulation.

Box 1 outlines possible interventions and
steps that can be taken in these areas, some of
which are discussed below.

Education

Knowledge of the basic principles of clini-
cal pharmacology is necessary for understand-
ing the benefits and limitations of new drugs
and for a certain understanding of the clinical
trials endorsing the indications for their use.
There is much to be done in this area. In 1995
Hans Hogerzeil, a staff member of the WHO
Program on Essential Drugs in Geneva,
pointed out that prescription practices in uni-
versity hospitals leave a great deal to be de-
sired and cited studies that found that between
41% and 91% of prescriptions written for an-
tibiotics were inappropriate (8).

That same year, WHO published its Guide
to Good Prescribing, which offers guidelines for
good prescription practices and is geared to
students beginning the clinical phase of their
education (9). The methodology used by the
guide was developed at the University of
Groningen in the Netherlands. Known as
“problem-based teaching of drug therapy,” its
purpose is to teach prescribing as part of a

rational, systematic process. In this approach,
prescribing is not limited merely to writing
prescriptions, but emphasizes the information
that should be given to the patient, as well as
monitoring to ensure that the medication pre-
scribed performs as expected.

On the topic of education, also worth men-
tioning is the experience of the Costa Rican
Social Security Fund, which offers a program
for continuing education in therapeutics for
its physicians and pharmacists. Guided by a
colleague trained for this purpose, and utiliz-
ing specially prepared instructional materials,
small groups actively examine a topic related
to a specific therapy category, such as antibi-
otics. The methodology is dynamic and par-
ticipatory, emphasizing the knowledge, skills,
and attitudes required for the proper use of
the drugs in question. With PAHO support,
professionals from other Central American
countries have received training to set up simi-
lar programs in their respective countries.

The schools of pharmacy in Latin America
have recognized the shortcomings of their
curricula and have embarked on the continu-
ous review and updating of their educational
programs to train professionals that can meet
national needs and realities. The Pan Ameri-
can Health Organization, in collaboration with
the American Association of Colleges of
Pharmacy, has sponsored four Pan American
conferences on education in pharmacy (1990,
1993, 1996, and 1999). The latter was held in
1999 in Santiago, coordinated by the Uni-
versity of Chile’s School of Chemistry and
Pharmacy.

Notwithstanding, the fact is that Latin
American pharmacists are currently not ful-
filling their role in promoting heaith: drugs
such as antibiotics are frequently sold with-
out prescription and without information to
guide the user. The result is the unnecessary
and inappropriate use of antibiotics, which is
contribufing to the development of antimicro-
bial resistance. The pharmaceutical profession
should assume its responsibility in this field.
This is a challenge for professional schools,
which are attempting to raise the status of the
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profession and establish a place for it in the
health sector through genuine pharmaceuti-
cal care.

It is essential to recall that it is not enough
to provide information if prescription prac-
tices are to be changed. Information by itself
is not effective but must be part of a program
consisting of education, monitoring, and su-
pervision. The most effective intervention is
the face-to-face, personal encounter, in which
specific problems are discussed and possible
solutions considered. The influence of well-
respected professionals whose practices and

recommendations are accepted by other pro-
fessionals is also useful. The pharmaceutical
industry utilizes both types of interventions
and invests up to 25% of its sales revenues in
activities for promotion and education. There
is no scarcity of objective, up-to-date informa-
tion on the appropriate use of drugs. What is
needed is the distribution and application of
the existing information.

In addition to pharmacology reference
works in English (for example, Goodman and
Gilman and The Martindale), pharmacy com-
mittees, universities, and health professionals
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now have a valuable reference tool in Span-
ish, published with the collaboration of the
Ministry of Health of Spain and the U.S. Phar-
macopeia (USP): the Spanish version of the
USP Drug Information for the Health Professional,
which has been available since 1990. This pub-
lication fills a great void and has become the
most complete source of pharmacological in-
formation available in Spanish. The Ministry
of Health has also translated the volume on
Counseling the Patient. Another important in-
formation source is the journal Medicamentos
y Terapéutica, published by the Pan American
Health and Education Foundation, an entity
associated with PAHO. The publication con-
tains Spanish translations of articles from
Medical Letter, Drugs and Therapeutics Bulletin,
and Adverse Drug Reaction Bulletin, all of them
objective information sources of international
repute.

PAHO’s Program on Essential Drugs and
Technologies takes advantage of the wide dis-
tribution of the Organization’s official journal,
the Pan American Journal of Public Health, to
include a section on pharmacological informa-
tion every four months. Covering topics re-
lated to pharmaceutical policy and regulatory
decisions, this section also reviews the con-
tents of relevant publications. In contrast, the
current information centers in the Americas—
some of them in universities, others in the
ministries or schools of pharmacy— have gen-
erally not had much of an impact. It will take
time to develop a culture that appreciates the
value of this service.

Administration and Management

The best known 100l for this purpose is the
basic table or formulary that limits drug pur-
chases to products that meet the needs of the
health services. Almost every country in Latin
America and the Caribbean has a national for-
mulary for the public sector and even social
security institutions. This management tool
offers the opportunity to restrict prescription
of certain antibiotics to specialists, It also con-
stitutes a first and important step toward bet-

ter use of resources and rational therapy,
which, while clearly important, is not enough.
Distribution of the formulary is very limited
in many countries, to the extreme that some
health workers are not even aware of its exist-
ence. For this reason, PAHO/WHO stresses
the importance of accompanying the publica-
tion of the formulary with extensive publicity
about its merits. The next step is to ensure that
the list of products and the information are
updated periodically; otherwise the formulary
will lack credibility and become just one more
document with limited impact. In the English-
speaking Caribbean there are fwo excellent
examples of how a formulary system should
work. Barbados and the Organization of East-
ern Caribbean States have established compre-
hensive drug supply services based on their
respective formularies and on centralized pur-
chasing determined by competitive bidding.
The system has an active formulary commit-
tee, conducts drug utilization studies, exer-
cises quality control over purchased products,
provides training for technicians, and pub-
lishes information bulletins, all of which has
contributed to the system’s acceptance by
health professionals and the public, in addi-
tion to politicians and government personnel
responsible for approving and auditing the
system’s budget.

Drug utilization in a health facility or the
health services should be monitored through
utilization studies that will make it possible
to detect inappropriate prescription prac-
tices—information that should translate into
corrective action. The findings of such stud-
ies will document the current situation and
permit impact assessments of interventions
to improve drug utilization. The chailenge,
of course, is to translate the studies’ conclu-
sions into policies and programs that effec-
tively modify the practices detected. Thus, it
is important to establish pharmacy and thera-
peutics comunittees with the responsibility
and authority to improve drug utilization in
these institutions and, in the case of antibiot-
ics, to develop policies for their appropriate
use.
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In addition to orienting health profession-
als, therapeutic guidelines or standard treat-
ment protocols are management tools that in-
dicate which drugs will be procured and how
they should be uvtilized. Providing informa-
tion on the cost of drugs can influence the se-
lection of the products prescribed.

Legislation and Regulation

Regulatory entities act as gatekeepers o the
national market and are therefore the firstline
of defense against ineffective or dangerous
products—a first line of defense that some at-
tempt to breach. Sanitary criteria are fre-
quently ignored due to pressures from the eco-
nomic sector, which means that the agency
responsible for regulating pharmaceuticals
should insist that its central mission and raison
d’étre is to protect public health. On this there
should be no debate.

We are aware of the shortcomings of the
regulatory agencies in Latin America and the
Caribbean, whose problems range from the
lack of skilled personnel for evaluating drug
registry applications to the inability to pull
hazardous or ineffective products off the mar-
ket or to impose adverse impact sanctions.
This situation will not change without a radi-
cal restructuring of the institutions responsible
for controlling the pharmaceutical market,
which requires a government willing to invest
sufficient political capital to institute the nec-
essary changes.

Below are some of the essential attributes of
an effective regulatory agency that should be
considered in any proposed restructuring (6):

Institutional Visibility

An effective unit cannot be Iost in the bu-
reaucracy of the ministry; it should have pres-
ence and an identity.

Trained Staff

An ideal agency should have the adminis-
trative and financial flexibility to fulfill its

mission and to hire a group of highly skilled
staff to work full-time and devote themselves
exclusively to the unit. Where personnel and
expertise are limited, third-party contracting
should be considered. Responsibility for
evaluation, inspection, or quality control
should be delegated only when clear proce-
dures are in place and only to entities accred-
ited for these functions.

Financing of Regulatory Actions

Financing has been a major constraint on
the performance of regulatory agencies. Fi-
nancing for these entities cannot be expected
to come from the regular State budget. A vi-
able alternative is for the regulatory agency
to impose taxes or collect fees from the users
of its services. This concept is widely accepted
in the developed countries, where high fees
are charged for evaluating registration appli-
cations, as well as for the inspection of manu-
facturing plants and the annual upkeep of the
registry.

Transparency of the Processes

The procedures and criteria employed for
the review and approval of registration ap-
plications should be public knowledge, as
should the results of the process. Although
this would appear to be obvious, in practice
it is not the case in many countries, where
political pressures and personal favors influ-
ence performance.

Application of {nternational Standards

The capacity to evaluate pharmaceutical,
toxicological, and clinical information varies
from country to couniry. Due to the complex-
ity of this task, duplication of efforts should
be avoided—particularly now, when greater
efficiency in the public sector is required. Thus,
both industry and national authorities have
recognized the benefits of standardizing regu-
latory requirements through the application
of internationally accepted guidelines.
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Interagency and International
Cooperation

The importance of interagency and interna-
tional cooperation in the efforts to curb the de-
velopment of resistance to antibiotics is obvi-
ous, since infectious diseases recognize no
boundaries. A strong national regulatory
agency can and should play a prominent role,
since once the marketing of a productis autho-
rized, the agency must ensure that product in-
formation and advertising conform to interna-
tionally recommended ethical standards
recommended in the international arena and
that the sale of the product is properly con-
trolled. The authorization can restrict the use
of selected drugs to a certain level of care or
medical speciaity. In addition, the number of
drugs dispensed by prescription can be limited.

It is important to recognize that even if the
ministry of health has a well-organized and
financed drug regulatory agency, there is an-
other major front in the struggle against resis-
tance to antibiotics, a front in which the min-
istry of health traditionally has little influence:
the livestock sector. Efforts fo rationalize the
use of antibiotics in humans will have little
impact if their use in animals is not controlled.
For historical reasons, drugs for veterinary use
are controlled by the ministries of agriculture,
whose objective is to promote the livestock
sector and ensure an abundant food supply.
If antibiotics are required to accomplish this,
the pressures to use them are obvious. Conse-
quently, intervention policies in this field must
extend beyond a country’s health sector and
borders. It is the responsibility of the ministry
of health to take the lead in this area and to
coordinate an intersectoral strategy that is both
national and international in scope.

It may be necessary to develop new instru-
ments like the Codex Alimentarius whose inter-
national application is compulsory. Let us recall
that international agreements have subjected
narcotics and psychotropic drugs to special
surveillance to prevent their improper use. In
the interests of public health, it may be neces-
sary to adopt this practice for other drugs.

Users’ Associations

Today, and certainly in the future, any dis-
cussion of the rational use of drugs must make
mention of users’ associations, whose influ-
ence in defining the social policy agenda is
increasing and which can be valuable pariners
in initiatives to improve antibiotic use.

International Action for Health (AIS) and
the International Organization of Consumer
Associations have networks of collaborators
throughout the Hemisphere who have docu-
mented improper prescription practices, par-
Heularly for the treatment of acute diarrheal
diseases. In 1995 the AIS published the Span-
ish version of Problem Drugs. Several countries
have national groups that are rather active, for
example the Pro-Life Physician’s Service of
Peru and the Society for Drug Surveillance
(Sobrevime) of Brazil. Pro-Life administers a
network of community pharmacies and pub-
lishes an attractive journal called Medicamentos
iy Salud Popular [Drugs and Popular Health]
that advocates putting a national pharmaceu-
tical policy in place to promote the rational
use of drugs and the use of traditional medi-
cine. Sobrevime publishes an excellent bulle-
tin with critical analyses of industrial and gov-
ernment actvities, as well as the practices of
health professionals.

CONCLUSIONS

It should be recalled that pharmaceutical
products do not exist in a vacuum, since ef-
forts to promote the rational use of drugs are
affected both by international factors and the
characteristic limitations of the developing
countries. However, this is no justification for
complacency. There are strategies and inter-
ventions within the reach of the countries of
the Region that do not require high technol-
ogy or enormous budgets. Political will,
long-term institutional commitments, and the
broad participation of all sectors involved will
make it possible for our countries to begin to
guarantee that antibiotics will be as miracu-
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lous for future generations as they have been

for

ours.
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PROBLEMS AND DIFFICULTIES IN
CONTROLLING ANTIBIOTIC USE

Barbara E. Murray'

Antibiotic resistance continues to increase in widely divergent areas, from intensive care
units in highly industrialized countries to the community setting in lesser-developed ones.
While the factors contributing to bacterial resistance, namely, antibiotic selective pressure
combined with transmission of microorganisms, are well recognized, solutions to the prob-
lem remain elusive. This overview focuses on some of the problems inherent to developing
strategies for controlling antibiotic resistance.

OVERVIEW OF PROBLEMS CREATED BY
ANTIBIOTIC RESISTANCE

Antibiotic resistance can result in consider-
able cost to the patient and to the health care
system (1). The failure to choose an active
antibiotic allows the continuation of the in-
fectious process which may have serious
consequences, for example, neurological com-
plications from inadequately treated menin-
gitis. Also, because resistance is more com-
monly seen with older and generally cheaper
antimicrobial agents, the presence of resistance
will often mandate the use of a newer, broader-
spectrum and more costly agent, or the use of
combinations of antimicrobials. For organisms
such as vancomycin-resistant enterococci, the
physician may be forced to use an antimicro-

1 Professor and Director, Division of Infectious Diseases,
Department of Internal Medicine; Co-director, Center for
the Study of Emerging and Re-Emerging Pathogens, Uni-
versity of Texas Medical School-Houston, 6431 Fannin,
Room 1.728 JFB, Houston, TX 77030. Tel: (713} 500-6767;
Fax: (713) 500-6766. E-mail: inflfis@hear. med.uth.tme.edu
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bial agent of unproven efficacy, or combina-
tions of different agents that have shown some
activity in vitro or in animals but for which
there may be little, if any, clinical data in hu-
mans {2). Such alternatives may ivell be less
efficacious than the therapy of choice would
be for a susceptible organism. In addition, con-
cern on the part of the prescriber that an or-
ganism causing a very serious infection may
be resistant may cause the empiric choice of
newer and more potent agents, or combina-
tions of agents, for fear that waiting until an
organism has been identified and its suscep-
tibility determined will result in increased
morbidity or mortality. Examples of the in-
creased cost incurred include the widespread
empiric use in the United States of America of
the combination of vancomycin plus cefo-
taxime or ceftriaxone, instead of penicillin, for
therapy of children with pneumococcal men-
ingitis. Said recommendation arose from ob-
servations that a portion of pneumococci are
now resistant to penicillin and cephalospor-
ins (3, 4). While this practice is appropriate for
meningitis in areas with moderate rates of
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penicillin-resistant pneumococci, it unfortu-
nately may be overextended to include em-
piric therapy for most cases of meningitis, in-
cluding those of unknown cause, even when
the likelihood of a bacterial process is rather
low. This can result in unnecessary antibiotics
for up to 48 hours pending culture results,

RESISTANCE BEGETS RESISTANCE

There is a strong association between resis-
tance to newer antibiotics and the presence of
resistance to multiple older antibiotics. This
limits therapeutic choices and raises the pos-
sibility that the use of any of the antimicrobial
agents to which a particular strain is resistant
will select for and perpetuate all of the resis-
tances of the strain. Methicillin-resistant Staph-
ylococeus aureus, for example, not only express
cross resistance to other B-lactams, but are
typically resistant to multiple other antimicro-
bials such as ciprofloxacin, clindamycin,
aminoglycosides, erythromycin, and others
(5). Studies comparing susceptibility of meth-
icillin-susceptible and methicillin-resistant sta-
phylococci show that resistances are much
more common in the latter than in the former
(6). The same problem of multidrug resistance
is seen in Streptococcus prneumoniae; that is, a
penicillin-resistant pneumococcus is much
more likely to be resistant to other potential
therapeutic agents, such as erythromycin or
trimethoprim-sulfamethoxazole, than a peni-
cillin-susceptible organism (7). Similarly,
trimethoprim-sulfamethoxazole-resistant Shi-
gella spp. and Salmonella fyphi are often resis-
tant to other therapies such as ampicillin,
chloramphenicol, and tetracycline (8-11). This
has led to the use of nalidixic acid and, more
recently, fluoroquinolones in some areas of the
world, with the resulting emergence of nali-
dixic acid resistance in these same multidrug
resistant organisms (12). The presence of nali-
dixic acid resistance causes decreased suscep-
tibility to newer fluoroquinolones, such as
ciprofloxacin and ofloxacin, although these
organisms may still have MICs £ 1-2 ug/mL

(9, 13-15). The economic impact of alternative
therapy for typhoid fever, most often a
parenteral cephalosporin, for strains resistant
to the above mentioned orally administrable
antimicrobials is quite large. Anecdotal reports
from developing countries about finding
fluoroquineclone capsules of lesser potency
than stated poses a particular problem for
fluoroquinolones. Resistance to these agents
typically occurs by a series of mutational
events, each of which adds incrementally to
the resistance level of the organism. The easi-
est way to select single mutational steps,
which may increase the MIC to only a small
degree, is to use concentrations near the MIC.
Thus, the use of a drug at doses lower than
recommended would be an excellent way to
select for fluoroquinolone resistance, as occurs
when taking pills of lower potency.

