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FOREWORD

Parasitic infections are an important cause of morbidity and mortality
particularly in the tropics and sub-tropics and in recent years increasing atten-
tion has been focussed on their control. This focus has highlighted the need
for effective diagnostic methods as the distinction between the presence of the
infection and the clinical manifestation is frequently difficult to interpret.
Direct identification of parasites and their ova in faeces, urine, blood and biopsy
material can be difficult and immunodiagnostic methods have been looked
upon as the more attractive option.

The initial advances in immunodiagnostic technology were largely in the
development of antibody-detection systems such as the radioimmunoassay.
However, the limitations of such systems, in terms of specificity, ability to
diagnose pre-clinical infections and to distinguish between current and past
infections; and the availability of new technologies such as hybridoma and
genetic engineering, have led to attention being directed to antigen-detection
systems. Nuclear techniques employed in conjunction with others, are
important tools in the development and, to a lesser extent, the routine applica-
tion of both antibody and antigen detection systems in immunodiagnosis.

In May 1984 the International Atomic Energy Agency (IAEA) convened
an Advisory Group Meeting of experts to review and appraise the recent
advances in the development and application of immunodiagnostic techniques,
including biotechnical methods for the production of diagnostic antigens
and antibodies. This publication originates from that meeting and consists of a
summary report prepared collectively by the Advisory Group, followed by a
series of working papers prepared by individual contributors.
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I. SUMMARY REPORT

IMMUNODIAGNOSIS OF PARASITIC INFECTIONS USING
NUCLEAR TECHNIQUES

Advisory Group of the
International Atomic Energy Agency,
Vienna

1. INTRODUCTION

This report documents the recommendations of the "Advisory Group on
Immunodiagnosis of Parasitic Infections Using Nuclear Techniques" with a
focus on malaria, schistosomiasis and filariasis. Radionuclide tracers
are considered an important component of present and future immunological
methods for the assessment of the host's humoral and cellular immunity to
the parasite and the detection of parasite antigen(s) in human body
fluids. The Advisory Group has concluded that there is a continuing need
for the development and application of immunodiagnostic methods in
parasitic diseases.

This report concerns methods which are currently or potentially
applicable to immunodiagnostic investigations in parasitic diseases.
Other analytical methods are being used in research for the
characterization of parasite antigens and antibodies, but these
techniques are not at present directly applicable to immunodiagnosis.
Therefore, they will not be addressed in this report. Reference is made,
where appropriate, to recent developments in research which may lead to
improvement and standardization of methods now available and the
development of new methodology.

2. CURRENT STATUS

2.1. Immunodiagnosis of Malaria:

Plasmodium falciparum is the most pathogenic species of plasmodia
infecting man. Therefore, most of the test systems noted in this report
have been developed in relation to P.falciparum infection. Some are used
for other human plasmodial species and others should be adapted for
P.vivax and P.malariae.

2.1.1. Tests related to in vitro functional assays

a. Antibody mediated immunity

A number of assays have been used to evaluate the ability of
antibody to interfere with specific functions of the malaria parasites.
These include: inhibition of growth and maturation of asexual blood
forms; inhibition of invasion of RBC by merozoites; aggregation of
merozoites; agglutination of schizont infected cells (P.knowlesi);
inhibition of binding of infected RBC to endothelial cells; inhibition of
sporozoite invasion; and inhibition of fertilization and development of
sporogonic stages.
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b. Cell mediated immunity

A limited number of assays reflecting cellular immune responses
are being used in the course of research. These may lead to development
of test systems for application in clinical and epidemiological
investigations. These assays include: delayed-type hypersensitivity
(DTH); lymphocyte proliferation; enhanced phagocytosis; released soluble
mediators including lymphokines.

2.1.2. Detection of host antibody

Several methods are available for the detection of human circulating
antibody in clinical and seroepidemiological studies. The presence of
specific antibody proves a host-parasite contact but does not
discriminate between present and past infection, nor does it indicate the
level of protective immunity. Antibody measurement is a valuable
epidemiological tool for the assessment of transmission and for
monitoring of malaria control measures. Most of the work in this area
concerns antibody to asexual blood stages. A limited number of studies
concern antibodies directed against sporozoites and gametocytes.

Tests involving antibodies directed against asexual blood forms
include: indirect immunofluorescence (IFA); indirect haemagglutination
(IHA); radioimmunoassay (RIA); enzyme linked immunosorbent assay (ELISA);

Tests involving antibodies directed against sporozoites include IFA
and circumsporozoite precipitation (CSP);.

2.1.3. Detection of parasite antigens

a. Sporozoites

Monitoring of vector control in endemic areas up to now required
microscopic examination of individual mosquitoes for the detection of
sporozoites. These procedures did not identify specific plasmodia
species. The recent development of a solid-phase, sandwich assay, which
is specific for one of several species of plasmodia infecting man, should
provide a valuable method for the evaluation of malaria transmission.
The assay in its present form uses radiolabelled monoclonal antibody to
sporozoite surface protein.

b. Asexual blood stages

The purpose of tests for the detection of blood stage antigens is to
indicate the presence of a specific current infection and to quantitate
the intensity of that infection. Such tests will be of value in
epidemiological studies and in a future evaluation of malaria vaccines.
Methods, available for the detection of soluble circulating antigens,
include: Ouchterlony precipitation and countercurrent
immunoelectrophoresis (CIE). Methods to detect parasitized RBC include:
solid-phase RIA and solid-phase ELISA.

The presently available tests for soluble antigen detection are not
sensitive enough for large scale epidemiological use. These tests are
positive only if the parasitemia exceeds 1%. In recently developed
solid-phase assays, parasitized RBC can be detected at a level of
approximately 5 per 106 RBC. However, these test systems are not yet
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suitable for general epidemiological application. Defined and/or
purified reagents will be required for their improvement and
standardization.

2.2. Immunodiagnosis of Schistosomiasis:

At the present time, the detection and quantitation of
schistosomiasis relies primarily on microscopic examination of stool and
urine samples and there remains a need for sensitive, inexpensive, field-
reliable serological tests. Ideally, future tests should accurately
reflect a number of epidemiological aspects including current intensity
of infection; prevalance; morbidity; response to therapy (chemical/
vaccine); and resistance to re-infection. At the current time no such
tests exist.

2.2.1. Tests related to in vitro functional assays

Tests in this category should be considered to have potential as in
vitro correlates to in vivo characteristics such as resistance or
propensity to morbidity. A number of such tests have been developed and
standardized. These include antibody-dependent cell-mediated reactions
involving the ability of a number of classes of immunoglobulins to
mediate schistosomule killing by a number of effector cells including
eosinophils and macrophages. These tests would reflect both specific
reactivity against the schistosomes as well as general immunological
competence. Other tests in this category include in vitro measurement of
direct humoral and cellular cytotoxicity, and in vivo skin tests which
measure the immediate or delayed hypersensitivity skin test reactivity
against injected antigen.

2.2.2. Detection of host antibody

Tests in this category should be considered to be indicators of the
prevalence of infection. A number of tests in this category have been
developed and standardized. These include the use of radionuclide and
other tracers in tests involving antibody binding to live organisms and
to a variety of antigenic preparations; measurement of antigen - specific
blast transformation; and the release of lymphokines. During the past
few years the sensitivity and specificity of these tests have improved
dramatically but there is still a need for improving the reagents used in
these tests.

2.2.3. Detection of parasite antigens

Tests in this category should be considered to be indicative of the
intensity of current infection. A number of tests in this category have
been developed and standardized. These include the use of radionuclide
and other tracers in tests to detect antigen directly and a variety of
inhibition and immune complex formation techniques. At the present time
this category of tests is most in need of development.

2.3. Immunodiagnosis of Filariasis:

Despite advances in serological methods for the diagnosis of human
filariasis, a definitive diagnosis of a filarial infection often can be
established only after a careful clinical history, physical examination
and a microscopic confirmation of microfilariae in the blood (Wuchereria
bancrofti, Brugia malayi) or skin (Onchocerca volvulus) of the infected
host. The major problem with the blood smear or skin biopsy is the
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limited sensitivity of the test. This characteristic limits its ability
to differentiate, in regions where filariasis is endemic, between a
non-infected individual and one who is infected but does not have micro-
filariae in the peripheral circulation. Patients with microfilaremia
and/or chronic pathology (skin pathology and lymphatic blockage) are more
readily diagnosed.

2.3.1. Detection of host antibody

Antibody assays are presently at a refined state from the technical
point of view. Solid-phase immunoassays using radionuclide
(immunoradiometric assays) and enzyme tracers (ELISA) are available
world-wide in reference laboratories. These techniques permit the
accurate and precise quantitation of antifilarial, antigen-specific IgE
and IgG antibodies in serum. The major constraint in these assays
resides in the "quality of antigen" employed and not on the tracer or
solid phase technology per se. The reasons for the apparent poor
correlation between the levels of antifilarial, antigen-specific IgE and
IgG antibodies and the degree of infection relates to many factors.
Clearly, reagent (specificity of antigen) and parasitological (absorption
by circulating microfilariae) constraints are important in this regard.

2.3.2. Detection of parasite antigen

Multiple immunological methods including competitive and
non-competitive forms of immunoassays have been investigated for their
ability to detect filarial antigen in the human body fluids. Of the
available immunoassays, the non-competitive immunoradiometric assay
appears to provide the most sensitive design using the existent
reagents. The current major issue regarding immunoassays is reagent
quality and not assay design.

3. GOALS FOR THE DEVELOPMENT OF IMMUNODIAGNOSTIC METHODOLOGIES

3.1. Preparation and Standardization of Reagents:

These reagents must be related to appropriate in vivo events. Their
production will require the use of existing methodology and the further
development of sophisticated in vitro technology. This technology
includes: the improvement of in vitro culture of parasites; methods for
antigen fractionation; monoclonal antibody production; and techniques for
antigen production (DNA technology and producton of synthetic
polypeptides).

3.2. Development of Suitable Methods for the Detection of Stage-specific
Parasite Antigens in Human Body Fluids:

These methods should be specific, sensitive, standardized, simple
and cheap, and permit the accurate assessment of a prepatent state, the
level of current infection, and of responses to treatment, vaccination
and re-exposure.

3.3. Improvement, Particularly in Standardization, of tihe Methods for the
Detection of Antibodies:

It is hoped that parasite antigens, now being produced or purified
for vaccine research, will become available in the near future for use in
these tests.
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3.4. Development of Tests for Assessment of Protective Immunity and
Propensity to Morbidity:

Such tests will be necessary for the evaluation of future parasite
vaccines. Some of the existing functional assays may be relevant to
these questions but further investigation is required to establish this
with certainty.

4. PROBLEMS IN IMMUNODIAGNOSIS

4.1. Availability of Defined Reagents:

At the present time, monoclonal antibodies are increasingly
available; however, the definition of their specificity and their
distribution must be improved. Antigens remain the major problem at the
present time. Few biochemically defined antigens exist in adequate
quantities.

Good and reliable tests for antigen detection depend on the quality
of the antisera. At the present time no standard antisera or monoclonal
antibodies are generally available nor has standardized methodology been
developed. Standard antibodies (either mono- or polyclonal) are required
and test systems should be simplified for use in endemic areas.

4.2. Establishment of Biological Relevance of Reagents and Assays:

Specific antigens or antibodies may reflect unique specific
biological phenomena. For example, a given antigen or antibody may
reflect disease prevalence, intensity, stage of infection, host
resistance, and/or morbidity. The given reagent must be correlated to
the biological phenomena using detailed co-ordinated clinical studies.

4.3. Optimization of Technical Aspects of Immunoassays:

There is reason to believe that different reagents and tests will be
required to measure different parameters. Assays must be specifically
designed for their appropriate purposes. Clearly the requirements for
field and central laboratories will differ. One would expect continual
re-evaluation and technical improvement as new reagents and techniques
become available.

4.4. Availability of Well-Characterized Epidemiologic Material:

Defined patient populations from endemic areas must be established.
Specific disease, clinical morbidity, parasitological criteria, and
comprehensive clinical histories are required. Long term sequential
specimens, including pre and post-treatment material (blood, urine, stool
and where applicable, tissue samples), must be collected. They should be
stored appropriately in adequate quantities, and made rapidly available
to investigators to permit standardization of tests. Attention should be
paid to the specific clinical course of infection and the requirements of
investigators and assay systems vis-a vis each specific parasitosis.

4.5. Improvement and Implementation of Comprehensive Epidemiological
Studies:

Comprehensive clinical histories, parasite exposure patterns,
morbidity, effects of chemotherapy and/or vaccination and attention to
appropriate immunological parameters must be included. Field studies and
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detailed biochemical and immunological evaluations must be carefully
co-ordinated. These studies would provide the reference standards for
the evaluation of immunological tests.

4.6. Establishment of Field Feasibility Testing Programmes:

Several aspects are important. First, the tests per se must have
the required characteristics vis-a-vis simplicity, reproducibility and
cost. Second, appropriately trained professional and technical personnel
should be available. Therefore, exchanges of investigators and technical
personnel between field and central facilities are critical. Finally,
equipment and equipment maintenance must be adequate.

4.7. Establishment of Adequate Support for these Projects:

Of considerable concern is the rapidly increasing costs of reagents,
materials, personnel, equipment, and other logistical considerations.
These latter considerations include transport, housing, shipment, and an
appreciation of local customs requirements.

5. AREAS FOR DEVELOPMENT

The problems as defined in Section III merit individual attention
and each deserves emphasis. These projects must not be viewed in
isolation. The techniques and problems associated ;with the immuno-
diagnosis of parasitoses are equally applicable to other serodiagnostic
problems involving other infectious diseases. Furthermore, such studies
may contribute to a basic understanding of the mechanisms involved in
pathology and resistance; and thus, the results of these studies may
facilitate vaccine development.

6. CONCLUSIONS

It is appropriate for the IAEA to undertake support of those of the
activities defined above which involve the use of nuclear techniques and
which will lead to the improvement of existing radioimmunoassays and to
the development of new immunodiagnostic techniques. In particular the
following areas merit attention:

1. Encourage the production of purified and defined antigens and
antibodies: The evaluation of assays can not be logically
approached until reagents are standardized. The priority of the
IAEA should be to encourage the development of defined antigens and
antibodies for immunoassays.

2. Encourage the development of new techniques for immunodiagnosis
based on radionuclide tracers and radiation. Examples of such
techniques include: immobilization of antibodies and antigens and
field applicable radiotracer counting techniques such as the
combined use of photographic film and a densitometer.

3. Encourage the evaluation of existing radioimmunoassays and
their comparison to developing technologies which utilize immune
complex analysis, idiotypic reactivity, and measurements of poorly
immunogenic parasite-derived products.

4. Identify assays which accurately reflect protective immunity:
With the development of vaccination programs, it will become
critical to identify populations at risk and to assess the efficacy
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of these programs under field conditions. Radioimmunoassays using
defined antigens which detect protective antibodies should be
developed and evaluated.

5. Disseminate technical information and relevant field study
findings. The Agency should circulate to investigators engaged in
the development of immunoassays, all information on new detection
techniques which could improve field applicability of RIAs.

6. Encourage the use of radioisotopes in in vitro culture to
assess parasite growth and metabolism, antigen production and
implication of cytotoxic reactions.

7. Encourage the investigation and use of other nuclear techniques
to monitor clinical morbidity and effects of therapy or vaccination.

8. Encourage the evaluation and distribution of monoclonal
antibodies: A number of MABs already exist but their clinical
utility is not yet established by comparative center and field
trials.

9. Establish collaboration between laboratories receiving support
in endemic areas and appropriate laboratories in developed
countries. Such efforts ought to include the encouragement of
appropriate training of personnel and the supply of basic reagents.
This support ought to be aimed at the field implementation of
existing and newly developed immunoassays.
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II. WORKING PAPERS

ISOTOPIC IMMUNOASSAY SYSTEMS FOR MEASURING
ANTIBODIES, ANTIGENS AND IMMUNE COMPLEXES IN
PARASITIC/INFECTIOUS DISEASES*

D.K. HAZRA
Nuclear Medicine & Radioimmunoassay Unit,
P.G. Dept. of Medicine, S.N. Medical College,
Agra, India

Abstract

The diagnostic aims of immunoassay are enumerated and analytes of
interest in immunodiagnosis are listed - antigens, antibodies, immune
complexes and anti-idiotype antibodies. The various problems of
competitive assay systems, and of immunoradiometric systems are listed,
as well as the limitations of immunoprecipitation techniques. The need
to measure antigenemia rather than antibody is emphasised. The choice of
antigen for measurement is discussed. The special problems with
biological samples as regards assay performance and safety in
communicable diseases are discussed. The problems of measuring immune
complexes are listed and possible solutions suggested. The need for
ensuring the world-wide availability of highly purified monospecific
antibodies (monoclonal or affinity chromatographed polyclonal antibodies
or a mixture of these) and of purified antigens (by Genetic Engineering)
as well as clinically validated assay protocols is emphasised.

1. INTRODUCTION

The creation of sensitive and specific immunoassay systems of which
radioimmunoassay was the prototype in the late '60's ushered in a
quantitative era in endocrinology in the '70's, and great expectations
have been raised in the '80's for their application to communicable
diseases. This review will seek to define realistic targets for such
attempts and also seek to examine some developments in general
immunoassay methodology and immunology [1, 2], to assess their impact on
communicable diseases and parasitic infections.

Present day immunological interest in communicable diseases focuses
on four apparently distinct areas - immunopathology, immunodiagnosis,
immunoprophylaxis and immunotherapy, but these are interlinked.

2. GOALS FOR IMMUNOASSAY

Our expectations from immunoassay are primarily in immunodiagnosis
but immunoassay may unravel aetiopathology and help assess the results of
therapy. Further the search for the protective antigens and protective
antibodies for immunoprophylaxis is furnishing information which promises
to be helpful in immunodiagnosis.

*This paper was not presented at the Advisory Group Meeting but is
included in this document as it provides a general background to the
other working papers.
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2.1. It may be helpful to list the following stages in the interaction of
man or other host with the microorganism or parasite.

a. Unexposed and uninfected e.g. the North American in relation to
schistosomiasis.

b. Exposed but uninfected e.g. a Western traveller in the tropics
who ingests helminths or protozoa and destroys them without
infection being set up.

c. Exposed infected individual before clinical illness i.e. the
stage of incubation.

d. Exposed and infected with symptoms of acute clinical illness,
e.g. a patient with Plasmodium falciparum malarial fever.

e. Exposed infected without clinical illness but nevertheless
capable of transferring illness e.g. the typhoid carrier.

f. Exposed and chronically infected e.g. the filarial patient
harbouring adult filaria, with or without intermittent
microfilaraemia, or the malarial patient with hepatosplenomegaly and
exo-erythrocytic schizogony.

g. The exposed, infected and cured subject e.g. subject who has
had Plasmodium falciparum malaria two months ago.

h. The exposed, infected and cured subject now exposed to renewed
infection e.g. post primary tuberculosis in the adult or a second
attack of typhoid.

2.2. The immunoassayist must not only determine whether infection is
occurring but also define to which of the stages (B-G) the patient
belongs. In addition it is desirable to differentiate between localized
and metastatic infection e.g. between intestinal and hepatic amoebiasis.

It is thus clear that the diagnostic aims in a communicable disease
immunoassay are far more ambitious than in an endocrine disease where it
suffices to measure a ligand in a body fluid to assess the functional
status of a particular endocrine organ.

2.3. The biological fluid in a communicable disease is sometimes
different from those chosen in endocrinology. For hormones, the serum,
urine or saliva is usually chosen but for communicable diseases it may be
necessary to sample also haemolysate from RBC, stool or cerebro spinal
fluid (CSF) and sometimes other tissue fluids e.g. hydrocele fluids in
filariasis. Interfering factors in such materials can be different.

2.4. The analytes to be measured in communicable diseases include (i)
antibodies, (ii) antigen, and (iii) immune complexes. Apart from these
one can try to measure the cellular immune response e.g. sensitized
T-lymphocytes. Anti idiotype antibodies (antibodies directed against

antibodies elicited by the foreign organism) may exist and like immune
complexes may complicate the measurement of antigens or antibodies. The
Network Theory [3] suggests that antibodies, anti-idiotype, and anti-
anti-idiotypes create a fine regulatory cascade which may be significant
in modifying the clinical picture of the disease. The anti-idiotype
possesses a conformation similar to that of the original antigenic
epitope and may, therefore, masquerade as the antigen in immunoassay
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systems or deliberately be used instead of scarce antigen in assay design
[4]. Conversely the antigen can be detected by its' ability to inhibit
the idiotype - anti-idiotype interaction and such assays have now been
reported for schistosomiasis [5].

2.5. The formation of immune complexes is dependent upon (a) the
quantities of antigen and antibodies present, (b) antigen-antibody
affinity which determines stability of the immune complexes and (c) upon
the rate of clearance through the reticulo-endothelial system or the
kidneys and other target organs where immune complexes commonly deposit.

The quantum of circulating antigen will depend upon the parasite
load, it's developmental stage and the clinical stage of the infection
(para 2.1.). The quantum, type, affinity and specificity of the antibody
will depend upon the degree of exposure to antigen (which will vary
according to the aforesaid factors) and the response of the immune
system, which is controlled not only by genetic factors but also by
environmental influences e.g. steroids.

3. TYPES OF ASSAY SYSTEMS

3.1. Immunoassay systems seeking to measure antigens, antibodies, immune
complexes or anti-idiotype antibodies can be classified [1] as - (a)
competitive type limited reagent systems, of which radioimmunoassay is
the outstanding example, and, (b) derivative type excess reagent assays
in which the whole of the analyte is reacted with a large quantity of a
binding reagent which is either directly or indirectly labelled, as in
the immunoradiometric assay [6]. Radioimmunoprecipitation assays using
polyethylene glycol (RIPEGA) or charcoal have limited sensitivity and are
dependent on the size of the complex of antigen and I125 labelled
antibody [7] and are, therefore, of limited clinical applicability.

3.2. Competitive assay systems depend on the measurement of the analyte
in a biological sample by allowing it to compete with a labelled analyte
for reaction with a limited quantity of a binding reagent, usually
antibody. Such assays despite their wide employment have inherent
constraints when compared to excess reagent systems, with regard to their

sensitivity, this being of the order of .01/K, where K is the affinity
constant of the antigen to the antibody [1]. It may be argued that for
communicable diseases ultra high sensitivities are not always essential
but a different problem arises. The antibodies evoked in the patient in
response to the infection are present in the biological sample and
destroy the limited reagent scenario [8]. Even if low affinity
antibodies are present they offer a large number of binding sites as
compared to the small quantity of high affinity antibodies used in the

competitive assay. Extraction of biological samples to remove antibodies
or immune complexes is not only tedious but also technically difficult if
one is separating these from a large molecular weight antigen as is
frequently the case in parasitic diseases.

4. MEASUREMENT OF ANTIBODY

4.1. Problems

Measurment of antibodies by conventional serological or ELISA type
techniques has been an established immunodiagnostic procedure but today
there is an increasing emphasis on the need to measure antigens [9].
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Firstly, the presence of antibodies does not differentiate between

present and past infection nor categorise the stage of infection (para
2.1.). Secondly, the humoral immune response takes a finite time to

develop and very early infection may therefore not be diagnosed.
Thirdly, the antibody response may never appear e.g. in an immunologically
compromised host, or with very small amounts of secluded antigens such as
an infection confined to the anterior chamber of the eye. Certain

overwhelming infections may depress the immune response e.g. measles,
miliary tuberculosis and the acquired immunodeficiency syndrome (AIDS).
Certain infections are known to elicit a cellular rather than humoral
immune response e.g. tuberculosis [9A].

Fourthly, anamnestic reactions and the prozone phenomenon have long
been recognized as bedevilling the immunodiagnosis of typhoid in the
Widal test. A patient suffering an unrelated fever may show a raised

titre of antibodies to salmonella and demonstrating a rising titre to
clinch the diagnosis may involve waiting for two weeks.

Fifthly, it is possible in some diseases such as rubella to
differentiate acute from past infection by analysing whether the antibody

response is IgG or IgM, the latter being common in recent infection.

