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1. INTRODUCTION 

A. BIOLOGY OF THE PARASITE 
Onhocerca volvulu.s, the causative agent of "river blindness" in Africa and Robles' 

disease in the New World, follows a pattern of morphogenesis and development generally
similar to related taxa within the nematode superfamily Filarioidea. I Hematophagous ar
thropods (in this case members of the family Simuhlidae - "blackflies") serve as inter
me'diate hosts for development of the initial larval stages ( 1,-L,) after ingesting microfilariae 
(these emlbryonic forms of 0. volvulus are foand in the skin) front an infected human. 
Following development ir the thoracic musculature, 0. volvthis 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 through the terminal portions of the mouthparts. Because black!lies 
are tehnophagous, i.e , the rasping action of their mouthparts causes (ie formation of tiny
subdermal hemorrhages. infective larvae escape into an environment of pooled blood and 
hlemolymph from the l:ptured mouthparts of the vector. This method of transmission and 
infection is clearly Jistmint from that of mosquito-associated filariases. 

Following :nfection of tl:: human host, the L, molts to the fourth larval stage (L,); prior 
to eclysis, the worn enters a state ot lethaigus for 24 to 48 h and then escapes from the 
old cuticle h: 1itro studi,,s.' as well as those using infective stage larvae anplanted into 
laboratory mice.' indicate that the L, to L, molt by ) volvulth occurs within 2 to 4 d. The 
L, is highly motile and presumably is the migratory stage, allowing the parasite to move to 
its final anatomcal site for a final molt (L,-juv-mle) and subsequent growth to reproductive 
competence Estimates for the length of time in which the parasite remains in the L4 stage 
vary, ranging from I to 2'/, month,,. ' , ' 

The prepatent period appears to be 12 to 15 months. Adult worms are usually encap
sulate:d in connective tissue ihat fornis subcutaneous 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 citiclc and into a central fibrin lake.' Females are multiply-insem
inated by itinerant males." Following fertilization, cmbryonation begins, ultimately producing
unsheathed microfilarie which congregate in the uterus and from which they are expelled.
Larvating eggs of 0. ro'vulh. readily bind a variety of lectins, however, neither in utero 
derived microfmfarmae nor those found in the skin do s(,,' suggesting a loss of surface anti
genmcity 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,'' 0. volhiuluA 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 no other ,pecies of 
Onchocerca naturally parasitizes primates. This unique evolutionary aspect has important
ramification for control in that the reservoir for 0. viohutu. is limited to human hosts. It 
also poses problems inmaking 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 VECTORS 
The Simuliidae, and in particular, certain members of the Simulium dainosum sibling

species complex serve as vectors of 0. roh'tulus. This parasite, which is the second leading 
cause of infectious blindness in the world, infects an estimated I I 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. 2 Thu,,, this is a vector
associated 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. damlosutm complex, i.e., major 
savanna (one vectors are composed primarily of two chromosomally distinct cytospecies (S. 
(IainoImin sensu stricto; S stibranum) with three other, (S. va'nhe'n,. S. Aoubr'en.se, and S. 
.%qtuaano.%wn) serving as primary v'ctors in the ram forest. " Vector competency ispartitioned, 
i.e., forest vectors are incompetent for the ,avanna form of 0 vo/vutlt and savanna vectors 
are incompetent lor the forest form of the parasite i Accurate identification of wild-caught 
adult flies is frequently difficult duo to the lack of consistently distinct morphologica! 
characters of the various sibling taxa. Consequently, approaches involving the use of DNA 
probes "' cuticular hydrocarbons, " ' Malpighian tubule chromosomes, ' and allo/ymesI" have 
been suggested for differc itiation, however, only the latter two techniques appear promising 
under field conditions in Africa Several alpha-level species belonging to the S. m'avei group 
serve as vectors in the highlands of East Africa. 

Important New Woild vector taxa (where 0. volvuu. was probably introduced several 
hundred years ago) include S ochraccun (Guatemala, Mexico), S. exigutut (Colombia, 
Ecuador), S. m'inallcutm (Venezuela, Guatemala) and S. oaypockense s.l. (Brazil, Vene
zuela). ' Microfilanal intake and subsequent inlection of the hemocoel in S. ochraceum is 
regulated by a bucco-pharyngeal armature which shreds most of the ingested worms,;20 
however, once nicrofilanie successfully bypass this barrier, iiifection of the flight muscles 
and development to the third larval stage is readily achieved. 