FACTORS CONTRIBUTING
TO RESISTANCE

Antibiotic Use

Some factors that contribute to resistance
are not under human control. These include
whether an organism intrinsically resistant
to an antimicrobial is present in a person’s
flora at the time of treatment with antibiot-
ics; whether a mutation causing resistance
will occur during therapy, and whether re-
sistance will be transferred from one micro-
organism to another. On the other hand, we
do have control over antibiotic use, and it is
the presence of antibiotics that gives the se-
lective advantage to a resistant microorgan-~
ism. The use of an antimicrobial allows a
microorganism that is present in very low
numbers to proliferate and increase thou-
sands to millionfold and become the domi-
nant organism of its species. Well-described
examples include the marked increase in the
number of trimethoprim-resistant Escherichia
coli during the use of trimethoprim, and of
vancomycin-resistant enterococci during the
use of an oral glycopeptide (16, 17).
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Ease of Spread

Although the presence of an antibiotic is
important in increasing the number of resistant
organisms, the other very important factor con-
tributing to the problem of antimicrobial resis-
tance is the potential for spread of resistant
microorganisms to others. Settings known to
have high rates of transmission of infectious
pathogens also tend to have high rates of anti-
biotic resistance, partly because these organ-
isms are spread the same way (Figure 1). For
example, day-care centers in both developed
and developing countries are well known to
have high transmission of enteric pathogens
which have high rates of antibiotic resistance.
Several studies have documented much greater
resistance to antibiotics, including trimetho-
prim, in the flora of individuals who live in
developing countries when compared to those
in highly industrialized locations (18, 19). Trav-
elers to developing countries, including those
not consuming antibiotics, have also been
shown to acquire resistant organisms during
their stay abroad (20).

Relationship Between Antibiotic Use and
Spread of Resistant Organisms

An inherent complicating factor that con-
tributes to the increase in antibiotic resistance
is that settings with the greatest potential for
spread of antibiotic resistant organisms tend
to be the ones with the heaviest use of antibi-
otics, which likely causes amplification of the
resistance problem. Where there is overcrowd-
ing, poor sanitation, and/or failure to adhere
to recommended sanitary procedures, spread
of bacterial pathogens will be greater, leading
to more disease and a greater need for antibi-
otics (Figure 1). The use of more antibiotics,
in turn, creates more situations favorable for
multiplication of resistant organisms while
suppressing susceptible ones. Moreover, since
the same conditions that spread the bacterial
pathogens (e.g., Shigellz spp.) also promote the
spread of other enteric organisms (e.g., resis-
tant fecal E. coli), the increased number of re-

sistant organisms that are selected by antibi-
otic presence are then put back into the same
milieu that favors the spread of bacteria. Ex-
amples of such settings include those where
lack of clean water and irrigation with waters
contaminated with feces, among others, cre-
ate higher incidences of diarrheal diseases.
Furthermore, intensive antibiokic use, includ-
ing over-the-counter antibiotics, selects for
resistance in the bacteria in normal flora which
are then spread by the lack of clean water. Ina
similar manner, crowding, failure to wash
hands, to disinfect equipment, and heavy an-
tibiotic use contribute to outbreaks of antibi-
otic-resistant bacteria in intensive care units
in tertiary referral hospitals.

As mentioned above, day care centers in
highly industrialized countries also have high
rates of antibiotic resistance. These instifutions,
which may house large numbers of diaper-age
chilfdren who are unable to comply with sani-
tary normas that might be practiced by older fam-
ily members, are well known for outbreaks of
various infectious diseases, including hepatitis
A, Hnemophilus influenzae type b, giardia,
rotavirus, shigellosis, penicillin-resistant pneu-
mococd, and trimethoprim resistant fecal E. cofi
(21-23). In industrialized countries, the preva-
lence of resistance among fecal E. coli is much
higher in larger day-care centers than in smaller
ones, which in turn is higher than in children
not enrolled in day-care centers (24). Recent
reports have indicated that day-care centers may
also be a focus for emergence of methicillin-
resistant S. aurens in the community (25).

BARRIERS TO DECREASING OR
CHANGING ANTIBIOTIC USE

There are a number of difficulties in achiev-
ing prudent use of antibiotics, some of which
are listed below:

¢ Areas with high rates of disease have a great
need for antibiotics, and it may be difficuit
to decrease use where there is a great need
for use.



218 Problems and Difficulties in Controlling Antibiotic Use

FIGURE 1. Interrelatedness of bacterial transmission, bacterial disease,
antibiotic use, and antibiotic-resistant organisms
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* Ignorance as to the identity of the causal
agent and, if bacterial, to its antimicrobial
susceptibility, combined with fear of not
starting a patient with severe bacterial in-
fection on the proper antibiotic, causes
greater use of antibiotics and use of differ-
ent ones that may eventually be proven
unnecessary.

¢ Lack of availability or delay in obtaining sus-
ceptibility results for documented pathogens.

* History of allergy which is not well docu-
mented but which alters drug usage pat-
terns (e.g., a newer fluoroquinolone, a
cephalosporin or vancomycin instead of
penicillin).

¢ Patient expectation.

* Managed care and productivity issues.
Treatment for certain infections, e.g., uri-
nary tract infections, is increasingly being
administered empirically with cultures
taken only for failures. The necessity of
seeing larger numbers of patients may not
allow the physician sufficient time to ex-
plain to a patient the reasons for not giv-
ing an antimicrobial.

* Overestimations of local resistance prob-
lems, which may arise from extrapolation
of surveillance data in tertiary care hospi-
tals to the community and primary care
hospitais.
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* Recognition of new bacterial diseases (e.g.,
Helicobacter pylori, Borrelin burgdorferi) which
leads to antibiotic treatment of a subset of
the population which would previously not
have been so treated.

CONFOUNDING ISSUES RELATING
TO RESISTANCE

A fundamental problem relating to antibi-
ofic resistance is the fact that we do not know
how much resistance is due to appropriate use
and how much is due to inappropriate use.
Thus, even appropriate antibiotic use will
likely be followed by emergence of resistance
in some microorganism. For example, arnoxi-
cillin, however appropriately given for a pneu-
mococcal otitis media, may nonetheless be
followed by selection of ampicillin-resistant
E. coli among the normal flora, which may also
cause coselection for E. coli resistant to
trimethoprim or other antibiotics. Because re-
sistance to newer agents tends to be added to
strains already multiresistant, it could be pre-
dicted that newer antibiotics would coselect
for more resistances than older ones. In a study
of normal fecal E. coli in Mexico in the early
1980s, strains resistant to only trimethoprim
(the newest of the agents tested) were never
encountered, while strains resistant to only
ampicillin, sulfonamides, or other older drugs
were common (16). The ability of antibiotics
to select for resistance among the normal flora
as well as (or better than) in the infecting
pathogen helps create an enormous reservoir
from which resistance may be spread.

. Other problems inherent to developing
strategies to control resistance are that few, if
any, data are available to indicate how much
decrease in antibiotic use is needed to achieve
an improvement in resistance rates. This is
compounded by a paucity of information in-
dicating how much of the resistance problem
is due to antibiotic use and how much to trans-
mission. Among penicillin-resistant pneumo-
cocci, the predominance of a few specific
serotypes and the presence of some interna-

Honally spread clones (26-28) suggest that it
is easier to spread a resistant clone once it has
emerged than to recreate the resistance de
novo. While the same may not be true for other
types of resistance, such as mutational resis-
tance to fluoroquinolones, the spread of resis-
tant clones appears to be of major importance
for certain antibiotics in some organisms. For
these reasons, efforts to decrease antibiotic
resistance in the hospital setting are clearly
targeted to both decreasing transmission, as
well as decreasing antibiotic use. While these
goals may be achievable in sophisticated cen-
ters through continuing educationatl efforts, it
is not clear to what extent reduction in bacte-
rial transmission can be achieved in develop-
ing countries.

POSSIBLE SOLUTIONS TO THE
ANTIBIOTIC RESISTANCE PROBLEMS

Efforts to achieve prudent antibiotic use must
involve education of the decision-makers. In
some settings, the decision-maker will be a
physician. One approach to more prudent an-
tibiotic use in hospitals in the United States has
been to require approval by an infectious dis-
eases consultant prior to the administration of
the newest and / or most expensive antibiotics,
or at least, approval for their continuation be-
yond a 24-48 hour period.

Information indicating what antibiotics are
used and what they are used for will be
needed in order to determine what adjust-
ments in usage are desired, and to determine
the types and targets of educational interven-
tions. For exarnple, hospitals that have deter-
mined that high usage of vancomycin relates
to therapy of single blood cultures positive for
coagulase-negative staphylococdi, in cases of
poorly documented allergies, or for routine
surgical prophylaxis may achieve reduction
in vancomycin prescription by focusing on
these areas of inappropriate use. In other
locations, pharmacists, other health care work-
ers, or family members may be the dedsion-
makers in regard to administering or request-
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ing antibiotics, and education programs for
these individuals will differ from those in ter-
tiary referral hospitals.

IS THERE A PRICE TO PAY FOR
DECREASING ANTIBIOTIC USE?

Antibiotics have been instrumental in de-
creasing the morbidity and mortality associ-
ated with a number of infectious diseases.
Since diagnostics are imperfect, a reduction in
widespread antibiofic use will likely incur
some cost in terms of disease prevention or
treatment. That is, we will occasionally be in-
correct in not treating an illness that turns out
to be bacterial and in using an agent to which
an organism is resistant. Consensus guidelines
may be useful in directing proper use, and will
certainly be different depending on the infec-
tion and its possible sequelae (e.g., treatment
of gonorrhea versus treatment of pneumococ-
cal meningitis). While public health guidelines
exist for empiric treatment of gonorrhea in a
community when resistance reaches a certain
level, there are few, if any, guidelines that sug-
gest what level of resistance in a hospital jus-
tifies use of more broad spectrum or expen-
sive agents for empiric therapy of nosocomial
infections. Guidelines for antibiotic use would
reed to be based on disease symptomatology
and severity, local disease prevalence and an-
tibiotic resistance patterns, and would need
to balance the risk of resistance {and potential
adverse drug effects) with the risk of possi-
ble adverse outcomes with the strategies
recommended.

ANCILLARY STRATEGIES

Ideal use of antibiotics requires rapid diag-
nostics to identify a bacterial etiology as well
as its susceptibility at the time of presentation
of the patient. Since such technology is at the
least decades into the future, other efforts that
may decrease resistance or at least slow its
increase remain important. If bacterial disease

can be prevented, then the need for antibacte-
rials will decrease; in consequence, selective
pressures exerted by antimicrobials will di-
minish and resistance problems should im-
prove or slow in their increase. Improvement
of general standards of living, including clean
water, safe food, lack of crowding, and access
to health care, as well as educational level, are
of primary importance in this regard, but
largely beyond our control. Other efforts to
decrease disease rates may include targeted
education toward improvement of water and
food safety. Implementation of the highly ef-
fective vaccine for H. influenzae type b has re-
duced invasive digease caused by this organ-
ism dramatically in regions that can afford the
distribution and administration of this vac-
cine. Conjugate vaccines based on the pneu-
mococcal serotypes most commonly associ-
ated with penicillin resistance have been
developed and appear quite efficacious, sug-
gesting this strategy may decrease the prob-
lem of penicillin resistant pneumococci. While
an increase in colonization by other serotypes
may follow, if vaccines are successful against
the more invasive and more resistant sero-
types, they should at least temporarily
be beneficial for the problem posed by
penicillin-resistant pneumococci. However,
administration of these vaccines to children
in developing couniries that may have the
greatest need for them may not be achievable.

CONCLUSION

The problems of antibiotic resistance are
unlikely to diminish. While some new anti-
microbials are on the horizon for Gram-
positive organisms, they are not likely to be
inexpensive. Furthermore, probably the same
cycle of resistance will follow if antibiotic use
and transmission of bacteria remain high.
Moreover, development of new affordable oral
drugs for gonorrhea, dysentery and typhoid
are further behind. This strongly suggests that
efforts to prevent spread of bacteria and to
decrease the selective pressure exerted upon
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them remain paramount issues for decreasing
resistance rates or, at least, slowing their
increase.
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THE RISK OF LOSING THETOOL FOR
TUBERCULOSIS CONTROL:
THE SITUATION IN ARGENTINA
AS A BASIS FOR ANALYSIS

Lucia Barrera’

Argentina is a country where the evolution of multidrug-resistant tuberculosis has been
studied while validating known concepts. This resistance originated and spread among
patients that received repeated treatments over a period of time in which the rate of cure was
lower than that considered acceptable by international guidelines. Irregular or incomplete
treatment led to the selection of multidrug-resistant strains in patients who were normally
referred to infectious disease hospitals because of difficulties in the clinical management of
these cases. Located in large cities where the prevalence of AIDS is greater, these institu-
tions also have a high concentration of HIV-infected patients. There, the bacillus of multidrug-
resistant tuberculosis found hosts where it could readily multiply and spread.

Multidrug resistance is still limited to groups of patients with specific medical histories,
such as previous treatment or immunosuppression, and hospital stays in institutions which
have reported nosocomial outbreaks. Nonetheless, this phenomenon serves as a timely warn-
ing for correcting poor practices, such as the inconsistent administration of drugs, as well as
inappropriate decisions or conditions regarding patient hospitalization. If these changes are
not made, chemotherapy will progressively lose its effectiveness. The result of extensive and
in-depth research, this chemotherapy continues to be an essential tool for controlling tubercu-

losis—particularly given the lack of progress in developing new vaccines or antibiotics.

A great deal of effort and state-of-the-art tech-
nology have been devoted to overcoming the
limitations of the BCG vaccine. However, nei-
ther the attenuated, recombinant, or mutated
variations of the bacilli recently created by
scientists to increase the expression of certain
antigens, nor purified protein or DNA sub-

"Mycobacteria Service, Department of Bacteriology,
Nationatl Institute of Infectious Diseases Dr. Carlos G.
Malbran ANLIS (National Administration of Health Lab-
oratories and Institutes), Buenocs Aires, Argentina.
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units, have resulted in significantly better im-
munogens. Without a vaccine to prevent the
tuberculosis bacillus from becoming lodged
in the lungs, the bacilli multiply and form
a lesion, which then ulcerates, bursts, and
spreads new bacilli. Thus, Koch’s assertion in
1862 still holds true: the first step in control-
ling tuberculosis must be eliminating, as far
as is humanly possible, the sources of infec-
tion. One of these sources, and certainly the
most basic, is the sputum of the patients. Koch
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established that curing tuberculosis not only
restores the patient’s health but is essential in
controlling the disease. Today, this continues
to be the only effective action.