However, this approach may fail e.g. in African trypanosomiasis, and

"big spleen disease" where there is a persistent IgM response [10].

Sixthly, methods for measurements of antibodies are critically
dependent on the availability of purified antigenic material as

standard. Use of intact parasite or a crude mixture of antigens may lead

to the measurement of an irrelevant or even cross reacting antibody. The

parasites have a complex life cycle involving different developmental

stages each of which has a bewildering surfeit of antigens. Radiation

immobilisation of whole microbial cell has been described for

constituting solid phase [11, 12].

ANTIBODY DETECTION -

SOLID PHASE COUPLED '
Ag

INCUBATED WITH
UNKNOWN SAMPLE

(Ab?) 4

SPECIFIC ANTIBODIES I -
BOUND

INCUBATED WITH
LABELLED
ANTI-IG 

i1']
G(;. ]. Use o labelled anti-lgG antibody Jor detection of circularing antibodies.

An antibody response to be diagnostically useful should be species
specific. Responses to widely shared antigens e.g. Nematode class
antigens, or highly restricted antigens e.g. variant specific responses
to trypanosomes, are not useful. The antigen source used for antibody
measurement has usually been a whole organism or soluble extracts.
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Homologous parasites would be the obvious source. This is possible for
Entamoeba histolytica but in some diseases it is difficult to obtain e.g.

for Plasmodium vivax, a close relative, such as Plasmodium cynomolgi, has
to be used. This aggravates diagnostic confusion due to cross reacting
antibody. It is sometimes possible to draw meaningful conclusions from
antibody responses by considering the context of the geographical and
clinical situation but it would intrinsically be desirable if an assay
could provide a species specific diagnosis without additional data.

4.2. Why measure antibodies at all?

Nevertheless the measurement of antibodies remains important from
several points of view. The production of antibodies is evidence of (a)
exposure to parasites and (b) of the immune status of the host. It is
also valuable epidemiologically e.g. to determine geographical
distribution and prevalence of malaria. Antibody measurements may be
used during surveillance to determine the effectiveness of public health
measures in the community or of individual chemoprophylaxis or therapy.
The presence or absence of protective antibody may identify individuals
at risk of developing infection among contacts or residents in an endemic
area. Studying antibody level also helps to understand the complexity of
a host response to a parasite, e.g. in filariasis, one subject achieves
complete cure, another has recurrent microfilaraemia and the third
develops the syndrome of tropical pulmonary eosinophilia without
demonstrable filaraemia.

5. WHICH ANTIGEN TO MEASURE?

It is therefore, clear that one must try to measure antigenemia but
the question arises as to which antigen is to be measured. Antigens may
be secreted in the body fluids or be associated with cell walls or
membranes or found in the cytosol. For organisms which are in
inaccessible sites a secreted antigen would be preferred so that there is
an appreciable quantity in the body fluid being sampled. Ekins has
suggested that in the future intra corporeal immunoprobes [13] may be
employed rather than the in vitro measurments in body fluids. The
antigen measured should correlate with the quantum of infection but it
need not be identical with the protective antigen eliciting the
protective immune response. It may be preferable in fact to measure a
parasite product or antigen which is not immunogenic so that it is not
masked by antibodies evoked in the body fluids.

Parasite antigens can be proteins, polysaccharides or lipoidal in
nature. It is easy to obtain antisera against protein antigens.
Competitive assays require that the antigen should be chemically stable
during iodination and also not damaged in body fluids during sample
storage/transport or during the assay incubation. The antigen should be
specific for the diagnostic need (para 2.1), non-infective and
non-toxic. For competitive assay systems the antigen should be easily
labelled. For such systems the labelled antigen need not be identical
with immunogen or even with the antigen being measured. All that is
required is that the standards and the unknowns compete in the same
manner for the antibody with the labelled antigen. However, the specific
activity of the labelled antigen must be high and the yield of the
labelling procedure must be such that the desired labelled antigen
constitutes a sufficient proportion of the total radiolabelled material.
In a competitive assay system the lowest amount that can be measured is
sometimes apparently dependent on the amount of labelled antigen being
employed and a high specific activity is therefore desirable.
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FIG.2. Use of labelled specific antibody or heterologous labelled anti-IgG antibody in antigen
detection.

5.1. Pertubation by biological fluid

When assaying for communicable disease antigens by competitive
assays, the biological fluid, anticoagulants, preservatives, pH, ionic
strength and temperature of the assay medium are even mpre important
factors than in hormonal assays. This is because the biological fluid
may contain not only enzymes but parasitic microorganistal products which
can interfere with or degrade the antigen being measured.

Dilution of the biological sample is often practiced to reduce
non-specific intereference. It is, therefore, desirable to design an
assay which has an intrinsic sensitivity high enough to permit at least
1:10 dilution [14].

Harsh extraction procedures for separating the antigen from the
biological fluid prior to measurement would not only be tedious but may
also damage the antigen being measured which is usually a large
molecule. The labelled antibody techniques are relatively free of such
interference because in the two site modification the capture antibody
atraumatically extracts the antigen from the body fluids [15].

6. LABELLED ANTIBODY TECHNIQUES

6.1. Advantages

Labelled antibody techniques for measuring antigen or antibody are
simple in conception (Fig. 1 & Fig. 2) and avoid the problems due to
serum effects [16] or of having to atraumatically iodinate the antigen.
Using monoclonal antibodies the serum effects are less than with
polyclonal antibodies [17]. Using known clinical samples which it is
desired to differentiate as positive and negative, one can avoid the need
to choose in advance a particular antigen for the immunoassay. One can
use permutation and combinations of antibodies until one finds a set
which reliably differentiates the two clinical situations. One can then
determine which antigen is being measured and proceed to purify it or to

20



clone it. However, with competitive assays the antigen must first be
chosen and purified before the assay is even set up.

6.2. Problems

Despite these advantages of labelled antibody systems we have
earlier pointed out the problems in their application to communicable and
parasitic diseases [9] e.g. Interglobulin reactions due to rheumatoid
factor like substances [18-20], non specific stickiness of IgM to solid
surfaces, cross-reaction between various species globulins and a
heterologous IgG raised against a particular species, anti-idiotype
masquerading as antigen and hook effects during the assay. Many of these
problems will hopefully be reduced, by the use of monoclonal antibodies
both as antigen specific or antigen capture antibodies or as heterologous
anti-IgG.

7. MEASUREMENT OF IMMUNE COMPLEXES

The different ratios of circulating antibodies to antigen and the
occurrence of antigen-antibody complexes interfere in the detection of
antigen as discussed earlier. There are various methods [21-25] of
demonstrating the presence of immune complexes in general but the
isolation of a particular immune complex involving a particular
communicable disease antigen is not straight forward. Immune complexes
may activate and bind complement, and link to immunoglutins
(anticomplement antibodies), or anti-immunoglobulins, which are naturally
occurring (Rheumatoid factor) or induced (anti-idiotypic antibodies), and
can, therefore, vary in size. The isolation of immune complexes may be
based either on their biological properties (binding to Fc or complement
receptors) or on their physico-chemical properties - size, charge and
differential solubility. Ultracentrifugation, ultrafiltration,
cryoprecipitation and PEG precipitation or Gel chromatography depend upon
physicochemical properties. But all these are tedious. Fc receptors may
be solid phase Clq or other solid phases e.g. monoclonal rheumatoid
factor while complement receptors may be solid phase conglutin, solid
phase Anti - Clq antibodies, or Raji cells. One can thus immobilize the
immune complex by using solid phases, looking at complement or the Fc
receptor of the antibody. After this one can either dissociate the
antigen-antibody bond by changing the pH or ionic strength and then
measure the antigen, or one may attempt to measure the communicable
disease particle linked to the antibody using another labelled antibody,
looking at a different epitope of the communicable disease particle.
Separating immune complexes from large molecular weight antigens may not
be possible by polyethylene glycol [9].

Similar separation of antigen-antibody complexes from antibodies or
antibody aggregates is also troublesome. However, several groups are
wresting with these problems and it is hoped that simpler methods will
soon become available.

8. ASSAY HAZARDS IN COMMUNICABLE DISEASES

Certain special problems in applying isotopic assays to biological
specimens must now be mentioned. The biological sample carries not only
the risks of unsuspected Hepatitis B, but also the risk to laboratory
workers from the infection being diagnosed. This has been a real
constraint in the development of certain assays which are obviously
needed e.g. an assay for rabies antigen in the saliva of dogs or the body
fluids of dog bite cases where the offending dog is not traceable.
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Straus and Van Der Horst [14] have approached this problem for
tuberculosis samples by developing an RIA using heat altered
tuberculo-protein as immunogen, the antibody recognizing the heat altered
material. This allows all samples to be autoclaved before assay. It is
claimed that apart from safety such heat treatment dissociates immune
complexes and denatures endogenous antibody, removing the interference
due to these in a competitive assay for antigen. This approach depends
upon the existence of an antiserum for a heat stable or Specifically heat
altered protein coupled with heat labile immune complexes and
antibodies. The principle is elegant and needs to be explored for other
diseases.

The safety considerations regarding biological samples also apply to
the assay standards. Measurement of antibodies in body fluids requires
the use of antigens which may themselves be infective. The competitive
assay methods for antigen measurement require the presence of antigens
both in the standards as well as in the labelled tracer material. The
immunoradiometric methods for antigen measurement also require standard
antigens to set up a standard curve although one sometimes avoids this
problem by using a negative and a positive control serum (which is in
effect a two point standard curve) e.g. assay for Australia antigen.

9. NEED FOR STANDARDIZED PURE MONOSPECIFIC ANTIBODIES, ANTIGENS,
AND FOR CLINICALLY VALIDATED ASSAY PROTOCOL

As discussed earlier measurements of antigens by labelled antibody
techniques requires monospecific antisera (preferably two looking at
different epitopes) as assay reagents and either purified antigens as
assay standards or known positive and negative samples. Competitive
assay methods for measuring antigens, require one monospecific antiserum,
purified antigen as standard and as a source of labelled antigen and also
perhaps as immunogen to raise antisera.

Detection of antibodies by labelled antibody techniques requires
purified antigen for coating solid surfaces which will capture the
desired antibody. Thus for both these aims monospecific antisera and
purified antigens are prime requisites. Over the last decade the
introduction of affinity chromatography for the purification of
polyclonal antisera and the hybridoma technology for producing monoclonal
antibodies have shown the way to obtain monospecific antibodies which may
be used either as such or as an "engineered polyclonal clocktail" for
assays. Simultaneously genetic engineering promises [26, 27] to obtain
unlimited quantities of an antigen without having to extract and purify
it from patients, in vitro cultures, vectors or animal hosts. DNA hybrid
probes have been used to identify malaria infected blood [28]. Similarly
filarial antigens have been detected using a PAGE - Western Blot -
labelled antibody overlay autoradiography [29] but these are research
methods not suitable for widespread clinical application. Unfortunately
in the common communicable diseases/parasitic infections, monospecific
antibodies and genetic engineering produced pure antigens have either not
been made or are not available for distribution. An assay which is to be
useful for individual diagnosis or epidemiology must be available around
the world and utilize easily available material and it should therefore
be an urgent priority of international organisations tolfund the
development of monospecific antisera or pure antigens for worldwide
distribution.
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Once such purified materials are available protocols must be tested
so as to standardize which combination of antibodies and/or antigens
provides the most meaningful results answering clinical questions e.g. in
a two site immunoradiometric assay one must choose the best combination
of solid phase capture antibody and of second antibody to measure a
particular antigen. It is hoped that over the next decade monospecific
antisera, pure antigens and validated assay protocols are introduced in
all the major communicable diseases and this may require setting up task
forces for each of them.

10. ISOTOPIC VERSUS NON ISOTOPIC LABELS

For antibody detection isotopic and non isotopic labels have the
same order of sensitivity and specificity [30, 31]. For the detection of
antigens or of immune complexes, the non specific signal in radioactivity
is much less than that due to autofluorescence/enzymes using conventional
fluorochrome or enzyme labels. However, using the time resolved
fluorescence of Europium chelates linked to antibodies combined with
pulsed excitation of the sample, the sensitivity theoretically attainable
is much greater than with isotopic labels [32]. The cost of
sophisticated equipment for measuring non isotopic label is not lower
than that of radioactivity counters and therefore because of availability
of isotopic counting equipment, isotopic assays will continue to be used
for a long time. The real limiting factor in isotopic label is not the
health hazard but the limited shelf life and this may eventually cause
non-isotopic methods to replace them.
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DEVELOPMENTS IN IMMUNOASSAYS FOR
DIAGNOSIS OF PARASITIC DISEASES

E. LINDER
National Bacteriological Laboratory,
Stockholm, Sweden

Abstract

The purpose of this paper is to define the major problems involved in
immunodiagnosis of parasitic diseases and to point at their solutions
based on recent literature. The topics to be examined are advances in
assay technology, development, purification and standardization of the
reagents employed in the assays, and reasons for false positive and false
negative reactions.

INTRODUCTION

Serological diagnosis of parasitic diseases is usually confirmatory
but may be essential under certain conditions such as infection with only
a few parasites, early infection before typical disease manifestations
are seen and disease caused by parasites located at secluded or atypical
sites. Immunodiagnosis of parasitic diseases may also be the only useful
diagnostic tool in epidemiological studies. Such tests may also be of
importance as screening tests for parasitic infections in patients with
non-specific symptoms after travel to endemic areas. Furthermore,
immunoparasitology is closely related to both immunopathology and
prevention of parasitic infections by vaccination.

Several problems are associated with immunodiagnosis of infections
caused by various agents. The demonstration of specific antibodies in
the circulation is a secondary event dependent on the immune response of
the host. Several circumstances, such as route, stage and location of
the infectious agent, as well as genetic properties of the host effect
the timing, duration, quantity, fine specificity and class of the
antibodies formed. The simultaneous presence of foreign antigen and
specific antibodies may lead to neutralization of the antibody and
formation of circulating immune complexes.

In addition to these common problems there are those typically
associated with immunological diagnosis of parasitic diseases. A major
problem is a consequence of a complex immune response. The parasites are
in general well differentiated organisms with a complicated life cycle
even within the host. They may therefore generate a spectrum of
antibodies of different specificities and directed not only against
different parts of the parasite but also against different developmental
stages. The parasite may on the other hand have developed means of
evading the host immune response. Protective measures include antigenic
variation, shedding of surface components and covering of the surface
with host derived material.

Immunodiagnosis in parasitic infections is currently mainly based on
identification of circulating anti-parasite antibodies but there is a
clear tendency showing that demonstration of parasite antigen is of
diagnostic significance (1). The specificity and sensitivity of the

27



diagnostic methods used are dependent on one hand on the technology, and
on the other, on the reagents used. It is concluded that the available
technology provides the necessary tools for immunodiagnosis of parasitic
diseases. The problems are caused by the lack of well defined reagents
and the false positive and false negative reactions which are seen as a
consequence of this.

Parasite Antigens

The use of crude mixtures of parasite antigen for demonstration of
mixtures of antibodies present in patient sera leads tol problems of
specificity, reproducibility and standardization. A major problem has
therefore been to prepare antigenic material useful as target antigen in
the assay (2). The starting situation is the need to demonstrate
antibodies to unknown target antigens using poorly characterized crude
antigen material.

The immunofluorescence (IFL) technique is a basic immunodiagnostic
method in parasitology as it makes use of whole parasites as antigen and
is still capable of differentiating distinct antibody responses. Other
techniques, not only the classical ones based on precipitation or
agglutination but also enzyme- and radioimmunoassays are dependent on
antigen preparations which still largely consist of crude parasite
extracts. This causes problems in standardization and comparison between
individual samples, and risk false positive reactions. However, the
tendency to prepare defined fractions containing immunodominant parasite
antigens is evident from numerous published reports.

New strategies for analysis of mixtures of antigenic material and
for demonstration and isolation of immunodominant antigens have evolved
with development of biochemical separation techniques such as affinity
chromatography using antibodies and lectins as binders and high power
liquid chromatography and isoelectric focusing. Combination of
biochemical separation on polyacrylamide gels followed by transfer of
isolated polypeptides to nitrocellulose membranes have made analysis of
mixtures of antibodies and antigens possible. Radionuclide labelling of
parasite antigen followed by immunoprecipitation and polyacrylamide gel
electrophoresis is another powerful analytical procedure for defining
target antigens.

Revolutionary possibilities are provided by DNA technology for
purification of parasite antigens by development of cDNA clones of
antigen genes of both protozoa and helminths. Such reagents will
probably have a fundamental impact on immunodiagnostic techniques in the
near future.

Furthermore, the facinating possibility of solving the problem of
lack of available antigen by substituting parasite antigen with
anti-idiotypic antibodies has been pointed out (2, 3).

Monoclonal antibodies

Monoclonal antibodies are directed against a single antigenic
epitope. They can be induced by immunization with crude antigen mixtures
or during natural or experimental infection and the antibodies can be
produced in unlimited amounts.

Monoclonal antibodies have been used for the demonstration of both
parasite antigens and anti-parasite antibodies, and they have a central
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role in solving the major problem on immunodiagnosis of parasitic
diseases, that of specificity of the reagents (4, 5).

A possible solution to the problem may lie in the design of
inhibition assays. Antibody assays employing solid phase antigen and
monoclonal antibodies have now been developed. The use of a monoclonal
antibody eliminates the problem involved in assays employing mixtures of
antigens for demonstration of mixtures of specific antibodies. In such
an assay specific antibody activity can be measured by preincubating
patient serum with test antigen followed by monoclonal antibody, the
binding of which is measured. Assays employing solid phase monoclonal
antibodies have also been designed for demonstration of antigen. This
eliminates the need for purified labelled antigen in competitive binding
assays.

Immunoassays

The basic immunoassay principles were established almost 30 years
ago in studies on binding of radiolabelled insulin to anti-insulin
antibodies by Berson, Yalow and co-workers. The basis for the
radioimmunoassay, the RIA, was laid by the observation that labelled
insulin can be displaced by unlabelled insulin in the assay. The
competitive binding assays which subsequently evolved, have been used in
a variety of situations for quantitation of ligands present in trace
quantities in body fluids. The recently developed immunoradiometric
(IRMA) assays employ "labelled antibody" in excess which binds a limited
amount of analyte present in the test sample (6). Removal of unreacted
reagent involved problems which were solved by using solid phase
modifications; unlabelled solid phase antibody "catching antibody" is
capable of binding the ligand which can be detected with a labelled
second antibody (two-site assay) or the second antibody can be detected
with a labelled anti-antibody.

The basic principles of immunoassays have been applied for different
diagnostic purposes and the radionuclide label has been substituted by
stable labels, most frequently an enzyme. The future of radioactive
versus stable labels in immunoassay technology has been the subject of
several studies (7, 8). The choice of suitable labels has to be decided
in casu and depends on a number of considerations. Immunoassays for
parasitological diagnosis are dependent above all on defined reagents and
insights in the possible interference mechanisms causing false positive
and false negative reactions.

The solid phase assay employing parasite antigen bound to a plastic
support is used in parasitological diagnosis for demonstration of
specific anti-parasite antibody. The assay can also be modified for
demonstration of antigen (1). The immunoassays employed are commonly
non-isotopic solid phase assays using polystyrene microtiter plates
passively coated with antigen. Bound antibodies are detected with
labelled anti-immunoglobulin conjugates. Recent advances include new
labels, non-covalent coupling techniques, novel separation techniques and
homogenous assays.

New labels have involved, in addition to the commonly used
enzyme-chromogen combinations (peroxidase with orthophenylene diamine
(OPD) and alkaline phosphatase with 4 nitrophenyl phosphate), fluorescent
substrates derived from methylumbeliferin. The use of fluorescent
substrates involves problems with light scattering and autofluorescence
originating both from the samples and the equipment.
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The fluorescent probes commonly used, FITC, TRITC and dansyl
derivatives have excitation and emission wavelength maxima separated by
not more than about 30 nm. These properties of the fluorochromes cause
background problems and weak signals. The introduction of fluorescent
chelates of rare earth metals, especially europium (Eu) has overcome the
major problems involved in fluorometry. Their advantage is a very large
Stokes' shift - for Eu over 270 nm, narrow emission spectra and long
decay times of the fluorescence. The latter property makes possible the
use of short excitation light pulses of about 1 ns which are followed by
a rather long counting time after a delay during which autofluorescence
of the background has decayed. As a consequence background fluorescence
can be efficiently eliminated (9).

Further developments in immunoassays are the homogeneous
immunoassays in which the complex formed after antibody and antigen have
combined does not need to be separated from unbound ligand (10). Such
types of assay employing fluorescent probes make use of changes in the
degree of polarization taking place in the fluorescent probe after
binding. Decrease in fluorescence (fluorescence quenching) and increased
fluorescence (fluorescence enhancement) may also occur in some
fluorescent probes depending on the change in the microenvironment (11).

Homogeneous assays have also been developed in which the enzyme of
an antibody-enzyme conjugate is prevented through steric hindrance from
reacting with the substrate after antibody has bound to a large antigen
(10, 12).

False positive and negative reactions

Class specific antibodies are determined especially in neonatal
infections as IgG but not IgM may be transferred from the mother to the
fetus. The presence of IgM rheumatoid factor(RF) in serum samples may
cause false positive reactions in IFL, ELISA and RIA designed to
quantitate specific IgM class antibodies especially in diagnosis of
neonatal infections (13 - 15). Demonstration of IgM class antibodies is
indicative of recent or active infection and is of special importance in
diagnosis of neonatal infections (15). Diagnosis of active disease
during pregnancy may have important therapeutic consequences and false
positive results have to be avoided by all means. The problem is
especially important as a significant increase in RF occurs during
pregnancy (16). IgM rheumatoid factor is routinely demonstrated using
latex particles coated with denatured IgG which are commercially
available. Also the ELISA can be used for determination of IgM RF (17).

Positive test results indicating presence in patient sera of IgM
class anti-parasite antibodies frequently have to be further examined in
order to exclude the possibility of interference by IgM rheumatoid
factor. False positive reactions may result from binding of RF to bound
anti-parasite IgG class antibodies. If positive for RF, absorption with
denatured IgG can be performed e.g. using IgG bound to latex particle
(18). Fractionation of IgG, IgM and IgA can be achieved by a combination
of ion exchange chromatography, lectin affinity chromatography and
absorption with staphylococcal protein A.

An alternative to elimination of IgM RF from the test sample is to
use specific antibody against IgM in the solid phase for binding of serum
IgM including specific anti-parasite antibodies. Labelled specific
parasite antigen or a labelled second anti-parasite antibody is used for
detection of bound antigen.
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False positive reactions, or more exactly unwanted positive
reactions can be seen which are basically due to the use of impure
antigens in the assay. Potential sources of error are constituents of
the parasite contractile apparatus e.g. actin and myosin, and
cytoskeletal proteins like tubulin, as well as various nuclear antigens.
Little is known about the frequency of such interferring reactions. That
they deserve attention is suggested by the observation that anti-nuclear
anti-bodies may cause false positive reactions in tests for Toxoplasma
antibodies (19). The possibility of false positive reactions due to
anti-myosin has also been considered in the case of antibodies reacting
with Toxoplasma gondii.

False negative reactions may occur not only from deficient antigen
or antibody preparations but also from limitations of the technique e.g.
blocking antibodies against Toxoplasma which may block binding of IgM
class antibodies. Blocking antibodies may be removed by fractionation.
Absorption with staphylococcal protein A is the most commonly used
procedure for removal of IgG. The absorption is considered useful even
if protein A binds only IgG subclasses 1, 2 and 4 and binding of IgM by a
few per cent also takes place.

Several parasitic infections are associated with release of
antigenic material into the circulation (2, 20 - 25). False negative,
and in some cases false positive reactions can be caused by circulating
immune complexes depending bn their composition and on the assay: the
complexes can be precipitated by polyethylene glycol and bind to solid
phase antibodies against antigen, antibody or complement (26). The
complexes may have the capacity to activate and bind complement, bind
anti-complement antibodies (immunoconglutinins), anti-immunoglobulins (RF
and anti-idiotypic antibodies) (27 - 32).