Experimental cross-infections using Sunuhtum spp. and 0. volvidl. from Africa and the 
New World (Guatemala. Venezuela) revealed that a nonreciprocal pattern exists intercon

'tinentally between the vectors and the parasite,' l -2 with none of the vectors (S.ochracettm, 
S. metall t, S dahnmio.van sensu lato) able to serve as competent intermediate hosts 
However, both the Guatemalan and Venezuelan strains of 0 voA.luttt were equally com
patible with S netallicumn from either Guatemala (where this blackfly isa secondary vector) 
or Venezuela " Thus partitioning of vector competence by this New World species complex 
does not appear to have taken place. 

The pathology of human onchocerciasis varies considerably between the various endemic 
areas in Africa and the New World. For example, in West Africa, the prevalence of blindness 
and skin disease is more intense in the Sudan and Guinea savannas than in the rainforest 
and transition zones. Thus the "savanna strain" of O. volvtu.ls is considered to be the most
 
intrinsically pathogenetic; 4 however the magnitude of annual parasite transmission"s and
 
intensity of skin infection2" are important epidemiological factors as well. In Latin America, 
particularly Guatemala, ocular pathology isvariable but is associated primarily with intensity 
of skin infection, 7 i.e., the number of microfilarmac per milligram of skin. 

11. IMMUNODIAGNOSTIC ASSAYS 

A. IMMUNODIAGNOSIS 
Diagnosis of human onchocerciasis is important for determining the prevalence and 

intensity of infection, identifying individuals Aho 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 microfilariae in skin biopsies from infected individuals"Xor by palpation of 
subcutaneous nodules (onchocercomata) that develop around the adult worm. 2-' " Neither of 
these methods however, can detect early prepatent infections, nor the presence of adult 
worms 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 inaccurate 
diagnosis. 

http:volvtu.ls
http:Aoubr'en.se
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Inmunodiagnostic assays. which are more sensitive and specific for detecting parasite 
products (antigenic fractions) rather than the organisms themselves in body fluids of ,nfected 

individual, have been developed as an alternative to parasitological diagnosis " Polyvalent 

antisera. "-as wel; as se, ei al monoclonal antibodies (McAb) have been raised against different 

antigenic determinants oft ilarial parasites, including 0. volvth.o, and have been ut'd in 

isotopic and nonlisotopiC assays for tile deLtection ol circulating parasite antigens "' The 

induction and selection ol McAb has been hampered, however, by the use of heterogeneous 

immunogens anO by the cross-reacti%ity observed with phosphorylcholmne, %'hich is present 

in many preparations of hellminth antigens Nevertheless, serological reativity [by McAbI 

has been identifiCd m to 1 kDa) polypeptides of 0 volviulU.,"In low nolccular weight (14 
0 volvulu antigens have been detected also in other body fluids, such as breat nuilk '"In 
spite of the diverse applications of McAb, tie practical utility of these reagents 

IMcA h to solve the diagnostic dielinmias lii fi artasis icIiding hmn onchocerciasisl has 

not yet been demonstrated". 

FilarialIInectiolns Ill humans induce both hunoral and cellular immlnune response." 

Detection of ho,,t antibodies, howex or, has been used more frequently because of the aum
plficative ellCLt of this Lonipolent Of the immune system, and the easier application in 

serological Studies on ppulatiIn-based surveys A variety of immunniodiagnostic methods, 
which have been applied for diagnosis of onchocerciasis, in,.lude the compleient xatlon, " 

indirect hlnagglutinat ion, ilinmunolluorescence," [LISA,- " and radio-allergosorbent4 

tests. The scrsitivity and specificity for the diagno-.,s of onchocerciasi, infections has been 

significantli improved over tle traditional parasitological methods Man) problems still 

remain unsolved, especially in the high degree of cross-reactivity observed between onctl

occrciasis and other fiIarl and helminthitc infections." Most of tlw scrologic assays have 

employed crude extracts of adult 0 volvulht worms as antigens or extracts frnoi related 

filarial parasites (heterologous antigens), counting on tile high degree of cross-reactivity 
observed between these parasites E.vidence. however, for species- and stage-specilic re

actions in hunzI, n onchocerciasis has not yet been descr ,)ed " 
Attempts have been made to improve the ti.luty of 0 volvilu.%antigens used in isotopic 

tests, for example, by applying puilication procedures such as affinity chromatography or 