Using the most basic microscopy tech-
niques, Koch observed that the bacillus had a
cell wall with very unusual characteristics. His
successors used electron microscopy and im-
munochemisiry to map out the structure of
this wall “shield,” molecule by molecule. Thus
they demonstrated why most broad-spectrum
antibiotics cannot penetrate this microorgan-
ism and act on the metabolism or biosynthe-
sis of the germ.

The discovery of streptomycin in the mid-
twentieth century was followed by 20 years of
intense research leading to a specific and effec-
tive treatment. The most active drugs were
identified and selected when it was discovered
that the bacillus had two weak points. The first
was that RINA synthesis could be paralyzed by
rifampicin, since it shows a high affinity for
combining with the only RNA-polymerase of
the bacillus. The second weakness of the bacil-
lus is that isoniazid can prevent its cell walt
from being synthesized. One of this drug’s ef-
fects is the inhibition of the synthesis of my-
colicacid precursors. it was also discovered that
administering a single antibiotic was not suffi-
cient, because the bacillus quickly became re-
sistant to it. Thus, it was learned that multidrug
therapy eliminated the selection of drug-resis-
tant mutants and the drugs aimed at different
targets on the bacillus had an additive action,
preferring populations of microorganisms with
different levels of reproduction and metabolic
activity in the lesion. It was concluded that the
way in which the drugs were combined and
the quantities administered were relevant.
Optimal treatments were designed that mini-
mized the patient’s infective period, relapses,
and resistance to antibiotics. These remarkable
experiences defined in minute detail the tool
that promised to wipe out tuberculosis. And
when this tool was not misused, its effective-
ness remained unaltered—until today.

In Argentina, as in several other countries,
a situation is coming to the fore that tests the

veracity of this assertion. The National Pro-
gram for Tuberculosis Control (PNCTB) has
adopted an effective treatment regimen in
which the patient is administered isoniazid,
rifampicin, ethambutol, and pyrazinamide for
2 months, followed by 4 months of isoniazid
and rifampicin. In the case of patients with
HIV, the four months of the second stage are
extended to seven months. This treatment’s
high degree of effectiveness is counteracted
by resistance to isoniazid or rifampicin and
can be nullified when there is resistance to
both drugs—that is, mulltidrug resistance.

Surveillance of resistance to tuberculosis
drugs has been in effect in Argentina since
1968 (1). In 1994, the Naticnal Network of Tu-
berculosis Laboratories conducted the last na-
tional study. (See Table 1.) Acquired multidrug
resistance among non-HIV patients increased
from 0.9% during the period 1968-1978, to
7.8% in 1979-1986; and 104% in 1987-1992,
In 1994, acquired multidrug resistance reached
19.1%. However, initial multidrug resistance
was not detected during the period 1968-1978,
and was 0.2% between 1987 and 1992, and
0.8% in 1994.

The vast majority of cases being detected
do not have a history of prior treatment with
tuberculosis drugs. Initial multidrug resis-
tance, i.e. where a patient has been infected
for the first time with a multidrug resistant
strain, is a rarity. It was first documented in
the 1990s, and has not surpassed 1%. Essen-
tially, multidrug therapy as a means for con-
trolling tuberculosis among patients who have
not previously undergone this treatment con-
tinues to be effective in more than 99% of cases.

In Argentina, there are no exact figures on
the number of diagnosed tuberculosis patients
that undergo repeated treatments, but cer-
tainly they are a clear a minority when com-
pared with previously untreated cases. How-
ever, the former have probably increased in
the past 20 years, judging by the rate of cure
recorded in Argentina. Between 1978 and 1994,
the PNCTB conducted studies that showed the
cure rate hovered around 60% (2, 3). In gen-
eral, the health system did not foresee the pos-
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not coded in promiscuous mobile elements
(plasmids, transposons, integrons) but in the
chromosome. Furthermore, some evidence
suggests that multidrug-resistant strains are
less virulent than susceptible ones, as this is
the behavior seen in animal models. This has
a biological cause: the mutation that most fre-
quently determines whether a strain becomes
resistant to isoniazid affects the catalase-per-
oxidase enzyme of the bacillus. Without this
enzyme activity, the microorganism is more
vulnerable against super-oxygenated com-
pounds produced by the host’s macrophages
to attack it. In this case, the host can win the
battle with greater ease, decreasing the possi-
bility of progression of the infection to disease
and further spread of the bacilli.

However, in this decade, we have adopted a
poor practice that fosters the spread of multi-
drug resistance. Since the clinical management
of multidrug-resistant hiberculosis cases is very
difficult, patients are often referred to special-
ized hospitals located in major urban centers
where there is also a concentration of HIV-in-
fected patients. In this environment, multidrug-
resistant strains find a niche where they can
reproduce and spread rapidly and freely. This
niche is provided by the immunosuppressed
host, which seems to foster the prevalence of
certain strains. In 1994, the degree of multidrug
resistance was measured for the first time in
Argentina among patients with AIDS. The
study was carried out during a peak period of
nosocomial outbreaks of multidrug-resistant
tuberculosis, which were later confirmed
through excellent molecular epidemiology
studies (4-6). Under those circumstances, the
proportion of patients with AIDS-associated
tuberculosis included in the study (12.6%) was
over fivefold the national estimate for that same
time period (7). The degree of multidrug resis-
tance among these patients was extremely
alarming. Based on this analysis, and in con-
trast with information disseminated in inter-
national documents (8}, the rates for the popu-
lation with AIDS should have been analyzed
independently and not averaged in with the
rest of the population (9).

Since this study, the PNCTB has given pri-
ority to the decentralization and supervision
of the treatment in primary health services,
placing special emphasis on geographical ar-
eas with greater numbers of patients and
higher incidences of tuberculosis. A cohort
study conducted in 1997 showed that 38.2%
of the treatments administered had been su-
pervised and that the rate of cure was 71.1%
(10). These results show progress, but are still
far from the international objective to gener-
alize directly observed treatment and achieve
an 87% cure rate.

There still is no evidence of significant
progress in controlling nosocomial transmis-
sion. Analysis of the registries at national ref-
erence laboratories and hospitals with the
highest number of outbreaks in Argentina
show that the number of multidrug-resistant
cases remained relatively stable behween 1995
and 1998 (11). Care of multidrug resistance
cases continues to be provided in specialized
hospitals in cities with high population den-
sities, and is strongly associated with ATIDS.
Most of these patients are infectious, and
multidrug-resistant strains have already been
transmitted to health workers in the hospitals
where these patients receive care.

Judging by the distribution and profile
of this multidrug resistance, nosocomial
strains tend to prevail among patients with
multidrug-resistant tuberculosis. Isolates re-
covered from patients and sent to reference
laboratories in 1998 are being classified by the
genetic fingerprinting method at the Pan
American Institute for Food Protection and
Zoonoses. This will allow the identification of
the strain diversity currently dcirculating in the
country, the prevalence of each strain, the
length of the circulation period after their iden-
tification, and potential means of transmis-
sion, both within and outside of hospitals.
Simultaneously, the National Network of Tu-
berculosis Laboratories launched a new na-
tional study that will make it possible to moni-
tor trends of multidrug resistance rates and
have a reliable indicator of the efficacy of con-
trol measures.
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The following conclusions may be drawn
from analyzing the information available on
multidrug resistance in Argentina.

* Multidrug resistance is not a cause for con-
cern among patients with no history of prior
tuberculosis treatment, immunosuppres-
sion, or repeated hospitalization in special-
ized hospitals for infectious diseases.

* Multidrug resistance is the result of poorly
administered treatment and it has increased
because inadequate criteria and biosafety
measures have been applied in hospitaliz-
ing patients. At present, multidrug resis-
tance is confined to well-defined pockets of
the population.

Once multidrug-resistant strains have been
established in a susceptible commumity, they
are very difficult to eliminate. There is no
highly effective drug therapy to rotate antibi-
otics and halt the production of multidrug-
resistant bacilli in patients, thereby eliminat-
ing the selection of these microogranisms.
Furthermore, when it is not possible to enforce
first-line drug regimens, it is difficult to en-
sure the continuous availability and proper
administration of more complex, toxic, and
expensive treatment regimes using drugs of
restricted production. Under these circum-
stances, the multidrug resistance encoded on
the chromosome is not transmitted horizon-
tally, but vertically from one generation of
bacilli to the next, becoming a stable and last-
ing characteristic of the species. The bacillus
is capable of consistently retaining the infor-
mation learned in its effort to win the battle
against humankind.

Paradoxically, while we have not managed
to discover new weak points in the bacillus,
scientists have broken it down so that the
complete sequence of its chromosome has
been deciphered. With some exceptions, the
new antibiotics being manufactured are ac-
tually old antibiotics with some modification
in their structure or some new component.
Once the bacillus has become resistant to an
antibiotic, it need only evolve very little to

become resistant to variations of the drug.
Thus, if we do not heed the alarms and elimi-
nate poor practices, we could succeed in de-
stroying the precious tool that took so long
to design. We could even put an end to the
era of antibiotics.

The following institutions and individuals
participated in the present study:

Coordination/Quality Assurance: National
level, Institute of Microbiology “Carlos G.
Malbrén”, National Institute of Epidemio-
logy “Emilio Coni”.

Advisory Commission: Argentine Commis-
sion on Bacteriology of Tuberculosis (Presi-
dent, Gladis Amadio; Vice-president, Martha
DiLonardo; Secretary, Lucia Barrera. Mem-
bers: Omar Latini, Graciela Poggio, Isabel
Terez, Carlos Ferndndez Pascua, Horacio
Rouselle, Nilda Pascussi, Néstor Blazquez and
Ana Etchart.)

Advisor: Isabel N. de Kantor (PAHO/
WHO).

Participants in the National Network of Tuber-
culosis Laboratories:

City of Buenos Aires, Martha DiLonardo,
Martha Hoffman, Isabel Terez; Buenos Aires
Province, Graciela Poggio, Ana Reniero, Nora
Morcillo, Carlos Alexandre, Carlos Ferndndez
Pascua; Cérdoba, Ana Barnes; Corrienges,
Mirtha Semenza de Roig; Chaco, Nilda
Pascussi, Norma Lodeiro; Entre Rios, Alicia
Sologuren; Formosa, Ménica de Colombo;
Jujuy, Ana Etchart; La Pampa, Adriana Pereira
Mendoza, Horacio Rouselle; Misiones, Maria
Laura Fernandez; Neuquén, Susana Brasili;
Rio Negro, Nestor Blazquez; Saita, Luisa de
Chivéan, Maria L. Cacace, Mario Cisneros; San
Luis, Nelsa Bonardello; Santa Fe, Maria
Sequeira de Latini, José Aita, Martha Di
Lorenzo, Griselda de Rudy; Santiago del
Estero, Delina Chanampe; Tucuman, Marfa
Cristina Trejo.
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TRENDS IN ANTIMICROBIAL
CONSUMPTION IN CHILE

Luis Bavestrello Fernandez' and Angela Cabello Mufioz?

The purpose of this study was to determine the consumption patterns for antimicrobial
drugs in Chile as part of a Ministry of Health project to develop a policy for the vational use
of auntibiotics. International Marketing System data on sales by private pharmacies coun-
trywide in 1996 and 1997 were utifized. For each antimicrobial drug the information ob-
tained was compared with data from 1988. The unit used to measure consumption was the
number of defined daily doses (DDD) per 1,000 population per day. A large increqse in
consumption was detected betweer 1988 and 1997 for broad-spectrum oral penicillins, cepha-
losporins, fluoroguinolones, and macrolides. Only chloramphenicol consumption declined

in the 10 years studied.

INTRODUCTION

Supposedly, there has been a notable in-
crease in the consumption of antimicrobial
drugs in Chile. The rising purchasing power
of the population in the past 10 years, sales
promotion by pharmaceutical laboratories, the
business nature of pharmacies, and the lack
of education and awareness of the problems
generated by the overconsumption of these
drugs are possible causal factors. However, the
current uncontrolled sale of antibiotics in the
country may also be a contributing factor.

Although the labels on antimicrobial drugs
indicate “sale by prescription” and require the
pharmacy to retain prescriptions for cepha-
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losporins, aminoglycosides, and other drugs,
in the absence of monitoring systems these
requirements are not observed in practice in
the majority of private pharmacies in Chile (1).
Thus, it is possible to purchase any antimicro-~
bial drug with or without a medical prescrip-
tion. There is the added risk of patients, on
their own initiative, consuming improper dos-
ages over inadequate periods of time, as these
products have not been prescribed and are not
accompanied by information or instructions
from an authorized professional. The risk of
creating antimicrobial resistance through in-
discriminate mass consumption of antibiotics
is real and has been demonstrated in closed
stidies and population studies (2, 3).

The general objective of this study was to
determine antimicrobial consumption pat-
terns in the community in 1996 and 1997. The
specific objectives proposed were as follows:
to determine the trends in antimicrobial drug
consumption in the past 10 years; to identify
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the groups of antimicrobials with the highest
levels of consumption in the community; and
to determine the approximate expenditure
arising from community consumption of
antimicrobials.

The first part of the study analyzed the in-
formation in the International Marketing Sys-
tem (IMS) corresponding to the sale of anti-
microbials in the country’s private pharmacies
in 1996 and 1997. For comparison purposes,
the unit used to measure consumption was the
number of defined daily doses (DDD) (4) per
1,000 population per day (3), which, as its
name indicates, reflects consumption of the
DDD specific to the antimicrobial (5) for ev-
ery 1,000 inhabitants in a day (6).

This unit of consumption carries some bi-
ases; for example, it utilizes the DDD of the
specific drug as established for adults; it does
not indicate whether consumption is by pre-
scription, or provide information on the ac-
tual use of the drug after purchase. Neverthe-
less, it is the measure utilized most frequently
in population studies worldwide, and makes
it possible fo obtain a homogeneous picture
of consumption patterns (7). This same con-
sumption unit was utilized in a similar study
conducted in Chile in 1989, against which
the results obtained in this study were com-
pared (8).

MATERIALS AND METHODS

Population census data provided by the
National Institute of Statistics (INE) indicated
that the total population of the country was
12,748,207 in 1988; 14,418,864 in 1996; and
14,622,534 in 1997. Data on the sale of all anti-
microbial drugs were grouped by generic
name; the antibiotic groupings are shown in
Table 1. With respect to consumption, it was
assumed that antibiotics were sold to be con-
sumed and that the quantities sold equaled
those consumed.

Because there were multiple presentations
and brand names for each antimicrobial un-
der study, consumption was converted to

grams, obtained by multiplying the desage in
grams by the number of tablets per container
and then by the number of containers of each
drug sold. In the case of liquid dosage forms
(syrups and suspensions), the number of
grams was calculated by dividing the num-
ber of milliliters per container by the number
of milliliters per dose and then multiplying
the result by the dose in grams and then by
the amount sold.

To calculate the DDD per 1,000 population
per day, the specific DDD for each antimicro-
bial as published by the Council of Nordic
Medicine (4) was used. The DDD is an arbi-
trary measure based on the average daily
maintenance dosage of a drug used for its
principal indication for an adult in a given
dosage form. The specific DDDs utilized are
presented in Table 1.

The formula utilized for the unit of con-
sumption used in the study was:

DDD per 1,000 population per day =
{no. of grams sold annually) x (1,000 inhabitants)
(365 days) x (specific DDD) x {population)

Thus, two DDD per 1,000 population per day
is interpreted in the following way: on average,
each day of the year under study, two out of
every 1,000 inhabitants would be consuming the
specific DDD of the antibiotic in question.