Conclusions

Development of rapid, sensitive assays based on non-radionuclide
labels in immunoassay technology continue to challenge established
radioimmunological assays in the field of immunoparasitology. Comparison
between different assay techniques have to depend on well defined
reagents. Immunodiagnosis of parasitic diseases is complicated by the
complexity of both the parasite and the host immune response. Serious
problems involving false positive and negative reactions are due to lack
of standardized reagents, but recent advances in in vitro culture
techniques, biochemical isolation procedures, development of monclonal
antibodies and DNA technology provide the necessary tools for rapid
development in the field.
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Abstract

Recent progress in immunodiagnostic tests for schistomiasis have
allowed evaluation of several purified antigens from S. mansoni egg or
adult worms to detect anti-schistosome antibodies. Egg antigens allowed
more sensitive and specific assays of anti-schistosome antibody although
no antigenic preparation proved to be decisively superior as an
immunodiagnostic tool. Promising results were obtained by measurement of
IgM antibodies which correlate with acute infection and IgE antibodies or
immune complexes which decrease rapidly after parasitological cure.
Assay of antibodies in schistosomiasis japonicum by sandwich immunoassays
or competitive radioimmunoassays with monoclonal antibody yielded
sensitive results in epidemiological studies. Measurement of circulating
antigens is made difficult by interference of immune complexes and the
correlation of antigenemia with parasite load is still controversial.
Yet decrease in circulating levels after treatment appears as valuable
information to be evaluated in large scale studies. Detection of non-
immunogenic parasite-derived products might avoid the difficulties
introduced in immunoassays by complexed antigens. Purification of
schistosome antigens or absorption of cross-reactive antigens from crude
preparations and preparation of specific monoclonal antibodies should be
encouraged.

1. INTRODUCTION

Immunological tests for the diagnosis of schistosomiasis have been
in use since the beginning of this century. Yet, these still represent a
challenge to immunoparasitologists, mainly because of the intense cross-
reactivity among parasites, the limited availability of pure schistosome
antigens and the marked variability in seroreactivity of the patients.
Extensive efforts are presently directed to the improvement of old and
new immunodiagnostic tests in order to increase their specificity which
is still the limiting factor in most assays.

It is generally accepted that the specificity of immunodiagnostic
tests will rely mainly on the use of genus- or species--specific reagents,
but that particular requirements for individual tests will depend on
their intended use. A primary goal of research in immunoassays is to
develop a rapid, cheap and technically easy test which can be
epidemiologically used in endemic areas, particularly to evaluate the
effects of various national or international schemes of control, as an
alternative to the reliable but tedious and time-consuming quantitative
egg count techniques. On the other hand, assays for clinical studies or
research may take advantage of the sophisticated methodology available to
achieve maximum specificity or sensitivity, which are of particular value
in certain stages of the infection when egg excretion may be scant. A
further goal of immunoassays is the distinction between infection and
disease, which is one of the most important features from a clinical
viewpoint, as it is recognized that whilst the majority of a population
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in an endemic country may be actively infected by schistosomes, only a
portion will present clinical morbidity. Another purpose of research
oriented assays is to provide means to assess effectiveness of
chemotherapy or other curative measures. Besides their enormous appeal
in epidemiology, such assays might be used for monitoring of treatment or
pharmacological research. Finally, the ability of immunodiagnostic tests
to differentiate those individuals that develop a protective immune
response against schistosomes deserves consideration.

Almost every serologic technique has been applied to immunodiagnosis
of schistosomiasis. For many years, the tests depended on the
identification of an antibody response against the three most important
species, Schistosome mansoni, S. japonicum and S. haematobium. The
alternative of immunoassays to detect circulating schistosome antigens
has been more recently explored, since current serologic assays for
antiparasite antibody lack the ability to differentiate individuals with
active infection from those with past infections and from those who have
recently been cured. It has been recognized however that detection of
precise antibody isotypes might bring useful information to our appraisal
of the host-parasite relationship.

2. ASSAYS OF ANTI-SCHISTOSOME ANTIBODIES

One of the most important factors in these assays is represented by
the antigen preparation employed in the test. Crude schiistosome-derived
antigen preparations commonly used in assays for the detection of anti-
schistosome antibodies are in fact heterogeneous mixture of specificities
obtained by extraction or homogenization of the different stages of the
life cycle of schistosomes. Thus the relevant antigen(s) may be either
hindered by large amounts of irrelevant or cross-reactive molecules, that
depreciate the results of serological tests, or present in too small
quantities to be bound by the antibodies with sufficient sensitivity.
The specificity of the test, which is determined by the antigens used,
might be improved when the crude antigenic preparations are replaced by
fractions of them, or by purified genus- or species- specific antigens.

The necessity for the isolation, purification and standardization of
schistosome antigens has been emphasized since 1974 [1] and becomes more
and more evident for the new generation of highly sensitive methodologies
for immunoassays. Gel filtration, ion exchange chromatography and
affinity chromatography with lectins or with polyclonal or monoclonal
antibodies, are being used in several laboratories. Several purified
antigenic preparations are now available although in limited quantities,
which have been evaluated in immunodiagnostic tests [2].

2.1. Assays using purified antigens

Antigen preparations for use as reagents in the detection of
infection-specific antibodies should meet the following requirements: (a)

sufficiently large quantities of the antigen are needed to allow
evaluation of the test; (b) the antigen should be stable under storage

conditions, which might be a major problem in field studies; (c) the
antigen should be recognized by the antibodies in a ma ority of specific

infection sera; conversely (d) it should contain minimal cross-reactive

epitopes; and (e) the antigen should be compatible witi the assay system
i.e. it can be either labelled for Farr-type assays orlbound to a solid
phase for sandwich-type assays. This might be difficult to achieve,
particularly in the case of polysaccharide antigens that do not absorb

readily to polystyrene. However, modifications of thelinert matrix can
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be used, like for instance precoating the wells of microtitration plates
with poly-L-Lysin [3]. Cross-linking of antigens, particularly those of
low molecular weight can also improve the assay system [4].

Two stages of the life cycle of schistosomes, the egg and the adult
worm, present lasting antigenic stimuli to the infected host, and
antigens prepared from these two stages therefore are the most obvious
choice for use in immunodiagnostic tests. Three basically different
approaches are possible for the purification of schistosomal antigens.
(a) A single defined antigen, previously recognized as presenting
diagnostic interest, can be purified using a specific isolation procedure
by appropriate chemical or immunochemical methods; (b) alternatively,
immunochemical techniques can be used to deplete cross-reactive antigens
in parasite extracts [5]; (c) general purification methods can be applied
to crude schistosome homogenates, this step being followed by the
selection of the fraction(s) with the desired properties; (d) as it may
be difficult to obtain large amounts of purified antigens, a further
possibility is to use anti-idiotypic antibodies instead of the antigen in
a sandwich assay, but no success with this approach has been reported
yet, although anti-idiotypic antibodies proved to be useful in monitoring
the isolation of target antigens [5, 6].

2.1.1. Fractionated schistosome egg antigens

Several purified antigenic preparations have been evaluated in
immunoassays. The major serological antigen (MSA1) of S. mansoni eggs
was fractionated by a combination of lectin affinity chromatography, ion
exchange chromatography and gel filtration and its preparation monitored
with monoclonal antibodies. Fractions of 68-200 kDa have been labelled

with 125 I and used in a Farr-type assay with ammonium sulphate to
precipitate the antigen-antibody complexes. Although the
cross-reactivity of this egg fraction was very low (< 1%), the assay
showed only quantitative differences among sera from patients infected
with one of the three schistosome species, significantly higher results
being obtained with sera from patients with schistosomiasis mansoni [7].
S. mansoni soluble egg antigen (SEA) was purified by immunoaffinity [8]
while CEF-6 S. mansoni egg antigen was isolated by elution from
CM-Sepharose columns [9, 10].

Egg antigen from S. japonicum was fractionated using gel filtration,
ion exchange and lectin affinity chromatography [111, a combination of
ConA and immunoaffinity chromatography [12] or Con A-Sepharose and gel
filtration chromatography (GP-2) [Tracy & Mahmoud, in 2], while 8M-urea
soluble egg-antigen fraction was reported to retain higher antigenic
activity than aqueous soluble fractions, the former containing high
molecular weight glycoproteins [13]. Hydrophobic glycoproteins from
S. japonicum soluble egg antigen were shown to have higher specificity
and sensitivity than hydrophylic glycoproteins or SEA proteins [14].
Preliminary purification of S. haematobium egg glycoprotein of 70 kDa
allowed to demonstrate its reactivity with antibodies from patients with
S. haematobium infection and its partial cross-reactivity with antigens
in S. mansoni eggs [15].

2.1.2. Purification of adult worm antigens

Excretory-secretory antigens collected from the incubation of
S. mansoni adult worms were semi-purified by affinity chromatography on
ConA-Sepharose [Capron A., in 2] or fractionated by gel filtration on
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Ultrogel ACA-44. Antigens of low molecular weight (< 60 kDa) gave about
30 % false negative results in schistosomiasis mansoni but little
cross-reactivity; whereas, high molecular weight fractions (> 60 kDa)
gave no false negative but showed cross-reactions which surpassed that of
the total worm antigen preparations [16, 17]. Circulating antigens have
themselves been used to detect antibodies to S. mansoni [3]. Recently,
S. mansoni adult microsomal antigen (MAMA) has been isolated by
differential centrifugation of adult worm homogenates followed by gel
filtration and ion-exchange chromatography [18] and this antigen showed
much higher reactivity with sera from patients infected by S. mansoni
than by other schistosomes and no cross-reactivity with other helminth
parasites [19]. Two carbohydrate antigens eliciting specific antibody
responses in humans have been characterized in S. mansoni. The
schistosome gut-associated proteoglycan (GASP) and the phenol sulfuric
test active peak (PSAP) were labelled with 12 5I-Bolton-Hunter reagent
and their respective antibodies were precipitated using either
polyethylene-glycol, antihuman immunoglobulins or Staphylococcal protein
A [20, 21].

2.1.3. Evaluation of the antigens for immunodiagnosis of
schistosomiasis

The purified antigen preparations reviewed above were evaluated in
immunodiagnostic tests. Each proved to be recognized by antibodies in
patient sera but cross-reactivity or high percentage of false negative
were the main problems encountered. A recent collaborative study of most
of these antigens has been coordinated by the World Health Organization
using 395 well-documented sera from four endemic areas in Brazil, Kenya,
and the Philippines.

Of the antigens and immunoassay combinations tested in
schistosomiasis mansoni, none proved to be definitively superior with
respect to specificity and sensitivity. S. mansoni egg antigens, both
crude and purified, yielded a higher combined sensitivity and specificity
than the adult worm antigens, the latter being particularly inaccurate
with post-treatment sera from individuals with repeated negative stool
examinations. The sensitivity of immunoassays using labelled reagents in
sera from untreated persons ranked from 63.5 to 91.7 % and the
specificity from 73.1 to 93.8 %. The egg antigens detected over 90 % of
individuals with more than 400 eggs/g stool while adult worm antigens
detected at least 95 % individuals with > 800 eggs/g. No correlation
between clinical morbidity related to S. mansoni and seroreactivity was
observed in any assays. One of the most disappointing conclusion of this
collaborative study was that the circum ovale precipitin test (COPT)
developed 30 years ago appeared to be the most reliable! [2].

On the other hand, S. japonicum fractionated egg antigens showed
high sensitivity and specificity in relation to egg output in the
homologous infection [2]. However, it is generally agreed that the
clinical sensitivity and the specificity of immunodiagnostic tests using
crude S. japonicum egg antigen are sufficiently high, so that there is no
consensus that purification of the crude antigen may have any advantage
on epidemiologic sensitivity [11, 14]. A striking conclusion of a recent
seroepidemiological study in the Philippines was that unrepeated stool
estimations did underestimate serologic positives [22]. Nevertheless, a
study using a radioimmunoassay with extracted S. japonicum egg antigens
in the same country showed that high titers of anti-egg antibodies did
not correlate with faecal egg output [23].
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In agreement with epidemiological findings on maximum increase of
prevalence during childhood and maximum egg outputin this age group, the
highest antibody titers were found in young people both in S. mansoni and
S. japonicum infections, and the serological data with the egg antigens
usually showed a negative correlation with age [2, 23]. Although
significantly higher levels of antibodies were found in homologous
infection, high levels of cross-reactivity were observed between one and
the other schistosome species, particularly with S. mansoni egg antigens
CEF-6 and fractionated SEA or the purified adult glycoprotein antigens.
Yet these antigens appeared highly specific for the schistosome genus as
very low percentages of false positives were obtained with egg-negative
people [2]. Similar findings on shared reactivity were reported for the
S. mansoni microsomal antigen [20] and for the S. haematobium egg
antigens [15].

2.2. Discrimination of schistosomiasis patients in relation to clinical
or immunological status

In an attempt to discriminate patients in relationship to the
duration or severity of infection, or to provide means to assess the
efficiency of the treatment or immunity against schistosomiasis, several
promising approaches have been developed recently.

2.2.1. Comparative measurement of IgG and IgS antibodies

Initial studies with S. mansoni carbohydrate antigens indicated that
IgG antibody responses to GASP were highest in acutely infected patients
but depressed in chronic schistosomiasis; whereas, antibody responses to
PSAP were highest in heavily infected patients [20]. The ratio of
staphylococcal Protein A precipitation of IgG containing complexes, to
polyethylene-glycol precipitation, which detects in addition IgM-specific
antibodies, could discriminate between patients with acute
schistosomiasis, showing depressed ratios (i.e. high IgM antibodies), and
chronically infected individuals, who had mostly IgG antibodies to PSAP.
In some individuals, when antibodies to PSAP were undetectable, levels of
antibodies to GASP allowed the correct classification of almost all
patients [21]. Accordingly, IgH antibodies were preferentially detected
by the ELISA in acute or early infection [24]. Chronic infection could
also be discriminated from recent infection by the ratio of anti-
cercarial to anti-adult worm antibodies (24, 25].

2.2.2. Measurements of IKE antibody or IgE circulating immune
complexes

Although levels of total or parasite-specific IgE antibody (measured
by a RAST-elution technique) do not discriminate patients with mild or
severe forms of chronic schistosomiasis [26] S. mansoni specific IgE
antibodies (measured by a RAST-type assay) and the fraction of the total
IgE response that was parasite-specific were significantly lower in early
infection (< 1 year) than in patients with chronic schistosomiasis (3,5 %
versus 12 % of total IgE) [27]. Furthermore, IgE circulating immune
complexes (assayed by polyethylene-glycol precipitation followed by
incubation of the precipitate with 1251 labelled anti IgE), although
correlated to levels of both total and parasite specific IgE, were
significantly related to the intensity of infection [28]. Interestingly,
a reinfection did not lead to a further increase in IgE complexes [29]
while parasitogical cure was followed by a significant and rapid (1-4
months) decrease in IgE complexes [28, 29] contrary to schistosome-
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specific IgE antibody levels which showed heterogenous results, as in
some patients IgE antibody levels rose in the early months following
treatment whereas they declined in others [26, 28, 29]. These promising
results lend therefore a particular value to the follow up study of
antischistosome IgE antibodies and immune complexes, as is the case in
hydatidosis [301.

Such assays presently using crude schistosome antigens could be
improved using stage-specific allergens, which have been characterized
recently. Differences in immunoreactivity were found inhuman and
experimental infections. Sera from patients infected by S. mansoni
contained IgE antibodies that bound in RAST to a larger range of adult
worm antigens of 20-150 kDa with pI values of 4.4 - 6.0 than to specific
egg allergens in the range 35 - 120 kDa, lower molecular weight egg
antigens being, contrary to adult worm allergens, not recognized by human
IgE antibodies [31, 32]. Most of these allergens were glycoproteins, as
for S. japonicum egg allergens [33]. Allergens are also found in
products released by schistosomula, which induce a persistent specific
IgE response. Two major allergens of 22 - 26 kDa bound to rat IgE
antibodies, and preliminary studies using RAST indicated that patients
infected with S. mansoni also possessed IgE antibodies to schistosomulum
allergen [34]. Schistosomulum allergens induced a protective response
against a challenge schistosome infection as shown by IgE antibody-
dependent cytotoxicity [34]. On the other hand, a significant positive
correlation was found between quantitative antischistosome IgE levels and
age [2], the latter being epidemiologically linked to resistance. Thus,
measurement of IgE antibodies to stage-specific allergens might, in the
future provide the means to assess an in vitro correlate of immunity.

2.3. Hybridoma antibody immunoassays

The major problem encountered in antibody immunoassays being the
parasite specificity of the antigenic preparation used, which is far from
being overcome with the purified antigens presently available as shown
above, an alternative has been systematically explored by G. Mitchell and
his co-workers since 1979. By using a competitive solid-phase
radioimmunoassay with 1 2 5I-labelled monoclonal antibody, they
demonstrated that anti-parasite antibodies in patient sera were
responsible for the inhibitory activity in the test rather than
circulating antigens, immune complexes or anti-idiotypic antibodies. The
binding of the labelled (1-134) monoclonal to a crude S. japonicum adult
antigen was inhibited by > 90 % of the sera from infected individuals and
no false positive reactions have been reported yet with patients infected
by parasites other than schistosomes. Most patients with high S.
japonicum egg output or prominant disease had high serum inhibitory
activity. Although the 1-134 monoclonal antibody did not bind to S.
mansoni adult worm extract, the species-specificity of this competitive
radioimmunoassay has to be confirmed by screening of seria from
individuals with S. mansoni or S. haematobium infections [35, 37].

By using another monoclonal antibody (P.41) which produces a
positive COPT and which is capable of detecting a small subset of
patients, these authors could observe antithetic reactions, positive

results being obtained with one but not the other of their labelled
monoclonals [6]. This very promising approach therefore replaces the as
yet poorly successful attempts to isolate specific parasite antigens by
the use of specific monoclonal antibodies prepared by inmmunization of
animals with crude schistosome antigens. The selection for monoclonals
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with immunodiagnostic potential has to be carried out by screening not
only for parasite specificity i.e. non cross-reactive epitopes, but also
for their inhibitory action, by a large panel of sera from infected
patients so as to select for a major immunodominant reactivity. Yet the
detection of patient antibodies is based upon competition for a single
epitope and it is therefore not surprising that a combination of several
distinct monoclonals might yield higher sensitivity.

A similar approach can also be used as a means to assess a putative
protective immune response against schistosomes. Surface antigens of
S. mansoni schistosomula are recognized by polyclonal antibodies in sera
from infected animals or schistosomiasis patients. Among these surface
antigens, several components, ranging from 30-40 kDa, showed no
cross-reactivity with other trematodes while the 32 kDa molecule appeared
specific for S. mansoni [37]. A 38 kDa surface antigen was defined by
using a rat monoclonal antibody (IPL sm) [38] and the epitope recognized
by this monoclonal was also found on S. mansoni cercariae and on a 115
kDa molecule from adult worms [39]. When the antibody response to these
30-40 kDa schistosomulum surface antigens was analysed in humans with
schistosomiasis mansoni or haematobium, antibodies binding to this
particular antigen were detected in 97 % of patients' sera, with a
maximal response in the second decade of life and a decline thereafter.
A correlation was also found between levels of antibodies to the 38 kDa
surface antigen and antibodies to the 30-40 kDa antigenic group [37].
This indicated that these antigens are potent immunogens in humans and
that the corresponding antibody response is linked with the prevalence
and intensity of schistosomiasis. That these antibodies might
participate in the protective immune response against schistosomes was
further suggested by several observations: in experimental
schistosomiasis, antibodies specific for the 30-40 kDa antigens were
detected in sera when the animals began to develop resistance to a
challenge infection [40]. More importantly, the IgG2a monoclonal
antibody (IPL sM) that defines the 38 kDa schistosomulum surface antigen
was able to confer resistance to S. mansoni when injected into naive rats
and to mediate high levels of cytotoxicity to schistosomula by rat
eosinophils [41). Thus, in addition to being markers of schistosome
infection, antibodies to 30-40 kDa schistosomulum surface antigens might
also behave as protective antibodies in immunity to schistosomes. The
limited availability of the schistosomulum surface antigens in purified
form precludes their use in a Farr-type or sandwich immunoassay. But the
use of the IPL-Sml antibody in competitive binding assays could provide,
not only an immunodiagnostic test with a very low percentage of false
negatives, but also, a means to assess immunity in schistosomiasis
patients, both approaches being currently evaluated in our laboratory.

2.4. Choice of the label in immunoassays for antibodies

Results of immunoassays for antischistosome antibodies have been
analysed above irrespective of the label used. Indeed, in sandwich-type
assays, radioisotopes, enzymes or fluorochromes all have been used as
labels and comparisons made between 1 25I-labelled antiglobulin and
enzyme-linked immunosorbent assay (ELISA) have generally found similar
results with respect to sensitivity, particularly with the recent
improvements of the ELIS', allowing the preparation of labelled
antiglobulins free of unlabelled antibodies, and the availability of
enzyme labels with higher detectability, like immunogalactosidase with a
fluorogenic substrate, which increases the sensitivity of the assay by
30-50 times [42]. Likewise, fluoroimmunoassay compared favourably with
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ELISA [43]. It is thus only in Farr-type assays that radioactive labels
plays a pre-eminent role, all the more since the competitive
radioimmunoassay using a monoclonal antibody was recently adapted to a
competitive ELISA [44]. When IgE antibodies or complexes are measured,
radioimmunoassay still appear as the choice method [271. In fact, it is
clear that the immunological reagent used, whether purified antigen or
monoclonal antibody, is the critical factor in immunodiagnosis of
schistosomiasis and that the accuracy of the immunodiagnostic test will
depend more on the specificity of the immunological reagent than on the
nature of the label itself. It should also be stressed that improvements
in the sensitivity of non-isotopic immunoassays required the use of
sophisticated read-out instruments like microfluorometers and thus the
disadvantage for developing countries is almost as great as with
radioimmunoassays!

3. ASSAYS OF CIRCULATING ANTIGENS

As a possible means of improving the immunodiagnosis of
schistosomiasis, recent interest has focused on assays of circulating
schistosome antigens. Being released by infective worms, such antigens
theoretically would indicate active infection and their levels would
accurately reflect worm burden. Most of the circulating antigens however
induce antibody responses and the level of free schistosome antigen, i.e.
in excess of molecules bound by circulating antibodies,! is low in man or
experimental animals. Furthermore, circulating antigen-antibody
complexes introduce an additional complication in the assay systems, as
there is a competition between the antibody reagent of the test and the
antibodies in patient sera together with variable in viltro association-
dissociation of complexed antigens depending on the antigen: antibody
ratio of the immune complexes and the respective avididities of the
reagent and patient antibodies.

3.1. Heterogeneity of circulating schistosome antigens

Schistosomes regurgitate many antigenic specificities in the
bloodstream of their host. Among these, some are unsuitable for
immunodiagnostic tests because of their cross-reactivity with a variety
of parasites. Of less practical importance is the cross-reactivity
between antigens restricted to the schistosomes (see below).