isoelectric locu.ing to remove host globulins and other antigenic contaiinants. " However, 

tile real value of this method lor increasing the specificity of the ELISA test remains to be 
evaluated in a large scale suvey. Recently, gel filtration for purfication of 0 volvuh 

adult worm antigen yielded a 20 kDa surface antigenic traction which, when radiolabeled, 
provided an assay with a sensitivity of 9217 and a speciflcity of 98"( in a seroc:denuologcal 
study of human onchocerc.asis in Mexico T,,his ai-gen, however, was not strictly species

specific since it detected high levels of antibodies in sera from Indians exposed to Wtich'reria 
bancrofn in tile New Delhi endemic area. Nevertieless, the specificity of serologic tests !or 

onchocerciass may be increased by focusing on the characteri-ation of surtacc, somatic, 
and excreted antigens, and by identifying class or subclass-specific antibody response. 

Modern methods for the charactcrization of surface antigens are based on the combination 
of sodium dodecyl sultate-polyacrylamide gel electrophoresis (SDS-PAGE), with the most 
comntonly used buffer system being that of Laennli.'" with the subsequent elecirophoretical 

transfer of proteins onto nitrocellulose filter sheets, according to Towbin et al.' These 
procedures together with imnlunoassays employing isotopic and nonisotopic markers, have 

been used to characterize the reactive specificities of antigens and antibodies in several 
parasitic infections, including human onchocerciasis. l " " 

Low molecular weight (LMW) antigens (ranging from 20 to 43 kDa) of adult 0. volvulus 

worms have been shown by two-dimensional SDS-PAGE to be more species-specific than 

high molecular weight (HMW) antigens, which cross-react with sera from patieits with 
other 'ilariases."' Similar findings were obtained on inimunoblotted antigens, where Onch
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ocero-specific bands were observed in the 12- to 25-kDa range of phosphate-buffered saline 
(PBS)- and detergent-solubilized worm extracts.' Interestingly, comparabl- LMW antigens 
to adult worm surface proteins,4" 

' have been found to be present in other parasite stages, 
such as skin miicrofhlariae.s Based on these results, a LMW (12.5 to 35 5 kDa) antigenic 
fraction was recently preparcd b.v gel filtration of crude extracts of soluble, adult 0. voliluh. 
and used in an ELISA test to determine the prevalence of onchocerciasis in African villages. 
The specificity of the test was significantly improved when the LMW Iractions were used 
as antigens. in comparison to the crude idul: w.rni extracts. The assay could be used to 
evaluate onchocerciasis prevalence, especially when testing individuals 5 to 15 )cars of 
age. 

The specificity of serological tests for onchocerciasis may also be increased by focusing 
on the detection of class or subcla,,s-specific antibodies It appears that IE antibodies are 
more species-spec,fic than IgG antibod' s in both human onchocerciasi, and lymphatic

'
filariisis. ' In addition. IgG4 type antibodies are preferentially induced during filarial 
"infections and can recogni/e ) volvulus ' and lyiphatic filarasis antigens"2' more 

specifically than any of the other classes or subclasses of antibodies Clinico-inimiunological 
relations have been suggested between signs of the disease and class or subclass-specific 
responses. "'but their broad applicability is unproven still' ,"Nevertheless, the spec
ificity of ELISA and immunoblot tests for serological diagnosis of human onchocerciasis is 
improved when IgG4 or IgE responses are examined, even when whole worm soluble 
antigenic preparations are used 

B. MOLECULAR BIOLOGY 
It appears that one of the major problems in inmmunodiagnosis of human onchocerciasis 

(the specificity of the test) can be partly solved when antigens of low molecular mass are 
utili/ed instead of whole worn soluble antigenic preparations. Stage-specific surface, somatic, 
and excreted antigens may be of particular value for accurate serodiagnosis. A problem still 
remains, however, in providing a constant, reliable source of adult worms and key laIrval 
stages to prepare large enough quantities of thes. antigens. Currently, obtaining antigens is 
dependent on preparation from live or fro/en parasites, but worldwide there is a limited 
availability of 0 voitult.parasites since there is currently no suitable laboratory model for 
human onchocerciasis. Therefore. alternative antigen sources have to be developed, either 
from other Om hocerca species which display a high degree of cross-reactivity or by cloning 
DNA sequences for specific 0. volvulu.%ai.tigens. 

