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United Nations Industrial Development Organization

ICGEB

The International Centre for Genetic Engineering and Biotechnology (ICGEB! was estabiished
to assist developing countries in realizing the promise ot “new"™ biotechnology to impiove
human health and alleviate problems of food production.

ICGEB acts as a ceniral resource for its Members by providing the necessary "critical
mass” environment to pursue advanced research in biotechnology. and thus strengthen th...
R&D capabilities. The chiet functions of the Centre are to-

* undertake research and development in molecular and cell bislogy for the:
benent of developing countries and
» offer advanced training and access to state-of-the-art facilties and sarvices

ICGERB has hitherto been managed as a project of the United Natcns Industrial
Development Organization (UNIDO;. but will become an autonomous intergovernm:nial
arganization when 24 of its member countries have ratified s statutes  So far {Auqust 1221
23 of the 43 present member countries have tanen this step

The estabishment and developiment of the ICGEB have so far been overseen hy a
Panel of Scientitic Advisers (PSA) and a Preparatory Committee . consisting of representatiies
of the signatory countries  The PSA compnises some of the world's most eminent rmsearchers
in genetic engineenng and biotechnology  The Preparatory Committee well be superc--ded by
a Board of Governors when the Centre achieves aulonomy

Two component laboratones at Trieste. Italy and New Delhi India constitute the
permanent taciities of the Centre. which also consists of an expanding network of a'tiiated
laboratores in member countries  The research statt at each component lahoratory consists rt
semar scienticts dwecling research groups composad of juinor scientists. support slatt andd
trainee Ieliows trom the Mamber Countries

The Centre presently (1991) employs some 150 staff at ds intenm facilities in Trieste
(2000 m’) and New Delhi (1800 m®)  1t1s planned to reach the full complement of recearch ard
admimistrative staf!, at both components by the end of 1943

Construction of new faciies o1 6000 m” and 10.000 m” for Trinste and New Delty,
respechively. 1s schaduled tor completion by the end of 1992 New questhouse facilics are
alreacdy avadable in New Deirand there are similar plans tar Trigste

Funding takes place under a rolling hive year proagramme: which 1a annually reviewsd
and extended The current operational budget. {or tae 1989 1994 pernd provides for a1l
eapenddurs of 358 mihen  Funds are provided by the Governments of indi: and [taly, the
Rescarch Areaof Tneste  the aulhonty that administers the coence piark where the Troate
componentis localed a5 well as voluntary contnbutinns from member countrins
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The ICGEB research programme

The research and development programme of ICGEB is dedicated 1o the application of
genetic engineering and biotechnology to problems of relevance to the developing world.
The programme currently consists of three main areas:

* human health, with emphasis on infectious disease control and vaccine
production;

« agribiology. with emphasis on crop improvement; and

+ biomass conversion, with emphasis on lignocellulose degradation.

For further information please contact:

ICGEB

Office of the Director
Padriciano 99

34012 Trieste

faly

Tel: (40} 3757333
Fax: (40) 226555
Tix: 460396 ICCEBTI
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UNDP/World Bank/WHO
Special Programme for Research and Training
in Tropicatl Diseases

TOR

The Special Programme for Research and Training in Tropical Diseases, known as TDR
(Tropical Diseases Research Programme), is co-sponsored by the United Nations
Development Programme (UNDP), the World Bank, and the World Health Organization (WHO).
TOR is administered by WHO in Geneva and supported by voluntary contributions from
governments, international organizations, foundations, and other non-governmental
agencies.

TDR was constituted in 1978 with the twofold objective of prcmoting the
development of new ways to prevent, diagnose, and treat the major tropical diseases. and to
strengthen the research capabilities of scientists in couniries where the diseases are
endemic.

These diseases are malaria, schistosomiasis, filariasis /both onchocerciasis or river
blindness and lymphatic filariasis or elephantiasis), irypanosomiasis (African sleeping sickness
and Chagas disease), the leishmaniases and leprosy. Collectively, these diseases directly or
indirectly atfected an estimated one billion people.

Over 4,500 scientists from 135 countries are part of TDR's woridwide network of
experts. Their work, in a wide range of disciplines, is bearing fruit in the form of new disease
control tools.

For more information, contact:

TOR Communications
World Health Organization
1211 Geneva 27
Switzeriand

Telephone +41 22 791 3811
Facsimile +41 22 791 0746
Telex 415416
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Immunodiagnosis is as old as the discovery of antibodies and their key role in
infection. Indeed, this indirect means of detection of infectious agents has proved to
be an important adjunct to microbial cultivation techniques, greatly facilitating
correct diagnosis.

Although the usefuiness of immunodiagnosis in bacteriology and virology is
undisputed, the more ccmpiicated relationship with the host of protozoal and
helminth infections limits some of the advantages. These organisms, generally
established in the host in the intermediate or long term, h>ve evolverd ways to
successlully challenge the defence mechanisms of the body, thereby upsetting the
normal kinetics of antibody formation. The protective immunity often seen after
most bacterial or viral diseases is generally absent in parasite infections. In most of
these infections, direct parasitological examination remains today the only
unequivocal means of diagnosis.

In schistosomiasis, serological techniques have been available since early this
century but have, for the reasons mentioned, not yet played a role in efforts to
control the disease. Although there is no case 1o be made for serology in highly
endemic areas, it has become increasingly evident that parasitological techniques
frequently, even alter repeated examinations, fail 1o reveal low-intensity infections.
For this reason, in spite of the often difficult interpretation ol the results,
epidemiological survey teams have lentatively incorporated serology as a way of
improving the diagnostic record in geographical areas characterized by a low level of
transmission.

For national programmes of schistosomiasis control, the importance of useful
an. reliable immunodiagnosis is obvious. In addition, there is an imperative need for
sensitive and specific methods of evaluation for the envisaged future trials of a
schistosomiasis vaccine. The current developments in this area are being followed
with great interest and the collaboration with the Institute of Parasitic Diseases ol
the Chinese Academy of Preventive Medicine in this endeavour is highly appreciated.
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Iimmunodiagnosis of Schistosomiasis

N.R. Bergquist

UNDP Worid Bank WHO Spec:al Programme for
Research and Traiming in Tropical Diseases (TOR)
Geneva. Swilzeriand

Scope of the problem

Schistosomias:s is typically a life-long chronic disease. This is due partly o the
irreversible morbidity caused by granulomatous reactions 1o schistosome eggs
deposited in the tissues and partly to the longevity of the parasite, but it depends
mainly on the slow and inefficient develop.nent of immunity to this parasite. After
the primary infection early in life numerous reinfections, initially largely
unopposed. occur over the first 10 to 15 years of age resulting in a relatively rapid
build-up of parasites foliowad by a slow decrease. The introduction of safe and
effective chemotherapeutic treatment has improved the control of schistosomiasis
immensely but a proportion of the population, usually directly related to the initiai
prevalence in the area. requires retreatment. Although reinfection is common n
these individuals. the generally lower worm burdens foliowing the intrnduction of
wide-spread chemotherapy has highlighted the need for improved diagnostic
procedures.

Clinical examination and investigations by X:-ray or ultrasonography all
represent indirect means of diagnosis since ‘rhe morbidity and not the underlying
infection is targeted. The only unequivocal way of determining the presence or
absence of hving schistosomes in the body would be to actually dislodge and retricve
them from the blood but, in practice, the finding of egqs in staol or unne spacimens
or circulating parasite antigens in serum or other hody fHuids 1s usually suthcient
for the diagnosis. Racombinant schistosome DNA probes would provide a direct
diagnosis but. unfortunately, the advantages of this technique can only be utdized in
the snail intrrmediate host. Unbound by these imitations, seroloqy addresses direct
or indirect diagnost.c aspeats depending on whather antibodies or antigens are used as
the catching reagent  An overview oi the diferent approaches 10 diaqnosis 15 depicted
in Fiqure 1

Direct parastoloqical techimques are now well standardized ang the inclus.on
of qualty control has improved diagnosis i the teld  Such methods have proved
useful in numearous epidomaioneal surseys and in selecting patents for treatment in
areas with moderata 19 high intensily of antection but the relalive insenaiivity of
stool and unine eaminatans has hecome apparent in Areans charactenzed by lox
prevaience and low ntenty of infecton’ This s reculted v an inareased interes!
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Figure 1 Schematic overview of direct and indirect approaches to diagnosis of schistosomiasis
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in implementing serological methods but the urgent need io do so is hampered by the
lack of suitable techniques for use under field conditions. Constraints include
expersive equipment, costly and'or Iabile reagents and, commonly, the neec for
skilled personnel. In addition, mass-produced standardized assay kils are not yet
available.

Antibody detection

The slow reduction of specitic antibody levels after treatment diminishes the vaiue of
antibody detection in endemic areas. except in very special cases: for estimates of
prevalence in the few populations which have not been previously investigated or
treated, and in surveys of areas where schistosomiasis was eradicated a long time ago.
Some preparatians, however, such as for example the CEF6 antigen which seems to
preferentially :'icit antibodies of short-term duration?, could conceivably be uselul
for post-treatraent surveys in endemic countries. Since parasitological techniques
are insufficiently sensitive when applied in controlled areas with very low intensity
of infection and prevalence, antibody deiection is often used for wan! of better
techniques. That this apnroact: is not without its merits is shown by the common use
of serology in China as well as in the Philippines.

Antigen detection

Technical obstacies related 1o sensitivity and specificity have long precluded the
assessment of pravalence of aclive infection but there are now signs that these
difficulties are being overcome. Application of the hybridoma technique. permitti- q
large-scaie production of antibodies with exactly detined specificities, has resulted
in the development of sensitive ultracpecific techniques for the detection of different
schistosome constituents released into serum. In particular, the presence of a 70k Da
circulating anodic antigen (CAA) in humans infected with schistosomiasis, as
revealed by the enzyme-linked immunosorbent assay (ELISA). corresponds well with
actual infection’. The results of these studies showed a sensitivity of around 9075,
whilst the specificity was always 100°%. In addition, some schistosome antigens.
including CAA, are excreted in the urine, thus opening an approach to collection ot
specimens which will probably have a high rate of acceptance in the field. Recent
promising studies indicate that urine specimens can be successfully used for
diagnasis in patients with infection due to Schistosoma haematobium as well as 1o
S.mansoni 4% It is lkely that this approach will also be valid in active
schistosomiasis due to other specics.

Immunodiagnostic techniques

Serology can basically be approached in two different ways: batch techniques which
are useful for large-scale testing in well-equipped laboratories and sample
techniques which can be used individually in the lield. Laboratory-based testing
generally requires expensive equipment and skiled personnel; yet costs are
considerably reduced by automated procedures geared 1o bulk processing of sera.
Although the standardized routine of execulion also renders this approach reliable,
the commonly experienced lack of infra structure In mos! endemic areas manes hnld
diagnosis obligatory. Screening techniques utiizing equipment and reagents that can
be incorporated into field kits would therelore he usetu!  Elements considered
essential in the development of such kit assays are:

a) easily collectable test specimens (biood or preferably urine),
b) a simple and standarsized procedure with clear-cut interpretations
permitting rapidly availabie results (ideally while the patient waits);
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c) the possibility to store and use reagents under hot and humid
conditions:
d) inexpensive production and distribution of diagnostic kits.

Several serologic methods have been used for the diagnosis of schistosomiasis® ~.
Those most commonly and widely used include various forms of ELISA, indirect
immunofluorescence (IF). gel precipitation techniques. indirect haemagglutination
{I{HA) or latex agglutination tests (LAT), and the circumoval precipitin test (COPT).
The majority of these tests can be carried out with less than five microlitres of
plasma drawn from the top of a haematocrit tube after centrifugation.

ELISA requires a series of successive incuba’’ons with serum and labile
reagents (conjugate and substrate) which must be performed under carefully
standardized conditions demanding a high cegree of technical skill. It is a typical
laboratory-based technique but, if prefabricated stz~ :rd kits are used, variations

such as. for example, dot-ELISA? lend themselves :  Jividual aiagnosis in the field
without the need for special equipment and experienc
IF can be performe¢ with specmens L- - either ‘rozen or lyophilized

antigen sections. Although it is typically geared to midividual cragnosis, the need for
an expensive and complicated microscope, experienced odersonnel and delicate
reagents precludes its use outside the labaratory.

Gel precipitation techniques do not exhibit hig sensitivity and require at
least six hours of diffusion in a fragile lzyer of agar a~d are thus not practical under
field conditions. On the other hand. tr2y do nc! require expensve eguipment,
reagents or skilled personnel.

IHA is normally performed in one hour and reading can be carried out with
the naked eye. Reconslituted lyophilized antigen-coated erythrocytes can be used and.,
as in most ELISA applications. one microtitre plate is adequate for the screening of
84 specimens.

LAT utilizes a suspension of latex peptides with fixed antigens, the
lyophi'zation ¢f which improves stability. The test can be carried oul on a
commercially available plasticized card or other suitable surface by mixing a drop of
whole blood or serum of the patient and a drop of reconstituted antigen. It can be read
with the naked eye after two minutes of gentle shaking.

COPT is a simple and useful gel precipitation technique but the substantial
number of washed schistosome egqgs and amount of serum needed for large-scaie
apphcations could be a constraint. There is also a need for standardization of
inteepretation so that resulls from different geographical areas can be accurately
compared.

Monocional reagenits

Anuger delection relies increasingly on monoclonal anthbodies (MAbs) as catching
reagents and although the specificily of these reagents cannot be surpassed. their
extremaly narrow range of reactivity may render the results prey 1o error. Unless a
battery of MAbs including specificities for different determinants is utilized.
epitopes which are not expressed on all circulating antigens may be missed. In this
way, sensitivily can be increased without sacrificing specificity.  Once characterized
and in production, MAbs provide reproducible reagents which can be prepared in
larqge quanhties at relatively low cost. MADS reacting with genus-specific epitopes
may prove useful in qualitative diagnostic lests, whareas MAbs 1o species specific
antiqens would provide impnariant dala for epideminlogical and taxonomic
mvestigaions. Dagnostie assays require high atfinity antibodies, whilst antibodies
with a lower attindy laciitate antigen purificalion for antibody datection.
Immunodiagnosis of schistasomiasis relies on particular MAbs with specificities 1o
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a) antigens common o 3l species infective to man, excluding animal-
specitic schistosomes;

b} antigens exclusive for certain populations or regions, e.g. species
specitic antigens:

cl certain types of antigens. e.g. dominant surface structures and

excretory secretory molecules, which commonly elicit humoral
immune responses in infected humans:

d) ant:igens which pass through the glomerular membrane and are
detectable in the urine.

In add:tion. MAbs reacive with different liuman antibody classes and isotypes
are needed for analyzing the humoral response ‘1 immune and non .mmune
individuals.

Reagents based on recombinant DNA techniques

Ideal’;. antigen preparations shou:d consist of pure native specific molecules whah
€an actudiy be aclieved with the aid of the recombinant CNA technique which permus
mass-preduction of standaraized proten 5. ONA sequences can be manipuiated 10
arain expression of the corresponaing ant:3ens and different recombinant sequences
can be turther recombined 1o create new gene combinalions. Sc far, however. oniy
one attempt has been made to produce cloned diagnostic sch'stosome anugens«
Although the results of prelinuniry tnals using wusion protrins have not been
Lnequibocal this approach would be the solution to unwanted cross reactions

Inaadredt approach. thus technology has been used for the preparaton of DNA
prebes wihich have proved 10 be a sens:itive and hghly specitic means o
demanslrating the presence or absence of an infnctious agentn the hast Unusual,
stabie and with ny reed for genn expresson, such probes can detine even mongr
dterences. They have baen used for the diagnasis ot several mucrobidlag.cal
ntactions nciuding parasiiasns but may not be suitable or diseases due 10
muillenLidr orgamisms. Although schistosome fragments may be found in the blocd
ot the host, thas s prebably frequent and mamly  associaled with treaimen
Appraanon of this appreach 121 seroicg i surveys nught thoretore praoduce a kogh
proportan of talaely negatne reagits,

When appled to the snad imtermadiate host, on the other hand, DNA probes
miy be ulmzed for getermumng sirgin Aitferences. This techmique has its man
APpecAlon n the feid of Lavanamy et o 1 350 of value in general matacology ang
epdeminiogy  Inadditon. satistosame DNA saquencns ¢an be used tor difterent aion
botween schistosome atrans’™ and as annad.cator of the sex of cercand’™  Theoe
a2ppecatons, howaver, L3 somewhal outs:de the present discussion and, aithogsh
DNA probes have severdl altrachve tedtures, they are unbkely 10 be of digoon o
relos, anCe N e uman sduahan

Interpretation of resulls

Vehen evaiualng an assidy. the elahan of feal resafls 10 the ol sitaation Lals into
e Aerent calenrnes s Aepcted an Firgore 20 The 6 20y elaboty of
¢ Anaah IO Gues an Gencnyly eanne st on terma of sensiloaty percentane o
Ntected auhjects pasitive i the Ly a0 peddtiady percentage ob carte
dagnased nonantected subpctan relaton A e negative i the teahh Baned oo
these measutementioan inde s wad proposed by Youden' accard.ng to which the teat
pedarmance can be eapreaied an the t3Uwing quotient grang the symbois e
Fiqure 2y
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Figure 2 The relanon between test results and the real situation. The letters signify the
vanable number of individuals in each category

jaxd -(hxg
W@+b)x(c+d

Theoretically, this index varies between -1 and +1 but since a test of any
standing will result in a higher proportion of positive results in those subjects who
are indeed infected as compared to controls, it is praclically always above zero.
However, the significance of an assay depends not only on sensitivity and specificity
but also on the frequency of infected subjects in relation 1o examined individuals. By
ignoring the effect of prevalence, the vYouden index failed to account for how
accurately an assay predicls presence or absence of infection in a given geographical
area. This prompted the introduction of predictive values of positive (PYps) and of
negalive test resuits (PVneg) which can be calculated according to Galen and
Gambino®? by ancther set of equations:

pros = a/(a+c) and PVneg = d/(b + d}

The lest efficiency, defined as the proportion of an investigated population
which is correclly classified by the assay as being either infected or non-infected,
can be expressed as:

@+ d
(@a+bs+c+d

In immunodiagnosis of schislosomiasis, cross-reaction with antigens from
other helminths whose endemicity coincides with that of schistosomiasis, is a serious
source of error'4. Il needs 1o be emphasized that efforls 1o improve methodological
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sensitivity are of little value until the problem of specificity has been fully
mastered. [nsufficient attention to this fact has resulted in a disproportionate growth
in the number of serological techniques, ieaving basic methodological parameters
inadequately addressed. The practical usefulness of assays must therefore be
carefully estimated before implementation in ihe field. In order to assess the
situation in the area of schistosomiasis serology, two collaborative studies have been
undertaken's 6. The resulls indicate that crude S. japonicum egg artigen, in spite of
its unpurified nature, is relatively specific and correlates also to some degree with
the intensity of infection. A third col'aborative study, carried out in China with the
aim of comparing different 5. japolicum antigens and techniques in local use.
emphasizes this conclusion while showing a generally good correspondence between
results from different laboratories and regions in spite of the many different
techniques used’’. Although more work is still needed, tnese studies contribute (o a
beginning of standardization for large-scale use of schistosomiasis serology. It
should, in this contex!, be mentioned that the utilization of molecular biology for
production of pure candidate vaccine antigens is providing an increasing number of
pure antigens which can, in some cases, also be diagnostically utilized.

Research priorities

The ccllaborative study on immunodiagnosis in China has emphasized the importance
of investigating reagents and procedures in clinically well-characterized patients in
a geographically defined region. This approach should now be extended to other
geographically diverse endeiic areas with the aim of testing the performance of
assays in different settings and in relation to different species and strains of
schistosomes in order to:

a) define various serodiagnostic test kits in order 1o ensure that
reproducible standardized batches of reagents are produced;

b) investigate the usefulness of assays capable of antigen detection in
large-scale human trials;

c) develop assays permitting quantitative determination of actual worm
burdens for use in human vaccine lrials;

d) investigate it sensitivity can be improved by combining sets of MAbs
with different specificities;

e) investigate the role of immune complexes; in particular, to find out if

masking of important epilopes by patient antibodies reduces
sensitivity iIn antigen detecting assays;

f) characterize, immunologically and biochemically, useful diagnostic
schistosome antigens found by screening with MAbs of unknown
specificities.
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Community-Based Immunvudiagnosis of Schistosomiasis
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Summary

During the past decade impressive advances have occurred in our understanding of the
molecular biology of human schistosomiasis. Together with the rise of biotechnology
this progress heralded the emergence of new diagnostic technologies which promised
rapid, affordable and appropriate new methods for the diagnosis of schistocomiasis at
community level where the vast majority of infected individuals reside. However,
progress in the development of such field methods has not been as rapid as expected
and the challenges that remain have been underestimated. This paper attempts o
assess these challenges, to review the requirements of community/field level
schistosomiasis immunodiagnostics from various user perspectives and In specify the
performance characteristics required of the new assays. The lack of design criteria
which reflect the demands of the field, and the inadequate validation of new methods
have impeded progress in this area. More research effort is needed on the design and
development of simplified deteclion systems for circulating or excreted schistosome
antigens or metabolites to provide definitive, quantitative diagnoses relevant not just
lo infection and transmission paramelers, but also 10 disease and morbidily patterns.
Finally, it must be recognized that what is needed at peripheral levels of the health
system is a core technology capable of addressing communities’ priority health
problems beyond a singl2 disease.

Introduction

There have been impressive advances in our understanding of the molecular biology
of human schistosomiasis during the last decade. In the early 1980's these advances
coincijed with the rise of biotechnology, and together, this progress heraldad the
emargence o: new diagnostic technologies; technologies which promised rapid.
affordable and appropriate new methods for the diagnosis of schistosomiasis at
community level where the vast majority of infected individuals reside'. However,
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progress in the developm~nt of such tools has not been as rapid as expected and the
challenges that remain have been underestimated. This paper altempts to assess these
challenges. to review the needs for community/field-level schistosomiasis
immunodiagnostics from various user parspectives, to specify the performance
characteristics required of the new assays, and to outline a gzneral strategy for their
development.

Schistosomiasis and the Field Perspective

The parasitological diagnosis of schistosomiasis at community level is now possible
due to the availability of practical quantitative methods (urine filtration and faecal
smear)2. Even though these parasitological methods have less than desired
sensitivily, field workers are unlikely to replace them with the new generation of
more sensitive "field” immunodiagnostic methods. The reason for this is rooted in the
lack of an overall strategy for a coordinated approach to managing the required
research and development of field applicable immunodiagnostic technologies and from
the lack of a clear understanding of the context in which field or commu..ity based
tests are ultimately applied.

What do we mean when we use the term “field” with respect to diagnostics?
For some, the field is any service laboratory environment outside of the research
laboratory. To others, it may be a laboratory (mobile or static) in a non-health
service setling. More simply, the field may be any non-laboratory setting. The field
may also be defined as those situations in which tests are conducted by non-technicai
personnel or it may mean peripheral or primary health services. Clearly there are
many different “field” situations, some of which would demand different test design
characteristics. All too often though, diagnostics developers stop at developing tests
suitable for use at tertiary referral levels which test large numbers of specimens
collected from the field for epidemiologic purposes. Such tests should not be confused
with tests which are truly field applicable. The predominantly rural nature of
schistosomiasis demands tests which can be performed on-the-spot in rural
communities in the absence of laboratory facilities and technical virtuosity.

Whose view?

In developing field applicable methods, whose view of the field should prevail: the
technology developer, or the technology user? Clearly it should be the latter,
however, throughout the 1980's we have seen major diagnostic technology
development projects, ofter funded by international development agencies, fail in
their attempt to marry the promises of bistechnology to the needs of primary health
care diagnostics. These failed, often because the technology users were not adequately
involved in setling the design criteria for the methods. The field cannot adapt to the
technology. the technology must adapt to the field.

What assumptions are common?

Since most immunodiagnostic tests are developed in laboratories in the industrial
world and then adapted in various ways to the developing world, it is fo be expected
that certain assumptiors will be made that may not always pertain. For
schistosomiasis, one assumption is that in all countries where schistosomiasis field
tests will be applied, laboratory services exist as an integrated part of the health
system. However, in Alrica especially, it is difficult to identify any office within
Ministries of Health which is solely responsible for the coordination of health
laboratory services from a nationzl level. In such a country one expects o find
laboratory capability at: the central or nationa! research centre (usually at least one
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centre); at tertiary referral hospital(s) (one or a few): at regional or provincial
hospitals (perhaps 20); at district and parastatal hospitals (100); and at division
level health centres (400). Beyond this is the periphery of the health system where
we approach the field settings in which laboratory facilities do not normally exist and
these include ward, township or parastatal dispensaries (15600) and community
health posts (8000). Immunodiagnoslic capability presently reaches down only to
district hospital level, however the iaboratoiy referral and support hierarchy often
operates sub-optimally even between national and district levels. The health system
is not well geared to support laboratory diagnostic methods at community or field
level. Hence such methods wili need o be highly independent. An epidemiologic test
designed for field application will normally have a more direct link to the nationa!
level and may not need to be as robust in this regard. Corollary support for
laboratory services as an integral component of the health system in developing
countries must be contemplated if field level use of immunodiagnostics is to be
sustainable.

A second important assumption is that a good diagnostic test can be applied in
all field situations. This vould be ideal: however, field objeclives are so varied that
this becomes unrealistic. In schistosomiasis, field applications may include studies
to establish baseline data prior to vaccine field rials; studies during vaccine field
trials or population chemotherapy trials; community-based surveys associated with
national control programs. primary health care diagnosis; surveillance in low
prevalence situations following successful control; and sentinel site surveillance
following eradication. Some of these are epidemiologic agplications while others are
diagnostic. This dichotomy of applications demands specific design features. Tests
designed for diagnosis should not (directly) be used for epidemiology. The problems
created by such applications will be illustrated later.

Problems and Challenges for Field- or Community-Based
Immunodiagnosis for Schistosomiasis

Field realities

There are several constraints to effeclive use of laboratory tesls at field level. All
must be considered when designing new methods. Already menlioned above is the fact
that there will be relatively little support from the health system itself.
Furthermore. those performing the test will likely have minimal technical
qualifications. There is less supervision at peripheral levels than normally
required. Quality control and quality assurance will need to be built in. There will
likely be no electricity or cold chain. instrument maintenance will be difficult.
Resources in general will be scarce and motivation difficult to maintain. Finaily, and
perhaps most important for schistosomiasis, is that competing health system costs
demand that the recurrent cosls per test be vary low. The main problem that
determines most of these realities is the fac, that the field setting exists largely
outside the health system.

Competing technologies

Another challenge to the development of effective immunodiagnostic tests for
schistosomiasis is the fact that practical, tield apphcable. direct and indirect
diaqnostic methods already exist and are used. These include urine filtration, faecal
thick smear, reagent stick tests?, and even ultrasonography® and possibly
questionnaires*®. The main advantages of many of these approaches is that they allow
rapid unit testing and continuous flow processing of subjects at community level
rather than baich 1esting.  In addition, vary efficient ficid protocols exist for the
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operaticna! fiow of registration, diagnosis, treatment and heaith education using such
methods2. However, most immunodiagnostic tests popular today (eg. ELISA) are
designed for batch testing at a central referral site (usually district level or higher)
thus requiring a costiy return visit to report resuils and provide treatment. There
are no schistosomiasis immunodiagnostic tests rapid enough for on-the-spot testing
with results available within 30 minutes that would work within existing protocols.
That being said, deficiencies in the parasitologic methods are increasingly
recognized®”. The most important is the lack of sensitivity due to the variability of
egg excretion in stool or urine, and poor correlation with intensity of infection and
morbidity for the same reason. Recent studies by Lengeler et al.8? have confirmed
that a single urine filtration for Schistosoma haematobium detects only about 67% of
infections and 44°%; of intense infections (>50 eggs per 10 ml). Furthermore, these
studies indicated that a single haematuria reagent stick test was as predictive as five
sequential daily urine filtrations. This sends two important messages to the
developers of indirect diagnostic methods such as immunodiagnosis for
schistosomiasis:

1) the performance of immunodiagnostic tests cannot be validated
using specimens from patients ciassitied on the basis of a
single parasitelog:c test; and

2) immunoassays (o detect circulating or excreted antigens or
morbid:ity markers should be superior to single parasitologic
fests.

Low prevalence applications

Tests designed and validated for diagnostic applications cannot be used directly for all
epidemiologic applications. This is because in diagnostic applications there s a
clinical pre-selection of patients such that prevalence in the testing population is
usually moderate and clinically importiant infections may be intense. In some
epidemiologic apphcations, especially following control programs, prevalence may
be low and infection intensities may be light. Nevertheless it is common practice that
tests designed for serodiagnosis are used indiscriminately in seroepidemiology. This
often results in the unexpected poor performance of the method or erronecus
conclusions. For example, assume a situation in which a successful control program
or intervention reduces schislosomiasis prevalence from 40% o 1%. Mf an
immunodiagnostic tnst with 2 sensitivity of 95% and a specificity of 90% would be
used 1o measure this reduction, one would be lead to the erroneous cenclusion that
inial prevalence was 44% and the post-intervention prevalence was 11%. an
apparent four-fold reduction, rather than the true 40-fold reduction that was
achinved. Furthermore, if one had set a goal 1o reduce prevalence 10 Iess than 10%,
one would falsely conclude that the intervention had failed. The reason for this is that
the predictive value of a positive result before and after the intervention would be
86.4% and 8.8% resprclively. As prevalence falls, specificity of the test used musi
increase in order to maintain the same predictive value for positive results'®,

Very low prevalence applications

'mmunodiagnostic tests are often called upon to replace parasitologic tests to monitor
areas where schistosomiasis contml has heen highly successtul and prevalence is
very low.  Thie is an important role.  However, in such situations a diagnostic
strateqgy relying on a sinqgle immunodiagnostic test will not work because of the low
predictive values of positive resulls mentioned ahove. A screening aad confirmation
strateny using more than one test will be required and even this will nend
adjustments fr different lnvels of prevaivnce.




