ABSTRACT

This thesis is concerned with observations on the following
serological tests: countercurrent immunoelectrophoresis
(CIE), Enzyme-Linked Immunosorbent assay (ELISA) and the
Thin Layer Immunoassay (TIA) in Schistosoma haematobium
infections in man and experimental animals

CIE was found to be less sensitive and needing a higher
concentration of antigens than the two other tests.

ELISA proved to be very sensitive and specific for detecting
antibodies in sera from patients with S.haematobium infec-
tions. There was strong cross reaction between S.mansoni
antigens and sera from S.haematobium infections. Soluble
egg antigen was more reactive than either adult worm antigen
or cercarial antigen, and cercarial antigen gave a high
percentage of false positives with sera from other helminth
infections.

The ELISA proved to be a promising test for serological
monitoring of chemotherapy in hamsters, baboons and humans.

A comparison was made of a new serological method, TIA and
ELISA, in the detection and quantification of antibodies in
schistosomiasis using adult worm antigen and sera from known
S.haematobium and S.mansoni cases, TIA produced a small
number of false positives with sera from other helminth

| infections whereas ELISA gave none. TIA has the advantage

of being extremely simple to perform but has the disadvantage
of requiring large amounts of antigen.

It was possible to detect circulating schistosome antigen
in the sera of infected baboons, and to some extent in
humans, but not in hamsters using the ELISA test.

Demonstration of the antigen-antibody complexes in the
kidneys of infected hamsters, using the electron microscope
and immunofluorescence was of limited success.

Additional attempts were made to study the pathological
| changes in relation to serology at different times after
) treatment of groups of hamsters infected with S.huematobium.
f The antibody levels declined in response to treatment. The
inflammatory reactions progressively diminished but were
still locally present at 20 weeks post treatment.
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Chapter I

INTRODUCTION

Schistosomiasis has been called "the greatest unconquered
parasitic disease now afflicting men and animals" (Weir,
1969)., It affects more than 350 million people in tropical

and sub-tropical areas of the world. Schistosoma haematobium

(Bilharz, 1852; Weinland, 1858), Schistosoma japonicum

(Katsurada, 1904) and Schistosoma mansoni (Sambon, 1907),

the three major species of schistosomes which infect man,
are widely distributed. Figure 1 shows the world distri-

bution of human schistosomiasis.

It was considered by the World Health Organization in 1965

and more recently by the 1976 Special Programme for research

and training in tropical diseases, a joint project of the

World Health Organization and the United Nations Development

Programme, as second in importance only to malaria among

tropical diseases,

The schistosome worms are not typical flukes in all

respects, but do, however, poussess some characteristics

of digenetic trematodes,

Firstly, they have a complicated

life cycle through a succession of stages: egegs miracidium;

schistosomule; and adult worm. Secondly, an alternation

ol generations occurs in which there is a sexual generation,

parasitic in definitive verte)rate hosts including mang a

short=lived free swimming stage infective for molluscs;

an asexual gencration parasitic in molluscsg and a



Figure 1

World distribution of the three major species of

schistosome found in man, S.mansoni, S.haematobium

and S, japonicum

Map 1redrawn from Tropical Health : A Report on a
Study of Needs and Resources, National Academy of

Sciences - National Research Council, Washington,

D.C., 192,







short-lived free swimming stage infective for vertebrate
hosts. However, they show two features which are somewhat
unusual in the digenea: the sexes are separate in the

adult worms, and the adult worms live in the blood of their
definitive host. Although they have evolved separate sexes,
the paired worms remain together forming a kind of functional
hermaphrodite. Nearly all other trematodes are true herma-

phrodites.

The life cycle of the parasite is shown diagramatically in
Figure 2. The male worm carries the female in a ventral
groove of the body known as the gynaecophoric canal and
migrates with her into the veins draining the intestine

(S.mansoni and S.japonicum) or to the vesical plexus drain-

ing the bladder (S.haematobium). Figure 3 shows adult

S.haematobium: the larger, slimmer female lies in the

stouter male.,

gynaecophoric canal of the shorter,

Although the adult schistosomes, in contrast to many

infectious agents, do not multiply directly in the human

host, the adult paired worms produce vast numbers of eggs.

These are produced and laid singly by S.mansoni or in

groups by S.hacmatobjium and S, japonicum. The adult worm

attempts to deposit the eggs in the fine venules surrounding

the intestine or bladder, so that they can find their way

through the intestinal or bladder wall to the external

environment in faecces or urine, But some eggs always
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Figure 2

Schematic life cycle of the Schistosoma sSpecies
] p AL L AL AL

which infect man

Reproduced from Jordan, P. and Webbe, G. (1979)

'"Human Schistosomiasis', published by Heinemann,

London.
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Figure

S.haematobium adults : male and female in copula
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remain within the body; they may be swept back by the

flow of venous blood to the liver or other organs or
become lodged in the intestinal or bladder wall, These
eggs become a focus of immunological responses, in which
the host mounts a cell-mediated immune reaction against
them (Andrade, 1965; Boros and Warren, 1970), and they
arc eventually surrounded by characteristic granulomata
(Warren, 1974). These pathological changes can obstruct
the normal portal blood flow giving rise to portal hyper-
tension (Warren, 1972), and in severe cases where large
number of eggs are involved, an intense inflammatory
reaction occurs which is followed by fibrosis. In

S.haematobium infections this can lead to fibrosis of the

ureters and bladder and possibly even to cancer of the
bladder (Ferguson, 1911 Gelfand, 1964 Forsyth, 1967)
and in S.mansoni infections to hepatic portal fibrosis

(Andrade et al.. 1962).

Those eggs which do escape and are voided in urine or
faeces contain a fully developed embryo. If the voided
eggs fall into fresh water they hatch to give rise to a
free~-swimming ciliated larva or miracidium. Miracidia

are equipped specifically to find and infect snail hosts,
They are chemo-sensitive, attracted only to certain snails,

and are able to penetrate their soft tissues quickly by

means of powerful enzymes (MacInnis, 1963). In a suitable

snail host, the larva changes into a first gencration or



mother sporocyst, a sac-like structure with germinal cells
arranged in layers along the wall of the sporocyst. The
second generation or daughter sporocysts develop from the
germ balls within the central cavity of the mother sporo-
cyst and migrate usually to the snail liver or ovotestis,
where further growth occurs, and bud off more germ balls
which develop into cercaria, the final larval stage. Some
4 - 5 weeks after miracidial penetration, cercariae escape
from the snail in large numbers; it has been estimated
tlhtat one miracidium can give rise to as many as 100,000
cercariae. They swim actively with the aid of their large-
forked tails and, should they find a suitable host, the head
section rapidly penetrates the skin with the aid of enzymes
contained in its penetration glands, while the tail section
is left behind at the skin surface (Clegg and Smithers,
1968; Ghandour and Webbe, 1973). After penetration of the
skin the larva called a schistosomulum, undergoes a number
of important structural and physiological changes. These
include loss of the cercarial glycocalyx and replacement

of the trilaminate tegumental outer membrane with a multi-
laminate (5 - 7 layers) membrane, identical to that of the
adult worm (Hockley and McLaren, 1973). The organism also
changes physiologically from one that can survive in fresh

water, into one that is rapidly killed by fresh water, It

has become adapted to saline and serum and unable to survive

in water even for a brief time (Clegg and Smithcrs, 1968).




It may be that the cercarial fibrillous coat has some
water-proofing properties which are no longer required

once the parasite enters the host.

The route of migration of the flukes to their final
destination is not exactly known, but after a short sojourn
in the skin, they reach the lungs by way of the right heart.
Here they stay for a day or so before migrating to the

liver where they mature and mate and from thence to the

mesenteric or vesical veins where the female begins to lay

eggs some 4 - 10 weeks after cercarial penetration.