Schistosome-specific antigens may also be of little use for
diagnosis owing to their rapid removal and degradation by the host.
Factors which modulate clearance and the ultimate fate of two specific
schistosome antigens have been investigated by Nash. When 1 2 5I-Bolton-
Hunter- labelled GASP was injected in the circulation of normal mice, the
antigen was shown to be sequestred in the liver and eliminated in the
urine as non-antigenic, low molecular weight materials with a half life
of 60 minutes. In infected mice, enhanced antigen clearance was observed
(half-life 12 min.) in parallel with the increase in antibody to GASP.
The level of serum antibody correlated with enhanced clearance, and most
if not all, circulating GASP was found in the form of immune complexes
[45]. After intravenous injection, labelled PSAP was Cleared from the
circulation with a very short half life (2.5 min.) in Control mice and
excreted as non-antigenic materials in the urine. In nfected mice on
the other hand, antibodies to PSAP induced a delay in clearance of 1-1.5
min., this prolongation of clearance being correlated with the amount of
antibody. About 89 % of the labelled PSAP had been eliminated
twenty-four hours after injection. As early as 1 min. after injection in
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infected mice, 56.2 to 69.5 % of the label was precipitated by
polyethyleneglycol (without the addition of specific antibody),
indicating that most of the antigen circulated in the infected mice in
the form of immune complexes whilst the antigen was unbound in control
animals [46]. Rapid clearance and elimination as non antigenic materials
is fortunately not the case of all circulating antigens, and antigen M of
S. mansoni for instance can be detected in urine of infected patients
[47]. The rate of clearance of immune complexes is related to the
composition of the antigens, type and amount of antibody bound, the size
of the immune complexes formed and the quantity of other circulating
antigen- antibody complexes, and these critical factors will govern not
only the deposit of the complexes in host tissues, but also the
applicability of the antigen assays as an immunodiagnostic tool A
further complexity is introduced in pregnant women by transplacental
passage. In a study of the foeto-maternal relationship in S. mansoni
infection, 24/26 infected mothers and their new born children both had
detectable circulating M antigen [48]. Schistosome M antigen was also
demonstrated in milk [49].

Another factor that has to be considered is the heterogeneity of the
immune response of the hosts [50] which introduces a source of
variability in the specificity, the affinity and the amount of antibodies
produced during the course of the infection. This has been recently
documented in schistosomiasis japonicum, where rabbits and hamsters do
not respond with antibodies against one or the other circulating antigens
[51]. In capuchin monkeys infected with S. laponicum or S. mansoni,
striking differences were also found. Although mounting a vigorous
antibody response against both parasite antigens, monkeys infected with
S. japonicum failed to develop detectable levels of circulating immune
complexes while animals infected with S. mansoni exhibited high levels of
antigen-antibody complexes with negative correlation with intensity of
worm burden. Sera from monkeys with S. japonicum also contained more
cross-reactive antibodies [52].

Finally, another set of factors which governs the level of
circulating antigens in the host is the mechanisms that control the
production and subsequent release of antigens by schistosomes into the
bloodstream. Very little information on these factors is available yet,
but a comparison of polysaccharide antigens from S. mansoni and
S. japonicum showed that, while two major circulating antigens are
released by the former, i.e. the so-called circulating anodic antigen
(CAA) and the antigen "M" or circulating cathodic antigen (CCA), both
derived from the cells lining the schistosome gut, eight TCA-soluble
antigens of S. japonicum, of which seven are circulating, could be
characterized [51, 53, 54]. There are also quantitative variations in
the level of ecdysteroid molecules detected in sera from infected
patients or animals along with the stage of the parasite [55].

Owing to these numerous sources of variation in the release and the
fate of antigens, it is therefore not surprising that evidence in
schistosomiasis that the amount of circulating parasite antigen
correlates with the worm burden is still controversial. Yet several
assay systems have been described which allow quantitative measurement of
circulating schistosome antigens in infections by S. mansoni or
S. japonicum with promising results.
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3.2. Measurement of circulating schistosome antigens by radioimmunoassays
or related procedures

3.2.1. Application to S. mansoni immunodiagnosis

A two site inmmunoradiometric assay was used with rabbit antiserum or
pooled patient sera to detect circulating schistosome M antigen [48,
56]. Similar sandwich immunoassays using either fluorescent conjugates
[57] or peroxydase conjugates [54] were used to measure CAA levels but no
correlation was found between antigen levels and worm burden in infected
mice or hamsters. An inhibition enzyme-linked immunosorbent assay
(IELISA) was devised by coating wells of polyvinylchloride microtiter
plates with cercarial or soluble worm antigenic preparations or with
soluble egg antigen. Binding of the mouse antiserum or monoclonal
antibody to these (l:l/v:v ratio) was revealed by peroxydase-labelled
antiglobulin and circulating antigen was assayed by its inhibition of the
binding of the specific antibody with a detection limit of less than
10 mg/ml. Significant inhibition was detected in infected mouse sera
starting 4 weeks after infection and reaching 60 % inhibition after 10
weeks of infection. The degree of inhibition correlated with the
intensity of infection and the antigenemia fell after praziquantel
treatment with a half-life of approximately 72-96 hour, contrasting with
an absence of change in the antibody titre. Infected human sera gave
36 ± 17% mean inhibition compared to 4 i 3% with normal serum.
Monoclonal antibody predictably proved to be more specific (32.3 - fold
increase in specificity) with respect to S. japonicum cross-reactive
antigens [58]. Immunogalactosidase labelling of the antibody in ELISA
allowed the detection of levels as low as 0,1 mg/ml S E in a model system
[42]. The discrepancies in correlation between circulating antigen
levels and worm burdens were generally attributed to the formation and
clearance of immune complexes and assay systems using polyclonal
antibodies showed significant cross-reactivity between various
schistosome species or cercarial, adult worm or egg antigens, which could
however be reduced by the use of more specific antibody reagents, i.e.
monoclonals [58].

As an alternative to sandwich-type immunoassays which are deeply
affected by the occurence of circulating antigens in the form of immune
complexes, a radioimmunoassay using polyethylene glycol precipitation has
been described (RIPEGA) [59]. A defined concentration of polyethylene
glycol is used to optimize precipitation of bound antibodies, whether in
immune complexes or as a 125I-labelled reagent - while minimizing
non-specific precipitation of the labelled antibodies. In a study of 121
patients with schistosomiasis mansoni, a significant relationship was
found between egg-count and the percentage of 1 25I-antibody
precipitate, together with a correlation between levels of circulating
antigen and of immune complexes. By using a monospecific antiserum
against S. mansoni antigen 4, the RIPEGA was positive In all the patients
that excreted 800 eggs/g or more, although no correlation was found
between the levels of total circulating antigen as measured with a
polyspecific antiserum and of antigen 4 [59, 60].

The RIPEGA has recently been used with a monoclon l antibody against
S. mansoni (40, B1) prepared by fusion of lymphocytes from mice
immunized with excretory/secretory antigens. This antibody gave one line
of precipitation by immunoelectrophoresis or radioimmunoelectrophoresis
against S. mansoni adult worm antigens or serum or urine from infected
animals but did not precipitate with egg antigens. It cross-reacted with
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S. haematobium or S. bovis but not with other trematode or cestode
antigens. The assay using this monoclonal is presently being evaluated
in a collaborative study of the International Atomic Energy Agency. From
preliminary results, infected patients showed a significantly higher
percentage of 1 25I-monoclonal antibody precipitate although there was a
wide dispersion of the results with little relationship to the egg
output. Yet a correlation was found between the decrease in antigenemia
and the reduction in egg counts.

3.2.2. Application to S. japonicum immunodiagnosis

In This schistosome species, the circulating anodic polysaccharide
antigen (CAA) appears as the major specificity in the serum, but four
other molecules with anodic mobility were found as circulating antigens
in infected animals. The major anodic antigen was measured using the
ELISA with a detection limit of 100 ng CAA/ml and a direct relationship
was reported between CAA level and worm burden in S. japonicum infected
rabbits [51]. This antigen was detectable in sera from rabbits with a
light infection from 5-6 weeks post-infection [61]. This anodic antigen,
which can be considered as the major S. japonicum antigen with regard to
its frequency of occurence and circulating amount, was shown to be
immunologically identical with the S. mansoni CAA while unfortunately the
only species- specific TCA-soluble antigen (antigen 2) was found not to
be circulating [51]. A favourable situation however exists in
S. japonicum infection, when compared to schistosomiasis mansoni, at
least in experimental animals, since during the entire infection very low
concentration of CAA-specific immune complexes are detected [51, 57].

3.2.3. Measurement of ecdysteroids

The non-immunogenic hormones, ecdysone and 20 hydrozyecdysone, are
synthetized by schistosomes and released in the blood stream of their
host. In the serum, the concentration of ecdysteroids in various animal
species was correlated with the permissiveness of the host to schistosome
infection as early as day 6 post-infection. Interestingly, the
concentration of ecdysteroids in urine from infected patients decreased
sharply in the few days following parasitological cure, therefore
conferring to radioimmunoassay of ecdysteroids in serum or urine a
diagnostic potential which is strengthened by the detectability of
ecdysteroids at the early stages of a primary infection or in infected
animals with chronic schistosomiasis but negative stool examination
[55]. These preliminary observations have however to be confirmed on
large scale studies.

4. CONCLUSION

In an effort to discriminate schistosomiasis patients in relation to
duration and itensity of infection or as an alternative means of
immunodiagnosis, many immunoassays have been devised to detect
circulating parasite antigens or antibodies. Numerous studies have shown
a high degree of false negative results and of cross-reactivity with
other parasites, when humoral response is measured, particularly in the
case of S. mansoni infection. There has been for long a marked contrast
between the high technicity of the tests with their low detection limit
of the label, whether a radioisotope, an enzyme or a fluorochrome, and
the use of basically undefined schistosome antigens. In an international
effort, recent emphasis has been placed on antigenic purification and
characterization as well as on preparation of more specific antibodies,
whether by absorption of cross-reactive antigens or by the use of
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hybridoma technology. At present, several purified antigenic
preparations from S. mansoni are available, yet the results of
collaborative evaluation do not indicate the decisive superiority of any
for detecting anti-schistosome antibodies, although measurement of anti-
S. mansoni egg antibodies yielded a higher sensitivity than adult worm,
and the World Health Organization recommended that "work should continue
on characterization and purification of antigens, and their comparison
with standard crude antigens". A serious consideration should be given
to eliminate the shared antigens from crude preparations instead of using
a single defined antigen since this restriction in the epitopes for use
in immunoassays might possibly increase the rate of false negative.
While immunodiagnostic tests appeared to perform better in the case of
S. japonicum, one of the most promising results have been obtained
through the characterization of the antibody classes produced by infected
patients. Results of comparative measurement of IgM and IgG antibodies
readily allowed the discrimination between acute and chronic infection
and assays of circulating IgE antibodies or immune complexes could
distinguish early from chronic schistosomiasis. Provided these
observations are confirmed in field studies, this would suggest that
immunodiagnostic tests for anti-schistosome antibodies could perform
better when precise antibody isotypes are investigated. Their
significance with regard to the level of the infection, proximity to
exposure, correlation with expression of morbidity and resistance should
be evaluated. In that respect, since anaphylactic antibody isotypes
appear to play a prominent role in immunity to reinfection by
schistosomes 1621, measurement of these (sub) classes of antibodies could
provide the means to follow the development of the protective responses,
as is suggested by the parallel increase in IgE antibody levels with the
age of the patients, which is correlated with appearance of resistance
[2]. From general purpose immunoassays therefore, we may well have to
move to devising tests that fulfil specific requirements, as demands of
assays for use in epidemiology or in field conditions, i.e. specificity
and reliability but preferential use of unsophisticated read-out
instruments, obviously are not the same as those for assessment of a
potent immune response which is protecting the host against reinfection.
Once evaluated, however, such host protection-oriented assays should lead
to the improvement of large scale assays for application in control
programmes. 

More extensive use should be made of antibodies of more restricted
specificity whether polyclonal or monoclonal, as radioiommunoassays or
related procedures based upon the competition between labelled
monoclonals and patient antibodies yield promising results although with
almost 10 % false negative. From presently available data, it appears
that combination of several monoclonals in competitive assays should lead
to a further improvement in the specificity. Finally, an alternative to
competition between antibodies for parasite antigens may be in the use of
labelled antiidiotypes antibodies which recognize parasite specific
immunoglobulins.

While an indication of previous exposure and a gross correlation
with the level of infection is expected from the demonstration of
specific antibodies, this relationship is often inaccurate, especially at
lower antibody levels, and the antibody titres do not decrease rapidly
enough to test the effects of chemotherapy (with the possible exception
of IgE antibody or immune complexes). This prompted numerous studies on
measurement of circulating schistosome antigens. Current immunological
techniques to detect circulating antigens have not been fully evaluated
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in large scale or field studies. While the assay systems appear ,
sensitive enough, in the case of free antigens, the detection of antigens
in the form of circulating immune complexes or as a mixture of free, and
bound antigens in the serum of infected humans appears to be much more

difficult. Although a decrease in circulating antigen levels parallel to
the reduction in worm burden is found after treatment of schistosome
infection in man, or experimental animals, a correlation with parasite
load in chronic infection is not always observed. A strategy to improve
assays for circulating antigens has thus to be developed. Fundamental
studies are required to identify schistosome-specific antigens, and to
select those which are not cleared too rapidly from the circulation. The
purification of such antigens would improve the accuracy of the standard
curves of immunodiagnostic tests, open the possibility to use competitive
techniques with labelled antigens and the preparation of antibody
reagents with better specificity. Again, the use of carefully selected
monoclonals or combinations of monoclonals should be recommended. In
order to avoid interference of immune complexes in the assays, deliberate
choice of non-immunogenic parasite-derived molecules might also be made,
like for instance schistosome ecdysteroids.

Immunodiagnostic tests for schistosomiasis have received
considerable attention and have benefitted from numerous improvements in
the past few years. Although no entirely satisfactory test is presently
available that meets all the criteria of specificity, sensitivity,
prognostic value and practicability, important progress has been made
which will allow in the near future, through antigen purification and use
of schistosome-specific antibodies, the development of analytical tools
for immunodiagnosis of schistosome infection, although it might prove a
better strategy to devise specialized tests, according to their intended
use. These assays will in turn not only improve the diagnosis of the
infection but also provide means to clarify both parasite and host
factors intermixed in the complex network of the host parasite
relationship.
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Abstract

A major problem to confront biochemists studying the immunology
of parasitic infection is a paucity of the organisms themselves.
Conventional biochemical techniques for the isolation and
purification of individual antigens are inappropriate. This
problem has been eleviated by the application of recombinant DNA
technology. It is now possible to produce large quantities of
individual antigens by cloning the corresponding genes into
plasmids (or other vectors) and subsequent expression in
bacteria. Antigens produced in this way may provide the basis
of a specific diagnostic test and vaccines. This paper
describes the identification of cDNA clones of Schistosoma
mansoni which encode a major egg antigen and schistosomula
surface antigens. These antigens are thought to be species
specific and may form the basis of a diagnostic test. The
schistosomula antigens are also possible candidates for
inclusion in an experimental vaccine against infection with S.
mansoni.

Probably the most frustrating problem encountered by
biochemists and immunologists studying eukaryote parasites is a
paucity of the organisms themselves. This problem is most
acute when it comes to asking questions about the antigenicity
of individual molecules and their suitability as diagnostic
reagents or their ability to elicit a protective immune
response. While bacteriologists and virologists are frequently
able to grow up large vats of their favourite "bug",
parasitologists often have to make do with a few thousand
organisms. In this situation, conventional biochemical
techniques for purification of individual molecules are
inappropriate. However, with the advent of recombinant DNA
technology [1] this material problem has to a large extent been
eleviated. It is now possible to produce large quantities of
individual antigens by cloning parasite genes into plasmids or
other vectors and subsequently obtaining expression of the gene
in E. coli. These techniques coupled with the use of
monoclonal antibodies [2] offer the prospect of development of
more sensitive and specific diagnostic tests and hopefully
vaccines against parasitic diseases. Indeed, in the case of
malaria considerable progress has already been made in this
direction [3,4]. This paper will discuss recent experiments
concerned with the molecular cloning of antigens of
Schistosoma mansoni and their possible use as diagnostic
reagents and production of experimental vaccines. Within the
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context of this meeting, it should be pointed oud that none of
the work described here would be possible without the use of
radioisotopes.

The methodology of gene cloning is now well established [5]
and will not be discussed in detail here. Rather, this paper
will concentrate on the identification and selection of
"relevant" antigen gene clones (here "relevant" means antigens
which could be used as a basis for a diagnostic test and/or a
vaccine). This is not a trivial problem: the "if it moves -
clone it" philosophy of many molecular biologists is not enough.
We feel very strongly that the molecular biology of parasites
and other infectious disease organisms should go hand in hand
with immunological studies and field work. Access to detailed
information about immunological responses to infection and
developmental changes which occur during maturation of the
schistosome allows selection of antigens suitable for diagnostic
tests or vaccines to be made on a more rational basis. To
date, most of our attempts to develop diagnostic tests or
vaccines have been empirical relying on homogenates or extracts
of the various life cycle stages and, in the case of vaccines,
use of attenuated larvae. It should be remembered that diagnosis
of schistosome infection still relies largely on detection of
eggs in stool or urine samples. Control of disease involves
both selective and mass chemotherapy, the use of mplluscides and
to some extent water engineering and health education. These
measures are both expensive and temporary and lasting effective
control may not be possible without development of a vaccine.

A large number of diagnostic tests for schistosomiasis
based on ELISA or RIA have been described and'although the
sensitivity and specificity of the assays have continued to
increase [6], there is still considerable room for improvement.
Most important, perhaps, we should be designing assays which
rely on detection of antigen rather than antibody. In this
situation a more accurate correlation with intensity of
infection (and morbidity) could be expected, and would be
particularly useful when assessing the response of patients to
treatment. It would also be valuable if the antigen could also
be detected in urine or stools since field workers often
experience difficulty collecting blood samples. This may
suggest that an egg antigen would be a good target, indeed
egg antigens have been shown to be more satisfactory for
serodiagnosis of human infections than either cercarial or worm
antigens [7]. Finally, it would be extremely valuable if the
assay would detect prepatent infections. The implication here
is that a cercarial or schistosomula antigen is required and
that use of egg antigens is invalid. However, we know that
eggs and larval stages of the parasite share a large number of
antigens in common [8] and consequently these two requirements
are not necessarily mutually exclusive.

Having regard for these criteria, how far have we
progressed with identification of suitable antigens and the
cloning of their corresponding genes? Our first priority was
to establish cDNA clone banks and for this we require a source
of mRNA. The most readily available life cycle stages of
schistosomes are adults and eggs and for this reason we use
these as our starting material. No major problems have been
encountered when isolating and translating mRNA from these or
the other life cycle stages (including unisexual adults, KSJ
unpublished results). Most of the mRNA appears to be
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polyadenylated and is readily recovered by conventional oligo-dt
cellulose chromatography. Single and two dimension IEF/SDS gel
analysis of total mRNA translation products reveal both
qualitative and quantitative variation between developmental
stages. (Fig.l)

Our first cDNA clone banks were established using a vector,
pJSC73, derived from pBR325 and pAT153 [9]. This new vector
has a single Pvu II site suitable for blunt-end ligation in the
CmR gene (chloramphenicol resistance gene coding for
chloramphenicol acetyl transferase - CAT). Insertion of
foreign DNA into this site inactivates the CmR gene, this
inactivation being detectable on indicator plates containing
basic fuchsin [10]. Basic fuchsin is bound by active CAT
rendering wild-type colonies dark pink however inactivation of
the CmR gene prevents production of CAT, and consequently the
colonies are pale pink in colour.

Having established the clone banks we were then faced with
the problem of screening for clones encoding the "relevant"
antigens. The most direct approach is colony hybridisation
whereby a radioactive DNA or RNA probe is hybridised to clones
grown on cellulose nitrate filters and lysed in $itu in such
a way that the plasmid DNA's bind to the filter [11]. The
probe will only hybridise to those colonies containing plasmids
with complementary sequences. This approach obviously demands
a suitable probe e.g. one encoding a fragment of the particular
antigen under study. Initially, no such probes were available
and therefore colony hybridisation was inapplicable in its
simplest form. However, it has been possible to use this
technique in a number of systems to identify cloned genes that
are expressed at one stage of a life cycle and not another.
Thus, two identical sets of filters of the same clone are probed
with radiolabelled mRNAs isolated from different life cycle
stages (strains or clones). In its simplest form, there could
only be one difference between the probes, as in the case of
trypanosome variant-specific antigens: here the only difference
between two variant clones is the mRNA for the variant-specific
surface antigen [12]. This was in fact the principal used
to identify a clone containing a fragment of the gene encoding a
40,000 MW antigen which initially appeared to be both egg- and
species-specific [9].

The stage-specificity of this peptide was first suggested
by immunoprecipitation experiments performed on adult and egg
mRNA translation products with a hyperimmune rabbit anti-SEA
(soluble egg antigens). As shown in Figure 2, the major
difference between the two translation product preparations is

the presence of the predominant 40,000 MW antigen among the egg
mRNA material. The mRNA encoding this 40,000 MW peptide is
clearly one of the most abundant messengers in the schistosome
egg (Fig. 1). Hyperimmune rabbit anti-mechanical schistosomula
serum (anti-SOM) failed to precipitate significant quantities of
the antigen (Fig. 2) and suggested that the corresponding gene
was differentially activated during the parasite life cycle.
Indeed more recent experiments have confirmed this, and we now
believe that this peptide(s) is encoded by a family of genes
which are most active in eggs but are also expressed by adult
male worms and unisexual females and to a much lesser extent in
sexually active females (KSJ, unpublished results).
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Fig.2. Immunoprecipitations of S. mansoni poly(A)+mRNA in
vitro translation products. In this experiment, adult poly(A)+
mRNA translation products (tracks 1-4) and egg poly(A)+mRNA
translation products (tracks 5-8) were immunoprecipitated as
described in [8], section 1 using hyperimmune sera raised in
rabbits immunised with either (a) soluble egg antigens suspended
in FCA (Freunds Complete Adjuvant) (aSEA) or (b) 18-h mechanical
schistosomula suspended in FCA (aSOM). Lane 1, total adult
poly(A)+mRNA translation products; lane 2, polypeptides
precipitated by aSEA; lane 3, polypeptides precipitated by
normal rabbit serum; lane 4, polypeptides precipitated by aSOM.
Lanes 5-8, as 1-4 but using egg poly(A)+mRNA translation
products. M s of major antigen bands are indicated (x 10 ) on
both edges of the figure since lanes 1-4 and 5-8 were from
separate gels and do not exactly align. Lanes 1 and 5 were
loaded with 5% of the starting material used in lanes 2-4 and
6-8 respectively.
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Fig.3. Immunoprecipitations of S. mansoni egg Poly(A)+mRNA
translation products by chronic infection sera, Lane 1,
polypeptides precipitated by normal mouse serum; lane 2,
polypeptides precipitated by serum from a 12-week chronic
infection of Balb/c mice with S. mansoni; lane 3,
polypeptides precipitated by pooled sera from 12-week infections
of C57 B1/B10 ScSm mice; lane 4, polypeptides precipitated by
human cord serum. Lanes 5-8 show polypeptides precipitated by
four different pools of human sera from Kenyan patients with
S. mansoni infections. The Mrs (x 10 ) are indicated in
the margin.
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The immunoprecipitation experiments described so far have
made use of hyperimmune serum raised in rabbits and

consequently, these results may bear no relationship to the
immune response found in infected animals. To investigate this
point we have immunoprecipitated egg mRNA translation products
with sera from chronically infected mice and pools of sera from
human patients. Figure 3 shows the result of these experiments
and it can be seen that the 40,000 MW antigen is strongly
precipitated by all these sera. We have now extended these
observations to individual patients with identical results.
The fact that this antigen was recognised by all infection sera
tested suggested that it may have potential for immunodiagnosis
and consequently we tested the ability of sera for patients
infected with S. haematobium or S. japonicum to
recognise this molecule. As far as it has been tested, this
antigen does not appear to be recognised by either S
haematobium or S. japonicum infection sera (Fig. 4).

z I: X z

1 2 34 5 6

Fig.4. Only S. mansoni infection sera immunoprecipitate
p4 0 . Egg poly(A)+mRNA translation products were
immunoprecipitated with: lane 1, normal human cord serum; lane
2, human S. mansoni infection serum; lane 3, human S.
haematobium infection serum; lane 4, human S. japonicum
infection serum; lane 5, infected mouse (Balb/c) serum; lane 6,
normal mouse serum (Balb/c).

57



Our results in this area are still rather preliminary and
further confirmation of the species specificity of the antigen
is required. Such information may be obtained by more
extensive immunoprecipitation experiments or by northern and
southern blot analysis using RNA and cDNA clones to probe DNA
isolated from S.haematobium or S.japonicum. Obviously,
the next stage is to obtain expression of this antigen in E.
coli and towards this end we are making genomic libraries
using the lambda gtll vector. Eventually we hope to be able to
immunize rabbits with the purified 40,000 MW antigen and to use
the antibodies produced in a "catching" role in an ELISA in the
field.