Community-based immunadiagnasis 13

To illustrate how this might operate, let us imagine a hypothetical situation in
which immunodiagnostic spec.mens from 10.000 subjects are tested in the field in a
low prevalence schistosomiasis setting {<1°c){Table I). The diagnostic strategy is to
screen all specimens using a sensitive, practical, and inexpensive immunodiagnostic
field test. All positive subjects will be then asked to provide faecal specimens for
laboratory based testing before diagnosis is confirmed 2 "d treatment offered. The
hypothetical immunodiagnostic test has a sensitivity .. 98%. We can vary the
specificity to estimate the effect on the number of parasitological tests required. By
definition, the parasitologic test has a specificity of virtually 100%s. Let us say that
the sensitivity of a single parasitologic examination is 67% and that three sequential
examinations would be done to bring the accumulated sensitivity up to the range of the
serologic test. By varying the specificity hypothetically, one can calculate using
predictive values and false positive rates. how many stool examinations would be
required at each level of immunodiagnostic specificity between 80% and 99.9%.
From there it is a simple matter to calculate the cost per case detected. In this
example, the predictive value of an immunodiagnostic positive ranges from 4.7°, to
90.8%, when specificity ranges from 80% to 99.9%. At ar. immunodiagnostic
specificily of 80%, over 6000 parasitologic confirmations would be required. The
situation does not improve much even at 890% specificity. Howevei. belween 90%
and 99% specificity, the number of parasitologic contirmations declines rapidly to a
manageable number of around 600. improving immunodiagnostic specificity higher

Table 1 Effect cof :mmunod:agnostic specificly on case detection costs in a population with
a low prevalence of schistoscmiasis when a low cost immunaodiagnostic fieid test 1s used to
identily indwiduals for mare costly parasiolegic confirmaton

Fieid Immunodagnostc Screen’ Parasitoiogic Confirmation?
Unit Cest = 1 Unit Cost = 10
Specificity PVpast Fa'se sve No. of No of Cost Case
Rate Sprcimens  Confirmatory Detected’
Tested Tests (1a+10b 1530)
(a) (b)

80 47 95.3 10.000 6.234 723
90 30 91 3 10.000 3.264 426
a9 497 50 3 10.000 5G41 159
99 90 93 8 9.2 10.C00 324 132
99 63 99 0 10 10.00¢ 297 130

The Fend Imrunadagnostic Screen has a speciicity shown in the tabie and a sensduty
of 987,

t  The Parasici~ge Confrmation has a specificty of 180%, and cumulative sensitvity of
677, BCTA and (8% on tha first, second and third specimens  Three spacimens are
tested for each immunodiagnostic pasitive

PV an = predotive value of positve rasults

§ Prayalence in the populalinon 15 1% hence there are 100 trae canes i the namp'e of
10.600
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than 99% does not result in dramatically fewer parasitological test requirements. In
this example, it is clear that optimal specificity of the immunodiagnostic test
deployed in such a strategy would need to be somewhere between 30 and 99%.

The task now would be 1o select the optlimally cost-effective screening and
confirmation strategy which suits the intended appiication and then select or develop
an immunodiagnostic test with the required level of specificity. Different strategies
would be required for different orders of magnitude in prevalence. Relative
(Receiver) Operating Characteristic Curves or predictive values'® can be calculated
in advance to delermine what level of sensitivity and specificity would be required of
the immunodiagnostic test. Again, field test design criteria must be decided in
advance and the technology developed to meet the cnteria.

Inadequate validation of field immunodiagnostics

The vast majority of diagnostic lests ever developed never leave the laboratory in
which they were developed. Those that perform well under such optimum conditions
are sometimes adopte.' for field use and often perform surprisingly poorly. The
reason for this high attstion rate is that tests are developed frequently on an ad hoc
basis, usually exploiling a new technical approach to the production of the primary
ligand. This is then placed into the most sensilive assay system available and
optimized against a small panel of well defined clinical specimens from subjects with
a limited spectrum of infections arising following transien! visits 1o endemic areas.
Such specimens do not reflect the nature of specimens typical of subjecls indigenous
to endemic areas. The new assay is then used in a variely of field trials. It is only at
this time that the true performance characteristics of the test are revealed.
However, the most important performance characteristics can often be determined
well in advance of progressing to costly field trials. Moreover, targets for such
characteristics should be set before tests are developecd and the development process
should be driven by these criteria.

Lack of minimum validation criteria

Validation criteria should be set early in the assay development process specifying
the minimum target values acceptable for the following test parameters: sensitivily;
specificity; positive and negative predictive values ‘assumes knowledge of the
intended application): cross-reaclivily (assumes knowledge of the important
ditferential diagnoses possible in the intended application); and reproducibility'. In
reviewing papers on schistosomiasis diagnostic technology. it is very difficult to find
reports in which all of the above parameters have been measured and reporied.

Design Needs for Community- and Field-Applicable
Immunodiagnosis for Schistosomiasis

The growth of the markel for physician's office testing in developed rountnes (in
some ways, analogous o field lesling in primary health care setlings) nas lead fo a
number of very rapid and praclical, albeit coslly, immunodiagnostic test formats. By
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Low cost (< 0.10 USS)

Rapid (minutes)

Unit (vs. batch) test format

Robust (no instrumentation or cold chain required)

Built-in positive and negative controis

No specimen or reagent volume measurement ("dip-stick™ format)
No specimen pre-treatment

Uses non- or less invasive clinical specimen, eg. urine, saliva, stool,

or capillary biood
Appropriate: Scnsitivity
Speciticity

Predictive Values

Cross-reactivity

Reproducibility
Provides an index of morbidity or prognosis
Manufacturable in developing countries
Serves as a core-technology for additional diseases

This is not an impossible list. In fact HIV-1 antibody-detection systems are
emerging which are approaching all of the above-mentioned criteria.

How can this be achieved for schistosomiasis? A "Development by
Design™ approach is required. This invokes a stralegic plan which involves a goal
orienled, user directed, product development approach. Such a plan requires
cooperative research and development with close links between the bench and
the field at all stages: between basic and applied research; and belween 2cademia and
industry. Basic research is needed to focus on the pathophysiology of infection and
disease to identify the most important target markers and to develop molecular
biological approaches to reagent production. Applied research is needed lo
establish proof of concept. develop prototype technology. validate the assay and
conduct field trials. Industry partnership is required 1o refine the prototype 1o an
appropriate technology. scale-up production, establish quality control, conduct kit
development, and initiate technology transfer. Such cooperative "R&D" needs to be
effectively funded and managed. For diseases such as schistosomiasis. this will
probably depend on national and international public funding agencies such as WHO
using direct project management executed by an international, non-governmental
organization oriented 1o appropriate technology.

Conclusion

In conclusion, immunodiagnostic lests for schistosoriiasis are not yet widely used at
field/community levels, although certain developments, particularly regarding the
detection of circulating and excreted antigens show promise''-'2.  Despile the
increasing availability of superior and adequate reagents, in order to accelerale
progress towards technologies which are truly field applicable, we must have a
better understanding of the needs of field-based testing if we expect the methods to be
appropriately developed and used sustainably. The lack of design criteria which
reflect the demands of the field, and the inadequate validation of new methods continue
fo impede progress in this area. A case is made for concentrating efforts on the
development of simplified detection systems for circulating or excreted schistosome
antigens or metabolites, designed to provide definitive, quantitative diagnoses
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relevant not just to infection and transmission parameters, but also to disease and
morbidity patlerns. The days have passed when a single laboratory or research group
can carry a promising diagnostics development project all the way from concept to a
finished product useable in the field. A call is made for more strategic research and
development management process which continuously recognizes the participation
and the needs of the field wkile coordinating the necessary cooperation between basic
research. applied research and the skills of the diagnostics industry. Sustainable use
of immunodiagnostics at field level will require a strengthened and more effective
hierarchy of Iaboratory services throughout the health systems of countries where
schistosomiasis is endemic. Finally, it must be recognized that what is needed at
peripheral levels of the health system is a core technology which will eventually be
capable of addressing communities’ priority health problems beyond a single disease.
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Serological Techniques for Diagnosing
Schistosomiasis in the Individual

Niklaus Weiss and Thomas Junghanss

Swiss Tropical Institute, Basel, Switzerland

Summary

Serological techniques to demonstrate circulating antibodies are powerful tools to
detect cases of human schistosomiasis not only in acute disease ("Katayama
syndrome”} but also in later stages of infection since the sensitivity of
parasitological methods is rather poor.

We analysed 50 of our outpatients with positive serological tests and no prior
treatment for schistosomiasis retrospectively in terms of their past and present
history, exposure, clinical and laboratory findings (stool and urine examinations,
eosinophilic blood counts). In only 21 cases (42%) was infection confirmed by
parasitological findings (18 Schistosoma mansoni, two S. haematobium, one mixed
infection). All patients had lived in areas known to be endemic for schistosomiasis
(45 for at least one year, 47 in Africa) and most of them gave a clear history of
exposure. In 28 (56%) cases eosinophilic blood counts were > 400/mm3. Extremely
high values (> 2000 eosinophils/mm?3) were found in two patients during acute
disease.

For screening purposes we currently test patient sera against two different
antigens of S. mansoni (an adult NP40 extract and a crude soluble egg antigen [SEA})
by an enzyme-linked immuno-sorbent assay (ELISA). Those sera which react with
at least one of the two antigens are further tested by an indirect immuno-fluorescent
antibody test (IFAT) using frozen sections of male worms. More than 5000 sera were
screened during the last three years. All 30 sera from patients with
parasitologically proven, aclive S. mansoni infeclions were positive in one of the
two ELISA screening-tests (28 with NP40, 27 with SEA) of which 27 were
confirmed by the IFAT (reciprocal litre > 80). This screening method seems to be
less sensitive for S. haematobium (only five cases; four detecied by ELISA, two by
IFAT).

In contrast to our earlier findings in permanent residents in endemic areas,
specific IgE-antibodies (measured by a radio-allergosorbent test, RAST) werg of
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limited diagnostic value in our outpatients. Eleven out of 16 cases (nine with total
serum IgE < 200 kU/T) were RAST-negative.

Recent developments in the field of antibody-detection methods (use of
recombinant antigens, analysis of subclasses of IgG antibodies) are reviewed.
However, the main limitation of all serological methods. i.e. the long persistence of
serum antibodies after treatment over long periods of time, remains.

Introduction

Definitive diagnosis of schistosomiasis requires the demonstration of viable eggs in
faeces. urine or hictological samples. It is, however, well known that the sensitivity
of parasitological methods is rather poor. This applies even to concentration methods.
such as the formol-ether sedimentation technique (after Ritchie) or the standard
10 ml-filtration method. The mean sensitivity of the former was found to be 47.6%
for Schistosoma japonicum when multiple samples from individuals living in an
endemic area in Japan were analyzed' The standard filtration method for S.
haematobium reached a mean sensitivity for a single examination of only 40% when
the overail prevalence was set at 100 % for five samples? This study was carr:ed
out on children in the United Republic of Tanzania. who were all heavily infected
{>50 eggs/10 mi in at least one urine sample). It proved that daily fluctuations of
egg-oulpul are high. Parasitologica! methods are even less helpful for diagnosing
schistosomiasis with a low parasite burden after limited exposure, or in chronic
infections with a low egg-cutput. In addition, parasitological methods are not suitable
for detecting cases of acute disease ("Katayama" syndrome) or when worms have not
yet started to produce eggs {(prepatent period).

Therefore other criteria for diagnosing schistosomiasis have to be considered.
Gelfand suggested a clear history of exposure as a second major criterion for
diagnosis besides the parasitological evidence® The risk of exposure, however, is
often ditficult 10 assess because epidemiological patterns are highly focal. Positive
serology. blood eosinophilia and clinical symploms of acute disease (fever, dry cough.
headache, abdominal pain, anorexia. haematuria {in urnary schistosomiasis]) are
considered by Geltand minor diagnostic criteria.

To evaluate our serological methods for diagnosing schistosomiasis in the
individual, we analyzed the parasitulogical and serological findings of 420 outpatients
whom we saw belween 1985 and 1990. Additionally. we evaluated our serological
techniques with sera of parasitologically proven cases sent to our laboratory and
studied the files of 50 outpatients with positive serology in terms of ihe application
of the diagnostic criteria mentioned above.

Methods

For screening purposes we cuirently use Iwo different anhigen preparations in a
micro ELISA system: membrane antigens of adult S. mansom (detergent (Nonidet
P40; NP40) extract of a peilet after PBS extraction} and crude soluble egg anligens
(SEA) prepared trom S. mansoni eqggs from intected laboratory animals. Before
1987 a PBS.extract of adult S. mansomi was used. These anhqens are part of a
mulh antigen screening test for helminths (Schistosoma. Fasciola. Echinccccecus.
Acanthocheilonema, Toxocara and Trichinella) which was introduced in our
Iaboratory in 1382% Sera which react with at Ierast one of the two § manson
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Table 1 Reactivities of parasitologically proven sera in ELISA and IFAT

ELISA {OD) IFAT
Parasitological N NP40 SEA reciprocal titre
findings
N(>C3) mean N(>06) mean N{>80) GMRT
(SD) (SD)
S. mansom 30 28 0.96 27 132 27 372
(0.58) (0.67)
S. haemarobium 5 3 0.62 4 1.30 2 145
(0.65) (1.05)
S. mekongi 1 1 (6.37) 1 (1.40) ot (89)

GMRT = geometnc mean of ;oc—p;;al utres

t IFAY became positive (reciprocal titre 320) one month after treaiment
Abbreviatons: NP40: adult S. mansoni membrane extract. SEA: sciuble S. mansoni egg
extract

.

antigens are further tested by an indirect immunofluorescence anlibody test (IFAT)
using frzzen sections of adult S. mansoni ¢ This test was established in our laboratory
in 1968.

Sensitivity

The sensitivities of the methods are summarized in Table 1. All 30 cases with
parasitologically proven S. mansoni infections reacted gcsitively with at least one of
the two antigens. Figure 1 gives the correlation of ELISA- with [FAT-results. The
results of the ELISA using the adult NP40 antigen correlate we  with those of the
IFAT. In contrasi, this does not apply 1o SEA-ELISA and IFAT. Twenty-seven of the 30
parasitologically-proven sera were considered posilive by IFAT (reciprocal litre
>80). Out of the three sera with an IFAT titre of 80 (borderline result), all three
reacted weakly with NP40, two (one strongly) with SEA (Figure 1).

Similarities belween antigens of different species enabled S. haematobium
and S. mekongi infections 10 be detected using S. mansoni antigens. Sensilivily for
S. haematobium, however, seems to be considerably lower than for S. mansoni. Four
cut of five sera were positive in the ELISA and only two in the IFAT (Table 1).

The reaclivity of 67 IFAT-positive sera with NP40 and SEA is demonsirated
in Figure 2. Four sera reacted only with SEA, 10 sera solely with NP40. Only one
IFAT -positive serum was negalive for both ELISA antigens.

Specificity

The specificity of the two ELISA anligens was evaluated with sera from 108 patients
with parasitologically proven tissue helminth infections, clinical signs highly
suggesive for Irichinellosis or positive serological results for toxocariasis (Figure
3). Three out of 108 sera gave false-positive resulls with NP40. The specificily of
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400 492nm (adult NP40) 8
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10 100 1000
recipcocal titre (IFAT)
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10 100 1000
reciprocal titre (IFAT)

S. mansoni sera (N=30)

Figure 1 Serological results for 30 parasitologically provea S. mansoni sera in the
ind:-act immunfluorescent antibody test (IFAT) and in ELISA using adult NP40 (a) or SEA (b)
as anhgens (dotled lines: thrashold values for a positive resuit).
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IFAT -positive sera (N-67)

Figure 2 Reactvity of 67 sera with a positive IFAT {reciprocal tirre > 80) against adult
NP40 and SEA antgens in ELISA (dotted lines threshold values for a positve rasull)

crude SEA was lower. The main problem is that of crossreacting anti-Trichinella
antibodies (sera kindly provided by Dr. K. Cuperlowic, Beograd). Crossreactivity is
due to a variety of glycoproteins as demonsirated by radio-immunoprecipitation and
2D-gel-electrophoresis®  Since in our screening procedure all sera are
simultaneously tested against an excretory/secretory antigen preparation of
Trichinella spiralis muscle larvae (kindly provided by Dr. Gamble, Bel'sville) a
serological diagnosis can slil! be made since the reaction patterns are different. Sera
of patients with frichinellosis are more reactive against the homologous antigen
(mean O.D. (+ S.0.): 2.09 + 0.85) than against SEA (mean O.D. (-S.D): 0.73 -
0.50). A single false-positive serological result (SEA-ELISA O.D.= 0.73, IFAT
reciprocal titre = 64C) was due to a Capllaria hepatica infection in a3 Swiss child
wilth no exposure in the tropics.

Results and Discussion

Parasitological and serological findings in Swiss expatriates

Experts of the Swiss Development Agency and their family members who had hved
overseas for more than two years (mean: four years) and who attended our
outpatients clinic between 1985 and 1990 were studied” Schistosomiasis mansoni
was delected in 12 oul of 420 individuals (2.9%), eight of whom were serologically
positive, one was borderline, three were not tested (children). A positive serological
resull was found in 20 individuals (5.2% of all individuals tested. no serology in
small children). Three oul of 12 cases with posilive serological (esulls and negalive
parasitological findings had been freated for schistosomiasis in the past. Four of the
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Figure 3 Reactivity of sera from indwiduals with parasitologically proven heiminthic
infections, chnical signs of Irnchineliosis or positive serv.ogy for foxocanasis in ELISA

using adult NP40 (a) or SEA (b) antigens (dolted lines threshold values for a positive
resuit)
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remamning nine cases had elevated eosinophilic biood counts (> 400 mm?). Positive
serological results were clustered {12 cases in five families of which five cases in
three families were parasitologically positive). Twelve out of 20 seropositive cases
had returned from Rwanda (exposure in Lake Kivu'), four from Chad. We conclude
from these data that amongst the criteria which contribute to establishing a diagnosis
of schistosomiasis in expatriates who have lived some years in endemic areas.
serological methods are of great importance.

Evaluation of positive serological results
Histcry ot exposure, clinical findings and laboratory results were studied in 50
outpatients with positive serological results but no prior treatment for
schistosomiasis. Parasitological confirmation of infection was achieved in 21(42%,)
cases {18 S. mansoni, two S. haematobium, one mixed S. mansoni . S. haematcb:um
infection). in some cases only one egg could be demonsirated in one stool sample out
of two to three. All seropositive cases had been o areas endemic for schistosomiasis
either as tourists or as temporary residents. Only two (4%) stated that they had had
no rnisk of exposure. Clinically. only three were suspected to be infected (two with
symptoms of acute disease. one case with haematuria).

Table 2 correlates parasitological, haematological and serological findings
with the duration of travel or residence in areas endemic for schistosomiasis.

Table 2 Dar. of outpatienis with positive serological resuits grouped according [0 the
curaton ¢f risk of expesure and 1o parasdological ftindings

Trave! Residence N Eos:nphils per mm? ELISA IFAT
wi Endemic Area tetal Mean OD (SD) GMRT’
N (>400) Mean NP4O SEA
(SO)
< 6 manths st 4 1949 047 1.13 160
(900) (0.23) (0 72)
05 - 5 years 20 12 404 079 103 437
(275) (0 33) (0 54)
paras.t pos 6 5 458 103 140 513
(174) (0 27) {0 39)
parast neg 14 7 381 670 089 407
(305) (0 31) (053
» 5 years 25 12 456 092 123 261
(327 (0 62) (0 70}
parasit pos 14 ; 476 C 98 135 240
(352) (071) (0 70)
paran s nej T 5 429 0 86 09 Ktk
(288) (0 49) (0 3y

* GMRT . geomet~c mean of raciprocal tires

1 are patas! pastve two acule cases
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Table 3 Data from expatriates with parasitologically proven infections grouped according
to IgE levels

Group Age Sex Stay in Eosino- Total IgE RAST IFAT Parasite
(IgE tevels) (y) endemic  philia (PRIST) recipr.
(kU/1) area % (kU/1) titre
(y)
A. >1000 62 M 23 14 3050 POS 320 S. mansoni
36 M 5 12 4750 POS <80 S haematob.
27 M 0.3 22 1870 POS 320 S mansoni
31 M 0.1 26.5 1400 neg 160 S. haematob.

/S. intercal.

B. 200-1000 32 M 7.5 980 POS 160 S. mansoni
42 M 1.3 22.5 480 PCS 320 8. mansoni
22 M 1 20.5 400 neg 160 S. mansoni

C. <200 54 M 25 6.5 185 neg <80 S. haematob.
38 M 14 2.5 52 neg 160 S. mansoni
19 M 4 6.5 170 neg <80° S. mansoni
26 F 2.5 11 90 neg 160 S. mansoni
34 M 1 45 24 neg 320 S. mansoni
31 F 1 0 20 neg 1280 S mansoni
23 M 1 17.5 175 neg 320 S. mansoni
31 M 0.8 25 63 neg 320 S. mansoni
24 F 03 18 130 neg <80t  S. mansoni

PRIST = Paper RadioclmmunoSorbent Test
t One month post-treatment: IFAT reciprocal titre 160

Individuals were grouped into those with short (< six months), intermediate (up to
five years) and long (> five years) periods of residence. As expected, the proportion
of cases with positive parasitoiogical findings increased over time with risk of
infection/reinfection. Schistosomiasis is only rarely seen in tourists travelling for a
tew weeks in endemic areas. The risk is highest for temporary residents (see resulls
for expatriates}. Very high eosinophilic blood counts were significantly more
frequent in early stages of infection, which confirms published results® In later
stages of infection, eosinophilic blood counts rarely exceed 1000/mm3; in 21 out of
45 cases {47%) eosinophilic blood counts were even below 400/mm3. Serological
results showed great inter-individual variation, but were generally not related to
duration of risk of infection. Only in IFAT and in NP40-ELISA were differences
between early and late infections observed (Table 2). tn conirast, mean reactivity
against SEA was similar in all three groups bul was consistently higher in
parasitologically prover cases.
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Specific IgE antibodies as diagnostic criteria
High levels of circulating 'gE are generally associated with infections Jue to tissue-
dwelling helminths. Our earlier studies in Africans in endemic areas revealed high
serum IgE levels (mean: >4000 kU/M) and a high prevalence (60-80%) of specific
IgE anti-schistosome antibodies in a radio-allergosorbent test® Later we found that
the sensitivity of this RAST assay was considerably lower in expatriates: IgE
antibodies against adult S. mansoni antigens were only found in 14 out of 29 (48%)
proven cases'®

In just about 50% of all schistosomiasis patients we observe normal IgE
levels (<200 kU/) and negative RAST results. Detailed results for 16 outpatients
are given in Table 3. In conclusion, IgE antibodies are rarely present in early stages
of infection which confirms published data''-'2  So tar we do not know why only half
of our schistosomiasis patients mount an IgE response in later stages of infection.
The pattern of exposure (“trickle™ infections over a long time) or concomitan! other
helminthic infections might give a clue as to why most Africans develop high IgE
antibody levels.

Follow-up criteria after chemotherapy

Some ourpaiients were closely followed for periods up to one to two years after
treatment (data not shown). As shown by others'?, anlibody titres only exceptionally
decrease significantly within one year after treatment. We even observed that
positive serological results persisted for more than five years after successful
treatment in situations where there were no risk of reinfection. Eosinophilic blood

Table 4 Recent developments in antibody-detection methods using purified or recombinant
antigens

Antigens Origin Method References

CEF6 eggs S. mansoni ELISA Doenhotf et al. (1985)'4
MSA-1 eggs S. mansoni AIA Stek ef al (1985)'5
gp-2 eqqs S. japonicum  ELISA Tracy et al. (1985)'6
Sm31/32° aduit S mansoni Immunoblot Ruppel et al (1987)'7

'dris and Ruppel (1988)'8

Cysteine proteinases adull S. mansoni ELISA Chappe!l ef al. (1990)'?
(CP1 and CP2)

Sm31/32° recombinant antigen ELISA Klinkert ef al. (1988)2'
Haemoglohinase recombmant antigen Dot-blot Chappell ef al (1989)22
70 kDa peptide’ recombinant antigan Newport of al (1988)7°

Sm31 (CP2! has homology to Cathepsin B, Sm32 (CP1) 1s identical 1o haemoglobinase
t Homology with heat shock protein 70 (hsp-70)




eosinophils should not be expected prompily after treatment in all cases. The
assessment of the success of treatment in seropositive patients is difficult as long as
eosinophilic blood counts remain above normal values.

Recent developments in antibody-detection tests

Since the multi-center study organized by WHO in 1982 in which different methods
were compared?, the main advances have been in antigen purification, especially of
SEA 16 and in the production of recombinant antigens (Table 4). Analysis of sera
of schistosomiasis patients by immunoblot techniques demonstrated the heterogeneity
of individual immune responses. This approach also allowed the identification of
major diagnostic antigens: e.g. cysteine proteinases of adult worms'71® or a 70 kla
peptide (heat shock protein)2® Three of these antigens were produced by
recombinant DNA technology29-22.  Their diagnostic value, however, has not been
fully assessed so far.

The availability of defined antigens is a prerequisite for the standardization of
serological techniques. Further research on sera of well-documented patients is
needed to dasign serological tests which will make it possible to discriminate between
active and past infections and to quantify the intensity of infection. Antigen-detection
assays could perhaps contribute more to the solution of some of these nroblems.
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Background

Since the report of the last human case of Schistosoma japonicum infection in Japan
in 1976, widespread schistosomiasis in the Far East is currently found only in
China and the Philippines. Both these countries have operational national control
programmes in the well-defined endemic areas. In the 1950s, when coordinated
control efforts started in China, 378 counties were endemic for the infection. Since
then, it has been elimirated in 150 counties and cities and brought under effective
control in 110, but it is still prevalent in 118, the majority related to the river
Yangtse '2.

Traditicnally, schistosomiasis is diagnosed by direct parasitological
techniques which are useful in areas with moderate to high intensity of infection.
However, the relative insensitivity of stool and urine examinations makes them less
suitable for well-controlled areas where both the prevalence and the intensity of
infection are generally low. Various antibody deteclion methods have been
implemented as adjuncts to faecal examination, especially in China. Since antibody
litres diminish in the absence of reinfection, and eventually disappear or reach very
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low levels, this approach could be a usefut tool in the maintenance phase of control
programmes.

Immunological diagnosis of schistosomiasis has been available for the better
part of this century and was first applied to S. japonicum infection’. However, it
was not until the advent of modern biotechnoiogy that these assays were improved
sufficiently enough to offer an alternative to parasitological diagnosis. Two
collaborative studies have been carried out with the aim of identifying guidelines for
the implementation of serology in this discipline*$ . in both of these studies. crude
S. japonicum soluble egg antigen (SEA) preparations showed high sensitivity and
adequate specificily compared to standard parasitological techniques. In addition, the
quantitative sero-reactivity of the characterized S. japonicum egg antigens
correlated directly -vith the intensity of infection in all age groups. However,
differentiation between past and current infection will continue to pose a problem
until improved immunological or new biochemical tests are widely available. In
addition. the occurrence of cross-reactions with other infectious agents, helminths
in particular, constitutes another obstacle yet 1o be overcome. In spue of these
constraints, there has been a considerable growth in the number of
immunodiagnostic techniques. thus prompting a renewed assessment of the situation.

Objectives of the study

The main aim of this third collaborative study is 10 evaluate the sensitivity and
specificity of a number of different serological assays for the diagnosis of
schistosomiasis due to S. japonicum, including different antigens in general use in
different localities. The ultimate goal is to identify antigens and test systems which
could be proposed for use in national control programmes.

The data will be analyzed to determine whether 1) infection can be assessed
both qualitatively and quantitatively by serology: 2) clinical morbidity can be
correlated to these resulls; and 3) past and present infection can be differentiated
using antibody detection.

Participating laboratories

In China, the national control programme for schistosomiasis relies on reference
laboratories which belong to Institutes of Parasitic Diseases situated in the different
provinces. Seven of these laboratories, all currently performing serological
analysis for schistosomiasis on an independent basis, were selected because of their
experience in immunodiagnosis and their access to sera from individuals infected
with schistosomiasis. Four of the laboratories are situated in regions still
considered endemic for this infection:

Institute of Parasitic Diseases, Hubei Academy of Medical Sciences, Wuhan;

Hunan Provincial Institute of Parasitic Diseases. Yueyang:

Departiment of Parasitology. Nanjing Medical College, Nanjing: and

Institute of Parasitic Diseases, Sichuan Academy of Medical Sciences,
Chengdu.

Three laboratories are situated in areas where schislosomiasis was highly endemic
before 1565 but where the disease has been eradicated for more than 20 years:

Institute of Farasitic Diseases. Chinese Academy of Preventative Medicine,
Shanghar;

Department of Parasitology. Shanghai Second Medical University, Shanghai:
and

Depariment of Parasitology, Suzhou Medical College, Suzhou.
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Table 1 Number of subjects who provided sera by age ard sex

Age Sex Total
Male Female
1.4 o 2 ) o 2
5-9 9 3 12
10-14 52 27 79
15-24 96 84 180
25-44 135 a0 225
45+ 47 25 72
Total 341 229 570

In addition, the Division of Parasitic Diseases, Centers for Disease Control
(CDC). Atlanta, United States also participated. This laboratory specializes in the
development and application of serological techniques and has a close collaboration
with Chinese laboratories.

The serum bank

All participating laboralcries, except CDC, took part in the collection of sera for the
study. The persons providing the sera were all examined clinically and subjected to
a range of laboratory tests relevant to schistosomiasis and other clinical slates, as
depicted in the form shown in Figure 1. Stool tests were carried out using the
modified Kato cellophane taecal thick smear technique® examining two slides from
each sample. In addition, the miracidial haltching test’, which is widely used in
China, was performed on mare than half (353) of all stool samples.

Characterized sera were obtained from 579 individuais but due to incomplete
knowledge, either missina parasitological data or inadequate information regarding
the subjects providing the samples, nine entries had to be eliminated. For this
reason, the sludy will refer only to 570 sera (Table [). Although no particular
seclor of the population was favoured, sera from young adult males turned out 10 be
in the majority (Figure 2). However, the serum bank does not represent any special
area or ethnic group within the regions selected for the study.

