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I. INTRODUCTION

A. BIOLOGY OF THE PARASITE

Onchocerca volvidus, the causative agent of **river blindness’” in Africa and Robles'
discase in the New World, follows a pattern of morphogenesis and development generally
similar to related taxa within the nematode superfamily Filarioidea.' Hematophagous ar-
thropods (in this case members of the fanuly Simulitdac — **blackflies™) serve as inter-
me-liate hosts for development of the imtial larval stages (L,-L,) after ingesting microfilariae
{these enibryome forms of O. volvulus are found in the shin) from an infected human,
Following development ir the thoracic musculature, O. volvidus L,s (infective stage larvae)
migrate to the head where, during the course of bloodfeeding by the female, they escape
into the skin by breaking turough the terminal portions of the mouthparts. Because blackflies
are telmophagous, 1.c . the rasping action of their mouthparts causes the formation of tiny
subdermal hemorrhages. mfecuve larvae escape 1nto an environment of pooled blood and
hemolymph from the 1uptured mouthparts of the vector. This method of transmission and
infection 1s clearly distnet from that of mosquito-associated filariases.

Following :nfection of the human host, the L, molts to the fourth larval stage (L,); prior
to cedysis, the worm enters a state of lethaigus for 24 to 48 h and then escapes from the
old cuticle I virro studies.' as well as those using infective stage larvae «nplanted into
laboratory nuce,” indicate that the L, to L, molt by O volvidus occurs within 2 to 4 ¢. The
L. 1s highly motile and presumably is the migratory stage, allowing the parasite to move to
its final anatomucal site for a tinal molt (L,-juvenile) and subsequent growth to reproductive
competence  Estumates for the length of time in which the parasite remains in the L, stage
vary, ranging trom | to 2'/, menths, '

The prepatent period appears to be 12 to 15 months. Adult worms are usually encap-
sulatd in connective tissue that forms subcutancous nodules or that are located deeply within
the body or along the pelvic region of the skeleton.® The nodule not only protects the adults
but nourishes the parasite through a vascularization process which brings blood vessels
adjacent to the worm’s cuticle and into a central fibrin lake.s Females are multiply-insem-
inated by itmerant males.® Following fertilization, embryonatien begins, ultimately producing
unsheathed mucroftlaric which congregate in the uterus and from which they are expelled.
Larvating cggs of Q. volvulus readily bind a variety of lectins, however, neither in utero
derived microftlariae nor those found in the skin do s’ suggesting a loss of surface anti-
genmicity  Once inside the blackfly vector, the cuticular surface of the developing larva
continues to change in an apparent attempt to also evade the arthropod’s immune system.*

Based on classical taxonomic,” " parasitological/entomological’ and molecular evi-
dence,'" O. volvulus appears to be a relative **new’ parasite of humans, having probably
evolved from an antecedent bovid species. This assumption is based on the high degree of
morphological and vectorial similarity among those species, the recent human cultural ad-
aptation of domesticating and tending cattle, as well as the fact that ro other species of
Onchocerca naturally parasitizes primates. This unique evolutionary aspect has iniportant
ramification for control in that the reservoir for O. volvudus 1s limited to human hosts. It
also poses problems in making accurate identifications of the parasite in the vector population
where closely related Onchocera species of ungulates may occur and blackfly taxa are
zoophilic.

B. DISTRIBUTION AND VEC{ORS

The Simuliidae, and in particular, certain members of the Simulium damnosum sibling
specics complex serve as vectors of O. volvidus. This parasite, which is the second leading
cause of infectious blindness in the world, infects an estimated 11 million persons living in
32 countries; at least 663,000 peisons are irreversibly blind as a result of chronic oncho-
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cerciases, and some 85,583,780 persons are at risk of infection.'? Thus, this is a vector-
assoctated disease of major proportions.

