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EXECUTIVE SUMMARY
 

Onchocerciasis ::r 'river blindness' afflicts about 17
 

million people in tropical endemic c.jntries. The aim of this
 

project was to determine the role of surface molecules of
 

Onchocerca volvulus, the parasitic nematode that -auses the
 

diseaue, in evading host immunity. This information would provide
 

a tational basis for the design of new control measures.
 

Accordingly, we have identified and characterised the surface
 

sugars and proteins on five worm stages occuring in humans. Between
 

2 and 10 polypeptides were demonstrated on 5 worm stages which also
 

displayed a variety of sugars. Both the polypeptide and sugar
 

compositions varied from one worm stage to anchher; although we
 

found uommon components that were shared by all stages, there were
 

also stage specific antigens unique to defined worm stages. The
 

changing composition of the worm's surface antigens was seen as a
 

means of escaping host immunity. Furthermore, the worm stages
 

appeared to be protected from host inmmune attack by coatings of
 

human-like proteins (collagens and laminin).
 

A surface protein, idcntified with a specific monoclonal
 

antibody was shown to mediate the killing by patients' leucocytes
 

of immature microfilarice (mf) of 0. volvulus. Considering that
 

antigens released by dead mf are responsible for disease
 

manifestations this protein is being examined further for a role
 

in immune protection.
 

Further studies of the surface antigens led to a new
 

diagnostic test for 'river blindness' The new test detects
 

excreted 0. volvulus antigens in patients' urines using specific
 

monoclonal antibodies wnich we Cveloped to surface components.
 

Once tested on a large scale this test cnuld be applied in rural
 

areas for the detection of prepatent and/or low level infections
 

whose treatment are more tolerated than heavier infections.
 

Tn conclusion, this study has improved our understanding of
 

host-parasite interactions and proposed new tools for the control
 

of onchocerciasis.
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4.1. RESEARCH OBJECTIVES:
 

The 	parasitic nematode, Onchocerca volvulus is a major public
 

health hazard which affects about 17 million people in Africa,
 

Central America and the Yemen. Currently, there is n
 

satisfactory method for eradicating the disease. There is no
 

preventive vaccine. Available drugs like diethylcarbamazine and
 

suramin are known to induce adverse reactions in patients.
 

Ivermectin, the newly developed drug, kills mf but has little
 

effect on adult worms (Goodwin, 1984). Consequently, adult 0. 

volvulus may persist for as long as 10 years in humans with 

apparently functional immune systems. The mech-nism by which 0. 

volvulus evades host immunity is poorly understood, but by analogy 

with other parasites, one may postulate that the surface of the 

worm plays an impcrtant role in t.ne process (Cohen, 1982). It was 

proposed that factors such as variations in worm suriace, antigen 

disguise and inhibition of host im:.unity are possible machanisms 

used by 0. volvulus to escape host immune attacks. The overall aim 

of the present project was to determine the role played by surface 

antigens and other molecules of U. volvulus in evading host immune 

systems. Specificially we proposed to: 

a) identify the surface molecules (including protein and
 

carbohydrate antigens) on each of the developmental
 

stages of 0. volvulus.
 

b) 	isolate the dominant and/or stage specific
 

antigens of developmental stages of 0. volvulus and
 

characterise these biochemically.
 

c) 	determine the role of the isolated molecules on the
 

immune response of the host.
 

In accordance with the provisos of the USAID reviewers, we
 

were limited to the first of the specific objectives listed above.
 

However, our results show that we went beyond the first objective
 

4.2. RELEVANCE TO DEVELOPMENT:
 

Onchocerciasis has adverse socio-economic consequences. Apart
 

from disabling and disfiguring its victims, it may render them
 

blind thereby decreasing their productivity whilIst increasing their
 

dependence on scarce family resources. Large scale evacuation of
 

fertile lands near high onchocerciasis transmission areas has been
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documented in West Africa and associated with a fall in
 

agricultural productivity, the main source of income of the
 

afflicted rural masses. Since onchocerciasis is endemic in
 

Tropical Arrica, Latin America and the Yemen, anv contribution to
 

its control is likely to have a positive international impact. New
 

control measures may include effective dings, vaccines and
 

diagnostic methods.
 

4.3. INNOVATIVE ASPECTS:
 

At the onset of this project, few laboratories were concerned
 

with the problem of the mechanisms of survival of 0. volvulus in
 

man. We chose to investigate the cuticle because it is the major
 

organ of contact between thp parasite and the host immune system.
 

As such the cuticle was seen as a decisive component in the host

parasite interplay (Maizels et ai, 1982- Politz and Philipp, 1992).
 

Our choice has since been vindicatc by the sigaificant growth in
 

the number of publications on this topic (for ieviews see
 

Betschart, 1990). Our proposal to investigate host immune
 

responses with isolated or specifically labelled J. volvulus
 

molecules has also gained wide currency with the application of
 

recombinant DNA and hybridoma technologies (see results).
 

4.4. ASSISTANCE FROM u.HER ORGANIZATIONS:
 

The successful completion of this project was facilitated by
 

the collaboration of many organizations. First of a'1 , the A.I.D.
 

Mission in Yaounde was always helpful and cooperative, in solving
 

management problems and maintaining linkages between our laboratory
 

and A.I.D. Office in Washington.
 

The National Research Council, acting through the Board on
 

Science and Technology for International Development (BOSTID)
 

organised training workshops in which we participated. In November
 

1991, BOSTID sponsored an International Biotechnology Workshop at
 

our Centre. Not only did this workshop help to train our
 

researchers in many techniques that would be needed in future, it
 

launched our Centre internationally.
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Research and/or Training grants were received from other 

international organisations, including I Fellowship from W.H.O. 

(Geneva), 2 training grants from New England Biolabs, 3 

scholarships from the International Program in Chemical Sciences
 

(IPICS, Uppsala). Besides, IPICS has been supporting the purchase
 

of reagents and small equipment items for our group since 1988.
 

5. METHODS AND RESULTS:
 

This Section is based on five publications, derived from this
 

project and referred to by their Roman Numerals (see Section 7).
 

5.1. SURFACE SUGARS OF ONCHOCERCA volvulus (I):
 

Lectin-binding assays were used to determine the occurence of
 

exposed sugar moieties on infective larvae (L3), adults (male and
 

female) nodular and skin microfilariae and eggs of 0. volvulus.
 

The various parasite stages were isolated and reacted alive with
 

fluorescein isothiocyanate-labelled lectins of diverse
 

specificities. After washing off excess unreacted lectins with
 

buffers the parasites were examined under a fluorescence
 

microscope. These studies enabled us to detect D(+)-galactosyl,
 

D(+)-mannosyl and N--acetyl galactosamine residues on the worm
 

stages. However, the combination of surface sugars detected varied
 

considerably between the parasite stages. Additional studies
 

suggested that some of the sugars were constituents of antigenic
 

glycoproteins kII, III). The data in I also revealed marked
 

differences between 0. volvulus and other filarial worm stages with
 

respect to lectin binding and in keeping with the known
 

specificities of these antigenically related parasites.
 

5.1 SURFACE POLYPEPTIDES (II & III):
 

Several approaches were employed to identify and characterize
 

the cuticle-associated polypeptides of the worm stages described
 

under 5.1.
 

Viable parasites were radio-iodinated in the presence of the
 

catalyst, iodogen. Their surface components were then solubilised
 

with detergent for analysis by SDS-PAGE and autoradiography
 

directly or after immunoprecipitation with specific antisera. In
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the first phase of our work, sera from patients with different
 

densities of skin mf were used in the immunoprecipitation
 

experiments. No difference was found in the antigen pattern,
 

recognised by spra from different patient groups. hwever, the
 

number and molecular sizes of polypeptides detected varied from one
 

stage to another. All worm stages containel polypeptides that
 

failed to react with human immune serum and were thus considered to
 

be non-immunogenic in man. These non-reactive polypepti2!es seemed
 

to represent most of the radiolabel-incorporated by female worms
 

and infective larvae. A few antigens appeared to be stage
 

specific, occuring only on one of the worm stages studied, but a
 

majority of them were shared by several stages. Thus like the
 

surface sugars the polypeptide antigen profile seemed to vary from
 

worm stage to stage. This implied that immune responses mounted
 

against one stage would not be effective against subsequent stages.
 

Indirect immunofluorescent antibody tests (IFAT) with specific
 

antisera revealed the fr.esence of connective tissue componentr
 

tightly bound to the adults; nodular and skin mf. Thus collagen
 

type IV was deterted in adult females, type VI on skin mf and
 

laminin on nodular mf. These observations confirmed the view tha4
 

host antigens may disguise the parasites thereby protecting then,
 

from immune attack and prolonging their survival: a finding which
 

was further corroborated by the failure of onchocerciasis sera to
 

react with skin mf in the IFAT.
 

Electron microscopic studies indicated that radiuiodination
 

catalysed by IODOGEN may target antigens in the sub-epicuticular
 

layers i.e. in the basal, cortical and hypodermal layers of the
 

cuticle (III). To identify surface antigens we utilised
 

biotinylation as an alternative labelling me.hod since biotin is
 

not expected to penetrate the epicuticle.
 

Biotinylation revealed polypeptides of 97, 61, 58, 53 and 501d
 

on adult males, but not females or microfilariae, suggesting that
 

a majority of the iodogen-labelled antigens were not necessarily
 

exposed to the surfar-. Taken together with thp preceeding
 

results, w- now believe that the epicuticle of all other stages
 

except adult males is poorly antigenic. Under certain conditions
 

the surface may harbour exported antigens that can be demonstrated
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by labelling. Such antigens may play a role in mealating the
 

attack of the parasites by immune cells (V).
 

HUMORAL IMMUNE RESPONSES TO A MAJOR CUTICULAR ANTIGEN (IV)
 

During the course of the studies reported in II and III, we
 

noted that antigens with the appare-it molecular weight range of 67

68kd were frequently recognized by sera from all patients' groups.
 

The same antigens were present in the five worm stages studied. A
 

polyclonal rabbit antiserum to a cuticula. fraction designated F5
 

also recognized this antigen(s). The rabbit anti-F5 was used to
 

screen a cDNA expression library for expressed 0. volvulus
 

antigens. One of the clones isolated expressed a polypeptide of
 

molecular weight 67kd. Its parent proteins were isolated from
 

adult female worms by affinity chromatography and used in
 

serological analysis in parallel with the corresponding recombinant
 

protein (rp67). The results obtained showed that in patients' sera
 

there were high concentrations of IgG4 and IgE antibodies to both
 

the native p67 and rp67. The p6" was however, more specific in
 

detecting anti-onchocercal antibodies. Partial nucleotide sequence
 

data (Sakwe & Titanji unpublished) have indicated that rp67 is an
 

analogue of the major Onchocerca antigen describel by Donelson et
 

al (1988). Further studies are in progresb to determine the role
 

of rp67 in host-parasite interplay and in immunodiagnosis.
 

5.4. APPLICATIONS OF SURFACE-ASSOCIATED (CUTICULAR) ANTIGENS OF
 

0. volvulus
 

The results presented in this section went beyond the provisos
 

of the USAID reviewers, as they addressed the problems of diagnosis
 

and immune protection.
 

5.4.1. AN IMMUNODIAGNOSTIC ASSAY FOR ONCHOCERCIASIS (V)
 

Using the rabbit anti-F5 antibodies we had earlier
 

demonstrated the presence in onchocerciasis sera and urines of
 

cuticular antigens, which we proposed as targets for
 

immunodiagnosis (Titanji & Ngu, 1986). During the reporting period
 

the F5 antigens were used to raise a pannel of monoclonal
 

antibodies termed MOVs. The MOVs were selected on the basis of
 



8
 

non-reactivity with human skin, Ascaris lumbricoides and Loa Loa
 
antigens and reactivity with 0. volvulus cryoruits. The first
 

batch of 9 MOVs were then evaluated in an ar tigen capture assay for 
onciocercal antigens in urine. In this assay the rabbit anti-F5
 

was immobilised on polyvinyl microtitre wells and used to trap
 

antigens present in urine or patients' sera. After eliminating
 

excess unbound antigens, the bound antigens were then reacted with
 

the MOVs. In the final step the presence of the MOVs w're revealed
 

by an anti-mouse globulin enzyme conjugate which catalyl-d a
 
colcrimetric reaction with appropriate substrates. The moauclonal
 

antibody, MOVl, emerged in this assay system E- the most pecific
 

for the detection of onchocerciasis. Urine was a better specimen
 

for the assay than sera. With a 98% sensitivity and over 90%
 

specificity the deveiGoc-1 test compared favourably with others
 

described in the literature.
 

5.4.2 CELL-MEDIATED AND MONOCLONAL ANTIBODY-DEPENDENT KILLING OF
 

ONCHOCERCA volvulus MICROFILARIAE (VI).
 

Following the acquisition of the hybridoma technology and its
 

application in Section j.4.1, another set of 32 monoclonal
 

antibodies were prepared, this time against surface extracts of
 

females, microfilariae and L3-infective larvae of O.volvulus. The
 

same selection criteria were used for this ;et of MOVs as was
 

described above (Section 5.4.1.). Particular attention was paid to
 

MOVs that reacted with the cuticle. In order to investi5,te the
 

roles of these MOVs, cytoadherence and cytotoxicity experiments
 

were conducted by incubating microfilariae and patients' leucocytes
 

in the presence of the MOVs.
 

Our results showed that cytoadherenice to mf was selectively
 

enhanced by monoclonal antibodies that recognized a 27kd antigen.
 

The cytoadherence was more dependent on the presence of human
 

complement than the killi,.g reaction which ccurred almost to the
 

same degree in the absence of complement. Both reactions required
 

the monoclona antibc/y MOV32. These results suggested to us that
 

target antigea of MOV32 is probably involved in mediating the
 

killing of mf by leucocytes in vivo. There is thus an obvious
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interest to characterise this target antigen further as a possible
 
vaccine component against onchocerciasis.
 

6. IMPACT, RELEVANCE AND TECHNOLOGY TRANSFER
 
The most potentially useful aspect of this study is the
 

diagnostic test which we are now evaluating on a larger sample. If
 
our results are confirmed we believe that the method would be
 
adopted for use in rural hospitals and dispensaries in the endemic
 

areas. Already reference is being made to this laboratory to
 
diagnose difficult cases of onchocerciasis in the country.
 

This project has also strengthened the researchi capacity of
 
our department by introducing a variety of state-of-the-art
 

techniques: radio-isotopic methods, hybridoma and recombinant DNA
 
technologies, etc. Within the context of the project a number of
 
young researchers have been trained. These include W.F. Mbacham,
 
J.P. Muluh, Evehe Marie-Solange and Amos Sakwe. The first three of
 
these have already obtained their doctorates: the last, Mr. Sakwe,
 
will graduate in early 1993 with a doctorate in biochemistry as
 
well. The P.I. has 
been promoted to the rank of Associate
 
professor from Senior Lecturer, and has been appointed as the head
 

of the country's only Biotechnology Center.
 

The equipment items provided by the project are vital for
 
running the Centre's research and teaching programs. Two of our
 
trainees have been employed as teachers in the department.
 
Overall, this project has contributed significantly in expanding
 
the scientific capacity and scope of the host laboratory which
 
hither-to-fore dealt only with simple serological studies.
 

7. PROJECT ACTIVITIES/OUT-PUTS
 

7.1 MEETINGS ATTENDED by the P.I.
 
- P.S.T.C.Conference on Biotechnology for Health and
 

Agriculture. Washington 6-9th June, 1988.
 

International Congress on Malaria and Tropical ."edicine.
 

Amsterdam, September, 1988.
 

International Epidemiology Conference held in Harare,
 

Zimbabwe on 7th-llth August, 1989.
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Onchocerciasis Conference held in Leiden, Netherlands in
 

September 1989.
 

International Symposium on the Biochemistry and Molecular
 

Biology of Nematode Cuticle, held in Basel, Switzerland in
 

September, 1989.
 

7th International Congress of Parasitology held in Paris in
 

1990.
 

First International Congress of the Federation of African
 

Immunologists, held in Harare, in June 1992.
 

International Congress of Infectious Diseases held in Nairobi,
 

1992.
 

Local Meetings in Cameroon: Cameroon Biosciences Annual
 

Conferences (Ngaoundere, 1989, Dschang 1991); Cameroon
 

Biochemical Scoiety Meeting held in Yaounde, November 14,1992.
 

.7.2 	LIST OF TRAINING WORKSHOPS
 

- Advanced course on PCR ard Molecular Biology techniques held
 

at the Cattholic University of America, Washington DC, Sept.20

28, 1990. (Attended by V.P.K.TITANJI).
 

- PCR/Probe and Recombinant DNA Technology: International 

workshop organised at the Biotechnology Centre, Yaounde 

University with the assistance of USAID/BOSTID and CUA, 

November 11-22, 1991. (Attended by B.ATOGHO, P.N.NDE, 

M.S.EVEHE, W.F.MBACHAM, J.P. MULUH & V.P.K. TITANJI). 

- Biotechnology Course at Smiths College, Massachussetts.
 

(Attended by A.M.SAKWE and W.F. MBACHAM).
 

7.3 	 LIST OF PUBLICATIONS FOR THE ENTIRE PROJECT: (See Appendixes).
 

I. 	 TITANJI, V.P.K., MBACHAM, W.F., LEKE, R.G.F. (1987).
 

Lectin-binding properties of Onchocerca volvulus developmental
 

stages. Annals Universitaire des Sciences de la Sante,
 

4(2),396-401.
 