Of these 570 sera, 418 come from subjects living in the provinces of Hunan,
Hubei, Sichuan and Yunnan which are all endemic for schistosomiasis. The liver was
palpable more than two cm below the costal margin in more than 53% of these
subjects and 3% had undergone splenectomy. As many as 47% had been treated more
than once while. on the other hand, 32% had never received any kind of
chemotherapy for schistosomiasis. At the time of examination, 15 had ascites, 40
had a cough, 135 had diarrhoea, 26 had fever and 46 had some type of neurological
disorder. Two hundred and fifty seven of them had Ascarns, 34 Trichuris, 28
hookwormn and six Fasciolopsis infection. This group consisls of four cateqgories:
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Table 2 Classification of subjects providing sera

Subjects from areas endem'c for schistosomiasis:

Acute infection 15
Chronic infection 308
Advanced infection 19
Previously infected 76
Subtotal 418

Subjects from areas non-endemic for schistosomiasis
but endemic for other parasitic infections:

Ascariasis 26
Clonorchiasis 37
Paragonimiasis 10
Parasitologically negative controls 9
Subtotal 82

Subjects from areas non-endemic for schistosomiasis,
clonorchiasis and paragonimiasis:

Parasitologically negative controls 70

Total 570

1. Acute infections: patienls with severe clinical manifestations and
recent exposure o snail-inhabited water whose symploms include liver
enlargement, palpable spleen, fever, urlicaria, cough, nausea, vomiting
and diarrhoea. Although these individuals are not always egg-positive they
invariably show positive intradermal tests, positive serology and
leucocylosis, mainly in the form of eosinophilia.

2. Chronic infections: subjects with hepatomegaly but otherwise mild
symptoms such as dyspepsia and abdominal pain, sometimes associated with
mucus or bloody discharge. These patients are always egg-positive and
they show positive intradermal tests and posiltive serology.

3. Advanced infections: patients with clinical cigns of liver cirrhosis
such as hepatosplenomegaly, ascites, oesophageal varices and other
collateral circuiation. These patients do not all excrete eggs but they
generally show positive serology and often have an inverse albumin to
globulin ratio. Owarfism also classifies patients 1o this category.

4. Previously infected: successlfully treated subjecls.

The remaining 152 sera constitute different sets of controls: 26 come from Ascaris:
infecled individuals; 47 from subjects with other trematode infections such as
paragonimiasis (from a region non-endemic for schistosomiasis in Hubei Province)
and clonorchiasis (from regions non-endemic for schistosomiasis in the provinces
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Figure 2 The collaboralive siudy serum bank: distribution of sera by age and sex

of Sichuan and Anhui); and 78 parasitologicaliy negative controls: nine from Hubei
Province and 70 !from individuals living in the Shandong and Shanghai provinces
which are non-endemic for schistosomiasis (Table 2). Only subjects less than 20
years of age were chosen from the latter province since the disease was nol
eradicated there until the 1960s.

The hatching test was performed on about 75% (316) of the stool samples
from the 418 individuals in the endemic areas (Table 3). Of the 149 sampies in
which no eggs were found, 56% had one or more miracidia, while eggs were found
without any miracidia being detected in only two cases. Subjects were classitied for
the serological analysis as parasitologically negative (no S japonicum eggs in the
faeces and no miracidia according to the hatching test) or positive (at least one egg of
S. japonicum in the faeces sample and'or atl least one miracidium in the hatching
1esty. Based on these criteria, oniy 327 of the 418 in the endemic group were
positive including all persons in the ~acute infection™ or “chronic infection”
subgroups (Table 4). As can aiso be seen in this table, all those assigned 1o the
subgroup of “previcusly infected” were parasitologically negative, while the cases
with "advanced intaclion™ were equivocal in this respect.

In coding the sera for the study, 53 sera were given duplicate numbers in
order 1o permil the reproducibility 10 be tested within each laboratory. Finally,
aliquots of 0.5 mi of all sera were prepared and stored at -z2J 'C until dispatched as
one package in dry ice (crushed ordinary ice was used for short transporis). Each
parucipating laboratory received a set of the sera, including the extra duplicate
serd. which was kept at -20 C or colder, until investigated.
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Table 3 Number of eggs (as determined by two Kato examinations) by number of miracidia
(as determined by the hatching test) in all cases investigated with both techniques

No. of Eggs Number of Miracidia To:al
0 1-5 6-29 30+

0 83 51 15 o 149

1-9 2 60 67 16 145

10-49 0 1 6 13 20

50+ 0 9 ¢ 2 2

Total 85 112 88 31 316

Materials and methods

The participating laboratories have each tested the sera with their own routinely
used techniques. The antigens for the tests were produced locally. Each laboratory
normally utilizes two or three assays from the following list of test systems which
are all included in the study:

Circumoval precipitin test (COPT) with lyophilized eggs:
COPT with heated and sonicated ova;

Indirect wramunofluorescence with adult worm sections;
Indirect immunofluorescence with eggs in liver sections;
Indirect haemaggiutination with soluble egg antigen (SEA);
Latex agglutination with SEA;

Enzyme-linked antigen counter-immunoelectrophoresis with SEA;
Enzyme-linked immunosorbent assay (ELISA) with SEA;
ELISA with gut-associated antigen (GAA);

ELISA with the major serological antigen (MSA):

Rapid ELISA on PVC films with urea soluble eg3 antigen (USA):
Avidin-biotin-ELISA with SEA; and

Dot-ELISA with SEA.

A detailed description of each test, including the characteristics of the antigen
used, will be given in the final publication of the results of this study planned for
later this year.

In order to compare crude and purified egg antigen preparations, all
laboratories have carried out the Falcon Assay Screening Test (FAST) ELISA with
crude SEA and with the S. japonicum microsomal antigen (JAMA)2. Due 1o the
relative insensitivily of the stool examination it is plannec to also test the sera for
circulating antigens so as to include a comparison with one more direct test for
schistosome infection. It is also planned to perform Western blols® with the
objective of providing an improved assessment of antibody specificity for the
evaluation of cross-reactions.
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Table 4 Resuits of stool examination in the four study categones of subjects living in the
endemic areas

Category Negative Positive Total
Acute infection 0 15 15
Chronic infection 0 308 308
Advanced infection 15 4 19
Praviously infected 76 ] 76
Total 9N 327 418

Statistical analysis

The participating laboratories have reported their serology test results to WHO
Headquarters, Geneva, on the form represented in Figure 3. These data will be
processed in conjunction with the clirical information and with other laboratory
results provided earlier on Form 1 (Figure 1}, using an IBM 370 computer and
SPSS software. The specificity and sensilivity will be evaluated based on the results
of the stool examinations and the qualitative assessment of the sera determined by
criteria established by each laboratory for each antigen/test system. The
serological results will also be compared with those of the test for circulating
antigens which, in addition, will be directly correlated to the egg counts. The results
of the duplicale sera will be analyzed qualitatively and quantitatively in order to
assess the level of reproducitilty within each laboratory.

All data will be analyzed according to the methodology presented in eariier
collaborative studiesé5. Multiple regression will be carried out to determine the
contribution ¢! egg counts, morbidily, age and sex 1o the quantitative serological
results. A full account of this analysis will be presenled in the final publication
which will also include a detailed discussion of the results.
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Summary

In our epidemiological studies of schistosomiasis mansoni perormed in the Sao Paulo
State over a period of 20 years, the higher prevalence rates found by immunological,
in comparison with parasitological techniques (2.5 to 4.0 times higher). were due to
lower intensily of infection in relation to other Brazilian areas. Recently, an
immunoepidemiological survey was carried out in Pedro de Tolecu (Sao Paulo State)
where Biomphalaria tenagophila is the sole vector, transmitting Schistosoma
mansoni infection at a low intensity (geometric mean = 58.5 eggs/g fazces). and the
majorily of parasite carriers are asymptomalic. Thus, immunofluorescence (IFT),
intradermal (IDT) and Kato-Katz (KKT) techniques were evaluated in the population
of that area for further determination of the true prevalence of schistosomiasis by a
probabilistic model. The sensitivities of IFT, IDT and KKT were 98.8%, 92.8% and
32.4%, respectlively, and their specificities were 78.9%, 81.8% and 100%. Tihe
overall prevalences given by these techniques were 55.5%. 51.8% and 14.3%
respeclively, but the corresponding true prevalence was 44.3%. Therefore, the
immunological data indicate the population displaying a low parasite egg excretion
rate does not reflect a necessarily low prevalence for S.mansoni infection. Also in
untreated populations with a low intensity of infection, immunological techniques are
useful and allow the estimation of the true prevalence based on their sensilivity and
specificity. The parasitological techniques, however, are still needed to afford
information about the intensity of infection.

* To whom correspondance should be addressed
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Introduction

Schistosoma mansoni is the only causative species of schistosomiasis in Brazil, and
presently, about 30 miilion inhabitants are believed to be exposed to this infection.
According to estimates made by our group, at least five million individuals are
infected by S.mansoni in this country.

The National Control Programme, begun in 1976, has effectively reduced the
morbidily; however, the potential risk of transmission still exists throughout the
endemic areas, particularly near the numerous man-made bodies of water! 2.

Biomphalaria glabrata is the major intermediate host among several snail
species, but B. tenagophila is also found in a few areas.

We have been working since 1980 in the Municipality of Pedro de Toleds (Sao
Paulo State), where B. tenagophila was a sole snail species; S. mansoni transmission
level was low: and the majority of the parasitized individuals showed no clinical
symptoms?.

Qur experiences over a period of 20 years, in the State of Sao Paulo, where
the intensity of infection is generally low to moderate in comparison with that from
other Brazilian endemic areas, have demonstrated that the prevalence rates provided
by immunological techniques are always higher than those from parasitological
methods345.

Therelore, an epidemiological survey was conducted in untreated residents
from rural and urban areas of Pedro de Toledo, using immunological and
parasitological techniques. in an attempt to determine true prevalences with the use
of a probabilistic modeié.

Materials and Methods

Population study
A total of 4,158 residenis from rural and urban areas of Pedro de Toledo, with no
previous schistoscmiasis treatment, were studied.

Immunological and parasitological techniques

Blood samples were collected on fil'er paper and immunofiuorescence technique
{IFT) '~as carried out with aduit worm sections’, for the detection of igG antibodies.
The intradermal technique (IDT) was performed on subjects of 14  ars and older,
as recommended®. Simultaneously, slool examinations were done by Kato-Katz
quantitative technique (KKT)*, preparirg three slides per sample.

Siatistical analyses

The sensitivity, specificity, positive and negaltive predictive values®, and Youden (J)
index'® were calculated for each of the techniques here utilized. The probabilistic
model® was used to determine the true prevalence. Also. Spearman’s correlation
coeflicients'! were calculated for the studies of epidemiological findings.

Results

A total of 4,158 residents from Pedro de Toledo were investigated for epidemiological
purposes, but only 1,453 from the age group equal or higher than 14 years could be
assessed concomitantly Ly three techniques (KKT, IDT and IFT), and 1,044 from age
group ..nder 14 years, by KKT and IFT.
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The low parasite egg excretion rate (58.5 eggs/g faeces) was verified, and
Table 1 illustrates the variability seen in five further parasite egg detections in
subjects presenting positive results for immunological techniques and negative in
KKT, upon first examination.

Table 1 Variability of parasitological technique (KKT) in six residents from Pedro de
Toledo (Sao Paulo State, Brazil) with low S.mansoni infection and positive for
immunological techniques (IFT and IDT)t

Staol Sample Collection (St) and Slide (s)

Cass Sty 3t Sty Sty Sts Stg
Number
$ § S§ S S S S § § $ § S s§ § S S § s
1 2 3 1 2 3 1. 2 3 1.2 3 1. 2 3 T 2 3
1 - + + - - -
2 + - + + o+
3 + +
4 + - + + + + o+
5 - . + -+
6 . .

Kato-Katz technique
t+ Immunofluorescence and intradermal techniques

The agreement of positive results provided by IFT and KKT is higher than that
by IDT and KKT, but apparently IFT as well as iDT gave high rates of false positives
in relation 10 KKT (Table 2). However, those apparent false positive results were
interpreted as " infected” (> or = 14 years) in case the positivity was observed for
both immunological techniques, because we considered that KKT had low sensitivity
(Table 3). Whereas those 352 children with KKT negatives but IF positives were
dissociated as positive or negative in terms of probability through the following
equation:

Presumed prevalence (Pp) + Specificity -1
True prevalence (Pt) = (Ref. 6)
Sensilivity + Specificity - 1

in which KKT P, = 14% (146/1,044); specificity = 100% and sensitivity =
32.4% (212/655). The latter value was taken from the data provided by the adult
group, i.e. 14 years and older (Table 4), by assuming that the sensitivity for KKT
was the same for the group of children under 14 years.

Based on these two interpretation criteria, a study of diagnostic performance
of each technique could be carried out (Table 4). The IFT afforded high sensitivity in
both age groups, but its specificily was satisfactory only for children.
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Table 2 Agreement between immunofivorescence (IFT), intradermal (IDT) and Kato-Katz
(KKT) techniques for the diagnosis of Schistosomiasis mansoni, in the study of 2,497
untreated residents of Pedro de Toledo {Sao Paulo State, Brazil)

Agreement
Age group Techniques Positive Negative
% %
<14 years IFT/KKT 95.9 60.8
(140/146) (546/898)
214 years IFT/KKT 96.7 445
{205/212) (552/1,241)
IDTKT 7.8 s2.¢
{165/212) (653/1,241)
IDT/FT 67.6 73.3
(604/894) (410/559)
Ail ages IFT/KKT 96.4 51.3
(345/358) (1,098/2,139)

The true prevalences obtained theoretically by applying the above equation
gave similar values to the data furnished by any of the three techniques (Table 5).

Accordingly, the 43.2% (40.2-46.2%) prevalence of schistosomiasis seen
in children was close 1o that of 45.1% (42.5-47.7%) found for the adults. However,
the rural population was considerably more infected than the urban popuiation, with
a prevalence of 50.7% (47.1-53.7%), compared to 39.1% (35.5-42.7%),
respectively. Also, rural females were more infected than the urban females, with
prevalences of 40.9% (35.7-46.1%) and 29.1% (24.6-33.6%). respectively.

Positive and high Spearman’s correlation coefticients (Rs) were observed
between the prevalences provided by KKT and IFT in the population divided either by
age group (Rs = 0.670) or by seltlements (Rs = 0.950).

Discussion

In our epidemiological studies of schistosomiasis mansoni performed in difterent
areas o. Sao Paulo State, Brazil, over a period of 20 years, the high prevalence rates
revealed by immunological techniques (2.5 to 4.0 times higher) in comparison with
parasitological techniques were due 1o the low sensilivity of the latter, which 1 turn
were associaled with low or moderate intensity of infection?4.5, Therelore in a
population such as Pedro de Toledo, where the intensity is low, the evaluation of the
Schistosomiasis Conlrol Programme is critical if based exclusively on one stool
examination.

The sensitivity of KKT determined here was 32.4% and this value seems
consistent with that found by some authors (Mota et al. XXVII Congr. Soc. Bras. Med.
Trep., 1981, Caldas Novas, Brazil, pp. 103-104). The evaluation of KKT sensitivity
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Table 3 Combination of immunofluorescence (IFT), intradermal (IDT) and Kato-Katz (KKT)
techniques for the diagnosis of Schistosomiasis mansoni, in the study of 2.497 untreated
residents of Pedro de Toledo (Sao Paulo State, Brazil), and criteria of interpretation.

Age Group Technique Number Frequency Interpret-
of ation
KKT IFT DT cases % criterion
2 14 years - - - 407
- - + 145 54.9 Negative
(798/1.453)
- - 246
- + + 443
+ + + 161
* - - 44 45.1 Paositive
(655/1,453)
+ - + 4
+ - - 3
Total e 1,453
< 14 years - - 548
- + 352 47" 56.8 Negative
(593/1.044)
30st
+ + 140 43.2 Positive
(451/1,044)
* - 6
Total .o 1,044

-

- Negalives, t - positives, calculated by the probabilistic model®

is more difficult than for immunological techniques because of great daily variation
in individual egg counts (Table 1), as well as of considerable influence of stool
consistency.

The low sensitivity of KKT is one of the significant causes of the discrepancy
betweer the parasitological and immunological iechniques (Table 2). Neverthless,
other factors such as some cross-reactivities with non-related parasitoses or with
non-human cercaria allergies may cause false positives in immunological techniques.

The interpretation criteria adopted for the immunological techniques (Table
3) allowed us to verify the diagnostic features of each of three techniques. IDT and
IFT yielded high values of sensitivity, 92.8% and 98.8%, respeclively (Table 4),
and they are close 1o those reported’2'?. However, the specificities obtained by the
same techniques were in general lower than those found by different
investigators?-'213.  These low specificities can be ascribed mainly to the type of
popuiation selected for the sludics, because the specificity of IFT, we found, is
comparable to that verified in the s'udy of similarly sampled populations 1u ours'4,




Table 4 Diagnostic performance of Kato-Katz (KKT), immunofluorescence (IFT) and intradarmal (IDT) techniques for
schistosomiasis mansoni, in the study of 2,497 untreated residents of Pedro de Toledo (Sao Paulo Stale, Brazil)

Age Group Technique

< 14 years KKT
IFT

> 14 years KKTY
IFT
IDT

Al ages KKY
IFT

Sensitivity
%

32.4
{146/451)

98.7
{445/451)

32.4
(212/655)

98.9
(648/655)

92.8
(608./655)

32.4
(358/1,106)

98.8
(1.093/1,106)

Specilicity
%

100
(593/593)

92.1
(546/593)

100
(798/798)

69.2
(552/798)

81.8
{653/798)

100
(1.391/1,391)

78.9
(1,098/1,391)

PVpos.
%

100
(146/146)

90.4
(445/492)

100
{212/212)

72.5
(648/894)

80.7
(608/753)

100
(358/358)

78.9
{1,093/1,386)

PVneg'

%

66.0
(593/898)

98.9
(546/552)

84.3
(798/1,241)

98.7
(652/559)

93.3
(653/700)

65.0
(1,391/2,139)

98.8
(1,098/1,111)

J Index?

0.324

0.908

0.324

0.681

0.748

0.324

0.777

* Positive predictive value
t Negative prediclive vaiue
t Jindex from 0 to 1



Field trials for immunodiagnosis 45

Undoubtedly, IFT presented better diagnostic performance when applied to the
early age group, and this is emphasized by positive and negative predictive values, as
well as by the J index (Table 4). These findings recommend IFT for the diagnosis of
schistosomiasis in children, who are mostly exposed to the infection in endemic areas
for schistosomiasis'S. Moreover, the sensitivity of IFT, as with any other
immunological techniques, ‘s less influenced by the intensity of S. mansoni infection
than the parasitological technique'2.

The data obtained here indicate that IDT might be preferable to IFT in some
special circumstances in which the emphasis is on adults, owing to its practical and
economic aspects.

The probabilistic model described for the comparison of the diagnostic tests
utilizes an equation which permitted us to correct the presumed prevalence given by
the three techniques, according to their respective sensitivities and specificities
(Table 5). There is a significant difference between the presumed prevaience
provided by KKT (14.3%) and the true prevalence (44.3%), although this true
prevalence is closer to those demontrated by immunological techniques. Thus, the
immunological data indicate that a population displaying low parasite egg output does
not necessarily have a low prevalence of schistosomiasis.

Table 5 True prevalences for schistosomiasis mansoni obtained based on parasitclogical
(KKT)" and on immunological (IFT and IDT)? techniques, in the study of 2,497 untreated
residents of Pedro de Toledo (Sao Paulo State, Brazl).

Age Group Technique Presumed True Prevalence
Prevalence %
%
< 14 years KKT 14.0 432
(146/1.044)
IFT 471 43.2
(492/1,044)
2 14 years KKT 14.6 451
{212/1,453)
IFT 6.5 45.1
(894/1,453)
DT 51.8 450
(753/1,453)
All ages KKT 143 443
(358/2,497)
IFT 55.5 44 3
(1.386/1,4937)

Kato-Katz tochnique
t Immunofiuorescaence and intradermal tachniquas
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Table 6 True prevalence of S. mansoni infection, in 1.453 residents of 14 years or older
from Pedro de Toledo (Sao Paulo State, Brazil). according to sex and zone.

Parameter Frequency {95% confidence interval)
%
Zone
Urban 39.1 (35.5 - 42.7)
Rural 5C.7 (47.1 - 53.7)
Sex
Male 56.0 (52.4 - 59.6)
Female 34.7 (31.3 - 38.1)
Sex ang Zone
Urban male 51.8 (46.2 - 57.4)
Rura! male 59.0 (54.2 - 63.8)
Urban female 29.1 (24.6 - 33.6)
Rural female 40.9 (35.7 - 46.1)

The corrected prevalences demonsirated: the rural population was more
infected than the urban population; rural females were more infected than urban
females: and the prevalence of schistosomiasis among children was close to that for
adults, as expected, confirming our previous data? obtained from same area using
only a parasitological method.

The Spearman’s correlatior. coefficients indicate the prevalences obtained by
KKT and IFT follow similar trends, even if the population is divided into different age
groups or localities.

Therefore at the present stage of our work, IFT seems to be useful for the
prevalence determination of untreated populations, and KKT necessary to verify the
intensity of infection.

The data here presented may be helpful to establish a better framework for
new investigations to be carried out in areas for schistosomiasis mansoni presenting
epidemiological features resembling those from Pedro de Toledo.

Acknowledgements

This work was supported by Superitendéncia de Controle de Endemias da Secretana do
Estado de Satde (SUCEN).

We wish to thank Drs. George K. Istuhata, Odilon F. Guarita and Urara Kawazoe for
the technical assitance, and Mrs. Sueli Providelo for helping to prepare this manuscript




Field trials for immunodiagnosis 47

13.
14,

15

Retferences

Doumenge, J.P., Mott, K.E.. Cheung, C., Villenave, D., Chapuis. O., Pernn. M.F. and
Reaud-Thomas, G. Atlas of the Global Distribution of Schistosomiasis Centre
National de la Recherche Scientifique, Centre dEtude Géographie Tropicale /
Organisation Mondiale de la Santé (WHO) (Presses Universitaires de Bordeaux,
1087).

Silveira, A.C. Mem. Inst. Oswaldo Cruz 84 (Supl.l}, 91-104 (1989).

Dias, L.C.S.. Kawazoe, U., Glasser, C., Hoshino-Shimizu, S.. Kanamura, H.Y.,
Cordeiro, J.A., Guarita, O.F. and Ishihata, G.J. Rev. Inst. Med. Trop. Sao Paulo 31,
110-118 (1989).

Dias, L.C.S.. Camargo, M.E.. Hoshino-Shimizu, S., Ramos, AS., Piza, J.T. and Silva,
L.C. Rev. Inst. Med. Trop. Sao Paulo 13, 37-44, (1971).

Hoshina-Shimizu, S., Camargo, M.E., Kanamura, H.Y., Silva, L.C. and Dias, L.C.S.
Anais Acad. Mineira Med. 14 (Supl.), 67-89 (1986).

Gart, JJ. and Buck, A A. Am. J. Epidemiol 83, 593-602 (1966).

Kanamura, H.Y., Hoshino-Shimizu, S., Camargo, M.E. and Silva, L.C. Am. J. Trop.
Med. Hyg. 128, 242.248 (1979).

Pellegrino, J. and Macedo. D.G. Rev. Bras. Malariol. Doengas Trop. 8. 499-509
(1956).

Galen, R.S. and Gambino. S R. Beyond normality: The Predictive Value and Efficiency
of Medical Diagnosis (John Wiley and Sons, New York, 1975).

Youden, W.l. Cancer (Philadeiphia}3, 32-35 (1950).

Siegel, S. Estatistica Nao-Paramétrica (para as Ciéncias do Comportemento)
(McGraw-Hill do Brasii Ltda., 1979).

Leal-Bacelar, M. Esquistossomose Mansdnica: Padronizagao e Avaliagao da Técnica
de ELIEDA para Fins Diagndsticos. @ Acompanhamento de Pacientes Tratados
(Masters Thesis, University of Sao Paulo, 1989).

Moriearty, P.L and Lewert, RM. Am. J. Trop. Med Hyg 23, 163178 (1973)
Mott, K.E and Dixon. H. Bull World Health Organ. 60, 729-753 (1982)

Shiff. C.J. and Yiannakis, C. Am. J Trop Med Hyg 25. 427-431 (1976)

4%




1o |

Seroepidemiology of Schistosomiasis Mansoni
in Kenya Using Crude and Purified Schistosoma mansoni
Egg Antigens: Results of a Field Trial

M.J. Doenhoff'", A.E. Butterworth?, R. Hayes?® R.F. Sturrock*,
J. Oumas’, D. Koeché M. Prentice’and J. Bain®

School of Biological Sciences. University Coliege of North Wales. Bangor. Gwynedd
LLS7 2UW. United Kingdom

Depanment of Pathology. Unwersity ¢t Cambnidge. Tenms Court Road. Cambndge CB2
1QP. United Kingdom

Department of Epidermuology and Population Sciences. London School of Hygiene and
Trepical Med.cine. Keppel Street. London WCTE FHT. United Kingdom

Depariment of AMedical Parasitology. London School of Hygiene and Tropical Medicine.
London WC1E THT. Umited Kingdom

Division of Vector Borne Ciseases. P.O. Box 20750. Nairobi. Kenya

Kenya Medica! Research Institute. Mdbagath: Road. P.O. Box 54840, Nairobi. Kenya
School of Biological Sciences. University College ot North Wales. Bangor. Gwynedd
LLS7 2UW. United Kingdom

School of Biological Sciences. Universily College of North Wales. Bangor. Gwynedd
LL57 2UW, United Kingdom

Summary

In 1980.81 WHO conducted an interlaboratory trial of serological tesis for
schistosomiasis, and from the resulls it was concluded that no one antigen
preparation or immunoassay system performed outstandingly better than the others
with respect 10 sensitivity and specificity. Nevertheless CEF6, a purified fraction of
Schistosoma mansoni eggs containing two cationic antigens, yielded relatively high
levels of sensitivily and specificity in the diagnosis of schistosomiasis mansoni. This
fraction was in addition found 1o have other desirable characteristics in terms of
correlation of antibody levels with infection intensity and a high rate of conversion
towards seronegativity lollowing chemotherapy.

The pertormance of antibody detection methods has been turther evaluated in a
collaborative study in Kenya in which CEF6 was compared directly with crude soluble
S. mansoni egg antigens (SEA). High sensitivity values (relative 1o determination of
disease slatus by parasilological diagnosis) and a positive correlation between
antibody aclivity and excreted egg numbers were oblained. Analysis of the results by
age and sex indicated that data which are of use in an epidemiological contex! can be

* To whom :orrespondence should be addressed
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obtained by adoption of immunoassay test parameters appropriate for the endemic
area in question. A significant problem was, however, encountered in respect of poor
specificity of the reaction of the two egg antigens with blood samples trom the
schistosome endemic area (but not from a non-endemic area). The possibility that
this is in fact due tv poor sensitivity of parasitological examination of a sing'e stool
specimen is considered.

Iintroduction

In 198081 WHO organized an interlaboratory trial of serodiagnostic antigens for
schistosomiasis. Eigh! participating laboratories in Europe and the United States
were sent nearly 400 human infection and negative control sera by WHO, and the
reactivity of the sera was tested against 17 different antigen preparations in nine
different immunoassays. Foliowing collation and evaluation of the results it was con-
cluded that although none of the antigens or immunoassays involved in the trial had
significantly outperformed the others, schistosome egg antigens had yielded margin-
ally better resulls than adult worm antigens in terms of sensitivity and specificity’

One of the egg antigen preparations used in that trial was CEF6, a fraction
purified from Schistosoma mansoni egg homogenate. Fraction CEF6 contains two
cationic antigens 27 and a,2 and during previous ‘in house' testing in enzyme-linked
immunosorbent assay (ELISA), CEF6 had shown greater sensitivity and specificity
than either unfractionated egg extact or any other of the six fractions of egg
homogenate yielded by cation exchange chromatography? In the WHO trial CEF6 also
gave the highes! combined values for specificity and sensilivity when tested against
sera from a cohort of untreated individuals. Furlthermore, CEF6 was the antigen
preparation which gave: (i) the highest positive correlation between immunoassay
result and intensity of infection as measured by the number of excreted eggs. and (i)
the greatest rate of conversion from sero-posilivily 10 sero-negativily after
chemotherapy’

In late 1984 and early 1985 further collaborative work was done in Kenya to
compare directly the performances of CEF6 and crude unfractionated S. mansoni egg
antigens in the immunodiagnosis of schistosomiasis mansoni by means of ELISA. The
immunological tests were run in paraliel with conventional diagnosis by parasito-
logical detection of exzreted eggs. and the resulls were assessed at the level of both
the individual (i.e.. serodiagnosis) and the sludy population as a whole (sero-
epidemiology). This report describes preliminary results from the project which
indicate the potential usefulness of antibody detection as a seroepidemioiogical tool.

Materials and Methods

Human subjects
The blcod and stool samples for the results presented here were from inhabitants of
iwo areas of Kenya: (i) Kericho. where there is no transmission of schislosomiasis,
and which therefore served as a negative controi area; and (i) The Kamanzi area of
Machakos district, Central Province, Kenya. where S. mansoni (but not
S.haematobium) is endemic.

The subjects in Kericho were 258 school children aged between six and
15 years. Nearly 1000 individuals from all age groups were examined in Kamanzi.
Inhabitants of !'.e latter sludy area were in a ‘buffer’ zone surrounding a population
in lietlune village which has been described in delail by Butterworth et al*
Demographic details of the Kamanzi population, including the subject's name, age and
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sex had been recorded under a distinct identification number during the early part ot
1984. There was no record of anti-schistosome chemotherapy having been given to
any subjects belore this study. The project was initiated only after the proposed
experimental protocols had been scrutinized and passed as acceptable by the Kenya
nationai ethical committee. After blood collection and examination of faeces in
October November 1984, ireatment (praziquantel. 40 mg kg) was offered in April
1985 to all individuals with schistosome infection detectable by stool examination.