IMMUNOLOGY OF SCHISTOSOMIASIS

Innate immunity

The skin is the first defensive barrier of the host to
schistosome infection and it has been related mainly to
innate resistance. It app=zars that there 1s no selectivity
in the penetration of the epidermis of mammals by the
cercariae, although some rodents show ranging suscepti-
bilities to infection (Warren and Peters, 1967). Clegg

and Smithers (1968) were able to show differences in
cercarial death within the skin of various rodent species.
Furthermore there is direct evidence that increased host
resistance in older mice is correlated with cercarial death
in the skin (Ghandour and Webbe, 1973)¢ They also demonstrated
that the number of cercariae which die during penetration

of mouse abdominal skin steadily increases with age follow-

ing emergence from the snail. A review of innate immunity

is given by Smithers and Terry (1969a).

Concomitant immunity

This is a situation in which the invading schistosomula

are destroyed by the host's immune response while the adult
worms, from a primary infection which stimulated this

response, ara unaffected. This concept of concommitant

immunity was first introduced by Smithers and Terry (1969b).

It was based on the observation that established adult

S.mansoni,

derived from an initial infection, persisted



long after resistance had developed to a challenge
infection (Smithers and Terry 1965a). Thus the adult

worms that provoked an immunity were themselves unaffected
by it and immunity and infection were concomitant. Support
for this concept has been observed from studies of S.mansoni
in the baboon (Taylor et al.. 1973; Damian et al., 1974,

1976), S.mansoni in the mouse (Sher et al., 1974b), and

S.haematobium in the baboon (Webbe et al.. 1976).

It was concluded from studies which had been carried out
by Webbe et al. (1979), that baboons infected with

S.haematobium could develop not only a strong immunity to

the homologous infections but also a marked degree of
acquired immunity to S.mansoni. It was also shown by
Smithers and Terry (1967) who transferred adult worms
directly into the portal system of rhesus monkeys, that
adults were largely responsible for stimulating this

i resistance. It was supported recently by the transfer of

adult S.haematobium in the baboon (Webbe et al., 1976) and

adult S.mansoni in the mouse (Boyer and Kalfayan, 1978),

although resistance to reinfection was not as strong as

in rhesus monkeys. Concomitant immunity has the important

biological advantage of preventing overcrowding of the

parasites in the host. Schistosome worms derived from

early infections, in conjunction with host immunity, may
create a barrier to the continual reinfection which would

otherwise threaten the long-term survival of both host and



parasite (Smithers, 1972). There has been great interest
as to whether concomitant immunity operates in human
schistosomiasis. Studies by McCullough and Bradley (1973),
Bradley and McCullough (1973), showing the relative
stability of egg count in school children with S.haema-

tobium infections, seemed to support the concept.

The destruction of the invading schistosomula by the immune
response of the host, whilst the adult worms of a previous
infection are unaffected, has focused on an interesting
hypothesis to explain this phenomenon. Smithers et al.
(1969) have suggested that antigens synthesized by the

host become firmly bound to or incorporated in the tegument
of the schistosome, It has also been shown that these host
antigens are not merely gross contaminants as they resisted
prolonged washing of the worms (Clegg et al.. 1970). These
host antigens act as an immunological disguise preventing
the attack of the immune response on the worms, The very
young schistosomula migrating through the lungs in the
first few days after infection do not have these host anti-

genic materials and may therefore be vulnerable to attack

by the immune response provoked by the adult worms,

However these adult worms which have host antigens escape

the effect of

immune response (Clegg et al., 1971).

The

existence of host-parasite cross-reacting antigens has

been demonstrated by Damian (1964, 1967) and Capron et al.

(1965). This idea was first suggested by Sprent (1962),



that some of these antigens are in fact synthesized by
schistosomes and mimic host molecules. Damian et al.

(1973) have described an antigen which cross-reacts with

mouse alpha 2 - macroglobulin («Z-M) and is found on the

surface of adult worms grown in rhesus monkeys as well as
on those grown in mice. They also suggested that this
antigen is of parasitic origin, as there is no cross

reactivity between primate and murine &_,-M. On the other

2
hand, there is evidence that other host antigens are
indeed synthesized by the host and are acquired by the
parasite. Goldring et al. (1976) have shown that
schistosomula cultured in human blood of various ABO
groups, have molecules of exactly the same specificity as
the blood used in the culture. There is some evidence,
although not yet fully convincing, that the acquired
antigens are most likely to be glycolipids (Clegg, 1972,

1974; Dean, 1974).

Diagnosis of Schistosomiasis

Although demonstration of schistosome eggs in urine or

faeces remauins the only certain evidence of active infection,
negative stool or urine examinations do not exclude inflection.
Eggs are not easily found in early or in light infections as
well as in cases which have been partially cured by chemo=
therapy. Also the extensive inflammauatory reaction causes
many eggs to be trapped in the tissues and never to reach

the lumen of the intestine or bladder. Clinicians have




found great difficulties in diagnosing the disease from the
clinical picture only, as it is frequently not well defined
especially in children (Pellegrino et al., 1959). Most of the
available quantitative parasitological techniques are insensi-
tive, laborious, and need well-trained personnel. Accordingly,
there have been many attempts to develop serodiagnostic tests
which could be relied upon for individual patients as regards
the activity and the intensity of the infection, for assess-
ment of chemotherapeutic cure and more importantly, for
epidemiological surveys and for the evaluation of control
measures. It has been recommended by the WHO Scientific
Working Group on Schistosomiasis (WHO, 1978) and more recently
by an independent group (Hoffman et al., 1979), that the use

of such serologic tests should be advanced, as alternatives or
in addition to the current available parasitological techniques.
The serologic tests should ideally be sensitive, specific,
quantitative and characterised by technical simplicity and low
costs, in order to suit developing countries, where schistoso-

miasis, as well as other infections, are frequent.

The sensitivity of a serodiagnostic test is defined as the
percentage of individuals with positive serologic results

among those infected with schistosomiasis as proved by para-
sitologicual methods., The specificity is the ability of the
test to distinguish schistosome infections from other puarasitic

diseases. Moreover, species specificity means that the test

should be able to differentiate between various species of




schistosome. The reliability of these tests for schistoso-
miasis may vary considerably depending on whether the tests
are applied to individual cases or conducted under field
conditions in developing areas where most people are affected
by nutritional deficiencies and other concomitant parasitic
infections (Sadun, 1976). The most important of the factors
which determine the reliability of such techniques are the

nature and degree of the purification of the antigens used.

In the following, the relative values of different immunological
methods currently in use for the diagnosis of schistosomiasis
are discussed. Table 1 gives a summary of these tests,

together with others described later in the thesis.

The Complement Fixation Test (CFT)

The complement fixation test (CFT) was the first immunological
technique to be used in the diagnosis of schistosomiasis by
Fujinami and Nakamura (1909). Yoshimoto (1910) was among a
group of Japanese workers who were able to demonstrate the
presence of complement fixing antibody in patients with

S. Jjaponicum infection using an alcoholic extract of adult

S. japonicum as antigen. Subsequently, Fairley (1919) obtained i

encouraging results in the diagnosis of S. haematobium and

S. mansoni infections using alcoholic as well as saline
extracts of infected snail hepatopancreas in a CFT. The
disuadvantage of many antigens was their tendency to react
with syphilitic sera, particularly the alcoholic extracts

prepared from infected snanil livers. Chaffee et al. (1954)

prepared an fmproved antigen by removing the lipids from
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desiccated adult schistosomes with anhydrous ether in the cold
prior to final extraction with buffered saline. They reported
that with this method cross-reactions with sera from syphilitic
patients could be eliminated. They also achieved the use of the
CFT on a quantitative basis. It has been reported by many
workers (Davies and Eliakim, 1953, 19543 Horstman et al., 1954;
Pellegrino et al., 1959; Sleeman, 1950; Rieber et al.,

1961; Rifaat and Khalil, 1965), that better results were

obtained by using extracts of adult worms as antigen. Also,
partial purification of this antigen (Schnvider et al., 1956,
Sadun et al., 1959; Sleeman, 1960) and precise standardization
of reagents (Kent and Fife, 1963) have greatly improved the
specificity and the performance of the test. The sensitivity
of the test has been further improved by using more purified
antigen preparations (Sato et al., 1969b; Sawada et al.,
1969b), and it has been considered as one of the most reliable
precedures when conducted under optimal conditions (Kim, 1975).
However, this reaction requires more technical expertise than
that needed to perform many other immunodiagnostic tests

(Fife, 1971; Sadun, 1976). Field studies carried out with
this test (Schofiuld, 1959; Buck and Anderson, 1972), showed
that the CFT lacks sensitivity in children and in persons with
chronic intections, Evaluation studies of different serologi-
cal tests (Umaly et al., 1974a) using different schistosome
antigen preparations, indicated thut the CFT was the least

sensitive among tho tests evaluated.




