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Executive Summary: Schistosomiasis, ii water-borne disease 

transmitted by freshwater snails afflicts more than 200 million 

people globally. It is a lingering public health problem in many 

developing countries because chemotherapy does not prevent 

reinfection, and because the vicious circle of human-water-snail 

interactions that leads to transmission still prevails in these 

countries.
 

Determination of schistosome infections in humans and snails
 

is the hallmark of epidemiological surveys, but so far snail
 

infection rates cannot be accurately determined. Firstly,because
 

routine tests only examine whether the snails shed infective larvae

cercaria, thus leaving out infected snails in which infection is not
 

yet patent. Secondly, because cercarial shedding tests do not
 

provide! differential identification of human schistosomes larvae
 

.rom animal suhistosomes' larvae which may develop in the same snail
 

species.
 

The present project was aimed at identifying infected snails by
 

detecting schistosome-derived molecules (antigens, DNA) rather than
 

the parasites themselves. For this purpose, we initially developed
 

monoclonal antibodies (Mab) to Schistosoma igansoni and used them in
 

a simple test system for detecting hitherto undefined schistosomal
 

antigens in the hemolymph of infected snails. The test made it
 

possible to differentially identify S. mansoni-infected snails from
 

uninfected ones and from snails infected with other trontatodes. Both
 

laboratory studies in in Jerusal(cm and field studies in Kenya proved
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the high degree of sensitivity and specificity of the test and its
 

ability to detect snails even before they shed cercariae.
 

DNA-DNA hybridization was also employed for detecting infected
 

snails. For this purpose a simple procedure for preparing snails for
 

DNA hybridization tests was developed, and highly repeated, tandemly
 

arranged DNA sequences representing at least 12% of the S. mansoni
 

genome were cloned in bacteria and used as probes. These probes
 

proved to be species specific and capable of detecting S. mansoni
 

infection in snails with high sensitivity.
 

The results of this project clearly demonstrate the feasibility
 

of our approach and open the way for development of similar probes
 

for other schistosome species. They justify further research and
 

development and extended field trial in search of 
cost effective
 

detection procedures.
 

This project helped the transfer of hybridoma technology as well
 

as modern concepts and approaches of diagnostic biotechnology to the
 

collaborating Kenyan laboratory.
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Research Objectives. The overall aim of the present project was to
 

prepare and apply Mab and DNA probes0 for the differential
 

identification of snails infected with S. mansoni. None of these
 

means of molecular identification of schistosome infection in snails
 

existed when the project was started. Snail infection was and still
 

is routinely monitored by examining the capacity of the snails to
 

shed carcariae. Prepatent infections in the snails are not tested
 

routinely at all although they may constitute a significant
 

proportion of an infected snail populations in active transmission
 

sites. Microscopical examination of crushed snails for presence of
 

early larval stages or serial shedding tests over several weeks
 

after transfer of the snails to the laboratory were carried out
 

experimentally for detecting prepatent inferctions in snails. These
 

approaches, however, are not considered suitable for routine 

testing because they are cumbersome and/or time consuming, and/or 

inaccurate. 

More accurate determination of snail infection rates (including
 

prepatent infections) was considered important because it should
 

help more accurate application of mathematical models of
 

transmission. Also, upscaling of transmission monitoring was
 

obviated since mass control measures, particularly mass
 

chemotherapy, were on the increase when this project was planned.
 

Furthermore, rapid developments in schistosomiasis vaccine research
 

also required a balancing development of suitable technologies for
 

mass monitoring. It was argued that identification of active
 

transmission sites by community surveys and studies on human
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behaviour is expensive and often results in a decline in community
 

participation. Snail populations, on the other hand, can be sampled
 

more frequently and should allow more rapid detection of resurgent
 

transmission after a mass control campaign.
 

The use of antibodies for detecting schistosomal antigens in 

infected snails was one of the approaches taken by us. The 

feasibility of this approach depended on the availability of 

antibodies that can clearly differentiate between schistosomal and 

snail antigens. We initially prepared polyclonal antibodies by 

immunizing rabbits with extracts of adult wcrns and cercariae. These 

antibodies exhibited stronger binding to infected snails extracts 

than to extracts of normal uninfected snails, but there was still a 

very high degree of cross reactivity. The widespread antigenic cross 

reactivity, between schistosomes and snails was well known (1-9) and 

since our polyclonal antibodies could not provide sufficient 

discrimination between infected and normal snails this work was 

discontinued, and a search for suitable monoclonal antibodies took 

place. Monoclonal antibodies that can differentially bind to 

schistosomal antigens in snails extracts have not been previously 

desribed but presence of schistosome-specific antigens in infected 

Bio:iphalaria jlabrata was demonstrated in a single publication (10) 

by employing suitably absorbed infected mouse serum. Although the 

use of monoclonal antibodies for detecting parasites (e.g. malaria) 

in vectors (mosquitoes) is being applied for large scale field 

studies to ouir knowledge Mab are not yet used for detecting snails 

infected with schistosomes. 
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The use of DNA probes for detecting parasites was gaining
 

momentum at the time study As far as
our was started. schistosomes
 

are concerned, cloned ribosomal gene fragments were employed for
 

determining species, strain and sex of schistosomes (11,12).
 

Specific identification was possible by different banding patterns
 

exhibited when schistosomal DNA was digested by restriction enzymes
 

then run electroPhoretically and underwent southern blot analysis
 

with rDNA probes. We did not consider this approach suitable for
 

testing multiple samples. Furthermore, since ribosomal genes are
 

represented by only 100 copies in the S. mansoni genome this 
test
 

was not expected to provide a sufficiently high sensitivity. We were
 

therefore seeking a suitable probe that is highly represented in the
 

schistosomal genome, exhibits species specificity and can be used in
 

a dot hybridization test. Such highly repeated sequences were
 

identified in filariae (13). It was also important to develop a
 

simple procedure for preparing snails for dot hybridization because
 

extraction of DNA from each snail by the conventional method (14)
 

involves multiple steps (including mechanical disruption,
 

Proteinase K digestion, Phenol extraction and alcohol precipitation)
 

and is not practical for examining multiple samples. The use of rDNA
 

probes for detecting infected snails by dot hybridization was
 

attempted but detection sensitivity was low (14) and species
 

specificity cannot be accomplished by rDNA probe in this test
 

configuration due to the presence of highly conserved sequences.
 

Species specific schistosomal sequences that are unique to females
 

(15) cannot be considered for practical purposes not only" because
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this sequence is represented by only 75 copies/genome but mainly
 

because most snail infections in nature araise from a single
 

micracidium and therefore constitutes a single sex. The large
 

proportion of snails infected with male schistosomes is bound to be
 

missed if these probes were to be used. Since our probe represents a
 

highly repeated DNA sequence that is present in both sexes and is
 

species specific, it appears to be suitable for detecting infected
 

snails.
 

The project was initially supported for 
3 years by AID/PSTC
 

and was extended for about 2 1/2 more years. This was made possible
 

partly by a no-cost extention of the initial AID/PSTC grant, and
 

partly by using funds from the NIAID Egypt/Israel/USA project on
 

vector borne diseases in the Middle East. Part of these funds,
 

intended for developing a DNA p -ube for detecting W. bancrofti
 

infection, were used for doing a similar study on S. mansoni as a
 

model system pending supply of W. bancrofti material by the
 

Egyptian team. Completion of the study on S. mansoni DNA probes
 

enabled us later on to proceed and identify highly repeated
 

sequences in W. bancrofti (work now in progress).
 



Methods and Results. This project, produced 4 major publications
 

entitled as follows (and arranged according to a subject sequence).
 

a) Schistosoma mansoni antigens recoognized in Biomphalaria
 

glabrata hemolymph by monoclonnal antibodies. A. J. Trop. Med.
 

Hyg. 40:605-612 1989.
 

This publication describes the production of monoclonal
 

antibodies and the identification of the ones that are specific
 

for S. mansoni antigens within infected snails. These Mab were
 

employed in a simple ELISA configuration for identification of
 

abundant schistosomal antigens in extracts and hemolymph of
 

infected B. glabrata during prepatency and patency. Character

ization of the antigens recognized by the selected Mab was carried
 

out by Western blotting, and their glycoprotein nature shown by
 

their periodate sensitivity.
 

b) Identification of snails infected with schistosomes by ELISA
 

employing monoclonal antibodies: Schistosoma mansoni in laboratory
 

snails (Biomphalaria glabrata) and in field snails (Biomphalaria
 

pfeifferi) from Kenya.
 

This publication described the employment of Mab (see above) in a
 

simple one-step ELISA for indentification of infected snails by
 

detection of schistosomal antigens in the haemolymph of infected
 

snails. Infected laboratory snails were differentially identified
 

from uninfected laboratory snails (B. glarbata) during preparency
 

and through patency with 100% sensitivity and specificity.
 

Infected field snails (B. pfeiffer.[i were differentially
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identified with 100% sensitivity and specificity from uninfected
 

field snails and from snails naturally infected with other
 

trematodes (eschinostomes and strigeids',. Prepatent infections
 

were readily identified in field snails.
 

c) Detection of Schistosoma mansoni DNA in extracts of whole
 

individual snails by dot hybridization. Parasitrol. Res. 74:97-100
 

(1987).
 

A simple procedure was developed for preparing snails for dot
 

hybridization. The procedure involves tituration of each snail in
 

presence of NaOI+detergent following by neuralization, heating
 

and centrifugation and finally spotting.The procedure enables easy
 

preparation of multiple samples and can be considered suitable for
 

field work. Using a total S. mansoni DNA probe it was possible to
 

detect infected snails as soon as one week after their exposure
 

to miracidia. No cross reaction was observed with normal snail
 

extracts.
 

d) Highly repeated short DNA sequences in the genome of Schistosoma
 

mansuni recognized by a species specific probes. Mol. Biochem.
 

Parasitol., in press.
 

A cloned 0.6 kb DNA sequence of S. mansoni contains 121 lip tandem
 

repeats and comprises at least 12% of the schistosomal genome of
 

both sexes. It exhibits a high degree of species specificity and
 

could detect with high sensitivity schistosomal DNA sequences in
 

infected snails.
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Impact, Relevance and Technology Transfer: The findings of our
 

research clearly demcnstrate the feasibility of the use of
 

monoclonal antibodies and DNA probes for the identification of
 

infected snails. Cercarial shedding, which is currently used for
 

this purpose, is expected to prevail as the major test for routine
 

identification of snails infected with S. mansoni. However, our
 

approach will be considered for routine use if the detection
 

procedure is further simplified and the test made cost effective. In
 

practice even if "molecular identification" of infected snails is
 

made cost effective and usable by community health workers in
 

endemic areas it is not expected to replace shedding tests for
 

identifying snails patently infected with S. mansoni. It may,
 

hnwever, be useful in these areas for periodic quality control of
 

shedding tests in particular where the routine differentiation of S.
 

mansoni cercariae from a large variety of non-human cercariae is
 

difficult. Adaptation of "molecular" approach for monitoring S.
 

haematobium infection in snaiL.s will make it the approach of choice
 

because shedding tests in this case do not provide specific
 

identification of the human schistosome vis a vis a number of animal
 

schistosomes which can develop in the same snail species. The
 

immediate use of our Mab for the identification of schistosomal
 

antigens (S. mansoni) in snail hemolymph can be considered for 

research purposes wherever accurate data are required on the 

effective influx of the parasite from the vertebrate to the 

invertebrate hosts of S. mansoni. This should be possible as soon as
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our results gain credence by large scale trials in which the
 

prepatent/patent infection ratio should be examined as a measure for
 

such oln influx.
 

The use of Mab for detecting infected snails may gain a quicker
 

adaptation for field studies in LDC sinced ELISA is a well
 

rehearsed routine procedure in many countries where schistosomiasis
 

is endemic. DNA hybridization technology on the other hand, will be 

adopted only if non-radioactive probes prove to be effective. Such 

non-radioactive detection should constitute part of the further 

research and development required. 

The introduction of modern diagnostic biotechnology for routine 

diagnostic/epidemiological purposes of parasitic diseases 

(schistosomiasis being only one exam,ple) will require some 

organizational changes. Public Health Laboratories will have to 

acquire thpse technologies by close collaboration with research 

institutions who may already be involved in the use of the relevant
 

technologies. In this context training as well as redefinition of
 

job responsibilities of technical and scientific staff will become
 

an important matter. Technical staff should be given avenues for 

further training through acquisition of an academic degree since 

much of the modern diagnostic biotechnology requires a broader
 

academic training. Thus, more academicians will be required at the
 

laboratory bench instead of the managerial desk. Training on
 

location should receive more emphasis. Accordingly, research
 

insti.tutions and central Public Health Laboratories should consider
 

organizing central facilities as well as suitable personnel
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(including invitated scientists) for providing a much needed bridge 

for technology acquisition. Such facilities will also serve as
 

convenient central training sites.
 

Specifically relating to technology transfer within the context of
 

this project it should be taken into account that the establishment 

of a hybridoma unit in a developing country is dependent on the
 

availability of suitable space and supplies. A separate room with 

UV sterilization, and minimum access to unauthorized personnel 
is
 

required to avoid contamination which is much more prevalent in the
 

tropics. Reliable supply of media, immunochemicals, plasticware,
 

etc., is a must for a hybridoma unit to be operational on a
 

continuous basis. This 
 is likely to require special logistic
 

arrangements in Kenya as well as in many other LDC.
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Project Activities Ouputs: Results of this project were presented in
 

the following meetings:
 

- Annual meetings of the Israel Society of Parasitology (1986, 1988,
 

1989).
 