Recombinant DNA technology can be extremely useful for filariasis research since 
purified reagents can be produced in large quantities." Recent applications of this technology 
have been aimed at detecting ). vol'ulu.s infections in human beings and blackfles, dif
ferentiating 0. volvulus from other helminths or filarial parasite,'"' distinguishing forest 

"
from savanna ,train,, of 0 volvtdu.., expressing stage-specific antigens ( 1 'j, and pro
ducing proteins that may serve as specific antigens in serodiagnosis or that might be involved 
in developing a vaccine against 0. vi-ulu.s. Recently, a recombinant eDNA clone derived 
from nicrofilai rae-producing female 0. volvulu.% and expressing a released product of 16 to 
17 kDa, has been .dentified to be specific for the serodiagnosis of onchocerciasis, since sera 
of patients with other filariases did not recognize this antigen.7 ' 

This aspect of the review has focused prinaiily on imnunodiagnosis of 0. volvulus 
infections in humans by detecting antigen products of the parasite or host antibodie:. inbody 
fluids. Other human filarial agents such as Wuchereria bancrofti, Brugia malavi, or Loa 
loa, or nonhuman filarial pathogens, such as Dirofilaria immitt.i, B. pahangi, Acantho
cheilomema viteac, and others, have not been included due to space limitations. Much 
infornation, hov,.ver, has been derived from these other systems and have contributed 
significantly to the development of accurate immunodiagnosis for human onchocerciasis. 
Modem immunodiagnostic assays which rely on isotopic (e.g., RIA, IRMA, RIPEGA) or 
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nornsotopic (e.g .ELISA. IFA) markers have more than an acceptable sensitivity. The major 
problem tor diagnosis of' human onchocerciasis has been the extensive cross-reactive anti
genicity observed betwen Onchw er a spp , other filarial parasites, and other helinths. 
For this reason, each serological test has an inadequate specificity which is not suitable for 
epidemiological studies, follow-up of infected or treated patients, or for surveillante of 
control areas The introduction of innunoblotting techniques and determ ination of class and 
subclass-specific antibodies has provided a significant improvement on tilespecificity of' 
immunodiagnosis over tile The limited sourcepreceding assays using crude soluble alltgens 
and complexity of ( vlvuitu developmentantigens, however, is a serious constraint to tile 
of sensitive and specific assays This probLmn may he overcome by recombinant cDNA 
expression products, which can be a substitute for the traditional serological assays. 

III. CONTROL MEASURES 

A. 	 VECTOR CONTROL 
S)stemlatic attempts at controlling human onchocerciasis date back to the 1940s when 

)DT became available as an effective blackfly lar-,icide.7 By instituting successful control 
of' blackfly vectors using this organochlorine, transmission of O volvulu.%was temporarily 
curtailed or eliminated in several parts of Africa -7" and Guatcnala."' More recently, a 
multinational program ained at interrupting transmission of 0 volvuitui by members of tile 
Simul/hm d mnw1tnm sblin' species complex was instituted in a.large geogrphic /one of 
the savannahs of West Africa '"The ()nchocerciasis Control Program (OCP). funded by the 
World Bank and adminisiered by the World Ilealth Organi/ation, is scheduled for a 20-year 
operational period (1974 to 1994) 

At its inception, because of tilelack of an appropriate mass chemotherapeutic agent. 
the strategy of the ()CP was oriented CXclusivCly to vector control using extensive api,:cations 
of organophosphte larvicidcs.' After a 10-year period of highly successful blackfly control 
using teniephos and chlorphoxim, transmission of 0 volvulu. had been reduced below the 
accepted levels of 10f) ) volvidto infective stage larvae (L,)/person/year in 9014 of the 
tre;tnment area In so doing, a 97/ reduction in infections among children w,,asnoted, 
indicating that a cohort of approximately three nillion children were frce froir risk of ocular 
onchocerclasis 

Ilowever. attendant with the success of this program, several entomological and epi
demiological problems emerged which have threatened its overall operational well-being. 
Chief anmong these are insecticide resistance"' " atd reinvasion (If areas previously saniti/ed 
by larviciding,"'others include lack of suitable means for precise identification of the vector 
stages of 0 volvtdim "strai:is" and related bovine Omhocer a species, as well as the need 
to accurately separate savanna vector species adults (S chtmnomitm s.s., S.mrbaum) from 
forest forms at the interface of these major geobotanical zones. In response, the original 
research-operational goals of the OCP were e,panded to include adrug discovery component, 
development of alternative in vivo and in vitro systems for experimental drug screening, 
and ancillary research focusing on modern identification methods for both vector and parasite. 
A terrtorial extension of the vector control program was also instituted to provide adequate 
inse,.icide coverage in westward 'ireas believed to be the source of invading flies.7 ' Molecular 
biologic approaches, including the evaluation of current methodologies for vaccine re
search,"' were also independently formulated to diversify control possibilities. 