The assessment of chemotherapeutic cure by a reliable serological
test is very desirable. The CFT has been tried for this
purpose (Chaffee et al., 1954; Meillon and Hollingham, 1958;
Schofield, 1959; Sadun et al., 1963b; Dennis et al., 1972;
Soulsby , 1973), but all regarded the test as unsuitable because
CF antibodies remained at a high level for a long time, as long

as 5 years, after treatment.

The anti-complementary activity which occurs in large numbers
of sera from tropical areas (Buck et al., 1970) represents
another great problem that seriously limits the usefulness

of the CFT as a diagnostic tool for epidemiological surveys.

Thus, the CFT has certain inherent advantages and limitations,

and judgement should be exercised in selecting it for a given

purpose (Fife, 1971).

The Intradermal test (ID)

The second immunological method used for the diagnosis of
schistosomiasis is the intradermal test (ID), and since the
first preliminary report by Fairley and Williams (1927),

trials have been undertaken using this method.

The antigens for the test have been made from different stages

of various human schistosomes, Antigens of non-human schisto-
somes as well as of other trematodes have also been used as
diagnostic antigens, but in some instances have proved to be
quite insensitive (Khalil and Hussan, 1932; Hassan and Betashe,

19343 Culbertson and Rose, 1942: hagan et al,, 1960).




In performing the test, small quantities of antigen are

injected intradermally together with a saline control. In
positive reactions, wheals often with pseudopodia develop,
which reach their maximal size within 10 - 15 minutes
(immediate reaction). There are difficulties in interpretation
of the results, some (Pellegrino and Macedo, 1956; Pellegrino
et al., 1959), considered a wheal area up to 0.9 cm2 as
negative, 1-1.1 cm2 as doubtful, and 1.2 cm2 or greater as
positive, using 0.05 ml of antigen containing 20 ug N/ml.
Ishizaki (1964) recommended that a wheal area of 0.7 em®
caused by 0.02 - 0.1 ml of antigen containing 30 ug N/ml
should be considered positive. The test is usually performed
on the flexor surface of the forearm and, less frequently, on

the outer surface of the arm. It has been shown, however,

that skin tests carried out on the back are more intense

(Pellegrino et al., 1959; Kagan et al, 1961).

The ID test is not particularly specific. Sadun et al.,

(1959) observed moderate cross-reactions with some other

trematode infections, even after purification of the antigen.

Sawada et al. (1968) found 3.3% of false positive reactions

on examination of 30 clonorchiasis patients, More recently,

it has been reported by Yogore and Lewert (1974), that a false-

pPositive 1ID test response of 37.%% was found in Filipinos

infected with capillaria philippinensis infections. It is
also well established that individuals exposed to cercariae

of non-human schistosomes develop hypersensitivity to antigens

of human schistosomes (Sadun and Biocca, 19623 Moore et al. 1908),



The ID test is,

therefore, a measure of recent and past
experience with any schistosome cercariae (Kagan, 1968) and
so it should not be used for epidemiological studies unless

concomitant presence of non-human schistosomes can be excluded

(Fife, 1971).

Reported data on the sensitivity of the ID test cannot be
properly evaluated, because of the diversity of the antigens
used and of the criteria for interpreting results, together
with the lack of uniformity in individuals in the groups in
which the test has been applied (Kagan et al., 1961). However,
it has been recognised that the intensity of reactions to the
test is greater in adults than children, the reaction is more
pronounced in men than in women and it is more intense in
coloured persons than in white (Kagan et al., 1961). Warren
et al., (1973), confirmed that the ID test is less sensitive
in children and that the delayed reaction is less sensitive
but more specific. The sensitivity of the test has been
slightly improved by using more purified antigens (Williams

et al., 1965, Sawada et al., 1968, 1969a; Sato et al., 19069a;
Enders et al., 1974), but in spite of this a positive reaction

is not always sufficient evidence to confirm a diagnosis of

bilharziasis.

The ID test has been used as an epidemiological tool. A
recent study by Yogor and Lewert (197&) showed that the ID test
could be useful and acceptable for assessing schistosomiasis in

the Philippines for those older than 12 years, but they found




that prevalence will be underestimatéd by about a third in

younger age groups.

Warren et al. (1973) reported that the prevalence of delayed
skin reactions was 66% for St. Lucia, while Moriearty and
Lewert (1974) found it to be 29% for Uganda. However, Kagan

) (1978) stated that one could not generalize about the sensiti-

vity and specificity of a particular serologic test.

More recently it has beenconcluded by Hiatt et al., (1978),
that the many sources of variability involved and the
i unsatisfactory sensitivity and specificity of the test limit

its epidemiologic usefulness.

It has been agreed (Kagan and Pellegrino, 1961; Kagan, 1968),
that the ID test should not be used as a criterion for the

assessment of chemotherapeutic cure. Yokogawa, (1969), stated
that the ID test has value only as an auxiliary method of
diagnosis and he also considered that treatment should not be

gliven to individuals with a positive ID reaction until the

diagnosis was confirmed by parasitological examination.

The indirect fluorescent antibody (IFA) test.

The indirect fluorescent antibody (IFA) test is another

senological technique introduced by Sadun et al.,

(1960) for

diagnosis of schistosomiasis, using cercarie of S. mansoni as

antigen. Other varieties of antigens have been employed in

this technique, including experimental liver granulomas

(Magalhfies-Filho et al., 1965), hepatopancreas of infected



snails (Gigase et al., 1967), and frozen sections of adult
worms (Coudert et al., 1968; Pothier and Lourdes-Sampaio-
Xavier, 1969a and b). Much of this experimentation has been
carried out in attempts to make the test less expensive and
elaborate and to facilitate storage and expedition of anti-
genic materials. The technique has also been improved and
rendered more practical by using counterstaining (Sadunet al.,
1962; Cookson, 19633 Coudert et al., 1968; Niel et al.,
1970). The use of eluates from dried blood smears on absor-
bent paper in place of serum has made the test a practical
diagnostic and epidemiological tool (Anderson et al., 1961;
Sadun et al.,, 1961). Additional modifications have been
introduced by Camargo et al., (1965), using worm particles

as antigen fixed on microscope slides. Coudert and his co-
workers (1968) have developed a similar method using sections
of adult worms instead of worm particles fixed on slides.
These modifications permit economy in the use of antigen

and satisfactory results have been obtained.

However, Kagan (1968) stated that the performance of the
test is highly technical and careful standardization is
necessary. Conflicting reports on the sensitivity of the
test have been given. Pellegrino (1963) reported 86%
sensitivity in 307 patients with active schistosomiasis,
compared to 96% in the CFT and 92% in a flocculation test.
The IFA test was found to be B81% sensitive in known positive
cases, but guave up to 40% false positives in a group of

Puerto Ricans who ware negutive for S.mansoni by other



1965).

parasitological and serological tests (Kagan et al.,

In comparative studies between IFA and ID tests Foster (1965)

found the former test to be more sensitive but still 9% of

known positives were negative. Between 95-98% sensitivity

among known positive cases have been obtained using the IFA

test (Coudert et al., 1968; Ambroise-Thomas et al., 1972;

Umaly et al., 1974a; Wilson et al., 1977). Although

Hoshino et al., (1970b), reported 100% sensitivity for the

IFA test in 105 patients with Manson's schistosomiasis, |
compared to 96% in the hemagglutination test, still 2.6% 1
false positive occured among a non-parasitized group. In
general, it was found that the IFA test provided more reliable |
results than the CF or the immunoelectrophoresis tests (Vernes f

1969).

et al.,

Toussaint and Anderson (1965) and Toussaint (1966) introduced
the soluble antigen fluorescent antibody technique (SAFA),

which involves coating a soluble antigen onto cellulose acetate

paper discs before processing it in the normal manner. The !

results are read on a fluorometer, thus elminating the sub-

Jective readings of the IFA test. Another advantage is that

a relatively large number of tests can be read with great

economy of scarce antigenic materials. Compensation can also

be made for non-specific fluorescence.