RESULTS

Table 2 shows the number of grams of each
antimicrobial drug sold in 1996 and 1997. Con-
sumption was highest for amoxicillin, with
approximately 24 tons sold in 1996 and 27 tons
in 1997. The table also shows the DDD values
per 1,000 population per day for each drug
listed, with amoxicillin reaching the highest
number, 5.2, in 1997. This means that for ev-
ery 1,000 population, on any given day more
than five people, on average, were consum-
ing the specific DDD for amoxicillin, which
corresponds to 1 g. In Chile in 1997, on an av-
erage day, 12 out of every 1,000 people re-
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TABLE 1. Groups of antimicrobials under study and their specific defined

daily doses (DDD)

Specific DDD
Group Antibiotic {gratns)
Oral macrolides Clarithromycin 0.5
Azithromycin 0.3
Erythromycin 1
Lincomycin 1.8
Roxithromycin 03
Clindarnycin 1.2
Penicillins, broad-spectrum, oral Amoxicillin 1
Ampicillin 2
Amoxicillin-clavulanic acid 1
Sultamicillin 1.5
Sufbactam 1
Penicillins, med./narrow- Cloxacillin 2
spectrum, oral Flucloxacillin 2
Phenoxymethylpenicillin 2
Penicillins, med./narrow- Benzathine benzylpenicillin 1.2 MUI*
spectrum, parenteral Sodium penicillin 316
Cephalosperins, oral Cefadroxil 2
Cefuroxime 1
Cefixime 0.4
Cefradine 2
Ceftibutene 0.4
Cefaclor t.5
Cefalexin 2
Fluoroquinolones Ciprofloxacin 1
Norfloxacin 0.8
Fleroxacin 0.4
Trimethoprim assoc. Cotrimoxazole 0.4
Tetracycline and associated Tetracycline 1
Minocycline 0.2
Doxycycline 0.1
Chloramphenicol and associated Chloramphenicol 3

Note: Because the objective of the study was to determine commurtity consumption of antibiotics,
parenteral dosage forms were excluded, except for sedium and benzathine peniciilins and the dosage
forms for topical use (for example, creams, ointments, and collyria).

* A specific DDD does not appear in the Anatomical Therapeutic Chemical Classification Index,

thus 1.2 MUY was used,

ceived the DDD of some antibiotic, as indi-
cated by the sum of DDDs per 1,000 popula-
tion per day. For 1996 the sum was 10.5. Thus,
the increase in antimicrobial consumption
between 1996 and 1997 was 13.1%, while the
increase in the population between those years
was only 1.4% (see population data above).

Table 3 shows the percentages (grams) of
antimicrobials consumed in liquid form, such
as syrups and oral suspensions, used prima-
rily on the child population. It also shows that
consumption by children amounted to 50% of
the amoxicillin plus a B-lactamase inhibitor,
followed by cefadroxil.
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TABLE 2. Annual amount in grams sold in 1996 and 1997 and DDD per 1,000 population per day for

antimicrobials under study. Chile, 1996 and 1997

DDD consumed per 1,000

Grams sold population per day

Antimicrobial drug 1996 1997 1996 1997
Clarithromycin 569,108 859,555 0.216 0.322
Azithromycin 320,748 537,075 0.203 0.335
Erythromycin 2,948,804 3,300,357 0.560 0.618
Lincomycin 862,905 820,188 0.091 G.085
Roxithromycin 81,549 62,856 0.052 0.039
Clindamycin 42,134 43,240 0.007 0.007
Amoxicillin 24,274,484 27,773,535 4.612 5204
Ampicillin 6,105,441 6,546,963 0.580 0.613
Amoxicillin-clavulanic acid 1,877,418 2,207,017 0.357 0414
Sultarmiciilin 106,089 98,201 0.013 0.012
Sulbactam - 93,419 - 0.018
Cloxacillin 4,169,144 4,454 177 0.396 0417
Flucloxacillin 1,430,689 1,763,354 0.136 0165
Phenoxymethylpenicillin 1,699,713 2,127,526 0.161 0.199
Sodium penicillin 936,747 1,003,279 0.049 0.052
Benzathine benzyipenicillin 1,171,085 1,197,167 0.185 0.187
Cefadroxil 1,283,246 1,469,189 0.122 0.138
Cefuroxime 81,350 113,959 0.015 0.021
Cefixime 77,336 61,336 0.037 0.029
Cefradine 491,775 530,809 0.047 0.05

Ceftibutene 26,342 23,103 0.013 0.011
Cefaclor 8,546 44,397 0.001 0.006
Cefalexin 21,630 21,082 0.002 0.002
Ciprofloxacin 1,111,438 1,388,337 021 0.26

Norfloxacin 85,586 74,450 0.021 0.017
Fleroxacin 11,468 9,279 0.005 0.004
Trimethoprim 2,189,085 2,482,683 1.040 1.163
Tetracycline 3,131,264 3,352,864 0.595 0.628
Doxycycline 204,631 233,964 0.389 0.438
Minocycline 361,085 413,049 0.343 0.387
Chloramphenicol 1,255,326 1,271,500 0.080 0.079

Antimicrobial consumption can also be mea-
sured by the number of containers sold, as
shown for each group of antimicrobials from
1988 to 1997 in Table 4. A substantial increase
in sales can be observed, especially in the
macrolides, broad-spectrum penicillins, cepha-
losporins, and fluoroquinolones. The only an-
timicrobial for which the number of containers
sold decreased was chloramphenicol.

Table 5 shows that spending on antibiotics
in private pharmacies in Chile increased al-
most by 300% between 1988 and 1996, and by
20% between 1996 and 1997, by which time it
had reached nearly US$ 46 million. Figure 1
shows that macrolides and broad-spectrum
penicillins account for the greatest proportion
of the expenditure.

Table 6 compares the DDD values per 1,000
population per day for some antimicrobials
in 1988 with those obtained in this study. Table
7 shows the percentage increase in 10 years;
consumption of amoxicillin in association with
clavulanic acid increased the most, and chlor-
amphenicol was the only drug whose sales
decreased.

CONCLUSIONS

Analysis of sales in private pharmacies in
Chile reveals that the percentual increase in
the consumption of most antibiotics studied
is higher than the growth in the population,
except in the case of chloramphenicol, whose
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TABLE 3. Grams of antimicrobials sold in liquid oral dosage forms (syrups
and suspensions) and percentage of the total grams sold, for antimicrobials
having substantial sales of those dosage forms. Chile, 1996 and 1997

1996 1997
Grams sold Percentage Grams sold Percentage

Antibiotic (oral/liquid) of total (oral/liquid) of total
Clarithromycin 205,228 36 241,526 28
Azithromycin 70,174 22 132,858 25
Erythromycin 1,304,639 44 1,362,300 41
Amoxicillin 8,717,766 36 775,736 35
Ampicillin 413176 7 41,562 7
Amoxicillin-clavulanic

acid 986,705 52 092,710 50
Cefadroxil 459,652 36 93,964 40
Flucloxacillin 376,009 26 11,556 23
Trimethoprim 534,874 24 43,219 22

TABLE 4. Number of containers of antimicrobials sold in private pharmacies in Chile, by year and by
antimicrobial group, 1988 to 1997

Penicillin, Penicillin
broad- med./narrow- Cephalo-  Trimetho- Chloram-  Fluorogui-

Year Macrolides  spectrum  spectrum sporins prim Tetracycline  phenicol nolones
1988 765,800 3,199,000 3,488,600 . 1,409,800 836,500 392,600

1989 798,400 3,373,700 3,797,800 185,200 1,457,000 851,400 457,100

1990 989,235 3,633,271 3,379,425 214,084 1,478,396 870,288 398,428

1991 1,053,390 4,104,949 3,354,194 221,457 1,717,625 1,028,031 402,170

1992 1,118,807 4,368,913 3,240,031 247,261 1,578,412 914,297 278,566
1993 1,435,275 5,151,850 3,289,910 322,135 2,752,653 883,301 298,809 240,167
1994 1,400,078 5,090,712 3,250,074 367,539 1,543,922 844,178 276,392 269,452
1995 1,615,879 6,213,139 3,548,893 505,036 1,532,223  1,016,8%0 320,594 307,376
1996 1,818,824 6,858,590 3,676,448 537,154 1,550,226 979,917 341,639 335,728
1997 2,076,073 7,799,949 4,035,888 563,902 1,692,889 1,055,055 330,348 414,625

Source: International Marketing Service.

... Data not available,

TABLE 5. Sales (in US$) of antimicrobial drugs in private pharmacies, Chile,
1988, 1996, and 1997

Antibiotic group 1988 1996 1997
Macrolides 1,599,000 10,790,383 14,745,019
Broad-spectrum penicillins 3,062,000 11,606,151 13,869,812
Penicillins, medium-

and narrow-spectrum 2,997,000 3,814,038 4,141,114
Cephalosporins 1,601,000 3,692,174 4,275,996
Fluoroquinolones 709,000 3,512,470 4,203,548
Trimethoprim 1,968,000 2,199,671 2,316,532
Tetracycline 772,000 1,682,546 2,014,394
Chloramphenicol 319,000 306,255 308,233

Total 13,027,000 37,603,688 45,874,648

Source: nternational Marketing Service.



Bavestrello Ferndndez and Cabello Muioz 233

consumption decreased between 1988 and
1997. This substantial increase in consumption
reflects the shortcomings of the systems that
control the utilization of antimicrobial drugs,
whose indiscriminate use can cause these
products to lose their effectiveness. This in-
creased consumption also has an economic
impact on the general population and on the
health systems that must cofinance it.

When subjected to detailed analysis, a sig-
nificant percentage of the consumption of
macrolides, broad-spectrum penicillins, cepha-
losporins, and cotrimoxazole in 1996 and 1997
corresponded to liquid dosage forms, presum-
ably for the child population. This heightens
even further the perception of antimicrobial
overuse, given that the specific DDD for each
antibiotic is calculated for the adult population.
Therefore, it may be inferred that consumption
is greater than what is indicated by an analysis
of the adult population alone.

TABLE 6. Comparison of the defined daily dose con-
sumed per 1,000 population per day for some anti-
micrabials, Chile, 1988, 1996, and 1997

Antimicrobial agent 1988 1996 1997
Cloxacillin 0.39 0.396 0417
Ampicillin 0.54 0.38 0.613
Amoxicillin 0.87 4.612 5.204
Amoxicillin-clavulanic

acid 0.0025 0.357 0.414
Chloramphenicol 0.097 0.08 0.079
Norfloxacin 0.017 0.0621 0.017
Ciprofloxacin 0.032 0211 26
Cephalosporins 0.064 0237 0.257
Trimethoprim 0.965 1.04 1.163
Fluoroguinolones 0.066 0.237 0.281

There has been an increase in the sale of
drugs from the most recently developed
groups of antimicrobials, (macrolides, penicil-
lins combined with B-lactamase inhibitors,
cephalosporins, and fluoroquinolones) that
does not appear to be related to actual need.

FIGURE 1. Sales (in US$) of antimicrobials in private pharmacies, Chile, 1988, 1996, and 1997
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TABLE 7. Increase (%} in defined daily dose of some REFERENCES
antimicrobials consumed per 1,000 population per

1. Soto P Andlisis de peticiones de antimicrobiano:
day, Chile, 1988 and 1997 . peticione sa

nivel de farmacias privadas. Memoria para optar al

Defined daily dose per titulo de Quimico Farmacéutico. Profesor patroci-

1,000 population per day nante: Quimica Farmacéutica Inés Ruiz, Universidad

Antimicrobial 1988 1997 % change de Chile, Facultad de Ciencias Quimicas y Farma-
Cloxacillin 039 0417 7 céuticas, 1996.

Ampicillin 0.54 0.613 14 2. Iriarte S. Estucio multicéntrico de consumo de anti-

Amoxicillin 0.87 5.204 498 bibticos en América Latina. Tesis de Grado para optar al

Amoxicillin-clavulanic ttulo de Quimico Farmacéutico. Director de Tesis: Dr.

acid 0.0025 0414 16,460 Luis Bavestrello, Universidad de Valparaiso, Facultad de

Chlqramphenicol 0.097 0.079 -18 Medicina, Escuela de Quimica y Fatmacia, 1994.

Cotrimoxazole 0.965 1.163 20 3. Antibiotic use and antibiotic resistance worldwide:

ﬁi%';zg’jﬁgl‘gses ot phic summary of a 19831986 study. The APUA Newsletter
: . Fall 1987:4-5.

4. Serradell ], Bjornson D, Hartzema A. Drug utiliza-
tion study methodologies: national and international
perspectives. Drug fntelligence and Clinical Pharmacy
1987,21:994-1001. :

5. WHO Collaborating Centre for Drug Statistics Meth-

In Chile, this might reflect the impact of mar- odology. Anatomical Therapeutic Chemical {(ATC)
keting activities and sales policies of both the (C:E‘fif:i‘f;‘:“ I:C‘}z’gi Zn}iagifglfff; o
1= - . rm alaria. Plan de cooperacién
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cies, which target an uninformed consumer Panamé 1987. Barcelona, Espafia. Tomo HL:621-656.
population. 7. Pérez-Gorricho B., Baguero F. Antibiotic consump-
In light of the data presented and the trends tion in Spain: the last 10 years. The APUA Newsletter
in antibiotic consumption over time, a policy Spring 1988:6-7.

. L. 8. Bavestrello, I. Consumo de antimicrobianos en Chile,
govermng the sale and control of antimicro- 1988, Presented in the 2° Taller de Consumo y

bial agents in the community is urgently Resistencia de Antimicrobianos en Latinoamérica.
needed for their effective utilization. Vifia del Mar, Chile, 1989.
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A comparative study of antibiotic use was conducted in the member countries of the Pan
American Association of Infectious Diseases. The initial phase included a study of some of
the oral antibiotics used most often on an outpatient basis in Argentina and Uruguay dur-
ing 1997. The results were expressed in daily defined doses (DDD) consumed per 1,000
population per day. A large number of brand names were observed in both countries, even
though more than 60% of the sales corresponded to one or two pharmaceutical laboratories.
Antibiotic consumption in terms of DDD was greater in Argentina than in Uruguay. In
both countries aminopenicillins were used more frequently than macrolidesfazalides and
guinolones. The ratio of aminopenicillins used alone to combinations with B-lactamase in-
hibitors was 6:1 in Argentina and 14:1 in Uruguay. Among the macrolides, clarithromycin
and azithromycin tended to be used more frequently than older drugs of this group in both
countries. This was especially true in Uruguay, where the use of erythromycin and
roxithromycin was barely measurable in terms of DDD (0.009 and 0.004 per 1,000 pop-
ulation per day, respectively). The differences found are probably atfribuiable to varintions
in the self-medication index, level of education of health professionals, and orientation of
the pharmaceutical industry.
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INTRODUCTION

Drugs in general, and antibiotics in particu-
lar, have become such a familiar aspect of
medical practice that, more than any other
resource in the medical armamentarium, they
run the risk of being used under uncontrolled
conditions, and thus incorrectly (1). It is clear
that there is considerable pressure surround-
ing drugs, pressure that comes largely from
the pharmaceutical industry and affects not
only the professionals who prescribe and dis-
pense them but the general population as con-
sumers (1).

According to data from the International
Marketing Service (IMS), antibiotics are the
second- or third-largest selling drugs in the
world (2). The effects of their improper use
on the population—alteration of the normal
flora, emergence of resistant pathogens, reduc-
tion in overall susceptibility to older first-line
drugs in the treatment of common infections,
and multiple adverse effects on the organ-
ism—are all widely known,

Aware that Latin America is no stranger to
this universal situation, the member couniries
of the Antibiotics Commission of the Pan
American Association of Infectious Diseases
decided to undertake a study of antibiotic use.
The initial objective was to understand and
compare consumption of the oral forms of
some of the drugs most frequently used in the
community. This report presents the findings
on the use in Argentina and Uruguay of some
of the antibiotics selected for the first phase of
the Pan American study.