--The 3rd Mediterranean Conference for Parasitology (Jerusalem 1987) 

- Meetings of participants of the Egypt/Israel/USD NIAID Regional 

Project of Vector-Borne Diseases in the Middle East (Tel Aviv 

1988, Taba 1990).
 

- AID Conference on Biotechnology in Agriculture and Medicine
 

(National Academy of Science, Washington, D.C. U.S.A., 1988).
 

- Seminar at the Biomedical Research Centre, Kenya Medical Research
 

Institute (Nairobi, 1989).
 

Training was provided to one Kenyan Senior technologist on theory
 

and practice of the hybridoma technology, and on antigenic analysis
 

using monoclonal antibodies. It took place in Jerusalem for a 4
 

months period. A hybridoma unit was established at KEMRI (in the
 

Biomedical Research Centre) and initial cultures fusion
and 


experiments carried out. A contamination-free room is yet to be
 

arranged for this unit and logistic problems of supplies are yet to
 

be solved before it can be operational on a continuous basis.
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This project resulted in 4 major publications and 5 abstracts as
 

follows:
 

Major publications:
 

Hamburger, J., M. Pollack, Y. 1987. of
Weil, and Detection 


Schistosoma mansoni DNA in extracts of whole individual snails by
 

dot hybridization. Parasitol. Res., 74:97-100.
 

Hamburger, J., Weil, M., Anton, M. and Turetsky, 
 T. 1989.
 

Schistosoma mansoni antigens recognized in Biomphalaria glabrata
 

hemolymph by monoclonal antibodies. Am. J. Trop. Vled. Hyg.,
 

40:605-612.
 

Jamburger, J., Weil, M., Turetzky, T., Ouma, J.H., Koech, D.K.,
 

Klumpp, R., Siongok, T.K.A. and Sturrock, R. 1989. Identification
 

of snails (Biomphalaria) infected with Schistosomes by ELISA
 

emlploying monoclonal antibodies: Schistosoma mansoni in laboratory
 

snails (B. glabrata) and in field snail, (B. pfeifferi) from
 

Kenya. Am. J. Trop. Med. Hyg., 40:613-619.
 

Hamburger, J., Turetzki, T., Kapeller, I. and Deresiewicz, R. 1991.
 

Highly repeated short DNA sequences in the genome of Schistosoma
 

mansoni recognized by a species specific probe. Mol. Biochem.
 

Parasitol., in press.
 

Abstracts
 

Pollack, Y. and 
 Hamburger, J. 1986. Detection of Schistosoma
 

mansoni infection in snails by the use of DNA probes. Isr. J. Med.
 

Sci. 22(11):851.
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Hamburger, J. and Weil, M. 1987. Immunodetection of Schistosoma
 

mansoni infection in snails. 
Proceedings of the 3rd Mediterranean
 

Conference of Parasitology, p. 77.
 

Hamburger, J., Weil, M., Turetsky, B., Anton, M., 
 Ouma, J.H., Sion

gok, T.K.A., Koech, D.K. and Sturrock, R. 1988. The potential
 

epidemiological usefulness of 
 an ELISA employing monoclonal
 

antibodies for the identification of schistosome-infected snails.
 

Isr. J. Med. Sci.
 

Hamburger, J., Weil, M., Turetsky, B., Deresiewicz, R., Anton, M.,
 

Ouma, J.H., Siongok, T .K.A., Koech, D.K. and Sturrock, R. 1988.
 

Detection of snails infected with SchiE;Eosoma by the use of 

antibodies and DNA probes. PSTC conference on Biotechnology for 

Health and Agriculture. Washington, D.C. 

Hamburger, J., Turetzky, T., Deresiewicz, R. and Pollack, Y. 1990.
 

Potential diagnostic significance of a schistosomal DNA probe
 

representing highly repeated species-specific sequences. Isr. J.
 

Med. Sci., In press.
 

Copies of the major publications are herewith enclosed.
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Pro'.ect Productivity: The project accorplished all of the proposed
 

goais.
 

Future Work: The project is expected to lead to future work on
 

several lines.
 

1) Development of Mab and DNA probes for detecting snails infected
 

with other human schistosomes.
 

2) Dexelopment of non-radioactive, cost effective procedures for
 

detecting prepatent infection in snails infected with S. mansoni.
 

3) Elucidation of straini specificity of the DNA probe representing
 

highly repeated sequences of S. mansoni This study is expected to
 

include elucidation of consensus sequences from various strains
 

in search of markers for strain associated differences in
 

pathogenicity, response to drugs and various aspects of host

parasite compatibility.
 

4) The use of the Mab developed in this; project in search of
 

putative receptors on snail hemocytes responsible for recognition
 

of intramolluscan S. mansoni larvae and subsequent
 

cytoadherence. This is part of an overall study for
 

elucidating molecular aspects of S. mansoni-snail
 

interactions.
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.SC ISTOSO3L- .\,L.ASO.Vl ANTIGENS RECOGNIZED IN 
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.4bstract. Inorder to identil]. and characterize S,us:osoma marsont antigens in B1o, i
phclar:a ",iabrata.we examined 9 nurine monoclonal antibodies iabs, "or specific 
binding t: schisto~ome !,,rae. None of the murine .Iabs induced '.,infection orb' 
immunization with a crude cercarial antieen ICCA served this purpose. T.ko .Mansout of 
a eKCSme22-3 and KCSrne22-) .nduced by soluble egg antigens reacted ith CCA but 
not .. ith normal snail NSN' extract. We selected these 2 :'r studies on detection and 
characterization of schistosomal antigens in sna:ls. When empioyed in-n ELISA. they 
differentially deitected schts:osomai antigens in extiacts and cell-free hemoi-mpn plasma) 
of ,nt'ected snails. The selected Mabs bind to cercarial sur-ace as demonstrated bv :"Ie 
,ndireczt uorescent antibody technique ilF.AT with aaraformaldende-nx . cercarae. The 
ep):,Des correspond in to the selected Mlabs are periodate sensitive. suggestng the 2iy
coprot..._t-cre o; the antigens recognized. Immunoblotting anaysis employing :he se
lected ..ab revealed I antigen in CC, (I. = 205 kDa and 3 antigens in snail plasma M. 

220 kDa. :S'O kDa. and '.35 kDa). Schistosomal antigens were first detectable :n ".e 
snails* piasma 2 .eeks after snail infection, and their quantity increased atteirards. 

The widespread ar.tigenic cross-reactivity MATERIALS A*ND METHODS 

which exists between Schtstso'wansont and 
:ts host Bio": ni-r iabrata- ispossibiy one s,:.Ud;'o 
..ay the parasites evade snail defenses. -Parasite Schtsosoic mansot Ezyptan strain) ,as 
specific antigens, on the other hand. have been maintained in outbred albino femaie mice and 
suggested as possible targets of specific recogni- ,n snais Biomphaiarw ziaSai as previousi' 

01onof the parasite as ,ore-ivn by qna-2i herno- -escnbed.:- Snails were infected indi.,duai' b. 
tes." recognit:on being an imporant :ntiai step exposure .o 10 mirac"dia e3cn. 

:Mmobilization t"snail d-fenses against scnis
:osome in:e.,'on. 

Lttle .s .no. n ot:ne icentit, and cnaracter- . n'gen.c preparations 
:stics of schis;osome 5tvectnc antigens -%ithin tneir 
•ntermeciate snar iosts. despite *he importance S, mansont ova were harvested from :ntestir.es 
o: sucn knot.iedee ;or the eiuctoation of scnis- oi infee:Ga mice by homogenization. ti-.psn!
•osome-snai. 1.rteract:ons. Scnistosome sec:fic Zation, a.,d aifferential sieving. Soiubie egg an
antiens nave Lcen de'ected in hernotympn and _,'_-Ai prepared the byttgen was from ova n,,
.emocv.tes of infectea B. 3ia-'rax. by employing mogenization and uitracentrifugation. 
uitablv absoroed .niected mouse serum as an- A c.-ude cercarial antugen ,CCAiwas preaar.:

:een d.tector. :but none ha,.e %.et been defineci. by sonication of v'opniized cerca,-ac tn pnos

iegmental tur:fcc proteins of .5. ,Yansor.t spo- pnat buffered saline iPBS). -,H-.2.SonicatiOn 
roc.sts have been analyzed b'. monocional an- was car,ed out w.ith a Son;cator \-. 2 5 iL'tra
::odies Nabsi. taking into acccunt :heir aos- onic :n 3 -., :s of puises ,-0 c!inc., c.ce, 
itbie role as targets of snail defenses..: HoI..e.er. 3 mm each. 

:er specirict. in reat!on to snail antucens has Extracts :rom normal or :niected snails ..erc 
not been denned. The emnloment of .labs fur preparec :n a test tube by.meznanucai disruption 
!dentiica Lion and --naracterzation of scnisto- ,f.Anoiesnaiis wit motor criveri wnocen an
ime specnfic antigens 'n:nfected B. ,'iabra:ais piicators at .SOO rpm for 2 amm. Disrupton of 

te subject of this paper. namis 'Vas fCllowved by cent.rt.fuation a. 
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rpm (Nlikrotiter Hettich, West Germany) for 15 
min. 

Snail hemolymph was drawn out with a mouth 
operated suction tube to which a 25 G needle was 
attached. The snails vere pierced near the in-
nermost coil of the shell. Snail plasma was ob-
tamed by centrifuging the hemolymph tor 5 mm 
at 12.000 rpm (Mikrotiter Hetich). Protein con-
centration of the various antigenic preparations 
was determined b.) :he method of Lowr. and 
others. 

.11onocona. ",:; :es 

Three series of %labs. d:fferin, .n the nature 
ofantigenic stimulation given to the spienoc tes 
donors IBALB c femaie mice. 6 weeks old). were 
prepared. For the first series, mice were infected 

subcutaneous injection ofS0 S. .7:. .Ofli cer-
:anae: spleen ceils .ere taken for fusion 6 weeks 
.ater. For :he second series. mce .ere immu-
nized :o CCA: an ip ,niec:ion of !00 ug CCA 
:ncorporated in Freund's complete ad.;uvant was 
followed 2 weeks later by 50 .g CCA ,ncorpo-
rated in Freund's incomplete adjuvant. The mice 
were then allowed to rest for at least : month: a 
days before splenoc. tes :'ere taken :'or !,sion. 
:he mice received 50O:g CCA ;-kithou: adjuvant. 
Far the third series, mice were immuntzeo against 
egg antigens by a ,.eek!y P :n.-.,,ec:on of 5.000 
live S. 'anso,-: ova 'or consecuive wee.,s. 
After a montn's rest. the mice rece:'.ed an :v 
:nietion of'20 gSEA " daxs bet'ore saienoc'.tes 
.%ere :aken tor :usion. 


Mabs :ere areC according to
." established 
protocois.- ' yejomacells. 
were fused .ith splenoc.Tes at a ratio of ::; with 
poiyethvlenegivcoi 1M. 3.600). Subcioning was 
.a.r"ed out '. iimitinz diutzon, and asccluids 
%erepreparec by ip iniection of h. bndoma cefls 

:nd pristane prereated mice. 

. :Mk:rne,nKem:'nurosr,ev 

An ELIS.A was cameo out for severa! pur.os-
-s: he routine screeing oantibody. ativity to 
homologous antigens in correspondine h.bnd-
orna supernatants and ascgtc fluids. ,,r secono
art screening of nabs :n order to seiect ?hos,:
potenttail 5 suitable f'or soec;fic detec::on of ,cniS
.csomai antigens :n aiceted snails. :r ::ra-
.Ion of seiectec '%labs. ;;)r the dete rmination of 
.he Igisotvpe ofseiected "labs. and flor the ,den-

AND OTHERS 

tification ofschistosomal antigens in extracts and 
hemolymph (or plasma) of infected snails. 

Established ELISA procedures :" were em
ploved, with slight modifications. Briefly., ,ells 
ot' flexible microtiter plates (Falcon. Becton-
Dickinson Labware. Oxnard. CA) were coated 
overnight with 65 ,1,well antiven diluted in PBS 
to 10 ug nil. unless otherwvse indicated: 5% bo
vine serum albumin i BSA) was employed for the 
blocking of nonspecific sites by incubation for I 
hr at 3" C. Aliquots 50 ai. '. ell) oftested culture 
supe-natants or asctsc fluids. d:luted %.hen:,ec
essaB-y .ith 5% ife,tl calf se-um. '.ere incubated 
in the antieen coated %eils for 2 hr at ,-S'C and 
then for - hrat --C. The .ells ere washedwith 
PBS pius 0. P% T %% 20 tPBS-T), and probingeen 
for antibody binding was routin;. carried out 
xith goat anti-mouse Ig (poivvaient conjugated 
to alkaline phospha'ase fSigma Chemicals. St. 
Louis. NIO1. For determining Ig !sotv.pes goat 
anti-mouse 19M iSigma) and rabbit anti-mouse 
IgG,, IgG. . IPG., and IgG, Litton-Biomenricsi 
',ere emplo.ed. Following incubation at the ce
scribed conditions. the wells were %kashed .vith 
PBS-T and the substrate P-nitroohenvl disodium 
'Siema) .%as added. The color reaction was read 
b%an ELISA reader Titroteck Muinscan. F.ow 
Laboratories. Scotland). 