II. 	 TITANJI, V.P.K., MBACHAM, W.F. (1990).
 

Identification of the surface polypeptide antigens of the
 

infective larvae of Onchocerca volvulus.
 

Transactions of the Royal Society of Tropical Medicine and
 

Hygiene, 84, 696-700.
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III. 	TITANJI, V.P.K., MBACHAM, W.F. and SAKWE A. (1990).
 

Identification of different radio-labelled antigens of the
 

developmental stages of Onchocerca volvulus.
 

Acta Tropica, 47, 307-321.
 

IV. 	 TITANJI, V.P.K., MBACHAM, W.F. and SAKWE, A.M. (1991).
 

Application of defined polypeptides and monoclonal antibodies
 

to the diagnosis of human Onchocerciasis.
 

Abstract No.37 (6 pages). Second CEC Filariasis Meeting held
 

in Amsterdam in 1991.
 

V. 	 MBACHAM, W.F., TITANJI, V.P.K., THUNBERG, L., HOLMDAHL, R.,
 

and RUBIN, K.(1992). A monoclonal antibody-based
 

immunodiagnostic assay for onchocerciasis. Tropical
 

Medicine and Parasitology, 43, 83-90.
 

VI 	 TITANJI, V.P.K., NDE, P.N. and MBACHAM, W.F. (1992).
 

Cell-mediated and Monoclonal antibody dependent killing of
 

Onchocerca volvulus microfilariae.
 

Scandinavian Journal of Immunology, Supplement 11, pp.
 

7.4. 	PATENTS AND PRIZES
 

No patents were registered, but the P.I. was awarded the 1992
 

International Society of Infectious Diseases PRIZE (for the Africa,
 

W.H.O. Region), during the ISID Meeting in Nairobi.
 

8. 	 PROJECT PRODUCTIVITY
 

Did the project accomplish all the proposed goals? Yes.
 

9. 	 FUTURE WORK
 

We have won the contract for a continuation project PSTC No.10
 

080/936 5600 entitled 'Molecular Cloning of the Surface antigens of
 

Onchocerca volvulus'. The full details of this projeci were
 

submitted to USAID Washington to which the reader is referred.
 

10. LITERATURE CITED 

- Betschart, B. (1990). Acta Tropica Special Issue: 

Volume 47, Nos.5 & 6. Elsevier Sc. Publ. Amsterdam. 

Cohen, S. (1982). In: Immunology of Parasitic Infections. 

Blackwell Scientific Publications: Cohen & Warren eds.
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Oxford pp.138-161.
 

Goodwin, L.G. (1984). Trans.R.Soc.Trop.Med.Hyq. 78 (suppl).
 

1-8.
 

Maizels, P.M., Philipp, M. and Ogilvie, B.M. (1982).
 

Immunol.Rev.61,109-136.
 

Politz, S.M. & Philipp, M., Parasitology Today_8, 6-12.
 



A monoclonal antibody-based immunodiagnostic 
assay for onchocerciasis 

V h'AlIachun 1, VP K. Tmyi/1,L. 7"umberg , R. Honlmahl 2, K. Rdin 2 
I Biolechoology Center and Deparltment of 1iochcinistry, Flacultyof Science, University or 'Yaiiounde,Yaounde,Cameroon;
2 )epartmcnt of Medical arld Physiological Chemistry, Trhe Biomedical Center, Uppsala, Sweden 

Abstract.
 

Five rtine monoclonal antibodies raised 
against O)nclhocerca vuolvtus" cuticuilar cxtracs and termed 
MOVs (I 4 and 6) were selected based on reactivity with 0. 
volvdus cryosections, and non-reactivity wilh cryosections 
of liiman skin and/or noduhlar tissue. Two others MOVs 5 
and 7 rcatlcd vithboth. Using the peroxidase-anti - perox
idase (PAP) histochemical method, the Iaiget cpitopes of 
MOV I wic located intile culicles basal and corlical layers, 
those of MOV 2 in the cortical layer; whilst MOV 3--7 
stained the basal layer. A sandwich ELISA was then 
leveloped 'I he trapping polyclonal atiibody was raised in 

rabbits utilising the same antigens as for preparation of the 
MOVs. Once capturcd oii microtiter plates, target antigens 
were identified by the sequential binding ofa MOV, followed 
by a goat anli-mouse globulin/peroxidase or alkaline 
phoslplhtase co~ijtigate that catalysed a colorimeric reaction 
;ithe pirsence of appropriate substrates. In this system, 
MOV I emerged as the most specific and potent reagent 
capable of recognizing antigens of Onchocerua sp. with a 
minimal delcetion limit of 78 ng per. test. MOV I, failed to 
react with extracts of Loa Loa, Ascaris humbricoides and 
,.Scais .vttmn in the test. The developed assay relied on the 
use of MOV I, required only I ml of urine or 0.05 ml scruim. 
About 978% of tie 47 urines and 50% of tie 20 sera from 
patients studied gave positive results. Only I (3%) of 32 
COntol urines and up to 80% of the 10 control sera studied 
tested positive, suggesting turiie as a bletter specimen source. 
The test was highl*y reprodtcible with intra- and inlerassay 
vriatinns of 6'!;) and 15 % respectively. In conclusion our 
reslls show that 0. vol/ius cticular compoinents are re
lea.sel into urime iii significant quantities to reveal current 
infection, and that some of these antigens recognised by 
M()V 5and 7 may serve as acaioiflage to protect thr worm 
from host immne responses. 

Accepntcd 25 Febritary 1992 

Trl). Med. Pi'rasilot. 43 (1992) 83 90 
0 Georg Thieme Vertag Stuilgarl New York 

lit'oductin 

Listiniates of the prevalence of onchocrciasis 
vary between 17 and 50 million infected people within the 
cndemic areas of A frica and Latin America that harbour a ri!:k 
population of about 80 million. As a leading cause of blindness, 
onchocerciasis is also an aggravating flactor of the conominic 
backwardness of the endemic couit rics (WII 0, 1987). 

Accurate diagnosis of onchocerciasis in sih
jccts with slight iicctions is diIficult to achi\ev through exam
ination of skin biol,:;ics which often do not cot~n:in micro
filari:ne. If diagnosis is established early, trcatient can f16ll.-v 
without evoking dangerous reactions that lend to develop il 
heavily infected patients with high loads of skin inf. Patient 
follow-up during treatment requires accurate diatgnostic tests 
(WIHO, 1983). lowever, such tests are curreitly lacking. 

Generally, it is agreed It the detection of 
worm products in body fluids is more likely to reflect current 
infection than specific antilb'6ly concentration which may corrc
spond to either present or past infection (Ilamillo and Scott, 
1984; I laque et al., 1982; Titanj i and Ngu, 1986). Thus severalI 
studies have been devoted to the detcction of onchocercal air
tigens in body fluids as a more reliable diagnostic method. In 
1980, Paganelli et al. reported a significant increase illcircutat
ing CIq-binding immune complexes (IC) in onhocerciasis. 
1lowever the presence of ICs w\,asnot diagnostic of tIe disease,
although it indicated the existci,:,, of circailating antigens that 
subsequently became the targets of numerous immuinodigis
lictests (Ouaissi et al.,1981; Des Moutis et al., 1983; "itliiji 
and Ngu, 1984; 1986; 1lamilton, 1985; Pet ra landa et al., 1988). 

In our laloratory, a diagnostic antigenr traction 
termed 1F5, was isolated fron tlie cuLticle ofadill 'emalc wornis 
and used to develop in immtroradiorictric assay Ihat detectcd 
these same alntigelns in 95 % of th' patients' in.:es (Titlanji ahud 
Ngu, 1984, 1986). The aim of this investigatiolr w:s to 6cvclop 
lin inmumCinzym assay fbr easier ap)plication iii ciife iiiic 
areas. Thus monoclonal antibodies have been developed and 
characterised against iraclion F5 anligens. A picliminary ahb
stract of this investigation has appeared (Mbachanl ct al.,1988). 

Materials and methods 

latients: Subjects wcre physically examined by a 
physician for irodtiles and skin lesions. Skin snips were lakci fromlrtlieiliac crest, calf muscles and shoulder, deposited in RPMI culture ire
(litmi aind sirbseqieily exaliied inlcrithe microscope for ci irge it 
micrfilariae (OI). 



84 7)iq .Afed.Plrasitol. 43 (1992) It'1"Affai'ham, V 1 K. 74'trmji, L.77mnbi/,'c/di. 

I'masites: Nodules were excised tinder local ai- Willi the itilniogeti (IF5); (ii) nol Icaclivity wilh iAv'iis .vt.alligetis 
acsthesia, froma patients attending tile in a similar assay; (iii) positive icaclionus with (.volidus sctionis in allonchocerciasis clinic, Ilatchenga 
in tire --70 C for cryo- I~tse staining itetliod (seeSanaga river basin of Cameroon arid frozCn at inuitnishoclicil peoxidase ali-pcl.id 

scelions or used directly (oisolate adult worms by collagcnase digestin below) ill
and (iv) non-reactivity Wili lluman skin life saie iininmi
as previously described (Fllgelbrcchl atlI Schulz-Key, 198,1; litanii cl hislochienical staiting pricedlre. 
;it11,)). ,tlivh1htii'oihlswas li litI-ycal-ld boyi1n" oblailcid lit 
in Yaoudle, washed abudanitly iin Ilyhi s f'ulfilliiig [lie ci ileli cliihlledPIIS pl 17.2 and used for the extrac- selcClion a xel 
lion oflanligens, twice by limiled ,uit.ioi, al5.Ocells iil I t(;alfic arid Miksi;u. 19.42: 

I lol dahll ctal., 1985) and giowt iil I )MIM s11ut',11crtcd ,.ilh tulibi-
Antigcns: 0. vol'rlus nligens wete p epared by ex- olics coililinitig C 'lielcki..mnoonal rlulIbdi.s3 (S Iir 3 w 

traclitg irewonmis in bullics, of varying ionic strengths aiid lI as olntaitcd wete piiificrl by all''ilnif- hinr grloialhyloteiii Ac oii 
described by lilanji (1985). fractions ermed, Ft, Sclrarnse ,4I3 colutnrs (l'lharniacia) as described by fhe urlanlilctilrcls.elat. '1lie antigenic 
F2, F3, and 1:4weie combilned witll parl of F5 (SI)S-extnact) to ohtain Ili lie text tlatFillows these Illti'lolitl antibordies ate i'flilted Ii as 
"total extracts" ('IF)of 0.voirdus.The low molecular weight anligerts I()V hrul a11irodis tir 0. 1oli1-1hr(.i.e. A1o1htoe 
( 12 - 25 Kl)a) from 0. vohi'dus wci e cluted from a prepaative II 
liorogcnous polyatcrylamide gel oil which 5 mg "E prolein had been ( harnoi'tri.raion ,i'ifO's: 'lie lites ard reaclivily 
sep.' atcd using tile bufifr sysici of I.actnli (19701). wee other Inehiir determined a dircti I I.ISA.Antigens of M( )Vs witI, w"'ere ill 

extracted trom A. luhnbricoides, I'arfhrtria hovicol, Isolypes, were determined iin
Ascaris stret, a sandwicli IISA witlr subclass specifir 
and Onrcr/e . , ta ;sicoo as described (Marcoulis et al., 1978). reagents (Jackson laboratories, USA). These EI.ISAs are desclibcd 

below. 
Sira: Ilood collected by veiteptincitu e tromt on

clocercia : is patient volmnteers were processed For seta as previously hh'nthflcaiiolt o tfage! mtifi'Irs: 'Iicse w%'etcider
described ('lilanji ctal., 1985). lhe scra were froze itt aliquots of Nl()\- Sephacryltiled alfer isolation by affinity c;' irroigraplry onil 

200)11 and thawed tnly use in tire expeimeits. colois. M()V I i was it
once for MOV 2 (2ttttlt',, coupled to iodatc acti

vated Scplacryl S-30) (l'harmacia) acctrding tiolIe lrelhil of \Wiglit 
Uthin's: Uriries (10 ml) from patients fasted over- and I linter (1982). F5 altgers raditirhdinated by thre iodogen iclhod 

tiight"\'ete di:ilysed against 20 voluies of OmM *]'ris-lICI W'1!8.0 ('litaiji ct aL., Ii90) aid (conttainirng (300 500tO)x Ittc lim ott 
fiolowed by one crange of distilled water for 6 hours. The dialysates trichloroacctic acid .:Ic radioactivity piuitied tin theprccipil; were 
were lyophilised aird Ire residres obtainied redissolved iii 2001tl of MOV-Scphacryl S-300 colunins cquilibiated and clii ted willt phosplhate 
distilled water. The solutions obtained was sored at - 20'C until thawed butfered saline pil 7.2. After sample application. clution was inter
otly oice and used for antigc'i assay. ruptel ctlrt for 12 1,hours 1 "C.Strhse(letlyatd tile wins iltcribatcd -- t 

they were washed witr PIS untiltie absribance at 280 nn of' file 
Control %vir on(/ttiine: Blood and urines were col- elluent was zero. loion was contitred wili, (.1. , sodilmii accahte 

leted froIt European subjects vith no symptoms of parasitic infections bufferrll14.0 containing 1.5 M NaCI. I:1actions of'I fill wct ctllh''ted 
or from healthy residens of Yaounde with no 0. vol'uhis iifectionts. and icutal ised Wili a few drops (ifI NI "'Iiis. l'cak radi;liv I'actiiis 
The control samples x,,ere treated and pieserved as described above. were pooled and 10011of I !;, BSA added to li as carrier prlicill. 

'lie samples were firlher desallcd by clioiatogialhy ott a SepIdex 
Rabbit antisera: Rabbiis (Mankon-strain, Cameroon) (25 (P)-I0 co(lunr- Phiarmacia) equilibirated arid elited with PHItS. 'Ire 

were bled for pre-imnrue Subsequently, I mg of 0.voht'ob,- proteins infre void voltine sera. 1:5 were analysed oil a 6 20 V0 gradient SDS
antigen dissolved it] I rl if PB3S and euitlsified with an equal volue PAtIM (Lacrimdli, 1970). lIe stained gels were tlien dried and arit
of Freurds' Complete Adjuvant was injected intramuscularly into tire radiographed according to tIre ntetliod of Westerman (I 985). A Sctht
talf muscles of t..- boosters of 2501pg with coupled rabbit antibodies to 1:5 served as positiveribbits. The rabbits were given acryl column 
ol'1:5,inFretrds' iorcomplele adjuvant, weekly for four weeks and thci control to purify F5 antigens imrun ogenic iii rabbils. 1lrtsubstiluled 
blcd, oi.e Week alter the last booster injection. The blood oblained was Sephacryl S-3010 coimns served as negalive ctirtrol tt tleirouislale thrat 
used fint the preparalion of irinitne sera that x',ere stored at -20 *C. tie binding to al'inity coimurs was ipecitic. 

Normul E'roptean skin: was obtained from a non- E-nzyme ,'Mnmnho-mmtSi!v 
parasilised 42-year-itl ficmale Swede undergoing plastie surgery at the 
University 'lIaching I lospital, Uppsala, Sweden. It w.s cryosectioied ELISA: Monoclornal antibdtly isI ,pcs aull titers 
andiusel for iuntiohistoclienlistny. were determited as pieviously desctibed (Ihllmdahl,ctiI., 1985) ex

cep that 1:5 or oilier hrctinthlmligcns were used Iosensilise plales at 
Preparitive method. 101pg.1m -Iand conjugates used were gtat anli-titouse attlibttldis linkedI 

either to alkaline phosptalase or horse radish peroxidase (Sigma). 
Monocloal antibordies: F5 antigen was emulsified 

I:I with iettid's complete al: i,''nt (FCA). Five BAILB/C iiiice were Non-cotet itiveinhibition LISI: 'Ihis was used ii) 
each intloculateI inttaderntrally inlo tiheir hind foot-pads Witlh detecl illrines Were setially and25 pg of antigens and scra. MOVs diluted 
F5 anligens. lie mice vee killed I I lays later by asphyxia iileller mnixcd with ai volumte of acid scra 1983)equal irealcd (Wilt), or 
x'apotrr. The popliteal and inguinal lymph nodes were dissected out rfull dialysed tirine, to final concetrtralions of 10, I, 0 1lig.mil i respectively 
nscl for !Ie isolation of lynrphocytes ( loindahl et al., 1985). etc. 'line ixires wcre incubated fuor 24 1iiat 4 'C antI thc Iraisfelcd 

to plates presensitised Willnl 5 antigens. to antigensi he M()Vs hi, .:! 
ILymphocytes wvere fised Witi SP2/O inyn!ojia cells of tIhe oritc satiplcs were detcclcd Wil ait arti-mnse (It( ) coirugalcd 

(Molint Sinai Schoul of Microbiology, USA) iii tI', ratio of I :5 using to alkaline tihosiihalase. 
50 110(w/\v) PEG (Signia, M. Wt. 1500) inserum free Dulbeco's Mitt
ial lissti lMedium (l)MFN) supplctnicenlcd will 100 U.1l Ipent- Ti," tio.site or samihtnlttitnii'tc'ttili" a.'.'a'. 
cillin, 1)0 g.rrl I slrptonrycin and It) lulol glntlanine (PI(;S- This assa"v was used (if itetecl 0. 'o/u'itdtsv anligens iil(ii sera antiurities, 
SIGMA). I lybridonias were grown as prcviously descrihied (Galef ard (ii) Constrrct a slnid :ir,l antigen souice, (iii)graph using 1:5 as dcler-
Milsicin, I182; Iloiidal ci al., 1985). illne the reactivily ottihe MOVs Witll I.. aul 0.tfir.itscaris.V.. hu 

cola alntigens. 
A icr 10 days or"cultures, IgG producing hybrids
 

were selectcd our (lie basis of (i) positive reactions illair alkaline
 

phosphatase based Ernzyme ILinked tnmurosorbent Assay (FLISA)
 

http:101pg.1m
http:ali-pcl.id


A 	fB-based diagnostic assayfor onchocerciasis 

In thisassay, 50111 of rabbit anti-F5 antiserum (liter,
I -101)weie diltetl I00-fIbtI, applied to ELISA plates and incubalcd 
for 12 -14 II at 4*C. Antigen soince was either urine, scra, other 
nemalotlc antigens (101tg.1tl I) and F5 (1011g.1- I) as positive
conlitol. Plates were Further incubated overnight aiI4 C, and washed. 
Bound antigens were reacted with 50 1.of 10-folId serially dilulcd 

MOVs (f)r calibra tions) or MOV I at tOpg.mil I(for the test) for 2 II 
at 	 room tempera ture (25 *C). 13ond NIOVs were detected by second 
alibody conjugates. Normal European serum and tinie samples as 
well as African endemic controls mrine samples (n = 30) served as con-
troIs. The assay %%as done four times and tlie average values for each 
sample was calchiliiatcd and then plotted on a scatter diagraml. The 
precision a.tlreptoducibility were calculated fron internal positive 

=
slanilarls (ii 6)incitidcd in each assay. 