MATERIALS AND METHODS

The data were obtained from IMS data on
antibiotic sales for 1997 in Argentina and Uru-
guay. Inasmuch as the figures represented
about 70% of all oral antibiotic consumption
(capsules, tablets, and suspensions) in these
countries per year, and included the corre-
sponding dosage, it can be assumed that the
findings are a very good reflection of the total

consumption of these drugs. In order to allow
for comparisons among countries, the results
were expressed in daily defined doses (DDD)
consumed per 1,000 population per day. The
number of DDD consumed is the measure
currently recommended by the World Health
Organization (3). This unit corresponds to the
estimated average dosage used in the princi-
pal indication of the drug per day. Although
it does not always correspond to the dosage
typically prescribed, it comes close to that, and
it serves as a good parameter for comparing
consumption in different regions and at dif-
ferent times (4-6). The formula for obtaining
the DDD per 1,000 population per day at a
given time and place is:

Annual grams sold per 1,000 population

365 days x DDD of antibiotic x
number of inhabitants

The DDDs established universally for the
antibiotics included in the first phase of the
study are as follows: ampicillin, 2 g; amoxi-
cillin, 1 g; ampicillin + B-lactamase inhibitors,
1.5 g; amoxicillin + B-lactamase inhibitors, 1g;
erythromyecin, 2 g; clarithromycin, 0.5 g;
azithromycin, 0.3 g; roxithromycin, 0.3 g;
ciprofloxacin, 1 g; and norfloxacin, 0.8 g.

Argentina currently has an estimated popu-
lation of 35,000,000 inhabifants and Uruguay,
3,173,700.

RESULTS

Table 1 lists, for the two countries, the total
grams sold of each of the antibiotics, the num-
ber of brand names under which the antibi-
otic was sold, and the percentage of total con-
sumption represented by each brand.

As it can be seen, there were large numbers
of brand names in both countries, and con-
siderably more in Argentina—particularly in
the case of amoxicillin, the new azalides, and
the fluoroquinolones. In the two countries, the
largest volume of each antibiotic (more than
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TABLE 1. Consumption of oral antibiotics and number of brand names under which they are sold in Argen-

tina and Uruguay, 1997

Grams sold Number of brand names Percentage sald

Antibiotic Argentina Uruguay Argentina Uruguay Argentina Uruguay
Ampicillin 14,570,100 1,799,089 14 17 71N 801}
Amoxicillin 44,613,450 3,289,899 23 12 35 7811
Ampicillin +

B-lactamase

inhibitors 260,475 95,860 3 4 92 (1) 68 (1}
Amaxicillin +

B-lactamase

inhibitors 8,469,900 206,639 4 3 66 (1) 100 (1}
Erythromycin 4,805,440 21,513 2 6 89 (1) 97 {1}
Clarithromycin 2,261,150 240,297 1 3 100 (1) 9141
Roxithromycin 792,880 1,418 5 1 74N 100D
Azithromycin 2,162,019 108,536 10 4 69 (2} 63 {1}
Ciproftoxacin 3,193,950 22,315 11 7 64 (2) 72{n
Norfloxacin 6,736,800 15,995 10 4 71 79(1)
60%) was sold by one or two pharmaceutical DISCUSSION

laboratories, regardless of how many brand
names there were.

Table 2 shows DDD consumption per 1,000
population per day in the countries studied.

There was a clear preference for amoxicillin
over ampicillin because of the posologic con-
venience offered by the former (it can be taken
with food, smaller number of doses).

The consumption of ampicillins and simple
amoxicillins vis-a-vis their respective combi-
nations with B-lactamase inhibitors differed
considerably in the two countries: whereas in
Argentina the ratio was 6:1 (4.07 DDD per
1,000 population per day for ampicillin and
amoxicillin versus for (.67 ampicillin + inhibi-
tors and amoxicillin + inhibitors), in Uruguay
the ratio was 15.7:1 (3.62 and 0.23, respec-
tively).

In Uruguay there was a marked difference
in the use of macrolides/azalides. In terms of
DDD, the consumption of erythromycin and
roxithromycin was very low, and azith-
romycin was slightly ahead of clarithromycin.
In Argentina, although erythromycin contin-
ues to be used, there was a clear trend toward
the newer drugs in this group. The differences
between the latter were not significant, al-
though there was greater use of azithromycin
than clarithromycin and roxithromycin.

There are several types of drug utilization
studies (1). In one of them, consumption is
studied to determine the volume of a given
drug sold at a particular place and time. This
type of study is basically descriptive in nature,
but valid conclusions can be drawn. The re-
sulting information assumes greater impor-
tance if it can be used to evaluate strategies to
modify existing situations through specific
action. The work reported here falls within this
type of consumption study.

As pointed out earlier, the comparison of
consumption using defined daily dosages is

TABLE 2, DDD per 1,000 population consumed
daily in Argentina and Uruguay, 1997

Antibiotic Argentina  Uruguay
Ampicillin 0.57 078
Amoxicillin 330 2.84
Ampicillin + B-lactamase

inhibitors 0.01 0.05
Amoxicillin + B-lactamase

inhibitors 0.66 0.18
Erythromycin 0.19 0.009
Clarithromycin 0.33 0.41
Roxithromycin 021 0.004
Azithromycin 0.56 0.31
Ciprofloxacin 0.25 0.02
Norfloxacin 0.66 0.02
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an approach that largely avoids the type of
biases that can emerge from an analysis ex-
pressed in unit type measurements (packages
of drugs, ampoules), grams or cost. For ex-
ample, in Argentina 2,261,150 grams of
clarithromycin and 2,162,019 grams of azith-
romycin were consumed. An oversimplified
analysis might suggest that these figures are
comparable. However, the difference in the
daily doses normally used for the two antibi-
otics would not be taken into account. In fact,
the DDDs of azithromycin consumed were
much higher than those of clarithromycin (0.56
and 0.35, respectively), despite the fact that
absolute consumption was somewhat lower
in terms of grams per year. Similar interpreta-
tion errors would surface if the total popula-
tion of the particular country or countries were
not taken into account.

When compared in terms of defined daily
doses sold in the two countries, antibiotic con-
sumption was substantially higher in Argen-
tina than in Uruguay. Although there were no
major differences in the use of older drugs
such as ampicillin and amoxicillin, consump-
tion of the new macrolides and azalides as a
whole was 34% higher in Argentina (1.12 and
0.72 DDD in Argentina and Uruguay, respec-
tively, per 1,000 population per day), and there
was a significant difference in use of the
fluoroquinolones ciprofloxacin + norfloxacin
in Argentina and Uruguay (0.91 and 0.04 DDD
per 1,000 population per day, respectively).

By the same token, there was a striking dif-
ference between the two countries in the ratio
of ampicillins or amoxiciilins with and with-
out B-lactamase inhibitors: in Uruguay, for ev-
ery 100 daily treatments using the drugs in
their simple presentation, there were about 7
treatments combined with B-lactamase inhibi-
tors, whereas in Argentina there were about
16 combined treatments.

In both countries there are a large number
of different brand names for antibiotics. This
situation points to the need for official regula-
tory agencies to strictly control the efficacy of
all products.

The present study did not undertake a cost
analysis, because of the difficulties in drawing
comparisons among different countries, given
the wide variety of brand names, dosage forms,
prices, and stability of the drugs over time, not
to mention socioeconomic factors—for ex-
ample, the impact of treatment with a full
course of antibiotics on the average monthly
income of individuals or households.

Although this type of study cannot and does
not purport to account for the differences in
consumption between the countries, it is
highly unlikely that they are due to variations
in the incidence of diseases that require treat-
ment with antibiotics. They are more likely to
be due to such factors as self-medication and
differences in the approaches taken by the
pharmaceutical industry to influence decision-
making by doctors. Self-medication is a daily
fact in our countries (7), fostered by wide-
spread disregard for legislation on the require-
ment of prescriptions for the sale of antibiot-
ics. This practice is condoned by the culture,
particularly in regard to the management of
febrile illness associated with respiratory
symptoms, which for the most part are viral
in origin (8).

The level of medical education also varies,
not only among countries, but even among
professionals in the same institution. We be-
lieve that the problem of improper antibiotic
use can be attributed in large measure to this
factor. The education of health professionals
and their continuing education should be de-
signed, inter alia, to generate the correct and
effective use of diagnostic and therapeutic re-
sources. [n reality, continuing education of
health professionals is influenced to a greater
or lesser degree by medical propaganda from
commercial laboratories, which is geared more
to a potential increase in sales of a given prod-
uct than fo important educational aspects.

Measuring the quality of antibiotic use is not
a simple task. Furthermore, there are no defi-
nitions of acceptable quality in prescribing
antibiotics, despite the many authors that sug-
gest that these drugs are being used inappro-
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priately in about 50% of the cases (9). Other
types of studies of antibiotic use, such as those
that take into account the prescription versus
indication and indication versus prescription
of drugs in the context of the various diseases
for which they are used, can contribute to the
development of strategies for improving pre-
scription practices, and hence, the utilization
of antibiotics in our countries. The drugs
evaluated in the present study are priority in-
dications in outpatient care. It is essential to
rationalize treatment in this context, not only
for economic reasons but to reduce the devel-
opment and spread of resistant organisms in
the community (10). :

Finally, extending the present study to the
rest of the member countries of the Antibiot-
ics Commission of the Pan American Associa-
tion of Infectious Diseases will be a valuable
contribution to the compilation of information
on new comparisons and to the search for a
common strategy.
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ANTIMICROBIAL CONSUMPTION IN
HOSPITALS: COSTS AND CONSEQUENCES
OF USE AND ABUSE

Raymundo Rodriguez Sandoval’

The increase in antibiotic consumption and antimicrobial resistance as a public health
problem is analyzed, fogether with its economic impact on hospital care.

In 1992 the Infectious Disease Unit at the Hospital Espafiol de Mexico instituted strict
monitoring of all hospitalized patients to determine the incidence of nosocomial infections,
evaluate hospital epidemiology and the use of antimicrobials, and determine and analyze
the inappropriate prescription of antibiotics and the cost of their misuse and abuse.

Among the patients admitted to the Hospital Espafiol de Mexico from 1992 to 1997, the
percentnge trented with antibiotics ranged from 52% to 77% per year; some 64% to 76% of
the patients received antibiotics for perioperative prophylaxis. Roughly 30% of the time,
antibiotics were prescribed for the treatment of a community or nosocomial infectious pro-
cess. In addition, the improper use of antibiotics in prophylactic regimens primarily in-
volved poor choice of the antibiotic (47% to 82%) and errors in the length of the treatment
(9% to 36%).

During that same period an alarming increase was observed in the use of third-generation
cephalosporins, fluoroquinolones, carbapenems, fluconazole, and vancomycin. It has been
shown that the change in the use of antibiotics paralleled the changes in hospital microbiol-
ogy and the increase in bacterial resistance. An increase in infections produced by
Pseudomonas aeruginosa, nonfermenting Gram-negative bacilli (mainly Acinetobacter
spp. and Citrobacter spp.), and Candida spp. was observed, along with an alarming in-
crease in the number of Enterococcus spp. infections.

The data on antibiotic purchases in 1998 indicate that ciprofloxacin and two third-genera-
tion cephalosporins are the drugs that generate the greatest expenditures. Nearly 30% of antibi-
otic use in hospitals is inappropriate and can be avoided with restrictive policies.

INTRODUCTION gressive bacterial resistance, to date un-
checked; and the rising, often unnecessary,

Two main problems related to the consump-  costs generated by the abuse of these drugs.
tion of antibiotics are widely recognized: pro- Knowledge about bacterial capacity for de-
veloping resistance is not new. Resistant

'Internist and Infectious Disease Specialist, Chief of the Sh:a_ms began to aPpear at least 25 Years ago.
Infectious Disease Unit, Hospital Espafiol de Mexico. Initially such resistance was confined to a
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single antibiotic. For a little over a decade,
however, it has not been unusual to isolate
organisms resistant to 10 or more anfimicro-
bial drugs (1).

The abuse of antibiotics has three interde-
pendent variants. On the one hand, patients
expect to receive antibiotics for the most trivial
infections, and not infrequently, for any type
of fever. Physicians, for their part, are afraid
of uncontrolled infections, and the faise sense of
security offered by antibiotics leads them to
prescribe the drugs without first doing a thor-
ough diagnostic workup. Furthermore, it
should be noted that in many countries, par-
ticularly developing countries, antibiotics
can be freely obtained without a prescription.
In Mexico, quinolones, second- and third-
generation cephalosporins, carbapenems, and
monobactams can be obtained without a pre-
scription. There is thus an urgent need to draft
and implement restrictive legislation at the
national and international levels.

With regard to hospital use of antibiotics,
we must ask: Why is it necessary to restrict
the use of antimicrobials in hospitals? We
know that nearly 40% of antibiotic use is not
for human consumption, and that more than
80% of these compounds are prescribed out-
side the hospital environment, particularly for
respiratory infections that are mostly viral in
origin (1, 2). Why begin now to impose con-
trols if we know that it will be impossible to
return fo the bacterial susceptibility that ex-
isted 20 or 30 years ago? The answers are
simple. In addition to restricting the use of
antibiotics in veterinary medicine and animal
husbandry—a concern dealt with in another
section of this publication—it is imperative to
curb the abuse of antibiotics in current medi-
cal practice in order to: 1) prevent the further
spread of bacterial resistance before our pa-
tients die of untreatable infections (3, 4); and
2) contain increases in hospitalization costs
before they climb so high as to impede the
highly sophisticated and technically complex
care provided by modern medicine. Another
major reason for analyzing the costs of antibi-
otic use in hospitals and the benefits of a re-

strictive policy is that it is unquestionably
easier to move from small-scale to large-scale
in imposing controls. That is, it will be easier
to control the 100 or 200 physicians who work
in a public or private institution than to wait
for agreements based on international consen-
sus or compulsory national standards that
could come too late (4, 5).

BACTERIAL RESISTANCE:
A WORLDWIDE PROBLEM

This topic is dealt with at greater length in
other sections of this work. However, a brief
review wili serve as a foundation for the analy-
sis in this chapter. As noted above, we have
known for several decades that bacteria can
become resistant to antibiotics (1, 3, 6), but only
for the last seven or eight years has this been
considered a worldwide public health prob-
lem. Resistance has emerged gradually overa
period of many years, and it is inexplicable
that the medical community has not yet acted.
We have known since the early 1980s about
the emergence of methicillin-resistant Staphy-
lococcus aureus, with the notable exception of
the Netherlands (6, 7). During the 1990s nu-
merous reports have been published on seri-
ous infections caused by strains of Escherichia
coli, Neisseria gonorrhoeae, Salmonella fyphi, and
Streptococcus pnewmoniae that are resistant to
penicillins and cephalosporins. There are re-
ports of nosocomial epidemics of Pseudomo-
nas aeruginosa, Kiebsiella spp., and other mul-
tiresistant nonfermenting Gram-negative
bacilli. In addition, there is mounting alarm
about the emergence and spread of strains of
vancomycin-resistant Enferococcus spp. (8-14).

One reason the medical community has
shown little concern about bacterial resistance
is that since the 1980s the pharmaceutical in-
dustry has been developing new antibiotics
that offer new therapeutic options. Why worry
about bacterial resistance if other scientists
have undertaken to develop new, more pow-
erful, broader-spectrum drugs? There is no
doubt, however, that the pharmaceutical
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industry’s ability to develop new antibiotic
products has been, and will continue to be,
outpaced by the defensive capabilities of bac-
teria. Today, just as new quinolones are reach-
ing the market in countries such as Mexico,
several authors have already reported signifi-
cant patterns of resistance in different species
of Gram-negative bacilli (10, 12, 13). In 1998
we conducted a susceptibility study at the
Hospital Espafiol de Mexico, using disk dif-
fusion technique, with two new gquinolones
(levofloxacin and trovafloxacin). We found
resistance of more than 40% for E. coli, 42%
for P. neruginosa, 20% for S. aureus, and 22%
for Enterococcus spp. (unpublished data).

Carelessness in implementing and main-
taining strict hygiene, especially in the hospi-
tals of countries with few economic resources,
has led to the use of increasingly powerful and
expensive antibiotics. Moreover, not only an-
tibiotics, but heavy metals, disinfectants, and
antiseptics have exerted selective pressure on
bacteria in the hospital environment.

The cornerstone of any effort to reduce an-
tibiotic use and thereby halt or slow the emer-
gence of resistance and bring down costs must
be the education of the medical community
and the patient population. It is especially
important to educate parents, who frequently
demand that antibiotics be prescribed for their
sick children to prevent complications (15-17).

