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Executive Summary: Schistozomiasis, i1 water-borne disease

transmitted by freshwater snails afflicts more than 200 million
people glcbally. It is a lingering public health problem in many
developing countries because chemotherapy does not prevent
reinfection, and bpecause 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 canno# be accurately determined. Firstly,because
routine tests Qn;yiékamine whether the snails shed infective larvae-
cercaria, tpus iéaving out infected snails in which infection is not
yet patent. Secondly, because cercarial shedding tests do not
providé}mqifferéntial identification of human schistosomes larvae
. rom ani%él éuhistosomes' larvae which may develop in the same snail
specieéﬁ

The present project was aimed at identifying infected snails by
detecting schistosome-derived mclecules (antigens, DNA) rather than
the parasites themselves. For this purpose, we initially developed

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

a simple test system for detecting hitherto undefined schiustosomal
antigens in the hemolymph of infected snails. The test made it
pessible to differentially identify S. mansoni-infected snails from
uninfected ones and from srails infected with other tromatodes. Both

laboratory studies in in Jerusalem and field studies in Kenya proved



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 schistosoma 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.



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

prepare and apply Mab and DNA probes, 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 prcject 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, wupscaling 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



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 letween schistosomal and
snail antigens. We 1initially prepared polyclonal antibodies by
immunizing rabbits with extracts of adult worns and cercariae. These
antivodies 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 anot provide sufficis=nt
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 extructs have not been previously
desribed but presence of schistosome-specific antigens in infected

Biouphalaria ylabrata 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 Lo our knowledge Mab are not yet used for detecting snails

infected with schistosomes.



The use of DNA probes for detecting parasites was gaining
momentum &t the time our study was started. As far as 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



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 pioupbe 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. Completinon 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% sensitjvity and specificity.

Infected field snails (B. pfeifferi) were differentially



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 Sclhiistosoma mansoni DNA 1in 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 NaoOli+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 DHNA 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

manscni recognized by a species specific probes. Mol. Biochem.
Parasitol., in press.

A cloned 0.6 kb DNA sequence of S. mansoni contains 121 bp 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 willi 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,
however, 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 8.

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

because shedding tests 1in this case do not provide specific
identification of the human schistoscme vis a vis a number of animal
schistosomes which can develop in the same snail species. The
immediate use of our Mab Zor 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

11



our results gain credence by large scale trials in which the
prepatent/patent infection ratio should be examined as a measure for
such en 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 exawple) will require some
organizational changes. Public Health Laboratories will have to
acquire these 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
institutions and central Public Health Laboratories should consider

organizing central facilities as well as suitable personnel

12



(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., 1is a must for a hybridoma unit to be operational on a
continuous basis. This is 1likely 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 neetings 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 and fusion
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., Weil, M. and Pollack, 7. 1987. Detection of

Schistosoma mansoni DNA in extracts of whole individual snails by

dot hybridization. Parasitol. Res., 74:97-100.
Hamburger, J., Weil, M., A~ton, M. and Turetsky, T. 1989.

Schistosoma mansoni antigens recognized in Biomphalaria glabrata

hemolymph by monoclonal antibodies. Am. J. Trop. Med. Hyg.,
40:605-612.
lamburger, J., Weil, M., Turetzky, T., Ouma, J.H., Koech, D.K.,

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

nof snails (Biomphalaria) infected with Schistosomes by ELISA

eriploying monoclonal antibodies: Schistosoma mansoni in laboratory

snails (B. glabrata) and in field snaile (B. pfeifferi) from
Kenya. Am. J. Trop. Med. Hyg., 40:613-619.
Hamburger, J., Turetzki, T., Kapeller, I. and Deresiewicz, R. 1991.

Highly repeated shor* 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., Ounma, 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 Schistosoma by the use of

antibodies and DNA probes. PSTC conference on Bioterchnology for
Health and Agriculture. Washington, D.cC.

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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Project Productivity: The project accomplished all of the proposed

gnais.

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) Development of non-radioactive, cost effective procedures for
detecting prepatent infection in snails infected with S. mansoni.
3) Elucidation of straiii 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 resvonsible 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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SCHISTCSOMA MANSONT ANTIGENS RECOGNIZED IN
BIOMPHALARIA GLABRAT 4 HEMOLYMPH BY
MONOCLONAL ANTIBODIES

JOSEPH HAMBURGER, MIGUEL WEIL, MIRIAM ANTON, axp TIKVA TURETZKY
Hedrew Umversity-Hadassan Megical Scacol. Jerusaiem. Israe!

Abstract.  inorder o 1denufy and charactenze Soiusiosoma manson: antizens in Stom-
paclar:a gigbrata. we zxamined % munne monoclonal anubodies 1Mabs) for speciic
binding o schistosome !arvae. None of the murnine Mabs induced v infeciion or o
imununization with a ¢rude cercanai antigen (CCA) served this purpose. Two Mabps out of
Y (KCISmell-3 and KCSimel2-4) inducad by soluble 22g antigens reacted with CCA but
not with normal snail (NSNY extract. We selected these 2 ‘or studies on detection and
charactenzation of schistosomal antigens 1n snarls. When empioved 1n 2n ELISA| thev
differentially detected schistosomai antigens in extracis and cell-free hemorsmon (plasmal
of nfected snails. The selected Mabs bind to cercanal suriace as demonsirated by the
indirect tuorescent antubody techmigue ¢ IFAT) with parcrormaldenvée-fixed cercanae. The
2puiopes corresponding to the selected Mabs are penodate sensitive, suggesting the ziv-
coprote.nt n2ture ol the anugsns recogmized. Immunoblotiing anaivsis emploving the se-

lected Mab revealed | anugen in CCa (M.
== 220 xDa., 130 kDa. and '35 xDay.

= 203 kDajand 3 anugens in snaiul plasma M.
Schistosomal anugzns were '1r51 deteciabie n the

snails’ plasma 2 weeks after snail infection. and their quanuty increased atierwards.

The widespread antigenic cross-reactivity
which axists batween Sciustosama mansom and
i1s host Blompnaiarie 2iapraca =" is possibiy one
way the parasites evade snail defenses. -* Parasite
specific anugens, on the other hand. have been
suggested as possible targels of speciiic recoent-

zon of the parasite as jor=ign v spagi hemo-
S1es, U reognIton teIng LN tmponant niuai siep
1 mobihizauon of snali defenses against schis-

10s0me 1nieclon.

Little 1s <nown o! tne 1denuty and characier-
131CS OF SChIsiosome speCiic anugans within therr
itermediate snan Losis. despite the imponance
31 sucn knowiedee jor the ¢iuciaauon of sciis-
‘asome-snall 1ateractons. Schistosoms spacinc
antigens have ocen detected in hemolvmpn and
azmocyies ol infected 8. giaprare by emploving
surtably absorpoed ntecied mouse serum as an-
agen delector, byt none have vel deen delined.
Tegmental >ur:'3c: proteins of .S, manson! spo-
rocysts have been analvzed v monocionul an-
ubodies 1Mabs). taking into account thetr pos-
sidie role as targets of snayl detenses. - However,
helr specincHly n reiation o sna antigens ha
50t been denned. The emplovment ol Mabs for
denuncauon and :naracwrzmm of schisto-
SOIME SPeciic anligens in infeciac 2. yiadraia is
he sublect of this paper.

MATERIALS AND METHODS

Parasie and nosis

Scaistosome manson: (Egvpuan sirain) was
maintained in outbred albino femaie mice and
N snavis tBiompnaiariz giabraiar as previousis
descnoed. * Snails were infectad individuaiiy o
2xposure ¢ 1Q miracidia 2ach.

Anigenic greparations

. mansenrova were harvested from intestine
o1 mnfectaG muce by homogenization. irpsint-
zauon. o048 aifferenual sieving. Soiubie 22g an-
nEen (xzAv was prepared rem the ova by no-
moue'nzanon and uitraceniniugauon. -

A crucde cercanal antigen CC Ay was prepare
mvosonication of ivopmilized ¢ercanae in pnos-
=nate butfered saiine 1PBS), oH 7.2, Sonicanon
was carmed cut witn a Sonicator W.Z23 i Uhira-
SONIC {ac., :n 3 v s of puises <1100
1 min 2ach.

acis rom sormal or infecied snails were
preparec in a test tube by mecnanicai disruotion
>Uwnole snatls with motor crven woogen ao-
pilcators at (.300 rpm for 2 mun. Disruption of
snanls was followed by centnfugauoen at 20000

Vel tor
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rpm (Mikrotiter Hettich, West Germany) for 13
min.

Snail hemolymph was drawn out with a mouth
operated suction tube to which a 23 G needle was
attached. The snails were pierced near the in-
nermost coil of the shell. Snail plasma was ob-
taned by centnfuging the hemolvmph for 3 min
at 12,000 rpm (Mikrouter Hettich). Protein con-
centration of the vanous antigenic preparations
was determined by the method of Lowny and
others.»

Monociona: aniboaies

Threz senes of Mabs. differng in the nature
of antigenic sumulation ziven 10 the spienocsies
Zonors {BALB. ¢ femaie mice. o weeks old). were
orepared. For the first senes. mice were infected
by subcutaneous injection of 30 S. manson cer-
canae: spleen czils were taken for fusion 6 weeks
.ater. For the second semes. mMiC2 wers mmmu-
aized 0 CCA: an 1p injecuion of 100 zg CCA
:ncorporated in Freund's complete ad;uvant was
ollowed 2 weeks later bv 30 ug CCA :ncorpo-
ratedin Freund's incompizate adjuvani. The mice
were then allowed to res: for at least | month; <
cavs before spicnocyizs wwere taken :or iusion,
the mice recerved 30 zg CCA without adjuvant,
Forthe third senes. mice were immunizea against
22g antigens by a week!v ip inrection of 3000
Hve SO omansom: ova for 3 Consecullve wesks.
Afler a monin's r2st. the miuce recanved an v
:nfestion of 29 wg SEA < dass belore spienocties

v
i

-
<

Mere laxen 1or rusion.

Mabs were crepared according 10 2siabiished

protocois.” * Mvyeiomaceils. hne xo3-Az3-533,
+

poivethylenegiveoi M. 3.500). Subcioning was
sarmed out by itmiung dilution. and asciuc Juids
were preparsc by ip injecton of v bridoma cetls
:n10 prisiane preireated mice.

Znovme tinked immunosoraent 2ssav

An ELISA was carmed out jor severa: purpos-
2s: the routine scresning ol anubody acuvity 1o
somologous anugsns in corresponding hvbnd-
0Ma supematants and asastic Huids, for secong-
ary screening of Mabs in crder 10 s2iect those
potenuaily suntable for speciic detection ai »onts-
\0somai antigens in intecied snaiis. for the ira-
11on of setecteG Mabs. sor the determination of
the [g 1sotvpe ol seiected Mabs. and ior the 1éen-
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tification of schistosomal antigens in extracts and
hemolymph (or plasma) of infected snails.