The mention of DNA probes above raises a further point

about screening of cDNA libraries. We have already indicated

that colony hybridisation is not always applicable to the

problem of identifying certain schistosome antigen clones

especially where the relevant DNA probes are not yet available.

An alternate approach involves "message selection" [13] which,

although being rather slow and laborious, has proved valuable in
the identification of at least two schistosomula surface

antigens. Briefly, cDNA clones are grown in small cultures
from which the plasmids are isolated. These plasmids are

denatured and covalently bound to DBM paper discs which are then

used as affinity supports to isolate complementary mRNAs. The

specifically-bound mRNAs (selected message) are eluted from the
filters and translated in vitro. The radiolabelled

peptides directed by the selected mRNA are analysed by gel

electrophoresis and compared to those identified by
immunoprecipitation of total mRNA translation products (Fig.5)
and any probable identities confirmed by immunoprecipitation of
the selected mRNA translation product (see Fig.l).

Message selection is more sensitive than colony

hybridisation in detecting clones of rare mRNAs. Any in

vitro translation product that can be identified in total

translation products can be detected as a selected mRNA.

Furthermore, it should be possible to identify mRNAs that form

such a low proportion of total mRNAs that they are normally not

visible. The only limit to this approach is the amount of mRNA

that can be prepared from any given stage of the schistosome

life cycle.

As mentioned, we have used this method to isolate two cDNA

clones which contain fragments of genes encoding two antigen

precursors: the 86,000 and 27,000 MW peptides identified in

Figure 5. Our major interest in these molecules concerns

their possibe inclusion in an experimental vaccine [14],

although as we shall discuss, they may also be of value in

immunodiagnosis. The first proposal is based on a considerable

volume of evidence that points to the schistosomula as a primary

target for immune attack in the immunised host [15]. This

attack is antibody mediated and involves a variety of cell

types including eosinophils and macrophages [16,17]. The

surface of the schistosomula has a complex antigenic profile

[18,19,20,21,22] and although some of the constituent antigens

have been isolated using monoclonal antibodies [ 3] insufficent

material has been recovered to test its ability to evoke a

protective immune response. However, the fact that monoclonal

antibodies with specificity for schiststosomula surface antigens

can afford protection against challenge infection in passive
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Fig.5. Immunoprecipitation of [C S]methionine-labelled adult
in vitro translation products by anti-schistosomula serum after
pre-absorption with; track 1, formalin-fixed or; track 2, live,
schistosomula. Controls: adult in vitro translation
products precipitated by; track 3, unabsorbed anti-schistosomula
or; track 4, normal rabbit serum. The Mrs (x 10 - 3) are
indicated in the margin.
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transfer experiments argues strongly in favour of a protective
role for these antigens [24,25].

Recently our own experiments [8] and others carried out in
Dr. Smithers' laboratory at NIMR, Mill Hill [26] have identified
schistosomula surface antigen precursors among in vitro
translation products directed by mRNA isolated for adults and
eggs. The synthesis of schistosomula antigen by adults and egg
was demonstrated by immunoprecipitation of the corresponding
translation product by an anti-schistosomula serum (Fig.2),
while the surface location was suggested by failure of
anti-schistosomula serum to precipitate certain antigens
following absorption with line or formalin-fixed larvae. The
result of one such experiment is illustrated in Figure 5. Here
two translation products (86,000 and 27,000 MW) are shown to be
precursors of surface components while similar experiments, in
which formalin-fixed schistosomula were used as
immunoabsorbants, have identified three other surface antigen
precursors with apparent molecular weights 100,000; 28,000; and
24,000 [8]. These and similar experiments provide a confirmation
and indeed are a prerequisite for the identification of relevant
cDNA clones by message selection [13]. The next step is to
obtain expression of these antigens in bacteria.

Immunoprecipitation experiments carried out using in
vitro translation products show the antibody response of
individual patients towards these surface antigens is
variable. This is not unexpected, and such observations are
pertinent to development of both vaccines and diagnostic tests.
A poor response to a particular antigen by a proportion of
infected patients should not necessarily preclude its use in a
vaccine. One of the most interesting and fascinating aspects of
the immune response concerns the question of antigen
presentation. Simply producing large quantities of purified
antigens will not provide us with a vaccine overnight, there
certainly will be many questions to ask about apparent trival
points such as the route of inoculation, amount of antigen and
whether a carrier or adjuvant is required to evoke an
apropriated response. As for diagnosis, it is clear that a
poor response to a purified antigen used as a target in an'ELISA
or RIA designed to measure antibody levels could lead to
spurious results. For example, a patient may have a high worm
burden and egg output yet have only a poor response to, say, the
86000 surface antigen: this would produce a false negative
result. There is need for caution here and probably the
solution would be to use a cocktail of antigens. Better still,
and as mentioned at the beginning of this paper, we should
consider designing the assay to detect antigen rather than
antibody [27]. Polyclonal or monoclonal antibodies raised
against surface antigens (expressed by bacteria) could be used
as both catching and detecting antibody in an ELISA or RIA.
Use of surface antigens in such a test may also allow the
detection of prepatent infections. Finally there is the
question of specificity: immunoprecipitation experiments
performed on S. haematobium in vitro translation
products using anti S. mansoni serum have demonstrated the
species specificity of at least three of the putative surface
antigen precursors namely the 100,000; 86,000 and 27,000 MW
peptides (DWT and JSC unpublished results).
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A logical extension of the work described above is the
synthesis of peptides based on the nucleotide sequence of the
cloned antigen genes. It is now well established that even
quite small amino acid sequences can evoke a strong immune
response against the native parent protein [28,29] and
considerable progress has been reported in development of
vaccines against a number of infectious agents [30], for
example, Foot and Mouth Disease virus [31] and Hepatitis B [32].
Use of synthetic vaccines is particularly appealing for a
number of reasons. First cost, it is important that any vaccine
used in developing countries is cheap to produce. Second,
quality control is easy to maintain. Third, it should be
possible to avoid undesirable side effects which sometimes
accompany complex antigenic mixtures (eg, immunosupression and
hypersensitivity). In our opinion it is only a matter of time
before such vaccines will become available for control of
eukaryote parasitic diseases.
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Abstract

A series of monoclonal antibodies (MAbs) of both protective
and non-protective nature against schistosomiasis mansoni have
been produced in our laboratory. We attempted to identify and
purify the specific antigen which was recognized by the
protective MAb in hopes of obtaining a putative protective
immunogen. Initial attempts at identification using crude 125I-
soluble cercarial immunogen in radioimmunoprecipitation protocols
produced similar molecular weight banding patterns for all MAbs
tested. Discrimination on the basis of antibody affinity also
proved unrewarding as did isotype analysis; affinity of the
protective MAb was not distinctive and all MAbs used in these
assays were IgGl. Purifications of the crude antigen by affinity
chromatography, using either protective or non-protective MAbs,
produced bands that remained immunologically reactive as assayed
by overlay analysis with 1 2 5 I-1Ab, but again of identical
molecular weight. We thus developed an avidin-biotin-likP
immunoassay to test for epitopic competition. Competition assays
using biotinylated antisera or MAb demonstrated that the
protective MAb was recognizing a distinct epitope on the antigen.
It appears that the non-protective MAbs are cross-reactive for a
second epitope. Other experiments demonstrated that binding of
MAb could be blocked by addition of soluble antigen, and that
anti-idiotypic antisera raised against the protective NAb cell
lines would specifically inhibit binding of the inducing
idiotypic MAb. Thus, we have demonstrated the utility of this
method for assessing the basic components - epitope, idiotype and
paratope directed anti-idiotype - of the idiotypic network as it
pertains to schistosomiasis.

INTRODUCTION

Recognition of the interactive nature of the humoral and
cellular components of the immune system and the manner in which
the total immune response is regulated has proven to be of great
importance. Understanding these processes is critical in the
elucidation of mechanisms of resistance and morbidity in human
disease. For example, the immune response to a metazoan
infectious organism such as Schistosoma mansoni is polyclonal
consisting of many different events. A variety of cellular and
humoral events occur which are in response and directed against

63



many different immunogenic species (antigens or epitopes). A
events a cascade of modulating events occur to regulate these
reactions. These events include production of helper and
suppressor events in a complex network of interactions. To
regulate this network the existance of idiotypic-anti-idiotypic
interactions have been postulated [11. According to this
hypothesis, the regulatory cells or antibodys recognize and
respond against the primary receptors or idiotypes which are
directed against the parasite associated immunogens. In turn the
idiotypes are recognized by other anti-idiotypic reactions. This
process proceeds sequentially, producing a cascade of
regulation.

This network provides a number of theoretical implications.
For example, anti-idiotypic moieties may compete with antigens
and contribute to immune complex formation. This occurence will
complicate analysis of antigenic characteristics and antibody
activity. Anti-idiotypes may also provide alternatives to
antigen for immunization 12,3,4].

There are reasons to suggest that such a network is
operative in schistosomiasis. Radioimmune assays have
demonstrated such responses in the blood of patients infected
with S. japonicum 151. Anti-idiotypic reactions have been
demonstrated at the polyclonal and oligoclonal level 1.6] (Fox and
Phillips, unpublished observation respectively). 1

Additional regulatory mechanisms involve competition of
reactant moeities for the same critical determinant or epitope.
For example, in schistosomiasis, several antibody isotypes have
been demonstrated to promote antibody-dependent cell mediated
cytotoxicity, ie. (ADCC), directed against schistosomlules. IgE
and IgG2a in rats, while another isotype, i.e. IgG2c, with a
cross-reactive epitopic specificity, will provide an
immunoregulatory function. This latter antibody will not promote
ADCC and will actually block the protective monoclonal's ability
to promote ADCC and adoptively transfer protection 171. A similar
event has been described in vitro using mouse derivedimonoclonal
antibodies (Butterworth, A., Personal Communication). Thus,
multiple antibodies will react with the same antigen and/or
sterically effect the binding of antibodies directed against
different antigens. To analyze these complex interactions of
antigens, idiotypes, and anti-idiotypes, we have developed
sensitive assays for each component. These techniques appear
promising for antigen fractionation and in immunodiagnosis.

In the past, the majority of assays providing information as
regards differentiation of epitopic recognition by varying
monoclonal antibodies have relied heavily upon the use of
radiolabeled materials, both antigens and antibodie s . Problems
associated with these procedures are several including the short
half-life of the radioisotopes; inherent potential1dangers of
working with and disposing of such materials; the'expense of
equipment needed to analyze radioreactants; field applicability.
Several of these procedures are slowly being supplimented or
supplanted by the use of ELISA or enzyme-linked immunologic
assays. A recent advancement in this latter technoldgy has been
the introduction of the avidin-biotin binding system. The low
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molecular weight biotin molecule (M.W.274) may be covalently
bound to protein using free amino groups. The gentle complexing
procedure does not alter the biological properties of the
molecule [81.

In the present work we have demonstrated the utility of
using combined radiobiologic and biotinylation techniques as
immunoanalytic probes for analysis. The results indicate that:
1. Biotinylation or radiologic labelling do not destroy
biological integrity and are sensitive at least to the long
level; 2. Competition assays with biotinylated MAbs (B-MAbs)
will provide quick and complete characterization of epitopic
distinctiveness. For example, the protective MAb combines with
an epitope which is distinct from that of the non-protective MAb
although both react with a similar membrane component; 3.
Blocking assays may estimate specific antigen levels or provide
evidence of anti-idiotypic responses. The technology provides a
precise quantitative procedure for analyzing polyclonal and
monoclonal anti-idiotypic reactants.

MATERIALS AND METHODS

Production of protective hybridoma lines: Splenocytes from
infected S. mansoni C57B1/6 mice were fused with SP2/0 myeloma
cells as previously described [9]. Lines producing antibody with
particular affinity for the tegumental surface of S. mansoni
cercariae as assayed by ELISA and immunofluorescence testing,
were selectively sub-cloned and expanded in C57B1/6 x Balb/c F1
mice to produce ascites fluid. Ascitic fluids were
intraperitoneally administered to naive C57B1/6 recipients which
were then infected with the parasite. Several antibodies have
produced protection and the antibody product of one line, S80-D6
(IgG1) has been particularly carefully studied. For complete
details see Zodda and Phillips [9J and Phillips and Zodda [10].

Preparation and purification of monoclonal antibodies: All
antibody producing hybridoma clones were maintained in defined
serum-free medium, (HB-101, Hana Biologics, Berkeley, CA).
Initial purification of supernatant material was accomplished by
precipitation in a 50% saturated ammonium sulfate solution and
dialysis against PbS. Affinity purification was accomplished
using a Protein-A column (Pharmacia Fine Chemicals, Piscataway,
NJ). Assays for purity, activity and protein concentration were
by standard PAGE [11], ELISA [9] and Lowery techniques [12]
respectively. Normal and immune mouse serum were similarly
prepared except for an additional 45% pre-precipitation with
saturated ammonium sulfate.

Radioiodination Procedures: Soluble cercarial membrane
antigen (SCI) was obtained by 4 M KC1 digestions of S. mansoni
cercariae and radiolabeling was accomplished using the
chloramine-T method and 125I 113]. This method successfully
labeled SCI but inactivated our purified MAb; therefore
radiolabelling of antibody was accomplished using the Bolton-
hunter technique [14].

Kadioimmunoprecipitations: 1 x 10 CPMI of 1 25I-SCI was added
to 1 ml of hybridoma supernatant and mixed overnight at 4° .
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Twenty-five ul of Protein-A was added and the reactants mixed for
1 hour at 4°. The material was then centrifuged in an "air-fuge"
and washed 4 times, terminally in starting PAGE buffer. The
precipitate-complex was uncoupled and reduced by 2-
mercaptoethanol and SDS and then run in 7.5-15% polyacrylamide
gels. Visualization was accomplished by means of the Bio-rad
silver staining procedure.

Immunoaffinity purification: CNBr-Sepharose 4t (Pharniacia,
Piscataway, NJ) immunoaffinity columns were prepared by coupling
purified MAb, 2-3 mg/ml. The SCI antigen in PBS, pH 8.2, was
passed over the column and specifically bound material was eluted
using glycine-HCI, pH 2.5.

Electrophoresis technicology: Polyacrylimide gel electro-
phoresis (PAGE) was conducted at 7.5-15% [11]. "Western"
electroblotting and overlays were made onto nitrocellulose
membranes [15] (Bio-rad, Richmond, CA).

Biotinylation of monoclonal antibodies: 100 ul of dimethyl-
sulfoxide containing 1.1 mg/ml of N-hydroxy-succinimide ester of
biotin was added to each ml. of purified mouse serum or MAb, (1
mg protein/ml in PBS pH8.4). The reactants were incubated for
two hours at room temperature with occasional shaking. Unreacted
ester was blocked by the addition of 100 ul of 1 M NtH4Cl and
incubated for 10 minutes. One ml. ot PBS 7.2 containing 1% BSA
(Fraction V - fatty acid free; Cal-Biochem, LaJolla, CA) was then
added and the samples were dialyzed in PbS, 7.2. i

Avidin-biotin Procedures: Varying concentrations of
schistosomal egg antigen (SEA)[91 in 100 ul of PBS 7.2 or lOOul
of 0.1% BSA were added to experimental or control wells,
respectively. The contents of the flexible PVC microtiter plates
(Dynatech; Alexandria, VA) were flicked out. The wells were
washed and blocked with 4X BSA in carbonate buffer (pH 9.6) and
incubated for 1 hour at 20°C on a rocker platform. The plates
were washed witt an 0.1% BSA-gelatin buffer (ptH7.4). In the
direct assay, 50ul of the biotinylated MAb was added to both
experimental and control wells and incubated for 2 hours at 20°C
on a rocker platform. The plates were then washed with 0.1% BSA-
gelatin buffer. The Avidin-biotin-HRP-complex (ABC) (V.P.
Scientific; San Diego, CA) working solution, 50 ul, was added to
the plates and incubated an additional 30 min. at 20°C on a
rocker platform. The plate was then washed six times with the
gelatin buffer without BSA and 200 ul of the chromagen substrate
(0-phenylenediamine) in citrate buffer (pH 4.5) and H202 was
added. Incubation was continued for appropriate times and color
development was read using a Titertek multiscan. Specific
readings were established by substracting control from

experimental OD readings.

Production of anti-idiotypic antisera: This procedure was
based upon the methodology of Noseworthy et al. [ 161. Briefly,
hybridoma cells in log growth phase were counted and irradiated

with 1500 mrads. The cells were emulsified in CFA (Img PPD/ml)

and injected into the rear foot pads and dorsum of mice. A total

of 5 x 106 cells/0.5ml per animal was injected. Thereafter
injections were in the presence of incomplete Freind's adjuant.
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This protocal was repeated every two weeks for a total of at
least 3 injections.

RESULTS

Rationale and standardization of assays: We have produced a
series of murine monoclonal antibodies directed against the
surface antigen of the trematode Schistosoma mansoni. Some of
these can provide protection in passive transfer against
infection when administered to naive recipient mice.
Differentiation of the specific antigens recognized by the
protective and non-protective M1Ab's by radioimmunoprecipitation
demonstrated that both MAb types could precipitate protein
moieties of the same molecular weight (Figure 1). Subsequent
affinity purified material, obtained from protective S80-D6 or
non-protective N122-9 (IgG1) affinity columns, also demonstrated
identical molecular weight banding patterns. These antigens
remain immunologically intact as determined by electroblot 1251-
MAb overlay procedures.

Sample STOS N3-4 N-158 M-122 N-34 S-80/f06 Cf
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Figure 1: Immunoprecipitation/PAGE autoradiograph utilizing
monoclonal antibodies and 12 5 I-SCI.

SCI (1 x 107 CPM) was immunoprecipitated by five different
MAbs. Four MAbs recognizing SCI precipitated indentical
molecular weight components, while the control (N34-4) did not.
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Examination of MAb affinities by competition ELISA did not
define a remarkable affinity by S80-D6 (Figure 2) and suggested
the necessity of fine antigenic epitopic analysis. Thus a
subsequent question we wished to address was whether or not the
MAbs were recognizing distinct epitopes on the same molecule.

Q(NTITATIVE BIDlING OF HYBRIDO1M ASCITIC FUIDS

TO SCI UTILIZING ELISA CRITERIA

2.0

1.2 0

o 0.8

O 2 4 6 8 10 12 14 16 18
RECIPROCAL OF ANTICERCARIAL ANTIBODY DILUTION (log 2 )

Figure 2: Quantitative binding of hybridoma ascitic fluids to
SCL utilizing ELISA criteria.

Increasing amounts of MAb were incubated with SCI, 10 ug/ml,
complexed to uicrotiter plates. The results indicate a rather
broad range in the absolute titers tor the antibodies (judged by
intercept analysis) and a very broad range of functional avidity
(judged by the slope of the binding curves) is presented by these
ascitic fluids. There was no obvious relationship between titer,
functional avidity and protection. In addition, the SdO-D6 anti-
body (heavy line) showed a titer and functional avidity which lay
well within the extremes of these characteristics as demonstrated
by other (non-protecting) hybridoma ascitic fluids.

To accomplish this goal a number of Avidin-Biotin Protocols

were devised. As outlined in Figure 3, we wished to establish

our avidin-biotin assay procedure to enable us to detect direct

binding of biotinylated antisera and B-bAb, to determine cross-

reactive MAbs by epitopic competition, and to demonstrate

blocking to solid-phase antigens by soluble antigen or antigen

binding site directed anti-idiotypes.

Initial experiments were made to determine the optimal

incubation periods and antigen and B-MAb concentrations. We

determined that the highest specific OD readings were obtained 45

mins. after the addition of the chromagen reactants using 3 ug/ml

of SEA. To standardize our procedures, we selected that

concentration of B-MAbs which produced 50% of the maximum OD

reading. Optimal working dilutions were found to vary depending

on the MAb source and preparative batch. From this initial assay

we observed that the assay could detect less than 1 ug/mnl.
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THE UTILITY OF THE AVIDIN-BIOTIN ASSAY FOR ASSESSING EPITOPE,

IDIOTYPE AND ANTI-IDIOTYPE SPECIFICITY AD CCNCENTPATION

AA ANTIGEN I BIOTIN

'~ ANTIBODY * PEROXIDASE

NATI-IDIOTYPIC X AVIDIN

AAN+ 
AVIDIN-BIOTIN-PEROXIDASE

ELISA

AA+* AA+ I AA +
COMPETITION BY BLOCKING BY ANTIrEN I BLOCKING BY ANTI-IDIOTYPIC

MONOCLONAL ANTIBODIES; ANTIBODIES

Figure 3: The utility of the avidin-biotin assay for assessing
epitope, idiotype and anti-idiotype specificity and
concett ration.

Optimal working concentrations of biotinylated antiboidies
in combination with solid-phase antigen avidin-biotin-iiKP are
estaDlished. Comipetition assays by hiAbs may be accomplished by
selectively biotinylating one MAb and examining inhibition ot
binding by non-biotinylated MAbs. Soluble antigen (epitope)
concentrations may be estimated by blocking of biotinylated NAb,
or antigen binding site (paratope) directed anti-idiotypic
antibody.

Epitopic characterizations by competing MAb's: To identify
the distinctiveness or similarity of epitopic recognition by
different MAb lines, we relied on the ability of these materials

to compete for epitopic sites. Non-biotinylated MAb were

initially diluted and the B-MAb added in appropriate
concentrations. The reactants were immediately transferred to
the microtiter plates and processed as described. The non-
biotinylated N122-9 could successfully compete with its
biotinylated homologue. It did not compete with the B-S80-D6.
Reciprocal specificity was also observed in that the non-
biotinylated S80-D6 could compete with the B-S80-D6 but not with
the B-N122-9 (Fig. 4). Similarly, non-biotinylated S80-D6 could
again compete with B-S80-D6, but not with the B-N34-25 or B-N158-

1, (Fig. 5) while the reciprocal was again observed in that the
non-biotinylated N34-25 could compete with the B-N34-25 but not
with the B-S80-D6. Of interest were the findings that the N34-25
could successfully compete with B-N158-1 indicating that these
two antibodies recognized a similar determinant.

69



IDIOTYPICALLY SPICIFIC INHIBITION CF KLOCALOL

FNriBaY/ANIIGEN BIwING
XOCLOUAL AN1TIBCY COMIINATIONS

= B S80-D6 x N122-9
U- B S80-D6 x S80-D6
*--- B N122-9 x S80-DG
U--- B N122-9 x N122-9

g

*/ / /

11/ m/

-"-------- --.---- "--- '-

100 10 1 0.1

CCEMWR4 TIlc OF IIIBITING I.lD1CLCII . ANTIBSoY IULG.)

Figure 4: Epitopic specifity of MAbs S8U-D6 and N122-9 as
assayed by the competition avidin-biotin protocol.

Optimal working dilutions of biotinylated (B) MAb were added
to serially diluted homologous or alternate non-biotinylated ,Ab
and the reactants immediately transferred to microtiter plates
prepared with 3 ug/ml SEA. O. D. readings were compared to
experimental wells which had received only biotinylated fMAb.
hon-biotinylated ifAb will compete with its biotinylated homolog
but not with the alternate I-Ab.

IDIOTYPICALLY SPECIFIC INHIBITION OF MONOCLONAL ANTIBODY/ANTIGENI BINDING

-- B S0-D6
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Figure 5: Epitopic specificity of biotinylated HAbs S80-D6, N34-
25 and N122-9 in competition with non-biotinylated
S80-D6 or N34-25 as assayed by the competition avidin-
biotin protocol.

Methodology as in Figure 4 except that reactants were
incubated tor 15 min. prior to transfer. (A) Non-biotinylated
S80-D6 competes with itself, but not with B N34-25 or B N158-1.
(B) Non-biotinylated N34-25 competes with B N34-25 and B N158-1,
but not with b S80-D6.
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SOLUBLE SEA BLOCKING OF BIOTINYLATED MONOCLONAL
ANTIBODIES TO SOLID-PHASE SEA

e:
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Figure 6: Soluble SEA blocking of biotinylated MAbs to solid-
phase SEA.