, :.'rc.r::_::on 

To determine whether epitopescorrespor.d:ng 
to the selected Nlab were carbohydrate or pol.,
peptide in nature. .e absorbed !nfected sna:l 
lSN-) plasma diluted :10 iz50 ,q %Neih. CC.-\ 

1ex,3--kS-o5S.and SEA 165 g well) onto a mi65 rigell) 
:rotiter plate. Treatment with v:nous concen
:rations ofpenodate :bilowed. and then an EL!SA 
was performed as previousiv described.' BSA 
anti-BSA irabbt sct-.'ed as a ccntrol for pind
date insensitive enitopes. A .iab ,KCSmez i in
.uced o:.'b maior egg giycoprotein :" . 

,arson,- -kas prepared n our !aborator, 2id:.ound to be directed acainsi a :arbohdrate em3
"ope 4unpubiished results. KCSmegi was em
.lo'.ed as a control **,r ce:ectinz periodate ,_;
-,ti\e emitoves. 

*nc:rec:':orescc't: .', : 

Binding o' ',lab :o cercarial surace Aas :n
vestieated by an noirect :tuorescent antibody test 
,IFATi. 'Xrcariae ',,ere collected from infetea 

http:emplo.ed
http:rece:'.ed
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snails and washed S times with 100 ml PBS in NCP was then washed 3 times and incubated 
a filtraion apparatus (Sariorius. West German,) under similarconditions with affinit,. -punfied and 
holding a 47 mm diameter filter with a pore s./e alkaline phosphatase-conjuvated goat antibody 
of ,,m. Washed cercariae were fixed for 15 mm to mouse Fab IBioveda. Rehovot. Israel) diluted 
with 2.5% (final concentration) of neutralized 1:1.000. After further washinps. a color reaction 
paraformaldeh.de in PBS. The% ,ee subse- was induced with a substrate mixture ,onsisting 
quenmly washed 5 ::,nes 'wth PBS and incubated of -0 mg aapht, l pioshate disodium iSigma) 

21Dmm-iiwh . BSA in PBS :a order to and ItDl mg Fast Red TR 'Siemai :n 100 ml of 
bind an% unreacted aldehyde groups. .,ab di- 50 mM Trts. pH 9.00. The color reaction 'xas 
luted :".000 in ,.." BSA-PBS was incubated, stopped by trans:ern-. the NCP :noa x:ure=. 
.or ' min at ' i..', ,thc-rcaria in a total of H*O. acetic acid methanol 1. : 1 and :he 
voume o:'20 "l. This %a, :oilow%ed b% .%ashe- NC? -.%as then wkashed wtth ,aer and jred. 
in PBS and incubation as closrbed abo'e .%ith 
:00 1 ot fluorescen-coniuzated rabbit anti
mouse ILG ,H-L. Bio.eua. Renovot. Israel) di- RESULTS 

with O.C2%.uted Evans blue in PBS. Fo- screening o; ,ioonc:,:c a,::ea's 
!owing 3 washes wih PBS. 'he cercariae wxere 
suspended i PBS ziyceroi 1v v, and examined A total of 19 Mabs were btainec. Thev ere 
under a :luorescent microscope. Photomicro- ;urther screened by ELISA :a order to select %labs 
-rahsere taken -00 mapnificat,in. reactive with CCA bot non-reactive 'th NSN 
-ontrois ... n no Nlab aid "'. .,ant Nlab extract. Such Mabs were considered p tent:aily 
.ere prepared and examined :n parallel. suitaole for detecting schistosomal antigens in 

ISN ex:ract. Of he 6 Nlabs induced by :anetion. 
, iy:a,:r.','a,e : e:t'c:.'.-rbs: S - reacted .tth both CCA and NSN extract and 

reacted "ith net:her of t.ese anticens. Thus. 
Te antiens SEA and CC.k and ISN and nor- non .nesset-Iabs '.cre sutzabie 'or our pur

mai snail rNSN, pasma were rested by po. acFii- poses. Te " labs induced b_%C- r.acted w:haride z*.!eiectronhoresisSDS-P-\GE;. The var--.oth "CA and NSN extract and .crc a:so 

.cus anietens ,ere 4:ai.tzed against phoschate suiabie :or our put-oses. Ofe labs :nduced bv
tuffer ,01 St. pH 7-.and e:ec:rcohoresis was SEA. 3 reacted with both CC anc a 7LSN 

ramed out according to Laemmii in lGuo ac- acted w.iih ntither of ..ese artucns. an, 

"armide slab ze;s t 1,; - nm.About .0 g of" ' KCSmeD'.3 an,: KCSme-., reacted '"h CCA 
each ant:zen lan-e ',r, ..n it - f cV.-i.n b ut not NSia'S .xtract. T-ese ast "ere ;I
.*loecuiar'.'e:tnt .ar,.ers 290 : and :or dctcc::neNIW•-S,. _ .'ou sca:stosomal ant:so!s :r :n-

V-SDS -n.kt.. Sigr~aa '.Acrfre tn parallel. :ezted snaris. oth,:thse Man.siabs ".ere 

e.. . . 'ti,' :2ne'::ot:s....a....... 


Proteras revoived by SDS-PAGE wxere trans
:e"re,: ce,:roohoretcail., onto ni:roczllulose pa- Binding cf different d:iuttons of Slabs to we:is 
per ,NCP b, estaitshed procedures.:' : Atfer exposed to zfferent concentrat:ons ot antizens 
the transter,. a aect.:on c: :h e NC? containing a 'as examined by ELISA. ?re:m1ina7: t:rat-on 
jet o. resoxed ani:cens anc molecular '.vetgnt ,fboth selected Nlabs :,n asciuc fiuldst was car
markers .as st .,a.tn arnido black in tcd cut b". ELISA wv:h - 0 'AeliI CC. .a ttr 
a .nxurec;iH-C -", acre methanol . of ' .,'23,- be' by both,. Subsequent!.. 
A, araiie: setctr'sotvcdant-ensuncerv.ent tm- aniibocy- ac-.!.......m \lars at d:lu:tons o:
 
a: unodetection as fiovs: nonspecitic sites wkere : : ' '. anc :25 .70 was ited -;)r h._rm-lc .. -cito n a:"-""ta~ctr-, .. :. a coc_-,.une. solution termined,.vi -,):.ncentration,.of-.5--.a' 
*> 'P-. '. Te.tun X-i, ,. and 5 milk nz .slic. extracts not centn'ue 
7owcier :n PBS). The same soiunon ."asused t'or at concentrations ..-, -f-7.-,0 n wsell. Str,:Jar 
'sashing the NCP an :or ailutinp the reagents. resuits w%-ere o,'taine th a;l Nlab dLiut:on er
,labs dilute I:2.'0C '..ere reacted '%th the NCP plo.e d. ancr reoresetve .sult5 'vitrh a '5. 

a: room temperature fr 2 hr ,.hile shaking. The Jiluton )IfKCSme22-S are Presened :n - r.are 

http:termined,.vi
http:paraformaldeh.de
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-eaca'I,1% b,E:SA ofMa" KCSMe::-3 

_' on; % us"-,,o ts ..)ilutiL ith% a 'ude 
CC-1. oo \t ;: normai

and "arooiec =..:ra,:',:'c ed sna.is 

:ke.'nine n C .:' ,.,nS501-
i a,n 'rrievant Na0. 

,S\ B\1 t'S 2. D 

.K('Sie2-.. showed similar binding act'.' 

,r0its not shown).Mab bindin to CC, an, to 
. o,l inheOt ISN extract rose ,ith rse in antigen 

,oncentration t3.50-7.50 ng. '%ell). These 

,:olI.cltnmiIons are about ,0 tirnes higher ,han 
. :,lding maximum binding %Itha vanre:y 

,-,,.ieens:7 Given his ncin and taking 

: .unh schstosomai ons 

'-c,,uc)%Cl u n 

.,,.:,d ,:,aii extrac:. *:-ese resuits eem : sa.-

reievant s,:hlstoson, antlgens ,re 
..:ni,bound :o the late. C.,cuations o 

\ ,.i'.aSents . :,N CD .th CCA,,D 

. \ -.act concentrat:ons o n-0.% "ei! 

i, taD.on :7-.e oasis ca" :rc'-:n C.cC-

..:,:. t.bout-::mes more S\'extrac.as 
Z :ove .ant:,o".::n:-

S I.e T CC A. sugest 
I .- of tre 2;fz-e' 

1as and or a c:neeret.V.: nn :c-

,catoces to :n. soijd :rase. as men-
IN)%L... 

o: 	:he s,:etd '.!2b :o a :'eied .r-

,.- ,t "\ " '.%as s,,l v ...<ra- ..

r.nen h:,r- conc:ntntttons ,t OCOeCO 
<\ ,.\:"ts w.,ere empio'.ed. EL!SA read:ngs 

. 1 rachaa ; L ,c.ai ::ueS 
-. ait, A . 

b Fg' ' :neo-m.r,. 'n C\-

, '::.ildual. ..' re tsted.~\era 

-,t\iiedhien a:nd;n g-. " sT-,L '-as 
.-,, .::e "lab.o the n'saec:fi" b:nc:n=i 

,mater2a prtsci :nt :ract.-nc .n-
ofpaac:es,,,,.-,.-oai c.tu'at~onao7-

;:d n ig .:.- .:s, s:nc :nt r::u-i 
;a:-. --d o: sicnincnnti :han .etrie oin :nc 

,Nsn 

Cenirfuqgon Cen.r fuq:on 

* 

0 I h -- 5 

3 

FIGURE . Reactivit. by ELISA otf extracts :;-om 
:nd:vidual snails with Mab KCSme22.3, and the e.fec: 
st :he removal of particulate matenai b' c.ninfua. 

::on. Extrartsoflnfected snails IS>.qan, normal snails 
. NS.\) %&eretested with IVWand kitnout OX Olinitial 
:enrifucation. 

of :he Mab to the ISN extract iFig. %).as 
assumed that the bulk of the corresponding an
":z.ens 'ere soluble. This was supported bv the 

riding that plasma cell-free heMolvmpn) from 

niecina, snarls Isreadily reactive with o1, se
:,c:ed Mabs.
 

Pasa :rom S ISN (shedding C-rcanae: and
S >SN '0!as applied to the microttter plate at 

doubiedilutionsofl:0-l:5. !")(corresponding 

:o protetn concentrations of 5.2S" 

,.001 g. plasma 62.39 ,wei :or ISN and 

.o6-).2- .:..03 for piasmai.
,i.A,eil NSN 

results of .his test empioing KCSme2--

SA.re Presented In F:'.ure 	 .ere-:1se,." 	 Similar results 

with 'CsKCSm-,-" results not showi 

.n,ab binding to NSN plasma was invariabiv,
 

.:w -igh rea";vity.vas exhibited piasma
i.vth 

:rom -Iof S iSN at aildilutions. and a prozone 

"Iet 	 "ISN,as cbse,"ve-d. Plasma from the other 

tnis ;zroup ex-ibied ' ,er.- vt '. sma 

dilutions o:' i::,). corresponding to an average 
protein content of z3.250 nvrell. .ave the 

maxilnal a%eraze binding of.Mab. Since binding 
maxima were obtained .,vihpooied ISN extracts 

ofa ciosely similar concentration -i.5 n,well) 
Fiit. ,.these results again sueges "hata sub

:antiai proportion of the schistosomai eDitopes 

detected In 1SN , the setected Mab are nresent 
:. ne Diasma. 

.. appe-rance o: sCtstosomai a.l~ ns 

s ber 
o omiractdia was detected ELISA..Detectahie :,.iab

-na.s"pla sma .osllected .- oEI .S c a xnosure 

/,,2
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-iGURE 3. React:vit -:vE2SA of c-il-i'ree hemoi,.rmpn piasrna .'trom 3 snais '.art'onng patent :n:a::ion 

(A) and ; snaiis harbonne prea:ent :n.fe:,ion (B) of I 'eeks curation. Hrionzontal a.,:s :ndictes 'iiu'Icr. of 
s.ail pasn.a. ?!asr.2 i'ro, MC;c:v:duaL snails at CCU i: e c:iuuons ( : 5.:' . as aapied Onto .n.crot:ter 
p'at "'.:ls and Niab KCS..e:2-S %as -npio e as antien ec::ne reauern:. Ecer.e :ncicaies :he caper 
.=t 3i EL.SA OD rzdns , p;asma "-om "."e same n.umae- -, normal sra.is IS a. "spe:,e:. 

:)nric ,,.as exhibid st-.a rting a,.v-c' s resul's :n Table 1. Treatment of SEA. CCA. and ISN 
.not shovn.. In our :c:edsnails. :his ume c"- -iasmawith a suitable concentration of:penodate 
:nc:.des -.,.,h the reease and migranon ofdau2z.- I).I m.NI %5 5for SEA. I 'or OCA. ar.d 

sooroc.sts. Bindne zcr'.es obtained .%ih, m.\ -,or IS.' abolished the bindinz a:" aO'. 
oiasma :rom snaris :nlec:ec ,r are ;elected Mabs to :hese an',tns..weeks . 