Stool samples were examined quantitatively for S. mansoni eggs by the Kato-
Katz methodS moditied by Sturrock et a/f Two samples. each of 50 mg. from the
same stool were examined. and the result converted to the number of eggs per gram
stool iepg). Estimates of excreted egg numbers were performed once only on the
Kericho subjecis during the same fortnight that a blood sample was taken. In
Kamanzi egg counts were performed on two occasions, the first (Survey 1) during
Juy and August 1684, and the second (Survey 2} in November 1884, subjects in
this population having donated their blood samples towards the end of October. Except
when stated otherwise. egg excretion results from Survey 2 are used here for
tiustrative purposes. the stool samples in this survey having been obtained at a ime
nearest 10 that of biood collection.

Blood collection and enzyme-immunoassay

Stbjects were tinger-pricked for blood withdrawa! and duplicate blood spots were
collected on Whaiman 3MM filter paper strips® Each spot contained approxi-
mately 30 ul of blood. and after drying at ambient 'emperature the paper strips
were packed in plastic bags together with anydrous copper sulphate as dessicant and
transported by air treight to UK, where they were stored with dessicant at -70 °C
until used. When required for testing in ELISA a circie estimated to contain 10ul
tlood was punched out from each dried blood spot. and the blood contained thereon
was eluted into 1.5 mi of incubaton butter .e. 150 times dilulion in phosphate
buttered saline,PBS) Tween, which consisted of 0.5 m! Tween 20 in one litre PBS,
pH 7.2).

ELISA was performed as previousiy described'® The wells of flat-based, $6-
well microltration plates (Flow Laboratories) were coated overnight with ‘coating
butfer’ (0.05 M sodium carbonate bicarbonate solution. pH 9.6) containing the
appropriate conceniration of antigen prepared as described below). The concentra
t:ons of antigens and the dilutions of blood samples and arti human IgG peroxidase
conjugate used dunng the course of this project were predetermined by ‘chequer-
board’ titration® The coated plales were washed three times with isotonic saline
solution contaming 0.5 ml Tween 20 (washing solution), and 150 ul of eluted and
diluteg blood was added to each of the wells. The plates were incubated for two hours
at roem temperature. and then washed three times in washing solution. To each well
were added 150 ul ot a 1:2000 dilution of peroxidase-conjugated goat anti human
16G. the plates were incubated again for three hours at room temperature and the
washing procedure repeted three times. To each well was added 150 yl of peroxidase
substrate (1mq orthopnenylene diamune in 0.1M phosphate citrate buffer. pH 55,
and 0.05 mlot 67> H.O,). Colour development was stopped by addition ot O.025 mi of
8 N H.SO, to each well. The time of terminaticn of all the reactions in a plate was
determined by the tme at which reactivity in wells contaiming replicale samples of a
reference posive serum (made up of a pool of serum from Kenyans known lo be
excreting S marsom eqqs) qave an O0,.; reading of approximately 0 75 Optical
densiies were read seme automatically using a Microchisa Minreader (Dynatech).
Diterences n reaction end points between plates were elminated by normalizing
reactviies of reference poative serum samples on all plates 10 an ODy,. value of
0.75 exactly.
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Antigens
The reactivity of blood from each patient was tested against four different S. mansoni
egg antigen preparations, vis. unfractionated homogena:es from eggs of a Kenyan and a
Puerto Rican isolate of parasite, and batches of CEF6 prepared from each of these two
geographical isolates. The origins of the parasites, their laboratory maintenance, and
the methods of retrieving eggs from the tissues of heavily infected mice have been
described elsewhere'®!' Eggs were homogenized and centrifuged at 20,000 g for
three hours, and the supernatant was used in ELISA as crude soluble egg antigen
(SEA}). Puritied fraction CEF6 was isolated from SEA by cation exchange
chromatograpy as originally described by Dunne et al.2 with modification to a one-
step method as described by Dunne et al.*!

SEA and CEF6 were stored at -70 ©C in PBS, pH 7.2, at concentrations of
5 mg'ml and 0.5 mg/ml, respectively. When required for ELISA they were diiuted
to concentrations of 0 ug'mi and 1t pg'ml respectively in coating buffer, and
150 ul of these antigen solutions were used to coat microtitration plates.

Results

No schistosome eggs were detected in any stool samples from the school children in
the negative control area. In the S. mansoni endemic area 642 of 973 subjects
(66%) were excreting eggs in Survey 1, and 618 of 887 (70%) in Survey 2.

Comparison of the ELISA results for Puerto Rican SEA with those for Kenyan
SEA gave a correlation coefficient of 0.95. and similar comparison of results for
CEF6 from the two parasite isolates gave a correlation coefficient of 0.98. The
reactivity of Kenyan blood samples in ELISA was therefore not appreciably affected
by the geographical origin of the parasite used to prepare the target egg antigens. The
results presented here will therefore be only those that were obtained with antigens
prepared from the Kenyan isolate.

Calculations of the mean ELISA reactivities of bloods from the two areas of
Kenya (Table 1) indicate that samples from the endemic area were more reactive
with egg antigens than those from the non-endemic area, and that in the endemic area
reaclivity against CEF6 was greater than against SEA. The distribution of ELISA
reactivities of bloods from the two study areas against SEA and CEF6 are given in
histogram form in Figure 1. In agreement with the results in Table 1, bloods from
the endemic area were generally more reactive in ELISA with CEF6 than with SEA, as
indicated by the relative dispiacement of the histogram bars to the right in Figure 1d
when compared with 1b. in the non-endemic area very few blood samples gave ELISA
OD.y,; values above 0.20 after reaction with either antigen preparation.

Table 1 Mean ELISA ODy.,; resu'ts of blood sampies from a non endemic area and an
endem:c area

Mo, of samples SEA CEF6
Kericho (non-erdemic) 254 0cé - 002 012 +0.04
Kamanzi (encenm.c) 995 038 029 050 » 024
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Figure 1 The distrbuton of ELISA OD,,, readings given by blood samples from subects
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Figure 2 (a) The geomelric mean stool egg counts in subjects of diffarent ages in the S.
mansoni-endemic Kamanzi area of Kenya. (b) The mean ELISA OD 4y, readings of bloods from
the sams subjects as in Figure 2a, using CEF6 as antigen.

(—) male subjects; (---) female subjects.
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Table 2 Correlation of ELISA ODy5, readings with parasitological infection intensity
liagig + 1) eggs'qgl

Correlation coe'ficients

All subjects Age <10 Age 10-19 Age 20
SEA 0.58 0.61 0.46 .49
CEFe 0.65 0.70 0.50 0.50

Figure 2a gives the geometric mean stool egg counts by age and sex for the
population in the S. mansoni endemic area, and Figure 2b shows the mean ELISA OD;-
readings for this population, using CEF6 as antigen. The two figures are similar in so
far as both egg counts and antihody reactivity rise to @ maximum in 10-19 year-old
subjects and then decline with age such that 50+ year-olds had sumewhat lower
ELISA reactivity tnan the 5-9 year olds.

Table 2 gives the correlation coetficients between ELISA OD,,4, reactivily
against Kenyan SEA and CEF6 and the {log,» + 1) number of eggs excreted by subjects
in the endemic area. Children aged under ten had higher correlation coefficients for
both antigen preparations than older subjects, and CEF5 gave a higher correlation
coefficient than SEA with respect to the youngest age group, as well as lor the
population as a whole.

In Figure 3a. is plotted the prevalence of egg excretion according to age.
Figure 3b gives the percentage of subjects of each age group with an ELISA ODy;,
reading > 0.20. The similarity in the shapes of the two respective curves for egg
excretion and ELISA results is evident.

Table 3 indicates the sensitivity and speciticily of the ELISA readings on SEA
and CEF6 at OD,., cut-off points of 0.20 and 0.40. Both antigen preparations had
sensitivities of greater than $3°, at the lower cut-oft vaiue. Specificity of the
serology was poor, however, .ndicating a relatively high proportion of subjects in
the endemic area wore antibody-positive, but parasitolegically-negative.

Table 3 Sensitvity ard speciic'y of ELISA with SEA and CEF6 in a § mansom endem.c
area of Kenya

SEA CEré
FLISA ODgay cutolf 020 0 40 020 0 40
Sensiivity °, 94 65 9/ R
Spechicty "o 64 83 59 TR

Discussion

There are at present no immunodiagqnostc tests for schislosomiasis manson
routing commercial aroduction or use, and diagnosis of this infection 15 still for the
most part achieved by parasitological exam nation of stool.  The relatively poor
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Figure 3 (a) The proportion of subjects of different ages in the Kamanzi study area that
had one or more S. mansoni eggs in 100mg stool examined by the Kato-Katz r. thod,
expressed as a percentage of the total number of subjects in the respective age g .up. (b)
The percentage of bicod samples from the same population as in Figure 3a with anti-CEFé
ELISA OD,,, readings > 0.20.

(—) male subjects; (---) female subjects.
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financial return anticipated for products for control of tropical diseases is
undoubtedly one factor which contributes to the slow rate of progress in this area of
research. In addition, however, immunodiagnostic tests, particularly those based on
the dr.tection of anti-parasite antibodies, are often assumed to have inherent
deficiencies which render them potentially less useful than parasitological
techniques.

One common assumption is that antibody levels will generally fail to reflect
the intensity of infection. Previous results with CEF6 alone'. and the results
presented here with respect to both SEA and CEF6 (Table 1) nevertheless indicate a
significant degree of correlation between antibody titre and excreted egg count,
particularly in the younges! age groups. There is, as a consequence of this
relationship, some similarity of shape between the respective graphs for excreted
egg counts and antibody activity (Figures 2a and 2b).

Another assumption is that antibody titres will remain high even in the
absence of infection (e.g., after self-cure or elimination of the parasite by
chemotherapy). Immunological tests based on the detection of circulating antigen
levels naturally obviate this particular problem, and it has indeed been observed that
the blood concentrations of schistosome circulating anodic antigen (CAA) decrease
rapidly after treatment of schistosomiasis mansoni with praziquantel'2 However,
both ‘in-house’ testing'*-'* and the WHO-sponsored interlaboratory trial’
demonstrated that antibodies against CEF6 also declined within a period of 6-12
months after chemotherapy. The time taken for anti-CEF6 antibody titres to return,
after treatment, to preinfection levels remains to be determined more exactly on a
larger number of subjects.

In view of the high degree of sensitivity of antibody detection (Table 3), and
the good correlation between antibody levels and infection intensity in the youngest
age groups (Table 2), an alternative strategy that could be used to monitor the
effectiveness of control programmes, and which by-passes the problem of antibody
persistence after treatment, would be to determine the rate of conversion to sero-
positivity in younger age groups that had not previously been treated.

The poor specificily of the immunoassay recorded in Table 3 reflects a
relatively high percentage of subjects in the endemic area who were antibody-
positive but in whose stools no eggs were detected. One explanation for this could
again be in terms of the persistence of antibody in the absence of infection (in this
case after self-cure, as there was no record of chemotherapy having been given to
subjects in this study). The better correlation between egg counts and antibody
levels in the younger age groups would be consistent with this notion. Alternatively
it may be due in some part to an inherent insensitivity of a parasitological method in
which only 100 mg of stool is examined. By this technique most of those people who
are excreting 10 or fewer schistosome eggs/g will be recorded as having no infection.

The insensitivity of single examinations of unconcentrated stool has been noted
previously'5-'¢ as has the variability in numbers of eggs found in successive stool
samples from the same patient'7.8 In the present study it can be seen that
specificity of the egg antigens was satisfactory with respect to ! lood sampies from the
non-endemic area (Figures 1a and 1c). In the endemic area the value for specificity
increased 10 85% when the pooled parasitoiogical results from both Surveys 1 and 2
were used to estimate this parameter with respect to CEF6 at an ELISA OD,, cut-off
of 0.40, compared with specificity values of 75-76% when results from only one
parasitological survey were used in the calculation. The low specificity of the
serological testing reported here may therefore be in part atiributed to the low
sensitivity of parasitology, but further work is needed to delermine to what extent.

In conclusion, the results demonstrate the polential of antibody detection as an
epidemiological tool. It will of course be necessary to determine whether similar
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results can be obtained in other endemic areas., and the parameters of the
immunoassay, such as the appropriateness of the cut-off point of OD,q; 0.20 used in
Figure 2b, may in any case 1o nave to be periodically revalidated. Further work is
thus required to establish whether antibody detection can indeed provide a cost-
eftective alternative to parasitological methodology.
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Summary

Two immunogenic Schistosoma mansoni antigens, Sm31 and Sm32, were evaluated as
immunodiagnostic reagents. We compared the seroreactivities in ELISAs of partial
and full-length proteins expressed in Escherichia coli as polypeptides fused to MS2
polymerase. The partial and full-length recombinant products of Sm31 yielded
sensitivities of 56.9 and 69.6%, respectively. The same degree of sensitivity of
68.3% was calculated for partial and full-length fusions of Sm32. The overall
sensitivity of both Sm31 or Sm32 presented as partial fusions was 82.2%. in
comparison, the full-length fusion antigens resulted in a higher sensitivity of
88.6%. As expecled, after praziquantel treatment of the subjects, egg counts in stool
or urine samples were found 10 be markedly reduced. A decrease in seroreaclivily 10
partial fusions was also measured, in contrast to full-length fusion products. The
reason for this is unciear. Furthermore, the reactivities of Sm31 and Sm32
expressed as nalive non-fused recombinant antigens in rabbit reticulocyte lysates
and in insect cells (using the baculovirus expression vector system) were assessed.
The sensilivities of the non-fused antigens both translated in vitro or synthesised in
the eukaryotic system were considerably higher (37.5%) than those obtained with
the fusion proteins. This finding supports the view that adoption of native tertiary
structures can improve the performance of recombinant antigens in diagnosis.

“ To whom corraspondance should be addressed
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Introduction

The potential use of two adult Schistosoma mansoni antigens, Sm31 and Sm32, as
probes for the development of an antibody detection assay in the diagnosis of
schistosomiasis had been shown by Ruppel et al.’2 In Western blotling of tota!
S.mansoni proteins, sera from patients with schistosomiasis infections were found to
recognise the two antigens consistently, whereas sera from uninfected persons or
from patients with other parasitic diseases showed no reactivity3+

We explored the applicability of Sm31 and Sm32 for diagnosis in the form of
recombinant antigens. Molecular cloning techniques were used to isolate the two
genes® and to produce purified recombinant antigens in sufficient quantities for
immunodiagnostic assays. An Escherichia coii expression plasmid pEx34b was used
to synthesise various parts of the S. mansoni antigens as fusions with the N-terminus
of the RNA polymerase of the bacteriophage MS2é The antibody response to the
partial and full-length schisi.some proteins fused to MS2 polymerase was evaluated.
The availability of a large number of paired sera allowed us to compare reactivities
of the antigens in ELISAs™ before and after chemotherapeutic treatment.

Furthermore, we investigated whether the tertiary structure of native i.e.
non-fused proteins can improve the performance of recombinant antigens in
diagnostic tests. Sm3! and Sm32 were synthesised by in vitro transcription and
translation systems®? and human infection sera were found o recognise the in vitro
translation products via immunoprecipitation'® more frequently than the fusion
products via ELISA . In addition, the gene products were generated in an eukaryotic
expression system using the Autographa californica nuclear polyhedrosis virus
(ACNPV)'t  We were able to demonstrate that the sensitivity of the recombinant
products synthesised in insect cells was as high as that obtained with the in vitro
synthesised antigens.

Materials and Methods

Expression of MS2-schistosome fusion proteins

Partial and full-length cDNA sequences of Sm31 and Sm32 in Ag!10 were cloned in
pEx34b and expressed as fusion proteins with MS2 polymerase in Escherichia coli.
The cloning and purification of fusion proteins have been described elsewheresé
Antigens purified to >30% homogeneily were used as probes for measuring the
presence of schistosome-specific antibodies.

In vitro translation and immunoprecipitation

Construction of Sm31 and Sm32 cDNA sequences in pSP65/Nco I'? and transcription
reactions performed according to Melton et al® have been previously describeg!’ '4
Approximately 1ug of the in vitro synthesised RNA was transiated in rabbit
reticulocyte lysates in the presence of [3S]-methionine. Aliqouts of the translation
products were incubated with antiserum and immune complexes precipitaled by
protein A sepharose. Immunoprecipitated proleins were analysed by SDS-PAGE and
autoradiography.

Expression in Spodoptera frugiperda cells

The full-length Sm31 and Sm32 cDNA inserts were cloned into the plasmid transfer
veclor pBC3'¢ derived from pAcJR2'S Transfer of the schistosome incerts by the
chimeric transfer vectors pBC-Sm31 and pBC-Sm32 1o the genome of the
A.californica nuclear polyhedrosis virus (ACNPV) was achieved by cotransfection of
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S.frugiperda cells using the calcium phosphate precipitation technique!?
Recombinant viruses were isolated and the corresponding recombinant products were
referred 1o as BC-Sm31 and BC-Sm32.

Infected S. frugiperda cells were tested for the presence of recombinant
proteins by Weslern blotting using rabbit antisera raised against the corresponding
MS2 fusion proteins. After ammonium sulphate fractionation and purification on
preparative SDS-polyacrylamide gels, the recombinant proteins were tested in
transferable solid phase(TSP)-ELISA.

Sera

For a large scale testing serum samples were collected initially from 300 school
children, both males and females between the ages of seven and 14, attending the
primary school in Moiodo, Mali. The village is situated eight kilometres from the
rice growing district of Niono, endemic for both schistosomiasis mansoni and
haematobium. Since sera from Schistosoma haematobium-infected patients have been
demonstrated to react with the Sm31 and Sm32 antigens of S. mansoni ¢ persons
with S. haematobium and mixed S. mansoni and S. haematobium infections were
included in our study. Sera were also donated by the school teachers and their
families. At the same time stool and urine samples were examined once for the
presence of eggs by taecal smears'® and by the nucleopore filter method'”.
respectively. No measures to control the disease in this village had previously been
undertaken.

Serum, stool and urine specimens were reexamined four months and one year
afiar praziquantel treatment (40 mg'kg body weight). Paired sera from a total of 95
individuals were assessed in this study.

Sera selected to form the endemic control group were laken from adulls
(n=15) and young children aged two to three (n=14), who were classitied as
uninfected on the basis that they have had no water contact, and showed no clinical
signs of S. mansoni or S. haematobium infections.

TSP-ELISA

The TSP system has been described previously’ In brief: gel-purified tusion
proteins with concentrations of 3 pg/ml in PBS were used lo saturate the pins. An
antibody dilution of 1:100 in PBS containing 1% BSA and 0.1% Tween 20 was chosen
for all human sera. A standard curve was included in each assay to compensate for
within-run and run-to-run variation as described by Hancock and Tsang'® Rabbit
antiserum to MS2-SfaN fusion protein served as a reference serum. Different
dilutions ranging rom 1:2,000 1o 1:20,000 were tilrated against the fusion protein
(3 pg/ml) and 100 ml of the 1:2,000 dilution was arbitrarily designated as 1000
units of activity (U). From the linear range of 40 1o 1000 U covered in the standard
curve, oplical density values were translated into umts. All values outside of this
range were either counted as <40 or >1000 U. The cut-off value is the mean +2
standard deviation (SD) of 29 endemic control sera, calculaled to be 80 U for MS2.
NH3, MS2-Sm31 and MS2-:Sm32, and 160 U for MS2-SfaN. Ten endemic control
sera were used for calculating the cut-offs for BC-Sm31 and BC Sm32, which were
four.d 1o be 80 and 40 U, respectively. Thus a serum reacting above the cul-off value
is scored as positive for the presence of a schistosome infection, while a serum under
the calculated value is scored as negative.
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Figure 1 Recombinant gene products of Sm31 and Sm32 expressed in E. coli . (a) The
cDNA clones of Sm31 are outlined. Adaplor sequences (AD) were usecd to ligate the
compiete cDNA sequence to Agt10. The open reading frame (ORF) was deduced from the
nucleotide sequence. All MS2 polymerase-schistosome fusion products available to date are
schematically presented. (b) Sm32-specific cONA clones are indicated. use of abbreviations
as in (a). (c¢) Coomassie blue stained SDS-polyacrylamide gel (15%) shows partally
purified 7 M urea fractions conlaining the above MS2 fusion products. Each fusion proten
band was excised after separation on preparative SDS gels and slectro-eiuted. Lane 1 shows
non-fused MS2 polymerase fragment as a control. The following lanes show (2) MSZ-H3,
(3) MS2-NH3, (4) MS2.CB, (5) MS2-Sm31, (6) MS2.-H6, (7) MS2-Hha 1, (8) MS2-Eco RI.
(9) MS2-SfaN and (10) MS2-Sm32. Arrowheads indicate the fusion proteins used in this
study. Molecular weight markers are on the left.
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Results

Expression of Sm31 and Sm32 sequences in Escherichia coli

The application of S. mansoni Sm31 and Sm32 in immunodiagnostic tests was
explored in the form of recombinant antigens. The sequences were expressed as
hybnd proteins fused in frame with the first 33 amino acids of the RNA polymerase
gene of bacteriophage MS25 Various molecular constructs covering different regions
of the sequences are depicted schematically in Figure 1. Two each of Sm31 and Sm32
fusion proteins were chosen for further study. MS2-NH3 covers amino acids
positioned at 60 to 235. while MS2.Sm31 corresponds to MS2 fused to the complete
coding sequence with the exception of the first 13 amino acids (amino acid positions
14 to 252) (Figure 1a). MS2-StaN carries Sm32-specific amino acids from
positions 15 to 334. MS2-Sm32 represents the almost full-length fusion protein
from amino acids 15 10 428 (Figure 1b).

The fusion proteins were isolated from the insoluble pellet of lysed cells by
solubilisation in 7 M urea and purified on preparative SDS-polyacrylamide gels as
described previously® Sm31 fusion proteins were 40 kDa (MS2-NH3) and 48 kDa
(MS2-Sm31) in size. The molecular weights of MS2-SfaN and MS2-Sm32 were 46
kDa and 56 kDa respectively (Figure 1c).

Sensitivity of ELISA using recombinant antigens

The degree of sensitivity of the recombinant antigens in TSP-ELISA was calculated
based on the number of persons with positive antibodies as a percentage of subjects
positive for eggs'® Qut of the 95 individuals tested. 79 had eggs in their stool or
urine (Table 1). Among the egg positive cases. 45 were anlibody positive (i.e. “lrue
positive™) for MS2-NH3, and 54 for MS2-SfaN, whereas 65 of them were antibody
positive in ELISA for either of the partial fusion proteins. We also examined the
full-length fusions to see whether immunoreactivities can be increased. We
observed that 55 persons had antibody titres to MS2-Sm31, while 54 individuals
recognised MS2-Sm32. A total of 70 persons out of 73 had positive ELISA
reactivities to MS2-Sm31 or MS2-Sm32. Sensilivities of the ELISA technique
utilising partial and full-lengith recombinant antigens were calculated to be 82.2%
and 88.€%, respectively. It therefore appears that the full-length recombinant
pr.ducts show an improved sensilivity compared to the partial proteins.

Table 1 Sensitivity of ELISA using recombinant antgens

ELISA positve
(n=79) MS2 NH3  MS2-SfaN  MS2.NH3 MS2-Sm31 MS2.Sm32 MS2.Sm31
or or
MS-SfaN MS2.Sm32
Eq9 posilive 45 54 65 55 54 70

Sensitivity
%e) 56 9 68 3 822 63 6 68 3 88 6
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Antibody response to recombinant antigens
The seroreactivity to the recombinant proteins was calculated usir ; sera from a total
of 95 subjects, instead of using sera only from egg excretors. Interestingly, the
aumber cof individuals with antibodies to the fusion proteins calculated as a
percentage of the total number of subjects tested did not differ greatly from that
calculated as a percentage of those who have eggs in their stool or urine. This is
presumably due to the immunological and parasitological techniques being
insensitive at low antibody titres and low egg output, respectively. Using MS2-NH3
it was found that 59% of the individuals reacted above the cut-off value of 80 U
(Figure 2a and Table 2). Immunoreaclivitiy to MS2-SfaN (cut-off value 160 U)
was measured in 66% of the individuals (Figure 2c¢ and Table 2). The value
calculated for ELISA positivity for MS2-NH3 or MS2-SfaN was 81% (Table 2).
Immurnoreactivity to MS2-Sm31 increased to 68% (Figure 2b). Notably
with this antigen, the number of individuals reacting with >1000 U is significantly
higher than with the corresponding partial fusion product. The percentage of
individuals who were found to react positively for MS2-Sm32 (cut-off >80 U)
remained at 66% (Figure 2d). Taken logether, however, ELISA positivity for both
antigens showed a slight increase 1o 85%. This led us 10 conclude that the complete
coding regions, at least of Sm31, were more reactive in our test system than the
corresponding partial fusion protein.

Table 2 Percentage of total ELISA positivity obtained pre- and post-chemotherapy

ELISA pos:ive

(n=95) MS2-NH3 MS2-SfaN  MS2-NH3 MS2-Sm31 MS2-Sm32 MS2-Sm31
or or
MS2-SfaN MS2-Sm32
Pre- 59 66 81 68 66 85
treatment
Post- 37 34 51 70 67 85
treatment

Effect of chemotherapy
One year after treatment with a single dose of praziquantel, the presence of antibodies
to the fusion proleins was measured. As a result of drug Ireatment, we observed that
a large proportion of seropositive reactions to MS2-NH3 and MS2-StaN partial
fusion products became seronegalive. Thus the number of patients with ELISA
positivity of >1000 U dnecreased. while those with reactivities below the cut-off
value increased (compa:» Figures 2a and 2c with 2e and 2g, respectively). Overall,
the percentage of individuals with positive antibodies directed against MS2-NH3
before and after administration of praziquantel was seen to drop from 59% to 37%
(Table 2). Immurnoreactivity to MS2-StaN decreased from 66°% pretreatment to
34% post-treatment.  Antibodies to both recombinant antigens were measured in
81% of the individuals, and following chemotherapy in only 51% (Table 2).

This post treatment decrease observed in ELISAS to partial fusion proteins 15
consistent with a reduction in eqgqg excretion, which is 3 marker of effeclive
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Figure 2 ELISA reactvily on MS2 fusion proteins. The distribution of OD values expressed as unis of activily is shown for (a) MS2:-NH3,
(b} MS2-Sm 31, (¢! MS2-5'aN and (d) MS2-Sm32 belore the adminisiration of praziquaniel to the panents. Endemic conirol sera were usud
fer ca'culating the cut-o'f vawes, which 1s tho mean =2 SD. Values >80 units for MS2.NH3, MS2-Sm31 and MS2-SfaN and >160 U for MS2.

SfaN were scored positve. Tne same analysis was performed with paired sera (n=95) to (e) MS2-NH3, (I) M82-Sm31, (g) MS2-SfaN and (h)
MS2-Sm32 one year after drug treatment.
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chemotherapy. Before treatment the mean number of S. mansoni and S. haematobium
eggs was 598.4 -868.2 eggs'g steol and 19.4 :-358 eggs 10 ml urine. After
treatment mean S. mansoni and S. haematobium eggs were reduced to 68.2 -215.2
and 0.4 -4.4, respectively.

The antibody response was further studied using full-length fusion proteins.
Despite the observation that the number of individuals with high ELISA reactivities 1o
MS2-Sm31 decreased afier chemotherapy (compare Figures 2b and 2f), the overall
positivity calculated was not found to change (Table 2). As can be seen in Figures 2d
and 2h, pre- and post-treatment reactivities to MS2-Sm32 were largely similar.
Therefore, in contrast to the partial fusion proteins, we were unable to demonstrate a
post-treatment decrease in anlibody levels to the full-length recombinant products.
However, a prerequisile for the utility of an immunodiagnostic test basec on the
detection of antibody is a post-treatment drop in antibody titres. In the further
development of an antibody-based assay with full-length proteins, it will therefore
be important to investigate whether the full-length recombinant proteins in
particular Sm32 carry epitopes 1o which long-lasting antibodies are raised and if so.
it will be interesting to analyse t.e different antibody isotypes involved in the
immunoreactivity.

Influence of protein conformation on immunoreactivity

Our results so far show that the presence of eggs in stool or urine specimens is not
correlated with a positive ELISA. The finding thal sera of some non-egg excretors
were found to be immunologically reactive to the fusion proteins is most likely due io
the insensiiivity of the parasitological test based on only one egg count. A possible
explanation for the finding of egg excretors with no antibody response is that antibody
titres are too low to be detected.

In order to investigate whether low reactivily is partly caused by
conformational changes as a result of the presence of the carrier protein MS2
polymerase, we analysed the performance of non-fused recombinant antigens, first of
all using in vitro translation products.

For this purpose Sm31 and Sm32 cDNAs were subcloned in an RNA expression
vector pSPE5'Ncoi'? Invitro derived Sm31 RNA®® directed the synthesis of two
proteins with molecular masses of 37.5 and 31.5 kDa (Figure 3a, lane IVT). In
previous work we have shown that the former protein corresponds to a precursor
molecule. while the iatier represents a product translated from an internal initiation
codon in the same reading frame'* Sm32 RNA iranslated in vitro yielded a 47 kDa
product, the molecular mass of which is consistent with the total coding capacity
calculate~ from the deduced amino acid sequence (Figure 3b, lane IVT).

The full-length proteins as represented by the in vitro transliation products
were subjected to immunoprecipitation by human infection sera. The results from
sera of 40 egg-positive patients are shown in Figure 3.

The 37.5 kDa or both 37.5 and 31.5 kDa Sm31 in vitro translation products
were strongly recognised by 17 out of 40 sera, and weakly by 12 others (Figure 3a).
In comparison, Sm32 ' 1nslated in vitro was clearly immunoprecipitated by 37 out
of 40 infection sera. oensilivity of approximately 60-70% for Sm31, 92.5% for
Sm32 and 97.5% for Sm31 or Sm32 can be calculated. This high sensitivity clearly
has to be confirmed by testing a larger number of sera.

Two serum samples out of the endemic control group were positive, one each
for Sm31 and Sm32. Inlerestingly, it was also observed that these sera reacted
positively in ELISA to the recombinant fusion proteins. Despite care in choosing the
endemic conlrol persons, these findings strongly suggest that we are dealing with
infected persons.
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From the above results we believe that a high sensitivity of
immunoprecipitation of in vitro translation products close to 100% can be achieved.
Despite superiority of this technique, it is most unlikely that the use of radiolabelled
in vitro translation products will be applicable for field study.