Established ELISA procedures™® were em-
ploved. with slight modifications. Briefly, wells
of flexible microuter plates (Falcon. Becton-
Dickinson Labware. Oxnard, CA) were coated
overnight with 63 ul well antigen diluted in PBS
1o 10 ug mi. unless otherwvise indicated: 3% bo-
vine serum albumin (BSA) was emploved for the
blockineg of nonspecific sites by incupation for |
arat 37°C. Aliquots (39 i well) of tested cuiture
supernatants or asciuc duids. dituted when rniee-
2ssary with 3% rewal calf serum., were incubated
in the antigen coaied wells for 2 hr at 37°C and
then tor iz nrat 4°C. The welis were washed with
PBS pius 0.1% Tween 20 (PBS-T). and probing
for anubody hinding was routineiv carmed out
with goat anu-mouse lg (poivvaienty conjugated
10 alkaline phosphaiase (Sigma Chemicals. St
Louts. MOQO1. For determining lg isotvpes z0at
anti-mouse igM iSigma) and rabbit anti-mouse
1eG,, 18G.,. 12G.,. and 1eG. (Litton-Biomeincs)
were emploved. Following incubation at the de-
scnbed conditions. the wells were wasned with
PBS-T and the substrate P-nitrophenyi disodium
‘Sigmay was added. The coior reaction was read
oy an ELISA reader rTitroteck Muihiscan. Fow
Laboratories. Scotiand).

Immunochemuczi sharacterization

To determine whether epitopes correspond:ng
10 the selected Mab were carbonvdrate or poly-
oeptide in nature. we absorbed :nfacted sna:l
ISN) piasma diluted 110 (=30 sg weil), CCA
163 ng well), and SEA 83 pg well) onto a mi-
Srotiter piate. Treatment with vinous conosn-
rrauons o penodate joilowed. and then an ELISA
was pertormed as previousiy described.? BSA
anu-BSA rrabbui servad as a centrol for peno-
Jate insensitive 2oitopes. A Mab «KCSmegi) in-
duced by ine major egg zivcoprotein ol S
manson=* was prepared in our jaborators 2ad
‘ound to be directed against a carbonvdrate 2oi-
tope {unpubiished results), KCSmegi was ¢m-
nioved as 2 controi [or cetecting perniodate <on-
Liuve 2piopes.

Inctrect tiuorescon! JnuOOGY 108!

Binding oi fab :o cercamal sumace was in-
vastigated by an nairect duorescent anuboay st
GAFATL Cercanae were coilected rom inrectea

’
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snails and washed 3 times with 100 m! PBS in
a filtration apparatus (Sartorius. West Germany)
holding 2 47 mm diameter Alter with a pore s.ze
of 3 um. Washed cercanae were fixed for 13 nun
with 2.3% (final concentration) ot neutralized
paratormaldehyde in PBS. Thev were subse-
quently washed 3 tnes with PBS and incubated
o 20 minowath 2.3% BSA in PBS inoorder o
mind anyv unreacted aldehvde sroups. Mab di-
iuted 1:2.000 1n 2.3%0 BSA-PBS was incubated
for 20 mun at 37°C, wuth (G0 cercana o a total

-

4

03

,,)

volume of 200 ul. This wae joilowed by 3 washes
:n PBS and incubation as descnibed above with

200 4l or duorescein-conjugated rapbit ant-
mouse [gG tH~-L: Bioveca., R 1. fsrael) di-
iuted 1130 with 9.02% Eu':ms hiue 1n PBS. Foi-
lowing 3 waspnes with PBS. the corcanae were
suspended ia PBS givceror v vy and examined
under a cluorescent micrescope. Photomicro-
2rapns xen under 400 ¢ megnincancn.
Controis with no Mab and wth rzievant Mab
were preparad and 2xamined :n parallel.

ware la

Polviacrviamude go! eiecironnoresss

L et

Tn2anugans SEA and CCA anc 1SN and nor-
maisnat tNSN1piasma wers tested by poivacryi-
amide geiciecirophoresisiSDS-P \C}::‘.. {hesar-
LCUS antigens ware :lzai,\z-:cf 2gainst phospnate
Durier i nd elecircphoresis was
carmed out ’*ccrding 10 L:xcmmix” in 1(0Y% ac-
~lamide eisfln » 17 rm About <0 zg of
2acn antigen 1

Moiecuiarwe !
MWL.SDS "0k Sigmay were runon sarailel
Western 2loring and iovmunegetesion

Proteins raveoivad by SDS-PAGE were irans-
o no

el 2izowrephoraucails onto m:roc*llulose pa-
ser «NCPY by estabiished procedures.™ o After
ife transtzr. 2 secuen 9f the NCP containing a

st of resoived anngens ane moiecular weight
: 3l

marxers was siamad with 2o amido '~a 2
2muxiure 0f H.O zceucacid methanol 45
A paraiiel serarrasoived antizens uncervent im-
munod2tection as 100w s: nenspecic sites were
clocked tor 2 hra 37 Yy g blocsing soiution
3 NP2 2% Trmton N-io0. and F%n muik
powder o PBS) Thez same sofution was used for

washing the NCP ana for ailuting the reagents.
Mabs ciluted ed with the NCP
2l room temperature tor 2 hr while shaking, The

200 '.\':r-: react

507

NCP was then washed 3 times and incubated
under similar conditions with afinitv-punfied and
alkaline phosphnatase-conjugated goat antbody
to mouse Fab (Bioveda. Rehovot, Israel) diluted
1:1.000. After further washings. a color reaction
was induced with a substrate nuxturs consisuing
of 40 mg naphnl phoschate disodium (Sigma)
and 190 me Fast Red TR Sigma) in {00 mi of
30 mM Tnas. pH 9.99. The color reaction was
s:o*nc:‘. by rransiermng the NCPinto a miniure
{ H.O:aceuc acid: methanoi 13:0:%) and the
\C° w25 then wasned with water and dr2d

RESULTS
Screentng or monocionazi aniirodies

of 19 Mabs were obtained. Thev war
iurther screened by ELISA in order to saiect Mabs
reacuve with CCA but non-reaciiva with NSN
2xtract. Such Mabs were considered potentiaily
suntaole tor Jetecting schistosomal antigens n
1SN 2xtract. Ofthe 5 Mabs induced by iafection,
< reacted with hoth CCA ancd NSN exiract and
2 rzacizd wathp n=ither of thase anugens. Thus,
none of these Mabs werz sunabie jor our pur-
o

2058S T"e < Mabs inducad by CCA reacted with
2oth CCA and NSN extract 2nd werz 2iso zn-

senabie or our purposes. O @ ;

¥ reacted wilh both CC% anc NSN. & ore-
acted wud nenther of these anuig2ns, and 2
"RCSmell-3anc KCSmell-Svraaciec with CCA
2ut not witn NSN axiract Thesz iast
ectee for delalung schusiosomal antigens in

ected snatls. Both thase Mads were [2M.

3

Juannizive 2specis

Mao-znigen interactions

'm 2nt ciiutions oi Mabs ¢ wetls

a1 lonczatrauons o anugens

mined ':::' ELISA, Prosminany inraton
e

¢ Maps tn asciuc duids) was car-

Binding of

L3000 1500, 1T 00, 2ne S D00 was ge-
termyned wiin O % at concenty -
ng well ane with snani 2xiracis (not centntugeds
at concentrauons St T I=7.200 ngwell. Stmular
resulls ware ontained with 2il Map diutions ¢m-

slovgc. and reoresentative resuita with a 105000

uxlu.‘on ol r\C-mcl -3 are presenied in Frzure
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ANTIGEN SONCENTRATCN }nq,.m)
ELISA of Mab RCSmell.s

Perre 1o Reaciaty by EL.
1 +.000 dilunony with vanous JmOLRIs ora :
o arannzen (CCAi 2 pooied cvinadt .l'om normai
ANSNY, and 3 zooied 2hirast O 1“‘”’L‘d s7ALS
sove 3D orradin Q0.

Jrude

‘n "‘\
SN Hroaen {1ne sncicalss 2-

spned Wi an iTeievant \lac

| RUSmel2-4 showed similar binding activity
.v.—»\uu.\ not shown). Mab binding to CCA andt

1‘ ;‘.Ul of ISN extract rose with the risein antigen
convcentrauon (3. ~30-7.300 ng weil. These

-onacntrtions ars adout 10 times higher than

oee 1 tolding maximum hinding with a vanety
THON Y M .

- drerannieens. st Given tais :mun;..nd 1aking
MO Y - .

. i0s0mail antigens consi-

Suro aocount that sehi
. sutyenicn

Tl H
iy adracton oiae overall con

N ! i
. <10 eNIFact. thess rosuils seem o sug-
S N NiTdle, %
. Q ! yea )
the rejevant scms:omma. antigens e

=-:_~3 -~ 1
1 '\\ :\.r:xc concaniraions o. I- :0 ng weil

. wm vms RaSIS Of SrOIZIN JORCTen-
soeqtand thal on o Ane tasts Ci °TC
:‘\:.-“\ ey < .. B e obahA Ut !
i, Ly 2Dout 3 nmes more 1SN axiractwas

S ke seiecied Maboa ool
axiract of NSN was usually ow
race NS

concEnimuens of Tooied
\'Q\' \ICts wers :...:no' 2c¢. Z1!
vl eecasionaily 2

~ov tman paseline va

‘::g W .
IR \ad 'p'" \ A
- oo eomeividual NSN were wsled ‘\*: K
1- svabited hien 7.nc-ru. Fa 2 .'"'s‘~ \’:vs
csapiad 10 HE nONSDRCInT TN ol ine I'co
. porssent :L".c *\iract on-

m!\ shange N2 D1acing
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FIGURE 1. Reacuvity by ELISA of extracs ‘rom
wndividual snails with Mab KCSme22-3 and the effec:
o1 the removal of paruculate matenai by c:mnu.m-

:on. Extracts ol infected snailstISN) and nosmat snails
«NSN) were tested with (W) and witaout (W OV iaiual
sentnfugaton,

ar the Mab to the ISN extract iFig. 2). it was
2ssumed that the bulk of the corresponding an-
n2ens were soluble. This was supported by the
r’.ndinz that plasma (cell-free hemolvmpn) from
;nfected snaiis is readily reacuve with 5ota se-
Icc..o Mabs.

Piasma rom 3 ISN shedding csrcarmaer and
3 NSN was applied 30 the microuter piate ai
Jdoubie dilutions ot 1:10]: 3, . 22corresponding
10 protin concentrations ol 31,82 = 15.9-42.009
= 2001 ~g-weil Jor ISN niasma and 62.3¢ =
20.5=0.012 = 2903 Liwell for NSN piasma.
The results of this test empioving KCSmel>-3
r2 presented in Frgure 2A. Similar resuirts were
Jotained with KCSmell-2 iresults not shown,
\(ao bindineg io NSN piasma was Invanaivvery

1.