Re', ,,iions o.[EI.LA%'s: Alkalin phosplhatase reac-

lions were used in the selection and preliniiary characlcrisation of 


tonoclonal antibodies. The enzymalic reactions were perforned with 

p-nilop icinyl phospale dissolved at 0.5 ng.ml- I in 10% diethanol
amine bulllr, pll 9.8 as substrate. The washing and dilumtion Iuliffer was 

10 t NI T s hu rel sal ine,lie1 7.4 coltainig 0.05 %"l\een20. 


Peroxidase based reactions were used for th. further 

Clmaraclerisatio of MOVs wit I comparable resuilts.
The substrale for Ihe 
reaction was in ,is case, o-phenylene dliarnine (OPD) dissolved at 
0.A mg/mIl in I)iNmM cilrate buffer p114.5 and containing 0.006% of
 
I I,0,. The washing anIdtie sample diltion bufl'r was PBS, ph 17.4
 
coltaining 0.115% "[Ween 20. Reaclions were slopped witlh 5010i of
 
0. I M I l,SO. . ()ptical densities at 190 tim were read From a Titerlek 

1 2 3
1.2 

0antigens 
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iultiscan El.ISA-reader. Dala from indiviulal patients (niir',filariac/
snip) and serum antibodies (1:1 00(0) were cotrelated with antigens in 
ulies. 

hnmohisochemical shrining"
 
' I htlo~vid)s a j tii ni N P: 

For immunnohistocheiical staining, 6 1tin thick cryo
sections of onchocercal nodules and noral lilail an skin were motunted 
on microscope slides, air dried f-,. .,(inin and then fixed in absolutle 
acetone (- 20'C) for 5 vin- Slai:,ing was done with 50 ilof hybridoma 
cuhlure supernatants per section according to the manufaclurers' in
strictions (Dakopattts, l)enmark). A nurine monoclonal antibodv to 
IILA-DIR (I)akoipalts) antigens was used as positive control (diliiton, 

1:2 000).
 

Protlin was detennined accor(ling to the method of 
Read and Northeote (1981), with bovine serum ,lliutnin as stldard. 

Statistical calcihl:'ois: Dala from the assays were 
analysed for citefiiciis of varia tions as describe( by I lamil"In (1985) 

and Morrow (1981). The Student t-test was used to calculate tlie significance of(iffernces between paired experimental groups. 

ig. 1 Binding properties of monoclonal antibodies 
raised to 0. volvuliis F5 antigens (MO'!). Arrow indi
cates the startln concentration of the MOVs which 
was 100l1g.ml-" ELISA plates were coated with F5 

as described under Materials and methods. 

6 

Fig.2 Standard graph for the detection 
of 0. volvulus antigens by ,DV 1.The 
broken line represents the background 
+ 2 standard deviations. In calibrating the 

]system F5 antigens were 2-fold serially-diluted down from 10 tg.ml 1in 0.1 % 
BSA and applied to plates coated with 
rabbit antibodies to F5. MOV 1was 
aliqoted at a fixed concentration of 
10 Itg.ml-1and .,ubsequent read[ions 
were perfromed as described. 

0,1 

0,01 0,078 0,625 	 10 
Q'ty of antigen (pg) . 

http:100l1g.ml
http:tOpg.mil
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Fig. 3 lmmunoenzymatic assay of circulating 0. vol
- unvulus antigens. T - treated 0.1 M glycine, U 

treated. Arrow is the optical density of the positive 
control (F5 antigens, 1jig). Horizontal bars represetnts 
the means while the vertical bars rnpresent 1 standard 
deviation about the mean.oE 

oof 
e 


Ci ei
 

0.3 

T.. |J- 0 

0.0 -•I~ 
UT U T U T 

OnchocerclasisEuropean African 
controls controls patients 

Fig. 4 Immunoenzymatic assay of 0. vol
vulus antigens excreted into urine. Ur. 

0.6 urines; S- sera; Arrow, 0. D. of positive 
" controls (F5 antigens, 1.0 ig). 0, antigen
- /uria; 0, antibody concentration; rj, anti

genuria In active ascnrinsis (n= 6. 

j 0.04 ± 0,05). Horizontal bars are the 
6 means while the vertical bars represent00 	

j01 r 2 standard deviations from the mean. 

O 	 4 determinatiuns agreeing within 6%. 
0.3 

O. 	 Ur. S Ur. S. Ur.
 

Afican controls Onchocerciasis
European 	 Patientscontrols 

hmunodiagnostic testsfo onchocerciasis
Results 

Evidence for the presence of MOV target an-Piopertiesof MOVs 

tigens in urines and sera was demonstrated using a non-com-
Subclass and binding characteristics 

petitive inhibition ELISA. In experiments, not illustrated, an

tigens present in patients' urines or sera were shown to inhibit 
Of the hybridomas obtained after fusion, seven 

reactions tv 71 % rnd 75% respectively. Since 
out of 15 were selected for further study as described under the ELISA 


were excluded reacted direct inhibition ELISA 
 is soncwhat insensitive and restricted 
Materials and methods. Those which 

by the range of optical densities that can be obtaincd in a given 
either with Ascaris sp. or uniquely with human skin. All seven 

as,'y, we turned to a sandwich assay which is more sensitive 
MOVs retained were of the IgGi subclass except for MOV I 

and flexible. 
which was of the l'r"2bsubclass. The titers of these MOVs, after 

i05affinity purification on Protein A columns, varied between 
7h'o-site or .anhvich imminroen)ylatic assaY' 

and 107 from starting concentrations of 100 |tg.mil I (Fig. i). 
anti-F5 antibodies NvreInimobilised, alfinity 	purified rabbit 

Although titration of the MOVs started at the same initial pro-
the solid phase antil, 	 dies to caplure antigens in theobtained used astein concentrations, different binding profiles were 

I, 2, 3 to 7 were then used to dctccI the 
probably reflecting structural diversity of the target epitopes 	 body fluids. MOV 

captured antigens. MOV I was the most reactive, followed by 
(Fig. 1). Biolinylation of the MOVs did not change their titers 

to amplify MOV 2 and 3 (results not illustrated). MOV 4, 5 and 6 did not 
nor binding characteristics and could thus be used 

in the assay system and so were omjllcd from firtherreactthe ,cactions (results not illustrated), 

characterisalion. Based 
on the above MOV I was used in sub
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Table 1 Detection of antigenura In distinct patients groups. 

Zone 	 Patient Nuniber of Antigeniria Antilbody mean
 
group patients tested OD t SD OD -.SD
 

Hyperendemic snip + Ab + 29 0.33 ± 0.06a 0.29 ± 0.050
 
(SA'A) snip- Ab + 13 0.321:0.07b 0.30:t 0.061
 

Endemic control snip - Ab + 17 0.12 ± 0.02c 0.22 ± 0.06s
 
(Yaounde) snip - Ab - 17 0.13 ± 0.04d 0.09 10.021
 

The differences between aand c, aand d, band c,b and d are statistically significant (p<0.01). The differences between aand band c and d are
 
satistilcally Insignificant.
 

sequent assays. Figure 2 represents a standard graph in which
 
MOV I was used In delt," added antigen. It can be seen that the
 
assay detected at least 78 ng of crude F5 per test. . 0.50
 

C 

The sandwich assay was then applied to detect SR
 
antigens in acid-treated sera. Pretreatment of sera with acid was
 
required to dissociate immune complexes and release bound
 

shows tIht, circulating an
antigens (WIHO, 1983). 	 Figure 3 

tigens could be detected in 50% of the sera from skin snip-posi
tive onchocerciasis patients. Endemic contror sera were non- 0.25.
 
reactive. The difference between optical density readings of the
 
test and control seraT (Fig. 3) was statistically insignificant (p
 
<0.5). Surprisingly there were mare false positives amnong
 
E':ropean sera than African control subjects (Fig. 3) probably
 
reflecting non-specific interactions with serum factors. 

When urines were used as asource ofantigens, 0.00 
the assay was significantly specific. It detected excreted an- t log of Recip. MOV Dil.
 
tigens in 97.8 1 of proven cases of onchocerciasis (0.001 <p
 
-0.01) with respect to endemic control urines). On!v one Fig. 5 Rcactions of nematode antigens and MOVs. e,
 
patient had optical densily readings above 2 standa, d deviations 0. volvulus; M,L. lea; 0, A. suum; 0, 0. tarsicola;
 
of the mean of control urine sample-readings from Yaounde x, A. lumbricoides. Rabbit antiserum to F5 was coated
 
(Fig. 4) 	 on plates and used to trap respective parasite antigens 

present at final concentrations of 10 lg.ml- 1 . 
cviouis studies (Titanji et al., 1985) has Arrow = starting concentration of the MOVs (100lig.ml- 1). 

shown ahigh prevalence of onchocercal antibodies in ser from 
snip negative subjects resident in Yaounde, a non endemic on
chocerciasis area. It was thus interesting to examine the oit- A 0 c D fo. E F G A a C D rel. E F G 
chocercal antibody serum tilres and anligenturia of subjects . . - 1 ! 
from Yaounde. The results obtained are summarized in Figure 4 I I - -94 
and Table I. It can be seen tha the sandwich assay clearly 6 6 
discriminates bet Ncnm exposed sub~jects and prepaemit cases. ~ 
Snip-negative, sere-positive subjects from Sa'a a hyperen- . ; -43 -- 13

demnic, high transmision village had O.D. readings for an- 4j4figenuria that were signit'ifantly higher than (lie values obtained 	 .3 -3 

for subjects with similar profiles from Yaounde (Table 1). Based 01 - 20I
 
on, these observations, the snip- negative but scro-pos tive sub- oI I I .
r~on - .
ju:ts from Sa'a were deemed to be probably prepantent cases of 
J romerciai whereas sirriartoubect fromablyand weas-o Fig. 6 Identification of target antigens to MOV 1arid 2. LabelledF5 antigens 85.103cpm (B)and (8-10) x 103 cpm (C-G) were anasuricd to have been simnipy exposed to the dis:ase. lysed on an 8-20 % acrylamlde gel and autoradiographed for 

3 days (B,C, D) and 8 days (E,F,G). C and F contain antigens
The specificity of the sandwich assay was cal- eluted from MOV 2 affinity columns whereas tracts D and G were 

culnred to be 96.7 %, whereas its predictive value for the active from MOV1, affinity columns antigens In tract Ewere eluted from 
disease stood at 98 %. We calculated an intra-assay variation of a Rabbit anti-F5 affinity column. 
6 % (n = 6) ard an inter-assay variation of 15 % (in= 5). There 
was no correlation between the parasitic load (mf/snip) arid the 
FLISA reading-. 

http:100lig.ml
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Fig. 7 Irnmunohistochefical staining pattern of MOVs. The PAP-

based to,-hnique was used. A Staining of the basal layer of an 

0. volvulus worm by MOV 1, 3-7. B Staining of the r, :ruticle 

by MOV 1 and 2. C Stiining of the uterine contents by MOV 3. 

Negative control inwhich the worm sections were re-
4 and 7. D 

Positive control-mUrine mono-
acted with normal swine serum. E 

clonat anti',dy against I iLA-DR antigens was reacted with nodu-

!ar cryosections. Note ttte infiltration of these nodular tissues by 

immune cells and the apparent lack of these on or around the 

worm. 

p K. 0i 0/.If"F Mhachan , I., itanji. 1,.Thucl 

'
 

. >.?iX j,-,t 

';.,m h h.
Reactivity with antigenls 1)/rh 

other5 shows the reaction of M(V I with antigels Ilom 

L.. I .i,, tit :t1d A,.Itm nlicoid V. 
heliiths: 0. taicla. 

larvicola mttigets ill the sald
Ilow.",:r, M(V I reacted with 0. 

EllSA (see Materials am inctiods)
wich assay. Inl a direct 
MOV I 'ind 2 also rccognizcd 0. tflasicoh anlitgensltherchy. 

Ihat it was olchocerca specific (Ic,,,Its not ii
suggesting 


lustra ed). 

I/0 amd 2 taictI-oreil'rliesol AI 

antigens: F5 antigens were radiiodinated and purified on af-
Isolation it,! 


2 or rab
finity columns containing itnioobiliscd M() I. M(OV 

bit anti-F5 antibodies. "lw', -tigens of 20 and 60)Kda wee 

doted from MOV2-Sephactyl S-3t) coluonis (Fig. 6, lanes ', 

was ehiled 
1),F and G). lit addition to tlhse antigen,, a 67 KI):t 

Iront the MOV I -Sephacryl colnimts (Fig. 6,late (6). Ilabelled 

polypeptides, contained itt Iraclion-1 5 (Fig. 6, lae 13) were 

identical to tIhos contained in the eluate FIotn tite rabbit aitti

F5-Scphaciyl S-300 column, itdicatitng that all of F5 antigens 

Ile iabit ;:16-F5
gnic in r:nhits (Fig. 6, late F).

wrC nt ino 
control Ihtis yielded atigecns with 

colun -;serving as ap ,,i.I .,! 
28.5. 3,.0, 47.5, 6(t.0, 67.0,

apparent molecular sizes of: 20).(t, 

Sitmilar stillts, 
 tot illtis

87.0, anmd IS,KIUa (Fig. 6, lane F). 


traled, have recently been obtained by \Vcstcrtn bhlling lising
 

MOVs and antiserutl de' -tibed above IMbachola and Titanii, 

Susceptibility to radiniodinationunpublished observat ioits). 


suggested tihe protcin nature of the target antigens.
 



AI1-bused liagkoslic assy./aronchocerciusis 

I)i.tribulion ofllarge 1a1ligenls ill parusite lis-
suesand nodules.: hi order to localize the target antigens, 
0. vol'ius female worm cryosections were stained with the 
MO\'. as described under Materials and methods. Figure 7 
shows file slain .ig palterns observed. MOV I stained the basal 
layer and cortical layers. 'IO',,' 3--7 reacted with the basal layer 
of the female worm (Fig. 7A), and MOV 2 stained the crtical 
layers of lie worni (Fig. 711). MOVs 3, 4 and 7 also recognised 
elitopes of the litenne C itents of tlie worin (Fig. 7C). Fig-
ore 7E showed murinie nonoclI onal antibodies to Ill A-DR anti-
gens to react withi immuone cells, but not wit] nodular tissue 
confirming the specificily of flie histochemical reactions in 
Figs. "A--I). 

I)iscussion 

Previous studies have shown antigens of' Ille 
clticlar fiacliol t'riied F5, to be candidates for the in1-
munodiagnosis of onchocerciasis sinice these antigens coul be 
detCLetd both in palienlts' sera and urinies (Tilanji otl Ngu, 
1)8,1; 1986). The p)eset study conftiris anid extends these 
resuilts tliouigh the devcopnient and use of anonoclonal anti-
bodies in ain enzyme illilimoassay (Table I, Figs. 2-4). '[e test 
desciibed herein compares Favorably with others ini terms of 
specificity, simplicity and si'ficty. It has a minimal detection 
limit of 78 ng cntilde antigen per assay (Fig. 2) and requires a 
miininumi -f I inl of urine. Apparently, tlie assay can discriiiii-
rate between exposed and prepalent infectioins (Fig. 4 alid 
Tble I). This makes it lor'e specific than ile deteetion of 
speciic antibody which is prone to yielding False positives
whel applicld to endemic cntrol suljecls (Fig.4, Table 1; 
ritaji el al., 1985). 