Presen-t na "cure 3B. Pre patent Infeciion pias- differences in renodate sensitivity ma-, represent 
ma exibited rruch icv.er .iab binding than did :fferences in consumption et'penocate derend-
Patent :.:ection Piasma ,1i. 3- . These rsuis :ng on the total iJncentra::on ofthe 2L'sor~ed 
andic:ae :,at ne quan:t': c," :ne :orresponding intizen and o-, dirterences in the densr., z: acr
,:!Ito[).s increaseasLS :rili:ton "roeresses :ror :ocate sens.., sies. Basec cn these resuits 'e 
Freca~env. "o tatenc'.. ssume that antgens exposig erui ves c.irre

iaondin to both seiected Mabs are 2;:.cearo

,"e:ecxc':- "., , \Vestem biot arai'. s"s o nIec'e4 sr .a:;masm a 
,.onstituents resoived by SDS-P.-GE ,.'as cameo 

Per aate sensitiviv ,f "eiores corresond- yatj j rith both selected Mbs." ,sui:s , bt:.ned 
.:nr to KCSme'2-3 and KCSme2-" is oresented '.uth KCSme22-3 are presented in F,,ir r \ful-.: 
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TABLE I 
Periodatese,:suivtv 0'.utw,,es corresponiupig !o .1.b KCSpie22-3 and KCSnie22o. 

L:SA )-

A 01" AlInec n 

KCSrne22-3 	 SEA 505 
CCA 0.6 5 

ISP 1.72 
KCSme__- SEA 6 

CCA ,.68 
ISP 1.590 

KCS: oc! SEA 3721 
posltiie :ontrol) 

Rabbit ant:.BSA BSA 2.c"6 
negaiive '.rol 

:ipie plasma constituents with M. of > 200 kDa-
35 kDa xere resoived by SDS-PAGE (Fig. -. 
lanes g, h). CCA was resolved into multiple con
stituents ",ithtr > 200 kDa- 4 tkD'tie.. ane 

:Tmmunodetec:iu,; "'.z me__-.S" revealed 
constituent at 205 kDa in CCA (Fig. 4. !ane bi 

and 3 schtstosomai const:tuents of "20 kDa. I SO 
and -:Da.3S Da in the plasma of SN iFte. 3. 

ane d). Plasma from NSN did not exhbt an,. 

oinding of Niab as e\pected Fig. -. an e c). A 
,,miar patten %,as:-tainec 'Aith KCSe_2--
results no: shown).

?araformaidehv.de'.fxed cerc. .nae -e strong 

.,orescence on zercarnai body and tal '.%hen 
tested bv 'FAT 'ith both seiected .iabs. sug-
-es::ng :;a: :-e c,"rresLondine 205 kDa cercana! 

.:;2zen :s assoc;ateed with :he ent:re cercanal 

Mr ,Kd) 
d h 

_,due 
' 'V - 205 

97.--
- 66 

4 s45 

".9 

:'GL'R.E4. .VtsttM i:otsI lanes a.j, Are doneAiin 

%!ab KCSme-2-3 as an ,.iendetec::ng rca.eni. Te:~n)n:'rr ",: <sDS-p.C.E '::SEA. CC <.. ';S:; r:;asra. 
.... d S .a r. Z!-.. .:'an-t:'. a:.'. 

el -CMUI 31Ca::'C31Cdantig:l aItlariou$ Pcriucaie ;r¢Rrllol '3 

:0'I 

0.003 0 0 0 
0.7'6 0.045 0.2 0.043 

- 0.-, 0.022 
0 	 . , 

'_.j.29 -4527 ,.0"3
:.619 .v.31 3.031 c,01. 

.J ,3 

.63 3.646 3 .436 

surface. Representative results with KCSme2>-3 
are presented in Ficure 5. 

DISCUSSION 

in the present stud,. %kehave employed Mabs 
:n search of narasite specific antigens !i B. 
r infected with S. ,Panse,:.. In v.ew ofitewidespread cross-reactvity of schistosomal a 

:ierns with :heer snal host. - :t :s not sur-rising 
:hat among a :otal of !3 '-labs which ra,:e. 
'-ith cercaral antigens CCA. , ! also reac:ec
%..t h extracts from normai snails NSN. .-Antiten 

shanng between snails and schistosome larvae :s 
thought to'be !rev due acculsitior, sna. 0: 
constuents by :.e :arasi:es-' and per naps a.so 
by .- e antenic m:nc:. : 1e ait: cnx' 
snarnng .,"ouc eaen scnistosome eggs anc sna:i 
antigens, as detec:ed ov, , \labs c.hicn re 
nduced b. SEA. cannot be explained as oc.". 

to accuisution. since scnistosome egs cio nt 
ome :n contact ',th snail tissues. Theret'ore.
 

may ne assumed :hat the corresponding epitoces
 
are s-.n:hes~zed b:, schistosome eggs. Such snarec
 
ntigens. presumabi' s:.n:hes;zed *y : -e Paraiteareoa c .Site.mecalir arlvt nteresting the context o;hemmolecular evolu.:o cf~he t-prs d 

aptation.' 
Cross-ret:aciv:',. eeen c. ' anegLens ancce r

canal antigens '.,.as exnibited , o %a s 
:nouced b' SEA. .Among these. .KCSme__-: an-
KCSme__-- 'ere raras.tc . ddn::fic 
c.arbon,.craze -' lto Table '::n shsoo 
anttant'hn o!"ns.!g h.."-rei;at, - molecular masse'. 	 _. -.si.ec 
Both '.ecec)labs and gaVel i::Mlar:-nn kere I561 

rsts employed 'ELIS-. Veste.noiotting. IFAT>. Whetner the. are dzreccu e aiolst 
t. -. me ->. :e remains 	to '"e ,t rI.... . 

http:raras.tc
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:-ULUTE Phoommrcrogr-arv ,ra:orma~ce-
Ce- r'aiec a...:,sc: . a e rrccessec :.r : 

ectncc: ' -Si' ." i'aum nr \!Ja N 2-: o 
-.7:', ' ,. 2 n ::.C . : :r , ' 

epitope-specificity anal,,sis. Since the 3 anttgens 
in the snails' plasma appear to be dif

ferent in molecular mass from the I present in 

(Fir. 4). it can be tentativel assumed that 
they are not denved from cercariae. "his as
sumption is suppor:ed by the finding that these 
antigens first appear :n the plasma 2 '.eeks aftr 
snail infc:on, before the -e"elopment ot cer
cariae :n our in:ected snaii colon%. Since ,heir 
quanitty :ncreases from prepatencvtto patency 
Fiz. 3. :t can be assumed that the'"are ..r ,cased 

:n a progressi.e manner as an outcome o :he 
normal de',eiopment of :he parasite. pernaDs 

durng *he release of Lr"'ae from mother and 
dauhter sporoc',sts. 

The arase specficitv of the schistosomai an
p--:ens detected in the snail suegests that thes may 

be :ore!tn to the snail, but whether they ,an be 
recognized as such by the snail remains ,oe 
determined. At resen, "hse nras;e specific 
-pitopes and the corresponding Mabs can be con
sidered as candidate reacents for identifying pu
':atverzetors mediating recognition oi parasite 

".bnt:ens, snail hemoc'.tes..2 Whether these 
.-,pit,,es Pia. a role in tne regulation of snail 
-etrises :s unclear. Sinc. th.ese eptops are par
osite sect~c. :'- cannot possibly centrtbute to 
.......................... '.n . meraniLsrrs based on at:,ngen 
snannm.. 0- tne other .and. since 2arasite-sve
2:)!c er : aes appear to re abundant in intected 
sna:A' S:asma ,o. 2}. tac' may,. pn'., a roie in 
:.ic :n. r'e.atoc'. te a..ttv'::.. r-v satur-a':n-cputa
:\ez}e~tors." 

i-rom a praelc2t pointato '.te., severai ;'eatures 
,he Mas anc *.-e :mnunoassay cescried : r 

the ict0: u: parasite siec:nc antigens ir1 .n
:ecedt, snatis suggest the "easibilit. ot an :;mnu
nocetect:on azproach :or identiying :.niected 
snaiis. Ie results aofa preiimnar'. evaiuation of 
ts apcroac2 tor e.pide.ioto-cai purp.o,,es. %%nere 
the idenuinca.ion ot sctistosome-1n'ectec snaius 
v'as req ured. :oilow this ar-icle." 

Autn.c's ...., e,- "a s:oio,. Zna :he 
.. t :-7 e o0:ud!nin:r;ctous and 7 :raicai 

Dis,'ase.. Te 'rew t'n ers~t.-Hacassan .te.:cai 
. . ... - c usjer' m. ',srael. 

:F:nana, suaor':: -D PSTC.rant DP. -5-42-G-SS-
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IDENT TFICATION OF SNAILS INFECTED WITH SCHISTOSOMES 
BY ELISA EMPLOYING .IONOCLONAL ANTIBODIES: 

SCHISTOSOI.-i ..- i.\SO.VI IN LABORATORY 
SNAILS (BIO.fPH.L.RI. GL..IBR.-i TA) AND IN 
FIELD SNAILS (BZO.fPHiLARL.-IP-'.FFERT} 

FROM KENYA 

J.HAMBURGER. M. '-VEIL. T. T7RETZKY. j. H. OUNIA. D. K. KOECH. 
R. KLUMPP. T. K. A. SIONGOK. -'ND R. F STL'RROCK' 
'd al :t.;.;o.io r, ,I'.sr.;cg:, He~re; tl os:' .. a ' .finisrr." . ,2'd :h
 

.Lbstrac. An enzme-linked tmmunosorbent assay ELIS.A employing monoclonal an
tibodies was used for detecting Schis:Osonwa tm:ants antige.ns In hemolymph o(laborator
snails (Bionp;ialaria z!abra Fa. Infected laborator.' snails shedding cercaniae were 
differentially identified by ELISA :rom uninfecied snails wtni 00% sensittviv, and spec
;fncit. Prepatent infections were detected bv ELISA from 2 weeks after exposure to Mi:
racidia. Thus. ELISA revealed int:eeton 3weeks beibre maximal pa'enc-: .aas ,ached (5
a weeks post-exposurei. 

Infected field snails 3S...', h shedding cercanae were differentially ideruified by ELISA. 
w..tn 100o sensitivity and spec:ic1t' :'rom uninfected field snails and from snails naturally
iniected %,.!:hother trematodes iechinostomes and srigeidsi. Prepatent inec:tions 'with S. 
,,:anson \kere readily identfied b. ELISA ;n field snails. A case is demonstrated %knere 
:niection rate. as determined b- shIedding :esz alone. '.as 'i.S). Anereas :,e combined 
:,gure of prepatent and patent :fecz:ion rates was :2.?Oo. 

The transmission o,'scnistosomiasis is axt:ecd pot.ion of infe-ted snails in a rarticu'ar area. 
...a var.ety ot aciors retatng to human ni.e.t..on :.s necessary to examine 'argec n':mbers of snatis 
and behavior. znvironn--ial :onziions. and :rom a 'ariet. ;tiocatons anz :n a.'seasons. 
sna.i monomics and :nect-ion. Since :r.k.rma- Snail :nf'ection !s routine!% montiorea -: e\
::on on transmssion otschistosomiasis !s iri- aim:ntn,! -acn Di tne snails :o see 't.,:s.eds cer
oor-,ant :or designing .ontrol Prolec's and :or carae.' The s test. ho noes.edding e7er stimpie.

aluatiro "he effect of :he:r application. uD- not ueni::.snalisharaonngprea.ent trectons 
'a.:n.o monitoring is obviated .icn ma. constitute a s:iniicant rroDorttonoi :ransmtssion 
'.he Increased use of ant:schtstosomai drucs '.'.:thin inf'ectez snail Popuma::ons.'- T .essicr 

:n communit:. control ca-moatns.- Fur-termore. ot prepatnt :n:ections tram snati in:ctn rate
should new advances in antiscnistosomal .ac- -""taresults in an inac. ..Z"211tonu.. -i r" 
-i deeloooent lead to trU'ms ofa vacctne :n mission and ,iteri'eres wi.tn in.- aop:iction ot 
numan popuiations. more "ransmlssion mon,- mathematicai mooels of'transmission. 
.oin is iikei,. to "oilo% identification ,fo:'"., ikepatent :nfectins :n snatis a ..... ntren' 
.ransmrssion s:es by ,urve.,s a.nmd.,itvnd .-outinei. nonitored; the methoes av'atlabie !or 
-:udaes on human bena. .or s ,xensive anca often :his pumose are not easily anc aceurutely appil-

In a e ,suitsi r. :,)mmuni.. ,arumc:a- able Cor iarz- numbers ofsnalis. Tese m"o s 
nn r sand.-,o snail sttos can he :nvoi%,e .icr.socoical e\anat-.n ci 

sampied more fr"quentl'than me human pop- snaiis :or presence of larval stages.' or serial 
uiaiton, ai!o,.ing more rapid dete:tion ,)f*resur- snecding t.sts ;..Lr so'. eral we.?:s in snails trans
7'nt t.ransmission -tter a c'hemotherapy cam- :'. m he hhid to the laborntot-..- in both 
,aaVmn 0I'thtse cases. removal ofllarge numbers cfsnaiis 

, ortain accurate 'inormation on the pro- :*rom inc transmi:ssion site is reCuirel. This may 

-13 

http:antige.ns
http:t.;.;o.io
http:BIO.fPH.L.RI


614 HAMBURGER 

alter transmissi.7, conditions in sites containing 
small snail populations, and interfere with Ion-
eitudinal transmission studies. ,1Therefo.e. a 
simple test which can identify snails infected pre-
patently as .%ell as patently with human schis-
tosomes should be useful for epidemiological 
studies. Such a test would have further advan-
taes if the .nails cotld be returned alive after 
t.s.ne to zhe site 'or loni-ztudinal transmission 
studies. 