20w High reatuvity was exhibited with piasma
rom < of § 1SN 2tail ciivuons. and 2 prozone

iect wascbsenvad. Plasma irom the other 2 1SN
inInis group exaibned lower reacuvity, Plasma
<unons of i:iA). corresponding 10 an average
protz:n content of =3.250 ng well. vave the
Jammai average dinding of Mab. Since Jinding
Taxima were obiained with pooied SN extracts
ox.‘ ioseiv stmilar conczntrauon (3.7 30 ne wel])
Fig. 1n these r2suits again suez2est that a sub-
slanuai proporiion of the scn stosomal gDlopes
Jetected in ISN by the seivcted Mab are nresent
7 1ne diasma.
T:—- appesrance of s;h:s:osomm antiesns on
snans’ plasma coilected 1-0 weeks aiter exnosure
3 muracidia was detected ELISAL Deracianie Mab
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FIGL'RE 3. Reacuvity ~v ELISA of cuil-free hemoivy
(A) and o snaitis harbonne sresatzat :niection (By of 2
saal pasiaa. Plasma from incividuar snads at douding
p.ate *:.ls and Mab KCSmell-3 was empioved as an an
amitor ELISA OD readinzs win p;as*m from ¢ same
oinding wasexnidited starung at 2 weaks (r2sults

2 snatis. this ime co-
se and mugration of daugh-
.,mc:m_: curves ootained

not shown). [n our intec
incides with the reiea
20 $DOroCYsls.

with

piasma rom # snais :nfeciec for 1 weeks are
presentecn Figure 3B. Prepatent infection pias-
mae2xnioited much icwsar Mab bmdinz than did
patentntecuion piasmarFig. 3A) These resuits
ndicate that e cuanuty of the :orresponczmg
¢DIODIS INCTEases as inI2ClOn Srogresses jrom
HTEpaiendt 10 patencs

CRQrasieniIaion or SLnSiSImar 1nhzens
werecten fuothe selected Makbs

Periocaie sensiuvity of 2p1l0nes correspond-
:ne 1o KCSmeZl-3and KCSmell-21s presented

i
1:1000 1:10000
mph plasmal from 3 snais Kartonag patant infzcuon
weeks curation. Hor‘.zon'.a' ax:s indicates diiuuen of
ciutions (Li10= 8 120
tgen aelecuing reacen: Broxe
cumber o7 normat snans 18 an

oy

lied onto micr

aop er

nane
s
IeYole]

:n Table 1. Treatment o SEA. CCA. ang¢ 1SN
piasma with a suntable concentration of periodzaie
2230 mM tor SEA. <3 mMjor CCAL and 3-

‘0 mM for 1SN aboiished the binding o hoth

selected Mabs 10 these antigzns, The coservad

Sifferences in penodate sensiivity mas

Jiffersnces in consumption ¢! periocate depe
:ng on the total concantratien of the
antigen and on dirferences 1o the \
:0date sensitnve sites. Based on these resuits &
1ssume tnat antigens expos JomTe-
soonding to both seiected Mabs are

2ins.

Western biot anaivsis

onstituents resoived Dy

~ar

Gansny &l

ing ¢o

1eres

2 Copro-

2ut ¢vith both selecied Mabs, Resuils cotained
w1th KCSmelZl-3are presentedin Fgure & Muj-



610

HAL/BURGTR AND OTHERS

TaBLE |
Periedute sensitivizy of epitenes corresponding to Map KCSme22-3 ang KCSme22-4

£L15A QD wuh penodate treated INLZINS 11 v 3N0US PeroCate JONCERIrations 1mM)

AnLpody Antigen D] 31 N 0 e}

KCSme22-3 SEA G.303 0.003 0 0 J
CCA 2673 0.725 0.043 0027 0.043
ISP .72 1722 n.17e 2 0.022

KCSmell-4 SEA 302 0 3 J J
CCa 3.5838 .72 3,045 ).027 0.043
1Sp 1.350 R 2.<5] ANORH 2033

NCSmeg! SEA 3.721 ) 2 )

rpusitive control)
Rabbit anu.BSA BSA 2.629 2.503 13.646 DINLE 336

‘negauve coriroh)

tipie plasma constituents with M. of > 200 kDa-
33 kDa were resoived bv SDS-PAGE (Fig, 4,
‘anes g, ). CCA was resoived tnto multiple con-
stituents withi, >200 kDa-22 kDz (Fin. 3, lane
O Immunodeatecios wth KOSmel2-3 reveajed
i consutuentat 203 kDa in CCA (Fig. 2. lane by
and 3 schisiosomai consiutuents of 220 kDa. 150
«Da.and !33 kDan the piasma o ISN (riwg
ane ). Plasma trom NSN did not ex1ibit an
inding o1 Mab as expected ¢ ‘Fig. <. lane ¢ .-\
em o was cotamned wath NCSmell-s
t snow’n

umtar ::

asungthatifee r.'es:on\.m

1Q
()
-t

!
!

[ &) .
g
E F_
F
4
Q —_— 239
=
.
B
§ -
a .
. 8
FIGURES. Westamn M =.ots tianes a~d) were done witn

120 KCSmell-3asan aatigen detectng reagent. They
r'eﬁrm'm o 3DS.PACE oy \‘:~\ CCA NSN masma,
¢ ISN ~asmaianes e-n, 1

surtace. Representative results with KCSme22-3
are presented 1n Figure 3

DISCUSSION

In the present siudy. we have emploved \hbs

nsearch of parasite specific antigens in &.
crara infected with §. mansons In view of the
axcespr“aa cross-reactivity of s&mstowmﬂl an-

gens with therr sna:l host.~* 1t 15 not sLronsing
that among a otal of 13 Mabs which reace
with cercaral antigens «CCAY i1 aiso reacted
1th extracts from normal snails | NSN, | nugzn
shanng betwezn snaiis and schistosome larvae ;s
thought (0 De largely due 1o accuisition oF snat

[#]

consiituents by the carasites~’ and pernaps a.so
oV in e antgenlc mimien ' The antgen

snarng i rc between scnisiosome eags anc snai
anugans 2tzctec oy 3 a1 S NMabs whicn were
:nduced 'r): SE-\ sannot De expiatned as oeing

due 1o acquisttion. since schisiosome = 2225 a0 not
Some in conac: wz:h snatl ussues, T'ﬁcre!ore. o
Ty te assumed that ihe corrasponding ep
are svntnesized by schisiosome 2egs. Such snare
antigens. prasumabiv swnthesized Sy the sara-
Site, are parucuiarly interesting in the context o;
the moiecuiar =volution or' the A parasii2 ze-
aptauon.?®

Cross-reacuviiy oetwesn egg antigens ane cor-
canal anueens was exmibied by F oo 9y
:nguced by SEA. Among these, NCSme>2.:
KCSmell-2 ware rarasite speciic and iceniife
carbonydrate voitcpes ' Table 1 in schisiasomal
anugzns of high rziauve moiecuiar mass i Fig. <0,
3oth selecteg Mabs vere [eM and eave f"miur
..su!u DV wiloesis :...pnoxeo 'ELISAL "Wasiem
T Whetherthey are direcied wemnst

S0 "2 gotermined e

L)
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epitope-specificity analysis, Since the 3 antigens

Doy

- - s detected 1in the snails’ plasma appear to be dif-
0. ild ferent 1n molecular mass from the | present in
s CCA (Fig. ) 1t can be tentatively assumed that
. “ thev are not denved trom cercanae. This as-
. ‘I . N -
- ! sumption is supporied bv the nnding that these

antigens irst appear :n the plasma 2 weexs afte
snail infecuon. betore the development of cer-
cariae in our mfecied snan colony. Since their
Juanity increases rom prepatency 1o patency
(Fig. 3). it ¢an be assumed thai thev are released
N 3 progressive manner as an outcome of the
normal deveiopment of the parasite. pernaps
Junng the release of lurvae from mother and
daughter sporocysts.

The parasite specificity of the schistosomai an-
uigens detected in the snail suggests that they may
»e Joreign 1o the snail. but wnether they can be
rz2cognized as such v the snail remains 0 be
determuinad. At presen. chese narasite specific
2pitopes and the corresponding Mabs can becon-
siderad as candidate reagents for idenutving pu-
ative receptors medialing recognilion oifparasiie
antgzns oy osnail hemocvtes.” Wheather these
2pitnpes piay a2 roie in the regulation of snail

ciear. Since these 2pilopes are par-

YN o Ly

Jetenses s ur

M2 pPraclicai point ol iew, severaifeatures
SUthe Mans and the immunoassay éascn»ed ©ur
the deteliion o parasile speciic aniig2ns inoin-
fected snaiis suggest the feasibility of an immu-
nodeteciion agproach lor idenufving infected
snails. Thae results of'a preiirmnary evaivauon of
thus approach jorecidemioiogical purposes, whera
the 1denuicaioen of schistosome-iniectied saais
was required. sotlow this arucie.””

.1
o
3

255 Depantment of Parasitoiogy and the
T sone Study ol Infactious and Tropieai
Diseases. eorew University-Haceassan Medicai
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IDENTTFICATION OF SNAILS INFECTED WITH SCHISTOSOMES
BY ELISA EMPLOYING MONOCLONAL ANTIBODIES:
SCHISTOSOM A MANSONT IN LABORATORY
SNAILS (BIOMPHALARIA GLABRATA) AND IN
FIELD SNAILS (BIOMPHALARIA PFEIFFERD
FROM KENYA
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Abstract.
‘1bodies was used for detecting Scrustosoma
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Anenzvme-linked immunosorbentassav (ELISA) empioving monocional an-
mansonanugens in hemolvmpn of laboratory

snails (Biompnalarz glabra:2) witenza. Infected laboratory snaiis shedding cercanae were

-n ere
cren

nually idenuried by ELISA rom
inciy,
racidia. Thus, ELISA revealed inieot
5 weeks post-exposure),
Infected feld snaiis (3. prey

with 100% sensiuvity and speciacity,

intec
mansor: werg readily idenuied oy ELISA in
:nlection rate, as determined oy shedding as

unintected snails with
repatent infections wvere detected by ELISA from 2 wesks after -,\Dosur: omi
ion 3 weeks detore maximal patency was reached (35—

g s

i00% sensitivity and spcc-

Fer shedding cercanae were differentially idenunied by ELISA.
rom uniniected deld snails and from snails naturally
ted with other trematades rechinostomes and singeidsy. Prepatent infeciions with S.

iteld snails. A case 1s demonsirated wners

1 alone, was 9.3, wnereas the comboined

Jeure of prepatent and patent infecuion rates was -2.3%,

The transmission of scnistosomiasis 1s aifeciad
ovavanelyorfactors re:anng to human infeciion
and benavior. environmental conciuons. and
snatl ~onomics and inrecnion. Since inrorma-
UORON ITANSIISSION 31 $CN1Sl0S0masts is im-
Dorant lor designing control prajects and or
erdivaung the erdect of their applicauon. uo-

weaiing
v

ol transmission monitonng 1s obviated
the rncreased use of antischistosomai drues
mcommunity control campalgns.- Furthermore.
snouid new advances in anuscnisiosomal wvac-
velopment iead 10 tnals of a vacsine :n
uman pOpuialons. more ransmIssion MOni-
Wriny 1s iikeiy to foilow. identificaton of active

Jne de

WANSISSION $iles DBy lammunily survevs and
1IUGIS 00 QUMEN D2NAt ICT .5 expensive and otlen
TeSuits 1noa Jechne SOMmMmunIty

sarnicipa-

anoe oiner

I
w

on.s sand. snarl s
Wmpied more {rzguentiv than e human 20p-
daaton. ailowing more rapid datas
2901 ransmission chemotherapy
saen,