Expression in insect cells
Nex!, we proceeded to clone and express cDNAs of Sm31 and Sm32 in insect cells,
where proteins produced are known to be immunologically and functionally similar to
their authentic counterparts. Following infection of insect cells with recombinant
baculoviruses, total cell extracts were verified for the presence of recombinant BC-
Sm31 and BC-Sm32, respectively by SDS-PAGE and Western blotting (data not
shown). After ammonium sulphate fractionation and purification on preparative SDS
polyacrylamide gels. the recombinant proteins were assessed in TSP-ELISA.
Antibodies to BC-Sm31 with >80 U were detected in 29 out of 40 sera tested,
and antibodies to BC-Sm32 with >40 U were measured in 37 out of 40 sera. These
results demonstrate that the ELISA test done with recombinant antigens synthesised
in the baculovirus system is as effeclive as the in vitro translation system for
detecting antibodies in sera from infected humans. As rentioned above, the high
degree of sensitivity wi'" have to be confirmed on a greater number of patient sera.

Discussion

In this study, we addressed the question of whether a standardized diagnostic assay
using cloned S. mansoni antigens Sm31 and Sm32 can be developed. We assessed the
performance of recombinant Sm31 and Sm32 expressed in E. coli as MS2
polymerase-schistosome fusion proteins. The finding that the full-length MS2-
Sm31 fusion is more sensitive than the partial MS2-NH3 fusion can be simply
explained by the presence of additional immunoreactive epitopes on the complete
sequence. In contrast, there is no improvement in sensitivity with Sm32 and it
appears that the antigenicily is attained on both Sm32 partial and full-length
fusions.

The possibility that recombinant Sm31 and Sm32 molecules mimicking ~in
vivo" conformation may yield higher sensitivities led us to express the antigens in
eukaryotic systems, wher~by conformational determinants of the native proteins can
be accurately reproduced. Using in vitro translation products of Sm31 and
immunoprecipitation with human infection sera or baculovirus-synthesised Sm31,
sensilivily was 72.5%, which is not significantly higher than the result obtained
with fult length Sma1 fusion protein. This is suggestive of the absence of additional
epitopes on the protein .

it is notable that we have obtained a higher sensitivity of 92.5% using
recombinant Sm32 produced in either rabbit reticulocyte lysates or in insect cells.
This shows that the recombinant gene products synthesised in these sysiems are
immunologically very similar to their authentic proteins.

Our results show that we can delec! antibodies to distinct recombinant
S mansoni proteins based on TSP-ELISAs and immunoprecipitation. Although the
latter technique is highly sensitive, the involvament of radioactive material and the
fact that the method is both expensive and labour intensive make it inappronriate for
field use. Disadvantages of the baculovirus expressicn system are oot only
difficulties in setting up the system but also the low yields («<1% of total proteins)
and lahorious purification protocols.

Nevertheless, we have provided evidence that both the creation of
conformational epitopes on Sm32 and the adoption of full-length sequence of Sm31 do
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significantly improve the performance of recombinant antigens in diagnosis. [t is
therefore worthwhile to develop a strategy for the expression of non-fused Sm21 and
Sm32 in E. coli, and to tes! their suitability as diagnostic probes.

We have followed the eftects of chemotherapy on the antibody responses to the
fusion proteins. In conjunction with the drop in mean egg counts one year after
treatment, we have observed a decline in antibody titres to partial fusion products
but not to full-length fusions. In this context it may be worthwhile to investigate
which epitopes induce long-lived anlibodies.

The specilicity of the assays in terms of cross reactivity with other parasites
has not been addressed in th's study. Previous work, however, has shown that these
antigens do not cross-react with sera from natients with other parasitic diseases?
We tound an alarmingly high number of “faise positives™ in our study group. i.e.
those with aniibody litres but negative for eggs. The main reason for this apparent
lack of specificity may be due to inaccurate parasitology as determined by a single
stool/urine examination. Alternatively, the technique has enabled us to detact
individuals early in the course of acute infectior before eggs are produced.

In conclusion, we have demonstraled tha! partial and full-length fusion
proteins are sufticiently sensitive 1o diagnose schistosome infections. However due to
our observation that the antibodies to the latter do not decline after treatment, it
seems reasonable to suggest the use of TSP-ELISA based on partial fusion proteins
for diagnosis. Since it is doubtful to date that serology would completely replace
parasitological diagnosis in schistosomiasis, this nove! antibody-detection technigue
could be useful in comrlementing stool and urine examinations.
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Alternative Preparation of Schistosoma Egg Antigens
for Circumoval and Intraoval Precipitin Tests for Use
in Endemic Areas

Haruo Kamiya

Department of Parasitology. Hirosaki University School of Medicine,
Hirosaki 036 Aomori. Japan

Summary

Several simple methods for preparation of schistosome eggs for the circumoval
precipitin (COP) test for the diagnosis of schistosomiasis are described. Eggs
prepared by these methods would provide favourable alternatives to lyophilized eggs.
the preparaticn of which is not necessarily easy in endemic areas.

investigations into effe~ts of temperature and duration of storage on
schistosome egg antigens indicated that the antigens involved in the COP reaction are
heat stable. In the methods described for preparation of eggs for the COP test:
preservation in paraformaldehyde, 95% alcohol or acelone, or drying at 37 “C, the
robusl nature of the egg antigens is exploited.

In addition, a novel method for diagnosis of schistosomiasis, the intraoval
precipitin (I0P) test, using formalin-fixed liver-egg sections from infected
animals, is described.

Introduction

Since the establishment of the circumoval precipitin (COP) reaction using
Schistosoma mansoni fresh eggs', a more simplified procedure for the COP test has
been developed using lyophilized eggs??. Although lyophilized eggs have been
exlensively employed in most laboratories for this routir e assay, the preparation of
the eggs is not always easy in ihe endemic areas, where there is @ greal need for the
COP fest*.

Since the COP test can be easily performed with minimal equipment, it is now
considered to be the serodiagnostic method of choice for schistosomiasis in local,
endemic areas. Furthermore, the sensitivity and specificity of the test are much
better than other maethods such as ELISA or radioimmunoassay>. On the other hand,
differences in resulls between laboratories using somewhat different techniques”’,
indicate that the question of reproducibility needs to be further invesligated.
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Variations in antigenicity of the egg-batches used in the assay might be a possible
cause.

With these considerations in mind, aliernative methods of preparation of
Scristosoma egg antigens were investigated. such as eggs preserved in formalin,
alcohol or acetone and air-dried eggs, with a view to making the COP test more useful
in the endemic field. In addition, the IOP test, a novel method for detection of
antibodies in schistosomiasis is described.

The Nature of Schistosome Egg Antigens

Heat stability

Although it has been supposed that ambient conditions, such as temperature during
the preservation period, may significantly affect their antigenicity, few studies have
been carried out on the nature of schistosome egg antigens for the COP test with
respect to storage and other conditions.

Eggs kept at 4 “C exhibited the highest antigenicity after eight months of
preservation. Eggs preserved at room temperature showed reduced antigenicity.
incubation of €3gs at a stable temperature of 60 °C for up to eight months did not
result in rapidly decreased antigenicity.  Surprisingly, eggs still retained
antigenicity in the COP test after incubation at 200 “C for one hour (Table 1). This

Table 1 Influence of temperature on lyophilized egg antigen(s) of the COP test for
schislosomiasis japonica'®

Temperature of Duratien of Percentage of COP COP index?
preservation (°C) treatment reactive eggs
4 (control)’ 10 months 33.3 28.8
Room temperature 8 - 23.0 19.2
(0-30)t
30 8 - 28.0 22.6
37 8 " 24.0 22.0
60 8 ° 23.5 18.1
80 1 hour 30.7 28.6
100% 1 " 37.3 36.4
120 1 " 29.5 252
12 - 27.5 22.7
24 " 17.0 12.2
150 ! . 17.7 13.7
6 " 14.8 9.8
12 ° 5.4 2.5
200 1 " 8.0 4.2
6 " 0 0

The lyophilized eggs were distributed into small vials and kept in the dark with silica gel

except for the eggs of the "Room-temperature™ group.

*  Original antigenicily of eggs used in the expariment.

t The eggs were placed in a brov/n bottle with silica gel to prevent the effect of
ultraviolet rays and kept in the faboratory.

$ Many eggs were ruptured

§ Calculated by the formula cited 1n Tanaka20
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Figure 1 Specific fluorescence detecteg in the space between the autofiuorescent eggshel:
and the miracidium in the ndirect fluorescent antbody test, using formalin-fixed liver-egg
sections: incubated in the serum from a patient with schistosomiasis japonica’’.

evidence suggests that the antigens involved in the COP reaction are heat-stable
polysaccharides or glycoproteins® 1© Since variation in temperature induces a
gradual decrease in antigenicity, lyophilized eggs should be preserved under stable
temperature conditions.

Locality of antigenic substances in the egg

The heat stable nature of S. japonicum lyophilized egg antigens for the COP test'
allowed the successful application of the indirect fluorescent antibody (IFA)?'" and
indirect immunoperoxidase (lIP)'2 tests using formalin-fixed liver-egg sections
embedded in paraffin for the diagnosis of schistosomiasis japonica. These resulls
clearly showed the location of heat-stable intraoval antigens in the space between the
vilellineg membrane and miracidium. Furthermore, Periodic Acid Schiff (PAS)
staining showed that PAS-positive areas corresponded well with those of specific
fluorescence observed in the IFA test (Figure 1).

Alternative Methods of Preparation of Schistosome Eggs
for the COP Test

The finding that the heat-stable S. japonicum eqgq antigens were responsible for the
COP reaction'® encouraqnd us to develop other methods for preparing eggs for the COP
test, as allernatives to lyophilization.
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Paraformaldehyde (PFA)-fixed eggs

Aithough our previous studies'' '3 suggested the possibility of using such formalin-
fixed eggs in the COP assay for the diagnosis of schistosomiasis japonica. eggs
prepared in this way have been shown to exhibil unexpected'y low reactivity, as
reported previously by Yogore et al.3. Our recent findings indicate that a reduced
COP reactivity in the case of formalin-fixed eggs is probably atiributable to the
nature of the eggshell structure. Since it is well known that antigenic substances
responsible for the COP reaction leak through micropores in the eggsheli*4 ",
leakage of such substances localized between the vitelline membrane and the
miracidium could be blocked in formalin-fixed eggs by some unknown mechamsm.
In fact. the function of the micropores might be damaged due to formalin- or PFA-
fixation of the eggshell. which has been shown to be composed of prctein'®. This
suppos:tion 1s clearly supported by the observation that sonication, which produces
artificial eggshell cracks, distinctly enhances the COP reactivity of PFA-fixed
S.manson and S. jJaponicum eggs (Tables 2 and 3). The frequent occurrence of COP
reaction products at these cracks as well as at the surface of the free miracidium
also supports this notion (Figures 2 and 3}'*.

It is also likely that the COP test with sonicated eggs has only qualitative
signihicance in the diagnosis of schistosomiasis. since no direct relationship couid be
notea between the intensity of infection and percentage of COP-positive eggs as shown
in murine schistosomiasis manson: iTable 3). Despite numerous advantages. and
although many attempts have been made to quantitate the assay5® 22, the COP test has
been shown 1o have an essential defect in this aspect of evaluation.

#

0.2 mm
2 a : .
3 (inset)
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Table 2 Results of the COF reaction using 'sera from schistosomiasis japonica patients and
PFA-fixed S. japonicum eggs, with and without sonication'$

Type of eggs used Number of Mean percentage of COP-
patient sera positive eggs + SO (range)
Lyophilized” 20 20.518.8 (8.0-40.9)
Sonicated-It 20 6.2+3.2 (1.4-11.6)8
Sonicated-11¥ 20 22.2410.2 (7.0-39.6)

Harvested from the livers of infected mice and kept at 4 °C for four years
Sonicated at 115 W for 3 minutes

Sonicated at 115 W for 1.5 minutes

This value significantly differed from those of the “lyophilized™ and “sonicated-il”
groups at the P value less than 0.001, as assessed by Student's f-test

W

Table 3 Results of the COP reaction using animal sera and PFA-fixed S. mansoni eggs.
with and without sonication'®

Serum pool Mean no. of paired % COP-positive eggs'
number’ flukes recovered Not sonicated Sonicated?
0$ Not done 0 0
1 3.8 1.0 41.4
2 12.9 2.4 44.7
3 23.0 1.8 431
4 33.7 1.3 52.0
5 42.4 1.6 49.2
6 65.2 1.8 51.4

From groups of infected dd¥Y mice.

Eggs were preserved in 0.2% PFA for three months at 4 °C.
Sonicated at 115 W for 1.5 minutes.

Sera of 10 normal ddY mice.

wn -

The use of PFA-fixed and sonicated eggs instead of fresh or lyophilized ones in
the COP assay would provide a partial solution to the problem of egg supply for the
diagnosis of schistosomiasis in loca!, endemic areas.

Eggs preserved in alcohol or acetone

S. mansoni and S. japonicum eggs preserved in 95% ethanol or acetone were
assessed in the COP assay. Approximately 200 eggs suspended either in ethanol or in
acelone were added to glass slides and left for one hour prior 1o use, lo allow
evaporation of the fixatives. The slides were then subjected to the same routine
procedure as adopled for the COP test. Although the reactivily was lower than that of
lyophilized eggs (Tables 4 and 5)2%, the egg antigen was found to retain its reactivity
for the diagnosis of both schistosomiasis mansoni and japonica (Figure 4).
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Table 4 Results of the COP reaction using schistosomiasis japonica patient sera and
S japonicum eggs. lyophilized or preserved in ethanal or acetcne for one month??

Patient ° COP-positve eggs’
serum
no. Lyophilized Ethanoft Acetone?
1 40.9 12 4 253
2 7.4 10.4 20.9
3 27.9 120 18.4
4 27.6 11.4 13.6
5 26.2 8.2 11.4
6 24.9 11.0 121
7 24.6 7.2 15.7
8 22.7 2.3 11.1
9 20.7 109 10.8
10 18.9 6.5 11.2
Mean 27.2 9.2 15.1

* From daY infected m.ce. ) o i 7
t Preserved in 95% ethanci for one month.
t Preserved in acetone for one month.

Table 5 Results of the COP reaction using animal sera and S. mansoni eggs preserved in
ethanol or In acetone for one month??

Serum Mean no. % COP-positive eggs’
poo! of paired
number flukes Lyophilized 35% ethanol? Acetone?
recovered
1 3.8 46.5 23.0 17.4
2 12.9 50.6 31.3 21.6
3 230 51.0 32.2 23.4
4 33.7 50.0 37.7 23.2
5 42 4 50.4 34.4 24.3
6 65.2 51.7 33.8 25.8
Mean 50.0 32.1 22.6

From infected jirds.
t  Preserves in 95% ethanol for three months,
t Precerved n ace'one for eight months.

These alternative methods for preparation of eggs for the COP test have the
advantage that eggs are put straight into the fixative soon after purification. The
evaporation may cause eqgshell cracks, furthar facilitating the reaction. 1t should be
emphasized that egqgs preserved in alcohol or acetone still retain antigenicity after
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.
-~

Figure 4 COP on S. japonicum eggs preserved in 95% ethanol<d,

Figures 5 and 6 COP on ar-dried S. japonicum (S) and S. mansoni (6) eggs?s.

more than six years' preservation. These findings might be useful with respect to
utilizing tha COP test in the field.

Air-dried eggs
Since egg antigens responsible for the COP reaction are naturally extremely robust,
it was considered worthwhile investigating the possibility of using air-dried eggs in
the COP test. The advartage of being able 1o use air-dried egqgs rather than those
processed by lyophilization or preservation fixatives, would be considerable.

Air-dried eggs were collected by the digestion procedure* and washed in cold
distilied water. One drop of water, containing approximately 200 eggs, was placed
on a glass slide, in the dark, to prevent them from hatching. Following evaporation
of the water, the slide was left at 37 'C overnight in a drying oven. These slide
preparations could be preserved in a refrigarator with silica gel without change of
antigenicity.

It was demonstrated that air-dried eggs of both S. japonicum and S. mansoni
could be successlully employed for the COP test (Tables 6 and 7; Figures 5 and 6)74,
The usefulness of this method and also the reproducibility of the reaction were
evalualed?s. This variation of the COP test using air-dried eggs would be applicable
for the immunodiagnosis of schistosomiasis in local, endemic areas.
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Table 6 Comparison of reactivity between lyophilized and air-dried eggs of S. japonicum
in the COP test using positive patient sera?4

COP type’ Lyophilized eggs Air-dried eggs
Negative [¢] 5
Type IT 10 7
Type I8 13 12
Type 11§ 13 12
Total 36 36

Criena by‘Y—okogawa et.al28:

t Small globules of precipitates:
$ Medium-sized gicbules of precipitates and or short segmented precipitates:
§ Large globules of precipitates and'or long and segmented precipitates.

Table 7 Comparison of reactivity between fresh, lyophilized and air-dried eggs of
S.mansoni in the COP test using positive sera from jirds2*

COP type’ ‘Number of cases_lgr_n—w'»ﬁéhéal; with
Fresh eggs Lyophiiized cells Air-dried eggs
Type lIt 8 7 10
Type (I} 22 23 20
Total 30 30 30

Critena b{/ de‘ogar;\;ﬁerr' al 28
t Medium-sized globules of precipitates and/or short segmented precipitates
4 Large globules of precipitates andror long and segmented precipitates.

The IOP Test with the Application
of Formalin-Fixed Liver-Egg Sections

As it had been previously established that formalin-fixed eggs retain their
antigenicity® ' 319, the principle of the COP reaction was applied to formalin-fixed
liver-egg sections of animals infected with S. japonicum. The seclions were
prepared ‘ccording 10 a routine pathological tissue seclioning process. Serum was
added to each liver-egg section slide and cover-slips placed on top. The edges of the
cover-slips were then sealed with vaseline and the slides were incubated ir a
moisture chamber at 37 “C for 48 hours?5. Intraoval precipitation was clearly
observed between the eggshell and the miracidium in the eggs. The antibody binding
site has been demonstrated previously (Figures 7 and 8)'' 12,

Since a large number of liver-egg sections are available from each liver of an
infected animal, preparation of the antigen for the IOP test is lass expensive than for
other methods. Another merit is that the sectioning process exposes the antigens in
the eggs. which should result in increased sensitivity and reproducibility of the
reaction.
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Figure 7 Distinct IOP reaction (T) in S. japonicum eggs incubated with serum from a
schistosomiasis japonica patient. The section was made from a S. japonicum-infected
mouse liver, fixed in paraformaldehyde.

Figure 8 Differential interference photomicrograph of a typical intraoval precipitata (1)
in 5. japonicum eggs incubated with serum from a schistosomiasis japonica patien'.
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Cross-Reactivity with other Helminths

Although the COP test has lorg been recognized as a highly specific reaction?5.27,
cross-reactivity was observed in sera from persons infected with Trichinella
spiralis and Paragonimus westermani. This finding should be taken into
consideration when using the COP test in endemic areas where these helminth species
are also prevalent.

Conclusions

Two methods for diagnosis of schistosomiasis in endemic areas, the COP and the IOP
tests were investigated with particular regard to alternative methods of preparing
the egg antigens used. The applications described provide an aiternative to
lyophilized eggs and thus offer a partial solution to the problem of egg antigen supply
in endemic areas.

Since egg antigens associated with the reaction might be adversely affected by
purification or lyophilization, eggs prepared by these alternative methods also
contribute to the standardization and reproducibility of the COP test as undertaken by
Garcia et al. 3.

Furthermore, the IOP test should be further developed, since it has many
advantages for immunodiagnrsis of the infection in the field. These approaches may
introduce a new facet in the immunodiagnosis and control work of schistosomiasis.
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Summary

A revision of the various Schistosoma mansoni enzymes that are recognized as
antigens by infected hosts and a brief evaluation of their usefulness as markers of
infection (and/or resistance) is made. The catalytic property of the antigens has
allowed the development of direct solid phase assays where Protein-A bound
polyclonal IgG antibodies from infected patients are able to specifically capture the
enzymatic antigens from crude parasite preparations; a positive capture of anti-
enzyme antibodies is revealed by subsequent hydrolysis of the specific substrate. By
using this type of assay, it has been shown previously that a high proportion of sera
from S. mansoni-infected patients but not from healthy donors or people infected with
other parasites, possess anti-alkaline phosphatase (AKP) antibodies (AKP
immunoassay or APIA). The appearance of circulating anti-AKP antibodies seems to be
associated in time with the appearance of mature parasites; this response is not
related, however, 10 sex, age or clinical form of the disease. Differences in the
intensily of the response among individuals might depend on a differential genetic
capacily to recognize and respond to the antigen, to the production of more or less
inhibitory antibodies and/or the competition within the assay for binding sites by
other non anti-AKP 1gG antibodies. The lack of cross-reaction found so far between
S.mansoni and other host or parasite AKPs and the simplicity of APIA supports its
* Present temporary address: Laboratoire d'lmmunologie Parasitaire, UFR des Sciences
Pharmaceutiques, 2 bis, Bd. Tonnellé, 37042 Tours, France

t Present address: Gerencia de Biotecnologia, Polar, C A., Caracas, Venezuela
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Figure 7 Distinct IOP reaction (7} in S. japonicum eggs incubated with serum from a
schistosomiasis japonica patient. The section was made from a S. japonicum-infected
mouse liver, fixed in paraformaldehyde.

Figure 8 Differential interferance photomicrograph of a typical intraoval precipitate (1)
in 5. japonicum egqs incubated with serum from a schistosomiasis japonica patien’.
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possible trial in serological surveys in endemic areas for schistosomiasis mansoni.
Preliminary assays to detect the presence of antibodies to the adult S. mansoni type |
phosphodiesterase by using a similar methodology have, so far, given similar results
to APIA. The advantages and limitations for the use of these assays is discussed.

Introduction

The identification of vital processes in parasites have led to the definition of
molecular targets for immunological recognition and attack. The knowledge on the
location, synthesis and function of parasite antigens is rapidly growing. Some have
been identified as enzymes and may be responsible for an important part of the
immune response against parasites'4 Furthermore, a few antigenic enzymes of
Schistosoma mansoni have been already used in experimental immunoprophylaxis
studiess€ or as lools for immunodiagnosis’® The knowledge on the function of an
antigen might be relevant to:

a) a better understanding of the host-parasite relationships;

b) the development of improved diagnostic assays.

¢) a better understanding of th2 immunoresistance mechanisms;
d) the development of new strategies for immunoprotection;

e) the development of new strategies for pharmacological attack.

The parasitologic diagnosis of schistosomiasis mansoni is usually done by the
microscopic identification of eggs in the faeces of the patient using the Kato and/or the
modified Kato-Kctz technique. These are specific tests but their sensitivity depends
mostly on the intensity of infection which is related to the number of productive
worm pairs and to the size of the faecal sample® They are useful in regions of high
disease prevalence where most people eliminate more than 100 eggs per gram of
faeces. However, when the intensity of the infection is low, as in Venezuela, these
tests are insensitive and a high number of false negative results are produced. They
can therefore no longer be used efficiently as tools for diagnosis in the epidemiological
surveillance by national control programs.

Immunodiagnostic tests may play an important role as alternative tools for
diagnosis. They offer indirect evidence on the presence of parasites in a patient and
exhibit a variable degree of sensitivity and specificity but these two parameters
depend greally on the methodology and the quality of the antigens used.

Most of the methods that have been traditionally used for immunodiagnosis of
schistosomiasis such as the intradermal test, complement fixation, cercarien-hiillen
reaktion (CHR), indirect haemagglutination, immunoprecipitation in gel, circumoval
precipitation (COP}, indirect immunofluorescence, radioirnmunoassay and enzyme-
linked immunosorbent assays (ELISA) are based upon the detection of circulating
anti-parasite antibodies in the infected host'® Excepling perhaps the COP and the
CHR, these methods do not generally discriminate between a past experience of the
disease and an active infeclious process because many antibodies persist even after
parasitologic cure (disappearance of eggs in the faeces) following chemotherapy. The
COP test'' has been reported to show high sensitivity (that may reach 95%) and
specificity (96-100%)'0 12 '4 unfortunately it depends on a supply of eggs, is time-
consuming and is not possible fo automate.

However, more recently developed ELISA techniques use specific polyclonal or
monoclonal antibodies 1o detect and quantify seric immune complexes or free
circulating anligens in the blood (antigenemia) and in the urine'®'>'7 These
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methodologies suggest the actual presence of parasites in the patient and offer
information on the efficiency of the treatment; furthermore, a quantification of the
captured antigen may provide an estimate of the intensity of the infection'6.18.19 These
techniques may exhibit elevated sensitivity and specificity. However, high sensitivity
is usually achievable in patients with moderate or high levels of faecal egg excretion
and might be low when there is low elimination of eggs; it might also be affected when
circulating antibodies compete vith the antigen-capturing antibody in the assay?°.
Nonetheless, pretreatment of biological fluids with protein-precipitating agents allow
these techniques 1o detect < 1 ng o} polysaccharide antigen per ml of sample?s.16.21

Criteria to base decisions on when 1o apply mass chemotherapy in communities
of endemic regions relying merely on immunological tests are not yet well
established; it is important then to increase and 10 accumulate comparative field
experience with different immunological techniques to develop such criteria.

Unfortunately, some goad techniques are not suitable for automation or are not
easily implemented in the field and others are oo expensive or laborious o be used in
massive immunodiagnosis czmpaigns. Sensitivities and specificities vary from one
test to another. Antibody-detecling assays depend on a parasite cycle-dependent
supply of antigen whereas :ntigen-detecting assays on the limited availability of
specific antibodies.

An interesting view advanceg by some authors deals with the idea that the
possible refinement of diagncsis (for instance, differentiation belween recently and
chronically infected patients, evaluation of treatment effectiveness) may depend more
on the measurement of antibodies against defined antigens?2 From this viewpoint,
immunological tests based on antigenic functional markers might be promising.

Excretory/3ecretory (E/S) Antigens

Schistosomes may live in the host bloodstream for many years in the presence of a
hostile immune response which is evaded by mechanisms mostly related to the surface
of the parasile tegument23 The tegumental surface is highly invaginated and delimited
by a membrane with a double uvlirastructural appearance that accomplishes important
absorptive functior.s of nutrients znd that expresses, among other antigens, exclusive
parasite components which may be susceptible to immunological and/or
pharmacological attack?3.24

The ditferent forms of the parasite that are in contact with the definitive host
(cercariae, schistosomula, adults, eggs/miracidia) are thought to excrete into the
host variable amounts of different E/S products such as proteins, glycoproteins
proteoglycans, polysaccharides, hormones and components of various molecular
weights. Many E/S products may originate by turnover from the parasite surface or
emerge from within the parasite through natural pores (glandular conducts, oral
region, genital apertures, excreting orifices, etc.) in the form of small membranous
vesicles or of soluble compounds®5-27  In schistosomula and adult worms, the oral
region is ends in a blind gut with a syncytial absorptive epithelial surface or
gastrodermis. The absence of an anal orifice obligates these trematodes to regurgitate
their gut contents every three 'o four hours to liberate themselves of undigested
residual blood products?® which enter the host circulation togethar with the parasite
digestive enzymes?? In eggs. the E/S products produced by enclosed miracidia,
amerge o the host tissues through micropores present in the egg shelP®

The release of E/S products inlo the incubation medium by schistosomes has
been assessed in vitro. Aduit male and female S. mansoni worms naintained in MEM
for up 10 16 hours at 37°C excrele and/or secrete 10 the medium various soluble and
membrane-bound polypeptides of molecular mass in the range of 15.100 kDa?5-26
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Many components which pertorm different cytoskeletal and enzymatic functions have
been detected, as for instance. paramyosin, actin, 70 kDa heat shock protein(hsp70).
glutathione S-transferase (GST), haemoglobinase (HGase, pH 3.8), acid phosphatase
(ACP, pH 5.2), azocoll protease (pH 5.5), mannosylglucosyl transferases (pH 7.4),
leucine aminopeptidase (LAP, gH 8.0) and surface membrane-associated alkaline
activities (pH 9.5) like alkaline phosphatase (AKP), type | phosphodiesterase (PDE)
and a Ca-stimulated adenosine triphosphatase {Ca-ATPase) among others?5 27.29.31
Most of the above enzymatic activities were detected in the medium after three hours
of incubation and the specific activities ot some of them (ACP, azocoll protease, LAP,
AKP, PDE, Ca-ATPase) were much increased after 16 hours of ircubation suggesting
that they were =ccumulated in the medium by the iiving worms?5.26  The in vitro
detected enzymes might be similarly excreted or secreted by schistosomes in vivo.

Surface enzymes may have an important participation in the host-parasite
interaction. The AKP, PDE and Ca stimulated ATPase are integral glycoproteins of the
tegumental surface membrane which expose probably a glycosylaied site on the
parasite surface whereas the aclive sile seems to be buried in the internal part of the
membrane?235 Turnover and shedding of the double surface membrane of adult
schistosomes is probably the mechanism by which particulated antigens from this
membrane are put into circulation in vivo or are released in vitro 3637

Different E/S enzymes are probably responsible for the parasite metabolism,
invasion and/or migration through the host tissues, and others may participate in
pathogenic events seen in this disease (anaemia, lissue damage, elc.) A secreled
cercarial protease of 28 kDa promotes skin penetration and schistosomular
transtormation3® Other enzymes seem 1o be critical for the parasite evasion of the
immune response, as for instance, the schistosomulum proteases hydrolyzing surface
bound antibodies?® or the above-mentioned 28 kDa protease that cleaves protein
components of the alternative pathway of the complement cascade3®. Detoxifying
enzymes, such as GST and superoxide dismutase (SOD}), are thought 1o be important as
defense mechanisms against antihelminthics and/or the host cellular immune
responseso 41,

Many schistosome enzymes have been found 10 be able to induce host humoral
(Table 1) and/or cellular immune responses supporting the argument that whole
enzyme molecules or their subunits are probably excreted and/or secreted by the
parasites into the hos! circulation at a certain stage in their development. The
mechanisms that regulate the release of these parasite prooucls remain largely
unknown but they might be, in some cases, partially conditioned by the presence of a
specific host immune response.