We ha' e de\cnioped monoconal antbodies 
.Mab)hich recon:e. anr cn . ::.e-linked im-

munosorent ass's' LISA. &,iis:osoina mon
so.,:; antiens :nheemoi mhof infected snails 
dunng prepatenc., and patency..: Only minute 
amounts of hemoi:rmph -aere required for :his 
purpose. and man. snails '.cre left alive after 
bleedine. These indines suegest the feasibility of 

employing Mab :or the enttca-ion of snails 
:nfected with S. .:a1so'nbv :mmt'nooetection 
ofsch:stosomal ant:gens. The pretent report pro-
vides a preiiminar evaluation ofthe immunode-
tection aproach with regard to test sensitivity 
and speci;city. 

MA7ERAS -%;D N'ETHODS 

Sna.,'5[ ;na :,aras::es 

.S.:anso, tE.Evptian strain). onginally o-
taiired from \\ellcome Laboratones. v-as main-
amined :'or5'ears at the Department of Par-

asttoiopy. Hebrev- Unzversit. :n B:,,:;ti'or:a 
Z...ra:eandi:rt. Kert\anstramnofS. a 
-.,vv-as matntacrted :rt B ,'.",:a;arna pr~'w..Fer; 
and in mice at the Ken'.a Mledical Research In-
stitute. 

,2t .-eoro,&ury SoilO.; SS;: ast'v,:'. 


Norai snafis (B. .iaoro ,v-er- kept inbreed-
:ne aquaria at 25C :n decniorinated tap wzier, 
The'. %%,re fed romaine etuce and were exposed 
.oa,"ficiai lieht Ihr day. Snails measunng 5-
.mm '-.ere tnl'ec:ed bexposing them md' .id-
cail'. :o i',nntrac:d:a, snail. Infected snails were 

etnseparate containers trt the oark.. peakc 

n, ; o :or::n, .sr.r
patency'. :he 1nfec:ton rate inthe B.gIabraacol-
)n. .vas :zS0o as determined b.- snedding tests The snell of each snail 'was eteanec b.' ,.-aterTabie 1,. 

.td ethanol using a swao and then drteo..hesensitivttv.. and speciftct. of the !rnrru-
The snail v-as punctured near the inner.-most .jirtooe, - test were determined by testing snails 

,._o. ,e"tlo
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shedding cercana together with normal controls. 
For immunodetection of prepatent infections. 
individual snails were randomly picked from 
batches exposed to miracidia 1-6 wveuks earlier. 
We aso examined a group of snails infected for 
more than I I weeks..A proportion of these snails 
had stopped shedding cercanae spontaneously: 
therefore. ,,e\%ere interested inknowing,whether 
schistosomal aringens also Jisaopeared under 
these c:rcumstances. 

" :e'a .t.S, , ,o: ais 

The ob.,ective v-as :o rnake snai.s snedding 
schiszosome cercana ipresumabiy S. ,nar-on). 
snails shedding non-human cercznae and snails 
which did not shed any cercarae at all available 
for the immunodetection studies. In addition. 
snails infected prepatentl. with S. ,;a:sort%%ere 
required for our study. It was anticipated that 
such snails should be :ouno in sites wnere high 
transmission occurs. 

Snails B1.ipfioa'rio .,..5r: were collected 
:tom 3 sites ,nNlachakos Distmct. Ken.a. The 
sites .ere located in 'he study areas previously 
outlined bN Sioneok and others-, and by Butter

.orh and others. 4Snails were init:all',co.ecte 
-


trom a site on tne Kakoi River :osen I'or i:s 
remoteness :rom naman habitation: they' vere 
:bthefore not expected to be infected with S. 
,aISo '.Additionai snails were coilected f:om 

2 separate sites on tre Kinvu ream. B-th 
.'ere proven b\. prev:ous surxe'.s to re active 
:mansmnsson sites of ,S.,:.,sc't:. :rt each case. 

n trte snails -ere hana coilected. cicaned oiCeor:s. 
and shipped to a *ield'aborator. near tne.:'ace 

' of lietune4 for immediate she,'ding tests. Eacn 
snail was tested for c.-rcanal sheddin- aiter cx

posure to 6aynight in individual glass '.ais .iled 
ivh corehoie v-ater. 'ecarae .,ere examinee 

by a magnrfying glass. Snails shecd:ng human 
.... arcan.eiHC .nor-human cercanael"HC). 

snails not sneddine NEG) v-ere pooled sepa
:atelv and shipoea to trte central laoorator. :n 
Nairobi. The next da' tre snails are biled and 
-heir '.emoi'mph "ested for presence enis
toso:mai antiyens. 
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of the shell and hemolymph was draw.n out by 
a mouth operated suction tube to which a 25 G 
needle was attached. About 10 al hemolymph . 

wvere taken from each snail and introduced di
rectly into wells of a microtiter plate. Each snail 

was bled with a separate needle. After bleeding. e - --

the hole in the shell was covered vith plasticine 
and the snail returned to its container. Percent 
viability was cetermined immediatel% after 
bleeding and a \keek later. Normal safety pre- - • 

cautions were taken when handling the snails to - - 7 

prevent in:ection. 

Immunodetection was cared out b. ELISA.: 
Snail hernolymph (0 l) was mi.ed %%th 120 - - - . 

ml BPS in a w..ell ota microtiter plate and 65 al 
of .he mixture was :hen transferTed to an aa- r 

wining vell as a duplicate: acsor-ption vas car-_ 
,.2- .xl cv overmirtnt :ncuoauon .n a humic 

.:namber. ELISA 'as carried ou: '.%ith Nlab 
KCSme 2-'.: The Mab. in murine asctic 'uid. Z 

-an oritnal ti.er of 1:5 .:00 a'zainst exhibited 
SEA and %kas empioxed :br EL1SA at 1:5.000 
,:iutlon in PBS wih 5- fe:hl caif serum. Con
trols. :ncluded in eacn t. :2n!aes. edotpoole -, 
hemoivmoh from niected and normai snaris. 
These were tested ,.h both retevan: and :n',ei
evant .lab. 

De,e,'::cn o;'S. mr' i scrn f. , :7 d.; : 

.cwoOrat r't.:u!S 

The results are summarized in Table 1.Snais . . 
preseiected for patency .%ere tnitiaiiy tested. A z 
.otal ofCS snafis sheddingcercanae and 1i" nor
mai controi snaiis .ere :ncluded :n .his croup. 
ELISA OD readings .,ere considered positive Z 
•i,. .ere at ieast t'ice , e maxtmai .aiue ob- -

.aineo 'vth matcnin2 normal controls. Adl -he 
-nais . ncn sned cerca-ae cave nosittve rzsults 
: 0ELISA. ,itn an averaet OD nf .Y- *_'cIJ 

,.nK7n .
::'e..,:m 

5 ' ; normai snails ,%ere al nea
m n an ai -.2a ELISA OD .D,.093".-. '- " " " 

- ran..e. :c.. . _.J0-:j. .Q Thus. on tne aver-"ni'-::'LIS -- X': " - -

,.ect"d snails ,a~e ELLS:, OD readines ,-
.,nic" .ere hipher than tne controis o%a factor 

.5.inf'ected shals w'ere dufferentailv iden- - -

:tec.t trom uniniecteo snails v. 1t1t00%sensitIv
rercent ELISA posiltves among cercanae 
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shedding snails) and spec:fic:tv lpercent ELISA 
negatives among unin:bec'ed snails). Such a com-
plete match between ELISA positivity and cer-
canal shedding capacit:. was also evident in snails 
which were maintained :or more than I I w.eeks 
after exposure (Table 1,.Pal. about a third of 
these snails maintaied cercanal shedding ca-
ac:t,.-2'.)") and oni'. :vosc sheNdina, r.main,t 


ELISA positive. suggest:ng :hat the relevant an-
tigens disappear :rom te hemoi':mph quickl,. 
a!ter cessation of cercartal shedding, 

W.e then tcsted hemoD mn. takLn :ram snails 
ranoomi, picked from -atches of sna:is Lxposed 
to m:ractdta 1-6 .vec;sear-er. s seen n Tabie 

.rcartai shedding .as not ooserved andm. 
o Aeeks post-exposure : --. *.eeksps:-e,:o-
sure. ::atenc.*'.as reaac:-4 'D%only.v 6, of th 
snails. Nlaximal patenc'. was reached at weeks.-
post-exposure. at vhicn tre only ".6 1 'f of'the 
exposeo snails sned cercara. B. compainson.
dt.ction of infection by -LISA,prect'e- max-

:ral patent: by about '.ees. Ias ELSA posi-
;,,,v .as irst obse7.ez a w.ee-s ost-exco-
sure. ?ercent ELISA oost'. :t: at :hs t.:me -.%as 
"5i . a iittle lower than mnax:mai percent patenc' 
,~. ".5u.This down-ce,.'ia'ton may the out-6


-ome of sub-detectable amounts oi the re'eant 
antigens in the hemol:mph ot'some at:"e snarls 
during early prepatenc% J. Hamburaer. aersonai 
communication). By and a .. ee.<S Dost-exoO-
sure. percent ELISA p;s:tt...tywas higher than 
maximai percent pater.:-. reachinz S'V and 

resoecrvely.T7.5l ,Table . These results sug-
,est that not ail ELISA positve. prepatently tr-
tected snails eventuail. reach Patencv. This is in 
'ine .kith the existence ot reststance ina propor-
t:on of the snails with the resulting destruction 
t"parasite- ctore onset of patency. 

Immediately after bleeding for hemolvmpoh. all 
snais remained alive. Snati viabilitt a week after 
bleeding .,as 50--0%. 

De:ec:'oi ', S. mansoni .. ':oi .n 
. %t'ie,:eJ sn'.is 

These experiments 2erecar-ted out in Kenva 
on B. 2'e:t'r'. Results ofinitiai experiments with 
:aboratorv-intected 3. :'K'.' were similar .o 
nose obtained in the iaborator.- with D. fe 5r.:.. 
In born cases, a complete differentiation between 
:ntecteai anta unntected snails was obtained by 
ELISA iTable 1 . Subse.ueniv.. studies on f"id 
*oilectea snails provided an opportunity :o ex-
amine tne suitability of ELISA for differentially 
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identifying snails infected with S. mansoni from 
snails infected with other trematodes. 

About 500 snails were collected from a site on 
Kakoi River where S. ma,.som transmission does 
not occur (Table 2). Of these. 60 shed non-hu
man cercanae (NHC) and none shed schistosome 
cercanae. Ve tested by ELISA 1- which shed 

I-C and ;*ound them all neMat,,e. .licroscop
:cal examination f nicrot:tr.,ells containing 
;hemol*,nph :rom these snails re.vealed rediae 
and or NHC. Of the several hundred not shed
.:ng :n this !ot. 1i3 were tested bv ELISA: all 
"ere found to be ELISA nezative. aithougi 33 
23, of them exhibited redlae and or NHC >. 

nicroscopical examination of :ne :temoi .nmn. 
The non-human trematodes were :dentited as 
echinostomes or smieids but scec:es odn
cation was not done. These results .ndicate that 
3 'e:,ei infected innature with S ,.n.u,., 
:an be differentiated by ELISA. with i,001 sen
s:t.,it. and spectftcity. from non-micted, aiis 

and tram snails infec:ed vtth non-human :em
atodes common in me study area. 

About 12) snails were collected from a kinovwn 
transmission site on Kin'.ui stream iTable 2L.Of 
these. S shed sch:stosome cercanae and also pre
seated schistosome cercanae or -e.m balls in thetr 
nemoi'.mph. All of t hese S snails, patently n
f'ecte-d by schistosomes. w*ere posit:ve by ELS. 
A single case oi'mixed infection S mnu:son: with 
NHC) w.%asfound among the snails :,this 2roup 
(data not sho%%n). This case o'mixed infection 
.%as identified as positi'.e by ELISA. tndicat:ng 
that the superimposed atofct:on '.tn non-nu
man trematodes did not tertere ,.vh :ne 
expression of schistosomal antigens in the he
moiymph during patency. Whether such inter
;erence doe occur durng prepatent mixed in
fection is not kno.n. 

A second known transmission site on Kinv:u 
stre-m (near Kaneundo) .%as cnaractenzed by a 

high -ate ofS..,,:anso, infection 16 i.1.or 9.3 01 
and b ,the absence oriniection w*ith non-human 
rematode-s (Table 2). The high rate oi .oatent 

:nfections in this siie suggested the likelihood oi" 
a high rate of prepat-nt inrections. Also. the ab
sence of non-human trematodes precluded any 
possibility of'mixed nfections. the effect of'which 
on the expression or'schistosomal antigens in the 
hemoiymph during prepatenc. ii not known. 
Among the total o'o 1snais collected in this site. 
3 (-. % ..ere not shedding but .ere ELISA 
positive. The'. represent 14.5% ) ofthe total"d S5 
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number of those not shedding. Of these 3 snails. opuiaton containninc:ed sr.,is and snails 

, exhibted schistosome ,eranae .)r _ermbails :ec.ed .ith non-numan 

:n the heml nvn.mJudging from the h g.h degree stomes and strgetds).Frter f..n he 

in .he preceding soectnc'ty of the :,st shouid inc~u4e "est:n'oiras,)f spectficitv of "he test. as seen 
..tde a '.anet'; oinon-nurnan _.r.a. aods c baiestud:es .%ith laboratorv and fteid collected snails. 