To

aile
_.AIL'.' 2
obtan

accuraie mormanon on the pro-

poruon of infectad snails in 2 particuiar arza, o
15 NeTIsary (0 examune [arg: numbders of snats
. sans

Snan nrect
amining wacn of tne
canae.’ The shedding

' STals naroonng prepatent infections

snails 10 se2 it

a0t identty s

nicn may Utute a significant proportion
within nrected snail popuiations. s The omussion

of £rapatent ;nleclions 1rom snai

222 r2suils 1n an inacturate svasual)

TUSSION and nterteres wWitn ine i ton oi
matnemancal models of transmission. -

necllons in snats are currentiy not
iv moniterad: labje

his purpose are not easiiv anc accurately appit-
cable foriarge numbers ol snatls. Taese h
NVOIve mIcToscopicad »*\“mm:zzon o
snaits or presence of jarval stages. or
snedding wests over severat wesksin
ferred from the neid 1o the faborators .
or'these cases. remaovai ofiarge numbers ci' snalis
TOM 1€ (Fansiission site 1§ recuired. THis mav

VY]
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alter transmissi- = conditions in sites containing
small snail populations, and interfere with lon-
gitudinal transmission studies.® ' Therefore. a
simple test which can identify snails infected pre-
patently as well as patently with human schis-
tosomes should be useful for epidemiological
studies. Such a twst would have further advan-
tages ii the snails covld be returned alive alter
testing 10 the site for longiudinal transmission
studtes.
We have
vMab) which recognize. by a
munosorbent assas 'ELISAY Scmsiosoma man-
soniantigens in iz nemoly mph ofinrected snanls
during prepateacy and patency.” Only minute
amounts of hemolymph were required for this
surpose. and many snais were left alive arter
bieeding. These indings sugge 51 the feasibility of
emploving Mab for the idenufcation of snails
infected witn S, »anson: by immuenodeteciion
ol schistosomal antigens. The pre.ent report pro-
videsa preliminary evaluauon of'the immunode-
iecuon aoproach with regard 10 test senstuvity
and specincny.

devaioped monocional anubodies
: nenne-linked im-

MATERIALS AND METHODS

Snaiis ana parasiies

S, manson: (Egypuan strain), onginally 0b-
:amsed rom Wellcome Laboratones. was main-
:ained Jor 23 wears at the Depariment of Par-
asitciogy. Hebrew University, .n Bampnaiaria
¢lzbrareand inmicz. A Kanyan siram of 5. man-
jom was mamniained it Siompuciaria preiert

and 11 mice at the Kenva Med:cal Research In-

Seugtes o0 200r2iory SNAS

nalis (8. piabratay wera keptin breed-
3*C :n decnionnated tap walter.
and were exposed
r dav. Snails measunng 3-
3 mm were iafeci2d by exposing them ind'd-
2aily o 17 miracidia snail. Infacted snails were
Leptin separate conlainers it 1hg Sark. Al peak
satency. theniecuon rawzinthe 8. 2iadrata col-

>ny wvas =30% as Setermuned 9y spedding tests

nsitivity and specilicity of the mmu-
nodetect:on test ware datermined by testing snatls

HAMBURGER AND OTHERS

shedding cercaria together with normal controls.
For immunodetection of prepatent infections.
individual snails were randomly picked from
batches exposed to miracidia 1-6 weuks earlier.
\We a,50 examined a group of snails infected for
more than | | weeks. A proportion ol these snails
had stopped shedding cercanae spontaneously.
nersfore, we were interested in knowing whether
schistosomal antigens also disappeared under
these CIrcumsiancss.

Studres on meld colfesies snais

The oblective was lo maxe snaks snedding
SCRISIOSOME Cercana (presumabiy S, narson).
saails shedding non-numan cerczrae. and snaiis
which did not shed anv cercanae at 2il avaiiable
‘or the immuncdetection siudies. [n adéiuon,
snaiis tntected prepatently with 5. manson were
required for our study. It was anucipated that
such snails should be found in sites wnere high
(ransmission occurs.

Snails (Biompnaiariz pregier: were coilected
‘rom 3 sies in .\Iachakos D‘.:lnCI. Nenva, The
sites were located in the siudy areas previously
outlined by Stongok and others'* and by Bulter-
worth and others. * Saails were initially colizcied
‘rom 2 site on e Nakot River ' chosen (o7 ils
ramoleness (rom huaman habiauon: ipey were
sherafore not 2xpecied :0 be inlected with 5.
manson:. Additionai snais were coilected from
2 separate sites on in2 Kinvul sream.’ Bah
were proven Dy pravious survers 10 ne aclve

crAnSMISSion siles of S. aznsons. in 2ach case.
+me snatls were hand coiiecied. cicaned of ¢eors.
2nc shipped 1o a feid iaboratory near the nilage
of lictune* for immediate she’ding tests. zacn
snail was tasted jor cercanal s'neddm; "'A.— 2%
nosure to davight in individual glass w2 niled
Wilth corsnoie water. Cereanae were axamined
bv a2 magmfving glass. Snais shecding human
cercamae t HCY. non-numan cercanze t NHC), ana
snaiis not snedding (NEG) were poolec sepa-
ately and shippead 10 tn2 central laporatory in
Nairobl. The nex: day tae snails were niad anc
<heir hemoivmph lested for presence a1 scnns-
rasoamai antgens.

SRomOrmpE IO INIUNOLESeY

Colleanion .

The sneil of each snall was cizaned by water
inad "M 2thanoi using a swab ang then dne
The spail was punctured near the innermost cub

N
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of the shell and hemolvmph was drawn out by
a mouth operated suction tube to whicha 25 G
needle was attached. About 10 ul hemolvmph
were taken from each snail and introduced di-
rectly into wells ol a microuter piate. Each snail
was bled with a separate needle. Afier bleeding,
the hole in the sheil was covered with plasucine
and the snail returned 1o 1ls coniainer. Percant
viabudy was getermined immediately arter
hieeding and a week iater. Normaj satety pre-
cautions were taken when nandling the snatls o
orevent inizciion.

[rmunoaelcsiion

Immunodetection was carmed out by ELISA."*
Snail hemolvmph (=0 o) was mixed with 129
m! BPS 1n a well of a mucrouter plate ané o3«
of the mixiure was :hen iransierred 10 an aa-
worntng welil as & duplicate: adsorption was car-
S22 Zul DY overnight :ncudaton in 2 humid
cnamboer. ELISA was carmed out with Mab
KCSme 22-3.:% The Mab. in murnine asciuc duid.
zxhibited ar onginal uter of 1:31.200 azainst
SEA and was empioved Jor ELISA at 113000
atuton in PBS with 5~’n tz2al caif serum. Con-
trols. included 1n eacn piate. tonsist2d of pooied
aJemoivmoph iTom intec 1:d and normai snasis.
These were tested with Doth reizvant and irreai-
zvant Mao.

Deteciion 07’ S. manscar pyecnon in
aooraiory snanls

The resuits are summarized in Tzble . Snaiis
oreseiected for patency were iniuaily tested. A
rotal or' 33 snatis shedding cercanaeand i T nor-
mai controi snatis were included :n this group.
1SA OD reacings were considerad positive if
tn2w owere 20jeast twace the maximal vaiue oo-

wdined with matching normai controis. Ajl ine

SRELS A zave pasitive rasulis

ELISA withanaverage ODor 1078 = 3,300

crangs =1 4300 normai snatis were ail n2ga-

v, oxhibiung an average ZLISA OD o1 0.093

= oosdXirange 00— 93 Thus, on the aver-
f D

i
age, Lafected snans gave ELISA
¢ higner than the JouNirois by 2 faclor
.:'. inf teu. snails wer ‘HT rentailv 1den-
i {009 seasitiv-
v oepercent E.’.-IS.—\ DOSIVVES 2Mmong <arcanae
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shedding snails) and specincity ipercent ELISA
negattves among uninected snas). Such d com-
plete maich between ZLISA posiuvity and cer-
canal shedding capactty was also evident in snails
which were maintained or more than 1| weeks

after exposure (Table . Oniv about a third of

these snals maintained cercanal shedding ca-

pac '.‘ ZaoMmand only those sheddinz remained
ELISA posiuve, suggest:ng that the relevant an-
tgens Jdisappear rom e Remoivmon quickls

aftter cessaton of cereanal snedding,

‘-\'»: :hsn r2sted hemosmph taken jrom saals
rancomiy pieked srom hatches of snas exposad
W omir c'.d:a {-n weeks zariier. As seen i Tapie
. cercartai sfedding was not observed L 20 and
5 wazks post-exposura: v o4 w22ks 90si-eDo-
sura, pateacy was rzachad v oniy 2.3 ot the
snails. Maxtmal patency was reached at F-9 weaks
D0S{-eXposure, at winich ume nly 79.5% of the
axposed snatls sned sercarae. By combanison.
2t2cton of tnfection =v ILISA ¢
cmal zatency by about I wesks,
UMY vas Arst observ 2 a1 2 owead
sura, Parcent ELISA pesiuvity at thrs tme was
T3, a inttle lower than maximal pereant patency
179.9%), This down-deviaiton mav b2 :he out-
come or sub-detectanie 1mounts 3 the ralevant
anugens in the Demoismizh 27 some A the snass
dunng 2ariy prepatenc: J. Hamburzar, personai
sommunication). By 3 and < weeks post-expo-
sure, persent ELISA posiuvity was higher o
maximai gercent patency. raaching 347 Jr‘.d
S' 3% respecuvely (Taote i These resuits sug-

est that not all ELISA pasiuve, prepatently :n-
::c:eu snatis eventuaily rzach pateacy. Thisisin
line with the 2xistence oI rasistance tn a propor-
2ton of the snails with ine rzsulting desiruction
31 parasites zetore onse: or' patency.

Immediately arter bleeding for hemolvmpn. all
snatis ramained alive. Snaii viabtiny 2 week atter
dleeding was 3)-"0%.

Derection 2r'S. mansont in
eld cotiected snaus

These 2xpenments were carred out 1n Nenva
on 8. prerrier:, Results orinuai expenments with

fabcratorv-infected 8. rrefert wer2 similar o
(nose optained in the laboratory with 5. prarae

[n botn cases. 2 comptete dife renuation beiwesn
nfectea ana uninrected saatls was obtained by
ELISA iTabie 1i Subseguantiv, studies on feid
<oilectead snatis provided an opporiunity 0 ex-

- e

amine ine suttabitty o ELISA tor diferentiaily

HAMBURGER AND OTHERS

identifving snails infected with S. ransoni from
snails intected with other trematodes.