In response to the occurrence of resistance in larval population:, of important vector 
cytospecies (S .sirbanunm, S. dat1t'itam s.s.), ' attention was directed toward the discovery 
of alternative larvicides which had little or no deleterious impact on aquatic nontarget 
organisns.x Because of cross-resistance to organophosphorus (OP) insecticides, 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% effect) remain as potential or real operational problems. 

Because of its specific fliode of action and rapidity of toxicity for medically important, 
-nematocerous Diptera and the low potential for selection of resistance," the 11-14 serotype 

of Bacdllu%thuringien.t. has been used extensively in coiabatting the spread of OP-resis
tance in both forest and savanna populations of S. lanimo.mi sensu lato." For economical 
and operational reasons, the initial use ofBacillu.s thuringienst. H1-14 was restricted primarily 
to the dry season. Implementation 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 
chlorphoxim) in the wet season in an attempt to curtail expansion of temephos resistance." 
Smaller water courses. i e , with flow rates _50 m's, in areas populated by resistant form, 
were treated throughout the year In implemeuting Bacilht thurngiensis 14- 14 as a response 
to resistance, over one million liters of material was used by the OCP between 1981 and 
1985 "' 

The Bacillu.% u,utugn. . . -14 serotype is the first commercially available biological 
control gent for blackllies." As such, it has reached a relatively wide market, in part, 
because of overlap with mosquito coaitrol In contrast, the operational control potential of 
other sinuliid pathogen,, appears to be relatively low, due to the inability to cffectively mass 
produce and delier promising entomopathogens.'"'. Indeed, operational, wide-scale ap
plication of 1Ba dlus thuttunguns H-14 is still less cost elfective than traditional insecticides 
because ol e\ces,, bulk. formulations requirements and variability in concentration of active 

'ingredient, a biotechnological problem currently being addressed 
OP-rcsistance gene flow within S ntuliwn .uubnt n.u'.sancttpauli populations in the Ivory 

Coast has been followed using CVtogenLtic techniques.'" A chromosomal rearrangement 
(inversion A) on the long arm of chromosome I1 (III.-A) served as a marker to trace the 
spread of resistance eastsard from the Bandama river. '[he use of this inversion marker was 
also later yen lied for populations of S sancpauli from the Ivory Coast, Ghana. and Mali."' 
Iloweer, while serving as an excellent phenotypic marker, the actual genetic/biochemical 
mechanism(,,) for temephos/chlorphoxim detoxification is still under study. For example, 
total esterase auctivity seen in larvae collected from areas where resistance occurs appeared 
to be predictive although the high degree of eniyne heterogeneity among individual larvae 
in both resistant and susceptible populations aade this interpretati.m difficult "' 

The occurrence of OP resistance has proven costly to the overall fiscal, operational and 
epidemiological aspects of the OCP." In developing a resistance mapagement scheme, current 
approaches invol ve not only the use of Iactlu.%thuringten.%t.%H-14 to reduce the frequency 
of restont genotypes but the selection of chemical larvicides to which there is less likelihood 
of cross-resi,,stance or that exhibit negati, e cross-resistance. " However, the latter approach 
is not without di Ificulty due to possible "omnipotent" detoxification mechanisms controlled 
at other genetic loci .. 

B. CHEMOTHERAPY 
're chemotherapy of human onchocerciasis has seen a dramatic change in the past 5 

years as a result of the introduction of ivermectin, a potent microfilaricidal drug.'7 Of 
particular importance isthe fact that ivermectin produces substantially fewer clinical reactions 
than drugs used previously 'JXPrior to the advent of this drug. treatments were problematic 
due to the nephrotoxicity of the only available macrofilaricide (Suramin) and the adverse 
side-reactions associated with nucrofilarial-killing by diethylcarbainaine, a piperazine de
rivative.'" As a broad spectrum antiparasitic agent, ivermectin isfree of these major problems: 
reported side effects including edema of the limbs, i1" 101 and face, "' and occasional headache, 
fever," and postural hypolension.""' Because of its safety, ivermectin provides the first 