The sensitivily of the present assay approaches 
98 %, a considerable .,iprovmuentwhen compared with other 
nethlods which tlelctt antigens ili about 76-- 86 % of the body 
fluids exainied (Ouaisi ct al., 1981; l laque ct al., 1982; Des 
Motilis et al., 198'4; Pctralaida et al., 1988; Schlie-Gizian and 
Rivas-A h''ala. 1989; Chandiasheka ct al., 1990). The use of an 
cnzymatic reaction instcad of radioactivity to reveal tie pre-
seice otfanligcns in Ihis assay clearly favours future applicalion 
in reiitile endie iareas. The diignostic nmliclonol MIOV I 
under olila coiditions discriminaled bet ween onchocercal 
and otilier lichninthic antigens (Fig. 5). Ascaris infecled palient!; 
clstilnling 301% of Yaoude subjecls (Tilanji et al., 1985) 
tested nega ivcly is conpared to onehocerciasis subjeels. It is 
possible Ilia lhelminth anigens present ill urine did 2(t contain 
the cpitupes delelced by MOV I in the crude ... hithricoides 
extlacls; urines fiom children will', ctive ascariasis lesled ilega
tive (see Rsulls). 

li keepiig wilh previous invesliigaliis (Onuaisi 
c al., 1981 ), we lHiiiid aintIigeln detecli en Ito be easier in urine 
tian in sci1iu. When ithe present imellod was applied to acid 
trcated seri, circula Iing aultigen could be dlecIcd only in 51) % 
ot' te invesligaled s'ra (Fig. 3). This result agreed with those of 
qlewailt et al. (I%2) who fo~und IgG/1gM iliintile coinplexes 
in 50 if oinchocerci asis scia. 'I'lhe reacti on of MOV I wilh 
I-uropealn sera cotld be allribulable to the non-speciftic inlerfer-
enc: o'scrtiim ficluis (I lnilloi, 1985). 

No correl:ition w'as fo nd between Wtoin buor-
deli (iiif/suip) and Ilrilc anligen concntration in this siltly.The 
processes leading to Ihe release of' NIOV I f:rgel atligens into 
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urine are piobably conplex and not proportimalely relaled tI 
wor burden. I lowever Schlie-Guzmran nld Rivas-Alcala using 
polyclonal antibodies Fiund a good correlation between skin 
inicrofilarial counIs and antigen cencentrati in patients' 
urines. The use of different lypus ofantibodies nay explain the 
discrepancy between tile cited studies. 

The larget antigens ,,r NOV I puifico by if 
fin ily chroniatography were siown to be polypep tides of 20, 60 
and 67 KDa, similar in sizes to olher previuly described anti
gens (Philipp et al., 1984; Cabrera and Parkhouse, 10)86). In Ile 
abscice of additional structural infirmalion it remains to be 
seen wfletler tIle targets of MOV I are identical to known anti
gens. MOV I realctd with 0. tursicola extracts which could 
serve as allernative sources for its target antigens. 

MOV 5 and 7 recognised epilopes both in file 
basal layer of tle worm anu die epidermis of the human skin 
suggesting intigenic similarities between tile two. Iolbowing tlie 
rigorous proce(hre inaltigen extraction, it is unlikely '!mlt these 
MOVs were raisc ' to hIlnn tissue contaminants. Ill a recent 
study (Titanji et al., 1990), artihodics to collagen ty, : VI and 
laminin were shown to react with cryosections of 0. voitduls. 
Antigenic similarity betveen file parasites' cuticle and Iost con
nective tissue m:,y be part of an ininltine evasioi Iiechanism
 
favouring tie survival of 0. vokuhsl in tie iimme competent
 
host.
 

Ii conclsion, this study has deliionstratcd ilhe 
use ofcuticular antigens in the diagnosis ofonchocerciasis wilh 
urine as the better source of anfigens. Atlemps to improve 
further oi file test sensitivity may require employing a cocktail 
of monoclonal antibodies raised to antigens excreted into urine. 
'[le sharing of common antigenic epilopes between 0. volitiv 
ad tile human skint may play a role inlihost-parasile interactions 
in on chocerciasis and should be invcsligal ed lurther. 
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Cell-Mediated and Monoclonal Antibody-
Dependent Killing of Onchocerca volivulus 
Microfilariae* 

V. P. K. TITANJI, P. N. NDE & W. F. MBACHAM 

The Biotechnology Center and Dcpartment of Biochemistry, Faculty of Science, 

Yaounde Univers 'y,Yaounde, Cameroon 

Titanji VPK, Nde PN, Mbacham WF.Cell-Mcdiated and Monoclonal Antibody-Dcpendent 
Killing of Onchocerca vohmilus Microfilariac. Scand J Inmunol 1992;36(Suppl. 11):57 61 

To identify the target antigens implicated in the adherence and killing of microfilariae (mf) by 

Icucocytes, we incubated nodular infand leucocytes in the presence of anti-cuticular monoclonal 

antibodies (MOVs) and fresh scrum. Leuc:,cyte donors were patients w;th : inean age of"37 years 

(with 0-I if/snip), who had lived in the endemic village st udied for at least 10 years. After 16 20 Ih 

of ;'cubation, uip to 74% of the mf could be seen with 10 or more cells adhering to,,hem.By 

36 -40h up to 54% of 'he nif had been killed by the leucocytes in the presevce of a cocktail of 

monoclonal antibodies termed MOV GIV. The degree of killing in cowtrol experiments with the 

monoclonal antibody MOV I remained lower (P < 0.05), ranging from 0.0 to 4.5%.11. of mf with 

initial viability of 90 95%. Western blotting revealed MOV GIV prominent target antigens of 

10.5, 18.0, 23.5 and 27 kI)a in ci uidc surface extracts of female 0. voliIIthus. The detected antigens 
may play a role in host protection. 

Dr V. P. K. Titttnji, Departmentol 
Yaound', }aotnfdc', Caetroon 

Severn ' studies have shown that leucocytes from 

onchocerciasis patients can adhere to and kill 

microfilariac (mf) of Onchocerca volvulis in the 
presence of antibody and complement [I, 21. 


These reactions may resuiL in the reduction of 

skin mf density or the exacerbation of inflamma-
tory symptoms in the patients [3*. 

Eosinophils and neutrophils have been impli-

cated in the attack of onchocercal If, but ite 

antigens 'hat mediate this attack are still 

unknown. I lerein, we show that murine mono-

clonal antibodies (MOVs) raised to cuticular 

antigens of 0. voliulus (MOV G IV) promote the 

killing of 0. olvtius nf by leucocytes in the 

presence of fresh normal human serum (NIIS). 

The target ahligcns of the MOVs used in these 

Cxperiments are probaly implicated in the killing 

reaclion. 

A preliminary account of this work was presented 
at the 2nd CEC Filariasis Meeting in Amsterdam, 
Septembcr 1991. 

Scie'e, Unit'ersit1'iochemistrj', 1.0. Bu ,S12, Facult.t' 'of of 

'MATERIALS AND METIIOI)S 

All manipulations were done under aseptic conditions. 
Monoclonal antibodies (M)Vs) were prepared as pre
viously described [4 6]. 

Peripheral blood leucocytes were isolated by layering 

20 ml of heparinized blood dilut'.tI twofold with 
phosphate-buffered saline (PBS) nver 15 nil of lympho
prep ina gradient bottle. The bottle was then centri
fugc' !(800g for 15 min in a Beckman desk centrifuge 
with a sv." out rotor. The leucocytes which banded in 

the interptiasc between tie plasma-PBS and lympho

prep were aspirated, washed :lirce limes with 40 ml x 3 

of P'BS, aiid susp dettcd in RPMI-1640 containing 

antibiotics and serum as described below. 
Microfilariae (if) were isolated from 0. voh,uslu as 

previously described [7]. Viability ranged between 90 

and 98% at the start of the experimen. Since it was 
inpractical Ito ha.ndle blood fron all palicnts at once, 

they were sttidied iii grouls ol9 I) for each experiment. 
14Sone patients gave blood imiore tham once. The 

patients who donated blood for this sludy comprised 6 
males and 8 fenles aged bclweei 18 and 58 years 
(mean age 37-1 12). They had been residing in lie 
hyperendemic village of Sa'a iii the River Sanaga basin 
for at least 10 years. Onc;,,cerciasis was diagnosed by 
demonstration of nif in skin snips 181 and/or onchocer
cal antigen inthe urine 161. 
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iuicrofilariae. Bar repleslhs 0.1 11l)., 

In a typical killingissay 12], 50- 75 mf'were incubated 

per well in flat-bottom microtitre plates (Nunc, Ros-

kilde, Denmark) with I x l1)0 leucocyles in 0.2 ml 

RPMI, containing 2% L-ghuiamine, 12 nim IIEPES (pl I
7.4), I0% newborn calf seruim (Signa. St Louis, MO)

25% vol/vol freshly prepaicd norma humn serum, 100 

IU/ml penicillin, 100 ig/ml streptomycin and I pg/ml 

iloiioclonal antibody. i le inculbation mi!ire waIs
maitained at 37 C in a huniid and C02-enriched 


atmosplhre prepared by burning a candle in a desiccat(oressenti:lly as describedbl)y Trager [0' A(ltheendof

(lie incubltion. tle nilf were examined and aii those 

bearing more Ihan I0 cells were couiinted a- Idliwing 

alhercnce. Stretched and immolile nif were considered 

dead. Western blotting was doiie as descibed in tle 

liorad brochure except thait (lie revelalion was done hv 


the pcroxidase ant i-pCroxidasc meithod (PAP) p1e-
as 
viously descri bed 110]. 

RESUI.TS ANI) DISCUSSION 

After 16- 20 Ii of incubation, the reaction mix-
tures were observed directly tnder a Wilowert 
inv'erted microscope at a magnificalion of x 400. 
Intense react ions of'tle leucocytes on nfcould be 
observed (Fig. I). In (lie presence ofa cocl..a il of' 
monoclonal antibodies, designated MOV ()IV 

(comprising NOV 25, 29, 30 'and 32), up to 74" 
of the mf could be seen with It) or more cells 
adhering to them. Some of tie nif werC coveredlarge clusters or Cells, while others wcrc 
stretched, sluggish or immobilized by tile atd
herent cells. The degrec of' cellular adherence 
observc,, in control reactions with moioclonal
antibodies MOV I or 111a111l mOLuSe scruM 
(NMS) were significantly lower (Fig. 2). Otlher 
monoclonal antibody cocktails, MOV GI (MOV
13, 14, 15), MOV Gil (NICV 16, 17, I9, 19) and 
MOV GIII (MOV 20, 21, 22, 23) directcd respec
l.,-,- L3, and iisiontively agai ist if, a proteil P67 
(unpublished results), werc equally inactive in lie 

After 36--40 hi of incubatioa up to 54% of the
mfwere killed by the leucocytes in (lhe presence of 

GIV. The attacking cells rcnmailed clus
on the dead and degencraling il'. The 

degree of killing in the contiol experiments with
MOV NMSN'I-+ I or remained signilicantl, lower 
(1'<0.05) ra nging froni 0 to 4.5% (Fig. 2). These 

observations indicated that the cellalar killing 
reactions were specific and required lie pre eince
of MOV GIV. Expeiments with (lie componcnlsof MOV GIV applied individually in the incuba
tion medium revealed MOV 32 (IgG,,) to be most 
active in killing, with minimal killing activity 

displayed by MOV 25, 29 and 30. All MOV GIV 
components were active in promoting cytoadher
ence to tie if (Fig. 3). It 'l1ou1(i be pointed out 
that both the cytoadcherence and killing reactions 

were complex, varyig in elliciency as a function 
of the incubation tittle and individual patients.
I lowexer, (lie trends described above were seen 
reproducibly.

Previou studies had shown (hat coiplement is 

important for cytoadlicrence to mf 11, 21. We 
confirmed this by (lie observation of a 3 8-4old 
reduction ina cytoliherncllland about I t worold
decrease in killing aciiy when ,C .t-inlclivated 
d iii kli ai t ieted 
serum replaced fresh serui (IFig.3). In Western 
blotting experiments, (lie target antigens dis
played componenits of 10.5, 18, 23.5 and 27 kfi 
(Fig. 4) with the lat antigen recognized by all of 
(lie MOV (;IV compolients. I11iviminoperoxidase
staining of cryosections [6] indicated that the 
target antigens of MOV GIV were located mainly 
im(lie basal and cortical layers of (lie cuticle, with 
somelfound in (lie hypoderm is as well (results not 
shown). 

Cellular adherence [I, 2, I1-13] or killing [I, 21 
of 0. iohtlts and lrigianta/a.ri 112, 131 worm 
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Cellular adherence and killing of 
Onchocerca volvulus mlcrofilariae 
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Fia. 2. Cellular adherence and killing of 0. volvuluis microfilariac. 0, Cyloadlicrencc of 
> 10 cells; 0, dead inC (strcthed and irnimoilc); MOY,nonoclonal antibodies raised 
to cuticular antigens of 0. u'olvulus females; NMS, normal mnouse serumn. 
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Effect of complement on cellular adherence 
killing of Onchocerca volvulus mlcrofiladaea,-.d 
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FiG. 3.Effect ofcomplement on cellular adherence and killing of 0. v,'ulhis microlilariae. 

0, Cytoadherence of > 10 cells (40-44 h); 0, dead mf (40-44 h); MOV, monoclonal 
antibodies to cuticular antigens of 0. t'olvulus females; C;,,p., complement. 
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Identification of different radiolabelled antigens of 
the developmental stages of Onchocerca volvuh.. 

Vincent P.K. Titanji, Wilfred F. Mbacham and Amos Sakwe 
The Biotechnology Centre, and The Faculty of Science, University of Yaounde, Yaound;, Cameroon 

By using radioiodination methods which are thought to label preferentially the surface followed by SDS-
PAGE and autoradiography, components of different developmental stages of 0. volvulus have beenidentified. Between 2 and 10 polypeptide antigens w, re revealed on infective larvae (L3), females, males,
eggs, nodular and skin microfilariae by using immunoblotting assays with human onchocerciasis sera.Antigen recognition did not vary with the density of skin mirrofilariae in the patients from whom

obtained. Some of the antigens seemed to be stage specific; for example, antigens of 31 
the 

sera ,cre 
kDawhich were detected only on skin microfilariae, or the 67.5 and 25 kDa components that occurred on the

adult females, but were absent from adult males. Some of these antigens were also identified as glycoproteins. A 68 kDa glycoprotein was found in adult females, males and nodular microfilariae. Two glycopro
teins of 74 and 45 kDa were found on egg shells, and a 18.5 kDa glycoprotein was recovered from L3.Type VI collagen was found with a specific antiserum on skin microfilariae, but not on eggs and females.
Laminin was found on nodular if. It isconcluded that the changing antigenic profiles of the worm stagesand the coating of these worms with connective tissue epitopes contribute to the evasion of host immunity. 

Key words: Onchocerca volvulus: Onchocerciasis; lodination; Antigens 

Introduction 

The nematode Onchocerca volvuhus, which causes blindness, affects at least 17 million
people worldwide (WHO, 1987a). It is thus considered to be an important public
health hazard in the countries of Africa and Latin America where it is endemic. It 
causes not only significant morbidity among the affected populations, but also has
detrimental effects on agricultural production, because farmers are forced to migrate

from high-transmission areas (WHO, 1987b).


Current efforts aimed at developing accurate diagnostic methods, new drugs and

vaccines for onchocerciasis have been complicated by the multiplicity of worm stages
that are generated in the human host once infestation has been initiated by blackflies 
of the genus Sinulium. Third an" fourth stage larvae (L3, L4), adults, microfilariae
(nif) and eggshell components may be present, and all these stages may have distinct 
biochemical and immunological properties. By analogy with other parasitic infections
(Cohen, 1982), such variations of the worm's antigenic profile may have far reaching
implications for worm survival in the host. As yet, however, this has been inade
quately investigated in 0. volvulus (Titanji and Mbacham, 1988). 

Correspondence addhess: V.P.K. Titanji, The Faculty of Science, BP 812 University of Yaound6, Yao irnd6,
Cameroon. 
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As the first parasite tissue which comes into direct contact with the host's immune 
system and the parasite, the cuticle is likely to be an important site for host-parasite
interaction (Maizels et al., 1982). Thererore considerable research effort has been 
devoted to the characterisation of the surface antigens of 0. vohlulus. Using the 
Bolton-Hunter reagent as a catalyst, Philipp et al. (1984) found no difference between 
adult male and female 0. volvulus, both of which contained a 20 kDa diagnostic
antigen. Subsequently Taylor et al. (1986), studying the surface of adults, eggs, mf 
and L 3 of 0. voh'ulus, confirmed the findings of Philipp et al. with respect to adult 
worms. Furthermore they suggested that skin and nodular mf were non-reactive with 
hyperimmune sera tested, and exhibited no surface sugars thaL could be identified by 
lectin binding methods. These studies also revealed the presence of 7 polypeptides 
on L3's, but no information was given on their antigenic nature. Since then we have 
reported on the presence of exposed sugars on all of the five developmental stages 
of 0. volvulus that were recovered from human tissues and Sihnudium flies, suggesting
that these vary from stage to stage. Their possible antigenic nature remained how
ever, to be determined (Titanji et al., 1987).
 

The aims of dhe present investigation were: (a) to identify antigens which 
 are 
accessible to so-called surface iodination in those 0. volvulhs stages that previously
have not been extensively studied i.e. L3 's, eggs, nodular and skinimf; (b) to determine 
whether the recognition of these componentsby patient immune sera depends on the 
skin mf density at the time when the sera are collected; (c) to further characterise 
these antigens biochemically. 