Sadun and Gore (1967) compared the IFA test employing fixed

whole cercariae with the SAFA test using soluble antigens. In



the latter, egg, cercarial and adult somatic antigens, as well
as cercarial and adult metabolic antigens were used. They found
that the highest degree of sensitivity was obtained when fixed
whole cercariae were used as the source of antigen and when
somatic products of delipidized cercariae were used in the

SAFA test. The highest degree of specificity was obtained

when fixed intact cercariae were used as the source of antigen
or when cercarial somatic and adult metabolic products were

used in the SAFA test. On the other hand, adult somatic and
metabolic antigens conferred to the test the lowest degree of
sensitivity, while cercarial metabolic antigen resulted in the

lowest degree of specificity.

However, the IFA test has the disadvantage of cross-reacting

with antibodies to Trichinella spirals and bovine, avian and

rodent schistosomes (Sadun et al., 1960; Sadun and Biocca,

1962; Cookson, 1963; Pellegrino and Biocca, 1963; Moore

et al., 1968; Amin et al., 1969). The test, therefore, has
to be used with care, since exposure to avian schistosomes
will incite production of detectable antibodies (Kagan, 1968).
Neither is the test reliable for assessment of chemotherapeutic J
cure (Sadun et al., 1963bh, Rifaat et al., 1969; Silva et al.,
1971 and 1975).

The defined antigen substrate spheres (DASS) system

Van-Dalen et al., (1973) introduced a new IFA technique model

by using soluble antigens covalently bound to agarose beads

for microfluorometry. This model, the defined antigen




substrate spheres (DASS) system, has been used by Deelder and
Ploem (1974) for the immunodiagnosis of S. mansoni infections
in animals and men. It proved to be specific, reproducible
and more sensitive than the SAFA and IFA techniques (Deelder

and Streefkerk, 1975; Deelder et al., 1975b).

Furthermore, storage of the antigen-bound beads in a freeze-

dried state proved to be possible and the results of the test
could readily be observed with the naked eye (Deelder et al.,
1977). Although the DASS system allows the use of different

stages of the worm for antigen fractions, and Deelder et al.

(1975e) have tried to simplify and optimize the system, it

is still technically complex and expensive equipment is needed.

The indirect hemagglutination (THA) test

The indirect hemagglutination (IHA) test was patterned after
the method developed by Boyden (1951) and Stavitsky (1954),
which is based on the adsorption of protein antigens on sheep

erythrocytes treated with tannic acid and their subsequent

hemagglutination by specific antiserum. This technique was

initially adapted and evaluated to the antigen-antibody system

in schistosomiasis by Kagan (1955a)and Kagan and Oliver-Gonzalez

(1955 and 1958). They found the test to be valuable for the |

diagnosis of acute infection in children and to be more

sensitive than the cercarien Hullen reaktion (CHR). It has

been used for sero-epidemiological studies and has been claimed

to be a valuable technique to determine the prevalence and

distribution of parasitic diseases (Cundrado and Kagan, 1967).



However, the THA test gives no index of chemotherapeutic cure
(Kagan and Oliver-Gorzalez, 1958; Hoshino et al., 1970b;j

Silva et al., 1971 and 1975).

Tien-Wei et al. (1966) developed a slide indirect hemagglutina-
tion test (SIHT) with formalin-preserved sheep erythrocytes
sensitized with an extract of eggs of S. Japonicum. They
concluded that the test was of value in the diagnosis of
clinical schistosomiasis with relatively high sensitivity and
specificity. Its sensitivity was also found higher than that

of the CHR.

Using more purified antigens, prepared from adult schistosome
worms by chemical procedures, gel filtration, carboxy methyl
(CM) cellulose and DEAE sephadex columns chromatography, the
sensitivity and specificity of the IHA test have been improved
(Sato et al., 1969b; Sawada et al., 1969b). Camargo (1970)
and Hoshino et al. (1970&) introduced a modification for the
JHA test by employing chromium chloride rather than tannic

acid as the sensitizing agent for binding the antigen to the

erythrocytes, and found this technique to be more reproducible.

Moreover, the sensitized chromium chloride-treated erythrocytes

were stable for several months in the refrigerator. Further
studies have been carried out by Hoshino et al. (1970c), to

standardize the test and the results show good reproducibility

and relatively high sensitivity. Umaly et al. (1974a) reported

a sensitivity of 85-90% among parasitologically proven cases

of S. mansoni and S. haematobium, and none of the antigens




used in the IHA test reacted with the control sera.

The cercarien Hullen reaktion (CHR)

The cercarien Hullen reaktion (CHR) of Vogel and Minning
(1949a) is a test which uses live schistosome material as
antigen. It is a serological phenomenon resulting in the
formation of a membranous sheath around living cercariae

when these are placed in the sera of infected patients. No
such reaction develops in normal serum. This phenomenon was
first described and reported by Papirmeister and Bang (1948).
The nature of the reaction and the active factors in the

serum have been studied by Stirewalt and Evans (1955), Evans
et al. (1955), Evans and Stirewalt (1959) and Kemp (1972).
The reagtion is not species or stage-specific, as cross-
reactions between different species of schistosomes have been
reported (Vogel and Minning, 1949b; Meleny and Moore, 19543
Hendricks and Cort, 1956; DSnges, 1966 ; Leflore and Martin,
19€8; Umaly et al., 1974a). However, the test is specific and
does not cross-react with other helminth infections (Standen,
1952; Abduallah and Ruggal, 1962 Fraga de Azevedo and Rombert,
1964; Donges, 1966; T'ien-Wei et al.., 1966). The sensitivity
was found to be higher in the younger infected individuals
(Jordan and Goatly, 1963; Fraga de Azevedo and Rombert, 1964).
However, the advantage of the test seems to derive from the
fact that it is positive early in infections (Kagan, 1955bj
Mao, 1958; Fraga de Azevedo and Rombert, 1904). Furthermore

it was found to be positive in serum of animals infected with




worms of one sex (Mayer and Pifano, 1951).

Since the CHR must be made with living, infectious cercariae,

the test is not too useful as a routine procedure (Kagan, 1968).

The circumoval precipitin test (COPT)

The circumoval precipitin test (COPT) of Oliver-Gonzalez (1954)
uses live schistosome eggs as antigen. He observed that when
S. mansoni eggs were incubated at 37°C for 24 hours with serum
from patients infected with S. mansoni, a precipitate formed
around theeggs in the form of globules »>f varying sizes and
shapes. It has been confirmed that the test is both sensitive
(Rodriguez-Molina et al., 1956 and 1958; Liu et al., 1958;
Kloetzel, 1959; Anderson and Niamark, 1960; Rodriguez-

Molina et al., 1962 and 1966; Abdallah and Raggal, 1962;

Fraga de Azevedo and Rombert, 1964; Yogore et al., 1968;
Rifaat et al., 1969, Ruiz-Tiben et al., 1979), and specific

for each species of the genus schistosoma (Newsome, 1958;
Oliver-Gonzflez et al., 1955a; Yogore et al., 1968), there
being only a slight reaction when eggs of S. mansoni are incubated

in the serum of patients infected with S.,haematobium and

S. japonicum. However, a low sensitivity of the test has been
reported elsewhere as low as 71% among 164 patients with
active schistosmiasis in Brazil (Pellegrino and Oliveira~