http:lanimo.mi
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opportunity tar implementation of chemotherapy programs integrating mass treatment with 
vector control Indeed. as of January 1989. more than 120,(X)0 individual doses had been 
administered without severe adverse reactions in various WHO-sponsoied field trails." ' With 
its recent registration (a- Mectizan) for human consumption, ivernectin Iscurrently being 
dispensed in the OCP aca o West Africa. I''' In addition to its treatment value tar 0. 
volvulus, a single dose ot ivermectin is highly effective against Ascari.%lumbricoie.%, Stron
g'vloide .(Ir( orahs and Trichuro.trichtura with relatively good activity against hookworm 
(probably Nectar aeU'rtUanu.) ''' Thus the clinical implications )f a chemotherapy-based 
program l1r human onchocerciasis control can also be expected to have a ma or impact on 
reducing enteric rounds orm burdens as well. 

The demonstration that a single treatment with ivermectin substantially redticed the 
uptake of 0 vohuluh ni:rofilariae tar periods o'4 to 10 months by both forest"' '06 and 
savanna"' vectors in West Atrica suggested that in addition to its favorable clntcal properties 
this drug could be used to interrupt transmission as well. Because of its ability to prevent 
vector intection by ridding the skin it icrotilariae for epidemiologically important periods 
ot time, it has been suggested that iveiniectn would be particularly effective where parasite 
transmission is limited by seasonatity, disciete ecological boundaries, or vector inetfi
ciency ""This latter possibility was explored in Guatemala where it was shown that two 
treatments, given at 7-month intervals to a highly iniectious group of volunteers, resulted 
in almost complete suppression of developing or Intective larvae in S. ochraceum for a 6
month period "'"Also. the overall decline o vector infection was an order of magnitude 
loswer than pretreatment levels. 

Studies have begun in Africa and Guatemala to measure the elt '.sof community-wide 
treatment on the annual transmission potential' of 0. volvulu . Preliminary results from 
investigations using one"" or two' ' community-wide treatments are encouraging and demn
onstrate a downturn in S. damnostn s.I. infection with developing larvae, hence L, pro
duction. Data from Guatemala, where four 6-monthly treatments have been completed in 
three communities, I ' indicate that the basic reproductive rate (R,,) of the parasite can be 
drastically lowered with sequential ivermectin treatment, thereby possibly reaching the 
threshold I'M continued transmission using chemotherapy alone. "',These findings have broad 
ranifications for the planning and implementation of future control programs, particularly 
in the Atrican savannas. With the ivailability of modern molecular techniques to specifically 
identify 0 vol'ulu%Ls in zoophilic blacktly vectors,' it should now be possible to critically 
evaluate similar studies in the savanna when multiple treatments are given on a scheduled 
ba.,is. In doing so, the role of vector control in concert with ivermectin chemotherapy car. 
be determined so that cost-effective protection can be established at the community level. 

C. VACCINE DEVELOPMENT 
The development of an 0. 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 piophylactic 
vaccine b-cause of the chronic nature of this parasitism.'I" The spread of AIDS throughout 
Africa and Latin America also poses potential 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 molecul;ar genetics and immunology have been successfully 
implemented in surveying the 0. volvuhus genome for potentially useful antigens. For ex
ample, several cDNA fusion products that are i zcognized 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 0. 'olvulus 
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and D. immiti.s."' As a corollary to the search for protective antigens, recent field obser
vations in Guatemala of persens living in an endemic zone suggest that some level of natural 
immunity to 0. vol'uIhs occurs within a subset of that population; the protective mechanism 
appears to be associated with greater lymphocyte responsiveness involving production of 
interleukin-2.'"' 

The recent development of several field and laboratory techniques should also prove 
complementary in further identifying potentially useful clones/fusion products. These include 
the use of in sitit DNA-mRNA hybridiiation to detcrmtne the tissue location of genes 
encoding specific antigens,'2" greater access to specil-ic stages of the parasite's life cycle, 
including infective stage larvae, tit i-wto-cultured L~s"22 and adult worms. '2 These tech

'niques, when coupled with the usefulness of cryoprc,,ervaton of live worms,,, should 
provide added means to pursue the vaccine discovery process. However, as reviewed by 
Gutteridge, 2 while vaccines are potentially saler, cheaper, and more prophylactically ef
ficacious than drugs, the latter will continue to be needed for some time to come. 
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