SEA, 1.5 ug/ml, was serially diluted and optimal
concentrations of biotinylated MAbs were added. After
incubation, the reactants were transferred to microtiter plates
prepared with SEA, 3 ug/ml. 0. D. readings were compared to
experimental wells which had received only biotinylated PlAb.
Biotinylated MAb could be blocked with as little as 100 ng/ml (10
ng/well).

ANTI-IDIOTYPICALLY SPECIFIC IH1IBIT1011 OF MONOCLONAL AIITIBODY/ANITICEH BINDING

100

90

i 80 

S 70 \ \< * ^
< X1-S8"-D6 + B Sm-M

S \ ' -kM X,-S0-D6 t B S80-D6
60 - X3-SBO-DG * B S80-

50 'X K W-M X-S-D6 80* B S80-D6

\-O IS * B S80-D6

4 X40 X1-S 0-D6, B 3B4-25

1 2 4 8 16 32 64 1?8 256 512

RECIPROCAL OF DILUTION OF ANTI-IDIOTYPIC ANTIDODY

Anti-idiotypically specific inhibition of
binding.

Figure 7: MAb/Ag

Naive C57B1/6 mice received periodic sub-cutaneous
injections of emulsified S80-D6 hybridoma cells. Anti-S80-D6
antisera, immune mouse serum (IMS) and normal mouse serum (NMS)
were serially diluted and equal volumes of optimal concentrations
of biotinylated IfAb was added. After incubation, the reactants
were transferred to microtiter plates prepared with SEA, 3 ug/ml.
In comparison to experimental wells which had received only
biotinylated MAb, the four antisera to S80-D6 significantly
blocked biotinylated S80-D6 to dilutions of at least 1:256, while
not inhibiting the biotinylated N34-25. IMS partially inhibited.
(NMS did not inhibit the biotinylated l1Ab.)
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Antigen-specific blocking of B-MAb: We next investigated
the ability of soluble antigen to specifically block adherence of
the B-MAb to the solid-phase antigen. SEA was diluted 2-fold in
gelatin buffer in glass test tubes. The highest concentration
was 1.5 ug/tube. B-MAb, at previously determined optimal
dilution, was added in equal volume. The tubes were incubated
for 15 min at 20°C to allow Ag-Ab complexing and then the
reactants were transfered to Ag complexed plates. The plates
were then incubated and assayed as usual. For all B-MAb tested,
sensitivity was observed to levels of less than 100 ng/ml (Fig.
6).

Anti-idiotypic blocking of B-MAb: Sera from S80-D6
hybridoma cell stimulated mice were obtained by retroorbital
bleeding. The serum samples were serially diluted in glass tubes
as above and the optimal concentrations of B-MAb were added. The
reactants were incubated for 15 minutes and then transferred to
microtiter plates and processed as usual. Sera obtained from all
four of the individual mice, specifically sensitized with the
S80-D6 hybridoma cells, were observed to specifically bind B-S80-
D6 to dilutions of at least 1:250, while when tested against
another MAb, B-N34-25, no blocking of the reaction Was observed.
Immune but not normal mouse serum also blocked B-S80-D6, however
the titer and inhibition slopes were less impressive than those
produced by the anti-idiotypic sera.

DISCUSSION

kesearch into the immunological aspects of infectious
diseases is directed to three major areas: 1. The immunological
responses concerned with resistance and immunopathology; 2.
Immunodiagnosis; and 3. Immunotherapeutics. To promote progress
in these areas, parameters important to immune requlation must
be ellucidated. In this regard we and others have identified
MAbs that provide significant protection to homologous
infections. Therefore these antibodies identified antigens which
are relevant to protection. Radioinimunoprecipitation studies
provided preliminary evidence that the S80-D6 protective MAb and
other non-protective MAbs combined with antigens of the same
molecular weight. Additionally, immunologically reactive
antigens obtained by affinity chromatographic methods using
either the protective S80-D6 or the non-protective N122-9 again
demonstrated antigens of equivalent molecular weight. Evidence
from the affinity and subclass studies of the different MAbs
produced no significant differences and thus again no obvious
explanation for the protection afforded by the S80-D6 was
evident. One remaining explanation, that would explain the
unique character of the S80-D6, was that it was recognizing an
epitope on the same molecule which was distinct from that
recognized by the non-protecting MAbs. This event has been
previously suggested by Stahli et al. 1171. In our competition
assays, utilizing the high avidity avidin-biotin system, we have
demonstrated that our protective S80-D6 is indeed recognizing a
distinct epitope from that recognized by the non-protective
blAb's. Also of interest is the indication that these non-
protective MAb's can compete with each other, e.g. N34-25 and

N158-1, and thus are cross-reacting with a second epitope.
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Avidin-biotin procedures for measuring antibody
concentration have become quite common. The utility of this
procedure for measuring antigen concentration using solid-phase
antibody-bound reagents or measuring antibody using secondary
biotinylated antibody has been demonstrated to be most useful
[18j. The ability to define hybridoma epitopic specificities for
schistosomiasis agents with similar competition assays has been
described with radiolabeled 151 and penicillinasa-bound MAb [19J
as well. In addition this technology has proven feasible to
measure circulating antigen [20] and to assess antigenic salience
121].

In the future we anticipate the assays will be of value in a
number of other modes. These include: Assessment of other
recognized S. mansoni protective MAb's, derived from mice and
other species or produced by recombinant technology (N. Agabian,
E. Joy, E. Fox, S. M. Phillips, unpublished observations). 2.
Determination of the role of anti-idiotypic components. 3. Use
in precise sera diagnostic assessment of antigenemia and antibody
activity.
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Abstract

Multiple laboratory methods have been examined for their
ability to differentiate between the two important clinical
states of human filariasis: the asymptomatic microfilaremic
(Mf+) and exposed but not-infected patient. The peripheral
blood smear and skin biopsy, immediate-type hypersensitivity
skin test and specific IgG antibody immunoassay have been
unable to effectively discriminate between these two patient
populations. While the presence of specific antibody is a
sensitive indicator for a past or present filarial infection,
it does not differentiate between the two. The detection of
antigen in human body fluids therefore appears to provide the
most specific indicator of a filarial infection in man. A con-
current antigen-specific human IgG antibody measurement can
supplement the diagnostic utility of the antigen determination
by providing an assessment of the immunologic status of the
individual.

This report reviews the state of antibody assays and explores
the design and performance of selected filarial antigen immuno-
assays. The immunoradiometric assay (IRMA) and its non-isotopic
counterpart appear to be most sensitive and specific assay for
filarial antigen detection in human serum and urine. The IRMA
employs solid phase antibody to extract antigen from the test
specimen and labeled antibody to detect bound antigen by binding
to a second antigenic determinant. Immunoassay methods which
employ labeled antigen, non-specific precipitation reactions
(PEG) and solid phase anti-C3 or Clq to extract immune-complexes
are less sensitive and precise.

The future of filarasis immunodiagnostics (antigen assays)
rests in our ability to define selected antigens which are
poorly immunogenic or present in large quantities in serum and
urine. Once defined, they may be isolated from crude worm
homogenates or culture supernatants and used to produce high
affinity polyclonal and monoclonal antibody reagents. Improved
efficacy of the filarial antigen immunoassay at present resides
in the preparation of highly avid, specific antibody reagents
and not on the refinement of immunoassay methodology.

1. INTRODUCTION

Filariasis is a serious world health problem in which 3 of 7
infective nematodes are responsible for most of the significant
human pathology [1]. Among 4 billion people in the world today,
there are approximately 44 million cases of cutaneous filariasis
[Onchocerca volvulus (Ov)] [2], and 400 million cases of lymph-
atic filarasis [Wuchereria bancrofti (Wb), Brugia malayi (Bm)]
[3].
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The most widespread filariasis is caused by the tro lymphatic
dwelling nematodes, Wb and Bm, which are commonly found in trop-
ical zones of Africa, the Indian sub-continent, South-East Asia,
the Pacific Islands, and South and Central America [4]. These
nematodes produce a broad spectrum of clinical manifestations in
man which are only partially differentiated by currently employ-
ed diagnostic procedures [5].

The wide spectrum of clinically defined states of Filariasis
is commonly divided into four groups [5]. Individuals in the
exposed but not infected group live in filarasis endemic areas
where they are exposed to infected larvae but they exhibit no
indication of clinical disease. The asymptomatic microfilarem-
ics live in endemic areas and are clinically asymptomatic with
microfilariae circulating in their peripheral blood. The fil-
arial fever group includes infected individuals with microfil-
aremia who exhibit recurrent inflammation of their lymphatics
and episodes of fever 2 to 6 times per year. Tropical pulmonary
eosinophilia is at the other extreme of the clinical spectrum
with a bronchial-asthmatic condition and extremely elevated
serum IgE levels.

Multiple assays have been used in an attempt to different-
iate first two groups: asymptomatic microfilaremics from the
exposed but not-infected [2]. These tests have included peri-
pheral blood smears and skin biopsies for visual detection of
microfilariae, immediate-type hypersensitivity skin tests to
detect filarial antigen-specific IgE antibody and immunoassay
analysis of serum for specific IgG antibody. Despitle the excel-
lent sensitivity of immunoassays for human antibodies, specific
IgG levels have been unable to differentiate between the clin-
ically important infected-amicrofilaremic and exposed but not
infected groups. The major thesis of this report is that the
detection of filarial antigen in human body fluids is the most
specific indicator of an infection in man. Concurrent quanti-
tative analysis of specific human IgG antibody may aid in the
diagnosis and subsequent therapeutic intervention by providing
information about the immunologic status of the individual.

Based on this premise, the objectives of this report are two
fold: First, variables will be examined which can influence
the quantity and specificity of detectable circulating parasite
antigen and host antibody in serum and urine of infected indiv-
iduals. Second, selected immunoassay methods will be discussed
which permit quantitation of human anti-filarial antibody and
detection of filarial antigen(s) in human body fluids. B. mal-
ayi, the lymphatic dwelling nematode, will be used throughout
this report as an exemplary model antigen system.

II. Variables influencing Antigen and Antibody Detection

Prior to discussion of immunoassays for filarial antigen and
host antibody detection, a moment should be spent reflecting
upon several uncontrollable variables with which the diagnostic-
ian must contend that can alter the level of antigen and anti-
body in circulation at the time of the specimen collection [1,
6].
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The number of worms, their stage of development (microfilaria
versus adult) and periodicity, and the state of the infection
(occult, pre-patent, microfilaremic) will determine to a large
extent the amount and specificity of antigen that is secreted
into the blood and eventually excreted into the urine.

The degree and type of the humoral immune response to filar-
ial antigen will define the quantity, specificity, avidity and
class of antibody in circulation. The antibody level will in
turn effect the level of detectable circulating (serum) and
excreted (urine) antigen. The immune response is govern by
environmental (exposure) and genetic (immuno-competency) factors
which are beyond the control of the clinical investigator.

The levels of antibody and antigen present at any point in
time will influence immune-complex formation and clearance of
both antigen and antibody via the body's reticuloendothelial
system. The immune-complex's size and stability are govern by
Law of Mass Action considerations which depend upon concentrat-
ion and affinity.

Other factors which may influence the amount of antigen
detected include the circulatory system dynamics (degree of
hydration as both antigen and antibody are measured per unit
volume of blood or urine), concomitant infections which may
alter the host's immune-responsiveness and individual's life-
style sex and general health (nutritional state).

Ideally, the antigen(s) which are the least immunogenic,
highest in concentration and most filarial-specific are the best
candidates for a diagnostic indicator of human filariasis. To
achieve the detection of such a population of antigens, the
following areas of future research are needed. First, filarial
antigens in the blood and urine of infected individuals must be
defined by size, charge and composition and isolated. Second,
specific antisera (both polyclonal and monoclonal) must be pre-
pared to these antigens for use as specific immunoassay probes.
Third, the immunoassay design must be continually improved using
new techniques to maximize its sensitivity and specificity as
new antibody reagents become available. As these three foci
progress in parallel, the diagnostician's chance will improve
for detecting the low pg/ml to ng/ml levels antigen which cir-
culate in the presence of ug/ml levels of specific host anti-
body.

III. Quantitation of Host Antibody

While antigen-specific IgG antibody does not discrimate
between the asymptomatic microfilaremic (Mf+) and exposed but
not-infected patient, it continues to be an important analyte
for several reasons. The level of human antibody specific for
filarial antigens provides an indicator of a past or present
filarial infection. The level of criculating antibody may be
used as an indicator of the infected individual's immune status
(degree of resistance against the parasite). Third, specific
antibody is the major interferring factor in antigen immuno-
assays.
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Methods for specific antibody detection have evolved over
many years. Of the many immunoassay designs available today,
the immunoprecipitation (double antibody assay) and :the solid
phase non-competitive immunoradiometric assay (IRMA); and immuno-
enzyametric assay (ELISA) have become the most widely use
methods [7].

The immunoprecipitation assay employs labeled antigen to
bind specific human antibody and then precipitates IgG by the
addition of a second antibody (anti-human IgG). Non-parallel-
ism between dilution curves of multiple sera indicate a problem
which appears to reside in the differential labeling of the
antigen (Figure 1, top panel). The IRMA and ELISA have resol-
ved this problem by eliminating the antigen labeling step and
using antigen insolubilized on a solid phase (Figure 1, bottom
panel) [7].
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FIGURE 1. Schematic diagram illustrating the principles of

quantitation of filarial antigen-specific IgG using the liquid
phase radioimmunoprecipitation (RIP) and Protein A Solid Phase
RIA (Staph A SPRIA). Some of the potential problems of the RIP
are illustrated (upper panel) including differential radioiodin-
ation of protein antigens [four closed symbols with 0 to 3
radioactive atoms (internal white circles)] and antigen-limiting
conditions leading to underdetection of certain antibody speci-
ficities. The SPRIA (lower panel) avoids radiolodi ation of the
filarial antigen mixtures and operates in large antigen excess
to avoid the above problems.
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In the IRMA and ELISA, antibody is extracted from a dilution
of serum with solid phase (agarose particle, microtiter plate
based) filarial antigen. Following removal of unbound serum
proteins with a buffer wash, bound antibody is detected with a
immunoglobulin class specific labeled detection antibody or
probe (anti-human IgE, anti-human IgG, Protein A). The specific
details of these assays are discussed elsewhere [8].

Recent precision profile analyses has demonstrated using the
same antigen preparation that the IRMA and ELISA provide equiv-
alent antibody results [9]. Both display good precision and
reproducibility with coefficients of variation (CV) generally
less than 10% throughout the typical 0.5 to 30 ug/ml working
range. The quality (accuracy) of antibody measurements appears
to be reasonably independent of the type of solid phase (part-
icle, plate) and label (1-125, enzyme, fluorochrome) employed
in the assay and more related to the specificity and quantity of
antigen attached to the solid phase. Cross-reactivity (specif-
icity) continues to be the single most difficult problem in the
accurate measurement of antibody in filariasis patients [8].
More comprehensive characterization of filarial antigens will
improve the performance of host IgG antibody assays.

IV. Detection of Filarial Antigen

The concept of filarial antigen detection in human body
fluids is not new. Investigators since 1863 have visualized
microfilaria in blood smears and skin biopsies which is detect-
ing antigen albeit the source itself. The present day use of
the immunoassay methods to detect filarial antigen is simply
our attempt to improve upon the blood smear's limited sensit-
ivity while hoping to maintain its excellent specificity.

A. Competitive Binding Immunoassay

Our experience with the competitive binding immunoassay (CB-
IA) for the detection of filarial antigen in human serum has
been disappointing. There are several reasons for our lack of
success with this assay design. One form of the CB-IA (Figure
2, top panel) involves the competitive inhibition of labeled
antigen from limited binding sites by unlabeled antigen. The
binding reagent (antibody) concentration must by definition be
limiting with regard to the amount of labeled antigen. Any
human anti-filarial antibody in the serum will increase the
concentration of total binding sites and shift the equilibrium
established by the Law of Mass Action. In doing so, host anti-
body eliminates the CB-IA as a serious contender for a diag-
nostic filarial antigen assay [6].

In addition to the problem of host antibody interference,
there is a requirement for labeled filaral antigen. The many
proteins commonly present in a filarial antigen extract are
differentially radioiodinated due to the varying number of
tyrosines on different proteins. Once radioiodinated, a
limited number of labeled proteins must be isolated by column
chromatography from the unlabeled radioiodine. Antigens
employed in the CB-IA must not only be labeled but also immuno-
reactive.
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FIGURE 2: Schematic diagram of the competitive double antibody
radioimmunoassay (RIA) (top panel) and the non-competitive solid
phase immunoradiometric assay (IRMA) (bottom panel). The RIA
has very restricted sensitivity due to the difficulty of obtain-
ing a representative labeled purified component of the filarial
antigen mixture, working in antigen limiting conditions and
interference by host antibody which alters the law of mass
action equilibrium by increasing the number of binding Sites.
The IRMA resolves most of these problems but must contend with
the necessity for two binding sites on the antigen molecule.

Figure 3 displays the typical elution pattern of radioactiv-
ity from a molecular weight sieve column immediately following
radioiodination of adult B. malayi antigen (BmA). The radio-

activity eluted from a Sephadex column was bound to proteins
with a wide spectrum of molecular weights. Each aliquot was

tested for its ability to bind a hyperimmunized rabbit anti-BmA

antiserum previously prepared by immunizing rabbits with the

same BmA. In this study, the 20,000 to 40,000 MW proteins
showed the highest immunoreactivity to this antiserum (Figure
3, arrows). These fractions were pooled and used in the CB-IA.

A double-antibody competitive binding immunoassay (Figure 2,
top panel) was initially performed using 0.1 ml of l2 -BmA,
0.1 ml of Ra-a-BmA and 0.1 ml of North American (non-eXposed)
normal human serum untreated or spiked with 10 to 10,000 ng/ml
of unlabeled BmA. Following an overnight incubation at 4°C,
goat anti-rabbit IgG was added to precipitate bound labeled and
unlabeled BmA. Both the bound (B) and free (F) radioactivity
was quantitated and a B/F ratio versus antigen concentration
dose response curve was constructed. This assay produced a
reproducible dose-response curve with a working range from 200
to 3000 ng/ml of BmA in the absence of human anti-filatial
antibody.
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FIGURE 3: Radioactivity profile of a Sephadex G-100 superfine
column elution of 1 2 5I-B. malayl antigen (BmA) immediately
following its radioiodination with the chloramine T method.
The labeled proteins slightly smaller than human serum albumin
(HSA) (20,000 to 40,000) were most immunoreactive with hyper-
immunized rabbit anti-BmA serum as tested in a double antibody
assay. Immunoreactivity was used as the criteria to select the
labeled proteins for the BmA competitive binding radioimmuno-
assay. The void volume (20-25 ml) and salt peak (greater than
55 ml) contained no labeled protein that was immunoreactive with
rabbit anti-BmA antibody.

When sera from filariasis patients with microfilaremia were
analyzed in this assay, serious problems became obvious. The
I-125-BmA bound the human anti-BmA antibody present in these
sera. Human antibody was not precipitated by goat anti-rabbit
IgG which resulted in an artifactually low cpm bound that was
interpolated from the dose-response curve as very high levels
of BmA. Subsequent precipitation by rabbit anti-human IgG
showed that the labeled antigen was bound predominantly to
human anti-BmA antibody [6].

The double-antibody separation step was converted to a less
expensive polyethylene glycol (PEG) 6000 separation that pre-
cipitates all bound labeled and unlabeled BmA irrespective of
the species of the specific antibody (human and rabbit). The
competitive binding RIA with PEG separation was run with negat-
ive (no human IgG anti-BmA) and filariasis sera (1 ug/ml or
more of human IgG anti-BmA) that had been spiked with buffer or
10 to 10,000 ng/ml of BmA. Presence of human IgG anti-BmA
antibody shifted the equilibrium of the immunoassay and all
labeled and unlabeled BmA became antibody bound. Following
separation, the acceptable dose response curve observed in the
absence of human antibody was abolished by the present of
modestly low levels of human anti-BmA (Figure 4). This study
indicated that in a parasitic infection where a significant
humoral immune-response occurs, host antibody will interfere in
the competitive binding immunoassay thus reducing its usefulness
in detecting antigen in serum. The problem of differential
labeling of the antigen is also a problem which limits the com-
petitive binding assay's diagnostic utility.
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FIGURE 4: Dose-response (competitive inhibition) curves in the
B. malayi antigen competitive binding RIA with PEG separation.
The -LJI-BmA Bound/Free ratio is plotted versus the amount of
unlabeled BmA added to human serum containing none (negative)
or ng/ml levels of human IgG anti-BmA (positive). Displacement
of 1 5I-BmA from rabbit anti-BmA was observed in the absence
of human antibody (lower curve). If the serum contained human
antibody, both unlabeled and labeled BmA were bound by excess
antibody receptors (human + rabbit). All BmA (labeled and
unlabeled) was subsequently precipitated by PEG (uppercurve)
and no competitive displacement is observed. This study
demonstrated interference caused by the presence of human
antibody specific for filarial antigens in the test serum.

B. Non-competitive Binding Immunoassays

The non-competitive binding reaction is to date the most

promising for the detection of filarial antigens. Unlike the

competitive binding immunoassay, the non-competitive assay
operates with reagent excess conditions. Several versions of
the non-competitive immunoassay have been studied.

Immunoradiometric Assay and Immunoenzyametric Assay 

The most exciting immunoassay design to emerge for filarial

antigen detection is the two-site non-competitive binding
immunoradiometric assay (IRMA) and its non-isotopic counterpart,

the immunoenzymetric assay (IEMA) [10-12]. In the absence of
host antibody (Figure 2 bottom panel), filarial antigen is

bound to solid phase polyclonal or monoclonal antibody which

has specificity for the desired filarial antigen(s). After

buffer washes to remove unbound proteins, 125I (IRMA) or

enzyme (IEMA) labeled specific antibody (purified IgGior
Fab'2) is added to the reaction mixture where it binds to

remaining filarial antigen determinants. After a second incub-

ation, another buffer wash removes unbound labeled detection

antibody and radioactivity (IRMA) or color (IEMA, optical

density) is measured for the bound fraction. The amount of

filarial antigen in the original serum is proportional to the

counts per minute or optical density of the bound fraction.
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The diagnostic utility of the IRMA is dependent on the
restricted specificity of the antibody which is insolubilized
or labeled. The IRMA's sensitivity is dependent upon several
factors: the amount of human antibody present which can mask
antigenic determinants, the specific-activity (amount of label
per mass) of the labeled detection antibody and the level of
non-specific binding (NSB) which is proportional to the concent-
ration of solid phase antibody and human serum added to the
reaction mixture [6].

Interferring Factors: Filarial antigen-specific human antibody
is the major substance in serum which can interfere in the
IRMA. An inverse relationship has been indicated between the
amount of antigen detected in the IRMA and the level of host
antibody [10,11]. The use of both solid-phase and labeled
liquid-phase IgG antibodies in the IRMA allows the possibility
that rheumatoid factor (RF) which is infrequently found in
serum may cause falsely elevated antigen levels. To test this
possibility, the IRMA protocol permits an analysis of antigen
positive sera using normal IgG coupled to the solid phase. The
use of a solid phase Fab'2 fragment of the IgG detection
antibody reduces this potential artifact to insignificant
levels. In general, the number of false positive RF artifacts
is minor as compared to the apparent number of false negative
results which can be attributed to host antibody interference.