Andrade, 1962). Jachowski and Anderson (1961) found the test ‘

not species specific, and this was confirmed later by Shoeb

et al. (1967a), who found that living S. haematobium ova can

be used as antigen for performing the test in all types of



bilharzial infection. The test is very sensitive in detecting
antibodies in animals infected with one pair of worms
(Bruijning, 1964) and becomes positive early after infection,
as soon as 2 weeks in some instances (Yokogawa et al., 1907).The
test has been used in the field (Lewert and Yogore, 1969) and
for quantitative purposes {(Cancio et al., 1965) and the results
were encouraging. While some workers (Oliver-Gonzilez et al.,
1955b3; Kloetzel, 1959; Brui jning, 19613 Cancio et al., 1967;
Shoeb et al., 1967b; Rifaat et al., 1969) found the test a
valuable means of evaluating chemotherapeutic cure, others
reported that the test remains positive for long periods after
treatment (Sadun et al., 1963b; Rodriguez-Molina et al., 1959
and 1966; Yokogawa, 1969). The use of lyophilized eggs has
made the test of practical use in diagnosis where a source

of fresh eggs is not readily available (Sala et al., 1962;
Yogore et al., 1968; Lewert and Yogore, 1969). The test

has a drawback since it will not detect antibodies in uni-
sexual infections (Oliver-Gonzﬁlez et al., 1955b3 Brui jning,

1964) .,

Rodriguez-=Molina (1970) reported that the COP test is no
longer used except as an experimental tool. Recent studies,
however, show that the test can be used as additional proof
of cure after experimental chemotherapy of infected monkeys
with promising compounds (Mello et al., 1979). Ruiz-Tiben
et al., (1979), concluded from their comparative studies of

immunodiagnostic tests in Puerto Rico that the COP test is



sufficiently sensitive and specific to be a useful diagnostic

tool for screening populations for infection with S. mansoni.
They also found that the test would be valuable in estimating
prevalence and incidence of infection in epidemiological work
and in making clinical diagnosis. But limitations due mainly
to the laborious preparation of antigen, as well as the long
time consumed for reading the reactions, discourages routine

work.,

The miracidial immobilization test (MIT)

A third test using live schistosome material as antigen is the
miracidial immobilization test (MIT). The reaction as
described by Senterfit (1953) involves the incubation of live
miracidia in serum and observing whether or not they become

immobilized.

Although this test detects early infection (Senterfit, 1953

and 1958a) and gives a positive result with sera of animals

experimentally infected with worms of one sex (Senterfit, 1958b),

it does cross-react with trichinella antiserum (Senterfit, 1953

and 1958b), and is considered to be more of academic interest

than of diagnostic value (Kagan and Pellegrino, 1901; Yokogawa,

1969) .

The cercarial slide flocculation test (SFT)

The cercarial slide flocculation test (SFT) employing cholesterol=

lecithin crystals coated with lipid-free cercarial antigen was

first described and applied for schistosmoasis by Brandt and




Finch (1946). This test was, as is frequently the case,
developed from a test applied to another disease, in this
instance trichinusis (Suessenguth and Kline, 1944). The
principle of the test is the addition of a drop of antigen-
cholesterol-lecithin suspension to the previously inactivated
serum and the mixture is then shaken. The degree of floccula-
tion is indicative of the reactivity of the serum. Evaluation
of this technique has increased its sensitivity and extended
its usefulness (Anderson, 1960; Anderson and Naimark, 1960;
Jachowski and Anderson, 19613 Pellegrino, 1964; Sadun et al.,
1965). Moreover, the test is relatively simple to perform,
requires no specialized equipment or facilities and the
antigen-sensitized particles can be stored for a long time

without deterioration.

However, there appears to be a significantly high degree of
flocculation with sera from patients with other parasitic
diseases, especially Trichinella infections (Kagan, 1968).

It 1is well established that there is a curious one-way cross

between schistosome antigens and Trichinella antibodies

(Anderson et al., 1963; Sadun, 1963). Thus, reactions in
serodiagnostic tests for schistosomiasis must be interpreted
with care in cases in which trichinosis cannot be excluded
(Fife, 1971). The substitution of bentonite for cholesterol
in performing the flocculation test did not significantly |
increase its specificity (Wright et al., 19473 Allain et al.,

1972).



Schistosomiasis plasma card (SPC) test

A schistosomiasis plasma card (SPC) test has been described
by Sadun et al., (1963a). Using a capillary tube, 0.03 ml
of unheated plasma was placed on a card especially designed
for ten separate samples. One drop of antigen suspension
(approximately 6%!“1) was distributed to each sample. Using

a separate toothpick for each test sample, the plasma and

antigen suspensions were mixed and spread until they filled

the entire test surface. The card was then rocked by tilting to
and fro for 4 minutes and read immediately by inspection with
the naked eye. Specimens showing characteristic clumping were
reported as positive and those showing no clumping at the end
of the 4 minutes were reported as negative. For a permanent
record, the cards should be allowed to air dry, care being
taken not to shake them until they are completely dried.

Because of the economy, rapidity and simplicity of this test,
and the fact that it provides a permanent record for future
reference, the procedure made it possible to employ the
flocculation reaction under field conditions. However, one

of the main drawbacks of the test is that several samples can
be read only with dificulty, since an atypical pattern of
clumping occurs in the cards after 4 minutes. The test also
showed a high percentage of positive reactions among individuals

without a definite diugnosis of schistosomiasis,

Because of the extreme dryness and the presence of dust in

many of the Atrican areas where the fleld tests were performed,



it was necessary to shake the cards for 4 minutes inside a

flat plastic box, which made the test more cumbersome.

Urine precipitin reaction (UPR)

Another approach to serodiagnosis has been attempted in
measuring worm material in the host's system, as the
measurement of antibody level alone gives no true indication
of infection levels nor of active infection., Okabe and
Tanaka (1958 and 1961) and Sherif (1962) were the first to
demonstrate the presence of antigenically reactive materials
in the urines of infected animals and men. Using the urine
precipitin reaction of Okabe and Tanaka (1958), Shoeb et al.,
(1968), found that the test was highly sensitive for early
diagnosis of active infection in patients infected with

S. haematobium and/or S. mansoni and completely negative

four months after treatment.

This review indicates that none of the methods mentioned

fulfils all the requirements for good immunological diagnosis

of schistosomiasis (cf. tablel). In general the sensitivity !
of the described methods is poor, false negative cases among
the parasitological positive patients have been reported.
The specificity of these techniques is not of a high enough
standard, cross-reactions with sera of non-human schistosome
infections and failures to differentiate human specias of
schlstosomes are common. None of the tests correlates

accurately with active infection or load of infection and



can, therefore, not be used for assessment of chemotherapeutic

trials.

The main aim of this thesis is to explore the sensitivity and
specificity of some serological methods (CIE, ELISA and TIA)
in the detection of anti-schistosome antibodies in a variety
of animal and human sera. ELISA, being one of the most
sensitive and established techniques, has been used for sero-
logical monitoring of chemotherapeutic cure and for detection
of circulating antigen in humans and animals infected with

S. haematobium and/or S. mansoni.

A substantial part of this thesis is concerned with comparative
studies between ELISA and TIA, in the detection of antibodies
in schistosomiasis. A preliminary report of this comparison

has been published (Ismail et al., 1979).




Chapter IX

MATERIALS AND METHODS

This chapter deals with the basic, general methods and
techniques which were used throughout the study. The
more specific techniques are described in the appro-

priate sections of the thesis.

Snail maintenance

The Ghanian strain of S.haematobium was maintained

in Bulinus (Bulinus) truncatus rohlfsi and the Puerto

Rican strain of S.mansoni in Biomphalaria glabrata.

The snails were kept in all glass aquaria of 5.5 litres

capacity at a density of about 20 snails per tank so as

to avoid the adverse effects of overcrowding (Wright, 1960).
The tanks were filled with tap-water stored for a minimum

of one week before use in a reservoir stocked with fish

(Lesbistes reticulatus) and plants. The water was kept

between 25-2800 using individual heaters and thermostats.
Gentle aeration was provided through porous air-stones
from a compressor (Hy-Flo pump), and crustaceans (Daphnia

species) were allowed to flourish in order to keep the water

free from bacteria and debris. Lighting was by fluorescent

tubing,

the natural diurnal rhythmn of 12 hours of daylight

followed by 12 hours of darkness proved to be very satisfac-

tory both for breeding purposes and for maintaining infected



snails. All the snails were fed regularly with dried
scalded lettuce leaves, additionally very small amounts
of Bemax (wheat germ) and Tetramin (fish food) were

given once a week.