About 300 snails were collected from a site on
Kakoi Riverwhere S. manson: transmission does
not occur (Table 2). Of these, 50 shed non-hu-
man cercanae {NHC) and none shed schistosome
cercanae. We tested by ELISA 37 which shed
NHC and tound them all aezatve. Microscop-
wal examinaton of nucratiter wells containing

hemolvnph rom these snatis revealed radiae
and or NHC. Of the several hundred not shed-
ing in this ot 1-1: were tested by ELISAL ail
were tound to te ELISA negauve. althougn 3
23" of them 2xhibited rediae and or NHC
microscopical examination ot the aemoivmon.
The non-numan rematodes wers :Jdeatified as
achinostomes or stngeids but species denuii-
catton was not done. These resuiss :ndicats “hat
B overdert infeciad in nature with S
can e difersanated by ELISA, with 1009 sen-
sitivity and specificity, rom non-infecied snails
and rom snails infzeted with non-quman rem-
atedes common o tne study area.

Avout 129 snails were collected itom a xnown
transmission site on Ninyui siream (Table 2. OF
these. 3 sned schistosome cercanae and aiso pre-
sented schusiesome carcariae or germ ballsin their
demoivymph, All of these 3 snals, patently in-
rected by schistosomes. were positive v ELISA,
A single case of muxed infection (S manson: with
NHO) wwas tound among the snaiis in this zroup
rdata not shown). This case of mixzad tafection
was identified as positive by ELISA| indicaung
:nat the suocnmoosed mrecion with aon-nu-
man trematodes Jdid not nterfers with ine
axpression of schistosomal antigens n the he-
moivmphn dunng patency. “Whether >us.h inter-
ference does occur dunng prepateat mixed in-
‘ection s not xnown,

A second xnown iransmisston site on Kinwuy
stream (near Nangundo) was charactenizad by 3
high rate of 5. manson wtection (6 Al or 9.5%;
and b the absence of infection with non-human
trematodes (Tabte 2). The iugh rate of patent
nfecuons in ths site suggested the lixelihood of
1 high rate of prepat»nt (ntecuons. Also. the ab-
sence of non-human rematodes precluded anv
possiptlity of mixad infecuons, the 2ifect of wnich
on the expression of schistosomal antigens in the
Aemoivmpn Jdunng prepatency s not known.
Among the total of' o1 snatis coitectad tn this site,
3 (13.179) were not shedding but weara ELISA
positive, Thev represent 14.379(3 33)Yolthe total

-
K

mnsoen
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Tageg 2
Detection of Schislosoma mansonL :afection i feld codected in atls Biomphalana pizilen.

"2 T

RN
. Sheding test
No. inails No o N
Orain ot snaals tieaturssi coilected Resuits N osinans cesled negativ:® cositine”
RKEMRI 13 Neg - h - 3 - -
Haboratory Jontrols) Pos 5 - ) 5 _ _
Xaxol ~300 Nesg ~420 143 (a3 3 J 9
N0 LY. g Lransmission) HC 3 - - - _ -
NHC 31) 3" b )
Ninvn Site | 129 Ney L) ND \ND ND J ND
rransmilssion ntermediaty HC 3 3 3 3 4.3 -
NHC 2 2 2 gl
onvu Sute il 71 Neg i3 33 <7 j 3
rransmussion fuea, 30 NHO) HC b b} b} - i3 -
NHC ) - -

3A 2D ar megative £ 000
ZLiSA DD ar ontive 0530,
HC = Human Cermanae o5 maasonn, NHC = SoncHuman Caree

aumber of those not sheddng. Of these 3 snauis.
2 exnibited schistosome cercanae or zerm balls
in the aemolvniph. Judgmg from the high Jdegrez
of specticity of the test, as se2n in the precading
stedies with laporatory and feld collected snauls.
*qese 3 snails prooably harporsd prepatent S.
mangent in re::mns [ this parnicuiar case. the
‘nfecnion rate oy the shedding testalone was 9.3%.
~htle the combined prepatent and patent :nfec-
non rate 13,1 olus 9.3%) was 22.9%. These re-
sults demonsirate a case where prepatent infec
11ons constitute a substantial proporion \\uhm
Sopuiations of infected saails.

DISCUSSION

We ampioved a Mab wnich recognized 5. man-
;ont antigens in the hemolvmpn ot the inter-
mediate snail host* for a preliminary 2valuauon
21 the epidermiological usefulness of immunode-
waction ov ELISA of S mansonr infecuon in
Stemonaiaria.

{natested ‘aboratory snaiis aere dirferenuatad
1t 1il siages of pateney rom uniniected snauls
Wi 100% seasiuvity and specicity (Table 1),
ind the ciear-cut diferennauon 2napled sisual
caading of ELISA rasults tor qualitanve deter-
mitnaton. Studies with feid cotlected snatis +3.

sretferny demonstrated the same= migh degree of

soecincity and sensiuvity in duferentiaily de-
‘ecung seastosome tntected shatis among a mixed

canae; Ney & Neptive 295 = Pulivg

sepuiation contaning wninfeoied snats and snas
mieciad D non-auman wmaldges 2

st0mes and strigeids), ©ariner 2+3,1au0n
specificity of the st shouid 1nciude testingof as
widz 3 vanety of non-auman trematodas caoabie
of naturaily 1atectng Sioongralans 1s possidle.
In addiuon. since 3 $15 3
natural host for S
Jetermined wnether the testcan Sigeranuaee d.
mansont rom S, emousnsie With these reser-
vauons in mind. the suianiey *"'nc Map 2m-
sioved herz for immunadetecion 2f 3. manson:
infection 1n deld collecied Biempnziaria s in-
dicated. [t is tmportant 0 ind out whpether e
same Mabcan oc emploved {or diferentiai iden-
tification of' S. fdemaconium in s intermadiate
snail host. "-u’"mu |mmunodetection can pe very
qelpful :f found suriaple for species differzana-
:ion in this case. since morproogicai Jirferan-
waton of S. Auemarooium cercarag from those
of the severai ammal schistosomes naturally in-
fecting Buunus 15 :mMpossidie.

In practice. 1t is not expected that the immu-
aodetzciion test. @ven if made inaxgensive and
usable by commumity Ze2ith workers 1a endemic

il replace sh2dding tesis :~3r ‘.arg—:-sc:uc
.denufication ot snatls patently infected with S.
mansont, 1L may. however, e usc:ul in those
areas for penodic guahty control of snedding tests.
in particular where routing dirfferzntiauon of S.
mIsony c2reanae from a large vanery of NHC
s difficult. Qur results with faboratory snails (Ta-

Siampnaiariz 2,50 32
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Detection of Schistosoma mansoni DNA in extracts
of whole individual snails by dot hybridization *
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The potential usefulness of DNA-DNA hvbridiza-
tion as a diagnostic tool has been demonstrated
for a number of parasite infections (Gonzales
ct al. 1984 McLaughlin et al. 1985; Pollack ct al.
1985 Sim et al. 1986 Wirth and McMahon Pratt
1982) and has also been proposed for identification
of schistosome mfection in snails (Rollinson ¢t al.
1986). Monitoring schistosome infection in snails
s regularly required to elucidate the dynamics of
transmiission and the effect of control measures
(Hairston 1973: Christic and Uptham 1977
Barnish 1982). both requiring examination of a
large number of snails. Thus, a rapid and accurate
detection method will aid parasitologists particu-
larly since detection of prepatent infection is not
straghtforward and its omission lecaves data on
snail fection rates incomplete (Sturrock et al.
H79). Cloned DNA probes containing 8. mansoni
nhosomal RNA gene sequences weie recently pre-
pared (MceCutchan et al. 1984y and used for schis-
tosome  speaies adentification by Southern blot
analysis, and for detection of infected snails by
dot blot hybridization with DNA from infected
snanl hepatopancreas (Rollinson et al. 1980). How-
ever. any attempt to employ dot hybridization for
Mmass sereemng of snanl infection would require a

nple procedure for treating whole individual
dails for analysis. Such a procedure is described
in the present report.

Snails (Biophalaria glabrasay were infected by
Exposure to 10 miracidha of 5. mansoni. Infected
and normal snails were prepared for dot hybridiza-
tion. Whole snails (up te 12 mm in diameter) were
cach titurated in 0.3 ml 1 M NaOIl containimg 1%
Triton X-100. Tituration was performed with a

ostndy was supported by ATD grant number DP-1-5542.
G-885043.00

Reprant requevs o) Hambuper

glass rod having a bulged and indented bottom,
in a round-bottomed plastic test-tube. The titur-
ated snails were left in the NaOH-dctergent solu-
tion at room temperature for up to 4 days. Just
before dot blotting, concentrated HCl was added
to ncutrahze the samples which were then heated
to 100° C for 5 min, cooled quickly, and dcbris
reinoved by centrifugation at 12000 > p for 10 min.
Snail extracts were individually spotted onto nitro-
cellulose paper (NCP). presoaked in 10 x SSC
(1 xSSC is 0.15 Af NaCl, 0.015 M sodium citrate)
using a manifold microfiltration apparatus (Bio-
rad Laboratories Richmond, CA). Conventional
procedures for preparing extracts for immobiliza-
tion on NCP such as proteinase K digestion and
the use of SIMS, resulted in an extract that was
not completel. filterable. Similar difficultics were
encountered when the neutralization and/or heat-
ing steps were omitted.

After blotting, the NCP was washed with
10 x §8C. air-dned, baked under vacuum at 80° C
for 2 h. and incubated for 4 h at 42°C in pre-
hybridization solution containing 50" formamide,
5% S8C, 0.05 M sodium phosphate pll 6.5, 75 pg/
ml Salmon sperm DNA and 0.02% cach of poly-
vinvIpyrrolidone, BSA. and IFicoll. The NCP sheet
was then hybridized for 10 15 h at 42° Cin a solu-
tion containing 4,5 volumes of prehybridization
solution, 175 volumes of 50% dextran sulphate,
and 7 ng/ml (about 2 x 10° ¢cpm./ml) heatdenatured
MP-labelled total S, mansoni DNA prepared from
adult worms (see below). The NCIP was subse-
quently washed once for 20 min at room tempera-
turc with a solution containing 50% formamide,
2> SSC, and 0.1% SDS. Then followed three
washes. 20min cach at room temperature, in
2xSSC containing 0.1% SDS, and finally two
washes at 50°C for 15 min cach in 0.1 x SSC con-
taining 0.1% SDS. The NCP was air-dried and
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Fig. 1. 1lvbndizavon of ol schistosamal DNA probe with
& mansenn adult worm DNAL mtected snand DNA, and umin-
fected snal DNA - Lane 1 Nonanfected annil DNA - 1,5, 10,
g (tows a through d respectively )y fane 2 Infected snail
DNA 1.8, 10, 20 ng (rows a throuyh d respectively); Lane
7 Schistosomal DNA 25, 50, 100, 200 pg (rows through
d respectively)

autoradiographed using X-ray film (Cruix XR2,
Agfa) and Cronex intensifving screen (E.L. Du
Pont De Nemours Co. Inc.. Wilmington, DE).
Adult worm DNA. infected snail DNA, uninfected
snail DNA. and whole cercariae (extracted by the
procedure described above for whole snails), un-
derwent hybridization under similar conditions.
DNA from S. mansoni adult worms and from
infected and uninfected snails was prepared as fol-
lows. Worms (usually 1 ml packed) were washed
with ice-cold TE (10 maf Tris-11Cl pH 8.0, 1 mAf
EDTA) and titurated by repeated  passages
through a syringe. Snails (usually 15) were re-
moved from their shell, washed in TI, and cut
into smali picces with a scalpel. Then they were
repeatedly passed through a syringe. Five volumes
of lysis buffer (10 mM Tris-HC! pH 8.0, 50 mAf
EDTA. 5% SDS. and 250 pg/ml proteinase K)
were added and the mixture incubated for 2 h at
37° C. Phenol-chloroform extraction of DNA and
alcohol precipitation werce carricd out by standard
procedures (Maniatis ct al. 1982). Alcohol-precipi-
tated DNA pellets were vacuum-dried and treated
with 100 pg/ml RNAase in TE, for 3h at 37°C,
after which the extraction and precipitation steps
were repeated. Total Somansoni adult worm DNA
was labelled with V2 P-dCTP (Amersham Radio-
chemicals. 3000 Ci mmol ') by nick translation

. Detection of Schistosonta mansoni in snails by dot hybridization

e @ @

i o

Fig. 2. Hybridization of total schistosomal DNA probe with
infected and uninfected snail extracts. Lane 1 Uninfected snails
(rows a through c); Infected snails (rows d through ¢); Lane
3 Infected smnls (rows a through ¢)

(Pollack ct al. 1982), and used as a probe in hybrid-
jzation experiments.