Performance: Several reports have demonstrated acceptable
performance characteristics for the IRMA. A non-specific
binding level of 2-4% Bmax (Bmax = % of added immunoreactive
counts) with non-exposed North American human serum (NEHS) is
commonly observed with the agarose based IRMA [12]. The
response range of 4% to 35% Bmax provides a working range of
15-1000 ng/ml of added BmA (protein concentration). The IRMA's
sensitivity (minimal detectable dose) as defined statistically
(mean cpm bound + 3 SD produced by the NEHS) is 15 ng/ml equiv-
alents of BmA. Intra- and inter- assay precision (reproducibi-
lity between replicates) over the IRMA's working range are
generally good: intra-assay <8% CV; inter-assay <14% CV for the
15-1000 ng/ml working range. No hook effect (i.e. decrease in
detectable antigen at high antigen levels due to steric hind-
erance or negative cooperativity) was observed by analyzing
samples with 60 ug/ml of BmA.

Quality Control: Consistency of the IRMA's performance over
months has been monitored with multiple dilutions of control
sera analyzed at high (800-1000 ng/ml), medium (80-100 ng/ml)
and low (15-20 ng/ml) levels on the BmA reference curve. Agree-
ment between antigen levels obtained by analyzing multiple
dilutions of each specimen in an assay (parallelism) was good
(inter-dilutional CV less than 20%) for sera without human
anti-BmA antibody. Approximately 50% of sera from naturally-
infected individuals which contained varying amounts of anti-
BmA antibody diluted in a manner non-parallel to the reference
serum containing BmA and no antibody ( >20% inter-dilutional
CVs). Non-parallelism in most cases results in final BmA
levels which can vary 20-50% as a function of the serum dilut-
ion tested. The interpolated value was therefore used as an
estimate of filarial antigen and given the units: ng/ml
"equivalents". Absolute quantitation of the results does not
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Figure 5. Filarial antigen levels detected in the two-site
immunoradiometric assay in North American non-exposed human
sera (NEHS) and sera with connective tissue diseases (CT) and
sera from endemic controls (EC) and filariasis patients with
elephantiasis (E), tropical pulmonary eosinophilia (TPE),
microfilaremia (mf) from the Cooke Islands, South Pacific and
Madras, India where bancroftian filariasis is endemic. Results
are presented as ng/ml equivalents of filarial antigen inter-
polated from the reference dose response curve usitg the mean +
3 SD of the binding level of non-exposed human sera as the
positive threshold .

appear possible due to the lack of knowledge of the antigen(s)
being measuring and the interference of host antibody. These
results appear to be similar to the experience of the other
group which is using the IRMA [11].

Validation Studies: Using the BmA IRMA discussed above, fil-
arial antigen levels were assessed in North American NEHS,

endemic human controls and in individuals with filariasis from
India and the South Pacific. These results are displayed in
Figure 5. Results are reported semi-quantitatively in ng/ml
equivalents of antigen interpolated from a dose-response curve
and as the % positive or negative above a positive threshold
defined by the mean + 3SD binding level observed with the NEHS.

The NEHS and negative sera with connective tissue diseases

all displayed negative levels of filarial antigen. Serum from
1 of the 9 endemic controls living in a W. bancrofti endemic
area of the South Pacific (Cooke Islands) contained significant
levels of IRMA detectable antigen. Several sera from Indian
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patients (Madras) with elephantiasis and tropical pulmonary
eosinophilia had IRMA detectable filarial antigen. All sera
from microfilaremic patients from India and the South Pacific
contained IRMA detectable filarial antigen [12].

Another report [11] displays the exciting promise of the IRMA
using an IgM monoclonal antibody against 0. gibsoni egg anti-
gen (Gib-13). Recent results at the WHO workshop in Lille
(1983) were encouraging with regard to its sensitivity in
detecting filarial antigen in documented cases of filariasis.
Further clinical trials will document the specificity of the
Gib-13 IgM antibody. Another group has been using human serum
immunoglobulin from Wb microfilaremic patients (FSI or filarial
serum immunoglobulin) as the solid phase and labeled detection
antibody in an IEMA [14]. The difficulty of obtaining large
quantities of this human antibody and the wide spectrum of anti-
body specificities (possible cross-reactivity with other para-
sites) suggests a limited utility for FSI as a diagnostic test
reagent.

Inhibition ELISA for Antigen

An inhibition assay has been reportedly used to detect micro-
filarial excretory-secretory antigen (ES-Ag) in the blood of
patients who received diethylcarbamazine therapy [13]. In this
assay, FSI (human IgG antibody isolated from Wb microfilaremic
patients) was insolubilized on wells of a microtiter plate.
Following blocking of unbound plate sites with bovine serum
albumin, the test serum (1:150 to 1:300 dilution) was added and
antigen if present bound to the insolubilized antibody. After
a wash, penicillinase conjugated ES-Ag was added which bound to
remaining unsatuated binding sites. After a final wash, sub-
strate was added and the color was shown to be inversely pro-
portional to the amount of antigen in the test serum.

As discussed with regard to the competitive immunoassay, there
can be problems associated with the uniform labeling of antigen
mixtures. As a semi-quantitative assay this design appears to
be sensitive. Further documentation may prove this assay to be
a useful future diagnostic test.

Non-Competitive Dot ELISA

An interesting variation of the two-site IEMA uses nitro-
cellulose paper instead of a bead or plastic surface to insol-
ubilize the specific antibody. Antibody is localized in a dot
on the nitrocellulose paper and other remaining binding sites
are saturated with bovine serum albumin. As in the IEMA, filar-
ial antigen is bound by the solid phase antibody and following
a washing step, enzyme-conjugated detection antibody binds a
second antigen determinant, if available.

This assay is constrained by the same limitations discussed
above for the IRMA and IEMA. The use of a paper solid phase
and small reaction volume makes it more suitable to field use
than its test tube counterpart. Before this assay finds accept-
ance, the problem of host antibody interference must be
addressed especially due to the small quantity of antibody is
coupled to the paper. The tube IRMA and IEMA employ more solid
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phase antibody than the Dot ELISA which facilitates the binding
of complexed antigen. Preliminary results indicate that the Dot
ELISA has a lower sensitivity than its tube counterpart.

Antigen-Specific Immune Complex Assays

Most individuals living in filariasis endemic areas have cir-
culating antibodies specific for filarial antigens. This is
the major reason for the limited use of specific antibody as a
diagnostic analyte. The presence of antibody as discussed above
poses serious consequences for the immunoassay detection of
filarial antigen in circulation.

Once antigen is released into the blood, it may complex with
antibody which enhances its rate of clearance from the blood.
The level of circulating immune-complexed filarial antigen is a
dynamic process related to the rates of complex formation and
clearance. The rate of immune-complex clearance in turn is
influenced by the antigen valency, energy of binding between
the antigen and antibody, complex size, concentration of
complexes in blood, route of antigen administration and the
immune-competency of the individual. The efficiency of the
human phagocytic system for complexes is also dependent on the
class (predominantly IgG) and subclass of human IgG antibody.
IgGl and IgG3 can most readily bind to the Fc receptors of
liver macrophages. Complexes greater in size than Ag2Ab2
are quickly removed from circulation.

Lattice formation (cross-linking) of antigens and antibody
is an important phenomenon which requires special attention
when designing an immunoassay for filarial antigen detection.
The relative affinities (tightness of binding) and concentrat-
ions of filarial antigen and host antibody will define the
extent (quantity), the physical nature (size, charge) of immune
complex(es) and eventually how the complex is extracted from
serum.

Assays with the potential for detecting filarial antigens in
circulating immune complexes are non-competitive solid-phase
assays that isolate or extract immune-complexes from serum in a
first reaction and probe for antigen with a labeled-specific
antibody probe in a second reaction.

Immune-complex isolation methods may take advantage of the
physical and chemical properties (size, charge and solubility)
of the immune complex(s). Ultracentrifugation, gel chromato-
graphy, ultrafiltration, cryoprecipitation and PEG precipit-
ation have all been used as isolation methods but most of these
continue to be research tools and not useful in large scale
clinical tests. Other investigators have exploited the biolog-
ical properties of immune-complex to bind to immunoglobulin Fc
or complement receptors. Receptors reported for extraction ICs
from blood are humoral receptors for immunoglobulin Fc (solid
phase Clq, solid phase monoclonal rheumatoid factor) and com-
plement (solid phase Conglutinin, solid phase anti-Ci3 anti-
bodies) and cellular receptors of which the complement receptors
on the surface of the Raji Cells for C3, C3b, C3d is the most
commonly employed extraction reagent.

86



While there have been indication of that filarial antigen
circulating in immune complexes can be detected in patients
with Wb filariasis [15-16], the general experience has been
poor. We have found solid phase anti-C3 to be the most effic-
ient and reproducible for extracting complement-fixed immune-
complexes from serum. Using solid phase anti-C3 in the first
stage and I-125-labeled anti-BmA antibody in the second step,
we have been unable to demonstrate immune-complexed filarial
antigen in sera of patients known to have both antigen and
antibody using the IRMA and Protein A SPRIA, respectively.

Radioimmunoprecipitation Polyethylene Glycol Assay (RIPEGA)

The RIPEGA has been applied to the detection of 0. volvulus
antigens in the serum of infected patients [17]. Initially,
antigen in a body fluid is bound by 1 25I-specific antibody.
Polyethylene glycol is then added to precipitate antigen-labeled
antibody complexes. Commonly a PEG washing step is then per-
formed to remove unbound labeled antibody that may be non-speci-
fically trapped and the pelleted (bound) radioactivity should
be proportional to the amount of parasite antigen (free and
immune-complexed) in the original serum.

Criticism of the RIPEGA has largely focused on its apparent
limited sensitivity and the dependence of precipitation step on
the size of the complex [18]. When compared with the IRMA in
the recent WHO meeting, the RIPEGA which used an IgM monoclonal
antibody and 2.5% PEG displayed a lower sensitivity than the
IRMA. The RIPEGA while on an experimental basis can be used to
test for antigen should not be seriously considered as a diag-
nostically useful filarial antigen assay.

V. Strategy for Future Research

It is the opinion of this author and I believe other investi-
gators in this field that the non-competitive two-site immuno-
radiometric assay is the best assay design to date for detect-
ing filarial antigen in the presence of host antibody in human
body fluids. Several reports show much promise for this assay
design [10-13]. Research must now turn to the most important
problem, namely that of preparing highly avid, specific antibody
probes which will be someday be employed in the IRMA or the
IEMA. The rate limiting step at present is not the immunoassay
technology but rather the reagents which are to be employed in
the assay.

There is reason to be optimistic about the future of filar-
ial assay reagents. Several investigators have begun the
arduous task of defining and isolating circulating and excreted
antigens in serum and urine. Serum and urine from Wb microfil-
aremic patients have been precipitated and chromatographed in
order to isolate components called circulating filarial antigen
(CFA) and urinary filarial antigen (UFA). These preparations
have more recently been shown to contain antigen by an BmA
antigen IRMA. Excretory-secretory antigen from microfilaria in
a maintenance culture has also been examined as a possible
source of diagnostically relevant antigen. Both polyclonal and
monoclonal antibodies are being prepared against the CFA, UFA
and ES protein fractions.
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Recently, antigens have been identified in the blood of Wb
microfilaremic patients using a multi-step polyacrylamide gel
electrophoresis-Western blot-labeled antibody overlay-autorad-
iography technique. These high molecular weight antigens may
be the same antigens which are detected in the IRMA using the
same polyclonal antibody against B. malayi antigen. The work
of the monoclonal IgM antibody to O. gibsoni egg antigen which
recognizes cross-reactive antigen in human serum is another
example of movement toward more targeted, diagnostically useful
specific antibody reagents.

Specific Recommendations: These present successes will hope-
fully evolve into a battery of reagents which can be applied
and tested in the IRMA and other immunoassays. The following
issues may be considered important when planning a strategy for
the development of improved diagnostic reagents and testing of
immunoassays for detection of filarial antigen.

Identification of filarial antigen(s) [somatic, egg, excret-
ory, secretory] in the serum and urine of microfilaremic
patients should be at the top of the wish list. This will
involve determination of the antigen(s) molecular weight(s)
distribution, isolectric point(s), SDS-PAG-blotting-labeled
antibody overlay identification and definition of its char-
acteristics interms of stability (TCA, heat, proteinase) and
cross-reactivity with antibodies specific for other helminth
antigens.

Once identified, these antigens then need to be isolated
from crude worm homogenates, egg isolates, and excretory-
secretory antigen. When isolated, they can be used (in part-
ially or highly purified form) for immunization and preparation
of polyclonal and monoclonal antibodies.

As new promising antibodies become available, they can be
inserted into the immunoradiometric assay or its non-isotopic
equivalent for testing. While the IRMA is the assay of choice
at present, this is not to say that it remain so in light of
the rapid evolution of immunoassay technology. Immunoassays
involving non-specific precipitation (PEG, charcoal) should be
avoided due to their dependence on the size of complexes and
their limited sensitivity. Immunoprecipitation assays or
inhibition assays employing labeled antigens should be used for
experimental purposes but not as diagnostic tests due to
problems with differential labeling of the antigens which leads
to uncontrollable non-parallelism and underestimation of some
antigen specificities.

As promising antibody reagents become available, the issues
of immunoassay and clinical sensitivity and specificity need to
be addressed. Standardization and quality control of the assay
using a reference serum needs to be a part of the future strat-
egy. The geographic location where blood and urine specimens
are collected for assay testing should be considered in light
of the specificity of the antibody used in the assay and the
species of worm in the region. Specimens from potentially-
exposed amicrofilaremic endemic controls or non-exposed non-
endemic controls from Europe or North America should both be
included in a field evaluation of the assay because the issue
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of the "appropriate" negative control specimen still remains
unanswered.

We have reason to be very optimistic about the future of
Filariasis immunodiagnostic methods.
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Abstract

The need for improved diagnostic tests for malaria over conventional
methods based on indirect immunofluorescence for the measure of
antimalarial antibodies, and for identification of malaria parasites on
stained blood films for antigen detection (diagnostic of ongoing
infection) has led to the development of several solid phase assays.
These assays have been used in limited trials for both antibody and
antigen detection. Solid phase assays for antimalarial antibodies are
relatively easy to perform but the currently available assays for antigen
detection which are based on solid phase antibody binding inhibition are
still complicated, poorly standardised and time consuming. They can not
be used on a large scale in endemic areas. Several new developments
including the availability of monoclonal antimalarial antibodies of known
specifications, the cloning of several malarial antigens and the
synthesis of malaria specific nucleotides and polypeptides may allow in
the near future the development of simple and reliable assays for
malarial antigens detection or the identification of genomic malaria DNA
by hybridisation on infected blood samples. Moreover the measure of
antimalarial antibodies of known specificities would be easily achievable.

INTRODUCTION

Immunodiagnosis tests have two main fields of application: first in
epidemiological studies in communities where malaria is endemic and
second, in various applications in research laboratories. The test
systems required for these two applications are different in many ways
but some requirements apply for both applications, e.g. antigen
production and purification, standardization of reagents and
reproducibility. The immunodiagnostic tests aim at the detection of
specific antimalarial antibodies or at the detection of malaria antigens
which are released in the sera of infected patients or associated with
parasites growing within red blood cells. We will therefore consider
separately tests for antibody and antigen detection.

1. Antimalarial antibody detection

The detection of antimalarial antibodies for immunodiagnostic
purposes has certain limitations since the presence of antibodies in
serum does not necessarily indicate an active disease. Antimalarial
antibody detection is therefore of little help in the diagnosis of active
disease in individual cases but may be used for follow-up patients and
have applications, for example, in blood transfusion centers in
non-endemic areas to determine whether individuals coming back from
endemic areas may be accepted as regular blood donors. At the present
time, the main interest of these tests is that they may serve as tools
for the epidemiological surveillance of malaria incidence. They have
been used to determine the geographical distribution and prevalence of
malaria and for the evaluation of the transmission of the disease (1).
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This latter aspect is particularly important for the evaluation of the
impact of malaria eradication programmes. The advantages of the
presently available tests for antimalarial antibody detection is their
relatively low cost and their sensitivity and simplicity, but the
problems of standardization are still not completely solved. The most
widely used assays for antimalarial antibody detection are the indirect
immunofluorescence technique (IFA) (1, 2), the indirect hemagglutination
(IHA) (3) and a variety of solid phase immunoassays (4, 5, 6).

The indirect immunofluorescence technique (IFA) was introduced in
malaria in the early sixties and has been widely used for epidemiological
studies which have clearly established the age-related variations in
antibody titers in endemic areas and have helped in the eradication of
remaining malaria foci following eradication programmes (1). More
recently, IFA has been used for the selection of monoclonal antibodies
reacting with malarial antigens present in defined anatomical sites (7,
8, 9). The main advantages of IFA is its rapidity, relative simplicity
and the possibility to identify the antibody binding site on defined
structures of the parasites.

For the indirect hemagglutination test, erythrocytes coated with
malarial antigens are incubated with dilutions of sera to be tested. IHA
has been used in epidemiological studies but its use in tropical areas is
hampered by false positive results due to frequent non-specific
erythrocyte agglutination (3).

Solid-phase immunoassays are based on the property that most
antigens become firmly attached to plastic surface and preserve their
reactivity after attachment. Following antigen absorption, dilutions of
the sera to be tested are incubated in the wells of plastic microplates
and the amount of antibody is determined in a second step by measuring
the binding of radiolabelled anti-immunoglobulin or 1251 protein A
(radioimmunoassay = RIA) (4) and the binding of enzyme labelled
anti-immunoglobulin antibody (enzyme-linked immunoabsorbent assay 
ELISA) (5).

Another application of radiolabelled anti-immunoglobulin is the
identification of the specificities of monoclonal antibodies using
western blotting; for these experiments, parasite extracts are applied on
SDS PAGE and transferred to nitrocellulose sheets. These sheets are
latter incubated with monoclonal antibodies and finally with 1251
antimouse IgG (10). The specificity of the monoclonal antibody is latter
determined by autoradiography. This technology allows the selection of
monoclonal antibodies of interest.

One of the critical points for the development of immunodiagnostic
tests and particularly for antibody detection is the production and
standardization of antigens. The main sources of antigens available are:
blood from infected individuals or experimental animals, sera from
infected patients, and parasites obtained from in vitro cultures. Other
sources of antigens such as sporozoites and gametocyteS are not available
in sufficiently large amounts. These sources represent a wide range of
antigens and are usually used as total extracts. Therefore, measurement
of antibody levels using whole parasitic extracts as a source of malarial
antigen represents only a mean assessment and does not differentiate
between the various antibody specificities involved.

Recent studies have shown that individuals with a high degree of
resistance to malaria preferentially react with some defined antigenic
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determinants (11, 12) and vaccination trials against malaria may be
developed in the future. In these two instances, the availability of
purified defined antigens for antibody measurement would represent an
essential tool. Progress in the characterization and identification of
single malarial antigens has been achieved in recent years and several
malarial antigens have been expressed in E. coli plasmids using DNA
recombinant technology (13, 14). One may therefore expect that, in the
near future, antibody measurement against a single antigen would be
easily achievable and allow for a more precise and quantitative
evaluation of the degree of resistance of populations living in endemic
areas and of vaccinated individuals.

II. Malarial antigen detection

The detection of antigens in biological fluids is widely used in
microbiology for the diagnosis of recent or ongoing infection; such tests
are usually extremely specific and sensitive. A variety of techniques
have been similarly developed for the detection of malarial antigens,
mainly for the detection of P. falciparum antigens, in the serum and/or
in the blood of infected patients (15, 16, 17).

The antigens associated with asexual blood stages of malaria include
soluble antigens present in the serum and intraerythrocytic antigens.
Immunoprecipitation in gel (15, 16, 17) and counterimmuno-electrophoresis
(18, 19) have been used for the detection of soluble malaria antigens
during or after P. falciparum infection. These antigens have been
characterized according to their resistance to heating at different
temperatures. There is a sequential appearance of different antigens
even in the serum of a single individual. The analysis of heat stable
(S) antigens in Gambian children has shown a heterogeneicity of this
group of antigens, suggesting an antigenic diversity within the
P. falciparum species (15, 17). Indeed, this technique allows the
diagnosis of recent infections but is limited by its low sensitivity.

The simplest way to detect intraerythrocytic antigens in the study
of individual cases is obviously the examination of blood films.
However, in endemic areas, infected individuals frequently have very low
parasitemia and in large scale epidemiological studies the method is
time-consuming and requires highly skilled personnel. To bypass this
problem, solid-phase inhibition RIA and ELISA assays have been developed
(4, 5, 6, 20). Presently available assays use extracts of patients' RBC
which are incubated with enzyme or radiolabelled antimalarial antibodies,
and after centrifugation, the supernatants are incubated in plastic tubes
coated with malarial antigens. The fixation of the antibody to the
coated tube is specifically inhibited by the prior reaction of the
antibody with lysed infected cells. The measurement of the amount of
radioactivity bound to the tube or the measurement of the absorbence of
the enzyme activity associated with the antimalarial antibodies allows
for the determination of the specific binding inhibition. These tests
are very sensitive since parasites were detected at a level of 8
parasites/10 6 normal RBC. There are however some limitations related
to the standardization of these tests, the relatively complicated
manipulations including washing of red cells to eliminate antimalarial
antibodies contained in the patient's blood since they compete with the
labelled antibody, and the specificity, since correlation between
microscopic parasite detection and significant binding inhibition has
still to be improved.
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There are suggestions that some of these problems may be solved by
the use of anti P. falciparum monoclonal antibodies which have been
developed by several laboratories. Pools of monoclonal antibodies
directed against selected determinants would help in the standardization
of the test and may be less sensitive to competition with natural
antibodies present in the blood of infected patients. Another possible
modification would be the selection of a sandwich assay using polyclonal
antibodies or a pool of monoclonal antibodies for the coating of the
plastic well on which lysate of parasitized blood wouldidirectly be
applied. The final step would be the application of ra4iolabelled
monoclonal antibodies of known specificities. The technology has been
recently developed in our laboratory by using a pool of five monoclonal
antibodies reacting with ring forms as shown by indirect immuno-
fluorescence and western blotting both as first coating and as detector
after labelling with 125I. Using this solid phase sandwich assay, it
was possible to detect parasitemia at a level of 0.002%, For these
experiments blood from 5 infected patients lysed by NP40 and Tween 20 was
diluted with normal RBC in serial dilutions and applied to 96 wells
plastic dishes. Standardization of this methodology may allow a large
scale use.

As malarial antigens are released in sera of infected individuals,
similar technology may be developed for malarial antigen detection in
sera, providing the relevant monoclonal antibodies are selected. This
implicates the identification of the malarial antigens released at the
molecular level. The main antigen released in sera of infected
individuals is the so-called "S" antigen but this antigen by itself is
probably not suitable since it shows antigenic variation among various
isolates of P. falciparum (9, 15). Other antigens have been identified
in the supernatant of P. falciparum in vitro culture and are probably
also present in sera of infected patients (figure 1) (21).

The selection of adequate monoclonal antibodies for immunodiagnostic
tests rely on basic investigations concerning the identification of
malaria antigens associated with the various developmental stages of the
asexual cycle since mainly ring forms are found in the blood of infected
patients and since antigens released in the sera of infected individuals
are of schizont and merozoite origin. Several group of investigators
have pursued such studies using synchronized P. falciparum culture
labelled with radiolabelled amino acids (mainly [35S] methionine) (22,
23, 24, 25). The samples of the various labelled developmental stages
are analysed by SDS PAGE and autoradiogrpahy. An example of such an
experiment is shown in figure 2. Such studies clearly indicate which are
the major antigens associated with the various developmental stages.

Obviously, solid phase assays for antigen detection can be developed
for P. vivax, P. malariae and P. ovale antigens which may cross-react
with P. falciparum antigens; for the detection of soluble malarial
antigens present in the serum and for the determination of
isolate-specific antigens since monoclonal antibodies with isolate
specificity have been recently described (9); for the detection of single
antigens by using polyclonal sera or monoclonal antibodies directed
against several epitopes expressed on the same antigen.