Snail infections

The 1liver of mice infected with S.mansoni and of

hamsters harbouring S.haematobium infection were the

source commonly used to obtain eggs for hatching and
subsequent infection of snails. Egegs were extracted
from rodent livers according to the method of Webbe and
James (1971). This was carried out by macerating the

tissue, sieving it (No.60 mesh, 250 microns), and washing

in physiological saiine, followed by sedimentation for 20

minutes. The sediment was washed three times, with a

final wash in distilled water at 4-5°C. Hatching was

then carried out in petri dishes, containing distilled

water, in a lighted incubator at 29-3000.

Snails were infected individually in haemagglutination

plates with one ml. of aquarium water per snail at a

temperature of 27-29"C. The required number of miracidia

were picked up with a pasteur pipette under a dissecting

microscope and introduced in each well. The plate was

then covered with a sheet of glass and maintained at

27-29°C, and the snails were left undisturbed for a

minimum of % hours to ensure maximum penetration by the



miracidia before being transferred to the tanks. The
length of the prepatent period of infected snails kept
between 25-2800 was approximately 28 days for S.mansoni

and 36 days for S.haematobium. However, snails infected

with S.haematobium were also imported directly from

Ghana. The methods and techniques describing the
importation and maintenance of schistosomes have been

well reviewed by Webbe and James (1971).

Final hosts

Syrian golden hamster (Mesocricetus auratus)

Male golden hamsters, WO strain at 6-8 weeks old

and weighing 60-80 grammes were supplied by Wrights Limited,

Latchingdon, Essex.

Mice (Mus musculus)

Male 20 gram white mice TO strain were supplied by

Tucks Limited, Rayleigh, Essex.

Adult male mice and hamsters were used throughout

since they are known to be more susceptible to schisto-~

somes than adult females (Purnell, 1966).

Baboons

All the sera from the baboons (Papio anubis) used

in the experiments were obtained from Dr. C. James at

Winches Farm., Details of these animals are given in

the appropriate sections of the thesis.



Rabbits
Adult 2.5-3.0 kilogram New Zealand white rabbits
were used for immunization against worm and egg

materials. They were supplied by Hop Rabbits of Kent.

Methods of infection

Mice

Infection was carried out by the subcutaneous
infection method as described by Preston and James
(1972). The mice were held by the skin over the back
of the neck and the appropriate volume of cercarial
suspensinon infected through this loose skin using a
21 G, 1} needle.
Hamsters
They were infected under sedation using veterinary
Nembutal (Abbots Laboratories Limited., 60 mg/ml), one

part of Nembutal was diluted with nine parts of physio-

logical saline (0.85% Nacl) and the dosage rate was

6.5 mg/100 g body weight. The percutaneous method of

exposure to cercariae (ring method), as described by

Smithers and Terry (196 5b) was used. The hamsters were i

anaesthetised by an intraperitoneal injection of the

diluted Nembutal. The fur was then clipped from the

lower abdomen and the area was swabbed with aquarium

water,

Each animal was laid on its back with a heavy

metal ring of nickle-plated brass with a capacity of 5 ml




over the swabbed area. The skin was wetted before
locating the ring in order to form a seal and so
prevent spillage under the ring. The cercarial suspen-
sion was gently stirred and a volume containing the
required number was pipetted into the ring; 15=-30
minutes were allowed for cercarial penetration of the
skin.

An estimation of the total number of cercariae
present in a suspension was made by counting the number
of cercariae (killed and stained by a drop of Lugol's
iodine) present in three measured aliquots of the sus-
pension. The mean of these counts was used for evaluation
of the total number present.

Baboons

Infection was carried out by the percutaneous
pouch method of Webbe and James (1971), using "Sernylan"
(phencyclidine hydrochloride 20 mg/ml) intramuscularly as an

anaesthetic, at a dose of one mg/kg. Brietly, the

anaesthetized animal was placed on its back with the

legs and arms tied in a vertical position. A pouch was
made by lifting up the louse skin of the groin with

spring-clip clothes pegs (Smithers and Terry, 1905b).

The cercarial suspension was placed in this pouch, which ,

usually holds 10-30 ml of water. Penetration was allowed

for 30-40 minutes, after which the fluid was recovered

and examined for any remaining cercariae,



Perfusions of animals for recovering of adult schisto-

Mice and hamsters

Perfusion was carried out by the technique of Smithers

and Terry (1965b). Animals were killed with undiluted

Nembutal injected intraperitoneally (dosage rate 20-30 mg

per animal) containing 10 units of hepatin per ml.
Nembutal anaestheized the worms slightly causing them to
lose their hold on the walls of the blood vessels and
they were easily washed out. A 20 l1litre plastic carboy
complete with outlet of rubber tubing and 20 gauge needle,
containing citrated saline (0.85% sodium chloride, 1.5%
sodium citrate) was positioned above the perfusion
apparatus. The pressure for the perfusion was provided
by a rotars peristaltic pump. The abdominal and thoracic
cavities of the dead animal were opened and the rib cage

was removed. The animal was then well stretched by means

of spring clips by one front leg and one back leg, onto a

vertical sheet of perspex. The portal vein was cut and

, ‘;‘A,

the needle from the citrate saline outlet was placed into

the left ventricle of the heart. The perfusate flowing
from the opened hepatic portal vein passed through a 42

gauge stainless steel mesh into a beaker, while the worms

S e — e

were retained by the mesh. Perfusion continued until the

fluid leaving the animal was free of blood. The needle

was then removed and with the pump still operating, the




coils of the intestine were lifted and washed down in

order to dislodge any worms adhering to them. The mesh
was then removed and inverted in a dish of clean physio-
logical saline and the worms collected. The viscera,
with their surrounding fat deposits, were thoroughly
searched for worms and each liver was squashed between
two heavy glass plates and examined under a dissecting
microscope.

Baboons

They were first anaesthetised by an intra-muscular
injection of "Sernylan". After bleeding from the heart,
heparin (25,000 units) was injected direct into the heart
and allowed to pass around the body for a few minutes.

The animal was then killed by an overdose of Euthatal

(pentobarbitone sodium 200 mg/ml) intracardially, and

opened.

The animal was perfused with citrated saline

through a glass canula tied into the aorta. The perfusate

was collected from an incision in the hepatic portal vein,

into a conical flask by a suction pump. Perfusion contin-

ued until all the blood vessels were clear of blood, aided

by gentle massaging of the intestine. The worms were
collected by sedimentation in urine flasks and then

counted,

the

After perfusion of mice, hamsters and baboons,
adult worms were washed with phosphate buffered saline

(PBS) pH 7.6 (its composition is given in the appendix),



counted, and distributed in small tubes and kept at -60°C

until used.

Recovery of eggs from tissues

For the purpose of making pure egg antigen, free
of host materials, very clean samples of schistosome
eggs were necessary. The digestion method of Smithers
(1960b) was used with modifications.

The method was as follows:

(l) Mice infected with 150 S.mansoni cercariae and

hamsters infected with 300 S.haematobium cercariae

were killed and perfused 8 weeks and 20 weeks after
infection respectively.
(2) The livers and intestines, including the caecae
were removed and placed in separate dishes. i

The livers were slightly crushed between glass

plates and incubated in normal saline (0.85% sodium

chloride) at 37°C for half an hour. They were then

removed and washed in fresh normal saline; most of
the adult worms possibly present were removed in
this way.

The mesentry was removed from each intestine which

was then opened and washed thoroughly. The cleaned

gut tissue was then minced using scissors.

(5) Ten ml. of 1.,7% saline was added for each liver or

gut and the tissue was homogenized at low speed for

2 minutes in an MSE homogenizer.