The distribution of the parasite in Africa is brokered over a large part of its range through
a well-balanced coevolutionary relationship within the S. damnosum complex, i.c., major
savanna sone vectors are composed primarily of two chromosomally distinet cytospecies (8.
damnosim sensu stricto; S sirbanum) with three others (8. vahense, S. soubrense, and S.
squamosum) serving as primary vactors in the rain forest.'* Vector competency is partitioned,
i.c.. forest vectors are incompetent tor the savanna form of O volvulus and savanna vectors
are incompetent for the forest form of the parasite '* Accurate dentification of wild-caught
adult flies is frequently ditficult due to the lack of consistently distinet morphological
characters of the vanious sibling taxa. Consequently, approaches involving the use of DNA
probes ' cuticular hydrocarbons, ' Malpighian tubule chromosomes,'™ and allozymes'™ have
been suggested for diftereatiation, however, only the latter two techniques appear promising
under tield condions in Atrica Several alpha-level species belonging to the S. neavei group
serve as vectors in the mghlands of East Africa.

Important New World vector taxa (where O. vohulus was probably introduced several
hundred years ago) include S ochraceum (Guatemala, Mexico), S. eviguum (Colombia,
Ecuador), S. metallicum (Venezucla, Guatemala) and S. ovapockense s.1. (Brazil, Vene-
cucla).*” Microfilarial intake and subsequent infection of the hemocoel in S. ochraceum 1s
regulated by a bucco-pharyngeal armature which shreds most of the ingested worms;®
however, once microfilanie successfully bypass this barrier, infection of the flight muscles
and development to the third larval stage 1s readily achieved.

Experitnental cross-infections using Sumtduen spp. and 0. volvulus from Africa and the
New World (Guatemala, Venezuela) revealed what a nonreciprocal pattern exists intercon-
tnentally between the vectors and the parasite,*'** with none of the vectors (S. ochraceum,
S. metallicum, S damnosum sensu lato) able to serve as competent intermediate hosts
However, both the Guatemalan and Venezuelan strains of O vohvudus were cqually com-
patible with S metallicion from cither Guatemala (where this blackfly is a secondary vector)
or Venesuela ** Thus partitioming of vector competence by this New World species complex
does not appear to have taken place.

The pathology of human onchocerciasis vanies considerably between the varions endemic
areas in Africa and the New World. For example, in West Afnica, the prevalence of blindness
and skin discase is more intense 1 the Sudan and Guinea savannas than in the rainforest
and transition zones. Thus the “*savanna strain’™ of O. volvulus is considered to be the most
intrinsically pathogenctic:** however the magnitude of annual parasite transmission®> and
intensity of skin infection™ are important epidemiological factors as well. In Latin America,
particularly Guatemala, ocular pathology is vanable but is associated primarily with intensity
of skin infection,*” 1.e., the number of microfilaniae per milligram of skin.

II. IMMUNODIAGNOSTIC ASSAYS

A. IMMUNODIAGNOSIS

Diagnosis of human onchocerciasis is important for determining the prevalence and
intensity of infection, identifying individuals who may require drug treatment, evaluating
the success in the application of a given treatment, and assessing the impact of control
efforts. Diagnostic procedures used so far have relied mainly upon the identification of
characteristic microfilariac in skin biopsies from infected individuals® or by palpation of
subcutancous nodules (onchocercomata) that develop around the adult worm. 2% Neither of
these methods however, can detect carly prepatent infections, nor the presence of adult
wormns that may exist occult or free of nodules. ™ Thus, present parasitological methods may
not detect parasites because of the low sensitivity of these techniques, leading to an iaccurate
diagnosis,
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Immunodiagnostic assays, which are more sensitive and specific for detecting parasite
products (antigenie tractions) rather than the organisms themselves m body fluids of .nfected
individuals, have been developed as an alternative to parasitologieal diagnosis *' Polyvalent
antisera, ™ as weli as several monoclonal antibodies (MceAb) have been raised aganst ditferent
antigenic determinants of hilartal parasites, including O. volvulus, and have been used in
1sotopic and nontsotopie assays tor the detection of circulating parasite antigens ' ** The
induction and selection of McAb has been hampered, however, by the use ot heterogencous
immunogens and by the cross-reactivity observed with phosphoryleholine, which s present
1 many preparations of helminth antigens  Nevertheless, serological reactivity [by McAb]
has been identitied 0 low molecular weight (14 to 18 KDa) polypeptides of O volvudus,™
O volvuluy antigens have been detected also in other body flutds, such as breast nulk * In
spite of the diverse apphications ot McAb, = the practical utility of these reagents
[McADb] to solve the diagnostic dilemmas [in fifaniasis including human onchocerciasis] has
not yet been demonstrated ™.V