Materials and Methods 

Reagents 

Carrier-free .2.I was purchased from Amersham International Ltd., U.K., and Iodo
gen (i.e. 1,3,4,6-tetrachloro-3a, 6a-diphenylglucoluril) from Rigma. Collagenase from 
Clostridium histolytica, and lactoperoxidase, were products of Boehringer, Mann
heim, F.R.G. Pansorbin was from Calbiochem. Culture media, RPM 1-1640 with or 
without Hepes buffer were obtained from Gibco, U.K. Antibodies to the human 
connective tissue components, collagen types IV and VI, !himinin, and undulin were 
bought from Heyle, F.R.G. Lentil-lectin sepharose-4B was from Pharmacia. All 
other reagents were of the highest purity obtainable from Sigma, Merck and Serva 
companies. 

Parasites 

All parasite isolations were carried out at 25-28°C under sterile conditionq. Adult 
0. volvulus males and females were isolated from onchocercomata as described pre
viously (Engelbrecht and Schulz-Key, 1984). Microfilariae released from minced nod
ules or from skin snips were purified through Percoll gradients according to the 
method of Chandrashekar et al. (1986), with modifications (Titanji et al., 1987).
Infective larvae (L 3 's) were dissected out of the heads of blackflies, obtained while 
feeding on volunteer fly-catchers on the banks of the River Mungo in Cameroon. 
All isolated parasite stages were shown by microscopic examination to be free of 
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contaminaLion by host tissue. Isolated parasites were maintained for 24-48 h at room 
temperature in RPMI-1640 containing 0.16 mg-ml- gentamycin and 10% normal 
human serum or fetal calf serum. Parasite viability exceeded 90% as judged by
motility, observed under the microscope (mf and L3), or by eye (adult worms). Before 
use in labelling experiments the parasites were washed with 3 changes of phosphate
buffered saline (PBS, pH 7.2 containing 8.18 g NaCI, 1.15 g NaHPO4 .2H20 and 0.2 
g KH 2PO 4 per litre). 

Onchocerciasisserw from patients 

Sera were isolated from the blood of subjects examined in Batchenga, a village hyper
endemic for onchocerciasis, which aias been described previously (Titanji et al., 1985).
After examination, two snips were taken from the iliac crest of each patient using a 
scleral punch and deposited in prelabelled microti:'! wells, containing 0.15 ml RPMI
1640 with 0.16 mg-m-' gentamycin. The snips were then incubated for 24 h in 5 
mg-ml- 1 collagenase dissolved in PBS. The total number of mf obtained fi-m each 
snip was determined after microscopic examination. On the basis of the results 
obtained, the 74 patients examined were classified into 4 groups as follows: groups
1 (0 mf), 11 (1-10 mf), III (11-50 mf) and IV (more than 50 mn'). There were 11, 13,
20 and 30 subjects in groups I-IV, respectively. For some analyses all s-ra of one 
group were pooled. 

Rabbit antiserato components offemale 0. volvuhs 

The antigens were obtained by incubating intact living females in 10 mM Tiis-HCI,
pH 8, containing 1% sodiu. deoxycholate and I mM freshly prepared phenylmethyl
sulfonyl fluoride: 0.5 ml buffer was used per worm and incubation was carried out 
with gentle rocking at 4°C for 3 h. The pooled extracts .vere dialysed against the 
extraction buffer and then purified by affinity chromatography on Sepharose-4B
columns containing inmobilised human antibodies to 0. volvuhls. Each column con
tained a 0-50% (NH 4 ) 2 SO 4 fraction of pooled sera (from one of the patient groups
I-IV) covalently linked with CNBr-activated sepharose (Marcoulis et al., 1978; 
Mbacham and Titanji, 1987). The antigens eluted with 8 M urea were dialysed against
PBS, lyophilised and reconstituted in 2 ml of distilled water. 

100 jig antigen emulsified with an equal volume of Freund's Complete Adjuvant 
was injected intramuscularly in two New Zealand white rabbits. Booster injections
of 50 pg antigen emulsified in Freund's Incomplete Adjuvant were given together
with another 50 pjg non-emulsified antigens, 14 days after the first injection and 
subsequently weekly for a total of 4 weeks. The rabbits were bled 7 days after the 
last injection to obtain sera. The presence of antibodies to 0. volvdus was confirmed 
by immunofluorescence and immunoelectronmicroscopical tests (see below). 

Radioiodinationof 0. volvulhis worin stages 

Viable parasites were labelled with carrier-free "25I essentially according to the 
method of Baschong and Rudin (1982) and Marshall and Howells (1985). lodogen
solution at 0.2 mg-ml-' in chloroform was dispensed in 0.2 ml aliquots into 5 ml 
conical glass tubes and evaporated in the dark at 22-25°C under a fume-hood. The 
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iodogen-coated tubes were then kept over silica gel in a vaccuum desiccator until 
used. 

For radioiodination, the coated tubes were rinsed once with I ml PBS. Parasites 
at different stages were then added to separate reaction tubes, suspended in PBS. 
Several parasite stages could be labelled simultaneously. The number of parasites 
per Libe was as follows: I adult female; 4-5 adult males; (5-100)10' mf or eggs and 
about 700 L3. The tubes were'placed on ice and 0.5-2 mCi (5-10 Itl) 25I was then 
added. The tubes were incubated with gentle intermittent swirling for 10 min and 
the reaction stopped by transferring the parasites to fresh tubes with a pair of forceps 
(for adults), or by addition of cold PBS followed by centrifugation at 2000 rpm for 
10 min and resuspension in PBS (for mf and L3's). The labelled parasites were further 
washed by changing the PBS three times, and then checked for viability, which turned 
out to be 100% for adults and more than 90% for L3 and mf. 

Lactoperoxidase labelling of adult female worms was done as described previously 
(Titanji and Ngu, 1986). 

Sohbilisationof radioactively labelled components 

Radiolabelled components were solubilised by incubating the worms at 4C for I h 
in 0.5-1 ml 10 mM Tris-HCI, pH 8, containing 1% (v/v) detergent (sodium deoxycho
late, Triton-X 100, Nonidet NP40 or Tween 20) and the following proteolytic inhibi
tors: leupeptin (5 pg/m), pepstatin (5 pg/ml), N-ca-p-tosyl-L-lysine chloromethyl 
ketone (TLCK) (25 pg/ml) and 1 mM phenylmethylsulfonyl fluoride (PMSF). 

Aliquots (50 pl) of the solubilised extracts were used for protein assays (Read and 
Northcote, 1981). Serum albumin (5 pl) was added as a carrier protein. The sodium 
deoxycholate extracts were further chromatogranhed on Sephadex-G25 (?DIO col
umns, Pharmacia) equilibrated and eluted with 10 mM Tris-HCI, pH 8.0, with 0.1% 
(w/v) sodium deoxycholate. Fractions of I ml were coilected at a flow rate of 30 
ml-h-' and assayed for radioa,.tivity in a Beckman G4000 Gamma Counter. The 
radioactive peaks eluted with the void volume from each of the PD-10 columns were 
pooled and stored for at most I month in aliquots of 0.2 ml at -20'C. They were 
subsequently thawed once and analysed for the presence of antigens. 

Trichloroacetic acid (TCA) precipitable proteins were determined by adding 50 p1 

of the desalted extracts to I ml 20% (w/v) I CA, and centrifuging the mixture at 
2000 rpm for 10 min after incubation on ice for 20 min. The supernatant w'Is 
discarded and the radioactivity of the pellets determined as described above. For 
better precipitation of the proteins, 100 pl1 normal rabbit serum was added to the 
extract prior to TCA. 

Immunoprecipitations 

Fiozen antigens were thawed and cleared by mixing them with an equal volume of 
normal European se,-um (from Sweden) and then adding 25% of its volume of 10% 
(w/v) washed Pansorbin (Calbiochem). After incubating the mixture at 4°C for I h 
it was centrifuged at 2500 x g for 20 min at 4°C in order to remove the precipitate 
formed Tze fina! supernatant obtained was used in the immunoprecipitation reac
tions according to the method of Kessler (1975) with modifications (Titanji and Ngu, 
1986). 
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In a typcal reaction 100 /d of a four-fold diluted test or control serum was 
incubated with 100 pl of radioiodinated surface extract in a buffer containing 50 mM 
Tris-HCI, pH 7.4, 150 mM NaCi, 5 mM ethylenediaminetetraacetic acid (EDTA), 
and 0.02% (w/v) NaN 3 overnight (12-14 h) at 4°C. Pansorbin was subsequently 
added, and immune complexes isolated and analysed by SDS-PAGE and autoradi
ography. 

Affinity chromatography 

inmunosorbent chromatography of solubilised radiolabelled antigens was done 
using 2 ml of anti-O. volvuhis (Ig)-Sepharose-4B packed in Pasteur pipettes as de
scribed elsewhere (Mbacham and Titanji, 1987; see also above). The antibodies were 
obtained by isolating the 0-50% (NH 4 )2 S0 4 fractions from patient groups I-IV and 
normal European sera. The antigens eluted with 8 M urea were analysed by SDS-
PAGE and autoradiography under reducing conditions (Laemmli, 1970). 

Glycoproteins were isolated from the radioiodinated extracts on columns of lentil
lectin Sepharose-4B (I ml, packed into Pasteur pipettes). The conditions for the 
experiments were as recommended by the manufacturers. After eluting the glycopro
teins with 0.2 M c-D-mannose, they were further purified on the immunusorbent 
columns and analysed as described above. 

Indirect Immunofluorescent Antibody Test (iFAT) 

Skin or nodular mf or eggs (100-300), were dispersed into Eppendorf tubes and 
washed thrice by centrifugation at 2000 rpm for 10 min in PBS. Test sera atvarious 
dilutions 1:1, 1:10, 1:25, 1:50 were added to a final volume of 0.2 ml, and the 
suspension incubated at 25-28°C for I h. The reactions were stopped by washing 
the parasites thrice in PBS. Thereafter a fluorescein-labelled second antibody (rabbit 
anti-human IgA, IgM & IgG) was added to the washed parasites which were further 
incubated and washed as above. The final pellets were taken up in 25 A1 'uffered 
glycerol, mounted on a slide and observed under a Nachet fluorescence microscope 
at 100 x magnification. For L3's the incubations and washes took place in 0.1 ml 
PBS on a microscope slide (Titanji et al., 1987). 

Iimnuoelectronmicroscopy 

The immunocytochemical experiments were done on ultrathin sections from worm 
material processed and embedded in Lowicryl K4M according to standard proce
dures (Kiefer et al., 1986). 

SDS-PAGE 

Sodium dodccyl sulfate polyacrylamide gel electrophoresis was performed under 
reducing conditions in gel slabs using the buffer system described by Laemmli (1970). 
The gels were dried and autoradiography was carried out at -70'C for 1-3 weeks 
using AGFA Safety Curix RPI films. Protein determination was carried out accord
ing to the method of Read and Northcote (1981) with bovine serum albumin as a 
standard. 
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Results 

Conditions for the identification of radiolabelled antigens 

In preliminary experiments it was observed that iodogen catalysed thc iadioiodin
ation of more antigenic components on female worms than did lactoperoxidase 
(Fig. 1). Neither of the catalysts killed the worms, as evidenced by micro and macro
scopic movements which persisted after radioiodination of the worm stages. There 
was no qualitative difference in the SDS-PAGE patterns of antigens solubilised by 
1% (w/v) Tween-20, Triton-X-100, Nonidet NP40 or sodium deoxycholate (NaDoc). 
However, different yields of proteins were obtained with each detergent (Table I). 
NaDoc was chosen for further work because it is dialysaole and provided the best 
compromise between tie quantity of total radioactivity eluted and the % TCA 
precipitable radioactivity (Table 1). None of the aforementioned detergents coin
pletely dissolved the cuticle, but incubation in 65 mM Tris--lCI, pH 6.8, 3% SDS, 
5% 2-mercaptoethanol (ME) at 37°C for I 1i solubilized the cuticle. 

Fig. 2 shows the results of the immunoprecipitation experiments with female radio
labelled antigens using different human immune sera and staphylococcal protein-A 
as the immunoadsorbent. Less than 7% of the radioactively labelled material could 
be precipitated. The concentration of the precipitated radioactively labelled proteins 
rose with the load of skin mf up to an intermediary load of 11-50 mf per .,nip and 
seemed to fall thereafter. The results suggest that the concentration of antibodies 
directed against the labelled solubilized proteins were essentially of the same order 
of magnitude in different sera. This method gave identical antigen patterns on SDS
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L 
Fig. 1. Autoradiograph of radioiodinated polypeptides extracled from female 0. voh aius. Worms labelled 

with lactoperoxidase (L) or lodogen (1) were solubilised and the extracts analyset! by SDS-PAGE. 
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TABLE I 

Efficiency of different detergents to solubilize radiolabelled components of 0. volvulus female worms 

Parameter Solubilising agents 

PBS NaDoc. TX-100 NP40 Tween 20 "ME 

% radioactivity ND 50 59 ND 29 90 
solubilised 

% TCA precipitable 23 70 54 52 97 ND 
protein 

(NaDoc=sodium deoxycholate; TX=Triton X-100; NP 40, Nonidet P40; T20 =Tween 20; PBS= phos
phate-buffered saline). 

7.0-
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Fig. 2. Immunoprecipitation of radiolabeled female 0. volvulus extracts with human sera. The immune 
complexes were isolated with staphyloccocal protein A, washed and counted in a gamma counter. %cpm 
bound =cpm in the immune precipitate divided by the total TCA precipitable counts added to the reac
tion x 100. Roman numerals refer to the different groups of patients with different numbers of mf per 

skin snip: I=0 mf; 11= 1-10 m III 11-50 mfr IV=over 50 mf.= 

PAGE when compared with eluates from immunosorbent columns containing human 
antibodies to 0. volvuhs, indicating that antibody isotype was not crucial for the 
identification of these antigens. 

Comparison of the radiolabelled polypeptidep and antigens of the 0. volvulus 
developmental stages 

The specific radioactivity of solubilized, TCA precipitable material varied between 
the different developmental stages, being lowest in L3 and highest in females (Table 
2). When the labelled and extracted polypeptides and immunoPrecipitated antigens 
were analysed under reducing conditions by SDS-PAGE and autoradiography dis
tinct patterns were obtained for each of the worm stages studied (Table 3). Since it 
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TABLE 2 

Comparison of the .;pecific activity of the radioiodinated proteins in the extracts of different 0. vohlulus 
stages 

0. volvulus % TCA precipitable Protein solubilised Specific radioactivity 
stage protein (mean±S.D.) per worm (cpvmg- x 10) 

Adult female 70.0 ±6.5 385 mg/worm 33.08 
Adult male 72.6 5.7 ND ND, 
Eggs 60.8+3.5 106 ng/egg 12.76 
Nodular mf 52.6±4.0 275 ng/nif 7.88 
Skin mf 88.6±2.8 8.47 ng/nif 5.96 
Infective larvae (L3) 58.3+2.4 584.ng,'L 3 2.16 

TABLE 3 

Radioactively labelled polypeptides of 0. volulus worm stages 

No. kDa (±SD) Female Male Eggs Nmf Smf L3 

1 159.5 ±0.3 +1 - 

2 148.0+0.3 -.. +, 

3 130.0+0.2 .- + 
4 114.0+0.2 + -.... 

5 99.0±0.5 + -.... 

6 82.0± 1.0 - - + - +4 

7 74.0 + 1.0 - - + I + + 

8 68.0±0.3 - +4 - + + +
 

9 67.5±0.7 +4 ..... 
10 55.0±0.2 - - + +- -

II 51.0±0.1 - - + - +1 + 
12 45.0+0.3 +4 - +, - + 

13 43.0± 1.0 .... +4 
14 37.5±1.0 - +4 ... . 
15 34.0 ±0.6 + + I + +4 +4 + 
16 31.0±0.6 + - + - +t 

17 26.0± 1.0 - - +1 +4 +. + 
18 25.0±0.1 +4 ..... 
19 20.0+0.3 - - +4 + - 

20 19.0 1.0 + I +4 - - + 

21 18.5 ±0.4 ..... +1 
22 17.5+0.8 - - - +1 .I-

23 14.0±0.5 + + +1 +1 +4 ±4 

Arrows indicate polypeptides which could be immunoprecipitated by ti,: g hyper-immune sera pools. 

was technically not feasible to study all worm stages simultaneously, each stage was 
studied on a separate occasion, and comparative gels bearing several stages at once 
were subsequently run to confirm the data (not shown). 

The highest number of labelled polypeptides were found in adult females and eggs, 
which each showed 10 components, and skin mf with Ii. Extracts from nodukr mf 
and L3 revealed 8 and 7 polypeptides, whereas extracts of adult male worms con
tained at least 5 distinct polypeptides. Table 3 summarizes the ci;culated molecular 
sizes of the polypeptides detected, which were usually observed in all isolates from 
a particular stage. It should be pointed out that several polypeptides not reported in 
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the table appeared insome, but not all adult worm isolates. Thus in three separate
isolates of adult male worms polypeptides with apparent molecular weights of 93,
76.6 and 53.4 kDa were identified. Similarly, components with apparent molecular 
weights of 303, 167.4 and 136 kDa appeared occasionally in some preparations from 
female worms. These variable components may have been host-tissue components 
or variants between different worm strains. It is significant that none of them could 
be precipitated by hyper-immune sera from patients (Table 3).