Since more than 75% of the prescriptions
written for antibiotics are debatable (1, 2, 15,
16), and the irrational increase in the use of
quinolones and cephalosporins has had a
major impact on the spread of bacterial resis-

tance and the cost of hospital care, the answer
may lie in addressing the poor academic train-
ing in infectious pathology provided to gen-
eral physicians. In 1994, concerned about the
study methods of medical residents and spe-
cialists at the Hospital Espafiol de Mexico and
about evidence of excessive antimicrobial use,
we conducted an anonymous survey in order
to weigh the possible introduction of a sys-
tem to restrict antibiotic use (Table 1).

As Table 1 shows, 345 questionnaires were
completed by the residents and specialists.
Among the residents, a majority believe that
they receive sufficient information in the class-
room and less than 20% also study journals
and books in the specialty. Although more
than half the specialists said they obtain in-
formation from journals in the specialty, 100%
acknowledged that many of their prescrip-
tions are based on information provided free
of charge by the pharmaceutical industry. A
large majority of the residents said it would
be useful to establish a system for the surveil-
lance and control of antimicrobial use, but
nearly half the specialists believe it to be un-
necessary. More than 30% said they do not
need a “policeman or guardian” who inter-
feres in their practice of medicine. It should
be noted that much of the information pro-
vided by the pharmaceutical industry is bi-
ased and some is erroneous.

A sponsored microbiology review aimed at
introducing a new quinolone was published
recently (18). Among its many errors, the ar-
ticle puts the susceptibility of P. aeruginosa to
vancomycin at 60%, erythromycin at 76%,

TABLE 1. Study methods of medical residents and specialists at the Hospital Espafiol de Mexice. 1994

Survey
Residents Specialists
Number Percentage Number Percentage
Number of questionnaires completed 175 50.7 170 49.27
Study method :
Hospital sessions 160 91.4 90 52.9
Individual instruction or personal communication 145 82.8 35 20.5
Specialized journals 32 183 95 55.8
Specialized books 22 12.6 34 20,0
Information from the pharmaceutical industry 170 97.1 170 100.0
Yes, agrees with a system to control antibiotics 140 80.0 ElY 52.9
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clindamycin at 6%, and ampicillin at 100%. Is
this the type of publication that the majority of
our physicians use to obtain the information
they need to prescribe antibiotics? Any effort
made by governments, ministries of health, and
microbiologists and infectious disease special-
ists will fall short in the absence of a minimum
level of training and a commitment on the part
of the pharmaceutical industry.

USE AND ABUSE OF ANTIBIOTICS
IN HOSPITALS

Analysis of antibiotic consumption and
costs in the Hospital Espafiol de Mexico must
begin with a description of the hospital set-
ting. This is a tertiary-level university insti-
tution with 600 available beds. It serves two
patient populations: private patients and ben-
eficiaries of the Sociedad de Beneficencia
Espafiola de Mexico (Spanish Welfare Society
of Mexico). For the latter group, medical care
and the cost of hospitalization, surgery, and
drugs are all free, which means that the cost
of hospital care has a direct impact on the eco-
nomics of the hospital. Given the special na-
ture of this hospital, the conclusions to be
drawn from an analysis of antibiotic use and
associated costs cannot be generalized to other
public or private hospitals.

Since 1992, the Infectious Disease Unit has
strictly monitored all hospitalized patients.
Each file is reviewed when the patient is dis-
charged, and the data are entered into a data-
base that is then analyzed using computer
software specially designed for this purpose.
The database captures multiple variables,
among them the incidence of nosocomial in-
fections, hospital epidemiology, consumption
of antimicrobials, analysis and classification
of antibiotic regimens that were prescribed
incorrectly, and the costs generated by the
misuse or abuse.

Table 2 shows the number of patients ad-
mitted in each year of this six-year period, and
the number and percentage of patients who
received an antibiotic. As indicated, in each

year a significant percentage of patients re-
ceived antibiotic treatment or prophylaxis, a
figure that ranged from 52% to more than 77%.
1t is safe to say that no other group of drugs is
prescribed for a greater number of patients.

The distribution of antibiotic regimens pre-
sented in Table 3 shows that a large number
of patients received antibiotics for prophylac-
tic reasons, for the most part perioperatively;
while approximately 30% of the antibiotic pre-
scriptions were to treat some community-
acquired or nosocomial infection. On a fair
number of occasions the patients received an-
tibiotics for neither prophylactic nor therapeu-
tic reasons.

Once the results are captured in the data-
base, physicians of the Infectious Disease Unit
analyze each use of an antibiotic and describe
the administration of the drug as correct or
incorrect; in the latter case, the reasons are
specified. The error is classified as incorrect
spectrum when the antibiotic, used empiri-
cally, is not active against the organism or or-
ganisms in question; as incorrect dosage when
the dosage is larger or smaller than the one
recommended for the age, weight, or meta-
bolic status of the patient; and as incorrect in-
terval or duration when the antibiotic is ad-
ministered for a longer or shorter period than
recommended or, in the case of surgical pro-
phylaxis, when more than the standard three
doses are given or when the drug is adminis-
tered after the surgery. A toxicity error is noted
when use of an antibiotic was unnecessary,
and a cost error in cases where another thera-
peutic or prophylactic option was both accept-
able and less expensive.

A therapy regimen is also described as in-
correct when the physician, having received
the results of the antibiogram that offer the
option of another drug with a narrower spec-
trum or lower cost, does not change the drug.
In some cases several errors are made in the
selection or administration of an antibiotic;
these regimens are described as incorrect for
several reasons (Table 4).

As shown in Tables 4 and 5, the selection or
administration of the drug is classified as in-
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TABLE 2. Total number of patients admitted and percentage of patients who received antibiotics, per vear,

Hospital Espafiol de Mexico, 1992 to 1997

1992 1993 1994 1995 1996 1997
Total number of patients 16,355 14,073 12,131 13,747 13,102 14,095
Patients who received antibiotics 9,299 7,367 6,332 10,587 9,189 9,989
Percentage 56.85 52.34 52,19 77.01 70.13 70.89

TABLE 3. Distribution of antibiotic prescriptions by type of use, per year, Hospital Espafiol de Mexico,

1992 to 1997

Type of use 1992 1993 1994 1995 1996 1997
Number of prescriptions 11,292 8,157 6,659 11,523 11,324 9,645
Percentage used in prophylactic regimens 68.2 76.2 54.8 66.4 65.1 64.2
Percentage used in therapy regimens 30.2 30.9 42.4 30.1 32.2 33.2
Undetermined use 1.46 1.8 2.6 3.4 2.7 2.6

correct in a significant percentage of cases.
This has a direct impact on the selective pres-
sure on hospital bacteria and on the cost of
care, the latter resulting from the use of higher-
priced antibiotics of a more recent generation.
1t should be mentioned that in 1993 a cam-
paign was launched to standardize the crite-
ria for selecting prophylactic antibjotics in
surgery, since there was no consensuas on this
subject. For example, it was found that for a
single type of surgery, performed by a single
surgeon, up to eight different regimens for
preoperative prophylaxis were used.

In 1994 a guide was published and distrib-
uted to all surgeons, residents, and students
(13). Beginning in 1995 a marked reduction
was seen in the consumption of broad-
spectrum antibiotics, along with greater ad-
herence to the suggested regimens. It cannot
be denied, however, that the surgical teams
feared infectious complications after using

TABLE 4. Percentages of incorrectly used antibiotics in
Hospital Espafiol de Mexico, per year, 1992 to 1997

older drugs or those with a narrower spec-
trum, and this at times led to the administra-
tion of antimicrobials over longer periods than
recommended, sometimes for up to seven
days. For this reason, the proportion of errors
associated with time of administration in-
creased from less than 10% in 1992 to more
than 36% in 1997. This situation is troubling,
since not only was cost control not achieved
but the time of antibiotic pressure was length-
ened in comparison with 1993.

A new educational campaign is currently
planred in order to reduce the number of
doses administered, and there will be an ef-
fort to standardize criteria among the mem-
bers of the different surgical teams on the same
service, since it was observed that the inci-
dence of surgical wound infections in clean
surgery did not change when antibjotics with
a narrower spectrum were utilized (0.93% be-
fore the change and 1.1% afterwards).

prophylactic regimens, by reason for incorrect use,

Type of incorrect use 1992 1993 1994 1995 1996 1997
Incorrect use as a proportion of
total prophylactic regimens {%} 35.6 24.1 20.1 21.6 19.4 16.1
Reason for incorrect use:
Spectrum 81.8 68.4 64.2 70 52.1 46.7
Dose 0.3 0.45 1.32 2.2 2.1 3.2
Interval or time 9.2 27.1 31.2 24.6 31 36.2
Toxicity 2.9 2.5 2.2 0.9 0.7 0.7
Excessive cost 0.1 0.2 0.2 1.2 1.7 34
Several reasons 5.7 1.35 0.88 1.1 12.3 10.1
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In analyzing the incorrect use of therapeu-
tic regimens, what stands out is the dramatic
reduction in errors derived from failure to con-
sult the results of the antibiogram, as well as
the significant reduction in antibiotic regimens
with unnecessary toxicity. Unquestionably,
improved technologies in hospital microbiol-
ogy laboratories in recent years and better
teaching, especially of medical students and
residents, have had a positive impact.

On the other hand, a substantial proportion
of incorrect prescriptions are linked to the use
of excessively costly antibiotics; this percent-
age increased from less than 1% in 1992 to
more than 15% in 1997. If the 19705 already
saw an irrational or inappropriate use of anti-
biotics from 38% to 66% of the time (20, 21), it
is evident that after 25 years there have been
no major changes.

Tables 6 and 7 show the evolution of antibi-
otic consumption in the Hospital Espafiol de
Mexico. There is a marked reduction in the use
of first- and second-generation cephalosporins,
cotrimoxazole, and first-generation quinolones.
In addition, a drastic reduction in the use of
natural penicillins is apparent. On the other
hand, during this peried there was an alarm-
ing increase in the use of third-generation
cephalosporins (antipseudomonal), fluoro-
quinolones (especially ciprofloxacin), carba-
penems, oral antimycotics such as flucona-
zole, and glycopeptides (mainly vancomycin).
Table 7 shows a marked increase in the use of
dprofloxacin, ceftazidime, vancomycin, flucon-

azole, and amphotericin as individual drugs.
Several years ago Castle et al. observed that,
between 1977 and 1992, the only antibiotics
for which no increases in consumption were
recorded were penicillin, tetracyclines, and
chloramphenicol (22).

Many published studies have shown that
the change in antibiotic use parallels the
changes in hospital microbiology and the in-
crease in bacterial resistance (23-26). Table 8
shows a significant increase in infections pro-
duced by P. aeruginosa, other nonfermenting
Gram-negative bacilli (mainly Acinetobacter
spp. and Citrobacter spp.), and Candida spp.
The number of infections produced by Entero-
coccus spp. has also risen alarmingly. Conse-
quently, it is worth asking whether the emer-
gence of multiresistant strains forced doctors
to prescribe more broad-spectrum and anti-
mycotic drugs, or if it was abuse of these anti-
biotics that led to the appearance of resistant
bacteria. Various authors have correlated the
increase in the use of ciprofloxacin and third-
generation cephalosporins with a greater
number of infections from resistant strains of
Pseudomonas spp. and, particularly, Enterococ-
cus spp. (11, 24, 27). The resuits of our studies
support these observations.

Although beyond the scope of this work,
itis worth noting that despite the growing num-
ber of infections from Enterococcus spp., we
still have not isolated vancomycin-resistant
strains; but these undoubtedly will appear in
a few years, if not sooner.

TABLE 5. Percentages of incorrectly used antibiotics in therapeutic regimens, by reason for incorrect use,

Hospital Espaiiol de Mexico, 1992 fo 1997

Type of incorrect use 1992 1993 1994 1995 1996 1997
Incorrect use as a proportion of
total therapeutic regimens (%) 19.9 18.1 203 17.6 4. 132
Reason for incorrect use:
Spectrum 62.5 57.6 522 62.9 60.0 594
Dose or time 2.8 5.2 1.2 32 33
Not ratched to antibiogram 9.8 . 1.4 1.2 1.9 1.2
Toxicity 10.7 17.7 29.1 222 19.4 19.6
Excessive cost - K 7.1 7.4 121 155
Several reasons 133 17.7 5.0 5.1 34 1
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TABLE 6. Percentage of total consumption of antimicrobials, by groups of drugs, per year, Hospital Espafiol
de Mexico, 1992 to 1997

1992 1993 1994 1995 1996 1997
First-generation cephalosporins 30.2 309 223 26.0 18.2 17.2
Broad-spectrum penicillins 153 14.6 12.8 13.1 9.2 7.4
Third-generation cephalosporins 11.3 10.9 12.0 13.3 16.0 17.2
Cotrimoxazole 7.6 6.4 6.8 6.1 5.0 3.7
Imidazoles 4.6 4.0 5.7 4.3 5.1 5.1
Aminoglycosides 4.7 4.2 39 1.3 2.2 33
Second-generation quinolones 3.2 4.0 6.2 6.3 7.6 9.4
Antipseudomonal aminoglycosides 3.5 3.7 5.8 3.4 4.2 4.7
Second-generation cephalosporins 3.8 3.8 33 1.6 2.2 1.7
Natural penicillins 3.9 33 2.4 1.2 0.9 0.9
First-generation quinolones 23 2.7 26 1.8 1.1 1.0
Carbapenems and monobactams 2.0 1.7 2.8 2.7 33 4.2
Sernisynthetic penicillins 1.7 1.5 1.6 1.7 2.1 2.2
Macrolides 1.2 1.4 2.5 2.4 3.3 3.5
Antimycotics 0.7 1.3 2.9 3.0 34 4.1
Antivirals 0.7 1.0 2.4 1.6 2.4 2.8
Third-generation cephalosporins,
antipseudomonal 0.7 0.9 2.0 3.1 4.5 5.1
Glycopeptides 0.2 0.3 2.2 3.1 4.4
Others 2.3 3.7 2.8 5.7 6.2 2.1

... No information

TABLE 7. Percentage of total consumption of antimicrobials, by drug, Hospital Espaiiol de Mexico, 1992 to
1997

Drug 1992 1993 1994 1995 1996 1997
Cefalotin 398 41.4 32.6 35.1 28.1 17.2
Ampicillin 15.4 13.0 9.9 9.3 7.1 4.7
Cefotaxime-ceftriaxone 13.5 12.3 14.6 16.2 18.1 19.9
Ciprofloxacin-ofloxacin 3.8 4.4 7.8 7.3 11.0 12.4
Cefuroxime 4.2 4.1 4.4 2.1 1.4 1.6
Gentamicin-tobramycin 43 4.0 3.2 4.1 3.2 4.0
Cotrimoxazole 35 2.9 3.3 0.9 1.2 1.1
Sodium penicillin 3.3 32 2.2 0.2 0.4 0.3
Norfloxacin 3.0 2.8 2.7 2.1 1.1 1.3
Amoxicillin-clavulanate 0.4 29 5.9 5.2 6.0 6.9
Dicloxacillin 1.8 1.6 i.8 2.2 3.1 3.0
Metronidazole 1.8 1.4 2.0 2.0 2.2 2.4
Amikacin 0.9 1.0 2.0 1.5 2.2 29
Ceftazidime-ceftixozime 0.6 0.7 1.9 20 4.0 4.7
Clindamycin 0.4 1.3 1.4 1.4 1.3 1.2
Erythromycin-clarithromycin 0.5 0.7 1.4 1.2 2.6 2.5
Chloramphenicol 0.7 04 0.4 0.2 0.4 0.3
Vancomycin 0.2 0.5 0.6 2.2 12.0 4.1
Fluconazole 0.2 0.3 0.7 0.8 1.3 3.7
Imipenem-meropenem 0.2 0.2 0.4 0.6 1.1 2.0
Ampicillin-sulbactam 0.2 0.1 0.1 0.2 0.2 0.3
Rifampicin 0.1 0.9 0.2 0.1 0.1 0.1
Tetracyclines 0.4 0.1 0.1 0.5 0.1 0.1
Piperacillin-tazobactam 0.1 0.1 0.1 0.6 1.0 2.2
Ticatcillin-clavulanic acid 0.0 0.0 0.1 0.2 0.6 0.0
Aztreonam 0.0 0.0 0.0 0.3 0.6 1.2
Amphotericin 0.0 0.0 0.0 0.1 0.5 1.0
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TABLE 8. Infectious agents isolated from cases of nosocomial infections, as a percentage of total episodes
of infection, Hospital Espatiol de Mexico, 1992 to 1997

1992 1993 1994 1995 1996 1997
Escherichia coli 26.1 22.2 17.6 7.1 8.4 8.2
Kilebsiellaspp. 15.4 99 8.2 6.6 5.6 58
Pseudomonas aeruginosa 12.4 8.7 134 19.7 16.6 17.6
Candida spp. 9.4 13.1 111 19.7 189 16.9
CNS (Staphylococcus epidermidis} 5.8 104 11.6 4.4 3.7 4.6
Staphylococcus aureus 9.2 5.6 6.5 33 4.1 4.2
Enterobacter spp. 5.7 7.6 10.5 4.9 5.6 5.3
Streptococcus spp. 5.6 4.2 1.2 6.6 4.7 18
Proteus spp. 4.1 4.7 1.2 1.6 22 1.8
Enterococcus spp. 34 2.6 1.2 18.0 18.7 191
Serratia spp. 04 2.4 1.1 1. 2.4 3.4
Nonfermenting GNB* 1.3 2.4 1.2 1.2 39 341
Staphylococcus viridans group 17 2.9 1.2 1.4 1.9 1.1
Clostridium spp. - - - - - -
Clostridium difficile - - - - - -
Bacteroid spp. 0.2 1.5 2.3 1.6 2.4 2.2

*GNB = Gram-negative bacilli.