The immune response against some of the E/S products shows a remarkable
specificity and in some cases the response may be protective®42 Paramyosin is able
to induce a humoral as well as a cell-mediated immune reponse which have been found
to be protective in mice, a vaccine using this antigen has been proposed*?
Apparently, resistent individuals in endemic areas would have elevated serum
antibodies against this molecule*?

Enzymes as Possible Markers of Irfection

Numerous schistosome enzymes have now been reported 1o be antigenic in infecled
hosts (Table I). The intestinal adult S. mansoni enzyme that digests host haemoglobin
upon its release from ingested red cells (HGase), induces a rapid histaminic response,
showing the diagnostic potential of a parasite enzyme. when purified and injected in
the skin of infected patients and experimental animals*t 46 High IgM and 19G titres
against this enzyme were found in S. mansoni-infecled mice three weeks post-
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infection and high IgE titres after four weeks of infectionr47 48  Immunoblot analyses
revealed that sera from patients infected with S. mansoni and S. japonicum reacted
specifically with polypeptides of 31 and 32 kDa 4° both thought to be proteclyiic
enzymes. The genes that code for each of these proteins have been cloned and
sequenced*® 52 the 31 kDa protein has been reporied to have a sequence simiiar 1o
thiol-proteinase or cathepsin B 5!, whereas the 32 kDa protein seems to have a
unique sequence so far unknown for a protease™-52 These pro’2inases are antigens of
major importance which probaoly start to circulate prior 10 egg excietion4®  While
antibodies to cathepsin B remained cievated fcr several months after chemotherapy,
anti-32 kDa antibodies were seen to decrease’® A molecule with a sequence similar
to the 32 kDa protein was found in the preacelabular qlands cf cercariae where ils
function remains tc be investigateds? Host haemoglobin is then probably degraded by
more than one digestive enzyme, including enzy:nes from adult S. mansoni worms that
are nol thiol-dependen!s4 55

An acid S-protease of molecular mass 25-27 kDa from the S. mansoni egg was
found associated with the penetration glands of the enclosed m.acidium. it did not
bind to Con A and was immunogenic in mice 57

An IgM immune response against the elastase (serine-protease) of molecular
mass 30 kDa secreted from the preacetabular glands of the cercariae was detected in
S. mansoni-infected humans and mice; the resgonse against this enzyme was specific
for cercariae’® and it provided high sensitivity when used as antigen in antibody-
detecting EL!SA 5

IgG antibodies against the LAP of the adult and the schistosomutum forms of the
parasite were found after four weeks of infecticn in sera of S. mansoni-infected rats;
infected humans also possessed anti-adult LAP antibodies®®  Or the other hand, the
LAP from eggs. a glycoprotein of molecutar mass 140 kDa, poszibly involved in the
egg halching process®'. is able to induce Igit and IgG antibodies in S. mansoni- or
S.japonicum-infected mice$2 1gG antbodies against this enzyme were also found in
S.mansoni-infected patients?t Interestingly, the anti-egg LAP antibodies decreased in
the sera of experimental animals after treatment with praziquantel62

Maiate dehydrogenase (MDH) is a major enzymatic component of
schistosomes383  The enzyme is found in the cellular layer of the schistosome gut and
it is an E/S product. Two isoenzymes (pl 7.1, pl 8.5) of this enzyme (60 kDa) have
been described as important immunogens® The pl 7.1 isoenzyme is a circulating
antigen able to induce early specific antibodies in humans and in experimental
infections; it has been found to be a partially protective antigen in experimental
infections> The reported enzyme is a dimer of two similar poiypeptides which do not
dissociate in the presence of SDS. By immunodiffusion, 24/30 patients were found o
have anti-MDH antibodies. On the other hand, the puriied S. mansoni mitochondrial
65 kDa MDH, an .ntigen which cross-reacts with other human schistosomes,
conjugated to Sephaiose-4B beads (DASS test). was also able 1o detect anti-MDH
antibodies in infected human sera and experimentally infected mice®® The anii-MDH
antibodies did not inhibit the enzymalic aclivity. However, low sensitivity (2/19
positiveG‘palienls) was found by DASS and by immunoelectrophoresis with this
antigent4,

Simurda et al. 40 found that the dimer (40 kDa) and the 20 kDa monomer of
the anti-oxidant enzyme superoxide dismutase (SOD) secreted by S. mansoni were
immunoprecipitated by antibodies present in the sera of infecied humans. This enzyme
may be essential in the prevention of oxygen loxicity or in machanisms of defense by
the parasite against the cellular immune responsa. It shows 40-45% homology with
the human sequences for Cu/Zn SOD.

In humans infected with S. mansoni or with S. japonicum it is possible to
detect a dominant antibody response against a parasite protein of 70 kDa which is




Table 1 Antgen:ic enzymes of Scristosoma mansoni

Paras e fo'm

Cercara

Scnsosomuum
transeny

Agu!t

Enzyme

E astase

Leuc:ne-
am.nopeplidase
G..tath:one-S-
rransterase

G'yceraldehyde-3P-
genyarogenase

Haemog'obwnase

Maate
Cenycrogenase

Ma ate
Gerydrogenase

Aka ~e phospnatase

Molecular
mass (kDa)

30

27-32

60
65

260

Orngin

Preacetabular
glands

Tegument

Tegument

Tegument

Gut

Gut
Mitochondrna

Tegument

Isotype
{host)

IgM
(human, mouse)

G

(human, rat)

G

{baboon, hamster,
mouse, rat)

kG

(human)

IgM. 19G, IgE

(human, baboon,
mouse

IgG

{human, mouse)

KG

{human, mouse)

kG

{human, mouse)

Reference

Pino-Heiss et al, 198658
McKerrow and Doenhoff, 198859
Damonneville er al., 198260

Balloul et al, 19876

Goudol-Crozel et al, 198972

Senft and Maddisson, 19754
Zerda et al., 198775
Chappell et al., 198848

Bout er al, 1978%

Rotmans, 19784

Cesari of al, 198132, 198726
Pujol and Cesan, 199087



Egg/miracidium

Leucine-
aminopeplidase
Acid phosphatase,
Phosphodesterase,
Ca-ATPase
Cathepsin B

Glutathione-S-
transferase

Superoxide dismutase

Thiol-proleinase

Leucine
aminopeptidase

Tegument
Tegument
31 Gut
28 Parenchyme
40 E/S

25-27 Hatching fliid

140 Hatching fiuid

G

(human, ral)

KG

(human, mouse)
IgM, 1gG, IgE
(human, mouse)
IgG, IgE

(human, mouse, rat,
baboon, hamster)

e

{human)

IgM
{mouse)
IgM, 1gG
{mouse)
1gG (humiii)

Damonneville et al, 19820

Cesari of al, 198728
Ruppel et al, 198749
Klinkert et af, 19895
Balloul or al, 19878
Holy et al, 198978

Simurda et al., 198840

Dresden et al. 198357
Xu et al, 198862

Cesari of al., 198728
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localized in the tegument, the nervous system of the worms and in the hatching fluid of
mature eggs; this protein has been found to be similar to hsp70 present in most types
of cells in different orgarisms where they perform several important functions suct.
as ATP-dependent unfolding of proteins or prevention of aggregate formationS3 In
general, hsp70 may also exhibit an ATPase activity. Since there are few amino acid
differences between the hsp70 of schistosomes and that from their hosts, a limited
structural diversity seems to be sufficient to induce an antibody response able to
discriminate between these two evolutionarily conserved proteinsés. a property which
might provide a specific diagnosis. Anti-hsp70 antibodies have been detected in a
significant number of individuals suffering from chronic schistoscmiasis mansoni but
not in patients with recent infections; these antibodies we-e not detectable until 5-6
weeks post infection in experimental mice3? The S. mansoni hsp70 is
immunologically distinct from that of S. japonicum and does not cross-reactés,
although it cross-reacts with the hsp70 of S. haematabium. On the other hand, cross-
reacting antibodies to the S. manson! hsp70 have been found in donors infected with
filariasis and malarias3.

The IgG fraction from chronically S. mansoni-infected CBA mice but not that
from uninfected mice, inhibited up 1o 25% the AKP aclivity of a detergent-solubilized
tegumental membrane preparation; however, ihe same IgG fraction did not inhibit the
host (mouse, hzamster) intestine or liver AKP activities. Anot-er two
phosphohydrolytic acuvities, type | PDE and Ca-ATPase, were not significantly
inhibited by this 1gG fraction®2. Sera from chronically infected C57BL/6 mice
inhibited up to 35% the AKP activity®® and sera from S. mansoni-infected patients up
to 20%. independently of the presence of a high or a low titer of anti-AKP antibodies
in the individual (as measured by cther serological tests)®667 These resulls
suggested the antigenicity of the parasite AP in infected hosts.

The S. mansoni AKP has a broad substrate specificity and exhibits mainly
5'-nucleotidase activily; it is generally accepled as a plasma membrane marker??
that favours surface exchange of nutrients by its dephcsphorylating action on external
nucleotides and sugars. An IgG fraction prepared against mouse liver 5-nucleotidase
had no effect on the parasite AKP aithough these antibodies nihibited the mammalian
membrane-bound 5'-nucleotidase®? Lack of cross-reaction of nnuse anti-parasite
AKP with a preparation of mouse liver or intestinal AKP was confirmed by Pujol and
Cesari(1990)67  Altogether, these studies sugges! thai there is nc apparent
immunological cross-reaction in exposed epitopes between the host AKPs and an
enzyme that performs similar biochemica! functions in the parasite.

Use of Parasite Enzymes for Detection of Host Antibodies

Prefiminary studies using the Protein A-Sepharose caplure of seric 1gG, subsequent
capture of enzyme antigen and detaction of the activity with specitic chromogenic
subsltrates®® or by colored reactions, made it possible lo eslablish that the AKP, ACP,
PDE ana Ca-ATPase from an adult worm preparation and the LAP from eggs were all
specifically recognized by antibodies present in pooled sera of infecled patients?6
Results from this experiment also indicated that some immunocaptured enzymes
showed up more readily than others. The degree of activilies was as follows:

AKP (adult) » LAP (eqq) > PDE (aduity > ACP (aduit) > ATPase (adull)

The AKP thus emerged as a candidale to be tesied in immurnocaplure assays
despite the fact that a partial inhibition of activily was previously demonstrated with
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some sera’26687 This fact indicates that inhibition by antibodies do not greatly block
the development of the reaction. The same is probably true for the PDE and the Ca-
ATPase activities suggesting that the epitopes recognized by the polyclonal antibodies
on these enzymes are at a different position than the catalytic site, this site being
probably buried within the membrane domain under natural conditions?2:35 The
native AKP is an integral surface membrane glycoprotein of an apparent molecular
mass of 260 kDa, composed of four subunits of 65 kDa each33 and linked to the
membrane via a glucosylphosphatidylinositol residue® This enzyme may be extracted
from the parasite tegumentai membranes and subsequently stabilized in solution by a
suitable n-butanol-detergent procedure before its use as an antigen (Cesari et al., in
preparation).

In order to facilitate the evaluation of the appearance/disappearance and the
presence of circulating anti-AKP antibodies in the sera of human populations from the
endemic areas, a simple solid phase assay on microtitre piates was developed? (Figure
1). Briefly, the assay consists of fixing the 1gG fraction from 1:100 diluted sera onto
Protein A-coated wells. If anti-AKP antibodies have been adsorbed, they will capture
the enzyme from the butanolic extract and subsequent addition of substrate (p-
nitrophenyl phosphate) will lead 1o the catalytic release by the antigen of the colored
{p-nitrophenol) product (positive} as compared to urhydrolyzed substrate m
absence of enzyme capture (negative)?

using the AKP immunoassay (APIA), 1gG antibodies against this enzyme were
detectable after four weeks of experimental infection8? The testing by APIA of 56
sera of parasitologically (Kato-Katz), COP and'or ELISA (egg antigen) S. mansoni-
positive individuals, 16 sera of S. mansoni-negative uninfected donors and 24 sera of
patients infected with other parasitic diseases including amoebiasis (three),
paragonimiasis (one), trichuriasis (one), ascariasis (one), trichuriasis/ascariasis
(one}, strongyloidiasis (one), hydatidosis (one), taeniasis (two), cysticercosis
(two), fascioliasis (one), leishmaniasis (four), malaria due lo Plasmodium
falciparum (four) and schislosomiasis due 1o S. haematobium (lwo), indicated that an
elevated number (93%) of the tested S. mansoni-infected patients possessed anti-
AKP antibodies. whereas none of the S. mansoni-negative patients tested exhibited
reactivity (100% specificity)® It was concluded that the AKP could be possibly used
as a marker of infection for schistosomiasis mansoni.

The statistical analysis on a small sample (n = 44) of parasitolugically
{Kato-Katz) and COP-posilive (cut-off = 10%) S. mansoni-infeclted Venezuelar
patients (Table 2) showed a frequency distribution of eggs’/g of faeces lypical for
other samples of patients from the Venezue!an endemic region, that is, exhibiting low
intensities of infection (<100 eggs/q faeces) (Figure 2). The frequency disltribution
of the COP-positive sera values is also reported in Figure 2. An analysis by the
Spearman’s rank correlation test indicated that the values obtained for eggs/g of
faeces and those for the COP test were strongly correlated (p = 0,001). APIA results
obtained with these sera showed that 40/44 individuals were positive by this test
(cut-oft = 0.073 O.D. units at 405 nm in this experiment); most of the positive
individuais exhibited a low 1o moderate response lo AKP, with a few exhibiting high
anti-AKP responses (Figure 2). The anti-AKP response did not correlate with sex,
age or the clinical status (Table 2) of the patients. On the other hand, APIA values
showed 1 posilive correlation with those of egqgs/g faeces (p = 0 026) butl not with
those of the COP tesl.

A more recent evaluation of APIA using sera of 45 different COP positive
Venezuelan patients from the endemic zone (stools were not analysed for eggs) Ied to
similar results as shown in Figure 2 (data not reported); 40/45 patients were
positive for APIA (cut-off = 0.009 O.D. unils at 405 nm in this experiment). Again,
no Spearman’s correlation was found between the APIA and the COP values. However,
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Table 2 Description of S. mansoni-infected patients

Number 44
Males/Females 28/16
Mean age *+ SD 19 + 11
Clinical status: Asymptomatic S
Intestinal 19
Hepato-intestinal 28
Hepato-splenic 1

a positive correlation (p = 0.01) between these two lests was found when data from
the two surveys (cosrecled for their cut-off values) were pooled (n = 89).

Sera of a small number(n = 20) of COP-negative healthy donors from non-
endemic sites were all APlA-negative (data not reported), further supporting the
elevated specificity of the test. However, in a different survey, 3/29 COP-negalive
but suspected sera from a zone of disease transmission were found to be positive by
APIA. In this zone, endemic also fcr Ascaris lumbricoides and Trichuris trichiura,
S.mansoni-negalive patients excreting eggs of these two parasites, were found to be
serologically negative by APIA (unpublished). This wouid exclude the possibility that
the APIA-positive sera which were negative in the COP test were cross-reacting with
the AKP of other helminths in the region. These cases may thus be explained by the
fact that patients were either truly infected with S. mansoni and cured thereafter,
unisexually infected with this parasite, or cross-reacling with an as yet unknown
agent. A deeper analysis of these cases has, however, 10 be carried out.

A solid phase assay similar to AP/ was preliminary used to look for antibodies
against the adult PDE. This was oone in a sequential manner after APIA; *hus, after
washing away the products of the AKP reaction, a PDE substrate was added and the
plate incubated for a longer period of time (16-18 hours due to the intrinsic kinetic
properties of this parasitic enzyme). Although the kinelic parameters 1o optimize
this immunoassay have not yet been worked out, it was possible 1o detect positive
patients in a manner similar 10 using APIA (data not shown) and a strong positive
correlation {p = 0.001) was seen with this assay. Most individuals which were
positive or negative in APIA were also positive o7 negative in the PDE immunoassay;
some individuals were only positives in the PDE immunoassay whereas others only in
APIA.

Thus, the enzyme immunoassays described here allow the detection of
anubodies, in the same indvidual, 1o more than ore anligenic enzyme present in the
preparation, opening the possibilities 10 measure tnhe response to more than one
antigen using the same initially adsorbed antigenic material (Figure 1). Individual
differences in response to these antigens might be due 1o genetic restriction for the
immune recognition and/or response 10 particular enzyme epitopes.

Since 1gG antibodies against AKP start to be detected in experimental animals
30 days post-infection®” and ‘ast for several moniths after successful chemotherapy®.
APIA is probably not useful for discriminating between a recent and a chronic
infection or for providing information about the oulcome of medical trealment.
Nonetheless, our results emphasize some advantages of this technique. In terms of
simphcity, cost and the colour reaction, APIA resembles the antibody-detecling ELISA
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and may be applied for massive screening of populations; however, it is far more
specific than ELISA with crude adult or egg soluble antigens. It detects the presence of
heterogeneous antibedies to one single, Cefined antigen using small amounts (ug) of
crude antigenic materiat per well. APIA needs small amounts of diluted serum or
plasma (50 ubwell of a 1:100 dilutior) that may be easily obtamed from a single
drop of blood after finger punctureé® Despite the above-menticned limiting factors,
the highly elevated specificity of APIA wculd permit determination of the immune
status of individuals (responders arnd non-responders) in a population and enable
perhaps immune mapping of sites in enderiic regions, which, icgether with the
availability of safe chemotherapy, would help to take decisions on mass treatment.

Further field studies with a g:eater number of sera should substantiat> this
contention for patients frora other geograptic areas, with recent or very long-
standing infections and with infections of olher schistoscme or parasite species. More
research is also needed to identify other antigenic enzymes of this parasite, in
particular siage-specific enzymes with high substrate turnover, to develop adequate
solia-phase assays that may provide an answer to the above unsolved diagnostic
problems.

Besides adults, the AKP is also gresent in cercariae, schistosomu'a and eggs®?
However, it may be different'y expressed in these stages; it is for instance
paradoxicaiiy available for surface iodination on schistosomula but not on adult
worms??  On the other hand, antibcdies in sera from mice immunized with highly
irradiated cercariae did not inhibit the parasite AKP activity?? The importance of
this molzcule in relation to immune protection mechanisms or responses with
different isolypes remains an open querstion.

Enzymes as Possible Markers ior Diagnosis of Immune Resistance

Some enzymes are targels of protective immune responses and the gquestion can ihen
be put whether antibodies directed agains! an antigen with important biological
functions can have an important effect on worm load or worm metabolisii5

Previous studies immunizing experimental animals with the pl 7.1 isoenzyme
of the MDH partially answered this question in that a partial protection of about 30-
40% against a challenge infection cou'd be achieveds

Immunization with, or presence of, antibodies 1o tegumental and sub-
legumental GST (the p28-1 antigen) has been described to be associated with partial
protection (about 40% or more) against an infectious challenge with cercariae in
rats, mice, hamsters and baboons®  Glutathione S-transterases are a group of
mufltifunctional proteins involveo in the deloxification of harmful compounds such as
lipid hydroperoxides*' Host immune defense mechanisms against this enzyme may
involve inhibition of the GST activity by antibodies; an anti-GST (p28-1) IgM
monoclonal antibody was apparantly ab'e to reduce in vitro and ex vivo worm
fecundity’®. and immunization 2f baboons with GST could recuce female schistosome
fecundity and egg-induced pathology”'

Sera from subjects wiih low susceplibility 1o S. mansoni infection reacted
with a major larval surface antigen of 37 kDa against which sera of susceptible
individuals chowed little reactivity. This antigen shows similarity to the glycalytic
enzyme glyceraldehyde-3-phosphate dr hydrogenase (GAPD)., a highly cunserved
protein {72,5% of positional identity with human GAPD)7?

Enzyme immunoassays such as those discussed ahove® and the use of monaclonal
anti-enzyme antibodies in assays for capluring prolactive circulating enzyine
antigens (for instance, the Sj26: a GST from S. japonicum)’ mght he of poiential
interest as indicators of rusistance in humans.
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Final Comments

Parasites release in vitro, and also conceivably in vivo, many E/S products that
possess defined functions for the physiology of the parasite such as cytoskeletal
proteins, various enzymes, enzyme inhibitors, hormones, etc. A number of these E/S
products are proteins highly conserved through evolution which may, however, still
be major targets of host immunity. Responses against highly conserved molecules in
schistosomes have been found to be very specific, for example, those against SOD 40,
hsp-70 €5 and GAPD 72. Genetic restriction of the immune response agairist these
antigens may occur in neterogeneous human populations because of a limited number
of non-self epitopes carried by these homologue proteins. The latter authors
hypothesize that such genetic defects might allow the maintenance of parasite
transmission through low or non-responder (susceptible) individuals, a hypothesis
that ramains to be tested and confirmed.

Immuno-inhibition of an enzyme's activity may in some cases be associated
with resistance 1o reinfection by means of interference with the physiology of the
parasite, as seems 10 be in part the case for the GST. In these cases, however,
immunological assays based on the inhibitory properties of the antibodies might be
useful tools in detecting resistance or susceptibility to infection in endemic
pcpulations.

From the diagnostic point of view, the use of antigenic enzymes as markers of
infection would be favoured if:

2) the enzymes are present only in the parasite and absent in
the mammalian host (for instance, glucanase of yeasts, 3-lactamase
of bacteria);

b) the parasite enzymes are sufficiently different in antigenic
structure or in assay conditions (substrate concentration, ionic
sirength, pH) to the host enzymes;

c) the parasile enzymes exist in sufficient quantity to be detected
by the assay;

d) the enzymes are sufficiently stable to be isolated and processed as
antigen through the immunoassay; and

e) antigen-antibody complex formation does not interfere completely
(as in the case of AKP} or at all (as in the case of PDE, Ca-ATPase)
with the binding of subsirate and enzyme.

Varinus effecls can theoretically occur when gntibodies interact with an
enzyme larget, namely:

a) inhibition (e.g. if hosts produce neutrelizing or inhibiting
antibodies);

b) enhancement;

¢) change of properties that require new assay conditions
{subctrate concentration, ionic strength, pH): and

d) no apparent effcct.

Combinesi effects may be expecied with heteraicqgons populations of antibodies.
A limitation of the immunocapture ascays woull certainly occur when antibody
inhibits the activity. Enzyme antigens in which the active site and the immunologica!
epitope are closely locaied or coincident, might not show enzymatic activity after
immune complex formation because of shielding of the active site by the bound
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immunoglobulin. If this does not occur, the degree nf assay sensitivity with a
determined enzyme might be limited by:

a) a host genelic restriction to respond to the available enzyme
epitopes;

b) the amount of enzyme caplured;

¢) antibody isotype; and

d) the turnover number of the enzyme.

Finally, besides detection of anti-enzyme antibodies, monoclonal antibodies may be
raised against relevant antigenic enzymes38.73.74 which may be used in capture assays
of circulating enzymes8.73.

Immunoscreening based on antigenic enzymes may help to ascertain population
exposure 1o parasites in endemic regions. Appropriate studies on enzyme antigens,
anti-enzyme (mono- and polyclonal) antibody isotype analysis, longitudinal
evaluation on the time of the appearance/disappearance (kinetics) of specific anti-
enzyme antibodies during infection and/or after chemotherapy, and stage-specific
enzymes of schistosomes are needed.
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Antigen Detection in Urine Samples for the
Diagnosis of Schistosomiasis

C. Ripert, M. Appriou and J. Tribouley

Laboratoires de Parasitologie Medicale e! - r.munologie Parasitaire, Université de
Bordeaux Il. 146 rue Leo Saignar. .2 176 Bordeaux Cedex, France

Summary

A monoclonal mouse antibody of the IgM class, raised against an epitope of the gut
epithelium of the adult schistosome worm but also present in the egg in relatively
large amounts, was selected for its capability to detect a parasite antigen circulating
in the host and excreted in thc urine. The antigen is thermostable, soluble in
trichloracetic acid, not hydrolysed by proteinase K but destroyed by metaperiodate,
suggesting a polysaccharide constitution. The antigen was shown 10 be Schistosoma
genu:.-specific and was detecled in the urine by means of passive haemagglutination
inhibition, reverse passive haemagglutination or sandwich ELISA.

When used in Central Alrica for the study of prevalence in foci of
schictosomiasis due to S. mansoni, S. haemazlobium and S. intercalatum, good
correlation with the parasitological examinations was found. Excretion of the antigen
decreased after Ireatment with praziquantel.
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In 1958 Okabe and Tanaka' had already ftried to utilize the detectior of specific
antigens in the urine of patients with schistosomiasis japonica in Japan and China.
But they had little success, probably because they used crude antibodies in their
precipitin reaction.

Circulating Antibodies for Diagnosis

Frozen sections of adult worms used as antigens in seroimmunologica: tests have a
doubtful specificity because of the complexity of the worm antigens. The
impiementation of fixed sections ( Rossman fixative ), destroying the proteins and
selectively preserving the polysaccharide structures of ihe gut epithelium, allows a
better specificity of the test 2. This specificily, when the test is performed on fixed
sections, is excellent in untreated patients3, but in treated patients, looking for
circulating antibodies offers only moderate advantages because of the long
persistence of the antibodies after treatment. Hence the advaniage of detecting
antigens for diagnosis.

Circulating Antigens

in 1959, Timms and Bueding* demonstrated the existence of circulating antigens,
originating from the epithelium of the adult worm, simi'ar 1o the one later described
by Capron et al.5

A thermostable, non-dialysable antigen was found in the serum and in the
urine of infected hamsters by Berggreen and Weller. Concentraton of the antigen
has been shown to be proportional to the parasitic load’, and the antigenic structure
is located in the gut epithelium®, It is a proteoglycane and corresponds to the CAA
{circulating anodic antigen) of Deelder and Eveleigh?®

A circulating antigen of cathodic mobility, first described by Carlier er al'?
was subsequenlly demonstrated and named CCA (circulating cathodic antigen’ by
Deelder ef al.’'. This antigen. a thermostable pulysaccharide, purified by extraction
from the soluble trichloracetic acid fraction, was demonstrated in the serum and
urine of experimentally infected animals, in patients with schistosomiasis and in the
milk of women with the disease'2. The fitre in the urine was proportional to the
number of eggs found in the siools and inversely proportional to the age of the
patient, consistent with the view that the antigen was of parasitic origin.
Enumeration of worms found posi-mortem demonsirated that the number oi worms
diminished with increasing patient age'3. As opposed 10 anodic antige .3, the cathodic
antigen has a positive load at pH 8 4 like the circulating anodic antigen, it has an
heterogenous molecular mass due to iis polymeric struciure and the tendency of the
molecules to form aggregates's. Furthermore, like the anodic antigen, the cathodic
antigen has been demonstrated in the gut epithelial cells of the adull schistosome’¢.

Other polysaccharide antigens have since been described. Qian angd Deelder'?
studied the antigenic componenis of a frichloracelic acid soluble fraction of
S.japonicum adult worms by means of electrophoresis, and compared them with
S.mansoni antigens. Among the eight trich'sroacetic acid soluble antigens found in
S.;aponicum, five nave an immunological similarity with S. mansoni antigens. Five
antigens with an anodic electrophoretic mobility have been .dentified as circulating
antigens in the sera of hamsters and rabbils infecled with S japonicum: the
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principal circulating arligen is CAA. Two other antigens, with a cathodic mobility,
including CAA, have been demonstrated as being circulating antigens in S. mansoni,
but not in S. japonicum infections. Most of these circulaling antigens have been
defined as being associated with the gut iniestinal epithelium of the adult worm.

Such antigens are important for immunodiagnosis because the detection of
circulating antigens indicates an active infection. In contrast, circulating antibodies
persist in the body long after elimination of the parasite. Detection of circulating
antigens 1s preferable in monitoring chemotherapeutic efficiency because the amount
of circulating aniigen is related to the parasitic load.

Advantages of Producing Monoclonal Antibodies for Antigen Detection

A monocional antibody is an antibody produced by only one clone of B-lymphocytes.
All molecules of this antibody have the same sequence of amino-acids and the same
binding capacities. The monocional antibodies are directed against one determinant
oniy of the antigen, whiie crude antisera contain a poot of anlibodies, with different
specificities and affinities.

Taking into account the difficulties of conventional serodiagnosis, we
prepared a monoclonal antibody directed against an antigenic structure located in the
intestinal epithelium of the adult schistosome, capable of allowing detection of
circulating antigens in infected hosts. Deelder'® showed that the titres of the detected
antigens give good correlations with the eiimiration of eggs, contrary to that which
occurs with antibodies.

The techriques used in our laboratory for producing monocional antibodies
are described in detail elsewhere'®.

B-lymphocytes ware obtained from immunized animals, having beer infected
and treated, thus prod-.cing large amounts ot antibodies. The clones selected were
those secreling antibodies directed against the polysaccharide antigen of the gut
epithelium.

Among the 480 supernatants tested by immunofiuoresce, 14 gave a positive
reaction and 11 reacted weli. The 11 hybridomas were cloned and the hybridoma
Sm 10 was then userd for the followiing study.

Characteristics of Antibody Secreted by the Hybridoma and of the
Antigen Excreted in the Urine

The mouse monoclonal antibody Sm10 is of the IgM ciass, type Lambda. It is directed
against an epitope of the intestinal epithelium of the adult worm. The antigen found in
th2 urine of the host is thermostable, soluble in trichloracetic acid, destroyed by
metaperiodate and resistant to the effect of proteinase K, suggesling that the antigen
is a polysaccharide. The detected antigen is related lo other schistosomal antigens
earlier described, in the structure and location in the intestinal epithelium of the
adult worm. It differs, however, from them in its location in large amounts in
ovular extracts.

Three techniques have been used for the detection of the polysaccharide
antigen in the urine of laboratory animals or naturally infected humans: the ;assive
haemagglutination inhibition assay (IPHA); the reverse passive haemagglutination
assay (RPHA) and Ine sandwich-ELISA.
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Antigen Detection in the Urine of Laboratory Animais

The monoclcnal antibody of the IgM class selected for the study reacts with the
polysaccharide antigen excreted in the urine of laboratcry animals experimentally
infected with S. mansoni. In mice, the excreted antigens disappear after treatment
with praziquartel. Antigen concentration in the urine decreases slowly, over a
period of several months, belore it finally disappears completely. This phenomenon
is probably dJe to sequestration of the antigen in the liver. The elimination curve
from this organ runs paraliel to the one of the urine antigen20.