:hese 3 snails probably harbored prepatent S. of naturail' inf'ec,:ng 3:,,?:v;t:..:r:.:as possible.
 

,,,).zd1'. nie.t.ions. In. this paricular .case. the In addition. -incz 3 :?,:':;a:2a.so serves as a 

:nt'cton rate b. :he shedding test alone '.,as 9.S°. natural host :or .5 ,, "ains to e 
.nue the combined prepaent and.patent int:co ,etm.ned ,%hether h-.est can ,:erentate S. 

.ton rate i . plus 9.S%) was 2.9 ,. These re- ,,anso, tram S. ,':a;.::t:.'Vitn these reser

suits demonstrate a case hvere prepatent :niec- ,.ations in mind. the suitabzh,y of .he .Mab em

.ions constitute a substantial Proportion w%,ithin pioved here 'or :mmunodetec~on a .S. ":c::son: 
infection i field co!Lected :ssic,,t,,;.ar::inpopuiat:ons of:nftec:ed snails, 
dicated. It is important to :Ind out Ahether the 

same Mab can be emplo.ed ;or diterentiai :den

tiftcation of S. ,,:a::im in uis niermeo-ateDISCUSSION 
snail host. 3:dinus. Immunodetection can be ver. 

We employed a Mab which recogized S. man- helpful :f found suitable for species differenia
morpIo og'cai differen,n, antigens in tne hemol.vmph of the inter- tion in this case. since 

mediate snail host for a prelim evaluation-av tation of S..emawooam cercar-.ae from those 

f the several animal schistosomes naturally inof the emidemiologicai usefulness of immunoue-
of .5. ,at:som inrecion :n leerin 3iuinus is ,mcossibie..uion byv ELISA 

.?'i'.lr'a. In practice. -t is not expected that te :-mmu

infected .aborator.• snails '.ere diiFerentate; nodeLecton test. even i" made :nexcensi'e and 

a, ail stages o patenc . from uninfected snails usab e by communit, neaith workers ,n endemic 

.,th 10% sensitivity and specificit. Table I I, areas. %%llrpacc srtddig tests tar arge-sale 
.ith S.and the :!ear-cut differentation enabled .i'isuai :dentification of snarls .atentl: infected 


:.adinz at ELIS.-k results :br qualitative deter- .,:ansoni. it may. hoever. *'euseful in those
 

minaton. Studies with field c ilected snails 13. aras forpenodic quality control ofsnedding tests.
 

,.:rmonstrated me same high degree )t n particular where routing differenu-.ation of S.
 

,oec:ficr:t and sensitivity in d:Fierentaily re- ntii)son cercariae from a large varnety of NHC
 

:s dificult. Our results with iaborator. snails Ta"cting scnistosome ,nected snails among a mixed 

http:cercar-.ae
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ble I) suggest the potential of the test for iden-
moretifying prepatent infections and providing 

accurate snail infection rate data. Findings with 
S.field collected snails from a site with high 

mansoni transmission further support this sug-

a case where infection rategestion by showing 
was 9.8%. whereas theby shedding test alone 

prepatent infec-combined figure of patent and 

tion rates was 22.9%;o (Table 2). 

Th,. inability of the test to identify early pre-


patent (I week) infections (Table 1) is rroblem-


atic in the sense that the full extent of th,:parasite 


flux from the definitive host to the snail cannot 

early detection of
be evaluated. However. very 

snail infection may not be completely relevant 

for evaluating prospective cercarial shedding ca-

pacity. since resistance (or incompatibility) of a 

of snails in natural populations ofproportion 
Biomn*halari.- may exist. resulting in destrucion 

of the parasites at very early prepatency.'" Since 

only 79.6% of the exposed laboratory snails even

tua!ly reached patency (Table I). and assuming 

that practically all the young snails exposed in

dividually to 10 miracidia, snail were penetrated 

by miracidia (an assumption consistent with the 

known high infection rates of susceptible B. 

gabrata), it indeed appears that a portiton of 

the snails destroyed the parasites sometime be-

tween miracidial penetration and maximal 
that percentexpression of patency. The finding 

4 weeks post-exposureE LISA posiivity at 3 a-c 

,Table 1)is higher than maximal percent patency 

,at 5-6 weeks) tends to support this assumption. 

.Moreover. loss of infection appears to be a con

tinuous process in our system since it proceeded 

aiter maximal patency had been reached. With 

regard to old infections, it is important to note 

:hat ELISA positivity was proof of patency and 

not of residual schistosomal antigens in hemo-

:-moh after cessation of cercanal shedding. 

When taken together. the results seem to sug-

zest that percent ELISA positivity dunng pre-

patency ,s a more reliable estimate ofprospective 

rcanial shedding capacity than is the rniracidiai.-.-
This assumption is supported

penetration rate. 

byv the timing of"antigen release into th.e hep-

!.mph. which parallels active deveiopment and 

release of'larvae from sporocysts.4': Whether the 
the hemo-amount of schistosomal antigens tn 

...mph correlates with the number of cercanae 

-eleased totally or at any one point in time during 

patency remains to oe determined. 
The results iustlfy further development of the 

immunoassay to provide a simple, cost-effective 

tool suitable for routine monitoring ofprepatent 

S. niansoni infection in Biomphalaria.In corn

bination with the conventional shedding test, this 

should provide more accurate measurements of 

and enable the determinasnail infection rates 
ratios under varioustion of'prepatencyIpatency 

following the aptransmission conditions and 

plication of control measures. 

Another related subject which warrants atten
for hemotion is snail survival after bleeding 

lymph. rhis subject was not addressed beyond 

that 50-70% of the snails rethe observation 

I week after bleeding. Long-term
mained alive 


of the snails after reinpost-bleeding survival 
troduction into the transmission site should en

able the determination of the kinetics of prepa

in 5eld collected snails undertencypatency 
vanous natural conditions and after application 

of control measures. 
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Detection of Schistosoma mansoili DNA in extracts 
of whole individual snails by dot hybridization* 

,,1. I lainhurgvr', N . Veil' and Y. Iollaek 2 
I ]'c K t\ III (Ceni re for IIe SIudy of Il'I rCctIu ia[Id IropicatI)iseas.s, Ilcbrt" University, Iadassah Medical School, 

.crii,,ik'l . kr.icl 
: I)cpa.rt niii of MNm'cobiologp and h1iiuiich g', Jacull\ of ielth Sciet'nccs. iien-Gurion Limr'crsi of ihe N,:gev. 

The potential useful ness of 1)NA-I)NA hvbridiza- glass rod having a bulged and indented bottom,
lion as a diagnostic tool has been demonstrated in a round-bottorned plastic test-tube. The titur
for a number of parasitic in Fections ((0i7ales ated snails were left in the NaOll-detergent solu
el all. 198-1 McLaughlin c al. 1985; Pollack el a!. lion at room temperature for up to 4 days. Just 
1985 Stin ct al. 1986: Wirth and McMahon Pratt before dot blotting, concentrated IICl was added 
1982) and has also been proposed for identificat ion to neutralize the samples which were then heated 
Of ;chIstosoloic ini fectliOll in snails (Rolli rson et al. to !00' C for 5 min, cooled quickly, and debris
1986). Mti0toring schislosome infection in snails rerioved b\ centrifugation at 120(00 x g for 10 mili. 
ik regrula rl required to elucidate the dyvnamics of Snail extracts were individuall' spoied onto nitro
tra nstnission and ilie effect of' c(ntrol measures cellulose paper (NCP). presoaked in IOXSSC 
l]lairston 1973: Christie arid LUplham 1977; (1 x SSC is 0.15 Af NaCI, 0.015 Al sodiurn citrate)
Barnish 1982). both requiring examination of a using a manifo!d mnicrofiltration apparatus (Bio
large number of snails. Thus. a rapid and accurate rad Laborato ies Richmond, CA). Conventional 
detection riethod will aid parasitologists particu- procedures fur preparing extracts for imniobiliza
larlk since detcclion of prepatent infection is not lion on NCP such as proteimse K digestion and
straightforward and its onision Icaves data on the use of SI S, resulted ina ri extract that was
Ilail infection rates incomplete (Slurrock et al. not completel., filterable. Similar difficulties wereQ)79). Cloned I)NA probes containin! S. mansoni encountered -when the nieutralization and/or heat

ribosorna IRNA g'ne SeenLc.1les w\ele recelntl pre- inlg steps were omiitted. 
pared (NIlc(*uichmi et all 1981) aUd used for schlis- After blotting, the NCP was washed wit h 
loso ic specie, iderilificalion b\ Southern blit 10 x SSC. air-diied, baked under vacuuni at 80' C 
analnsis. and for detection of infected snails by for 2 h. and incubated for 4 )i at 42' C in pre
dot bhlt hi\bridratorn \ith I)NA from irifected hybridization solution containing 50 0 formarnide,
snail hcpatopancrea s (Rollinson cilal. 1986). Ilow- 5 x SSC. 0.05 A! sodium phosphate pi1 6.5, 75 pg/
ever. all\ aticnpt to cmplo\ dot hybridi,,ation for nil Salmo sperm DNA and 0(2'0 each of poly
mI," sCrcLurie Of snail iifet.Clior Would require a Vinylpyriolidone. .SA. and Flicoll. The NCP sheet 

Iple piocedurc lor treaiiig \ hole iidividua I was then hybridized for 10 15 hIat 42' C in a soluL
.|,ilIs Ior aiia l\sis. Such at procedtre is described tion containing 4,5 voltures of' prehybridization

ii the prcsent report. solution, 1/5 volunres of 50% dextran sulphate,
Snails (Biollhalaria glabrant) \%ere in fected by and 7 rig'nil (about 2 x 10" cprii ,ill) healdenatured

e\posure to 1(0 miracidia of S. mawsoni. Infected 32 P-labelled total S. manlsoni I)NA prepared from 
and norniaI snails were prepared for dot tiybridiza- adult worns (see bclo\). The NCP \was sub:;e
lion . Whole snailIs (rp to 12 ri1rui in diameter) were (utiertly \ashed once for 20 min at room tempera
eaCh litlurated in 0.3 nil I Al NaOl I containing I%, lure "ith a soliutior corraining 50"'o formariide,
Triton X-I(0. Titura tiori was performed with a 2xSSC, and 0.1'% SI)S. Then followed three 

washes. 2(rmin each at room ternpera [tire, in 
S, 1t\ \%;,,supporicd I, All) ral number l)1'- --5542- 2 x SSC containing 0.1% SI)S, arid finally two

L"S."U4 3.11 washes at 50' C for 15 min eac: in 0.1 x SS( con
q'i,,r,,q,,.,,,,,, . Il,,mhu.,r taining (.1', SI)S. The N('P \was air-dried and 
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d 	 Ai 
Iig. I. I ll ,iIon if toll .clsiial l)NA probe with 

,owd I)NA, and umn-
S 1111111ml adult ,.,olin I)NA. mi.'.cd 

1. 5. 10,LIane I Non-infeclted 	 snail DNI Alected snadi)NA 
21)pg (poss a through d re,.pecui cl. Lan, 2 Infected snail 

,
1, 5. 10. 21)nIr (ro5 ala th 't'lh d rc,,pcC'i\cly); LatDi'

)NA 
100. 200 pg (ron ,, it 	 through3 Schistwmimn l DNA 25. S0. 

d respcctiCl. ) 

using X-ray film (Cruix XR2,autoradiographed 
Agfa) and Croncx intensifving screen (E.I. Du 

Pont Dc Nemours Co. Inc.. Wilnington, DE). 

Adult worm DNA, infected snail DNA, uninfected 

snail DNA, and whole cercariac (extracted by the 
above for whole snails), un-procedure described 


derwent h)bridization under similar conditions. 


I)NA from S. ni.nsoiii adult worms and from 

infected and uninfected snails was prepared as fol-

lows. Worms (usually I ml packed) were washed 

with ice-cold TE (10 mnt Tris-llICI pH 8.0, 1 mM 

EDTA) and tituratcd by repeated passages 

through a syringe. Snails (usually 15) were re-

moved from their shell, washed in iTE, and cut 

into small pieces with a scalpel. Then they were 
a syringe. Five volumesrepeatedly passed through 

of lysis buffer (10 mM Tris-VICI pi1 8.0, 50 mAt 

SDS. and 250 pg/mil proteinase K)EDTA, 5% 
and the mixture incubated for 2 h at were added 

370 C. Phenol-chloroforni extraction of DNA and 

were carried out 	by standardalcohol precipitalion 
procedures (Maniatis et al. 1982). Alcohol-precipi-

tated I)NA pellets were vacuum-dried and treated 
in TE, for 3 h at 370 C,with 100 pg'mIl RNAase 

the extraction and precipitation stepsafter which 
were repeated. Total S. nan.koni adult worm DNA 

%%ith 32 i-d('TP (Atncrshain Radio-was labelled 
') by nick translationchemicals, 3001) 	 (0 mmol 

Detect ion of Schiv 1vlitna ,tiowi fmlin snai bh, do , rid i a.i. 