In the United States of America, it has been
calculated that the direct cost of antibiotic use
plus the hidden costs of inappropriate use and
complications from use is between $100 mil-
lon and $30,000 million (28). Table 9 shows
the monthly expenditures for consumption of
antibiotics in the Hospital Espafiol de Mexico
in 1998. As can be seen, the monthly cost of
antibiotic purchases is over $103,000, almost
$30,000 of which is spent on antibiotics pre-
scribed incorrectly.

As the table shows, the three antibiotics that
generate the largest share of costs are cipro-
floxacin and two third-generation cepha-
losporins. These three drugs represent a very
high percentage of total antimicrobials pre-
scribed (see Table 7). The analysis of antibi-
otic regimens that were prescribed incorrectly
showed, for example, that 33.5% of the pre-
scriptions for ciprofloxacin are incorrect. There
is clear abuse of that drug for the treatment of
community-acquired diarrheal disorders, a
high percentage of which are self-limited and
require nothing more than dietary measures
and correction of the hydroelectrolytic status
of the patient. This quinolone is also frequently
prescribed for treatment of community-
acquired infections of the upper respiratory
tract.

With respect to the third-generation cepha-
losporins, there are two main reasons for
abuse: their use as a prophylactic in surgery,
and the treatment of sepsis or bacteremias
caused by enterobacteria susceptible to older
cephalosporins or to broad-spectrum penicil-
Iins. Although the unit cost of cefalotin is low,
the number of monthly doses is much higher
than for other antibiotics. Incorrect adminis-
tration is almost entirely due to the unneces-
sary prolongation of operative prophylaxis. It
is noteworthy that two-thirds of fluconazole
prescriptions are incorrect. One frequently
sees treatment of patients whose sputum cul-
tures were positive for Candida albicans in cases
where the laboratory failed to exclude samples
contaminated by saliva or those of patients in
whom yeast was found in the urinary sedi-
ment. The most frequent incorrect uses of
ceftazidime and piperaciliin-tazobactam are in
the treatment of Gram-negative bacillus infec-
tons (except for P. aeruginosa) that are suscep-
tible to less costly narrow-spectrum drugs;
they may aiso be given in suboptimal doses,
Vancomycin is used incorrectly in a very high
proportion of cases, either to treat infections
from Staphylococcus spp. susceptible to methi-
cillin or, worse still, as a prophylactic in sur-
gery, most frequently orthopedic surgery.
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TABLE 9. Hospital expenditures for antibiotic purchases, by drug, Hospital Espafiol de Mexico, 1998 (in

Us$)
Number of Monthly Percentage of Cost of
doses per expenditure® incorrect incorrect

Antibiotic month* (US$) prescriptions prescriptions
Ciprofloxacin 1,160 17,530 335 6,223
Ceftriaxone 700 13,020 226 2,942
Cefotaxime 600 11,204 18.6 2,084
Vancomycin 250 8,547 19.8 1,692
Fluconazole 200 7,437 66.8 4,992
Cefalotin 1,700 6,889 22.5 1,550
Amikacin 395 6,382 55.8 3,551
Gentamicin-tobramycin 495 5575 22.0 1,226
Erythromycin 200 5,136 7.3 374
Piperacillin-tazobactam 100 3,914 121 474
Ceftazidime 400 3,621 36.9 1,336
Metronidazole 700 2,520 339 854
Clindamycin 400 2,440 16.8 410
Imipenem 100 2,210 9.5 210
Ampicillin 575 1,575 16.8 264
Ofloxacin 120 1,376 45.8 630
Ampicillin-sulbactam 120 1,218 14.6 178
Amphotericin 20 954 35 33
Acyclovir 50 724 8.4 60
Clarithromycin 50 677 10.6 72
Aztreonam 20 490 2.5 12
Cefaloridin 76 124 12.9 15
Penicillin G 50 40 2.2 1

Total 103,603 29,376

*Figures for monthly doses and corresponding expenditures were obtained by courtesy of the Pharmacy Department.

As noted, the Hospital Espafiol de Mexico
has a special population of patients who are
members of the Spanish Welfare Society. In
order to track antibiotic abuse in this popula-
tion and the associated costs, an observational
study (2%) was conducted from 1 May to 30
June 1997. Antibiotic prescriptions were ana-
lyzed on the ward for hospitalized members.
Of 305 patients admitted, 177 received antibi-
otics (58%). Fifty-six of these (31.6%) received
the drug as treatment for community-acquired
or nosocomial infections and 119 (67.23%) as
prophylaxis. The percentage distribution of
drugs administered, by type, was 35% quino-
lones, 35% first-generation cephalosporins,
and 24% third-generation cephalosporins.
Antibiotics were changed or added in 71 pa-
tients and in the majority of these (43 patients)
the drug chosen was ciprofloxacin.

Using the same system of classification de-
scribed above, we find that 54% of the regimens

were correct and 45% incorrect. The total cost
of antimicrobials prescribed during the period
was $62,814, of which more than $28,000 was
spent on incorrect usage. The administration
of unnecessary antibiotics cost $16,345.

A projection of annual expenditure based
on the data obtained suggests that the hospi-
tal spends more than $98,000 per year on the
unnecessary administration of antibiotics and
more than $168,000 per year on incorrect or,
at least debatable, prescriptions. These expen-
ditures refer only to the drugs and do not take
into account the equipment needed fo admin-
ister them (syringes, infusion pumps, solu-
tions), nor do they include labor costs.

Total data for the Hospital Esparfiol de
Mexico show that the institution spends more
than $1,500,000 per year on antibiotics and that
more than $350,000 of that is for incorrect or
unnecessary use. Although not all of the pa-
tients belong to the Spanish Welfare Society,
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these costs must be covered by private insur-
ance companies or by the patients or their
families.

Various authors have calculated that nearly
30% of hospital antibiotic consumption is in-
correct and can be avoided by means of re-
strictive policies (27, 29). Our findings are simi-
lar, leading us to project savings of close to
$500,000 per year from such measures.

All the data and figures analyzed in this
work confirm once again that is urgent to es-
tablish policies and systems to restrict the use
of antibjotics in hospitals. The threat of bacte-
rial resistance is constant and progressive; in
addition, there is a need to reduce the current
cost of medical care (29-31).

In sum, is it necessary to reduce antibiotic
consumption? Yes. How? By reducing access.
The bibliography includes many examples of
modifications in the consumption of antibiot-
ics in order to reduce costs and the generation
of resistant strains (32-43). There is agreement,
then, on the need to reduce the use of antimi-
crobials—but how much, and which ones?

Nothing said here is meant to suggest that
the most powerful or broadest-spectrum an-
tibiotics, which are almost always the most
expensive, should no longer be used; however,
itis urgent to control the present abuse of these
drugs. Antibiotics that definitely should be
restricted, either because of their potential
impact on the bacterial flora of hospital pa-
tients or because of their high price, include:
quinolones of the second, third, and fourth
generations; cephalosporins of the third and
fourth generations, with or without anti-
pseudomonal action; carbapenems; mono-
bactarns; antimycotics of the fluconazole type;
rifampicin; vancomycin and teicoplanin; and
perhaps some macrolides. The controls should
be developed by specialized personnel, in-
cluding specialists in infectious disease,
microbiology, infection control, and pharma-
ceutics, together, of course, with the adminis-
trative authorities of each hospital.

The medical community still has time to put
the brakes on the irrational use of these drugs.
The words of Norman Simmons at the Pan

European Conference on Antimicrobial Resis-
tance held in Denmark are an accurate reflec-
tion of the views of many of us, and a wake-
up call for others: “We have made a mistake;
we should recognize it and apologize. Physi-
cians had in their hands the marvelous gift of
antibiotics, but they are destroying it through
indiscriminate use. We do not need another
committee, we know what to do: we simply
have to use them less.” (44).
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ALLIANCE FOR THE PRUDENT USE OF
ANTIBIOTICS:' BACTERIAL RESISTANCE TO
ANTIBIOTICS IN LATIN AMERICA

Anibal Sosa?

Bacterial resistance to antibiotics continues
to be a serious problem all over the world,
especially in Latin America, where many fac-
tors contribute to engender and develop it.
Unfortunately, data on susceptibility to anti-
biotics are scarce and not all countries moni-
tor resistance. Furthermore, lack of legislation
in this field leads to the free distribution and
sale of antibiotics without medical prescrip-
tion. It is also common to find that health per-
sonnel, physicians in particular, have limited
knowledge of the use of antibiotics and, there-
fore, prescribe these drugs without a sound
clinical basis. In like manner, certain pro-
philactic prescription habits of antibiotics in
surgery are inappropriate and do not conform
to an evaluation of postoperatory infection

'The Alliance for the Prudent Use of Antibiotics (APUA)
is the only independent organization that aims exclusively
at containing microbial resistance to antibiotics and pro-
moting the prudent use of these medications throughout
the world. Founded in 1981 and located in Boston,
Massachussetts, the APUA maintains a net of chapters in
24 countries and has members in 100 countries. In order
to achieve its mission, the APUA carries out a strategic
Plan for research and education in public health backed
up by qualified personnel, a group of expert consultants,
and an international scientific directing council.

2Alliance for the Prudent Use of Antibiotics, 75
Kneeland Street, Boston, MA 02111, United States of
America. E~mail: asosa01@tufts.edu
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risk. All of this is manifested in an indiscrimi-
nate use of antibiotics, which increasingly af-
fects the frequency of resistance in bacterial
strains.

This situation is well exemplified in the
Region by the alarming rise of strains of bac-
teria with patterns of highly resistant suscep-
tibility to the antibiotics used in the past.
Strains of multiresistant Mycobacterium tuber-
culosis (MRMT) have emerged, causing very
serious and often untreatable cases of tuber-
culosis. This problem is found in many coun-
tries. Moreover, in some Latin American coun-
tries, emergence and dissemination of MRMT
strains have been observed among patients
with and without VHI infection.

In Latin America, the sale, distribution, and
prescription of antibiotics are greatly influ-
enced by the pharmaceutical industry and
this, together with patients” demands, has a
substantial influence on the indiscriminate use
of antimicrobial drugs. Nevertheless, it should
be pointed out that this feature is not exclu-
sive of the Region, since antibiotics occupy the
second place worldwide among total sales of
medications (1).

Surveillance of resistance to antibiotics in
communities and hospitals is essential if
health personnel are to select the proper anti-
biotic treatment. Surveillance data are also
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indispensable for health specialists in charge
of proposing and applying control measures
against resistant microorganisms. The World
Health Organization (WFHO) has undertaken
surveillance of the susceptibility patterns of
common bacteria and has created for that pur-
pose a computerized system known as
WHONET. Even so, there are also surveillance
systems sponsored by universities or sup-
ported by the pharmaceutical industry. The
information gleaned by these systems is more
exact and complete, but unfortunately, it is not
shared with physicians or other health person-
nel. The Alliance for the Prudent Use of Anti-
biotics (APUA) (2) is seeking to integrate these
two public and private mechanisms, and to
design a global surveillance system that will
analyze not only the microbiology of commu-
nicable diseases, but also their epidemiology.
Recently, the ARInfobank was launched (3),
an electronic information bank on microbial
resistance to antibiotics, which is sponsored
by WHO and available at Internet address
(http: // who2.b3e jussieu.fr/ arinfobank /).

The rational and empirical use of antibiotics
must be based on local profiles of susceptibil-
ity and resistance of the bacteria most com-
monly isolated in microbiological laboratories.
At the same time, these laboratories must rely
on quality-control systems. At present, a few
international organizations are providing labo-
ratories with training and resources to stan-
dardize their methods for determining the sus-
ceptibility of various bacteria to antibiotics.

In order to understand the factors affecting
the prescription of antibiotics in medical prac-
tice, pertinent information must be obtained,
analyzed, and presented systematically. Be-
sides, it is important to know the opinion of
health personnel, especially that of physicians,
about antibiotics. The PAHO and the APUA
have begun to study this subject in relation to
the conduct surrounding prescriptions in vari-
ous countries,

In general, the situation is more difficult in
Latin America, since there are no regulatory
measures for antibiotics, consumers can obtain
these medications anywhere, and self-medica-

tion continues to be a great problem. However,
a few countries like Chile, Costa Rica, Cuba,
and Panama have passed laws regulating the
sale of antibiotics. The next step is to ensure
compliance to these laws. Unfortunately, in
other countries private industry exerts a great
deal of control over governmental authorities,
and the latter’s indifference toward this matter
leads to overlook the observance of control
measures on the use of antibiotics.

The appearance of resistant pathogens is a
critical public health problem. Diseases like
malaria, cholera, tuberculosis, diarrhea, and
pneumonia caused by resistant strains have
become leading causes of morbidity and mor-
tality, while antibiotics continue to lose their
efficacy. This has weighty consequences due to
the fact that, besides excessive morbidity and
mortality, the costs of treating hospitalized pa-
tients have drastically increased, while the
manufacture of new antibiotics has decreased.

The new antibiotics, above all the fluoro-
quinolones, are producing high degrees of re-
sistance, especially in nosocomial infections
{4) and in institutions offering specialized
nursing care to the elderly (5). At the same
time, more and more invasive procedures are
performed and no guidelines are followed for
empirical administration based on microbio-
logical reports of resistance in the hospitals
involved.

The study of resistance to vancomycin by
the Staphylococcus aureus species reveals that
this constitutes another growing problem in
Latin America. Over 60% resistance was noti-
fied in a study carried out by Brazilian re-
searchers (6). Likewise, vancomycin-resistant
enterococci have been detected in the Region
and many hospitalized patients are colonized
by this highly dangerous germ.

On the other hand, the improper use of an-
tibiotics triggers important changes in the epi-
demiology of pathogens. This is the case of
Streptococcus pneumoniae, as reported by sev-
eral authors (7, 8). At the present time, peni-
cillin-resistant strains of 5. preumoniae with a
minimum inhibitory concentration of <0,1 pg/
mL are widely disseminated.
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In a special issue of the Reviste Panamericana
de Infectologin on bacterial resistance in the
Americas, research workers from various
countries of the Region describe very impor-
tant findings. Several of the articles germane
to the same topic have been included in the
present book.

After analyzing available information, it
appears to be of the essence to have in place a
surveillance program on bacterial resistance,
to report and divulge among physicians the
local susceptibility and resistance patterns, to
develop and publish empirical recommen-
dations on the commonest infections, to em-
phasize quality control in microbiological
laboratories, and to standardize the tests for
microbial susceptibility. Perhaps the most im-
portant issue is to educate the public on anti-
biotics and to keep these medications from
being dispensed without prescription by au-
thorized personnel. For all of us this is a chal-
lenge and a commitment to the people of the
Region.