Antigen Detection in Human Schistosomiasis Mansoni

The mouse mcnoclonal a~tibaody was first used in the field for the detection of the
homologous antigen S. mansoni in the intestinal schistosomiasis focus of Djohong
{Adamawa - Cameroon}-'. In Djohong, the prevalence of intestinal schistosomiasis
is 26.9% by stool examination??, and 46.8% by antigen detection in urine. The
prevalence by age and sex measured by antigen excretion in urine is similar to that
measured by elimination of S. mansoni eggs in the stools. but the antiger detection is
more sensitive than parasitological examinations of stools by means of airect smear
and enrichment by the formalin ether technique?3. In Djohorg. children excreted
antigen very early while very few of them eliminated eggs of S. mansoni in the stools.

Tne haemagglutination inhibition test was used to evaluate the prevalence in
another focus of schistosomiasis mansoni in Cameroon in Nalassi-Emana?24, where
results similar to those observed in Djohong were obtained for the dGetection of the
homologous S. mansoni antigen with the monoclona! antibody.

Nine months after antihelminthic treatmeint with praziquante! in Nalassi-
Emana, inhabitanis excreting antigen in the urine diminished markedly, while
circulating antiboogy levels remained high. The test {or deiecting the antigen in urine
seems to be the most efficient way of moniloring the effect of mass ireatment in
intestinal schistosomiasis2s.

Antigen Detection in a Schistosomiasis Haematobium Focus

Since the antigen detected 1s characteristic for the genus Schistosoma, the test has
also been used in Cameroon in the: schistosiomasis haematobium focus of Barombi
Kotio24. In Kotto. 21.8% of the iniiabitants were voiding egqs in their urine,
(tltration techn.que of Plouvier ef al.26), where the polysaccharide antigen was
found in 46,7% of the examined inhabitants. The test is also very sensitive in
schic'osomiasis naematobium and is more often positive in subjecls voiring eggs than
in those where such eggs have not been fsund.

Antigen Detection in Mixed S.mansoni-S.haematobium Faci

When used in Cameroon for the study of prevalence in a Iccus of schistosomiasts due
to both S. mansoni and S. haematobium (Tala Mokolo) in the Mandara Mountaine, the
haem~qqglutination inhibition test for detecting the antigen in urine gives good
correlations with parasitological examinations for detecling eqgs n faeces and
urine?”. Since the antigen s charactenstic for the genus Schistosoma, the 1est can
be used for the study of mixed infections caused by boith S. haematobium and
S.manson:.
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Antigen Detection in Schistosomiasis Intercalatum Foci

The detection in urine specimens of a sampie of the inhabitants of Edea (Cameroon) of
the polysaccharide antigen characteristic for the genus Schistosoma, with the
monoclonal antibody by means of the inhibition of a passive haemagglutination test,
shows that this technique is very sensitive for measuring prevalence of
schistosomiasis due to S. intercalatum. In Edea, examination of siool specimens for
eggs gives a low prevalence rate for the disease because of the low parasitic load in
the area. The prevalen.ce by age, according to the voiding of eggs, paralleis the
excretion of antigen28. Similar results have recently been obtained in the
schistosomiasis intercalatum focus of Anayabo in Gabon??, by means of the
haemagglutination inhibition test but also by other techniques for antigen detection
in urine, the reverse passive haemagglutination test (RPHA) and the sandwich ELISA
test. The specifity and the sensitivity of the three tests seems to be very similar,
but the sandwich-ELISA test is the easiest to use in the laboratory.

Discussion

The aim of this articie is to compare the results of a test for the detection of a
Schistosoma specific antigen excreied in the urine with the data obtained by
microscopic examinalion of the stool or urine specimens in patients with
schistosomiasis mansoni, haematobium or intercalatum.

In the host, the antigen excretled by schistosomes in the circulating blood is
concentrated in the urine. It is a polysaccharide specific for the genus Schistosoma.
The antigen is found at all stages of the life cycle and particuiarly in the egg where it
is found in targe amounts. Detection of the antigen can be effected by means of the
passive haemagglutination inhibition test (IPHA), the reverse passive
haemagglutination test (RPHA) or the sandwich-ELISA test?®. In epidemiological
surveys there is a fundamental advantage in detecting the metabolic antigen excreted
by schistosomes instead of iooking for circulating antibodies. The antigen is directly
released by the parasite itself, in contrast to antibodies, which are produced by the
host and in a manner that varies from one individual 1o the next. Collecting urine
specimens is, for lield workers, easier than obfaining blood from the inhabitants.
Tne procedure for detection of the antigen in the urine is simplified by the fact that
ihe antigen is concentrated by the kidney and in the urine is uncontaminated by
antibodies, contrary to the case with the blood. Subjects voiding eggs in the stools or
unne excreted the antigen in 60% of cases in Djohong, 72% of cases in Nalassi,
73% in Barombi and 75% in Edea. These percentages increased when overnight
urine specimens were collected in the early morning. Early morning specimens are
mcre ccacentraled and contain more antigen, as has been demonstrated in a study
carried out in Djohong?0.
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Summary

The diagnosis of schistosome infections is still mainly based on the detection of the
parasite's eggs in the patients’ faeces or urine. However, the strong fluctuation in
the egg excrelion necessitates repeated examinations, in order to gel a reiiable
impression of the intensity of infection. In light infections the number of eggs
excreted is often very low, so that even with repeated microscopical examination, the
diagnosis cannot be confirmed.

Numerous studies have been undertaken to find alternative assays for the
diagnosis of infections with Schistosoma. Many efforts have be2n given to the
development of tests in which host (patient) antibodies directed against the parasite
are detected. Although a number of such assays is being used widely in countries
where schislosomiasis is not endemic (e.g. Europe, United States), these methods
have not shown to be an acceptable alternative for the commonly applied
parasitological methods in epidemiologicz! studies of schistosomiasis and/or in
schistosomiasis control and eradication programmes.

The detection of circulating antigens in principle offers a number of
advantages over the detection of antibodies. First, antigenemia indicates an active
infection. Second, a good correlation is generally found between antigen concentration
in serum or urine, and the worm burden (the number of parasites as expressed by
egg oulput). The detection of circulating antigens in serum and/or urine thus allows
the follow-up of drug treatment.

The use of monoclonal antuodies has led to both increased sensilivity and
specificily in comparison with the resulls obtained by using polyclonal antibodies.
The lower detection limit of indirect haemagalutination (IHA), enzyme-linked
immu.iosorbent assay (ELiSA), and time-resolved immunofluorometric assay (Tr-
IFMA) for determinaticn of circislating anodic antigen (CAA) was 5, 0.2, and 0.02 ng
AWA.TCA (trichinroaceiic acict solubiaz fraction of adult worm antigen) per ml,
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respectively. The specificity of the ELISA was 100%. The performance of the ELISA
was compared with data from literature. The ELISA and TR-IFMA showed the highest
detertability for the quantitation of CAA. The possible application of the ELISA for the
quantiiation of CAA in epidemiclogiczl studies or schistosomiasis control programmes
is discussed.

Introduction

The development of an assay for the quaniitauve detection of schistosome circuiating
antigens is justified by the shoricomings of the techniques currently in uce for the
diagnosis of schistosomias’s.

Often used in epicdemiological surveillance are direct microscopical
examinations of faeces preparations or urine fillrates'. Longitudinal studies on egg
outpLt have shown iong term stability in egg output?¢, and the distribution of eqgs 17
the faeces to be even’8 However, there is a consicerable day to day fluctuation in the
egg excretion®'%, Moreover, many light infections are missed with ti:e commonly
applied stocl examination techniques'!. This may be 2xplained by the fact that only a
small proportion of the total daily egg production s found in a single stesl ¢t urine
examination. It has been estimated that in infections with Schistosoma mans>a or
S. japonicum a typical 50-100 mg stool sample contains only 0.3-1.0% of the dzily
egg excretion'?. A 10 ml urine sample, collected during ihe time of peak egg
excretion for S. haematobium, is considered o0 contain 2.5% oi the ‘otal daily egg
output'3.

Hatching assays, demonstrating the emergence uf miracidia from stools or
urine, are an allernative for the demonstraticn of cuchistoso.ne infections, but these
techniques can not be well standardized'4'%.

Examination of binpsy speciniens or endoscopy may have their clinical value
for the confirrmation of active infections, but they can not be used as a routine
screening method for iarge populaticns.

Many techniques have been developed for the quantitation of anti-schistcseme
antibodies, but antibody deteclion ir. genera! does not give sufficient information
abeut intensity of infeciion, duration of nfection, or the efficacy of drug treatment'é,

An aczurate test lor the quantitation of the worm burden by the detection of
parasite antigens would alicw the assessment of chemotherapeutic efficacy, the
impact of environraental measures in Schistosoma transmission, or the efficacy of a
luture) vaccine. The possibility of measuring antigens wouia also provide a tool in
studies on the hoct-parasite reiationship, for example studies on development cf
mmunity in long-term infections, or on the induction of tolerance or sensitization
by ine passing of antigens from infected mothers to their newborn chiidren.

Aithough the possible 2dvantages of antigen detection are obvious, the number
5! studies undertaken 1o develope sansilive assays in schistosomiasis is limited.
Moreover, a number o!f studies describing the detection of schistosome circulating
antiger.s report the use of radiological techniques'”'%, The heallth and environmental
hazards associated with radioisotopes, together with their short half-life, and high
costs of technique and ajuipment, make these techniques definitely inappropriate for
use in iarge scale epidemiological studies or routine diagnosis, especially in
developing countnes.

We recently described sersitive techniqu2s for the quantitative determination
of the two major circulating antigens: circulating anodic antigen (CAA)29.2% and
circulaling cathodic aitigen (CCA)2:. Here the applicability of techniques for the
detection ot CAA is evaliaied.
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Cirzulating anodic antigen (CAA)

CAA is alsc known as GASP {gut-associated schistoseme proteoglycan). This antigen
was described first by Berggren and Weller?3 and it has been further characterized
bty Gold et al24, Nash et al2526 and Deelder et ai27-2®. CAA is namea after its
electrophoretic mobility; it is a proteoglycan with a molecular mass of
approximately 70 kD22° and a strong negative charge ai reutra! pH. It is heat stable
and trichlorozcetic acid (TCA) soluble. it consists mainly o’ N-acety'galactosamine
and D-glucuronic acid?é. Double-diffusion and immunoelecirophoresis studies have
clarified that CAA is genus-specific?5.30.31. The antigen is released into the host's
circulation in relatively large amounts. De Water et al32 have studied the
ultrastructural localization of CAA in the digestive tract of S. mansoni uvsing
immunogold labelleC monoclonal antibodies. In 3.5 week-old 5. mansoni worms CAA
was demonsirater in the Golgi apparatus, in cytoplasmic vesicles, and in the tuminal
surface coat of the gut epithelium. Mo antigen was found in the parasile’s ogsophagus.
CAA-positive lysosome-like bodies were found caudally in the gut. CAA found in the
lumen of the gut of adult worms was associated with host leukocytes and with a thick
iayer covenng the gut epithelium. Deelder et al3? repcried a steady state serum level
of 500 ng CAA per worm in infected hamsters. Using the defined antigen substrate
spheres {DASS) and IHA techniques, free CAA in the serum of infected hamsters cou'd
be shown in detectable quantities from 28 days post infection. The biological function
of the antigen is unknown, but it has been suggested that i protec!s the gut agains! its
swn proteolytic secretion or host antibodies. CAA provokes a strong immune response
in infection34, and it is thought to be involved ' the genesis of glomerulopathy in
schistosomiasis?®, although the antigen is not very immunogenic. CAA has been
reported in kidney eluates of infected hamsters?8, and in the glomeruli of S. mansoni-
infected mice and hamsters?2.35, The antigen has been found in glomerular deposits
with immunoglobulins and complement??, indicaling the involvement of the antigen in
immune-complex formation. immune complexes containing CAA were shown to be
present in kidnay deposits and in Kupffer cells in the liver of infected mice?3.39,
Sobh et al4% showed the presence of granular deposits of CAA in kidney biopsies of
schistosomiasis patients with renal failure.

Nash*142 studied the rate of removal of CAA in mice. The aniigen appeared to
be taken up by the liver, released, and eventually excreted in the urine. The rate of
removal from the circulation appeared to be dependent on the size of ine immune
complexes formed. Large CAA-containing immune complexes were retnoved more
quickly than small immune complexes, the latter being formed in high antigen
access?®. At that time, using an inhibition assay, CAA could not be detected in
concentrated urine from heavily infected mice or men. Reports on the relationship
between worm burden and CAA concentration in the serum have been conflicting. A
close correlation has been reported in S. jasonicum-infected experimental
animals3'43, but not in hamsters heavily infected with S. mansoni 2833, axcept in
early infections44

Assays for detection of CAA

Techniques developed for the quantitative detecticn of CAA are an indirect
haemagglutination assay (IHA)2°, an enzyme-finked immunosorbent assay (FLISA)2!
and a time-resoived immunotiuorometric assay (TR-IFMA}45. These three
techniques are all non-radioisolopic. The IHA, although simple and 2 tractive from
the point of view of possible tield applicabiiity, tacks sufficient sen.itivity, The
ELISA and the TR-I"MA are the mos! sensitive assays desrrbad for the qguiantitative
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determination of schistosome circuiating antigens. The TR-IFMA offers a high
sensitivity and broad measuring range. but the assay requires an expensive
measuring apparatus. Therefore, mainly the ELISA was used 1o evaluate the
determination of circulatirg anodic anligen as a diagnostic marker and to assess
chemotherapeutic efficacys 5.

Discussion

Sensitivity of assays

The use of monoclonal antibodies not only provides an enhanced specificity when
compared to the use of polyvalent anlisera, but also gives a significant increase in the
sensitivity of assays for the demonstration of schistosome circulating antigens.
Deelder and Eveleighs? descrioed an IHA for the detection ot CAA, using polycional
antibodies, with a lower detecton limit of S50 ng AWA-TCA per mi. The IHA described
described by Deeider et al.2% showad a lower detection limit of 5 ng AWA-TCA per ml..
A similar improvement in assay performance was observed in the detection of
circutating schic some antigen (CSA) by radio-immunoassay where Feldmeier et
al.'?, using a munocloral antibody, reported an increased assay sensitivity compared
fo assays in which polyclonal antisera were used'®33. The ELISA described by Deelder
et al2' is of high sensilivity, only surpassed by a fiuorescence-based assay system:
the time-resoived immunoflucrometric assay (TR-IFMA)43,

A number of assays for the quantilative detection of circulaling schistosome
antigens has been developed in the last decades'/23.24.26.2831.33445254 65 Taple 1 lists
the lower detection limit of a3 number of assays detecting schistosome circulating
antigers. Different unities for the measurement of the lower detection limit are
sometimes used in the various stugies. The deteciion limit for the assays described
by our group is given in concentration AWA-TCA per ml. Based on immunoadsorplion
studies (data not shown), this antigen preparation is considered 1o conlain
approximately 10% CAA. The detection fimit of the ELISA described by Deelder et
al.?2' was 0.8 ng AWA-TCA per ml. However, due 1o further optimization of the
conjugation procedure and a combined incubatinn of samples and conjugate in the
assay, the lower detection limit of the CAA ELISA is now 0.2 ng AWA-TCA per mi.

Thus far, our research has maiitly been focussed on delection of circulating
antigen in S. mansoni infections20-21-4347  Although CAA could be detected successlully
in infections with other schistcsome species e.g. S. haematobium 485 S,
intercalatum 4 and 3. japonicum (unpublished data). the antigen concentrations
appeared to be of different ievels in the various schistosome species. Studies on the
anligen production by distinct schislosome species in experimental animal models
would allow a proper interpretation of the values found.

Specificity of assays
A good diaqgnostic test r..! only requires a nigh sensitivity (i.e. a low lower detection
limit), but aiso high specificily (i.e. absence or low frequency of cross-reactions).
To study the specificity of the ELISA (and the TR-IFMA, for which the same
monoctonal antibody was applied in a similar sandwich 2ssay) for the quantitative
determination of CAA, ~everal hundreds of negative conu > <era have been lesled.
These sampies included control individuals (wilh epeaied negative slool
examinations) from arecas where schislosomiasis is ~ndemic and from areas where
the disease is absent?027.43.46 High prevalences have been reported in the negalive
control group from Zaire for Ascaris Ilumbricoides. hookworm, Strongyloides
stercoralis, Onchocerca volvulus, and Dipetalonema perstans, while infections with
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Table 1 Lower detaction kmit of ys detecting schist circulating antigens
Reference Assay Antigent Lower
detection
timit
(ng per mi)
Berggren and Weller, 196723 EpP CAA ?
Goid et al., 196924 [ 0] ? ?
Bawden and Wefler, 197444 F CSA ?
Houba ef al, 197654 CCEP CSA ?
Nash ef al, 197726 EP CAA ?
Madwar and Voller, 19775% ELISA AWA ?
Deelder and Eveleigh, 197852 HA CAA 20
Deeider of a1, 197833 DASS CAA S0
Santoro ef al., 197858 RIPEGA CSA ?
RIPEGA Ag ‘¢ ?
Ferreira ef al.. 197956 ELISA polysacch. 3000
Carlier ef al.. 1980'7 SPRIA CSA 50
Deelder and Dozy. 198057 SPIA CAA 1-10
Qian and Deelder. 1983%" ELISA CAA 100
Weltman_ 198252 ELISA CSA ?
Abdel-Hafez ef al. 198350 IELISA CSA 10
Abdel-Hafez er al. 198481 IELISA CSA 10
Nogueira-Queiroz et al, 198654 IRMA CCA 5-10
Feldmeier er al. 1986'? IRMA CCA 150
ELISA CAA 125
Hayunga et al.. 198857 IELISA Carc Ag. 100
Ripert et al. 19886% IPHA ? 20
Deelder er al. 19892¢ IHA CAA )
HA CCA 64
Deelder ef al. 19892" ELISA CAA 08
De Jonge ef a/. 198945 TR-IFMA CAA 002

CCIEP = counter current immunoelectrophoresis. CF = complement fixation. DASS =
defined antigan subsirate spheres, ELISA - enzyme-inked immunosorbent assay, 1D =
immunodiffusian, IELISA = inhibstion ELISA, IEP = smmunoelectrophoresis; IHA = indirect
haemagglutination assay. IPHA = indirect passive haemagglutination; IRMA;
immunoradiometrnic ascay, RIPEGA = radioimmunoprecipitation {polyethylene glycol)
assay. SPIA = sol parucle immunoassay. SPRIA = sohd phase radioommunoassay, TR-
IFMA = umae-resoived immunofluorometnc assay

Ag4’ = Antjen 4. AWA = acult worm anugen. CAA = circulating anodic antigen: CCA =
circulanng cathadic antigen; Car. Ag = cercanal antigen; CSA = circulating schistosome
antigens, polysacch = polysaccharnde. ? = not reported

Trchuris, and Loa loa were also common®. None of the many negative control sera
tested were positive for CAA. We further tested 260 serum samples from the WHO
tilariasis serum bank including patients with Wuchereria bancrolli, Brugia malayi,
Onchocerca volvulus and Loa ioa, as well as 10 conirols from Flores (Indonesia),
where schistosomiasis is absent. Ali but five oui of these 260 cases were negalive
for CAA, but the positive cases were likely 10 be scnistosome infecled, as could be
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concluded from their positivity in the immunofluorescence assay (IFA)} for the
detection of specific anti-schistosome IgM and from their origin (Cote dlvoire and
The Philippines). Because well documented serum samples from humans infected
with other trematodes (e.g. Fasciola. Clonorchis, Paragonimus) were not available to
us, we have not yet studied possible cross reactions, caused by epitopes of these
related organisms which are shared by schistosomes. However, the fact that CAA
could not be detected in serum of experimental animals heavily infected with Fasc:ola
hepatica (unpublished data) indicates that a possible cross-reactivity will not be a
great problem in diagnosis.

Diagnostic performance

There are different ways to compare the performance of diagnostic tests with known
sensitivity and specificity. Diagnostic tests can be characterized by Youden's J-
index®”; an alternative approach is 10 calculate the predictive values of positive and
negative test results anc the efficiency of a tests®. Unfortunately, few studies give
enough data for a proper analysis of predictive values of test results and efficiency or
J-index.

Four studies on predictability of assays (detecting anti-schistosome
antibodies) are reporied in the literatureé®. Table 2 shows a modification of the table
given by Maddison®®,

Superior performance of serological assays in comparison with
parasitological examinations have only been reported by a number of investigators.
Ruiz-Tiben et al’% reported the application of a serological assay (Circumoval
Precipitin Test (COPT)7"), which showed a greater sensitivity for the detection of S.
mansoni infection than a single stool examination by the modified Ritchie formol-
ether concentration technique (MRCT)’2. Yogore et al.”? and Lewert et al74, using an
ELISA with crude S. japonicum soluble egg antigen (SEA), also reporied better
results for serology in comparison 1o routine stool examinations, for determining the
prevalence and incidence of infection with S. japonicum. Mott™s reported high
sensitivity and specificity of immunodiagnoslic assays using crude S. japonicum
antigens. Less satisfactory results were found by Polderman and Deelder’s, who
ccmpared stool examinations and serological data obtained with ELISA, DASS, IHA and
IFA for 2 S. mansoni population in Ethiopia. It was concluded *hat these serological
lests were lacking in specificity and sensitivity. Long ef a/.’7 made a comparison of
the sensitivity and specificity of four diagnoslic tests for S. mansoni infection. in
their study an individual was regarded as infected if positive in une or more of both a
parasitological and immunological tes!, establishing a diagnostic reference based on a
combination of parasitological and serological results. Tests compared were the Bell
filtration technique™ 7%, the Kato thick smear%®, radioimmunoassay (RIA) for the
detection of major surface antigen (MSA)8' and an ELISA using SEA%2. The Kato
direct smear tes! applied in their study showed a sensitivity of 93% and a specificity
of 95%. Overall reliability (measured by Armitage’s "J' index. which is identical to
Youden's J} was 85%. The reliability of the Bell filtration technique was 64%. of the
ELISA 68%. and of the RIA 78%77. We previously concluded that the CAA-ELISA was
at leas! as sensitive as the Kato-Kalz thick smear* 8,

Care should be taken with the interpretation of these data. There is no
generally accepted ‘golden standard’ for the correct identification of infected people.
Stool or urine examinations are commonly used as reference test. bul various
parasitological methods may differ in sensitivity. Sensitivity of these parasitological
examinations can be increased by the processing of larger volumes of faeces or urine
or by multiple testing. However, even wilh in“nitely repeated parasitological
examinalions, unproductive or unisexual worm loads will be missed.
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Table 2 Studies in which predictabiiity, sensitivity, and specificity of immunodiagnostic
assays for schistosomiasis wers determined (after Maddison®?)

Reference Assay Se Sp J Eff
(antigen) (%) (%) (%) (%)

Assays detectng antbodies

Ruiz-Tiben et al. (1979)79 ooPT 95 96 91 97

FA 73 86 59 78

Hillyer ef al. (1979)%5 ooPT 95 9% 91 95

RIA (MSAq) 95 79 74 87

tshi and Owhashi (1982)%6 ELISA (JEA) 97 93 97 ?

ELISA (JEA-1) 100 100 91 ?

Maddison ef al. (1985)%7 ELISA (MAMA) 94 99 94 ?
Assays detecting circulating antigen

De Jonge ef al. (1988)46 ELISA (CAAY 75 100 75 S

93 100 93 93

J-index. sensitivity, and specificity de'ermined in two S. mansoni study groups where
prevalence was 35% and 95%. respectively (based on three times repeated duplicate
Kato-Katz stool examinatians).

Abbreviations: Eff = efficiency; J « J-index: JEA = S japonicum egg extract. JEA-1 =
partiaily punfied fraction of JEA: MAMA = microsomal fraction of adult S.
mansoni. Se = sensitivity. Sp = specificity.

In addition, Youden's J-index completely ignores the effect of prevalence on
the tesling situation. The average number of schistosomes harboured by infected
residents, however, appears to be related to the overail prevalence of the
infection46 8485 The positivity rate which is found for a test is dependeni on the
study population chosen. The J-index calculated will hence be prevalence-dependent.
In comparative studies, therefore, a clear definition has to be given of the study
groups tested: what is the reference test 1o classily individuals as infected or non-
infected? What is the prevalence, and what is the intensity of infection? A high J-
index, for example, is reported in the study of Ishii and Owhashi®, but these authors
fail 10 give an indication of the intensity of infection of the S. japonicum infected
individuals used in their sludy. Prevalence dala, which would allow the calkula’ .n of
the test efficiency were not given by this group either, nor by Maddison er al®7.

For the reasons given above, lhe tes! efficiency (the prevalence dependent
proportion correclly classified individuals as infecled or non-infected) is also given
in Table 2 and was used by De Jonge ef a/.*5.

Non-invase immunodiagnosis

The high sensitivity of the ELISA described in this study and the finding (due to this
lower detection limit) that CAA is also present in the wine of schistosomiasis
patienis*® enhances the possibilities of the assay in routine diagnosis of
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schistosomiass. It is not yet clear whether the antigenic material which is detected
in the urine consists of intact CAA-molecules or whether antigen fragments are
excreted with the urine as is the case in lymphatic filariasis®?.

The use of urine samples for the diagnosis of schistosomiasis offers a number
of advantages over the use of serum samples: the diagnosis is non-intrusive, cultural
traditions somelimes pose a barrier to obtaining blood and the risk of contamination
or infection with pathogens (e.g. Hepatitis B, Human immunodeficiency Virus) is
smailer when urine samples are used. Our concentration procedure as used for
concentration of urine (TCA-pretreatment, dialysis, and freeze-drying). however,
is not appropriate for use on a large scale. The procedure is !aborious and time-
consuming. and needs relatively expensive equipment. Alternative techniques (e.g.
filtration-techniques) are currentrty under investigation.

Correlation CAA - parasite burden

The correlation between worm burden and levels of circulating antigen has been
studied by a number of authors. Using polyvalent antisera. a significant correlation
could be found between antigene~ia and parasite burden, as expressed by eqg
oulpuls#31.333383  These findings have later been confirmed by Feldmeier et al.'® and
the studies from our group. A strong correlation between CAA concenlration and egg
output was found for S. mansoni 202746 and S. intercalatum infections*®. but not for
S. haematobium *4°'.

The amount of antigen which is found in the hosi's circulation is not only a
function of the number of worms present. but also of the antibody response of the
host*'. The formalion of immune complexes may be expected to interfere with the
correlation of antigen concentraticn and worm burden. This is presently under study
in a series of worm transfer studies. where adult S. mansoni schistosomes are
surgically translerred lo naive experimenial animals. In this way we will be able to
study the rate of specific antibody formation, formation of immune complexes, and
the relationship between free antigen and annbgen trapped in such inimune complexes.
An optimal diagnoslic assay wou'd not only give an estimate of the intensity of
infection, but would also aliow an estimation of the duralion of the infecton.
However, no such relationship between CAA concentration and duration of infection
seems 1o exis!.

The lack of availability of well dacumented human serum and or urine samples
thus far has hampered the study of antigenemia in recent infections. Currently,
unne and serum samples of recently infecied S. haematcbium and S. mansoni patients
lrom Eqypt and Brazl, are being callected in collaboration with researchers from
those countries. Qian and Deelder® were able 1o cemonsirate CAA in serum of rabbils
with a Iight S. japonicum intection from six weeks post infection onwards. In our
studies, CAA levels were determined mainly in chronically infected patients.

Application of ELISA for CAA
Possible fields of apphication for an immunodiagnosiic test in schislosomiasis are 1)
epidem:ological studies. ) schistosomiasis control programmes and ) indvidual
diagnnsis of chinical cases. be 1t under field conditions in areas where the disease 1s
endenuc, or in countries where the infection 1s seen as an imporled disease (e q.
Europe. United States)

important research topics in the field of epidemiology include the impact of
schislosomiasis on public health, how to measure this impact and how this impact s
nlluenced by chemotherapy. The role of circulaung antigen measurements as an
indicator ol morbidity has sull 1o be studied extensively. Future studies will include
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an epidemiologicar analysis of antigen determination in comparison with classical
parameters for morbidity.

A proper estimation of the worm load m sy be also very important for use in
schistosomiasis control programmes. Although a nationwide eradication of
schistosomiasis does not seem t¢ be a reality, local successes may be made’s. The
ability to find and monitor active infections is of vital importance in end-phase
eradication programmes.

In such cases. the identification of the relatively few and probably often
subclinical cases which occur in sparsely endemic areas, requires a sensitive and
specific diagnosis. in which the determination of schistosome antigens may play an
important role. The same holds true for vaccine studies. Although a vaccine for
schistosomiasis is not yet even within sight?', there is hope that in the future such a
vaccine will materialize. For vaccine trials, an accurate measurement of active
infection will te very important.

A major advantage of the detectlion of schistosome antigens is the possibility to
assess the effect of chemotherapy. Th2 effect of praziquantel n antigenemia in
murine schistosomiasis was first described by Weltmans® and later by Abdel-Hafez et
als%_ In both studies an antigen half life of approximately 72 hours was found. A
rapid drop in circulating schistosome antigen was also reported in S. japonicum
infected rabbits®? and S. haematobium-infected baboons?2. Studies on antigenemia
following chemotherapy in human schistosomiasis, however, have been limited.
Feldmeier ef al'% examined paired serum samples of patients with intestinal and
urinary schistosomiasis before treatment and four months after treatment. Antigen
concentration (CAA and:or CCA) decreased significantly four months after
chemotherapeutic intervention. The same conclusions were drawn by De Jonge er
al47s1, where follow-up of chemotherapy was done at six weeks, one month and also
in a period of days after treatment. This allowed a much more detailed analysis of the
antigenemia foilowing drug treatment.

The search for a diagnostic test which allows the assessment of chemotherapy
in schistosomiasis contrgl programmes has been given high priority®). Important in
this context are the operational aspecis of a diagrastic test: its costs. reliability. ease
of use. and performance under field conditions. Recently, the CAA-ELISA was tested
under field conditions in Kisangani, Zaire (data not shown). It could be concluded that
the ELISA for the detection of CAA, performs well under ‘field conditions’ (high
relative humidity, high temperature, tap waler, transporiation). Although the test
might not replace the Kato smear for routine diagnosis, its application in the field as
a seroepidemiological tool (e.g. in schistosomiasis control programmes or vaccine
trials) raises no problem from a technical point of view.