An interesting recent development concerns a test for the detection
of a single epitope of the anti-sporozoite protein of P. berghei (Pb44)
(26). The principle of this solid-phase assay (inhibition of idiotype
anti-idiotype interaction) is that the antigen (Pb44) inhibits the
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Fig. 1 : Autoradiographs of 8% SDS PAGE of culture supernatants

of synchronized P. falciparum cultures labelled with [35S] methionine

at Ring, Trophozoite and Schizont developmental stages. Pf :

unsynchronized P. falciparum infected red blood cell preparation

labelled with [35S] methionine. The arrows point to polypeptides of

200, 160, 82 and 55 kdaltons which are liberated in high concentra-

tions in culture supernatants at the end of schizogony.

interaction between two monoclonal antibodies. The first antibody
(monoclonal) is directed against the antigen to be tested and the second
antibody (also monoclonal) is directed against the idiotype of the first
antibody. Introduction of the antigen (Pb44) into the system inhibits
the binding of the second antibody. Similar assays may be applied to the
detection of other malaria antigens.

The recent application to the malaria field of the gene cloning
technology has also led to direct applications for immunodiagnostic
tests. Several investigators have observed that repeated DNA sequences
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Fig. 2 : Autoradiographs of 8 SDS PAGE of labelled erythrocytic

stages of P. falciparum. Cultures were synchronized and sequentially

labelled in vitro with [35S] methionine (50 pCi/ml ) in methionine

free medium containing 10% human serum. Samples containing equal

numbers of TCA precipitable cpm were prelevated after a labelling

time of 8 hrs and represent radiolabelled polypeptides synthetised

during Ring, Trophozoite and Schizont developmental stages. The

arrows point to bands corresponding to polypeptides synthetised

preferentially during the schizont stage.

are present in several genes of P. falciparum, some of these repeats are
isolate specific whereas others seems to be shared by all isolates.
Using a DNA probe containing a cloned repetitive sequence, it has been
recently possible to identify malaria infected blood with a spot
hybridisation assay (25). Using this hybridisation technique parasitemia
at a level of 0.001% in 50 ul of blood was detected. This technology is
a very promising development but at this present stage will present major
limitations related to the use of 32P for labelling of the probe and the
complex and time consuming treatment of the samples to be analysed.
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USE OF RADIONUCLIDE LABELS IN THE IDENTIFICATION
AND ISOLATION OF MEROZOITE ANTIGENS FROM THE
HUMAN MALARIA PARASITE Plasmodium falciparumr

FOR THE DEVELOPMENT OF IMMUNODIAGNOSTIC METHODS
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Martinsried, Federal Republic of Germany

Abstract

Radionuclide tracers play an important role in the study of antigens of
the human malaria parasite, Plasmodium falciparum. The use of such tracers
to study the synthesis and the biochemical and immunological characteristics
of various parasite products, is discussed.

INTRODUCTION

Radionuclides play an important role in identification, characterization
and isolation studies of putative protective antigens from the human malaria
parasite Plasmodium falciparum. They are particularly important in studies
involving antigens from isolated merozoites - the infectious and host cell
invading stage of the parasite. These antigens are only available in small
quantities because merozoite production in culture is a costly and difficult
task. Thus sensitive markers such as radiotracers are a prerequisite for
meaningful research in this field.

Radiolabelling of protein in culture

Various types of radiolabelling techniques and nuclides must be applied
when studying merozoite antigens in detail. Metabolic labelling of parasite
proteins in culture with radioactive amino acids during the developmental
cycle of the parasite provides information about the total set of proteins
present in merozoites. In order to obtain such information the radiolabel
must be present in culture from the early trophozoite stage - when protein
synthesis starts - up to the merozoite harvest. The compartmentisation of
proteins, that is, whether they are membrane-bound or soluble in the parasite,
can be studied using cell fractionation techniques after merozoite isolation
(1, 2). Similarly the possible immunological activity of the proteins can be
investigated using immune sera from patients or animals or polyclonal or
monoclonal antibodies, in polyacrylamide gel electrophoresis and immune
blotting analyses, both in combination with Protein-A techniques.

Biosynthesis or processing of antigens can be studied by pulse-chase
experiments. In these the initial step of protein synthesis is labelled by a
short, hot pulse with a suitable radiolabelled amino acid, and the radiolabel
is then chased by the addition of the corresponding cold amino acid. In this
way only those proteins synthesized during the pulse-period are labelled and
their processing and fate in the cell during the developmental cycle can be
followed. This method also offers the possiblity of identifying protein
precursors.

During the developmental cycle of the parasite several important proteins
are released from the parasite into the culture medium. These can be
identified if they are radiolabelled since they are present in very small
quantities (3).
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3 5S-methionine or various 3H- or 14C-labelled amino acids -
preferentially leucine, iso-leucine, proline or histidine - are used in all
the studies described.

Merozoite glycoproteins

Merozoite glycoproteins are identified by metabolically labelling
merozoites in culture with 3H- or 1 4C- glucosamine or with various 3H-
or 1 4C-sugars such as glucose, mannose, galactose or fucose (4). In
particular, with glucose care must be taken to avoid commercial products
contaminated with chemically unidentified impurities. These impurities can be
incorporated into proteins via non-enzymatic mechanisms, and be interpreted
falsely as an enzymatic incorporation of sugars. Such "glycoproteins",
however, are glycoprotein artifacts (5).

Merozoite lipoproteins

Lipoproteins are identified by metabolically labelling merozoites in
culture with 1 4C-palmitic acid.

Merozoite cell surface antigens

Merozoite surface antigens can be identified by applying cell surface
radiolabelling techniques, preferentially with 125Iodine. Various
procedures are available. The most reliable is the lactopelroxidase-catalyzed
iodination of tyrosine residues in surface proteins (2, 6). A prerequisite
for applying this technique is that the isolated merozoites are fully intact,
i.e., that their membrane is tight and not leaky so that the radiolabel cannot
diffuse into the cell and label internal proteins. In various modifications
of the procedure the 1 2 5Iodine label is bound to glass carriers (IODO-GEN)
or matrix beads (lodo-beads) in order to prevent such diffusion. Amino acid
residues from merozoite surface antigens, other than tyrosine, can be labelled
using other procedures (7). For example lysine can be labelled with
NaB3H4. These labelling techniques, however, are not commonly used.

Identification of unlabelled merozoite antigens

Merozoite antigens can also be identified without priQr labelling of
merozoites in culture. In this case the reagents used for antigen
identification must carry the radiolabel. For example polyclonal or
monoclonal antibodies used in immunoprecipitation can be iodinated using
sodium 1 2 5Iodine. This label can be incorporated into tyrosine residues of
the antibody using the Chloramine-T procedure (8) or the Bolton-Hunter reagent
(9). Both techniques can also be used to label Protein-A, which can identify
immune complexes formed between an unlabelled merozoite antigen with an
unlabelled antibody. 1 2 5Iodine-labelled lectins can often be used to
identify antigens which are glycoproteins. As yet, however, no lectin has
been found which can be used to identify merozoite glycoproteins.

The most reliable technique for identifying unlabelled merozoite antigens
with radiolabelled reagents is the transfer of electrophoretically separated
merozoite antigens from polycrylamide gels to nitrocellulose sheets (10) or to
membrane filters for zeta-blotting (11), followed by detection with the
radiolabelled reagents. In this way the quantities of theivaluable
radiolabelled reagents needed can be reduced to a minimum.
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Isolation of merozoite antigens

Radiolabelled merozoite antigens can be used as radiotracers mixed with
the corresponding cold material, when isolating merozoite antigens using
various chromatographic isolation techniques such as conventional
chromatography, high pressure chromatography or affinity chromatography.
Isolated antigens are often used in animal experiments, i.e. for raising
polyclonal antibodies in small animals or for vaccination trials in monkeys.
In such experiments rather large quantities of antigens are needed and it
would be harmful for the animals as well as being costly if all the antigenic
material was radiolabelled. Large quantities of radioactive label in animal
cadavers also pose a problem in waste disposal.

CONCLUSIONS

Both our work and the many publications by others show that some form of
radioactive label is a prerequisite in virtually all research into the
detailed structure of the malaria parasite. Without such labels the progress
which has been made towards the development of a vaccine against the human
malaria parasite P. falciparum would not have been possible. Radiolabel
compounds are expensive research tools and the handling of radioactive waste
becomes more and more difficult. These problems cannot be compared, however,
with the problem of the 200 million malaria cases world-wide and the 1 million
dead children in Africa per annum. This problem must be fought with every
means available.
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Abstract

Results are reported from studies on the immunodiagnosis of
filariasis, schistosomiasis and malaria which have been carried out under
the auspices of the UNDP/World Bank/WHO Special Programme for Research
and Training in Tropical Diseases. These studies include an evaluation
of the RIPEGA and IRMA for the detection of filarial antigens; the
selection and standardization of schistosome antigens for diagnostic
purposes; and the development of tests for the detection of malaria
antigens and antibodies.

INTRODUCTION

Research on the immunodiagnosis of tropical diseases carried out
under the auspices of the UNDP/World Bank/WHO Special Programme for
Research and Training in Tropical Diseases has as its main objective the
development of simple techniques which can be applied in endemic areas at
low cost. Ideally, the methods should be sensitive, specific, simple to
carry out and not require sophisticated equipment or expensive reagents.
Research projects supported by the Special Programme are concerned with
the improvement of some existing tests and with the development of new
tests where these are needed. The precision of serodiagnostic methods
should improve with the application of defined and purified reagents,
including monoclonal antibodies and cloned gene products, which are
beginning to become available for some of the tropical diseases. The
Special Programme also supports workshops at which reagents are exchanged
and compared. When new methods are developed to a point where field
application is practicable, it is envisaged that training courses will be
held to expedite widespread use of the methods.

1. Filariasis

Of the eight species of filaria that infect man, three produce
significant disease with a wide spectrum of clinical manifestations.
These are Wucheresia bancrofti, Brugia malayi and Onchocerca volvulus.
By definition, the diagnosis of filarial infection requires the
demonstration of the parasite in the host. However, the development of
infective larvae in the host into adult worms with production of
microfilariae takes time and delays the diagnosis of new infections. In
addition, the parasites may be present in small numbers, in certain
periods of time (nocturnal microfilariaemia) and/or sequestered in
inaccessible sites.
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For these reasons, immunological techniques e.g. antibody assays and
skin tests, have been employed for diagnosis of filariasis for a long
time. The older serological tests with moderate sensitivity, e.g.
complement fixation, indirect haemagglutination, gel diffusion, etc. were
replaced later on by more sensitive assays using reagents labelled with
radio-isotopes, fluorochromes and/or enzymes (Kempen 1979,
Ambroise-Thomas 1980, Ottesen 1984). These tests improved the clinical
sensitivity and facilitated early diagnosis. However, none of these
tests either discriminate between past exposure and active infection or
reflect the parasite burden. The demonstration of parasitic antigens
circulating in the blood or excreted in urine in malaria and
schistosomiasis has stimulated research to detect filarial antigens in
blood serum and/or in urine. To avoid an undesirable cross-reactivity,
experienced in the assays of filarial antibodies, monoclonal antibodies
have been employed. Because antigens are released into circulation in
minute amounts, assays of high sensitivity had to be developed.

Under the auspices of the UNDP/World Bank/WHO Special Programme for
Research and Training in Tropical Diseases efforts are being made to
improve antibody detection tests for filariasis. Attempts are being made
to define better antigens for these assays, by purification, to give
better specificity. To date, no species-specific filarial antigen has
been identified, though work on this is still in progress. In general,
it has been found that in vitro released and membrane antigens are more
filaria- specific than cruder extracts.

Tests are also being developed for the detection of filarial
antigens for diagnostic purposes. Two techniques using radio-isotope
labelled reagents have recently been evaluated. These are:

RIPEGA - Radioimmunoassay using polyethylene-glycol (Montis et al
1983) and IRMA-Immunoradiometric assay (Forsyth et al 1984, Hamilton and
Scott, 1984).

In RIPEGA, a radioiodinated monoclonal IgM antibody, specific for
filarial antigens, is incubated with test specimens (serum, urine).
Polyethylene glycol (PEG) is added as a separating reagent and the
mixture is incubated for 14 - 16 hours at 40° and centrifuged. The
precipitate is washed with PEG, and the radioactivity measured. The
amount of precipitated radioactivity is proportional to the amount of
filarial antigen in the test-specimen, reacting with IgM antibody (IgM
antibody has been used to avoid "false" positive reactions with
Rheumatoid factors which may be present in the serum).

In IRMA, the test specimen (serum, urine) is mixed with isotope
labelled monoclonal antibody, incubated overnight and the mixture is
transferred to a microtitre plate containing wells precoated with the
same non-labelled monoclonal antibody. The immune complex produced
during the first incubation binds to the non-labelled antibody in the
solid phase during a second overnight incubation. Unbound material is
removed by washing and the bound radioactivity is quantitated in a
counter. A modification of this assay has been described using
polyclonal antifilarial antibody bound to Sepharose beads, reacting with
antigens from test samples (serum, urine). Radio-labelled monoclonal
antibody is then used to detect the antigen bound on the particles.

The clinical sensitivity of RIPEGA and IRMA was compared during the
Workshop on "The Application of monoclonal antibodies to Immunodiagnosis
and studies of antigens in Filariasis", organized by the Scientific
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Working Group on Filariasis, and held at the Centre d'Immunologie et de
Biologie Parasitaire of the Institut Pasteur, Lille, France in November
1983 (Bulletin World Health Organization, 62, 695-6, 1984). Filarial
antigens were detected in sera from patients with parasitologically
confirmed filariasis by both techniques. However, both assays showed
some false positive results with sera from patients with connective
tissue diseases and a reduced sensitivity with sera from filarial
patients containing host antibody to filarial antigens. Both these
artifacts were eliminated by pretreatment of sera with acid (pH 2.0)
followed by boiling (100°C for 10 minutes), demonstrating the
thermostable and acid-resistant nature of the antigens. Studies are in
progress to refine and standardize these assays, which have better
potential than antibody detection tests for early diagnosis, for
discrimination between past exposure and active infection as well as for
evaluation of chemotherapy.

This collaborative study demonstrated the need for more and better
monoclonal antibodies for immunodiagnosis. Most of those tested to date
showed wide cross-reactivity within filarial species and very few showed
restricted species and stage specificity.

As a result of this study, a serum bank has recently been
established with support from the Special Programme. Well characterized
sera are being collected from patients with all types of filarial
disease. The need for an antigen bank was also recognized.

2. Schistosomiasis

Under the auspices of the UNDP/World Bank/WHO Special Programme for
Research and Training in Tropical Diseases, the Scientific Working Group
on Schistosomiasis has organized collabortive studies for the selection
and standardization of antigens for the immunodiagnosis of
schistosomiasis.

In the first collaborative study, (Mott & Dixon, 1982) eight
research laboratories in Europe and the United States of America were
selected on the basis of having published data on Schistosoma mansoni and
S. japonicum antigens to participate in a study of various antigen/test
combinations for immunodiagnosis of schistosomiasis. The serum bank
consisted of 395 well documented sera from four endemic areas in Brazil
(2 areas), Kenya, and the Philippines. Altogether, 21 S. mansoni and
four S. japonicum antigen and immunoassay combinations were evaluated.

S. mansoni egg antigens yielded a higher combined sensitivity than
adult worm antigens, irrespective of their purity, in active S. mansoni
infections before and after specific treatment. Quantitative
seroreactivity of characterized S. mansoni egg antigens (McLaren, 1981)
showed good correlation whith faecal egg counts in the 5-14 year age
group. No correlation between morbidity related to S. mansoni and
seroreactivity was observed in any test system.

Three S. japonicum egg antigens showed high sensitivity and
specificity in relation to the presence or absence of eggs in the stool.
The quantitative seroreactivity of the characterized S. japonicum egg

antigens correlated directly with the intensity of S. japonicum infection
in all age groups.
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The enzyme-linked immunosorbent assay (ELISA), using several
different procedures, performed well with the antigens used in the
study. The indium slide immunoassay, a simple qualitative visual test
system using an S. mansoni egg antigen, demonstrated a high degree of
sensitivity and specificity.

The results did not indicate the superiority of any particular
immunodiagnostic method for detecting antischistosome antibodies.

Original observations during this study were that antibody to egg
antigen diminishes six months after treatment, and that the indium slide
test was as sensitive as ELISA using the same egg antigen. It was more
specific than ELISA for S. mansoni infection. Tests were S. japonicum
showed high sensitivity and specificity, but many S. mansoni antigens
cross-react with S. japonicum (Tsang et al.). It is therefore possible
that S. mansoni antigens could be used for the immunodiagnosis of
S. japonicum. It was notable that crude antigen preparations gave just
as good specificity as "purified" antigens, and greater sensitivity.

The main recommendations made on the basis of the first
collaborative study were that work should continue on characterization
and purification of antigens, and their comparison with standard crude
antigens. Use should be made of all available technology, including
monoclonal antibodies, to facilitate antigen purification,
standardization, and quality control. Epidemiologically defined human
sera are prerequisites for antigen quality control and standardization
procedures. International collaborative efforts are needed between
laboratories in the endemic areas and developed countries. S. mansoni
egg and adult antigens should be evaluated in the field, in order to
assess the correlation between serological and parasitological data.
Current immunological techniques to detect circulating Schistosoma
antigens have not been fully developed (Deelder and Dozy, 1980). As new
technology becomes available, research in this area should be
encouraged. Limited field testing of antigens and test systems that
perform well in collaborative trials should be carried out.

In January 1983, another serum bank was set up for the evaluation of
S. japonicum antigens (egg and adult). Definitive results are not yet
available but the preliminary immunodiagnostic data look extremely
promising. 

The collaborative studies supported by the Special Programme will
attempt to identify antigens which can be used in existing test systems
to reflect the status of infection. In addition, efforts are being made
to identify antigens using newer techniques, which could be used for
diagnosis or to monitor therapy (Norden and Strand, 1984).

Cost is a major factor to be considered in the development of
immunodiagnostic tests for schistosomiasis. Most such tests are
considered to be too expensive for most of the 74 countries where
schistosomiasis is endemic. However, tests could be valuable in Puerto
Rico, St. Lucia and in China, where the level of infection is low and the
sensitivity of detection could be improved by the use of immunodiagnostic
methods.

Based on the experience gained during the collaborative studies, it
is strongly recommended that when such studies are set up, the test
reading should be truly blind. Samples should be coded and the code
retained in the country of origin. The testing laboratory should receive
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only numbered samples. This applies even when the test systems used are
apparently instrinsically objective in nature. It is also strongly
recommended that such studies be carried out in close collaboration with
epidemiological and control programmes, to ensure full documentation of
the sera collected.

3. Malaria

New and improved immunodiagnostic methods are required for malaria,
for use in epidemiological studies, in monitoring control programmes and
in future, for the evaluation of malaria vaccines. Research supported by
the UNDP/World Bank/WHO Special Programme for Research and Training in
Tropical Diseases is concerned with the development and improvement of
tests to detect antigens of an antibodies to sporozoites and asexual
blood stage parasites, as well as the development of methods for the
assessment of protective immunity in malaria.

(a) Sporozoites

A small pilot study carried out in a hyperendemic malaria area
employing intact sporozoites of P. falciparum as antigen, revealed
that antibodies to sporozoites are frequently demonstrable by
indirect immunofluorescence in the sera taken from members of
resident populations (Nardin et al., 1979). Age-specific antibody
profiles indicated that these antibodies were commonly present in
sera from newborn infants, implying transplacental acquisition, and
tended to disappear in the months following birth. They remained
infrequent in the early years of life but reappeared in later
childhood and increased in prevalence and concentration into adult
life. The relevance of these antibodies to protection remains to be
investigated.

An immunoradiometric (IRMA) test which detects and estimates the
numbers of sporozoites carried by infected mosquitoes has been devised
and assessed in field conditions. The assay has three important
characteristics. First, it employs monoclonal antibodies to detect
species-specific circumsporozoite (CS) protein present in mosquitoes.
Secondly, it remains capable of detecting CS protein in dried mosquitoes
for up to 4 months after insect-death. Thirdly, as CS protein contains a
repeated epitope, only one monoclonal is necessary for a two-site assay.
In a hyperendemic area of the Gambia, West Africa, the sporozoite rate in
trapped mosquitoes was estimated using first the IRMA and secondly,
classical mosquito dissection methodology (Zavala et al., 1982). There
was a good correlation between the results obtained by the two methods.
However, the rates determined by dissection were consistently around 70%
of those found by IRMA. The difference is probably due to the fact that
the IRMA detects CS protein in sporozoites present in late-stage oocysts
in the mosquito midgut as well as in mature forms in the salivary gland.
Assessment of sporozoite numbers showed that while loads in excess of
150,000 sporozoites were sometimes encountered, the great majority of
infections did not exceed 8,000. These encouraging preliminary findings
indicate that this type of test will in future provide an extremely
valuable tool for the epidemiology assessment of malaria in endemic
areas. The method has recently been adapted to an ELISA system, which is
expected to be more readily applicable under field conditions than the
IRMA.
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(b) Asexual blood stages

Emphasis is currently placed on the development of methods for
the detection of parasite antigens in infected blood. The detection
of parasites in blood by microscopic examination ofithick blood
films is rapid and accurate when parasitaemia is relatively high,
but becomes slow and less reliable when parasitaemia is low and
large numbers of slides have to be examined. Various types of field
studies, including vaccine evaluation, would be facilitated by a
simple serological test that could detect parasites in peripheral
blood with a high degree of sensitivity. Both RIA and ELISA methods
have been devised for the detection of P. falciparu" parasites in
blood and useful levels of sensitivity were achieved (Avraham et
al., 1981; Bidwell & Voller, 1981; Mackey et al., 1982). However,
greater test precision as well as standardization will be required
before such tests are ready for widespread application in field
studies. 

It can be expected that considerable improvements will be made in
serodiagnostic methods for malaria, as a result of the present intensive
research on plasmodial antigens. As more monoclonal antibodies and
purified antigens are produced in the course of vaccine research, they
should also become available for serodiagnostic purposes. A recent
development in this connection has been the establishment of a Registry
for monoclonal malaria antibodies in the WHO Immunology and Training
Centre, Geneva. Monoclonal antibodies being produced in various
laboratories, mainly for purposes of antigen analysis, are being
collected and tested for their suitability as immunodiagnostic reagents.
Monoclonal antibodies, by virtue of their extreme specificity,
homogeneity and potentially unlimited availability could bring major
improvements to the serology of malaria. A number of scientists have
contributed samples to the Registry and the antibodies are being tested
for species, strain and stage specificity. They are also being assessed
in tests for the detection of whole P. falciparum parasites in infected
blood and for the detection of soluble antigens in the serum of infected
patients.

(c) Protective Immunity

Several methods are available for the measurement of serum
antibodies to blood parasites (IFA, IHA, RIA, ELISA), and their use in
seroepidemiological studies can provide much valuable information.
Unfortunately, the presence of antibody does not indicate the level of
protective immunity. It is possible that the antibody response to
certain individual parasite antigens may give some measure of protection,
since sera from "immune" adults in endemic areas preferentially recognize
a number of antigens that are seldom recognized by sera from patients
recovering from a first infection. Several functional assays have been
devised, in which antibody reacts with antigens that appear to be
important for the growth and development of the parasites. Merozoite
invasion inhibition is one such assay, in which merozoite re-invasion is
quantitated in in vitro cultures of P. falciparum (WilsOn & Phillips,
1976; Green et al., 1981; Myler et al., 1982). However, although immune
human and Aotus sera have been shown to be inhibitory, a proportion of
immune sera have an enhancing effect on parasite growth, Some sera
inhibit some strains of P. falciparum and not others. Another functional
assay uses an in vitro model of the sequestration of mature P. falciparum
parasites that occurs in natural infections. The binding of trophozoite-
containing erythrocytes to endothelial cells or amelanotic melanoma cells
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in vitro was shown to be inhibited or reversed by immune Aotus serum
(Udeinya et al. 1983). This phenomenon is now being studied using human
sera from people with different degrees of malaria experiences.

Tests for cell-mediated immunity in malaria are being developed, but
this work is still at an early stage. The response of peripheral blood
lymphocytes to plasmodial antigens in vitro is also being studied, but it
is not yet clear whether this will lead to the development of an assay of
protective immunity. Further studies are planned in this area.
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