Filarial indecuons in humans induce both humoral and cellular immune response. ™
Detection of host antibodies, however, has been used more frequently because of the am-
phiicative ettect of this component of the mmune system, and the casier appheation 1n
serological studies on population-based surveys A vartety ot immunodiagnostic methods,
which have been apphed for diagnosis of onchocercrass, . lude the complement fixation,™
indirect hemagglutination, * immunotluorescence, '’ ELISA,' ' and radio-allergosorbent*!
tests. The seasttivity and specificity for the diagnos s of onchocerciasts infections has been
sigmficantly improved over the traditional parasitologrcal methods Many problems sull
reman unsolved, espectally in the high degree of cross-reactivity observed between onch-
ocercrasts and other filanal and helminthic infections. ™ Most of the serologic assays have
employed crude extracts of adult O volvudus worms as antigens or extracts from related
filartal parasttes (heterologous antigens), counting on the high degree of cross-reactivity
observed between these parasites '™ Evidence, however, tor species- and stage-specttic re-
actions m human onchoceretasis has not yet been desermed ¥

Attempts have been made 1o improve the quabiy of O volvulus antigens used m sotopic
tests, for example. by applying punitication procedures such as athnity chromatography or
isoclectric focusing 1o remove host globulins and other antigenic contaminants, ™ However,
the real value ol this method tor increasing the specificity of the ELISA test remuains to be
evaluated m a large scale survey. Recently, gel filtration for purfrcation of O volvulus
adult worm antigen yielded @ 20 kDa surface antigeme traction which, when radiolabeled,
provided an assay with a sensitivity of 92% and a specificity of 98¢ 1n a serocp:denuological
study of human onchocerc.asis in Mexico ¥ This antigen, however, was not strictly species-
spectfic sinee 1t detected high levels of antibodies 1 sera from Indians exposed to Wuchereria
bancrofn in the New Delhi endennc area, Nevertieless, the speciticity of serologic tests for
onchocerciasts may be increased by focusing on the charactert-ation of surface, somatic,
and excreted antigens, and by wentifying class or subclass-specific antibody response.

Modern methods tor the characterization of surface antigens are based on the combination
of sodium dodecyl sultate-polyacrylamide gel electrophoresis (SDS-PAGE), with the most
commonly used butfer system being that of Lacmmli.™ with the subsequent electrophoretical
transfer of protens onto nitrocellulose filter sheets, according to Towbm ct al.®' These
procedures together with immunoassays empleving 1sotopic and nonisotopic markers, have
been used to characterize the reactive specificities of antigens and antibodies 1n several
parasitic infections, 1ncluding human onchocerciases.s! 3 %

Low molecular weight (LMW) antigens (ranging from 20 to 43 kDa) of adult O. volvulus
wornts have been shown by two-dimensional SDS-PAGE to be more species-specific than
high molezular weight (HMW) antigens, which cross-react with sera from patients with
other filariases.** Similar findings were obtained on immunoblotted antigens, where Onch-
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ocerca-specific bands were observed in the 12- to 25-kDa range of phosphate-buffered saline
(PBS)- and detergent-solubilized worm extracts.** Interestingly, comparable LMW antigens
to adult worm surface proteins,™ * ** have been tound to be present in other parasite stages,
such as skin microfilariac.* Based on these results, a LMW (12.5 to 35 5 kDa) antigenic
fraction was recently prepared by gel filtration of crude extracts of soluble, adult O. vohudis
and used in an ELISA test to determine the prevalence of onchocerciasis in African villages.
The specificity of the test was signiticantly improved when the LMW tractions were used
as antigens, i comparison to the crude adul: worm extracts. The assay could be used to
evaluate onchocerctasis prevalence, especially when testing individuals § 10 15 years of
age. ™