In order to identify the polypeptides which were antigenic, the extracts of the 
worms were reacted with hyper-immune serum pools from patients grouped accord
ing to their skin mf densities (Fig. 2). The immune complexes formed were isolated 
and analysed by SDS-PAGE and autoradiography. Table 3 shows that many of the 
radiolabelled polypeptides were immunoprecipitated by the human sera. Ten out of 
13 polypeptides were immunopr,,;ipitated in extracts of skin microfilariae. Only 2 
polypeptides out of seven could be immunoprecipitated from the extract of infective 
larvae (L3). 4--6 antigens were immunoprecipitated in extracts from females, males, 
eggs and nodular mf. Some of the antigens occurred only in one stage, indicating 
stage specificity; for example, the 82, 51, and 31 kDa components in skin mf. On the 
other hand, two antigens (67.5 and 25 kDa), present in adult females, were apparently
absent from adult male worms, which suggests the presence of sex-specific antigens 
in 0. volvuhs worm stages. 

k'M. 
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Fig. 3. Glycoprotein antigens of 0. volvuhs isolated by sequential affinity chromatography on lentil-lectin 
and immunosorbent columns and then analysed by SDS-PAGE and autoradiography. Arrows show the
positions of molecular weight markers. Following worm stages were studied: infective larvae t i) females 
(2), males (3), eggs (4), nodular microfilariae (5). Lane 6 is a control lane containing eluates of radioiodin
ated 	surface extracts purified through unsubstituted Sepharose-4B columns. About 4000-8000 cpm of 

labelled protein were applieu to each lane. Dried gels were autoradiographed for 21-24 days. 
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Since similarity in the molecular size of polypeptides does not iccessarily imply 
immunological identity, experiments were conducted to determine th . -xtent of cross
reactivity between the adult female proteins and those of males and mf. For these 
experiments female worm components that are immunogenic illman were isolated 
by immunosorbent chromatography and then used to raise antibodies in rabbits. The 
rabbit antibody (anti-FSP) showed in imnmunocytochemical analysis a reactivity 
towards cuticular epitopes (Fig. 5). When the anti-FSP was allowed to react with 
radioiodinated extracts of female worms and nodular mr,an ider;.:.:ai pattern of 
precipitated proteins was obtained. However, the anti-FSP cross-reacted with only 
one 67-68 kDa maie antigen (data not shown). These results were consistent with 
the presence of sex-specific antigens in male and female 0. iolvulus. 

Glycoprotein antigens 

Radioiodinated worm extracts were sequentially purified by affinity chronmatography 
on lentil-lectin Sepharose-4B, followed by immunosorbent chromatography on a 
Sepharose-4B column containing immobilized human antibodies to 0. volvulus. The 
final eluate obtained from the immunosorbent columns with urea was analysed by 
SDS-PAGE followed by autoradiography. Radiolabelled glycoproteins were A.,olated 
from all stages studied; a 68 kDa glycoprotein antigen was isol,,ed from female and 
male worms as well as nodular mr,two glycoproteins of 74 and 45 kDa were found 
in extracts from eggs and one of 18.5 kDa in L 3 (Fig. 3). Owing to the difficulty of 
obtaining enough material, the glycoproteins of skin mf we.,: not i;\vestigated. 

Inmunofluorescence studies 

Indirect fluorescent antibody test (IFAT) was employed to investigate the presence 
of antigens that could not be easily identified by the radioiodination method used 
above, and to identify human connective tissue components that may hae been 
tightly associated with the cuticles. Onchocerciasis hyperimmuiwC sera contained .:iti
bodies to the worm's egg-shells (Fig. 4). The antibody titres varied from 1:250 in 
group II patients to 1:10' in group IV patients. No difference was found between 
the fluorescence patterns on embryonated and non-embryonated eggs. Furthermore, 
anti-egg shell antibodies appeared in all patient groups, including those without skin 
mf.Antibodies to mf were rare among the group of patients tc.sted. Only 2 out of a 
total of 74 sera contained antibodies to the cuticles of nodular mr', demonstrable by 
the IFAT. One of these patients, a 12 year-old boy, had generalised pruritus, but no 
palpable nodules and 14 mf per snip. The other, a 26 year-old man, had a generalised 
skin rash and several palpable nodules. Judging by their clinical presentations, they 
were similar to many other p'atients, and it is not known why they had antibodies to 
nodular mf cuticles, whereas the other patients did not. 

We were not able to demonstrate any antibodies in patient's sera directed against 
infective larvae using the IFAT method. However, this was not surprising in view of 
the extremely weak reactions observed with L3 components (Table 3). 

IFAT was also employed to examine the possible presence of connective tissue 
components on the cuticles of selected worm stages. As indicated in Table 4, the 
basal layer of adult female cuticles was showing fluorescence with rabbit antibodies 
to collagen type IV, whereas eggs, nodular and skin mf were unreactive. On t!-other 
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Fig. 4. Indirect fluorescent antibody test withi human onchocerciasis serum. A mixture of fluorescent
microfilariae and eggs are seen. A control assay using normal European serum showed no fluorescence 

(data not shown). 

hand, type, VI Collagen was found on skin mf, was hardly available on nodular mf,
and was absent from eggs and adult females. Laminin was present on both nodular 
tissue and purified nodular mf. 

Discussion 

In this study the patterns of radioactively labelled polypeptide antigens of five distinct 
developmental stages of 0. volvulus were investigated. The simultaneous identifica
tion of these components in worm isolates from the same village minimnised geugiapli
ically related differences. The present findings, therefore, confirm and extend earlier 
results (Philipp et al., 1984; Forsyth et al., !984; Cabrera and Parkliouse, 1986;
Titanji et al., 1987). Noteworthy is the first isolation of antigens of L3-infective 
larvae, eggs and skin microfilariae (mf). Although [3 polypeptides were described 
by Taylor et al. (1986), their antigenic components were not mentioned. In that study
mf seemed to be non-reactive with host antibody, which contrasts with our data. 
The reasons for this discrepancy remain to be determined; the possible effects of
parasite strain differences and isolation methods are proposed as possible explana
tions. The pre-sence of antibodies to the radiolabelled polypeptides in all the sera
studied, regardless of the skin mf density, may be explained: it' it is assumed that the
patients had already been exposed to all of the worm stages. Since they were all 
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Fig. 5. Immunoelectronmicroscopy of the cuticle of adult female 0. volvulus labelled with the rabbit anti-
FSP se'rum (dilution 1:200) (a) Corticol region, e=epicuticle, c = cortical zone, x 22 000. (b) Basal region, 

h = hypodermis, b = basal zone, 37 000. 

TABLE 4 

Reactivity of different antis,ra with 0. volvulus cuticular structures in the IFAT 

Rabbit antiserum 0. volvulus stages Nodular
tis ',e 

Adult Nodular Skin Eggs Infective 
females mf mf larvae 

Anti-collagen IV + * - - - -

Anti-collagen VI - + + - - -

Anti-Laminin - + .... !-
A nti-undulin ...... 
Anti-FSP ++ ..... 
Normal rabbit serum ...... 
PBS control ...... 
(reagent blank)
 

*The basal layer of the cuticle wa3 positive.
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living in Batchenga, which is a hyperendemic, high transmission area (Titari el td., 
1985), low skin mf density may simply be an indication of !ight infection. 
Inagreement with the published data cited above, the number of radioactively

labelled polypeptides detected was rather small. On the basis of the apparent molecu
lar weights determined from one dimensional SDS-PAGE, 23 radioactively labellc% 
polypeptides were found to be distributed among the five develoi;..,ental stages 
studied, with about 20 of them being reactive with host antibodies. This estimate 
may be lower than the true number of polypeptides, because of 'he limitations of 
SDS-PAGE and the fact that size identity is not necessarily concomitant with struc
tural and/or immunological identity. Noteworthy is the presence of antigens onl eggs,
mf and L3 that have not been described previously (Tayloret al., 1986). By employing 
a specific rabbit antiserum, polypeptides of female and male worms were shown to 
be immunologically distinct. This distinction is compatible vwith the existence of sex
linked differe7'ces, which has also been described for Brugiapahangi (Sutanto et al., 
1985). 

Using the Bolton-Hunter reagent to catalyse surface radioiodination, hilipp et 
al., (1984) found no differences between male and female adult 0. volvuhs. The 
'ifference between their result and that described here may be due to the fact that 

the Bolton-Hunter reagent is known to catalyse the labelling of internal as well as 
eurface structures, whereas iodogen is believed to catalyse preferentially the labelling 
o, surface structures (Baschong and Rudin, 1982; Marsh.a! and Howells, 1985).
Further experiments are in progress to study the localization c,:he iodinated profetins 
and verify whether they are surface specific. 

Previous studies from this and other laboratories have ideiiified exposed sugars 
on various stages of 0. volviuhs (Taylor et al., 1986; Titanji et al., 1987). Howe,,:r, 
the possible association of these sugars with antigenic u,)lypeptides had not been 
determined. The successful isolation of radiolabelled polypeptides from different 
worm stages by sequential affinity chromatography indicates that some of the glyco
proteins are the presencelocated close to the surface. The IFAT also revealed of 
connective tissue components, collagen type IV and laminin on some 0. volvulhs 
stages. This was in agreement with earlier studies (Titanji et al., 1988). The presence 
of type VI collagens on skin mf is report..1 for the first time. The association of 
connective tissue components with ,'.rious worm surfaces is not likely to have been 
fortuitous, in view of the rigorous parasite isolation and purification procedures 
utilized. Since parasites coated with host antigen would not be recognised by the 
host as being foreign (Cohen, 1982), this may be also part of a mechanism that 
enables the parasite to evade human immune responses. Since some of the proper!'os
of cuticular and vertebrate collagens are shared (Titanji et al., 1988), this could also 
be a mechanism of immune evasion. Petralanda et al., (1988) proposed in fact the 
involvement of cuticular collagens in autoimmune complications c,.^ onchocerciasis. 

Ottessen (1984) identified immunosuppression as the main immune evasion mecha
nism in onchocerciasis. The results here suggest that other mechanisms also exist; 
antigenic variation among worm stages, coating of the parasite with host-like aili
gens, and the low reactivity of surface components with host antibodies. The detec
tion of type VI collagen epitopes on the surface of skin mf is particulai,' signi,,int 
as a potential protective coat, since this parasite stage survives for a :6ng time in the 
skin of immunocon:petent indivNduals and is the cause of skin disease ass. ,:1ated with 
onchocerciasis. The identification of 10 polypept'-Ies of skin mf after iodogen-c:.:a
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lysed radioiodination showed that some components of mf are accessibic to the 
reagent, though they may not necessarily be on the surface. It is possible that this 
catalyst labelled sub-surface componen:,3 of the skin mf as well (Baschong and Rudin, 
1982). 

The stage-specific antigens described here are candidates for use in the differential 
diagnosis of rnicrofilaraemia and adult worm infections, with potential applications 
in clinical trials of drugs active against the different parasite stages. The ar, )earance 
of anti-egg shell antibodies in snip-negative patients could be used for detection of 
light infections if these antigens turn out to be 0. volvulhs specific. In conclusion it 
seems that the human host mounts a humoral immune response to a limited number 
of cuticular components, and this :.,ay play a role in the survival of the parasite and 
the pathogenesis of onchocerciasis, and may be of use in the diagnosis of infection 
in the human host. 
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Introduction 
As a leading cause of blindness and beino a debilitating diiease, onchocerciasis continues to be an 
aggravating factor of socio-ecc-omic b. vardness among its 17 million victims resident in the 
endemic, tropical countries of Afri-, Central America and the Yemen (WHO, 1984). In Cameroon alone,
10% or 1.2 million of the ponulation are affected. Accurate diagnosis of the disease is required to 
monitor the efficacy of vector control measures, mass chemotherapy with iverrnectin and fundamental 
researc,, aimed at developing new drugs. 

The demonstration of microfilariae (mf) of 0. volvulus in skin biopsies, though a definitive method of 
diagnosis is insensitive, subject to sampling errors and prone to yield false results in preoatent and/or
occult infections. Consequently, considerable efforts have been made towards developing more 
sensitive immunologic methods for the detection of specific anti-parasite antibodies and/or parasite
.antigens in patients' body fluid (WHO, 1984; Des Moutis et al. 1983; Schlie-Guzman & Rivas-Alcala 
1989; Lobos et al. 1991). The aim of this investigation was to test the efficacies respectively of a 
monocional antibody target to a cuticular antige., and an antigen isolated from the same source as 
diagnostic tools. 

Viaterials and Methods 
Parasites and Patients. The methods for the isolation of 0. volvulus adult worms, the extraction of 
antigens, the preparation of polyclonal antibodies lo Fraction 5 (F5) and the classification of patients
have been described previously (Titanji et al. 1990). 

Monoclonal Antibodies were raised to cuticular extract. of ,) voNu,us adult worms according to a 
modification of the method of Holmdahl et al. 1985, ana selected by eliminating all clones that reacted 
with Ascaris lumbricoides, Loa Ioa, and cryocuts o, human skin and onchocercal nodular tissues in 
indirect fluorescent antibody tests (IFAT). One of the monoclonal antibodies designated MOV1 turned 
out to be Onchocerca specific and wds re,4ined for tise in urther experiments. 

Defined Polypeptide Antigens. A polypeptide rabbit antiserum to antigen F5 extracted from 0. volvulus 
(Tilanji et al. 1990) was used to screen a cDNA expression library (Donelson et al. 1988) essentially
according to the method of kuyhn et al. (1986). One of the clones isolated, expressed a polypeptide of 
apparent molecular weight of 67,000. Since preliminary Western blotting experiments with total worm 
extracts had shown frequent recognition of a 67000 antigen by a panel of hyperimmune onchocerciasis 
sera, the positive clone was retained for further study. Lysogens were pre,...,ed from the recombinant 
clone and the corresponding antigen isolated after sepa-1ion by SDS-PAGE and identification by
Western blotting. Bands corresponding to the immunostained P67 antigen were cut out of the 
nitrocellulose sheets, homogenised and emulsified in a 1:1 mixture of Freund', Complete Adjuvant. 
The mixture was then injected into rabbits to produce an antiserum to D67. This antiserum was used 
subsequently to construct an affinity column (Mbacham & Titanji 168) that was used to isolate the 
parent proteins from total worm extracts. Herein, P67 will refer to the native antigen from worms and 
rp67 to the recomb,-iant proteins from E. coli. 

Detection of Specific Antibodies to 0. volvulus. Enzyme linker' immunosorbent assays (ELISA) for the 
detection of specific antibodies were performed essentially as descri!,ed by Holmdahl et al. 1985 except
that polyvinyl microtiter plates were precoated either with P67or rp67 at 0.1 pg/ml. The bound human 
antibodies were detected with t; ;:elp of an anti-human globulin/peroxidase conjugate. 

Results and Discussion 
Detection of antibodies to 0. volvulus. Inorder tu test ii P67 was suitable for the diagnosis of exposure
to 0. volvu,'us infection, we carried out a direct ELISA for IgG4. Figure la shows that all subjects from 
the hyperenderific village had develop.:.. nigh levels of IgG4 antibodies to P67. By contrast, the serum 
concentrations of these antibodies were al least one ,iler of magnitude lower than control subjects
from the hypoendemic area of Yaounde. Of particular interest were the high serum antibody 
concentration detected the sera of subjects whose skin si ps were negative for mf. Such subjects 
with no skin mf, but who have developed specific a. _es to P67 are likel, to be exposed or may 
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have contained their infection. P67 may be a likely candidate antigen for the detection of prepatent 
onchocerciasis. 

In urder to produce substantial quantities of P67, recombinant DNA techniques were used. A clone 
producing a recombinant protein detected by antibodies to P67 was Isolated from a cDNA library and 
partially purified and designated rp67 (see Materials and Methods). Figure lb shows that rp67 
recognised IgG4 antibodies in the same group of patients as well. However, it was less specific than 
P67 in that the native antigen preparation, reacted with both endemic and control sera. 

To study the differences in the specificity of P67 and rp67, both preparations were analyzed by 
immunoblotting using immune sera. Figure 2a shows immunoblots of affinity-purified P67. The native 
P67 antigen isolated from adult worms was heterogeneous, containing at least 5 distinct polypeptides 
with apparent Mr of 67, 85, 108, 154 and 203 KD. The gel patterns obtained with partially purified rp67 
are shown on Fig.2b. The proteins expressed in E. coi were of relatively lower molecular weights: 30, 
37, 46, 57, 84 and 87 KD. 

These proteins also reacted with antisera to cuticular fractions, indicating their histologic origin in the 
worms. The heterogeneity of the P67 and rp67 preparation suggested that these proteins are rather 
,instable. Immunoblotting experiments (not illustrated) indicate the presence of P67 related 
components in other worm stages, viz adult males, nodular mf and eggs of 0. volvulus. It would thus 
appear that P67 is a dominant onchocercal antigen, represented in a wide range of polypeptides with 
distinct reactivities (Fig.2b); the low molecular weight range being less specific. 

Immunodiagnosis of Active Onchocerciasis Generally, It is accepted that the detection of parasite 
products Inbody fluids Is a more reliable in'ex of active infection than the assay of specific antibodies. 
An alternative approach In our laboratory has been to develop a test for 0. volvulus antigens in urine. 
Figure 3 sumrnarises the restlts obtained using our developed sandwich ELISA. Onchocerclasis 
patients from hyperendemic villages had higher ELISA sc')res for antigenuria, than normal control 
subjects from Yaounde. The assay detected at least 80ng o. crude antigen per test and required only 
lml of urine. With a cut-off point for negative results set at mean +2 standard deviations of the control 
scores, the test had a sensitivity of 98%, which compares favourably with previously reported values of 
76% -86% (Des Moutis et al. 1983, Schlie-Guzman & Rivas-Alcala 1989). 