One mg of trypsin (crystallized trypsin, Grade II,

Sigma Labs.) per liver or gut was added to the
homogenate, which was then incubated at 37°C for
2 hours with occasional shaking.

(7) After incubation, the digest with ten times its
volume of 1.7% saline, was poured through two
sieves, 180 and 300 mesh, and the filtrate collected
and transferred to centrifuge tubes.

(8) The deposit was washed six times with 1.7% saline
by centrifugation at 1000 rpm for 2 minutes and
the resulting sediment contained clean live eggs,
identified by their flame cell movement when viewed
under the high power of the microscope. The con-

centration of saline used was sufficient to prevent

premature hatching of the eggs without affecting

them adversely (Oliver-Gonzdlez, 1954; Coker and
Lichtenberg, 1956). This clean suspension of live
eggs was used immediately for the preparation of

soluble egg antigen.

Collection of cercariae for preparation of antigen

The infected snails were removed from the aquaria,
placed in a small volume of aquarium water and exposed to
the light of a fluorescent lamp to stimulate the cercarial

shedding procesas.

The cercarial suspension was removed

hourly and shedding continued in an additional small volume

of aquarium water. After removal of the snails, the




cercarial suspensions were combined and allowed to stand
undisturbed for about 5-10 minutes to permit sedimentation
of snail faeces and other debris. The supernatant solution
containing the living cercariae was then placed in the
refrigerator (AOC) to facilitate spontaneous sedimentation
of cercariae. Effective sedimentation was usually achieved
within 4%-6 hours, and this treatment had little, if any,
deleterious effect on the organisms. On the other hand,
incubation in the cold for periods longer than 6 hours

significantly reduced viability and resulted in massive

clumping of the cercariae (Fife et al., 1967). After

sedimentation of the cercariae, the supernatant fluid
that contained some snail products was removed by aspira-
tion. The cercarial concentrate was immediately adjusted
to the original volume with dechlorinated water and the
organisms were resuspended by gentle stirring. Harvests
prepared in this manner usually contained thousands of
living cercariae. These cercariae were used immediately

for preparation of cercarial antigen.

Antigens
Three antigenic extracts were prepared each for

S.haematobium and S.mansoni:

Adult worms of S.haematobium and S.mansoni were collected

from infected hamsters and mice respectively and washed

thoroughly in phosphate buffered saline (PBS) pH 7.6,




before being stored at -60°C. Eggs and cercariae were

used immediately after their preparation for extraction

of antigen.

Preparation of antigens

Adult worm antigen (A/W)

A freeze-thaw extract of adult worms was prepared
according to the method of Murrell et al. (1974) with
some modifications. The previously washed frozen

adult worms were allowed to thaw at 3700. The super-
natant was discarded in order to minimize contamination
with hamster or mouse antigens. The adult worms (5-6

ml packed worms in 10 ml PBS) were then frozen in liquid
nitrogen (-160 to -170°C) and rapid thawing was obtained
by placing the frozen worms in a 37°C water bath.
Between each cycle of freezing and thawing, the worms
were centrifuged at 800 G. for 10 minutes, the super-
natant removed and held at u°c, and the worms resus-
pended in the initial volume of PBS. The cycle of
freezing and thawing was repeated six times and the
pooled supernatants were centrifuged firstly at 800 G,
for twenty minutes and then at 100,000 G. for two hours
at 4°C. The ultracentrifugation (100,000 G.) was
carried out in a superspeed 65 MK2 ultracentrifuge

(MSE). The supernatant of this was used as antigen.




Capron's method of preparation of antigen for TIA work

Crude soluble antigen was prepared from adult S.haemat-

obium and S.mansoni worms according to the technique of

Capron et al. (1968). Briefly, washed adult worms were

homogenized in hypotonic saline (0.017 M Nacl), and the

homogenate centrifuged as described above. The super-

natant of this was used as antigen after dialysis

against distilled water for 48 hours.

Soluble Egg Antigen (SEA)

A soluble egg antigen was prepared according to the

method of Boros and Warren (1970). A clean suspension

of live eggs extracted from the intestines and livers

of infected hamsters or mice as described above, were

homogenized at a concentration of 50,000 eggs per ml

of phosphate buffered saline (PBS) pH 7.6. This was

carried out in a glass tissue homogenizer (Gallenkamp)

maintained in an ice bath until no intact eggs were

seen by examining a drop of the suspension mixed with

(the

a drop of Lugol's jodine under the microscopej

intact eggs stained brown). This material was ultra-

centrifuged (100,000 G.) for two hours at 4°C. The

supernatant of this was used as antigen.

Cercarial antigen

This was prepared according to the origihal method of

(1975),

Fife et al. (1967) as modified by Murrell et al.




with further modifications. The cercariae were dis-

tributed in flat-bottomed dishes at a concentration

of 1,000 to 5,000 per ml and incubated at 4°c for 5

hours. Cercarial suspensions more dilute than this

were concentrated before refrigeration, using a suction

1971). After incubation,

Millipore filter (Stirewalt,

the cercarial suspensions containing exo-antigen were

further subjected to sonication in a MSE 150 watt

in which the amplitude

ultrasonic disintegrator MK2,

meter is calibrated in microns peak to peak and indi-

cates the actual movement that is taking place at the

transducer/probe interface. This was carried out twice,

firstly at 12 microns and secondly at 18 microns, one

minute each with five minutes interval. To avoid the

effect of heating during sonication, the whole process

was conducted in an ice bath. Following sonication,

the cercarial suspensions containing exo- and somatic

antigens were ultracentrifuged (100,000 G.) at 4°c for

two hours. The supernatant of this was used as antigen.

After preparation of all antigens, the protein con-

centration for each was determined according to the

(1951) using bovine serum

method of Lowry et al.

albumin as standard. Afterwards, the antigen was

freeze-dried in 0.5 ml aliquots using (Edwards Freeze

Dryer, Model EFO3) and was then stored at -60°C until




‘ used. The antigen used for TIA work was dispensed as

! one ml aliquots and stored at -60°C until used.

Antisera
Antisera were prepared in separate adult New Zealand

white rabbits (2.5-3.0 kg) against adult S.haematobium

and egg materials. The adult frozen worms were washed
twice with phosphate buffered saline (PBS) (pH 7.6) by
centrifugation at 100 G. for 10 minutes.
A 2 ml packed volume of adult worms (approximately
500 worms) was homogenized with 5 ml of pH 7.6 PBS in a
tissue grinder (Gallen Kamp). The homogenate in a volume
of 0.5 ml was emulsified with an equal volume of Freund's
complete adjuvant (with Mycobacterium butyrium, Difco
Laboratories, Detroit, Michigan) and injected at 2 intra-
muscular sites on the rabbit's back near each extremity. !
The immunization procedure consisted of 7 biweekly l

injections of antigen emulsified in Freund's complete J

ad juvant. The rabbits were bled once a week after each
injection and the serum of the final bleeding which
showed the greatest numbers of antigen-antibody precipitin
bands on preliminary testing in agar gel with schistosome
antigens was used in these studies.

A clean suspension of live S.haematobium eggs (100,000

eggs) was used for antigenic extraction by the method

already described and emulsified undiluted in equal volume



of Freund's complete adjuvant. The immunization procedure

was the same as described above for adult worm antigen.

Collection of antisera

The antisera were collected and used for a trial of
detection of circulating antigen. The rabbits were bled
from the marginal veins of the ears during the immunization
procedure. The ears were first bathed with xylene to
dilate the blood vessels and then thoroughly washed with
warm water. A 21 gauge needle was inserted into the vein
and the blood was collected in centrifuge tubes and then
placed in an incubator at 37°C for one hour. The clot was
separated from the wall of the tube and incubated further

| for one hour at h°c to retract the clot. The sample was
then centrifuged at 1000 G. for 10 minutes and the serum
was drawn off with the aid of a pasteur pipette, dispensed
into 0.2 ml aliquots and stored at -20°C until required.