The specificity ot serologcal tests tor onchocererasis may also be inereased by focusing
on the detection of class or subclass-specific antibodies 1t appears that ILE antibodies are
more spectes-spectfic than 1gGoantibodr s in both human onchocercrasis and lymphatic
filariasis. ™ ™ In addition, 1gG4 type antibodies are preferentially induced during filanal
infections and can recognize O vohulin™ ' and lymphate filanasts antigens™ * more
specitically than any ot the other classes or subclasses of antibodies Chmeo-immunological
relattons have been suggested between signs of the discase and class or subclass-specific
responses, “but thewr broad appheability s unproven sull’™™ ¥ Nevertheless, the spec-
ificity ot ELISA and immunoblot tests for serological diagnosts of human onchocerciasis is
improved when IgG4 or IgE responses are exarined, even when whole worm soluble
antigenic preparations are used

B. MOLECULAR BIOLOGY

It appears that one of the mayor problems in immunodiagnosis of human onchocerciasis
(the specificity of the test) can be partly solved when antigens of low molecular mass are
utilized instead of whole worm soluble antigenie preparations. Stage-specific surface, somatic,
and excretzd antigens may be of particular value for accurate serodiagnosis. A problem stll
remains, however, m providing a constant, rehable source of adult worms and hey larval
stages o prepare large enough quantities of these antigens. Currendy, obtawning antigens is
dependent on preparation from live or frozen parasites, but worldwide there 15 a linuted
availability of O volvulus parasites since there is currently no suitable laboratory model for
human onchocerciasts. Theretore, alternative antigen sources have to be developed, either
from other Onchocerca species which display a high degree of cross-reactivity or by cloning
DNA sequences for specific O. volvulus wtigens.

Recombinant DNA technology can be extremely useful for filariasts research since
purified reagents can be produced in large quantities.*® Recent applications of this technology
have been aimed at detecting O. volvudus ntections in human beings and brackfles, dif-
terentiating O. volvidus from other helminths or filarial parasites,* " distinguishing forest
from savanna strains of O volvulus,™ expressing stage-specific antigens (L,),*” and pro-
ducing protemns that may serve as specific antigens in serodiagnosis or that might be involved
in developing a vaccine against O. volvidus. Recently, a recombinant cDNA clone derived
from microfilanae-producing female O. volvulus and expressing a released product of 16 to
17 kDa, has been wdentified to be specific for the serodiagnosis of onchocerciasis, since sera
of patients with other filariases did not recognize this antigen.”

This aspect of the review has focused primaiily on immunodiagnosis of O. volvulus
infections in humans by detecting antigen products of the parasite or host antibodic:. in body
fluids. Other human filartal agents such as Wuchereria bancrofti, Brugia malayi, or Loa
loa, or nonhuman filarial pathogens, such as Dirofilaria immins, B. pahangi, Acantho-
cheilonema viteae, and others, have not been included due to space limitations. Much
information, how =ver, has been derived from these other systems and have contributed
significantly to the development of accurate immunodiagnosis for human onchocerciasis.
Modern immunodiagnostic assays which rely un 1sotopic (e.g., RIA, IRMA, RIPEGA) or
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nomisotopic (e.g . ELISA, IFA) markers have more than an acceptable sensitivity. The major
problem tor diagnosis of human onchocerciasts has been the extensive cross-reactive anti-
genicity observed between Onchocerca spp ., other filanal parasites, and other helminths,
For this reason, cach serological test has an inadequate specificity which s not surtable for
eprdemiological studies, follow-up of anfected or treated patients, or for surveillance of
control areas  The introduction of immunoblotting techniques and deternunation of class and
subclass-specific antibodies has provided a signiticant improvement on the specificity of
immunodiagnosis over the preceding assays using crude soluble antigens The linuted source
and complexaty of O velvuluy antigens, however, s a serious constrant to the development
of sensitive and spectfic assays This problem may Be overconie by recombinant ¢DNA
expresston procucts, which can be a substitute for the tradional serological assays.