Conclusions 
This study presents two approaches for the immunodiagnosis of onchocerclasis, namely antibody and 
antigen detection. Both methods were highly sensitive. More work is needed on their specificities. 
Urine antigen detection is probably a more reliable method; its predictive value in prepatent cases merits 
further Investigation. P67 and related proteins are widely recognized by..onchocerciasis patients and 
may be important in pathogenesis of the disease. Its role too deserves further investigation. 
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FIG.I IgC4 lenponses in Defined Clinical Groups of Onchocerciaslo Patients 
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FIG.2 Immunological 'Identificationof Native (P67) and Recombinant (rp67) antigens 
of Onchocerca volvulus
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Summary :
 
FITC-lectinbinding assays were used to probe the surface sl,, ,Irsof Onchocerca volvulus.
L3-infective larvae bound Con A, DBA and LCH, but not PNA, SBA, 
 WGA nor UEA. Adultfemales had a similar binding specificityas L3 "'n 
DBA 

ept that they bound WGA as well.LC/ andwere the only lectins boundby male worms. Nodular microfilariae only bou,'L Cl andWGA whereas skin microfilariae bound Con A anu /VGA. In addition to LCHand Con A, eggsbound WGA. Limited proteolytic treatment of the parasites before lectin binding revealednew sites for PNA andLCHon nodular andskin nicroflariae respectively.A', binding ofUEAwas observed indicating the absence of fucose on the parasites. The results are consistentwith the presence of exposed D(+)-galactosyl, D(+)-mannosyl and N-acetyl galactosamineresidues on 0. volvulus. We conclude that 0. volvulus displays considerable variations i?surface sugar specificity during its development in man. 

Risums=: 
La composition en glucides de surface cuticulaire, des diff6rents stades 6volutifs, chezI'Onchocerca volvulus a 6t6 mise en 6vidence par la technique de fixation des lectinesconjugu6es h l'isothiocyanate de fluoresc6ine. Les r6sultats montrent ia pr6snce desr6sidus D(+)-galactosyl, D(+)-mannosi; et N-acety, gaia(,.,samine sur les larves infestantes (L3), les vers adultes (Males et Femelles), les oeufs et les microfilaires isol~s desnodules et de la peau. Toutefois, ;a r6partition des diff6rents types de glucides nest pas la m~me d'un stade 6volutif h I'autre. Nous pouvons conclure que la composition des glucides de surface de l'Onchocerca volvu:,is varie consid6rablement pendant son cycle 6vo
lutif chez I'homme. 
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Introduction 

Current interest in the study of filarial parasites has f~cused on the properties of the cuticle 
because of its importance in host-parasite interactions (Maizels,et al 1982). Previous stu
dies on filarial surface properties we, devoted to the characterization ofprotein antigens, 
presumably because they could be easily detected by immanoradiometric methods. Thus 
radioiodinated protein antigens were identified on the surface of Onchocerca volvulus 
adultworms (Philipp,et al., 198q) and 0. gibsonimicrofilariae (Forsyt,,at al, 1984; Taylor,
et al., 1986). 

To date little is known about the surface sugars of 0. volvulus, although lectin-binding stu
dies have been used receniiy to probe for the types o,'sugarsexpressed on qrugiamala yi, 
Dirofilaria immitis microfilariae and 0. gibsoai eggs (Forsyth et al , 1984 ;Devany, 1985) 
Co: sidering the antigenic nature of surface saccharides and their potential roles in host
parasite inter-play (Howells, 1981) we decided to investigate the lectin-binding properties ot 

the developmental stages of 0. volvulus as a first step towards the characterization c. :he 
surface sugars of the parasite. 

Materials and methods 

Reagents : Proteinase E, Fluorescein-isothiocyanate-labelled lectins (Table 1)and theit 
inhibitory sugars vere purchased from Sigma : collagenasewas from Berhinger.All othel 
reagents were of the highest purity provided by Merck, Serva and Sigma companies. Phos 
phate buffer saline 1PBS) usedbelow containd&at pH 72: 8 gNal; 0.2g '"1;1,15gNa,h
P04 . 2H.,O; 0.2g KH2P04; 0,1 g MgC2 6H20 and 0. 1g CaCl 2 pe. ,',,re. 

Parasites : All manipulations we; 2 carried out aseptically. Nodules were excised from 
onchocerciasis patients at a dispensary in Batchenga (Camei,,n) and transported to the. 
laboratory in RPMI- 1640 culture medium supplemented with 0.03 % -entamycine. Adult 
0. volvulus were then isolated according to th method of Engelbrecht and Schulz-Ke 
(1984). Viability was 60-70% among adult females which could survive for at least 6 days 
when maintained in RPMI- 1640containing 0.03 % gentamycine and 10 % normal human 
serum at room temperature. 

Microfilariae (mf) were isolated froli; nodules according to a modification of the method o 
Chandrashekar et al. (1984). Briefly, nodules were minced in 3 volumes ofHanks Balance(, 
Salt Solution (HBSS) containing 0.03 'o gentamycine and inLubated at (27-29 'C) overnighI 
to parmit maximum recovery ofmf Tissue clumps were removed and the suspension filterea 
through two layers of cheese cloth and then centrifuged at 2000 rpm for 20 min. The pellet 
containing mf and blood cells was suspended for 10 min. in lOml lysis buffer containinfj
155 mM NH4CI and 10 mM NaHCO The suspension was then recentrifuged as above, ano 

the final pellet taken up in 3 ml HBSS and the.. loaded on a 30/40 ob discontinuous Percoh 
gradient made in HBSS (without phencIred). The gradient bottles were then centriguged in i, 
swing out rotor (S,-rva/l-R II) at 1500g for 30min. 

Dead mf and tissue debris with a few trapped motile mf wer: found at the top of the 30 0, 
Percollayer,whereas most of the motile mf were either in the 40 %Percol/fraction or at tht., 
bottom of the tube, freed of cellular contamination. The mf were washed twice with HBSS 
and maintained at 27-29 °C in RPM/- 1640 containing 0,03 1 gentamycine and 10 % NHS 
with daily changes ofmedium. Viability exceeded 90 % within the first 48 hrs andgraduall 
declined to 50-60 'o within 4-5 days. 

Skin mf were obtained by incut 9ting skin snips in HBSS containing 0. 03 % gentamicym
and 10 o 1 HS for 24-48 hrs. The skin mf were storE udin culture medium as described above 
Infective L3 larvae, were dissected from infected blackflies. In some experiments the iso/a 

ted parasite stages were fixed in PBS containing 10 % formalin before lectin binding. 
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Lecth-bindingstudies 

.lnitial/y we used the method of Devany (1985) to study the lectin bi iding characteristics of 
nodu 'arand skit? nf.Subsequently this method was replaced by a microsropeslide t'echni
que which we developed to permit the investigation of limitedquantities ofparasites (L.7 and 
skin nif)as wellas to eliminate the need for multiple centrifugations during the washing pro
cedure (Devany, 1985). 

Microfilariae (20-100) were deposited on a marked spot on n.. oscope s/,de, air dried and 
fixed with absolute ethanol for 10 min. PBS containing the appropri., e /ectin at 150 ug per
ml was applied to the spot and the slide incubated at 27 'C for 1hr it; -)humid chamber. A 
control experiment with 0. 1M of the corresponding ih/,iitory sugar (TalL' 1)was always 
done simultaneouslyat a different spot on tie same slide. After incubation excess FITC-lec
tin was withdrawn with a Pasteur pipette under the microscope. The mf were then.washed 
twice by adding 0.2., i/PBS to the spot, incobating for 5mhm and then aspirating the buffer. 
Finally a drop ofglycerol was applied to the spots and the mf examined under a Nach: f, , 
rescence microscope at a magnification of 100 X This tech:.que was also used for the bin
ding ol t-ITC-lectins to L3 infective larvae, except that only a few unfixed larvae were used for 
each experiment. Using nodular mf we confirmed that the slide technique gave id_,;tical 
results with the method ofDevany (1985). However, we preferred the slide met 'Odinsubse
quent studies because of its simplicity. 

For the investigation of adult worms, they were disp 'sed individually int o test tubes anu 
incubated at room temperature with 1ml of the appropriate lectin at a fins.' concentrationof 
150 ug ml - '. Control expc -iments m the presencL, of ithibitory sujars were done simulta
neously. At the end of the incubation the worms were washed four times .'.'ith 5 ml ofPBS 
and then examined f,.r fluorescence as describe ahove. Only viable adult worms were used. 

Treatment ofmicrof;;ariaewith proteolyticenzymes 

In an attempt to open up new binding sites, mif were treated with collagenase, orpronase E. 
The proteolytic enzymes were dissolved in PRS at a final concentration of 0 01% (w/v), ar7d 
2 ml of the solution used to incubate 5 000- 10 000 mf for 30raiin at 25-29 'C. The incuha
tion was stopped by adding 5 m/ cold P&S and centrifuging the mf at 2000 rpm for 10 hi,. 
The mf were then resuspended in 5 ml PBS and centrifuged. This washing procedure was 
repeated three times and the., if used directly i" ' e bindingassay or fixed in PBS containing
10 % formol for subsequent use. Identical results were obtained for both fixed and viable 

parasites (not illustrated). 

Results 

Lectin-bindingcharacteristicsof 0. volvulusdevelopmentalstages 

Table I shows that only four out ol sven Fi iC-lectinstested coldbiad to 0. vovulus wornm 
stages that had not been subjected to proteoly.sis. The lectins that bound to the worm stages 
were Concanavalin A (C'nA), Lentil lectin (LCH), wheat £,erm agglutinin (WGA) and Dofi
chos biflorus agglutinin (DBA). Pp-nut ag, ,tinin (PNA), soy bean agglutinin ,,'A) and 
Ulex europeaeus agglutini,, (UEA) did a,'ot bind to intact parasites under our conditions of 
assay. The binding of the lectils appeared to be specific slice th/i., was always abolished by
adding the appropriate inhibitor), saccharide in the medium. 
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In positive reactions fluorescence was us'ally seen all over the parasites. The ridges ofadult 
females showed very weak fluorescence, in contrast to "'forrows"that were intensely fluo
rescent. 

Table 1also reveals important differences among the lectin-binding chwahcteristics of the 
developmental stages of 0. vovulus. Thus nodular mf appeared to have sites for LC/ and 
WGA in contrast to skin mf which could bind ,!iA and WGA, but not LCH. L3 and adult 
females displayed similar suface preperties, with the sole difference that in ad,,','on to 
ConA, LCH and DBA, the latter also bound WGA. In contrast to adult females, male ,worms
could only bind LCH of all the lecdns tested. The lectin most frequelitly bound Las LCH 
which showed positive reactior~s with four of the parasite stages tested, followed by ConA 
and WGA each of which beund three stages. The FITC-lectin-binding characteristics of the 
eggs were very similar to those by adult females except, that the .'.-ner did not bind DB.-" 
Taken together o',r data irdicate considerable variation in the set ofsugars expressed on the 
respective 0. vovulus worm stages studied. 

Effect of proteolysison, lectin-binving to inicrofilariae 

I7 an attempt to open up new binding sites, skin andnodular mf were treated with proteoly
tic enzymes before lectin binding.The results given i 1 Table 2 showed that, co/lagenase ope
ned up new sites for LCH and PNA on skin mf and nodular nif respectivt.,, whereas pro
nase Erevealednew LCHbidist; sites on skin if. Underno circum.tances were we able to
demonstrate the binding of UEA to 0. vovulus developmental stage studied : a fact which 
excludes expo,,sed o-L-(-)Fucose residueson these parasites. The movements of the mf 
were reduced considerably by the ptoteolysis, but wel over 80 %of them were s/ viable as 
judged by occa'ional serpentine nu,.ement. 

Discussion 

The present investigation revealed distinctions among the lectin-binding characteristics of
0. vovulus developmental stages studied.Adult females andL, seemed to have siniharlec
tin-binding properties tha7t .ontrasted with those of arlult.mt.oc .:, odularandskin mf (Table
2). Given the antigenic nature of filarial surface .,,gars (Howc,'/s, 1981), i, tempting to spe
culate that the observed differences reflect changes in surface antigen specificities among
the developmentalsiages. Such changes maybe important for 0. vovuhis worm survival in 
man since immune responses mounted agai,.st L3 and adult females, for example, would be
ineffective in blocking the development L. mf. Clearly, additional studies are necessary to
clarify the importance of the immune reactivity of surface sugrs in 0. vovuhs infectiu. 

The results in Table 1are consistent with ,,epresence of exposed D(+)galactosyl, D(+)man
nosyl, N-acet.,' D-ga/actosamine and N-acetyl galactosamnine residues on the various deve
lopmerf l stages tested. N-acetyl-D-galactosamine and D(+)galactose are presumably not 
accessible on intact mf, but become exposedafter limited proteolysis, indicating that some of 
the sugars may be buried into the structure of the cuticle (Table 2). 

Although the sugar-binding specifities of Lentil lectin (LCH)and Concanav .'n A (ConA) ale 
similar, the latter bound to nodular, but not to skin mf and vice versa (Table 1). SiMilary,
adult males couldbind LCH, but not ConA. The reason for this apparent discrepancy remail)s
to be determined, although differences in the affinities of the lectins for their binding s/'-.-;
could possibly explain the results obtained. 
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While this study was in progress Taylor et aL (1986) reported lectn. '.,ding characteristics of 
0. vovulus worm stages that differedconsiderablyfrom our IYnr,igs (Table 1and 2). Accor
ding to these investigators neither nodular nor sf-in ,nfcould bindto any of the FITC-lectins 

*tested by them, a result which they attributed to the lack ofexposed carbohydrates on these 
parasite stages. In contrast to theirlindings we foun, ','!at L.CH .... ConA did bind to nodular 
and -1617 mnf respectively, whereas WGA bound to both types of mf (Table 1 and 2). It is pos
sible that different strains . O.vovlus from geographically remote regions .'. -7y display
 
different surface properties.
 

Our results (Table 1 and 2) also suggest a m.- "keddifference betwe-7", the lectin -binding pro
perties of 0. vovulus and those reported for other filariae. Whereas the cuticle of u. vovu
his mf revealed binding sites for LCH and ConA, those of 0. gibs .ni,B. malayi at"-! 
D. immitis didnot (Forsyth et al, 01o. ;Devany, 1985). Taken togetherthe present findings 
indicate considerable variation in the surface 6ugarspecificity during the mnorphogenesisof 
0. vovulus in man. 

Conclusion 

This work received fi,ancial support from the International F,,.'ndationfor Science Stock
holm, Sweden (Grant No 884/Fl) and the University of Yound," (Grant No FS-83-017). We 
are also indebted to Dr. Durand (CentrePasteur Cameroon)for access to his fluorescence 
microscope. 
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TABLE 1 - Lectin-binding properties of 0. VOlVUlUS stages. 

FITC FL Inhibitory Sugar" Lectin inding in the absence of inhibitors 
LECTIN sugar used specificity L3 adult adult N.mf s.mf eggs

female male 

ConA (102) 1.9 N-acetyl-D-Glucosamine a-D-Man, a-D-Glc + + - - + + 
DBA 20 N-acetyl-4J-Galactosaj, .,e a-D-Gal NAc + + +J -  -
LCH (49) 4.1 N-acetyl-D-Glucosamine n-D-A4,j,a-D-Glc + + + + - + 
PNA 53 D(+)Gdaactose LB-D-Gal-NAc -
SBA 1.7 D(+)Galactose D-Gal NAc - -  -
UEAI 21 -L(-)Fucose a-L(- ,r,icose - - - -  -

IGA 22 N-acetyl-D-Galactosamine (D-GIc NAH-2, Net, .',Ac - + - + + + 

(+) indicates positive reactions whereas (- indicates negative reactions with no fhlorescen,... When the corres
ponding inhibitory sugar was includedin the test no fluorescence could be observ&... esults not shown). All other
 
details are given in the text.
 
* Information from Sigma information sheets.
 

The sugar binding specificities were as described earlier (Devany 1985). See also catalogue 
1986. F/L = moles 
fluorescin isothiocyanate per mole lectin. N.mf = nod,!..rmicrotilariae, s.mf = skin microfilariae, Neu-NAc N-
Acetyl neuraminic acid, GIc = glucose, man = mannose, Gal-NAc = N-icetyl galactose. 

TABLE 2 - Effect of limited proteolysis on lectin binding to microfilariae. 

Lecrin binding after enzyme treatment 
and in the absence of inhibitory sugarsFITC-LECTIN 

COLLAGENASE PIRONASE E 

Nmf Smf NMI Smf 
Con A ........................-
 + _ + 
DBA ............. ........... . - - - _
 
LCH .......................... + + 
 + +
 
PNA ......................... + - - _
 

SBA ..........................- _ -


UEA I......................... 7  -

WGA .........................-
 ± + ± 

(+) indicates positive reactions (-) indicates negative reactions with no fluorescence observed (±1indicates weak 
fluorescence. All other details are given in the text and the legend of Table 1. 
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Identification of the surface polypeptide antigens of the infective larvae of 
Onchocerca volvulus 

Vincent P. K. Titanji* and Wilfred F. Mbacham 
University of Yaoundg, Yaoundg, Cameroon 

Abstract 
The surface polypeptide antigens of third-stage 

infective larvae (L 3) and adult males of Onchocerca 
volvutus have been compared after iodogcn-catalysed 
radioiodination, separation by sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis in ji-mer-
captoethanol followed by autoradiography. L3 sur-
faces contained polypeptides with apparent molecular 
weights of 14, 18"5, 26, 34, 51, 68 and 130 kDa, 
whereas the adults contained 14, 19, 26, 34, 37'5 and 
68 kDa components. By immunoprecipitation with 
patient's sera, only the 14 and 18"5 kDa components 
were shown to be antigenic on the L 3, the other 
components being unreactive with patients' anti-
bodies. Under similar conditions, 4 of the 6 adult 
male polypeptides reacted with patients' antisera, 
confirming their antigenic nature. Lentil lectin and 
immunosorbent chromatography of the surface corn-
ponents revealed the 18"5 kDa and 68 kDa antigens 
of L3 and adult males respectively to be glycoproteins. 
The apparently weak reactivity of L 3 surface compo-
nents with host antibody may be part of an escape 
mechanism that favours.,the establishment of 0. 
volvwdus in human hosts. 