Figure 1 shows the results of hybridization of
total DNA probe with S.mansoni adult worm
DNA, infected snail DNA and uninfected snail
DNA. As little as 25 pg S. mansoni DNA, and not
jess than S ng infected snail DNA gave positive
signals. By coraparison, about 4 x 10 times higher
quantities (> 20 pg) of noniafected snail DNA did
not yield positive signals. We have not tested the
cffect of ercess snail DNA on the sensitivity of
detection of schistosomal DNA. The specific sig-
nal. however, was strong cnough to differentiate
between infected and non-infected snail DNA.

Figure 2 shows the results of hybridization with
infected and non-infected snails directly extracted
and spotted on NCP withoul prior isolation of
DNA. Non-infected snails did not show positive
signals while all 9 infected snails gave positive sig-
nals.

Figure 3 shows that carly prepatent as well as
patent infection can be detected. In addition, inten-
sification of positive signals can be demonstrated
during the course of development of S. mansoni
in the snail. Thus, while at 1 and 2 weeks of in-
fection, when only mother sporocysts arc present,
the signal is weak. At 3 weeks, when daughter
sporocysts are expected to be present, the signal
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Fig. 3. Hybridization of 10ta) schistosomal DNA probe with
cxtracts from infected snails at varying tmes after infection,
and with cercanal extracts

strengthens and it becomes clearly stronger at 4
and 6 weeks of infection in parallel with the ex-
pected cercarial development. Extracts of 10, 100,
and 1000 whole cercariac all gave signals with in-
tensities directly correlated to cercarial numbers.
While the use of a total DNA probe appears
sensitive enough for detecting infection in snails
without prior laborious isolation of their DNA,
Uis not likely to constitute a specific tool for spe-
tes differentiation in cases of mixed infections.
Such differentiation was accomplished by the use
of cloned S.mansoni ribosomal RNA gene in
Southern blot analysis of different species of
schistosomes. However, when used in dot hybrid-
ization it could identify infection in only some of
the snails, and as much as 0.2 pg of DNA from
infected snail hepatopancreas were required (Rol-
linson et al. 1986), suggesting a relatively low sensi-
‘ty. Morcover, since this probe gives positive sip-
-«tix (although with different banding) in Southern
blot analysis with different schistosoine species, it
is not uscful as a species-specific probe in dot hy-

bridization. We have also found in preliminary ex-
periments that a cloned S. mansoni DNA probe
prepared from extranuclear schistesomal DNA
(including mtDNA), although capable of strain
differentia:ion in Southern blot analysis, could not
detect schistosomal sequences in as much as 20 ng
infected snail DNA by dot hybridization (Pollack
and Hamburger 1986). Thus, it appears that a
probe or a mixture of probes providing both sensi-
tivity and specificity sufficient for mass species
identification of schistosome infection in snails by
dot hybridization is still unavailable.

Our present work demoastrates the feasibility
of detecting patent and prepatent infections in
snails by emploving a simple procedure for prepar-
ing snails followed by hybridizaton with a total
schistosomal DNA probe. However, several issucs
have to be taken into account before considering
application of the approach for field epidemiology
studies. Firstly, the detection of patent infection
by shedding of cercarniae is simple and suitable for
mass screening. Sccondly, the utility of the hybrid-
ization approach should be evaluated vis-a-vis
crushing and microscopical examination for de-
tecting prepatent infections. Thirdly, the degree of
cross hybridization with DNA from other trema-
todes, commonly infecting Biomphalaria in nature,
should be determined.

Our results suggest that quantitation of schisto-
somal DNA in snails may be possible by DNA
hybridization followed by suitable measurements
of sign intensity (Figs. 1. 3). This, however, would
require standardization and calibraticn of the de-
tection system. Since changes in sign intensity par-
allel the course of development of S mansoni in
the snail (Fig. 3), it may 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. mansoni in laboratory-infected snails.
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ighly repeated short DNA sequences in the genome of
Schistosoma mansoni recognized by a species-specific probe
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A cloned 0.64 kb DNA sequence of Schistosoma mansoni comt

ains 120-bp tandem repeats and compriscs at feast 12% of the

schistosomal genome of both sexes. It exhibits a high degree of specics specificity upon hybridization with Schistosoma haematobium
and Schistosoma magrebowiei DNA, and could delect with high scnsitivity schistosomal DNA sequences in infected snails,

K.ey wonlds: Schistosoma mansoni; Repeated DNA; DNA probe

Introduction

There are 5 schistosome species which regu-
larly infect man, Of these, the 3 major specics
of human schistosomes afflict more than 2(X) mil-
lion pcople around the globe in tropical and sub-
tropical regions [1]. About a dozen other tnam-
malian schistosomes cxist in the same geographic
regions, and these may infect the same freshwa-
ler snails which scrve as intermediate hosts for
human schistosomes. This presents a diagnostic
problem, as the various schistosome species can-
not be differentiated by the morphology of the lar-
val stages developing in snails. Thus, since snail
infection rales are routinely determined by iden-
lifying snails shedding schistosome larvae (cer-

Correspondence address: Joseph Hamburger, The Kuvin Cen-
tre for the Study of Infectious and Tropical Diseases and
the Department of Parasitology, Hebrew University, Hadassah
Medical School, P.O. Box 1172, Jerusalem, Isracl,

*Present address: Division of Infectious Discases, Departnent
of Medicine, Beth Isracl Hospital, Bo.von, MA, US.A.

Note: Nuelcotide sequence data tepotted in this paper have
been suhmitted (o the GenBank™ data base with the accession
number M360R6,

Abbrevictions: PRS, phosphat:-buffercd saline; SDS, sodium
dodecyl sulfate,

i Specics identification

cariac) (2], it is impossible to obtain separate data
on snails infected with human schistosomes in
arcas where human and animal schistosomes co-
exist. Also, since direct identification of schisto-
some species developing in humans is based on
egg morphology alone, identification presents a
problem if infection vwith animal schistosomes cx-
hibiting similar cgg morphology, or interspecific
hybridization, is suspected [3,4]. It is therefore
desirable to develop alternative means of diagno-
sis that will cnable differentiation between specics
and strains of schistasonics.

Previous studies have described rDNA probes
capable of differential identification of schisto-
some specics based on restriction fragment length
heterogencity of the corresponding  scquences
(5,6]. Schistosome specics identification was also
accomplished by dot hybridization, cmploying as
a probe a degencerate repeat present only in the
genome of female Schistosoma mansoni [7]. In
thesc cases the corresponding sequences are re-
peated approximately 100 and 75 times aer hap-
loid genome. In tie present report we describe the
cloning and preliminary :haracterization of highly
repeated DNA sequences present in the genome of
both male and female S. mansoni and cxhibiting
species specificity.

0166 6RS1M0/801.50 © Elsevier Science Publishers B.V. (Biomedical Division)
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Muaterials and Methods

Parasites. S. mansoni (Egyptian strain) was orig-
inally obtained from Wellcome Laboratorics about
30 years ago. It has since been maintained by pas-
sages through outbred albino mice and in snail
hosts (Fiomphalaria glabrata). Mice were in-
fected by subcutancous injection of 350 cercariae.
Cercariac were shed under fluorescent light from
snails infecaied 6-10 weeks previously by individ-
ual exposure to 5-10 miracidia ver snail. Miracidia
were induced 1o hatch from ova in liver ho-
mogenates of mice infecied 9 weeks previously,
Adult worms were collected froui livers of in-
fected mice by perfusion [8), washed once with
phosphate-buffered saline (PBS), excoss liquid re-
moved, and tite packerd worms quickly frozen in
liquid Aitrogen and stored ai —70°C,

Preparation of DNA. About 1 m packed frozen
worms (aboat 1000 worms) were thawed and
washed in cold extraction buffer (50 mM Trig-
HCI, pH 7.5/10 mM EDTA/100 mM NaCl), then
homogenized, warmed to 50°C, supplemented
with sodium daodecy! sulfaie (SDS) to 10X pug
ml~ 2 and inzubated at 50°C for 2 h. Nucleic acids
werc cxtracierd twice with phenol, once with phe-
nol/chloroform (1:1) and once with chloroforn,
then dialyzea and precipdated in etl:anol, Treat-
ment with RNase A (160 pg mI™!) for 3 I at
37°C then followed, and the DNA was extracted
as above, dialyzced, alcohol-precipitated, dissolved
in TE (10 mM Tris-HC, pt 7.5/1 mM EDTA) and
stored at —20°C. DNA eof S. hacmatobium and S.
magrebowiei was kindly supplicd by Yaakov Pol-
lack, Ben Gurion Univzrsity, Beer-Sheva, Isracl,

Construction of S. mansoni genomic Sau3A Jrag-
ment library ir: the BamM| site of pUCI8. DNA
from S. mansoni adult worms was partially di-
gested with Sau3A and ligated with plesmid DNA
which was predigested with Bamlll, and de-
phosphorylated with caif Intestinal alkaline phos-
phatase [9]. Several ligation reactions were car-
ricd out in parallel al various weight ratios of ge-
nomic/plasmid DNA (1.5:1, 3:1, 9:1 and 15:1),
and subsequendy pooled and used directly 1o
wransform competent ceils of E. coli strain F15 by
cstablished protocols [9]. Transformed cells waere

CUDTCA OWPUL IYALUN.L2ID I e P L AUAMPIAD DL OV Lser: 1o1ek rape: 2

plated out on LB agar plates containing ampicillin,
IPTG and X-Gal were included in the final plat-
ing mixuure,

Screening of library. Screening for cloned highly
repeated sequences was carried oul by colony hy-
bridization. The colonics were transferred to nitro-
ccllulose membrancs, then treated with 10% SDS,
and the DNA denatured in 0.5 M NaCl for 5 min
and ncutralized in 0.5 M Tris-HC} pll 7.5/1.5 M
NaCl. Following a wash in 2 x SSPE 9] the
membranes were dried and baked at 80°C for 2 h.
Total genomic DNA from S. mansoni, 3P-labeled
by nick translation (10} was uscd as a probe,
Colonics cxhibiting a strong hybridization sig-
nal were sclected for further screening. Plasmids
from these clones were harvested by a rapid plas-
mid purification procedure (11], restricted with
EcoRI and Psil according to Maniatis ol al. [9].
then scparated by agarose gel electrophoresis and
underwent Southern blotting [12] and hybridiza-
tion with a ?P-labeled hamster rDNA probe un-
der low stringency hybridization conditions (sce
below). Cloned repeated sequences unrelated o
rDNA were subsequently selecled.