III. CONTROL MEASURES

A. VECTOR CONTROL

Systematic attempts at controlling human onchocerciasis date back to the 19404 when
DDT became avatluble as an etfective blacktly larvicide.”" By instituting successful control
of blackfly vectors using this organochlorime., transmission of O velvudus was temporarily
curtatled or chmunated 1 several parts of Atrica' 7 and Guatemata.” More recently, a
multmational program wmed at interrupting transnussion of & volvudus by meimbers of the
St damnosum sibling species complex was instituted in a large geogrephie sone of
the savannahs of West Africa 7' The Onchocerciasis Control Program (OCP), funded by the
World Bank and adnunistered by the World Health Organization, 1s scheduled for a 20-year
operational perniod (1974 to 1994)

AL its inception, because of the lack of an approprniate mass chemotherapeutic agent,
the strategy of the OCP was oriented exclusively to vector control using extensive appitcations
of organophosphate farvicides.”™ Atter a 10-year penod of highly successtul blackfly control
using temephos and chlorphoxim., transmission of O volvadus had been reduced below the
accepted levels of 100 0 volvuduy ainfecuve stage larvae (L)/person/year 10 90% ot the
treatment area  In so doing, a 97% reduction in infections among children was noted,
indicating that a cohort of approximately three milhon children were free frone risk of ocular
onchocerciasis

However, attendant wath the success of this program, several entomological and cpi-
deniological problems emerged which have threatened its overall operational well-being.
Chicet among these are insecticrde reststance™ 77 and remnvaston of arcas previously sanitized
by larviciding, ™ others include lack of suitable means tor precise identification of the vector
stages of O volvalus **straas™ and related bovine Gnchocerca species, as well as the need
to accurately separate savanna vector species adults (8 daminosum s.s., 8. sirbanwm) from
forest forms at the interface of these majar geobotanical zones. In response, the original
rescarch-operational goals of the OCP were expanded to include a drug discovery component,
development of alternative 1 vivo and i vitro systemis for expenimental drug screening,
and ancillary rescarch focusing on modern identification methods for both vector and parasite.
A termtonal extenston of the vector control program was also instituted to provide adequate
inseciicide coverage in westward areas believed to be the source of mvading flies.” Molecular
biologic approaches, including the evaluation of current methodologies for vaccine re-
search,”® were alse independently formulated to diversify control possibilities.

In response to the occurrence of resistance in larval populations of important vector
cytospecies (S sirbanum, S. damnosien s.5.)," attention was directed toward the discovery
of alternative larvicides which had httle or no deleterious impact on aquatic nontarget
organisms.*" Because of cross-resistance to organophosphorus (OP) insccticides, permethrin
(a pyrethroid) and carbosulfan (a carbamate) received strong consideration as potential
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replacements, even though the prospects of resistance, nontarget toxicity, and carry (distance
below application with 100% cffect) remain as potential or real operational problems.