The possible application of the CAA-ELISA in the immunodiagnosis of
schistosome intections in The Netherlands was studied by _ = Jonge ef a/.%0. Whether
the low positivity rate (approximately 20%), which was found for CAA, was entrely
due fo the generally low level of infection of the patients studied is not yet clear.
Health status, immunogenetic factors or lolerance may play a role in the clearance of
CAA containing immune complexes.

Quite unexpectedly, a possible application of immunodiagnosis of
schistosomiasis was found in palaeoseroepidemiology. CAA (or at least its specific
epitopes) appeared to remain intact for several thousand years in dessicated Egyptian
mummy lissue, and (low) levels of CAA could be measured in even non-visceral
lissue of Egyptian mummies, while no antigen could be found in similar preserved
material from mummies from a non-endemic area in Chile, which could therelore be
considered as negative controls. Queslions of archaeological importance might be
addressed by application of a sensitive technique for the quantitation of CAA%¢,
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The Use of Recombinant DNA Methods to Produce
Schistosome Antigens in order to Assess their
Immunodiagnostic Potential: Schistosoma mansoni
Tropomyosin an Example
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Summary

With recent advances in recombinant DNA methods, it is now possible ta identify
schistosome genes that encode antigens of interest, identify the gene produt, produce
large quantities of the antigen in bacteria, purify the antigen and evaluate its
diagnostic potential. Once an antigen has been demonsiratec to have diagnosiic
potential, the apitopes important for diagnosis can be identified and syn.hesized and
evenlually used to facilitate diagnosis.

Tropomyosin from adult schistosome parasites is a strong immunogen that is
recognized by sera from chronically infected humans and from animals immunized
with irradiated cercariae. A CONA clone from a Schistosoma mansoni adult worm
cDNA library was identified by hybrid selection of the mRNA which was in vitro
transiited and immunoprecipitated with specific antisera. A Agti1 expression clone
which ccntaineg an insert close to the full length mMRNA was subsequently isolated
from a 5. mansoni cercarial library. The complete sequence of the mRNA was
determined by seqguencing the insert of this clone as well as primer extension of total
RNA. Thc only oper reading frame coding for 284 amino acids in the 1316 nucleotide
sequence showed a 44-55% homology with the amino acid sequance of 18 different
tropomyosins from various species. Northern and Western analysis showed greater
arounts of tropomyosin were datected in extracts from adult worms as compared to
eviracts from cercariae and egg stages. Immunocylochemical analysis showed that
tropomyozsin is associated with the tegument of adult worms.

‘ Conospbndmg author: ﬁhuhp T. LoVerde, PhD., Departfrment of M-croblology, School of
Meadicine, 203 Sherman Hali, SUNY, Buffalo, NY 14214




S.japonicum, parasitic infections other than schistosomiasis, or uninfected reacted
with the recombinant tropomyosin. The species specificity of S. mansoni
tropomyosin suggests that further study of its potential as an immunodiagnostic
reagent is warranted.

Introduction

Schistosomiasis, a chronic debilitating disease currently afflicts 200 to 300 million
people throughout the world, causing an estimated 800,000 deaths each year (for
review)!. The primary causative agents are Schislosoma mansoni, S. japonicum,
and S. haematobivm. The parasites have multi-stage life cycles. Worms from
different life cycle stages differ not only in morphology but also in their antigenicity.
YThese ditferences probably reflect adaptations to their respective environments.
interest has focusse2 on antigens of the schistosomula stage as it is a target of immune
elimination2, However, the schisiosomula shares a number of epitopes with other
schistosome stages?®. This is not surprising as the concept of concomitant
immunity4. demands that epitopes must be shared between egg laying adult worms and
schistosomula. We, among others, have reported on the polypeptide patterns of
schistosomula and aduit worme of S. mansoni 5. Over 60% of the schistosomula
polypeptides were found 1o be present in adult worms as revealed by silver stained
non equilibrium {wo-dimensionai gel electrophoresis (NEPHGE). This inciuded a
strong immunogen of about 40 kDa (pl 4.85). This strong immunogen was
recognized by antibodies in serum from chronically infected schistosomiasis mansoni
patients as well as antibodies in serum from animals immunized with irradiated
cercariae. Therefore, it appeared that this 40 kDa antigen which induced a strong
antibody respos.se may be useful in diagnosis. Initially, we produced polyclonal
antibodies directed against the 40 kDa antigen3. This was done Ly excising silver
siained polypeptides from NEPHGE gels and using them fo immunize mice and rabbits.
The polyclonal antibodies showed specificity as deiermined by enzyme-lnked
immenosorbant ascay (ELISA), Western blot, and immunoprecipitation of specific in
vitro transiaiion productst. To identify the cDNA clone encoding the 40 kDa antigen, a
pBR322 cDNA 1ibsary from S. mansoni adult worm mRNA was first screened by
cC2NA probes transcribed from size-fractionated mRNA. The clones obtained in this
manner were further analysed by hybrid selection analysis. One cDNA clone
designaied clone 1, hybrid selected a mRNA, which transialed into a 40 kDa antigen
that was immunoprecipitated by human chronic infection serum as well as specific
antibody® pBR322 clone 1, which contained an insert of approximately 200 bp, was
iabeiled and used as a probe tc screen a igtl1 cDNA library made from S. mansoni
cercarist mRNA.  Forly indspcndent positive clones were isolated from 120,000
plagdes. Nine clones were analysed. Three of the nine cDNA clones were expression
clones based on reactivily with ranbit serum made against the 40 kDa antigen. One of
thesa clones, clone 1-22, whi¢h contained an insert of 1.2 kb, expressed a
polypeptide of appreximiviely 40 kDa, the same size as the native molecule. I turns
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otit that this was not a 8-gaiactosidase fusion nrotein. Translation was initia.ed from
an ATG start codon in the inser  The complete sequence f the mRNA which contained
1,316 nucleotides enceding a hydrophilic polypeptide of 284 amino acids was
determined. The oeduced polypeptide sequence showed homology to the amino acid
sequence of tropomyosin’. one of tl.e major regulatory molecules in contractile
systems®?®  Schisiosome tropomyosin was also similar to other tropomyosins by
several criteria such as computer pre~icied secondary structure, the typical size;
amino acid sequence, iack of proline and fryptophan, and a heptaoeptide periodicity,
typical for alpha-helical coiled-coil structures. However, no immunological cross-
raaclivity was detected by Western analysis between chicken gizzard tropomyosin and
schistosome tropomyosin despite significant sequence homology between the two
molecuies. In order to determine the distribution and abundance of -opomyosin
within the various parasite stages, we performed Northern and Weslern blot
analysis. Schistosome tropomyosin was found to be developmentally regulated with
the mRNA and the protein being more abundant in the adult worm stage compared 1o
the cercariae and egg stage. As tropomyosin was most abundant in the adult stage, we
employed specific ar iibody to immunocytochern.ically localizeé the 40 kDa antigen.
Tropomyosin w2 found to he associated with the tegument. in particul~r it localized
within cells associated with the tubercles and the area underlying the tegument. As
the adult schistosome membrane is thought to turn over every 3-6 h, this may be the
source of antigen for the host immune system. In addition iropomyosin release may
result from parasite attrition and continuous tegumental damage ana repair.

Thus all our da:a supported the idea that tropomyosin, a molecule that elicited
a strong antibody response, was readily available to the host during infection. To
further study the value of this molecule for immunodiagnosis, recombinant DNA
methods were used for large scale expression and purification of S. mansoni
tropomyosin. The purified tropomyosin was then used in ELISA and Western blot
assays enploying various individ- al normal and infection sera to demonstrate tha!
S.mansoni tropomyosin shows species specificity and thus warrants further study as
an immunodiagnostic reagent.

Materials and Methods

Sera

Rabbit and mouse sera against a group of S. mansoni proteins inctuding tropomyosin
were generated as previously described® individual sera from patents with chronic
schistosome infections weri: from Egypt (S. mansoni and S. hzamatobium) and the
Phiiippines (S. japonicum). 3Sera from individual patients with uarelated pa: 1sitic
infections, such as Giardia lamblia, Fasciola hepatica, Trichinella spiralis,
Echinococcus granulosis, Wrichereria bancrofli anu Ascaris lumbricoides were from
Egypt and India. Normai human sera were from laporatory personnel. Some of the
sera were gifts from Dr. Gene |. Higashi, University of Michigan; Dr. Victor Tsang,
Center for Disease Control; Dr. Karim Kamel, NAMRU-3; and Dr. Johi: Cross,
Uniformed Services.

Cloning and expression of 8. mansoni tropomyosin cDi.A

pSMTM, a cDNA clone for S. mansoni lropomyosin in ;be plasmid vec!nr
pGEMB3Z{(+) has been previously describect® This clone was partially digested w:i
EcoRt. The 1.2 kb insert was purified from an agarose gei and was ligated into EcoRI
digested pGEX-3X veclor'® The recombinant plasmid was transformad into E. coli
JM83 cells. Colonies containing the recombinant plasmius of interest ware screened
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for by a cracking gel assay'' Clones of interest were inoculated into LB-ampicillin
medium and induced with IPTG for protein expression according to a published
protocol'®

To clone the S. mansoni tropomyosin cDNA into the pPOTSNCO vector'2. DNA
from the pGEX-3X expression clone was digested with the restriction enzymes Sma |
and Fspl. The 2.15 kb fragment ccataining the insert was purified from an agarose
gel and used as an insert for recioning. The plasrid vector pOTSNCO was digested
with Nco 1. The cohesive 2nds were co~verted to blunt end: by T4 polymerase
repair'* The linearized vector was dephosphorylated with calf intestine alkaline
phosphatase''. The blunt-ended insert and vector were ligated at 15 °C overnight.
For the preparation of plasmid DNA, the recombinant plasmid was transformed into
E. coli N99Cl-. DNA was analysed by restriction digestion with Nco | or Pve Il and
agarose gel electrophoresis lo delermine the size and the oriertation of the insert.

A recombinant plasmid with an insert in the correct orientation was
retransformed into E. coli AR120. The transformants were then grown in LB-
ampicillin medium at 37 °C. When the ODgso reached 0.4, nalidixic acid (60 ug
mi-') was added and the culture was continued for another five hours. Tc harvest
cells, the culture was centrifuged at 5,000 rev/min for five minutes at room
temperature. The pellet was resuspended in 1/10 -1/20 volun::s of phosphate-
buffered saline (PBS) with 1 mM phenylmethylsulfonylfiuoride. frozen in liquir
nitrogen, thawed at room temperature and sonicated ‘Jr one minute with a Bronson
sonicator. The crude cell lysat. was stored at -20 °C before analysis by SDS-PAGE
and Western blot.

Purification of the recombinant protein

Proteins in a crude cell lysate were separated by SDS-PAGE. After electrophoresis at
a constant 60 volts overnight, strips wer2 cut from both right and left sides ot the
gel. The gel was wrapped with plastic wrap and stored at 4 °C while the strips were
stained with Coomassie Briliiant Blue R250 (0.2% in destaining solution containing
10% dcelic acid and 40% methanol). After destaining, the strips were aligned to the
unstained gel, and the desired protein band was cut from the gel. To elute the protein,
the polyacrylamide gel fragment was cut into small pieces and homogenized in about
15 mi PBS. The homogenized gel suspension was stirred at 4 °C for at least four
hours before cenirifugaiion (8,000 rev./min for 10 minutes at 4 °C). The
supernaiant was concentrated by a Minicon-B15 concentrator (Amicon Division,
W.R. Giace & Co, Danvers, MA).

For iarge scale protein purification, a cell lysate was prepared from a 300
mi culture. The lysate prepared as above was centnfuged at 10,000 rev./min for 15
minutes at room temperature. .. mmonium sulphale was slowly added to the
supernatant while it was slirred at roum temperature. After the desired salt
concentrations (20%, 24%, <7% and 36%) were reached, the sample was spun
down. Eacn time, the precipitates were dissolved in 2-5 ml PBS (pH 7.4). The
fractions were dialyzed extensively against PBS and analysed by SDS-PAGE and
Wesiern blot.

The ammonium suiphate fraction which cuntained the desired protein was
further fractionated by f.pl.c. (Gradient Programmer GP-250 Plus and Fraction
Collector FRAC-100, Pharmacia LKB Biolechnology Inc., Piscataway, N.J.) using a
salt gradient (30 to 60% NaCl in 20 mM Tris, pH 8.0) on & DEAE ion exchange
column. Forty fractions (1 ml each) were collected and analysed by SDS-PAGE and
Weslern blut. Fractions enriched for the protein ware pooled ano reapp'ied 10 the
f.p.l.c.-DEAE columr until the protein preparation eluted as a single sharp peak.
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Protein concentrations in various preparations were determined by the Bio-
Rad protein assay or bicinchoninic acid protein assay following the manufacturer's
manual (Pierce Chemical Company, Rockford, IL).

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and Western
analysis

Proteins separated by SDS-PAGE were transferred onto nitrocellulose paper (0.45
or 0.20 um pore size) in a Bio-Rad protein transfer unit as described by Towoin et
al.' Human or animal sera (as described above), diluted 1:500 in most cases were
used as primary antibodies. Biotinylated secondary aniibodies and Vectastain ABC-AP
Kit (AK-5000) were both appiied according to the product sheet (Vector
Laboratories, Buriingame, CA).

Enzyme-linked immunosorbent assay (ELISA)

Microtiter plates (Becton Dickinson, NJ) were coated with antigens 0.5 pg/well.
The protocol of Hillyer and Gomez de Rios'® was followed. Alkaline phosphatase-
conjugaled or peroxidase conjugated secondary antibodies appropriately diluted were
used in conjunction with specific substrate to detect reactivity. Anlibody binding was
measured by reading ODqs/ODsyo with a Bio-Rad microliter plate spectrophotometer
for the colour reaction.

Results

Expression of S. mansoni iropomyosin in pOTSNCO system

S. mansoni ropomyosin cDNA has been previously expressed in kgt11® However, the
expression efficiency was not sufficient for large scale production and purification of
ihe recombinant protein. In order to obtain more efficient protein expression, the
insert of clone pSMTM was first recloned into pGEX-3X veclor'® A fusion protein of
about 66 kDa was expressed and recognized by mouse antiserum on Western biot.
Since S. mansoni tropomyosin was fused to the carboxy terminus of S. japonicum
glutathione S-transferase (Sj26), and Sj26 may have cross-reactivity with the
sera from S. mansoni patients, we were concerned about the possibie contamination
of Sj26 in S. mansoni tropomyosin purified from cleaved fusion protein. The insert
from pGEX-3X was therefore recloned into pOTSNCO vector at the unique Nco | site'?
Colonies from the cloning were analysed by restriction digestion with Nco1or Pvu il.
Clones that had an insert of the expected size and the correct orientation were chosen
for induction. While temperature induction was not satisfactory, chemical induction
with nalidixic acid in E. coli AR120 transformants gave good results. A 40 kDa band
started to appear on SDS-PAGE in samples taken from the expression clone three
hours after induction. This 40 kDa band was recognized by specific rabbit ant'serum
on Western blot. The supernatant and peliet were separated by centrifuging the
freeze-thaw lysate that contained the recombinant prctein. The 40 kDa band, as
analysed on SDS-PAGE, was primarily present in the supernatant and not in the
peliet, indicating a high solubility of S. mansoni tropomyosin produced from this
clone. This was in agreement with a computer generated hydropathic plot showing
that the molecule is very hydrophilic.

Purification of the recombinant S. mansoni tropomyosin

The recombinant protein was first purified by separating cell lysates by preparative
gel electrophoresis, removing the 40 kDa band and eluting the protein from the
acrylamide gel fragment. The recombinant protein obtained in this manner was of the
expected size and was recognized by specific antiserum.
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To purify the recombinant protein on a large scale, cell lysates were
fractionated by ammonium sulphate precipitation. Fractions from different sait
concentrations were analysed by SDS-PAGE and Westem biot. A 40 kDa band was
enriched in the fraciion precipitated with 20% ammonium suiphate. This fraction
contained approximately 1.0% of the total cell pellet weight. The 40 kDa polypeptide
was recognized by specific rabbit antiserum.

The 20% ammonium sulphate fraction ennched for schistosome tropomyosin
was further purified on a DEAE ion exchange column by fp.lc.. The fractions that
contained the recombinant protein were pooled together and reapplied onlo the
column. After a second round of fp.l.c. fractionation, the recombinant schistosome
tropomyaosin eluted as a single major peak at a salt concenlration of about 40%. The
yield of S. mansoni ..opomyosin from fp.l.c. was estimated to be 21-22% of the
20% ammonium sulphate fraction.

The purified recombinant S. mansoni tropomyosin was used 10 immunize
mice. The resulting antisera reacted specifically with the S. mansoni tropomyosin
on Western blot as well as in ELISA assays. The sera also reacted with a soluble adult
worm antigen preparation (SWAP).

S. mansoni tropomyosin as an immunodiagnostic reagent

The purified recombinant S. mansoni tropomyosin was tested as a diagnostic reagent
by Western analysis using sera from individual patients with chronic
schistosomiasis (S. mansoni, S. japonicum and S. haematobium) as well as sera from
individuals with parasitic infections other than schistosomiasis. Rabbit antiserum
against tropomyosin and normal human serum were used as controls. immobilized
S.mansoni tropomyosin was only recognized by rabbit antiserum and sera from
S.mansoni infected patients. The purified S. mansoni tropomyosin was further tested
in ELISA assays with similar results. There is a significant difference of ELISA
readings when individual sera from S. mansoni patients were compared 1o sera from
patients with S. japonicum or S. haematobium infections, sera from normal controls
and sera from individuals with parasitic infections other than Schistosoma. In the
latter case, Fasciola hepatica and Trichinella spiralis are both known to have shared
antigens with S. mansoni *'7  Seven of the 50 sera samples from non-S. manson
infected individuals gave borderline readings. By Weslern blot analysis these seven
sera samples showed no specific reactivily against the purified recombinant
S.mansoni tropomyosin.

Discussion

Schistosomiasis is still increasing in incidence loday. The conventional diagnosis of
this disease by stool examination is time consuming and lacks sensilivity.

The rircumoval precipitin test'® is still considered to be the standard
immunological test although multiple lesting is somelimes requir.d. Since the
1950's, various antigen preparations from diffzrent schistosome life cycle stages
have been tested by immunofluorescerce, radicimmunoassay, ELISA or
immunoblofting assays to delect specific anlibodies present in patient
sera(reviewed)'?2°  Among thase, micresomal antigens from S. mansoni (MAMA) or
S. japonicum (JAMA) adult worms developed by Tsang ef a/2'22 have proven 1o be
specific (although not absolulely species specific), sensitive, stable, and cos!
effective (see this volume)20

Anolher line of work has been focussed on detecling circulating antigens (see
this volume).
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In recent years, with the help of the modem techniques such as recombinant
DNA and computer analysis, study has also been focussed on the identification and
characterization of defined antigens which have potential significance in
immunodiagnosis or vaccine development. Among those schisiosome antigens that
have been cloned. polypeptides of 31 and 32 kDa from S. mansoni adult worm
digestive tract identified as S. mansoni proteinases, cathepsin B and haemogiobinase
have been found 1o be valuable for immunodiagnosis (see this volume). Another well
defined antigen is the 70 kDa schistosomal homologue of the major eukaryotic heat-
shock protein (hsp70), which also appeared 1o be useful in immunodiagnosis?? 25

Vie demonstrate that the recombinant S. mansoni tropomyosin shows species
specificity in the limited number of samples tested in both ELISA and Westemn
analysis. It does not cross-react with sera from patients with S. haematobium and
S.japonicum nor other parasitic diseases. This finding suggests that the S. mansoni
tropomyosin warrants further study into its potential as an immunodiagnostic
reagent.

Like heat shock protein, tropomyosin in general is ranked as a highly
conserved protein. The S. mansoni tropomyosin has significant homology (around
50%) to host molecules® Yet, it induces strong immune responses in humans as well
as in mice.

Large scale production of the purified recombinant protein described in this
paper make it possible to study the role S. mansoni tropomyosin plays in the
immunology of schistosomiasis mansoni.

Acknowledgements

We thank Ms. Theresa Wnuk for secretarial assistance, Ms. Julie Boucher and Ms. Jule
Schwanz for technical assistance. This work was supported by a grants from NIAID and
from the Edna McConnell Clark Foundation.

Retferences

1. Capron, A, Dessaint JP Capron, M. Ouma,  JH . and Butterworth, AE.  Science
{Washington, D.C.. 1979-) 238, 1065-1072 {1987)

2. Jwo, J. and LoVerde, PT Am. J Trop. Med Hyg 41, 561.570 (1989).

3. Gregowre, RJ . Shi, M., Rekosh, D.M. & LoVerde. P T. J Immuno’ 139. 3792-3801
(1987).

4. Smithers. SR and Terry, RJ. Ann N.Y. Acad Sci. 180, 826-884 (1969).

S. Miller, S, Rekosh, DM and LoVerde, P.T Exp. Parasitol 69, 249-262 (1989)

6. Xu, H., Miller. S, van Keulen, H,K Wawrzynski. MR _ Rekosh, D M and LoVerdae.
P.T Exp Parasitol 69, 373.392 (1989)

7 Bailey, K. Nature (London) 157. 368-369 {1946)




132 LoVerde et a!

8. Obinata. T.. Maruyama. K.. Sugita. H.. Koftama, K. and Ebashi. S. Muscle Nerve 4.
456-488 (1981).

9. Payne. MR. ard Rudnick, S.E. in Cell and Muscle Motiity (ed Shay. JW) 141-145
{Plenum Pre-s, N.Y., 1985).

10. Smith, D.B and Johnson, K.S. Gene 67. 31-40 (1988).

11. Maniatis, T.. Fntsch, E.F. and Sambrook. J. Molecudar Cloning: A Laboratory Manual
(Cold Spring Harbor Laboratory, Coid Spring Harbor, N.Y.. 1982).

12. Shatzman, AR. and Rosenberg. M. Ann. N.Y. Acad. Sci 478. 233-248 (1986).

13. Towbin, H.. Staehelin. T. and Gordon, J. Proc. Natl. Acad. Sci. US.A 76, 4350-
4354 (1979).

14. Hillyer, GV. and Gomez De Rios, I. Am. J. Trop. Med. Hyg. 28. 237-241 (1979).

15. Anderson, R.I.. Sadun, E.H. ard Schoenbechler, M.J. Exp. Parasitol. 14. 323-329
(1983).

16. Aronstein, W.S.. Daiton, J.P.. Weiss, JB. and Strand, M. Am. J. Trop. Med. Hyg.
34, 879-888 (1985).

17. Hanna. RE.B. and Hillyer. G V. Exp. Parasitol 57. 1-14 (1984).

18. Otver-Gonzalez. J. J Infect. Dis. 95, 86-91 (1954).

19. Smithers. S.R. and Doenheff, M.J. in Immunology of Parasitic Infections. (eds Cohen.
S. and Warren, K.S.) 527-607 (second editon, Blackwell Scientific Publications.
1982).

20. Macdison. S E Diagn. Microbiol. Infect. Dis. 7. 93-105 (1 987).

21. Tsang V.CW.. Tsang. KR, Hancock, K. Kelley. MA.. Wilson, B.C. and Maddison.
S.E. J Immunol 130, 1359-1365 (1983).

22. Tsang. V.C.W., Hancock, K., Maddison, S.E., Beatty. AL and Moss, D.M. J. Immunol
132, 2607-2613 (1984).

23. Scalion. B.J.. Bogish, B J. and Carter, CE Mol Biochem Parasitol 24, 237-245
(1987).

24 Hedstrom, R. Culpepper. J. Harnson, R A Agabian. N and Newport. G J Exp
Med. 165, 1430-1435 (1987)

25 Newport, G.R. Hedstrom. R.C.. Kallestad, J., Tarr, P.. Kiebanoff, S 8 Agabian. N
Am J. Trop Med Hyg 38, 540.546 (1988)




Conclusions and General Recommendations

Immunodiagnostic tests should be developed according to a strategic pian specifying
important operational parameters in advance according to crileria established in
concert with basic research laboratories, health service laboratories, field
epidemiologists, community health workers and industry. It was agreed that batch-
testing techniques permit standardized handling of large-scale surveys but are not
well suited to field conditions. Although the need for development in this area was
acknowledged, the meeting recommended that greater emphasis be placed on
developing technologies which can actually be used in the field.

The validation of diagnostic techniques should be defined in terms of
sensilivity, specificity, predictive values, cross-reaclivity and reproduzibility and
an index of test performance or test efficiency should be included. The problem of
poor serological specificity should receive particular attention and emphasis should
be put on quality control of reagents, assays and participating laboratories.
Interpretation of results should consider the possibility of immunocompromised
subjects, either due either 1o treatment or other diseases.

Antibody-detection was not seen as suilable for assessment of active infeclion
but it was believed that this approach would yield sufficiently accurate results in
controlled areas with a prevalence of less than 3% according to parasitological
examination. It was also felt that it could provide useful estimates of the prevalence
in populations which had not been previously treated. Standardization would be
facilitated if specific antigens, produced by recombinant or synthetic peptide
technology, could be developed but, for the time being, standard antigen preparations
such as the soluble egg antigen (SEA), produced using standard protocols, were
recommended. Useful laboratory-based assays would include the circumoval
precipitin test (COPT), complement fixation, different versions of the enzyme-
linked immunosorbent assay (ELISA), as well as indirect applications of
immunofluorescence, haemagglutination and latex agglutination.

Anligen-deteclion was deemed useful for assessment of the incidence of new
infection in areas recently brought under control. This approach would also be
important for evaluating vaccine efficacy following human ftrials. For reasons of
standardized production, it was recommended that monoclonal antibodies or mixtures
of such antibodies with different specificitlies be used as reagents. It was felt that an
inventory of available antibody specificities would now be timely.

Although detection of circulating antigens may be carried out in different body
fluids, serum lesls were seen to have the current advaniage. However, further
research v:uuld be necessary for evaluation of the correlation belween worm burdens
and antigens, particularly in the urine and other specimens keeping in mind that the
intact glomerular membrane filters out large-size antigens. On the other hand,
urine specimens are relatively easy to obtain in most cultures and pose less risk for
laboralory-acquired HIV or HBV infection. In addition, due to the non-invasive
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nature of their collection, accidental spread of these infections will be reduced. It
was felt ihat excretion of antigens in the urine should be investigated also n subjects
infected with Schistosoma japonicum and S. mekongi and it was recommended that
diagnostic schistosome antigens be further characterized immunologically and
biochemically in order to understand their nature and origin.

It was emphasized that the various approaches to immunodiagnosis shouid not
be seen as compelilive ways of assessment of schistosome infection but rather as
different applications using complementary techniques. However, it was deemed
necessary to directly compare assays for antibody-detection with those for antigen-
detection taking into account the role of immune complexes. It was also felt that it
might be useful to compare other diagnostc approaches including intradermal
testing.

Since the expecled prevalence and the diagnostic purpose of testing vary from
ore localily and situation to another, appropriate test parameters for each case
should be specified before studies are undertaken. These should be planned in great
detail with carefully chosen patient groups based on well-characterized clinical
status including acute. chronic asymptomatic chronic symptomatic and end-stage
fibro-obsiructive schistosomiasis. Each subject’s parasitological status should be
defined as the egg excretion class based on mulliple specimens. Rectal biopsy was
seen as a useful adjunct but was not recommended for application on a large scale.
Evaluation of the correfation between worm burdens and circulating antigens should
preferably be carried oul in young age groups in order 10 reduce interference with
egg excretion by fibrosis. Future collaborative studies should be made flexible
enough to allow new assays and additional iaboratories 10 be included, as and when
appropriate.

Recombinant DNA probes conslitute a sensitive and highly specific means of
demonstration of the presence of an infectious agent but are less useful for the
diagnosis of mullicellular parasites that do not replicate in the host. Although
fragments may be found in the blood, this is probably infrequent and mainly
associated with treatment, so schistosome DNA in man originates mainly from eggs
and miracidia. Considering its cost and sophistication, this technology was not felt to
be applicable for diagnostic surveys since it would not offer beller results than
parasitological methods and since the sensitivity would be greatly affected by the
irregular output of eggs and the release of miracidia during hatching. Although the
application of the polymerase chain reaction (PCR) for urine or slool exam nations
might theoretically be useful in improving the sensitivily of techniques based on DN#A
probes. it was not felt to be a realistic approach that shouid be encouraged. When
applied to the snail intermediale host, however, schistosome DNA probes can be used
to identity infection including demonsiration of spec''ic strains and the sex of
parasites, whilst snail DNA sequences can be used for determination of geographical
variations and taxonomic relfationships in the intermediate host. In the future, the
techniques could be applicable in monitoring the potential of drug resistance in
parasites. In order 1o do this, however, the genetic basis of drug resistance in
schistosomes would have 10 be elucidated and the appropriate ONA sequences identified
angd used as probes.

Implementation of serological testing for communicable diseases. including
schistosomiasis, by national public health [aboratories using standardized tesling
systems would permit large-scale surveys and comparisons between diflerent
provinces providing support for decisions regarding national policies. In this
connection, it would be useful 10 identify a limited number of assays that could be
developed to test kils for use on a national or regional scale. The meeting
recommended that kit development be centralized to a single reference laboratory or
to industry,
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The development of new assays and kils would require the establishment of a
reference specimen bank, preferably with samples from different endemic areas
including schistosomiasis due to both the Chinese and to the Philippine strains of
S.japonicum as well as 1o S. mekong:. Designated centres in different endemic foci
should be considered for collection and preservation of significant quantities of
clinical specimens in a standardized manner. These would be dispatched to a
laboratory in charge of a central specimen bank responsible for quality control,
aliquoting, storage, inventory control and distribution. The specific regquirements of
the collection centres would be 1o obtain and provide specimens together with
essential clinical data. In order to ensure long-term operalion of the proposed
specimen bank. it was recommended that new spacimens be continuously added.
Before estatlishing this facility, practical and administrative matters including
financing would need to be addressed in detail.