Preparation of probes. A recombinant cosmid
pll-a; [13) which contains a hamster ribosomal
gene (inserted into the EcoRl site of the cos-
mid vector Mua-3) was harvested [T1], restricted
with EcoRI and fragments separated by agarosc
gel clectrophoresis [14). The rDNA fragment was
isolated from the agarosc str.p by clectroclution
employing the model U.A.E. Unidirectional Elee-
trocluter (International Biotechnologics, Inc. New
Haven, CT, U.S.A)) according to the manufac-
turer’s instructions. It was then labeled with 32p
by nick translation [10] and cmployed for screen-
ing to identify cloncs containing rDNA scquences.

A recombinant plasmid, pSm1-7, containing a
640-bp inscrt of S. mansoni DNA, comprising re-
peated sequences unrclated to rDNA, was selected
(sce below), The Insert was released by diges-
tion with EcoRI and Pstl or with Smal and Xbal
and separated by agarose gel clectrophoresis and
clectroclution as described above. Fragments of
the pSmI-7 insert were produced by SaulA di-
gestion. This was followed by clectrophoresis in
5% polyacrylamide gel [14]), and elution from the
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polyacrylamide gel strips by diffusion in 500 mM
NILAL D mM EDTA. DNA was subsequently cx-
tracted and dissolved in TE. The pSm1-7 insert
and its fragments were 2P-labeled [10] and used
as probes.

Dot blot analysis, A nitrocellulose membrane
was pretreated by soaking in water and wash-
ing once with 20 x SSC (I x SSC is 015 M
NaClA).015 M Na-citrate) for 30 min. DNA (o be
dotted was diluted as desired in 0.3 M NaCl then
denatured by boiling for 10 min and kept on ice,
Immediately before dotting the DNA was diluled
with 2 M cold ammonium acetate then filtered
through the membrane in a Bio-Dot microfiltra-
tion apparatus (Bio-Rad Laboratorics, U.K.). The
membrane was subsequently washed in 1 M cold
ammonium acetate and dried, and the DNA un-
derwent denaturation, neutralization anl baking as
dascribed above for colony hybridization.

Filter hybridization.  Standard high-stringency
hybridization involved prehybridization for at least
4 h at 42°C in 50% formamide, 5 x SSPE (9],
5 x Denhardt’s solution [9], 1% glycine and 200
ng ml™! denaturated salmon sperm DNA. This
was followed by ovemight hybridization at 42°C
with with heat denatured and 32P-labeled probe
(atlcast 1.5 x 105 cpm mI~") in hybidization so-
lution consisting of 50% formamide, 5 x SSPE,
I' x Denhardt’s solution, 0.3% SDS and 120 g
ml™! denatured salmon sperm DNA, Hybridized
membranes were washed twice with cach of the
following solutions; 2 x SSPE for § min al room
temperature (RT); 2 x SSPE/0.1% SDS for 30
min at 53°C; 0.5 x SSPE/.1% SDS for 30 min
at 53°C, 0.1 SSPEN.1% SDS for 30 min at 53°C;
and finally with 2 x SSPE at RT for § min,
The meinbranes were then airdried and subjecled
to autoradiography (sce below). Densitometiy of
dot blot autoradiograms was carried out using the
‘Quick-Scan R&D Densitomcter’ (Hclena Labo-
ratorics, Beaumont, TX, U.S.A.). Hybridization at
low stringency with the 32P-labeled hamster IDNA
probe pll-a2 (13] involved prehybridization in
I x Denhardt’s solution for 4 I at 60°C, This
was followed by hybridization at 37°C with thie
heat-denatured radioactive rDNA probe in 1.0 M
NaCl/10 Tris-1CY, pll 7.4, 10 x Denhardt’s so-
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lution and 10% formamide. The membrane was
subscruently washed five times cach for 30 min
at 42°C with 6 x SSC (I x SSC is 0.15 M
NaClN.015 M Na-citrate), air-dried, anrd subjected
to autoradiograpay using a Kodak X-ray film, and
a ‘Cammex’ intensifying screan.

DNA sequencing. The nucleotide scquence of the
schistosomal DNA inserted in pSm1-7 was de-
termined using Sanger’s dideoxy chain termina-
lion technique [15] as modified by Hattori anul
Sakaki [16] for double-stranded sequencing, using
denatured plasmid template. The ‘Sequenase’ kit
(Stratagene, La Jolla. CA) and 3S-labeled dATP
were employed.

Results

Identification of clones containing species specific
DNA sequences unrelated to rDNA. About 5000
recombinant colonics representing a partial ge-
nomic library of Sau3A-digested S. mansoni DNA
in the BamHI sitc of pUC18 underwent hybridiza-
tion with total 32p-labeled genomic DNA of §.
mansoni. A total of 140 colonics cxhibiting strong
hybridization signals were identificd, amplificd
and cryopreserved. Each of these clones was di-
gested with EcoRl and Psil (o release the in-
serted S. mansoni DNA fragments and underwent
agarosc gel clectrophoresis, Southern blotting and
hybridization with 2P-fabeled hamster rDNA iso-
fated from pl1-a, [13]. About 40 clones which did
not react with the hamster IDNA were sclected. A
preliminary study ou species specificity of these
40 clones was carricd out by colony hybridiza-
tion with *P-labeled DNA from S. mansoni, §.
haema.obium and §. magrebowiei, Five clones cx-
hibiting strong hybridization signals with S. man-
soni DNA, and nonc with S. haematobium or S,
magrebowiei were identified, and shown 10 cross-
hybridize with each other. One of thesc cloncs,
pSm1-7, containing a 640-bp inscrt of S. mansoni
DNA was taken for further anaiysis,

Abundance and arrangeraent of ihe repeated se-
quence. Preliminary information on the abun-
dance of the repeat was obtained from (Junnlimlivc
dot-blot analysis. Equal vuantities of 32P-labeled
pSm1-7 insert were bybridized with various con-
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Fig. 1. Autoradiogmm of different quantities of total §. man-
soni DNA (SmDNA) and of pSml-7, dot-blotied and then hy-
bridized with P-labeled pSm1-7 insert or with total SmDNA,

centrations of total S. mansoni DNA and pSm1-7
recombinant plasmid DNA dotted on NCP (Fig.
1. Similar hybridization signals were obtained
in both cases with DNA quantitics ranging be-
tween 100 pg and 1 ng. This similarity is further
demonstrated in Fig. 2 which presents the resulis
ol densitometric analysis for determining the re-
lation between DNA quantity and intensity of the
hybridization signal. Given the similarity of the
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Fig. 2. Graphic representation of the intensity of hybridization
signals obtained with SmDNA (:cT) and pSml-7 (o) upon
probing with pSm1-7 insert. The corres vonding hybridization
dots (sce Fig. 1) were analyzed by densitometry, and peak
integrals determined by weighing the paper underneath each
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hybridization signals as scen in the lower section
of the curve (DNA quantities ranging hetween 1(X)
pg and 1 ng) and since the schistosomal inserl
DNA constitutes only about 1/6 of total pSm1-7
DNA it can be cstimated that the inscrl represents
about 17% of the total schistosomal genome. In
a reciprocal expetiment total ¥P-labeled S. man-
soni DNA was used as a probe in a quantitative
dot hybridization with total §. mansoni DNA and
pSml-7 (Fig. 1). The signals oblained with § ng
and 10 ng pSm1-7 were roughly similar by visual
cxamination (o 0.1 ng and 0.25 ng total S. mansoni
DNA, respectively (Fig. 1). The visual similarity
corresponds to at fcast 80% similarity by densii-
ometric analysis (not shown). Calculation of the
ratio of signal strength (by weight of peak arca
on paper) to DNA quantity gave average valucs
of 234.8 for 0.1 ng and 0.25 ng total . mansoni
DNA and 4.6 for § ng and 10 ng pSm1-7. The
value for pSm1-7 is thus 1.96% of the lotal DNA.
Iowever, considering that the schistosomal 0.64-
kb sequence constitutes about 1/6 of pSm1-7, it
can be estimated tha this pSm1-7 insert consti-
tutes about 12% of the schistosomai genome.,
DNA from S. ma.soni males and females and
from mixcd scxes was partially digested with
Sau3A, and underwent clectrophoresis and South-
cm blot analysis [12) with pSm1-7 schistosomal
DNA insert. A ladder of bands was observed (Fig.
3), each band varying in length by about 120 bp.
This paltern indicates that the schistosomal DNA
contains a tandemly repeated sequence about 12(0)
bp long, and that this sequence is present in pSm| -
7. This tandem repeat is present in both female
and male S. mansoni adult worms. Partial se-
Quence analysis of pSml-7 insert revealed the
presence of a dimer of a 120 bp scquence and
a start of a third such repeat This sequence is
presented in Fig, 4, A complele Sau3A digestion
of the 640-bp insent yiclded fragments 240 bp,
120 bp and 80 bp long (Fig. 5). These fragments
were isolated, labeled with 2P and used as probes
al similar radioactivity/size ratios in dot blot hy-
bridization against various quantitics of total .
mansoni DNA. The pSm1-7 insert fragments cx-
hibited similar detection sensitivitics, namely be-
tween 100 and 250 pg (Fig. 4). These results indi-
cate that all parts of the pSm1-7 insert are cqually
highly represented in the tchistosomal genome.,

-
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Fig. 3. Southem blot analysis of S. mansoni DNA (M, sdult

males; F, females; FF + M mixed sexes) digested with SaudA

and probed with YP-labeled pSm1-7 insert. ‘The position of
molecular weight markers is indicated.

1n 20 30 L] 50 60
GM[I(‘-M![(GA((M!’[GIICMIGMMI(GI|GIMC1C[(‘MA(CACIGGACGGA

n RO 90 100 110 120
TTTEHIATGAIGITIGT FITAGATTATTTGCGASAGCGTGGGCGT TAATATAARACAAGAAT

Fig. 4. S. mansoni 120-bp rcpeat scquence.

Upon dot-bloi hybridization (results not shown)
the 120 bp fragment hybridized with both the 240-
bp and the 80-bp fragments, suggesting that the
640-bp insert in pSm1-7 is composed entircly of
sequences closely homologous 1o tie 120-bp re-
peat units. The intensity of staining of individ-
ual bands (Fig. 5) suggest that the 640-bp insert
is composed of one 240-bp fragment, two 120-
bp fragments and onc 80-bp fragment. The 80-bp
uraccounted for may be the result of generation
of very small fragments. Minor changes in nu-
cleotide sequence may be present in the distal, yel
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Fig. * . Polyacrylamide gel clectrophoresis of the pSml-7 inscrt
(640-bp) lollowing digestion with SaulA.