Because of 1ts specific mode of action and rapidity of toxicity for medically important,
nematocerous Diptera™ and the low potential for selection of resistance ** the H-14 serotype
of Bucilluy thuringiensis* has been used extensively in combatting the spread of OP-resis-
tance 1n both forest and savanna populations of S. damnosum sensu lato.* For economical
and operational reasons, the initial use of Bacillus thuringiensts H-14 was restricted primarily
to the dry season. Implementatien during this time was based on decreased river discharge,
hence less material was required to treat larval sites A flowable concentrate formulation
was applied weekly by air to large rivers and was alternated with other insecticides (usually
chlerphoxim) tn the wet season i an attempt to curtail expansion of temephos resistance,
Smaller water courses. 1 ¢ . with flow riates <50 m'Ys, in areas populated by resistant forns
were treated throughout the year Inmplementing Bacillus thuringiensis H-14 as a response
to resistance. over one nullon liters of matenial was used by the OCP between 1981 and
1985 *

The Bacdlus thurimgrensis H-14 serotype is the first commercially available biological
control agent for blackflies.™ As such, 1t has reached a relatively wide market, in part,
because of overlap with mosquito control  In contrast, the operational control potential of
other simulnd pathogens appears to be relatively low, due to the inability to effectuvely mass
produce and deliver promising entomopathogens.’” ™ Indeed, operational, wide-scale ap-
phication ot Baucrllus thurimgienses H-14 16 sull less cost etfective than traditional insecticides
because of excess bulk, formulations requirements and vartability in concentration of active
ingredient, a brotechnological problem currently being addressed !

OP-resistance gene flow within Sumudivm soubrenselsancupants populations in the Ivory
Coast has been followed using cytogenctic techniques.” A chromosomal rearrangement
(inversion A) on the long arm ot chromosome 11 (IHHL-A) served as a marker to trace the
spread ot resistance eastward from the Bandama river. The use of this inversion marker was
also later ventied tor populations of 8 sanctipauds from the Ivory Coast, Ghana, and Mali.*!
However, while serving as an excellent phenotypic marker, the actual genetic/brochemical
mechanism(s) for temephos/chlorphoxim detoxitication s stll under study. For example,
total esterase activity seen in larvae collected from arcas where resistance occurs appeared
to be predictive although the high degree of enzyme heterogeneity among individual larvae
i both resistant and susceptible populations taade this interpretation ditficult *?

The occurrence of OP resistance has proven costly to the overall tiscal, operational and
epidemiological aspects of the OCP.” In developing a resistance management scheme, current
approaches ivolve not only the use of Bacillus thuringiensts H-14 to reduce the frequency
of resistant genotvpes but the selection of chemical larvieides to which there is less likehhood
ot cross-resistance or that exhibit negative cross-resistance. ™ However, the latter approach
1 not without ditticulty due to possible **omnipotent™ detoxification mechanisms controlled
at other genetic loer ™

B. CHEMOTHERAPY

The chemotherapy of human onchocerciasis has seen a dramatic change in the past S
years as a result of the antroduction of ivermectin, a potent mucrofifaricidal drug.”” Of
particulas importance is the fact that ivermectin produces substantially fewer clintcal reactions
than drugs used previously ™ Prior to the advent of this drug, treatments were problematic
due to the nephrotoxicity of the only avatlable macrofilaricide (Suramin) and the adverse
side-reactions associated with nucrofilarial-killing by diethylcarbamazine, a piperazine de-
rivative.™ As a broad spectrum antiparasitic agent, ivermectin is free of these major problems:
reported side effects including edema of the limbs, '™ "7 and face, "' and occasional headache,
fever,' and postural hypotension."™ Because of its safety, wermectin provides the first

i
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opportunity for implementation of chemotherapy programs integrating mass treatment with
vector control  Indeed. as of January 1989, more than 120,000 individual doses had been
adminsstered without severe adverse reactions in various WHO-sponsored ficld trails.”” With
its recent registration (as Mectizan) for human consumption, 1vermectin 1s currently being
dispensed i the OCP area of West Africa.'” In addition to its treatment value for O.
volvulus, a single dose of ivermectin s highly effective against Ascaris lumbricoides, Stron-
evloides stercoralis and Frichuris trichiera with relatively good activity against hookworm
(probably Nectar americanus) " Thus the clinical imphcations of a chemotherapy-based
program for human onchocerciasis control can also be expected to have a major impact on
reducing enteric roundw orm burdens as well,