I 2 

a 

b 

C 

d
 

e 

f 
Fig. 2. Ilibridization of total schistosornal DNA probe with 

and unifectd snail extracts. Lapn' I Uninleccd snails 
infet'led 

(rows a tho gh t), Infected snails (rows d through '); Lane 

)2 Infected snails (rows it through 

(Pollack et al. 1982), and used as a probe in hybrid

ization experiments. 
Figure I shows 	the results of hybridization of 

with S. ,nansoni adulttotal DNA probe 	 worm 
and uninfected 	 snailDNA, infected snail DNA 

DNA. As little as 25 pg S. mansoni DNA, and not 
DNA gave positiveless than 5 ng infected snail 

times highersignals. By coriparison, about 4 x 10' 

quantities ( > 20 pg) of noni.ifected snail DNA did 

not yield positive signals. We have not tested the 
DNA on the sensitivity ofeffect of e):ess 	snail 

DNA. The specific sigdetection of schistosomal 
strong enough to differentiatenal, however, was 

between infected and non-infected snail DNA. 

Figure 2 shows the results of hybridization with 

infected and non-infected snails directly extracted 
NCP without prior isolation ofand spotted on 

not show positiveDNA. Non-infected snails did 

signals while all 9 infected snails gave positive sig

nals. 
Figure 3 shows that early prepatent as well as 

patent infection can be detected. In addition, inten
can be demonstratedsification of positive signals 

during the course of development of S. mansoni 
I and 2 weeks of inin the snail. Thus, while at 

fection, when only mother sporocysts are present, 
At 3 weeks, when daughterthe signal is weak. 

be present, the 	signalsporocysts are expected to 
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Fig. 3. lHbridization of lotal ,chitsosonmal DNA probc with 
cxtracs troin infected snails at varin! times after infection, 
and %%ithcercarial cxtracirhbiiainfloesb 

,Irengthens anaid it beconics clearly stronger at 4 
and 6 wrecks of infection in parallel with the ex-
pccted cercarial devclopntc. Extracts of 10, 100, 
and 1000 whole ccrcariae all gave signal!; with in-
tensities directly correlated to cercarial numbers. 

While the use of a total DNA probe appears 
sensitive enough for detecting infection in snails 
w\ithoul prior laborious so of DNA,it.l ion their 
1Iisno1 likely to consliltite a specific tool for spe

es differentiation in cases of' mixed infections. 
Such differentialion was acconplishcd by the use 
of cloned S. nan.orii ribosonial RNA gene itt 
Southern blot analysis of different species of 
schistosomes. Ilowever, when used in dot hybrid-
izalion it could Identify infection inonly sonic of 
the snails, and as nich as 0.2 jig of )'NA frorn 
infected snail hepatopancrcas were required (Rol-
linson et al. 1986), suggesting a relatively low sensi-

(y. Moreover, since this probe gives positive sig-
(although wit h differeni banriding) i Southern 

blotaalhoug wih different banisn seioute,blot ariaIvsi s wit h di ffererint schii stosotie species. itIS not useful as a species-specific probe in dot I)-

hN (lt h) ridi/ation 

bridization. We have also found in preliminary ex
perinents that a cloned S. rnansoni DNA probe 
prepared from extranuclear schistosomal DNA 
(including rniDNA). although capable of strain 
diffrcentiasion in Southern blot analysis, could not 
detect schislosomal sequences in as much as 20 ng
infected snail I)NA by dot hybridizalion (Pollack 
and lhianburger 1986). Thus, it appears that a 
probe or a nixture of probes providing both sensi
tivity and specificity sufficient for mass species
identification of schistosome infection in snails by 
dot hybridization is still uinavailable. 

Our present work demno:-Istrates the feasibility
of detecting patent and prepatent infections in 
snails b. etnploving isinmple procedure for prepar
ing snails followcd by hybridizaton with a total 
schistoso,al DNA probe. lowever, several issuesha,'e to be taken into account before considering 

application or the approach for field epidemniology 
studies. Firstly, the detection of patent infection 

shedding of cercariae is simple and suitable for 
mass screening. Secondly, the utility of the hybrid
ization approach should be evaluated vis-i-visand microscopical examination for de
letting prepatent infections. Thirdly, the degree of 
cross hybridization with I)NA from other trcma
todes, comnmonly infecting Biomphalaria in natiure, 
should be determined. 

Our results suggest that quantitation ofschistosomal DNA in snails may be possible by DNA 
hybridization followed by suitable measurements 

utbemaueet 
of sign intensity (Figs. 1.3). This, however, would 
require standardization and calibratil n of the de
tectioa s stem. Since changes in sign intensity par
allel the course of dcvelopmnit of S.matooni in 
the snail (Fig. "3),itmay be worthwhile to evaluate 
the suitability of the detection approach for deter
mining the effect of various factors (physical, 
chemical, and biological) on the development of 
S. mnwr.oni in laboratory-infected snails. 
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A cloned 0.64 kh I)NA scclience (if Schistosoma man soni conlain; 120-hp tand'rtsehistonmal genoni of t)lth repeatls ani coinpises at least 12'o (if Ihesexe. It exhlti1ts a high degrec of species specificity ufvin hylniiliation with Schistosinaharinatoubonaid Schi.tosoina magrebowiei I)NA, and could dclct with high sensitivity scristosonnal I)NA sequences in infectc sinails. 

Kcy ,vonls: Schi.!osoma mansoni; Repeated I)NA; DNA prrobe; Species identificlion 

VII rodhctioii cariac) 121, it is impossible to obtain separate (lata 
on snailsThere are 5 schistosome species infected with human schislosomes inwhich regu- areas where huanin and animal schislosomes colady infect mian. Of Ihese, the 3 major species exist. Also, since direct identification of schisloof hImi an SchiStosomes afflict more than 2(X) ril- sonic species developing in humans is based ollion people around the globe in tropical and sub-

tropical regions 11]. 
egg morphology alone, identification presents aAbout a dozen oilier main-

malian schistosoncs exist in [ie same geographic 
problem if infection 'wilh animal schslosoines ex

regions, and those may infect the 
hibiling similar egg morphology, or interspecificsame frcshwa- hybridization, is st:I;peced( 13,41. It is thercforc[or snails which serve as intermediate hosts for desirable to develop alternative means of (liagnohuanin sclhistosonies. This presents a diagnostic sis that will enable differentiation between speciesproblem, as the various schistosome species can-not be differentiated by the morphology of the lar-
and strains of schist')somes.

Previous studies have described rDNA probesval stages developing in snails. Thus, since snail capable of differential identification of schistoinfection rates are routinely determined by iden- sonic species; based on restriction fragment lengthlifying snails shedding schistosome larvae (cer- heterogeneity of the corresponding sequences 
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2 
Matcrials and Methods 

Parasites. S. mansoni (Egyptian strain) was orig-
inally obtained from Wellcome Laboratories about30 years ago. It has since been maintained by pas-
sages through outbrcd albino mice and in snail
hosts (Fionphatlariaglabrata). Mice were in-
fected by subculaneous injection of 350 cercariac. 
Cercariac were sdied under fluore cent light from
saails infccied 6--10 wccks previously by individ-
ual exposure to 5-10 miracidia pc snail. Miracidia 
were indlced to hatch from ova in liver ho-
mogenates of mice infecled 9 weeks previou;ly.
Adult worms were collected frot: livers of in-
fected mice by petfusioa [8), wa;hed once with
phosphale-buffered saline (PBS), excess liquid re-
moved, aid tfie packed worms quickly frozen in
liquiI -itrogen and stored at -70°C. 

Prep.'zration of DNA. About I mi packed frozen 
worms (about 1000 worms) were thawed and
washed in cold extractioi buffer (50 mM Tris-
iiCI, pll 7.5/10 mM EDTA/100 mM NaCI), then
homogenized, warmed to 501C, supplemented
wilh sodium dodecyl sulfate (SDS) to I(X) ig 

-m 2 and inrubaled ar 50'C for 2 h. Nucleic acidswere extracie,l twice with phenol, once with phe-
nol/chloroform (1:1) and once with chloroforn,
then dialyze and precipqtated in et.anol. Treat-
mcnt with RNase A (10A /ig ml- 1) for 3 h at
.7°C then followed, and (he DNA was extracted 
as above. dialyzed, alcohol-precipitated, dissolved 
in TE (10 mM Tris-l10 p1l 7.5/1 mM EDTA) and
stored at -20°C. DNA, of S. haematobium and S.
magrebowiei was kindly supplied by Yaakov Pol-
lack, Ben Grion Univ:rsity, Beer-Sheva, Israel. 

Constructionof S. mmascni genornic Sau3A frag.
ment libraryir: the LtvnalI site of pUC18. DNA
from S. maLnoni adult worms was partially di-
gested with Sau3A and ligated with plsmid DNA
which was predigested with BamilI, and do-phosphorylated with caif Intestinal alkaline phos-
phalase 19]. Several lig:,Iion reactions were car-
ried out in parallel at various weight ratios of ge-
nomic/plasmid DNA (1.5:1, 3:1, 9:1 and 15:1),
and subsequently px-oled and used directly to
'sansform competent cells of E. coli strain F15 by
established pro!ocols [9]. Transformed cells were 

plaled out on I.13 agar plates containing ainpicillin. 
iPrG and X-Gal %ere included in the final plat
ing mixture. 

Screening of library. Screening for cloned highly
repeated sequences was carried out by colony hy
bridization. "lic colonics were transferred to nitro
cellulose membranes, then treated wilh 10% SDS,
and tie DNA dcnatured in 0.5 M NaCI for 5 min
and neutralized in 0.5 M Tris-llCi pil 7.5/1.5 M
NaCI. Following a wash in 2 x SSPE 191 ihe
membranes were (tried arid baked at 8(0C for 2 h.
Total genoric DNA from S. mansoni, 32P-labeled
by nick translation 110, was used as a probe.
Colonies exhibiting a strong hybridization signal were selected for further screening. Plasmids
from these clones were harvested by a rapid plas
mid purification procedure [I], restricted with 
EcoRI and Pstl according to Maniatis et al. [91,then separated by agarose gel electrophoresis and
underwent Southern blolting 1121 and hybridiza
tion wilh a 32P-labeled hansler rl)NA probe un
der low stringency hybridization conditions (see
below). Cloned repealed sequences unrelated to 
rDNA were subsequently selecled. 

Preparationofprobes. A recombinant cosmid

p11-a 2 113] which contains a hamster ribosomal
 
gene (inserted into the EcoRl site of [hl cos
mid vector Mua-3) was harvested [I 11, restricted

with EcoRl and fragments separated by agarose

gel electrophoresis 114]. The rDNA fragment was

isolated from the agarose strp by electroelution 
employing the model U.A.E. Unidirectional Elec
troeluler (International Biolechnologies, Inc. New
Haven, CT, U.S.A.) according to the manufac
turer's instructions. It was then labeled with "Pby nick translation [10] and employed for screen
ing to identify clones containing rDNA sequences.

A recombinant plasmid, pSml-7, containing a
640-bp insert of S. mansoni DNA, comprising re
pealed sequences unrelated to rDNA, was selected
(see below). The insert was released by diges
tion with EcoRI and Pstl or with Smal and Xbal
and separated by agarose gel electrophoresis and 
electroelution as described above. Fragments of
the pSml-7 insert were produced by Sau3A di
gestion. This was followed by clectrophoresis in
5%polyacrylamide gel [141, and elution from the 

, 
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polyacrylanide gel strips l)y diffusion in 5(X) nM 

NI14A,, I iMNt DTA. DNA was subsequenlly ex-
tracle( and( dissolved in TE. "lTc pSunl-7 insert
and its fragments were 3 2P-labeled 110] and used 
as probes. 

Dot blot analysis. A nitrocellulose membranewas pretrealed by soaking in water and wash-
ing once with 20 x SSC (1 x SSC is 0.15 M 
NaCI/O).015 N1 Na-citrate) for 30 min.DNA to be
dolled was (lilted as desired in 0.3 M NaCI then
denatured by Ioiling for 10 min arid kept on ice.
hnedialely before dolling the DNA was diluted 
ilt2 N1 cold ammonium acetate then filtered 


through the membrane in a Bio-Dot microfiltra-
lion apparatus (Bio-Rad Laboratories, U.K.). The
membrane was subsequently washed in I M cold 
anminonium acetale and dried, arid the DNA un(lerwent denaturation. neutralization al baking as
described above for colony hybridization. 

Filter hybridizatio.,. Standard high-stringency
hybridization involved prehybrikization for at least
4 h at 420C in 50% fonnamide, 5 x SSPE 19],
5 x l)enhardt's solution [9], 1% glycine and 200 

-
igmVldenaturated salmon sperm DNA. This 
was followed by overnight hybridization at 42°C
wilh with heat denatured arid 32P-labeled probe
(at least 1.5 x 106 cpm nil-I) in hybidization so-
lution consisting of 50% forniamidc, 5 x SSPE,
I x Denhiardt's solution, 0.3% SDS and 120 jig

-
ml
1denatured salmon sperm DNA. Hybridized
neibranes were washed twice with each of the

following solutions; 2 x SSPE for 5rin at room

lemperature (RT); 2 x SSPFV0.1% 
 SDS for 30 
rini at 53°C; 0.5 x SSPEA). 1%SDS for 30 min 
at 53'C,0.1 SSPEA).1% SDS for 30 rin at 530C;
and finally with 2 x SSPE at RT for 5 min.
'7he membranes were then airdried and subjected
to autoradiography (see below). Densitomety of
dot blot autoradiogranis was carried out using the
'Quick-Scan R&D Densitometer' (llelena Labo-
ratories, Beaumont, TX, U.S.A.). hlybridization at 
low stringency with the 3P-labeled hamster rDNAprobe pl I-a2 [13] involved prehybridizalion in
I x Dcnhardt's solution for 4 hI at 60°C. Tlhis 
was followed by hybridization at 37°C with the
heat-denatured radioactive rDNA probe in1.0 M
NaCI/lO Tris-IC0, p1i 7.4, 10 x Denhardt's so-

lulion and 10% lormnalni(ie. The nembraic was
subsequentlly washed live times each Ir 30 min
at 421C with 6 x SSC (I x SSC is 0.15 M
NaCIA.015 M Na-cilrale), air-dried, ai:d subjected
to autoradiograp;iy using a Kodak X-ray film, and 
a 'Carnex' intensifying scree!n. 
DNA sequencing. The nucleotidesequence of the
schistosomal DNA inserted in pSmil-7 was dc
lermined using Sanger's dideoxy chain termina
lion technique 1151 a', modified by Ilattori and
Sakaki [161 for doubh-siranded sequencing, using
denatured plasmid It:mplale. "l7he 'Sequenase' kit
(Slratagecne, La Jolla, CA) 35S-labcled dATXPand 

were employed.
 