PROBES:

Fragments of pSmI-7 insert
240bp. 120 b.p 80b.p.
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Fig. 6. Autoradiogram of quantitative dot blot hybridization

of wtal §. mantoni DNA (SmIDNA) upon probing with 3p.

labeled fragments (240-Lp, 120-bp and 80-bp) of the schisto-
somal DNA insert in pSm1-7.

unscquenced, part of the 640-bp sequence to cre-
ate additional Sau3A restriction sites that may ac-
count for the gencration of very small fragments.

Sensitivity and specificity of the pSmi-7 insert Jor
detecting schistosomal DNA sequences. Anal ysis
by quantitative dot hybridization demonstrated
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Fig. 7. Detection of S. mansoni DNA sequences in DNA from
infected snails (1) and from normal controls (N) by dot blot
hybridization with ™P-labeled pSml-7 insert.

that ¥P-labeled pSm1-7 insert can detect as litile
as 100 pg schistosomal DNA (Fig. 1). The pSm1i-7
insert was then used as a probe to detect schisto-
somal DNA scquences in infected snails by dot
hybridization (Fig. 7). This probe revealed schis-
tosomal scquences in as little as 1 ng DNA from
infected snails, while as much as 50 jg of normal
snail DNA gave negative results.

Clone pSml-7 was originaiiy sclected for
species specificity by colony hybridization with
total *2P-labeled DNA from S. mansoni, S. haema-
tobium and S. magreborviei. Quantitative dot
hybridization was subscquently carricd out. §.
haematobium and S. magrebowiei DNA (1-1000
ng), and §. mansoni (1-5 ng) were dotled on NCF
and probed with 2P-labeled pSm1-7 inscrt (Fig.
8). S. haematobiwm DNA at 500 ng and 1000
ng gave positive signals, bul none was detected
with any of S. magrebowiei DNA quantitics tested.
Judging from the maximal sensitivity (100 pg) of
S. mansoni DNA detection by pSm1-7 insert (Fig.
1) it appears that the §. mansoni specificity of the
pSmi-7 insert is > 1000 vis A vis §. haematobium,
and >>1000 vis A vis §. magrebowiei. Since only
two heterologous schistosome specics were avail-
able for the test, the evidence for the specics speci-
ficity of the pSm1-7 inscrt is considered partial.

Discussion

We have cloned and characlerized a short,
tandemly repeated DNA sequence which is highly
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Fig. 8. Determination of the specics specificity of the pSml-7

probe. Differcnt quantities of DNA from S. mansoni (1 and

and 5 ng) and from the hcterologous species S. haematobium

and S. magrebowiei (1-1000 ng) were dotted and then probed
with the 22P-labeled pSm1-7 insen,

represented in the genomes of both male and fe-
malc §. mansoni. Repeated DNA scquences have
been used by other investigators as probes for de-
tecting parasites and for identifying their taxon
[15.,17,18,19]. Small, highly rcpeated scquences
can be considered highly suitable probes for s::ch
purposcs. Firstly, because their high representa-
tion obviales a high detection sensitivity, and scc-
ondly, because such sequences arc most likely
non-coding and therefore cvolve more rapidly
than the rest of the genome. Species identification
of schistosomes has so far been accomplished by
cmploying ribosomal gene probes in Southern blot
analysis to demonstrate species specific restric-
tion fragments [5]. However, such a test 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
copics/haploid genome [6], the detection sensitiv-
ity of the rDNA probe is relatively low,

A DNA probe from §. mansoni which repre-
sents a tandemly refcated 0.4-kb dcgencrative se-
quence, present approximately at 75 copics per
adult female genone [7] was recently described.

IS o(c?

(wa:15)

i



Pulyps Sun Version 5.1.1

This probe allows defermination of sex in larval
parasifcs. It is specie-specific vis & vis a number of
schistosome specics tested allowing species Iden.-
tification by simple dot hybridization, but the de-
gree of specificity has not been addressed. Clone
pSm1-7 described here contains a 0.64-kb schis-
tosomal scquence which constitules at lcast 12%
of the total S. mansoni genome. Further analy-
sis with a DNA probe of known size and copy
number is required in order (o exactly determine
the abundance of the cloned pSm!-7 repeat sc-
gquence within the schistosomal genome. How-
ever, the results so far (Fig. 1) clearly indicate ils
high representation and correspondingly high de-
tection sensitivity. A repetitive sequence of such
a high representation has not been yet described
in the schistosomal genome. Whether this may be
ascribed to strain differences remains to be cxam-
incd. Analysis of the specics specificity of pSm1-
7 is yet only partial, but the degree of specificity
detected with S. mansoni is at lcast 3 orders of
magnitude higher than with S. haematobium and
S. magrebowici. Elucidation of the full differenti-
ation potential of this probe requires quantitative
dot blot analysis with a wide spectrum of schis-
tosome species and strains. The cross-reaclivity
demonstrated with S. haematobium (Fig. 8) sug-
gests that a similar repeat is present in S, haema-
tobium. 1t is therefore cxpected that the pSmi-
7 prabe should be suilable for identifying par-
tially cross-hybridizing sequences from the het-
crologous schistosome species (under suitable hy-
bridization conditions). From a practical point of
view the differcntial identification of S. haemato-
bium {rom other schistosomes developing in Bu-
linus should provide more accurale snail infec-
tion ralec dala, and may also cnable differenti-
ation between species ¢f terminal-spined schis-
tosomes devcloping in the vertebrate. Compara-
live scquence analysis may be helpful for elu-
cidating evolutionary rclations between schisto-
some species and strains, and for constructing
highly specific oligonuclcolide probes as has been
demonstrated for filariac [19].

The pSm1-7 probe could detect schistosomal
DNA in 1 ng infected snail DNA (Fig. 7) con-
fiming the high detection scnsitivity and indicat-
ing that the repeatz are highly represented in DNA
(rom §. mansoni imramolluscan larvac. The high
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detection sensitivity shou'd allow rapid detection
of individual infected snails without prior purifi-
cation of DNA from (ke snails. A procedure for
this purposc was previcusly described by us [20].

Acknowledgements

This study was supported by AID/PSTC Grant
No. DE-E-5542-G-SS-4-4433-(X).

We are grateful for the advice of Dr. Silvia
[eBlancq. The assistance of Mr. Miguel Weil in
maintaining the §. mansoni life cycle is grateful
acknowlcdged.

References

1 World lealth Organization (1985) The control of Schisto-
sonasis. Technical Report Series 728.4. WO, Geneva.

2 Jordan, P. and Webbe, G. (1982) Schistosomiasis: Epidemi-
ology, Treatment and Control. {{cinemann, London.

3 Pitchford, RJ. (1959) Catue schistosomiasis in man in the
casten Transvaal. Trans, R. Soc. Trop. Med. Hyg. 55,
285-290.

4 Wright, C.A. and Southgate, V.R. (1976) Uybridization
of schistosomes and sonw: of its inyplications. In: Genetic
Aspects of Host-Perasite Relationships (Symp. Br. Soc.
Pamsitol. 14) (Taylor, A.ILR. and Muller, R. eds.), pp.
55-86, Blackwell, Oxford.

5 McCutchan, T.F., Simpson, J.G., Mullins, J.A., Sher, A.,
Nash, T.E, Lewis, I%. and Richards, C. (1984) Differen-
tintion of schistosomes by species, strain and sex hy ns-
ing cloned DNA markers. Proc. Nal. Acad. Sci. USA 81,
889-893.

6 Rollinson, D., Walker, T.K. mid Sinpson, A.J.G. (1986)
The applicition of recombinant DNA technology to prob-
lems of bv.Iminth identification. Parasitology 91, R53-854,

7 Whalker, T.K., Rollinson, D. and Simpson, J.G. (1989) A
DNA probe fromn Schistosoma mansoni allows rapid de-
termination of the sex of larval parasites. Mol. Biochem.
Pamsitol. 33, 33-100.

8 Duvall, R.N. and De Wi, W.B. £1976) An improved
perfusion technique for recovering adult schistosomes from
laboratory animals. Am. J. Trop. Med. llyg. 16, 483-486,

9 Maniatis, T., Fritsch, E.F. and Sambrook, J. (1982) Molcc-
ular cloning. A Laboratory Manual. Cold Spring Harbor
Laboratory, Cold Spring llarbor, NY.

10 Rigby, P.W.J., Dieckman, M., Rhodes, C. and Berg, P.
(1977) Labelling deoxyribonucleic acid to high specific
activity in vitro by nick translation with DNA polymcrase
1. J. Mol. Biol. 113, 237-251.

11 1sh-Horowicz, D. and Burke, J. (1981) Rapid and efficient
cotmid cloning. Nucleic Acids Res. 9, 2989-2998,

12 Southern, E.M. (1975) Detection of specific sequences
among DNA fragments scparated by gel electrophoresis.
J. Mol. Biol. 98, 503-517.

13 Wahl, G.M., Vilto, 1.. and Rulbmiz, J. (1983) Conmplifica-
tion of IRNA gencs with CAD genes in N-(phosphoacetyl)-
L-aspartatc-resistant syrian hamster cells. Mol. Cel. Wial,
3, 2066--2075.

14 Sealy, P.G. and Southem, E.M. (1984) In: Gel FElee-



Pubps Sun Versien 5,1.1

trophoresis of Nucleic Acids (Rickwood, D. and Ilomes,
B.D., eds.), pp. 39-76. IRL Press, Washington, DC.

15 Sanger, F., Nicklen, S. and Coulson, AR, (1977) DNA
sequencing with chain-terminating inhibitors. Proc. Nad,
Acad. Sd. USA 74, 5463-5468.

16 llattori, M. and Sakaki, Y, (1986) Dideoxy sequenc-
ing method uaing denaturated plasmid templates, Anal.
Biochem. 152, 232-238.

17 Wirth, D.F. and Pratt, D.M. (1982) Rapid identification of
Leishmania species by specific hybridization of kinetoplaat
DNA in cuiancous lesions. Proc. Nad. Acad, sci. USA 79,

PubTeX output 1990.08.27:1516 Fiile: nbp-1430Ampla0l694.dvi User: fotck Page: B

6999-7003.

18 Gonzales, A., Prediger, E., Huccas, M.I5, Nogucira, N. and
Lizardi, P.M. (1984) Minichromosomal repetitive DNA
in Trypanosoma cruzi its use in a high-sensitive parasite
detection assay, Proc. Nadl, Acad. Sci. USA 81, 3356-3360,

19 Piessens, W.I',, McReynolds, [L.A. and Williams, S.A.
(1987) Highly repeatcd DNA sequences as specics specific
probes for Brugia. Parasitol. Today 3, 387-389,

20 llamburger, J., Weil, M. and Pollack, Y. (1987) Detection
of Schistosoma mansoni DNA in extracts of whole indjvid-
ual snails by dot hybridization, Parasitol. Res, 74. 92-100.