The demonstration that a single treaunent with ivermectin substantially reduced the
uptake of O volvidus mizrofilariae for periods of 4 to 10 months by both forest'™ " and
savanna' vectors in West Africa suggested that i addition to its favorable clinweal properties
this drug could be used to mterrupt transmission as well. Because of its ability to prevent
vector infection by ridding the shin of microfilariae for eprideniologically important periods
of time, 1t has been suggested that ivermectin would be particularly effective where parasite
transniission s hinuted by scasonality, discrete ecological boundaries, or vector ineffi-
ciency " This latter possibility was explored in Guatemala where 1t was shown that two
treatments, given at 7-month itervals to a highly infectious group of volunteers, resulted
in almost complete suppresston of developing or mtecuve larvae in S, ochraceun for a 6-
month period "™ Also, the overall decline of vector infection was an order of magnitude
lower than pretreatment levels.

Studies have begun in Africa and Guatemala to measure the effccts of community-wide
treatment on the annual transmission potential'” of O. volvudus. Preliminary results from
investigations using one'™ or two''” community-wide treatments are encouraging and dem-
onstrate a downturn in S, damnosum s.1. fection with developing larvae, hence L, pro-
duction. Data from Guatemala, where four 6-monthly treatments have been completed in
three commumities,'"! indicate that the basic reproductive rate (R, of the parasite can be
drastically lowered with sequential ivermectin treatment, thereby possibly reaching the
threshold for continued transnussion using chemotherapy alone.'"” These findings have broad
ramifications tor the planning and implementation of future control programs. particularly
in the African savannas. With the availability of modern molecular techniques to specifically
identify O volvulus L s in zoophilic blackfly vectors,'? it should now be possible to critically
evaluate similar studies in the savanna when multiple treatments are given on a scheduled
baais. In dong so, the role of vector control i concert with ivermectin chemotherapy can
be determined so that cost-effective protection can be established at the community level.

C. VACCINE DEVELOPMENT

The development of an O. volvulus synthetic vaccine is an emerging area which will
require careful evaluation. Factors which must be considered include the social, political,
and economic realities of vaccine delivery after identifying and cloning genes for protective
immunogens,'" as well as possible difficulties in demonstrating the efficacy of a ptophylactic
vaccine b:cause of the chronic nature of this parasitism."'s The spread of AIDS throughout
Africa and Latin America also poses potentisl problems when considering a vaccine for a
chronic helminth infection such as human onchocerciasis''® because of the former’s effect
on immunoresponsiveness.

Nevertheless, techniques in molecular genetics and immunology have been successfully
implemented in surveying the O. volvulus genome for potentially useful antigens. For ex-
ample, several cDNA fusion products that are 12cognized by human sera from endemic areas
have been isolated and characterized.**'"” One of these, paramyosin, is a major immunogen
in filarial infections, exhibiting a high degree of amino acid homology between O. volvulus
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and D. immitis."™ As a corollary to the search for protective antigens, recent ficld obser-
vations in Guatemala of persens living m an endemic zone suggest that some level of natural
immunity to O. volvulus occurs withm a subset of that population; the protective mechanism

appears to be associated with greater lymphoceyte responsiveness involving production of

interleukin-2.""

The recent development of several field and liboratory techniques should also prove
complementary in further identityg potentially usetul clones/fusion products. These include
the use of m si DNA-mRNA hybridization to detcrmine the tissue location of genes
encoding specific antigens, ' greater access to specific stages of the parasite™s lite cycle,
including nfective stage larvae,"?" wr virro-cultured L' and adult worms.'? These tech-
niques, when coupled with the usefulness of cryopreservation of live worms,'** should
provide added means to pursue the vaccine discovery process. However, as reviewed by
Gutteridge,'”* while vaccines are potentially safer, cheaper, and more prophylactically ef-
ficacious than drugs, the latter will continue to be needed for some time to come.
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