In an effort to restrict unjustified use of an-
tibiotics, the APUA has established nine of its
organizational chapters in the following Latin
American countries: Argentina, Colombia,
Cuba, Ecuador, Guatemala, Mexico, the Do-
minican Republic, Uruguay, and Venezu-
ela. Other countries are now going through
the process of establishing their own chapters,
after which the APUA will collaborate with
initiatives aimed at increasing public know}-
edge on bacterial resistance to antibiotics and
the correct use of these drugs. Thus, with sup-
port from mutual and international collabo-
ration, the Alliance seeks to develop each

country’s capacity to influence the policies
regulating the use of antibiotics.
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VETERINARY USE OF ANTIMICROBIALS IN
ANIMAL AGRICULTURE IN NORTH AMERICA,
LATIN AMERICA, AND THE CARIBBEAN

Sharon R. Thompson' and Joanne M. Kla'

INTRODUCTION

Use of antimicrobials for therapeutic and
growth promotion purposes is common in
modern production agriculture. However, this
use is not without controversy. Scientific de-
bate about possible public health risks posed
by the use of antimicrobials in food-produc-
ing animals has been going on for over 30
years. There is general agreement within the
scientific community that the development of
resistant human pathogenic bacteria results
not only from the direct use of antimicrobial
agents in humans, but also from acquisition
of infections by resistant organisms or resis-
tance factors from animal and environmental
sources. There is concern that use of antimi-
crobials in food animals may contribute to the
development or enhancement of antibiotic-
resistant zoonotic organisms. These, in turn,
may contaminate food products at the time of
slaughter and subsequently be transmitted to
humans, thus posing a risk to human health.

Recent meetings of the World Health Orga-
nization (WHO) have focused on the use of
antimijcrobials in food-producing animals. A
WHO expert meeting held in Berlin in 1997
sought to define potential medical problems
that could come from antimicrobial use in live-

! Center for Veterinary Medicine, United States Food
and Drug Administration, Rockville, MD, United States
of America.
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stock, and to recommend the next actions the
WHO should take in response to these risks.
Recommendations from the meeting included
the need for further assessment of the risk and
defining what constitutes resistance. There
was also a recommendation against the use
of antimicrobials for growth promotion that
are also used in human medicine, or that can
cause cross-resistance to human medicines.
Another recommendation indicated that more
research for replacing growth-promoting an-
timicrobials should be carried out. Monitor-
ing for resistance in food animals and foods
of animal origin was supported, as well as
managing risk on the farm through the pru-
dent use of antimicrobials.

A 1998 WHO expert meeting in Geneva spe-
cifically addressed the use of quinolones in
food-producing animals. The experts agreed
that the use of antimicrobials will cause the
development of resistance, and that there is a
potential that resistant strains of Salmonella,
Escherichia coli, and Campylobacter may be
transferred to humans through the food sup-
ply. However, the experts also agreed that an-
timicrobial drugs, including quinolones in cer-
tain instances, are needed to treat sick animals,
but that more research is needed to find out
what uses limit the rise of antimicrobial resis-
tance of public health concern. More research
on the effects of animal use of quinolones on
human illness was also recommended.
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This paper seeks to examine the use, distri-
bution, and control of antimicrobials in ani-
mal agriculture throughout the Americas
(Table 1). Additionally, guidance currently
available to veterinary practitioners concern-
ing the prudent use of antimicrobials in ani-
mal agriculture will be addressed. Programs
to monitor the development of antimicrobial
drug resistance in food-borne pathogens will
also be examined.

The information presented here is based on
a limited sample, with information provided
by Argentina, Canada, Cclombia, Mexico,
and the United States of America. Because of
the importance of collecting accurate infor-

mation in order to provide a basis for formu-
lating recommendations to address public
health concerns, it is suggested that a more
comprehensive survey be undertaken and in-
formation gathered from 2ll countries to pro-
vide a more complete picture of the situation
in the Americas.

DRUG DISTRIBUTION

In Argentina, antibiotics, anticoccidials and
growth promotants are marketed by veteri-
nary clinics and organizations staffed with
veterinarians that provide technical assistance.

TABLE 1. Antimicrobials approved* for use in two or more of the countries surveyed

Drug Argentina Canada

Colombia Mexico United States

Amikacin
Amoxicillin
Ampicillin
Apramycin
Bacitracin
Carbadox
Cefacetrile
Cefadroxil
Cefoperazone
Ceftiofur
Cefapirine
Chloramphenicol
Clavulanic acid
Clindamycin
Cloxaciliin
Danofloxacin
Dicloxacillin
Difloxacin
Dihydrostreptomycin
Doxycycling
Enrofloxacin
Erythromycin
Florfenicol
Flumequine
Furazolidone
Gentamycin
Kanamycin
Lincomycin
Monensin
Nalidixic acid
Neomycin
Nitrofurantoin
Nitrofurazone
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TABLE 1. (continued)

Drug Argentina Canada

Colembia Mexica United States

Norfloxacin
Novobiocin
Ormetoprim
Oxolinic acid
Oxytetracycline
Penicillin
Pirilimycin
Polymycin B
Salinomycin
Sarafloxacin
Spectinomycin
Spiramycin
Streptomycin
Sulfachloropyridazine
Sulfadiazine
Sulfadimethoxine
Sulfadimidine
Sulfadoxine
Sulfaguanidine
Sulfamerazine
Sulfamethazine
Sulfamonomethoxine
Sulfanilamide
Sulfapyrazole
Sulfaquinoxaline
Sulfathiazole
Sulfisoxazole
Tetracycline
Tiamulin

Tylosin
Virginiamycin
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*No distinction was made between drugs approved for food animals or nonfood animals.
*Chlaramphenicol is not approved for use in food animals in Canada or the United States.

These clinics and organizations are authorized
to operate and are inspected by the govern-
ment regulatory authority. The distribution of
prescription animal drugs in Canada is mostly
through veterinarians.

In Colombia, approximately 75% of antimi-
crobials are distributed through agricultural
warehouses. Between 18% and 20% are mar-
keted through cattie funds and agricultural co-
operatives, and 5%—7% are marketed directly
to the end consumer {poultry and hog farm-
ers and cattle ranchers). Government regula-
tions which address the distribution, market-
ing and sale of products for livestock now
require a written prescription from a licensed
veterinarian for the sale of antibiotics.

In Mexico, veterinary drugs are sold by dis-
tributors and pharmacies registered with the
Secretary of Agriculture, Livestock, and Ru-
ral Development (SAGAR). Sales of veterinary
drugs are kirnited to finished products which
have been registered and authorized for
sale.

Most prescription antimicrobials in the
United States are sold by veterinarians. Pre-
scription drugs are available only on the
order of a licensed veterinarian. There are
various sources of distribution for over-
the-counter/nonprescription antimicrobials,
including veterinarians, distributors, feed
suppliers, cooperatives, and farm supply
stores.
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AVAILABILITY: PRESCRIPTION OR
OVER-THE-COUNTER
(OTC/NONPRESCRIPTION)

In Argentina, antibiotics, anticoccidials, and
growth promotants are available to the user
by prescription only. Canada, on the other
hand, has many OTC antimicrobial products
for use in animals. Most of the newer approv-
als are prescription. Any new approval for an
antimicrobial to be used in animals thatis also
used in human medicine will be prescription
only.

Recent legislation in Colombia requires a
written prescription from a licensed veterinar-
jan for the sale of antimicrobials.

The United States has many OTC antimi-
crobial products availabie for use in food ani-
mals, both for therapeutic purposes and for
growth promotion. However, since 1992, all
new therapeutic antimicrobials have been ap-
proved as prescription only. On the other
hand, to date, antimicrobials for use in ani-
mals in Mexico do not require a prescription.

OFF-LABEL OR EXTRA-LABEL
USE POLICIES FOR
ANTIMICROBIAL DRUGS

Off-label or exira-label use refers to the use
of a drug product in a manner other than what
is indicated on the product label. It may refer
to use of a different dose level or route of ad-
ministration than indicated on the label for a
particular species, or may refer to use of a drug
in a species notindicated on the label. Because
pharmacokinetics data and other important
information are generally limited for off-label
uses of drugs, the veterinarian bears an im-
portant responsibility to ensure the safe use
and adequate withdrawal times for drugs
used in food-producing animals.

Regulations in Argentina do not allow
extra-label use of antimicrobial products. The
product must be used following the indica-
tions on the labeling, which were submitted,
reviewed and approved by the government

regulatory authority. Exira-label use is legal
for veterinarians in Canada. There are no re-
strictions or prohibitions against extra-label
use of approved antimicrobial drugs.

In the United States, extra-label use is only
permitted by a icensed veterinarian in a valid
veterinarian-client-patient relationship. Addi-
tionally, there is a list of drugs for which extra-
label use in food animals is strictly prohibited.
This List includes the quinolones and glyco-
peptides, because of concerns related to the
development of antimicrobial resistance.

DRUG USE DATA COLLECTION

Collection of detailed information on the
use of antimicrobials in food-producing ani-
mals can be a valuable tool to allow more di-
rect correlation between loss of susceptibility
or development of resistance to a particular
antimicrobial agent, and the marketing of the
individual drug product. Sales information
collected by geographical area, on a calendar
year basis, is particularly helpful in analyz-
ing use trends. As monitoring programs are
developed, collection of this type of data be-
comes increasingly important.

In Argentina, the Servicio Nacional de Salud
Animal (SENASA) maintains a data base that
records import and export of raw ingredients
and finished products, including antibiatics,
anticoccidials, and growth promotants. Drug
marketing information is collected in Colom-
bia. The Canadian Bureau of Veterinary Drugs
does not collect drug sales or usage data.

In the United States, drug-use data are col-
lected as part of the Drug Experience Report
which is submitted after the first six months
of marketing, and yearly thereafter for each
approved drug (whether prescription or over
the counter). Manufacturers submit a listing
of the quantity of the drug marketed. In
Mexico, drug-marketing data are collected in
a database with information relating to vet-
erinary drugs registered in the country, which
also includes information relevant to the use
of these products.



258  Veterinary Use of Antimicrobials in Animal Agriculture

PRUDENT USE GUIDELINES

In order to minimize the development of
antimicrobial resistance and ensure the
continued efficacy and availability of antimi-
crobjal products for use in food-producing
animals, it is critical that prudent use of anti-
microbials be promoted. Key elements of such
activities may include developing prudent use
principles, therapeutically-based antimicro-
bial use guidelines, recommendations on ap-
propriate measures to reduce disease trans-
mission, and educational programs for the
prescribers and users of these drugs.

In the United States, a committee chaired
by the American Veterinary Medical Associa-
tion has been established with broad repre-
sentation from the veterinary community,
which is drafting prudent therapeutic use
guidelines. The Center for Veterinary Medi-
cine has representation on this committee and
strongly supports these efforts. Health Canada
is currently forming a similar committee to
look at prudent use recommendations.

In Argentina, regulations for the prudent
use of antimicrobiais apply to all formulations
and routes of administration, including those
used as growth promoters. Currently, there is
a very active discussion in the government
regulatory authority concerning the impact on
human medicine of the use of antimicrobial
growth promotants in animal feeds. Regard-
ing the use of antibiotics in animals that may
impact on bacterial susceptibility to treatments
of humans, Argentina uses strict standards
during the registration review, and strives to
approve antibiotics based not only on safety
and effectiveness considerations, but also on
the impact that the residues may have on an-
timicrobial resistance. Labeling for growth
promotants (limited use in pouliry, swine, and
beef cattle) provides pre-slaughter withdrawal
times and milk discard periods. Slaughter
houses and processing plants have adopted
Hazard Analysis Critical Control Point
(HACCP) monitoring standards for Salmonella
spp., Escherichia coli, enterobacteria, Campy-
lobacter and Listeria spp. using ELISA meth-

ods, microculture, and disks, to characterize
the sensitivity of antibiotics used in animal
production. A draft regulation has been pre-
pared to prohibit the marketing and use of
avoparcin.

- MONITORING PROGRAMS

Concerns about the enhancement and/or
development of organisms resistant to avail-
able antimicrobials from food-animal use has
led to efforts to monitor the development of
resistance in pathogens of public health con-
cern. Officials in Canada and Argentina are
currently considering the establishment of
monitoring programs.

In the United States, the National Anti-
microbial Resistance Monitoring System
(NARMS) was established in January 1996 as
a collaborative effort among the U.S. Food and
Drug Administration (FDA), the Centers for
Disease Control and Prevention (CDC), and
the United States Department of Agricuiture
{(USDA). The NARMS was started (and has
recently been expanded) because of the hu-
man health concerns related to the use of an-
timicrobials in food animals, This program
monitors changes in susceptibilities fo 17 an-
timicrobials of zoonotic enteric organisms
from both animal and human sources. The -
food animal specimens are gathered from
healthy farm animals, animal clinical speci-
mens, and from carcasses of food animals at
slaughter.

The objectives of the NARMS include: to pro-
vide descriptive data on the extent and tempo-
ral trends of antimicrobial susceptibility in Sal-
monella and other enteric organisms, to facilitate
the identification of resistance in humans and
animals as it arises, and to provide timely in-
formation to veterinarians and physicians. The
ultimate goal of these activities is to prolong
the lifespan of approved drugs by promoting
prudent and judicious use of antimicrobials in
food animals and taking appropriate public
health action. The system is set up as two nearly
identical parts: a veterinary arm and a human
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arm. Recently, the monitoring system has been
expanded to include Campylobacter and E. coli
isolate testing and reporting on the veterinary
side. Human Campylobacter isolates had been
included in the moniforing system beginning
in 1997, and new sites and sources of isolates
have been added.

Epidemiologic research has been initiated
to characterize and reduce the incidence of
foodborne disease associated with emerging
and drug-resistant pathogens and includes a
field study, several farm-based efforis, and
molecular genetic research. FDA, USDA and
local health authorifies are currently in the
field studying risk factors associated with an
outbreak of Salmonella typhimurium DT104 on
a farm. Information from this field study will
be used to educate farmers to prevent future
outbreaks and spread of this multiresistant
organism among animals and to man. Also
with industry cooperation, on-farm poultry
studies have been initiated to examine man-
agement, production, and drug use practices
that influence the development of resistant
zoonotic pathogens. It is hoped that this in-
formation will be helpful to formulate appro-
priate prudent use recommendations by the
veterinary industry.

Plans for the future in the United States in-
clude further augmentation of the existing
monitoring system, as well as support for the
development of an international veterinary
resistance database, in order to fadilitate in-
ternational response to the emergence of re-
sistance and spread throughout the world.
Additionally, veterinary and producer drug
prescribing surveys to assess the impact of
antimicrobial use patterns on resistance emer-
gence and prevalence are being planned.

RECOMMENDATIONS

* The creation of a standardized veterinary da-
tabase in the Americas can be extremely use-
ful to facilitate response to resistance emer-
gence and spread throughout the Region.
Sharing of information from resistance moni-

toring activities will be an important step in
encouraging the prudent use of antimicrobi-
als in animal agriculhure, and in addressing
the problem of antimicrobial resistance.

¢ Because of the importance of collecting ac-
curate information to provide a basis for
formulating recommendations to address
public health concerns, we recommend that
a more comprehensive survey be prepared
and information gathered from all PAHO
member countries to give a more complete
picture of antimicrobial use in animal pro-
duction in the Americas.

¢ Collection of standardized drug marketing
data is encouraged, since this kind of infor-
mation is extremely valuable for use in con-
junction with resistance monitoring programs.

* In order to minimize the development of an-
timicrobial resistance and ensure the contin-
ued efficacy and availability of antimicrobial
products for use in food-producing animals,
itis critical that prudent use of antimicrobials
by veterinarians and producers be promoted
by all PAHO member countries.

¢ Countries may also want to consider
whether changes should be instituted in
current controls and /or regulations on an-
timicrobial drug distribution, availability
and extra-label use policies.
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