Results 

Identification of clones containing species speci/ic
DNA sequences iunrelated to rDNA. About 5(X) 
recombinant colonies representing a partial genornic library of Sau3A-digested S.mansoni DNA
in the Bamil site of pUCI 8 underwent hybridiza
lion with total 32P-labeled genomic DNA of S.
manstoni. A total of 140 colonies exhibiting strong
hybridization signals were identified, amplified
and cryopreserved. Each of these clones was digested with EcoRl and Pstl to release the in
serled S. mansoni DNA fragments and underwent 
agarose gel clectrophoresis, Southern blotting and
hybridization with 32P-labeled hamster rDNA iso
laled from pl l-a2 [131. About 40 clones which did
not react with the iamster rDNA were selected. A
preliminary study oi qpecies specificity of these
40 clones was carried out by colony hybridiza
lion with 32P-labeled DNA 
 from S. irnuasoai,S.
haemaobiuniarid S.magrebowiei. Fie clones cx
hibiting strong hybridization signals with S.man
soni DNA, and none with S. haernatobiwn or S.
magrebowici were identified, and shown to cross
hybridize with each other. One of these clones,
pSml -7, containing a 640-bp insert of S.mansoni
DNA was taken for further analysis. 

Abundance and arrangemaent of ie repeated se
quence. Preliminary in!ornation on the abun
dance of the repeat was obtained from (uantilafive
dot-blot analysis. FEtlual quantiies of 2P-labeled
pSml -7 insert were hybridized with various con
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centralions of total S.mayisoni DNA and pSin 1-7recombinant plasinid DNA dotted on NCP 	(Fig.I). Similar hybridization signals were obtainedin both cases willh DNA quantlities ranging be-twcen 1(X) pg and I ng. This similarity is furtherdnionstraled in Fig. 2 which presents lhe resultsof densiloniclric analysis for determining the re-lation between DNA quantily anti intensity of thehybridization signal. Given the similarity of tie 
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0' 
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on 	 o-- s s , 
ngl DNAFig. 2. Graphic representation of the intensity of hybridizationsignals obtained with SmDNA (;cT) and pSml-7 (,) uponprobing with pSml-7 insert. The corrernnding hybrddzaion

dot, (see Fig. 1) were analyed by densihometry, and peakintegrals determined by weigh;ng the paper underneath eachpea. 	 ic 

hybridization signals as seen inof the curve (DNA the lower 	sectionutanlilics ranging hcwcen 1 X)pg and I ng) and since Ihe schistosomal insert 
DNA constitutes only about 1/6 of total pSm1 -7DNA it can be estimated that [ihe insert representsIn
about 17% of tie total schistosonal gcnome. 

a reciprocal experinent total 32P-labclcd S.man
soni DNA was used as a probe in a quanlitativedot hybridization with total S. mansoni DNA and
pSml-7 (Fig. I). The signals obtained with 5 rigand 10 ng pSml-7 were roughly similar by visual 
examination to 0.1 ng and 0.25 ng total S.mansoni 
corresponds to at least 80% similarity by densit

respectively (Fig. 1). The visual similarity 
omnetric analysis (not shown). Caculation of the 
ratio of signal slrength (by weight of peak areaon paper) to DNA quanlity gave average valuesof 234.8 	for 0.1 ng and 0.25 ng total S. mansoni 
DNA and 4.6 for 5 ng and 10 ng pSi 1-7. 'lievalue for pSmi 1-7 is Ithus 1.96% of tlic total I)NA.ilowever, considering iha( the schislosomal 0.6lkh sequence constitut:s about 1/6 of pSnn 1-7, itcan be eslinated Iliai this pSnil-7 insert conslitules about 12% of tie schislosomail genotrc.

DNA from S. ma, roni males and females andfrom mixed sexes was partially digested wilhSau3A, and underwent electroplioresis and Soul
em blot analysis 1121 wilh pSnl-7 schislosonl 
DNA insert. A ladder ok bands was observed (Fig.
3), each band varying in length by about 120 lp.
This pattern indicates that lIhe schislosonal DNA

contains a tandenmly repealed sequence about 
 120bp long, and that this sequence is present in pSrn I
7. This tandem repeat is present in both female
 

male S. mansoni adult 
 worms. Partial sequence analysispresence 	of a of pSril-7 insert revealed thedimer of 	a 120 bp sequence and 

a start of apresented 	in thirdFig. such repeat Tiis sequence isA.A complete Sau3A digestionthe 640-bp insert yielded fragments 240 bp,
120 bp ard 80 bp long (Fig. 5). "lese fragmentswere isolated, labeled with 32P and used as probes
at similar radioactivity/size ratios in dot blot hy
bridization against various quantities of total S.mansoni 	DNA. The pSmn1-7 insert fragments cxhibited similar detection sensitivities, namely between 100 and 250 pg (Fig. ii). These results indica e Hi all par s of the pS m1-7 insert ar equally

hl prsfte nhighly represented in tihe 1-7ist ar equall.schristosomal genotnc. 
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Fig. 3. Southem blot antlysis or S. manmoni DNA (M, adult 240bp 120 b-p 80b.p. 
nmles: F, females; F + hi mixed sexes) digested with Sau3A
 
and probed with 3P-labeled pSml-7 insert. '11,e position of 5


molecular weight nmiaker, is indicated. C J 
 W 
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Fig. 4. S.mansoni 120-bp repeat sequence. 0.1 

Upon (lot-bioi hybridization (results not shown)the 120 bp fragmcnt hybrid ized with botlh fihe 240- Fig. 6. Autoradiogram of quantitative dot blot hybrichiT.'tionlp and he 80-bp fragmcns, suggesting
6bp nseie pframens,cosge 

thai the of total S.mansoni DNA (Sml)NA) uion probing with 321'ntirtaie o labeled fragment (240 -1p, 120-hp and 10-hp) of the schislo640-hp insert in pStnl-7 is composed entirely of sonil DNA insert in pSml-7. 
sequences closely homologous to the 120-bp rcpeat units. The intensity of staining of individ- unsequenccd, part of the 640-bp sequence to creual bands (Fig. 5) suggest that the 640-bp insert ate additional Sau3A restriction sites that may acis composed of one 240-bp fragment, two 120- count for the generation of very small fragments.
bp fragments and one 80-bp fragment. The 80-bp
unaccounted for may be dhe result of generation Sensitivity and specificity of !t ie pSni-7 insert forof very small fragments. Minor changes in nu- detecting schiLtosotnal DNA sequences. Analysiscicotide sequence may be present in the distal, yet by quantitative dot hybridization demonstrated 



Pubps Sun Verion 5.1 i PubTeX output 1990.08.27:1516 Filc: mhp.1430hmpl.i0(i94.dvi tJlcr: 'otek Page: 6 

SNAIL DNA 

)ug ng 

5 b5 


WI0
10 

20 20 

50 50 

)NA sequences in I)NA from
Fig. 7. Detection of S. manioni 

infected snails (I) and from normAl controls (N) by dot blot 
hytWdi7ation with 32P-labeled pSml-7 insert. 

as littlethat 3P-labclcd pSml-7 insert can detect 

as 10(0 pg schistosomal DNA (Fig. 1). Tc pSml-7 
insert was then used as a probe to detect schislo
somal DNA seqcences in infected snails by dot 
hybridization (Fig. 7). This probe revealed schis-
tosonal sequences in as little as I ng DNA froi 
infected snals, while as much as 50 jig of normal 
snail DNA gave negative rec uils. 

Clone pSml-7 was originasiy selected for 
species specificity by colony hybridization with 
total 32P-labeled DNA from S.mansoni,S.haema-
tobiun and S. magrebodei. Quantitative dot 
hybridization was subsequently carried out. S. 
haematobiwn and S. magrebowiei DNA (1-1000 
ng), and S.rnansoni (1-5 ng) were dotted on NCF 
and probed with "P-labeled pSml-7 insert (Fig. 
8). S.haentatobiwn DNA at 500 ng and I(X)O 
ng gave positive signals, but none was detected 
with any of S.,nagrebowieiDNA quantities tested. 
Judging from the maximal sensitivity (100 pg) of 
S.mansoni DNA detection by pSnl-7 insert (Fig. 
I) it appears that the S.mansoni specificity of the 
pSml-7 insert is >10) vis Avis S.haematobitm, 
and >>1000 vis Avis S. magrebowiei. Since only 
two heterologous schintosome species were avail-
able for the test, the evidence for the species spcci-
ficity of the pSml-7 insert is considered partial. 

Discus.sion 

We have cloned and characterized a short, 
tandemly repeated DNA sequence which is highly 
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Fig. 8. Deleminatici of the species specificity of the pSml-7 
probe. Different quantities or DNA from S.man.toni (I and 
and 5 ng) and from the hcterologous species S. haematohium 
and S.magrebowiei (1-1000 ng) were dotted and then probed 

with the 32P-labelcd pSml-7 insert. 

represented in the genomes of bolh male and fe
male S.mansoni. Repeated DNA sequences have 
been used by other investigators as probes for de
tecting parasites and for identifying their taxon 
[15,17,18,191. Small, highly repeated sequences 
can be considered highly suitable probes for s rh 
purposes. Firstly, because their high representa-
lion obviates a high detection sensitivity, and sec
ondly, because such soquencs are most likely 
non-coding and therefore evolve more rapidly 
than the rest of the genome. Species identification 
of schistosomes has so far been accomplished by 
employing ribosomal gene probes in Southern blot 
analysis to demonstrate species specific restric
lion fragments 151. lowever, such a lest cannot 
be considered suitable for multiple assays where 
simplicity and low cost are crucial. Also since the 
ribosomal gene is represented only in about 100 
copies/haploid genome 16], the detection sensitiv
ity of the rDNA probe is rotatively low. 

A DNA probe from S. mansoni which repre
sents a tandemly repealed 0.4-kb dcgeneralive se
quence, prcsent approximalely at 75 copies per 
adult female geno ne 171 was recently described. 
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I'tis probe allows determination of sex in larval 
parasiles. It isspecie-specific vis Avis a number of 
schistosome species lested allowing species ldet.-
lification by simple dot hybridization, but the de-
gree of specificity has not been addressed. Clone 
pSinl-7 described here contains a 0.64-kb schis-
tosonal sequence which constitutes at least 12% 
of the total S. mansoni genomc. Further analy-
sis with a DNA probe of known size and copy 
number is required in order to exactly determine 
the abundance of the cloned pSml-'/ repeat se-
qucnce within the schistosomal genome. How-
ever, the results so far (Fig. 1) clearly indicate its 
high representation and correspondingly high de
tection sensitivity. A repetitive sequence of such 
a high representation has not been yet described 
in the schislosotnal genome. Whether this may be 
ascribed to strain differences remains to be exam-
ined. Analysis of the species specificity of pSml-
7 is yet only partial, but the degree of specificity 

detected with S. mansoni is 3at least orders of 
magnitude higher than withl S. haematobiun and 
S. magrebmviei. Elucidation of the full differenti-
atien potential of this probe requires quantitaive
dot blot analysis with a wide spectrum of schis-
losorne species and strains. The cross-reacivity 
demonstrated withl S. hoematobium (Fig. 8) sug-
gests that a similar repeat is present in S. haema-
tobium. It is Iherefore expected that tie pSnil-
7 ree i n p6

prob~e should be suitable for identifying par-
tially cross-hybridizing sequences from the het-
erologous schistosome species (under suitable hy-
bridization conditions). F~romn a practical point of 

view the differential identification of S. haemato-
hiun from other schistosomes developing in Bu-

lintLv should provide more accurate snail infec-
tion rate data, and may also enable differenti-
ation between sixecies of terminal-spined schis-
Iosomes developing in ie vertebrate. Compara-
live sequence analysis may be helpful for elu-
cidating evolutionary relations between schisto-
some species and strains, and for constructing 
highly specific oligonucleotide probes as has been 
demonstrated for filariae 1191. 

The pSml-7 probe could detect schistosoal 
I)NA in I ng infected snail DNA (Fig. 7) con-
finning the high detection sensitivity and indicat-
itig that thie repca: are highly represented in DNA 
from S. mansoni inmramolluscan larvae. The high 

detection sensitivity shou!d allow rapid detection 
of individual infected snails wiftout prior purifi
cation of DNA from tlhc snails. A proccdure for 
this purpose was previcusly described by us 1201. 
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