Introduction 
Recent studies of the blinding nematode. Onchocerca 
volvutus, have focused on the antigenic properties of 
the cuticle of its developmental stages, since these 
comprise the primary contact organs between the 
parasite ant' the immune system of the host (PIILLIP 
et at., 19U4; TAYLOR et al., 1986; CARBRERA & 
PARKHOUSE, 1986; TITANJI & NGU, 1986; TITANJI et 
al., 1988). However, because of their scarcity, the 
infective third-stage larvae (L3 ) which initiate infec-
tion and have therefore been considered to be the 
logical targets of onchocerciasis vaccines (WHO, 
1987), have received inadequate attention. TAYLOR et 
al. (1986) were the first to describe 7 polypeptides on 
the surface of 0 volvdus L3 after radioiodination, but 
they did not identify which of these components were 
antigens. We, like others, identified the surface sugars 
of 0. volvulus L 3, but their antigenicity remained 
unknown (TAYLOR el al., 1986; TtrANJt et at., 1987). 
However, antibody-dependent immune cell adher-
ence to L3 has been studied, using cells from various 
onchocerciasis patient groups, by LEKE et al. (1988). 

The paucity of information on the antigenic nature 
of the L3 surface components prompteu us to study 
this parasite stage using the iodogen-catalysed iodina-
tion method (MARSHALL & HOWELLS, 1986), to 
identify the surface polypeptides that elicit antibody 
responses in human hosts, and to compare them with 

'Autihor for correspondence. 

The Biotechnology Center, Box 812, Faculty of Science, 

the adult male worms whose surface properties have 
been extensively studied (TAYLOR et al., 1986). 

M'terials and Methods 
Reagenis 

RPMI 1640 medium (Gibco, UK), 125I (Amersham 
International, UK), and lentil le,:in sepharose-4B 
(Pharmacia, Uppsala, Sweden) were used. All other 
reagents were of the purest grade obtainable from 
Sigma, Serva or Merck. 

Parasites 
L3 were dissected into RIPMI 1640 mediuiim from 

the head of blackflies (Simnulium) previously infected 
while feeding on volunteer fly catchers'. They were 
identified as 0. volvulus at the Kumba Medical 
Research Station. About 700 L3 were used. Adult 
male worms were obtained oy collagenase digestion of 
nodules (ENGELBRECHtT & SCH1ULZ-KEY, 1984) and 
maintained in RPMI 1640 medium. To limit bacterial 
infection all culture media contained 0" 16 mg/ml of 
gentamycin and manipulations were carried out under 
sterile conditions. 

Patients and sera 
Patients were examined at a dispensary in Batch

enga in the Sanaga river basin of Cameroon. Skin 
snips were taken from the calf muscles, iliac crest, and 
shoulders and incubated for 24 h at 25-28C in RPMI 
1640 medium with gentamycin. The microiilariae 
released after incubation were counted. 'fhe remain
ing skin snips were further digested for 24 I in 
collagenase (5 mg/ml in phosphate-buffe,, I saline 
[PBS] containing 10 mM phosphate buffer at p1l 7'4 
and 140 mM NaC1) to release any trapped microfilar
iae. The 20 patients used 'n this study had 10--5 
microfilariae per skin snip. Preliminary experi ients 
with adult worm antigens confirmed this group to be 
the most reactive with surface antigens. Blood sam
pies obtained by venipuncture were processed for sera 
as previously described (TrrANJI et a' 1981). The 
sera were stored in 0'5 ml portions at -20C until 
thawed and immediately used in the experiments. 

Radiolabellingand solubiliza:ionof smface polypeptides 
Only viable motile parasites were used. These were 

labelled with carrier-free 1251 essentially as described 
by BASCiHONG & RUDIN (1982). lodogen (1,3,4,6 
tetrachloro3c,6ddiphenylglycoluril (Sigma was dis
solved in chloroform to a final concentration of 

'Volunteer fly catchers had access to iverniectin treatment 
after the experiment and were exposed only to newly 
hatched flies unlikely to have been previously infected with 
0. volvuus. 
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0"2 mg/ml. Aliquots of 0"2 ml of tile solution were precipitate was discarded and the supernatant used indispensed into 5 ml test tubes and allowed to the immunoprecipitation reaction.evaporate in the dark at 22-25C in a fume cupboard.
The tubes In a typical reaction1 100 Illof labelled antigenwere then stored dry over Blue-Gel ' O containing 100-150x 10crystals in an cpm with a specific activityevacuated dessicator. of 2"2-3"3x 103 cpm per jig of protein were added toFor labelling, the iodogen-coated tubes were rinsed 100 p1 of sci rni, dil"ed four-fold with 50with I ml of PBS. In a typical ex- 'riment, 4-8 aiult Tris-IIC1 (pi1 7"4, con [ iining 150 nmt 

m, 
males or about 700 L3 

NaC1, 5 m,were put into separate tubes ethylenclI, aminotetra,,uctc acidand washed thrice in PBS. 13 were weashed by The mixture was 
aun u u.';, NaN 3).

then ii.,. lated at 4"C forcentrifugation 12-14 h.at 2000 rpm for 10 min; adult mct IImmune complexes formed were isolated by staphylowere washed by aspiration of the PBS with Pasteur cocci immu .. hentspipettes. The parasites a: ! analysed by sodium 
PBS, 

were suspended in 1 ml of dodecyl sulpla,.-polyacrylanide gel electrophoresisand 2 mCi (10 Ip)of carrier-free 125 were
added. (SDS-PAGE) and autore'diography as , -cviously de-The tubes were placed on an ice bath and scribed (TIANJI & N;tU, 1986). Seraincubated with from 
10 

gentle intermittent agit'tion for onchocerciasis patient groups (see above) ".. uninin.The reaction was stopped by rrsferring the fected European trols.... were used in the experiadult males to tubes containing fresh PBS. L3 were inents.
centrifuged and washed with 3 changes of PBS asdescribed above. The parasites were separately trans- Isolation of surface anrires by iMnpnosorbent and lectinferred to fresh tubes for solubilization. After label- chromatographvling, the adult worms were 100% viable and the L3 For some studies, labelled and desal, ! surfacewere 
under 

about 
a microscope. 

90% viable, as judged by their motilities polypeptide, ....purified sequentia, c..omar, by 
Surface tography o.a 1 ml lentil lectin Sepharose 4B columns 

ing 
pk ., -eptides were solubilized by incubai equilibrated as described by the manufacturers. Thethe labelled parasites in 0"5-1 ml 10 mMh ,is- glycoproteins eluted with '2 m cy-D-mannose were1ICI (pI1 8) containing 1% sodiun deoxycholate and further purified on inmmunosorbent columns made bythe iollowing proteolytic inhibitors: leupeptir,, pep- linking a 0-50% (NHI4)2SO4statin and fraction of pooledx---iosyl-I.-lysine chloromethyl ketone at onchocerciasis sera to sepharose 413final concentrations of 5, 5 and 25 jig/ml respectively. (MuI ACHIAM &TITANJI, 1987). Antigens were eluted fromFor niaximal inhibition of proteolysis, :!ie im10 id of munosorbent coluimns by boiling in the sample buffer200 nm phenyl methyl sulphonyl fluoride freshly of LA:xMP AU.t (19'o) for 5 mir. In a few experimentsmade in acetone were added to the reaction mixture the lauclled antigens wereevery puritied directly on the0 infor one hour during the entire solubiliz- immunosorbent columns without prior exposure toing process. This and subsequent steps were carried Zie lentil lectin columns.out at 4C unless stated otherwise. Aliquots (50 Ill)of Polyacrylaimide gel eectrophoresis in sodiuti,the solubilized components were taken for protein dodecyl sulphatedetermination and tile remaining extracts were ad-

was performed essentially accoruing
to ihe method of LAEAMI.t (1970) using a Protean IIjusted to contain 300 pig/mil bovine serum albumin as Biorad' apparatus. After drying in acetone (WI:sIIti.carrier lProtein and then desalted on Sephade.. G-2? MAN, 1985) the gels were placed on Agfa Safety Curix(P)-I0 co!'mnns from Pharmacia) by equilibrating RPIO® films and autoradiographed in a cassette withand eluting with 10 mt Tris-ILC1 (p'I 8) containing intensifying screens at -70'C0'1% for 1-3 weeks. Proteinsodium deoxycholate. The radiactive peaks was determined ac.wding to the method of RIEAD &
elc'd with the void volume of the column were 
 NORT COTF (!981).


pooled, divided in 200 p11aliquots and stored at
-20'C to be thawed once only before use in experi- Resultsmnits. The maximum storage period was I :!ionth. S':,face polypeptide antigens of 0. volvuids infective'To determine the amount of radioactivity p:+.cipit- lavae and adult malesable by trichloroacetic acid (TCA), 50 id of the In preliminary experiments (results not shown) wedesalted samples were mixed with 100 1l1 of normal found no difference between therabbit serum fo!lowed by ml of 20% TCA. intigen profiles ofAfter adult worms by immunosorbent chiomato- .,)hy and20 rin at 4C the mixture was centrifuged (2000 rpm the p,.itern obtained by using the staphylococcalfor 10 min) and the supernatant discarded. File imnimunoprecipitation netimod of KFSsuIR (19'7h).pellets were then counted in a Beckman 4000 ganmacounter and the percentage of TCA-precipitable This was also the case with L 3 antigens. Therefore iii 
counts subsequent experiments we ;ose the staphyloco" calcalculated by comparison with the initial immunosorocnt precipitation because of its simplicityradioactivity of the sample. About 60-70% of time (see Materialssolubilized polyleptides were 'l'CA-precipitmkle. 

and Methods secti ..).Using labelled
adult worin antigens, tile most reacti-i, sera were 

hnmnunoprecipitationi found to be those from patients with low to moderate 
Inntunt,precilpitation ricrofilarial density (i.e., 1-50 micr,,filariae per snip),was done according

modification by TITANJI & Na, 
to a These were then pooled and used in cxpcrinments with1986) of the method L 3 for which antigen shortage preclided the examinaof Ki-sst.FR (1975). Frozen antigens were thawed and tion of individual zera.cleared by mixing with an equal volume of European Fig. I illustrates typical gel patierns obtainednormal serum, and theni adding one-quarter volume vhensurface antigens wcei respectively isolaLed fromof 20% washed Pansorbin" ' (Cad iochem). After 1 3 

incubating tie mixture at 4C for one 
and adult male worms respectively and then analysedhour, it was

centrifuged by SDS-PAGFi under reducing con.litions f.,llowed byat 2500 g for 20 nin at 4C). The autoradiography. It can be seen that 'hese worm 
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Fig. 1. Polypeptides asnd antigens of infective larvae of 0). volviulas (1-3, lanes B and A respectively) and adult males (lanes E and F respectivelyi 
Lane B: polypcptadces from 1- 3 (25 000 cpm), autoradiagraphed for 10 days. Lane Ei: polypep'ides of adult males (23 000 cpm), autoradiographeti 

it J / " ',lor 13 days. The antigi lanes A and F) contained 5000-8000 cpmn and were autoradiograpited for 2 1-28 days. Lanes C and D represent controi 
lanes in which normal human scia were used in the itnmunoprecipitations. 1377F. are reference molecular wiss sainpics (x iu 3) from Pharmacta 
Autoradiograpas are shown on the left, and line-diagrams of the gels on the right. 

A EF.B C DA B REF.D 

9094.0 
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24 14.4 I FRONT 
Fig. 2. lycoprotein antigens of 0. volvulus third-stage larvae (1.3)..: J adult males. The glycoproteins were isolated by i amunosorbence folowec 

by lectin affinity chromatography and theii analysed by sodium dodecyl sulphate-polyacrylamide gel electrophoresis. Autoradiographs of thle gt: 
patterns (left): lane A, infective larval glycn.: .. ;d (5600 cpm, exposed for 28 days); lane D adult male glycoproteins (48000 cpm, exp sed for 2 
days); lanes B and C, eluates of contrd columns containing unsttbstituted sepharosr4B [an luate volume equal to the appropriate experment (.3 
and D) was applied to tnmgels]. RE F. are reference molecular mass samples 0-3) from Phrnia.(x Auturadiographs are shown on the left, 
diagrams of the gels on the right. 

stages contained exposed polypeptides that were 18R5±04, 26-0± 0, 340±06 51-0±01, 68-0± 
easily labelled by the iodogen method. On the 1L3 at. and 1300±0-2 kDa were identified (lane B). Only
least 7 distinct polypeptides with apparent molecular of these, -. 14-5 and a 18-5 kDa antigen, wei 
masses (expressed as means of 4 detcr- precipitated by irn: !une sera from onchocerciast 
minations± standard deviation) of 145±0-5, patients (lane A). 

i 
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Fig. I (lane F) clearly shows that the surface of volvuihiq bt hardly any of the killing ol these larvae 
male worms contained a larger number of antigens by imnmne cells from putatively immune patients 
that reacted with patients' sera than the L3 (Fig. 1, (LEKE et a'., 1988). THe identified components 
lane A). Of the 6 components identified on adult should be iudied further for a possible rotc in 
males with apparent molecular masses of 14, 19, 26, protective immunity. 
34, 37"5 and 68 kDa (Fig. 1, lane E), only the fi.st There are both similarities and differences bc,veen 
and third components were not precipitated by the present and previous results. Like TAYLOR et al. 
pitients' sera under the conditions used, the remain- (1986), v. identified 7 components on the L3 of 
ing components giving intense radioactive bands after Camerooniw. n) volvulus, hut the apparent molecular 
immuroprecipitation. This suggests that the estab- sizes of some of these .were different, Probably 
lished adult worm stage provoked a more pronounced reflecting a difference between the parasite strains 
humoral immune response than the infective larvae, from Sierra Leone and Cameroon. An 18"5 kDa 
thje existence of which in the host is re!atively antigen appeared only on the L3 and was absent from 
sinort-lived. adult male worms. Preliminary data suggest that this 

antigen is also absent from females, eggs and micro-
Identification of antigenic glycoproteins filariae, making it a good cand;,late for stage-specific 

In a previous study it was shown that L3 could bind diagnosis of early infection (Titanji & Mbacham, 
concanavalin A (con A), Dolichos biflorus agglutinin punpublished observations). Although the 14 kDa 
(DBA), and lentil-lectin (LCtH), indicating the pre- component was present in the labelled surface extracts 
sence of aY-D-mannosvl, a-D-galactosyl and ,-D- of both stages, it could not be found .inong the 
glucosyl residues on the surfacef In that study adult surface antigens of the adult vorms. Furthcr experi
males were shown to bind only LCH (TITANJI et at., ments to establish the identity of these components of 
1987). It was therefore interesting to investigate similar size (CARBRERA & PARKIItIOSE, 1986) are 
whethLI these exposed sugars were linked to proteins, clearly indicated. 
Thus the labelled surface components were purified Our data also showed that some of the exposed 
by chromatography on an LCIl-sepharose 4B col- sugars previously identified o, tihe 0. volvidus form 
unin. The glycoproteins eluted with the competing parts of antigenic glycoproteins, among which are the 
sugar, 0'2 Mcv-D-mannose, were further purified on a 18"5 kDa and 68 kDa a,;'igens on 1,3 and itdult males 
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man antibodies to 0. volvulhi (see Materials and large quantities of 0. volvulus surface antigens by 
Methods section). Fig. 2 (lane I)) shows a 68 kDa recombinant deoxyribonuicicic acid techniques should 
component from the male worm surface to be an take into account the possible contribution 01 car
antigenic glycoprotein since it was retained by the bohydrate moities to the immunogenic properties of 
lectin and immunosorbent columns. This was also the these glycoproteins. 
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and Education Trust 
The Past: Fellows of the Society have been actively involved in many tropical countries in 

establishing and developing medical schools and other training institutions. 
The Present: But some of these schools, particulirly in poorer Africa;, countries, face severe 

hardships. Students have no books, there is no foreign exchange for journals, equipment lacks spares,
research cannot be supported and yet external aid is understandabl, directed towards primary health 
care. 

The Future: The Tropical Health and Education Trust hai ambitious plans to relieve these 
disadvantages. Already basic books have been sent. But much more waits to be done-sets of books 
for students and rural hospitals, support for rural research, and reciprocai visits to develop teaching
and research links. 

The Opportunity: Fellows of the Society who would like the opportunity of helping our colleagues to 
overcome some of their obstacles can do so through a single gift, a fotir-year or a deposited covenant, 
or even through a legacy. 

K. P. W. J. McAdam (Trustee), F. t1. 0. Parry (Chairman), D. A. Warrell (Trus;.c)
 
24 Stephenson Way, London N'Wl 2BQ.
 

Tel. 071-383 3132 x3334 Fax. 071-388 0701
 