At the end of the immunization procedure, the rabbits
were deeply anaesthetized with ether and bled directly from
the heart, after which they were killed. Each rabbit was

opened, the rib cage removed and the blood was collected in

centrifuge tubes, This was treated as described above to

obtain serum, which was then distributed in 2 ml aliquots

and kept at -20°C until used,

Collection of serum from animals and humans

Hamsters
——mT SR

To obtain serum, individual hamsters were bled from



the orbital sinus according to the technique of Riley
(1960). The blood was collected in micro-capped
centrifuge tubes and then placed at 37°C for one hour.
A further one hour's incubation at 4°C to retract the
clot preceded centrifugation of the samples at 1000 G.
for 10 minutes, after which the serum was drawn off

and kept at -20°C in small tubes until examined.

Baboons

The animals were bled under sedation. The blood was
withdrawn from the saphenus vein on the back of the
hind legs using 10 ml syringe and 20 gauge needle.
Having collected the blood in centrifuge tubes, it
was dealt with as above for separation of serum which

was kept at -20°C until used.

Humans
The human sera examined in these studies were from:

(a) Known cases of S.haematobium from El-Minya, Upper

Egypt. Figure 4, a map of Egypt, shows the area where
these sera were collected. North of Cairo in the Nile

Delta both species of schistosomes, S.haematobium and

S.mansoni. occur while south of Cairo only S.haematobium

is found except for sporadic cases in immigrants (Scott,

19373 Malek, 197%). Before bleeding, the patients

were examined clinically and a case history compiled

including age, sex, exposure to water, blood in urine,
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previous schistosome treatment and social status.
The urine from each patient was then examined for

live S.haematobium eggs, The blood was collected

from positives as well as from patients negative for

S.haematobium ova in the urine. Patients negative

for S.haematobium infection were carefully selected

as controls for the positive cases. They had a

negative history of S.haematobium and no S.haematobium

ova in urine. Other helminth infections or exposure
to schistosome cercariae cannot, however, be entirely
excluded. The sera were separated as described above

and kept frozen at -20°C until transferred to London.

(b) Known cases of S.mansoni from St. Lucia (kindly
provided by Dr. P. Jordan and Dr. J. Cook in 1974 and

1975) .

(c) Patients from Gabon (provided by Dr. G. Languillat

in 1975), some were from an area where both S.intercalatum

and/or S.haematobium occur and the others were from an

area where people were exposed to infections but no

parasitological data are available.

(d) Cases from an outbreak of human cercarial dermatitis
in the U.K. due to the cercariae of a bird schistosome
(Knight and Worms, 1972). These sera were provided by

Dr. R. Knight.

(e) U.K. hospital patients with parasitic infections

other than schistosomes (provided by Dr. D.S. Ridley).




These included cases of W.bancrofti, Loa Loa,

Onchocerca volvulus and T.saginata infections.

However, it cannot be excluded that some of these
patients may also have been exposed to schistoso-
miasis.

(f) Patients from Kapsabet, a highland area of Kenya
(surveyed in 1969). No schistosome infections were
found although there was a high prevalence of

infections with Ascaris, Necator, Trichuris, Taenia

species and Fasciola hepatica. When tested on two

occasions by the WHO standard skin test for schisto-
somiasis (Olivier and Uemura, 1973), many of these
children gave false positive reactions, on both or
on one occasion. Sera were obtained at the time of
each test.

(g) New Guinea children and adults infected with

W.bancrofti or Taenia species.

(h) U.K. hospital patients with clinically proven
hydatid infections.

(1) Known cases of S.haematobium and S.mansoni from

Sudan, (kindly provided by Dr. S.Y. Salih) and these

sera were selacted (no active malarial infection, no

malarial parasites in the peripheral film and no other

intestinal parasites in the stools). All patients
were treated with hycanthone intramuscularly at a

dose of 3 mg per kilogramme body weight.

Parasitological



cure, as judged by the absence of schistosome ova
in the stool and/or urine, was achieved in all patients

who reported for fullow-up 6 weeks after the treatment.
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Chapter III
TRIALS OF IMMUNOELECTROPHORETIC METHODS

Iutroduetion

The use of precipitation in gel methods in the serology of
parasitic diseases has been reviewed by Kagan (1974), who
noted that though these may have the advantage of relative
simplicity, they also have the disadvantage of needing
concentrated sera and antigens. Of recent workers using
Ouchterlony double diffusion tests as were described by
Crowle (1973), Madwar and Voller (1975 and 1977) were able
to detect antibodies and possibly circulating antigens in

sera from patients with S.haematobium and/or S.mansoni

infections.

Other workers (Berggren and Weller, 1967; Teesdale, 1973;
Bawden and Weller, 1974) found the test sensitive in the
detection of schistosome circulating antigen, but only in

animals very heavily infected with S.mansoni.

It was also reported by Hillyer (1976) that the test was
relatively insensitive in the detection of anti-DNA anti-
bodies in the sera from chimpanzees infected with

S. japonicum.

one of the drawbacks of agar gel

As already mentioned,

test is the high concentration of antigen and antiserum

required; another is the time required to perform the
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test. Accordingly, the high infection levels required to
produce a positive result suggest that double diffusion
test would be of little value for the diagnosis of human

schistosomiasis.

The principle of the method hereafter termed immuno-
electrophoresis (IE) is the electrophoretic separation of
an antigen in a gel medium followed by diffusion of pre-
cipitating antibodies in the same gel at right angles to
the direction of electrophoresis (Fig.5). This increases
both the speed and sensitivity of the immunoprecipitation
system as well as giving analysis of the antigen. Capron
et al., (1966) were able to characterise the antigens of
the three species of human schistosomiasis, using IE, and
though differences in the precipitin bands could be dis-
cerned, many of these are common to one or other species.
It was reported by Biguet et al. (1965) that precise
diagnosis could be established by studying a single
specific arc, but they pointed out that this test was not
sensitive in distinction of schistosome species (S.mansoni

and S.haematobium). Using IE, Hillyer and Frick (1967)

showed evidence indicating the presence of stage specific
antibodies to egg antigens in mice infected with S.mansoni.
Furthermore, Hillyer (1969) reported that sera from humans
with recent S.mansoni infection gave stronger precipitin

lines to cercarial, adult and egg extracts than did sera
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of the chronic cases. Deelder et al. (1975b) found that
JIE is far less sensitive than the IFA test or DASS
system in the detection of antibodies in sera of patients

with S.mansoni infections.

Because of its speed, simplicity and greater sensitivity
over other gel diffusion methods, countercurrent immuno-
electrophoresis (CIE) has become a most attractive
technique. The principle of this test is that under
certain electrophoretic conditions the antigen and the
antibody move in opposite directions simul taneously.

The negatively charged antigen moves towards the anode,
while the antibody moves towards the cathode by endosmosis
set by in this gel, so that they will meet, react and
precipitate somewhere between their respective origins.
Figure 5 is a diagram illustrating the advantages and
principle of CIE., It also shows a double CIE: the
specimen for test, which may contain antibody or antigen
or both, is placed in a central well with the antigen on
the cathodal side and specific antiserum on the anodal

side.

Countercurrent immunoelectrophoresis has been used in
tropical and other infections for the detection of
antibodies and also for circulating antigen. A review

of the application of this test in these infections is

given by Draper (1976). In comparative studies, Deelder



Figure 5
Diagrams illustrating the principle of different

gel diffusion methods and the advantages of CIE.
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et al. (1975c) found that CIE is superior to the other
immunoprecipitation techniques in the detection of anti-
bodies in sera of individuals infected with S.mansoni.
One disadvantage of CIE is that the class of antibody
cannot be ascertained as in IFA or ELISA tests (Draper,

1976).

Double CIE was developed by Phillips and Draper (1975)
for the detection of both antibody and circulating
antigen in sera of patients with S.mansoni infections.
The test was found to be sensitive in detecting anti-
bodies, and possibly for circulating antigen, but in a
subsequent use of this test, most of the precipitin bands
at the anodal side were found to be non-specific due to
acidification of the sera before testing (Draper, 1976).
Using the same test, but with the sera not acidified,
Madwar and Voller (1977) also reported the possible
detection of both antigens and antibodies in sera from

patients with S.haematobium and/or S.mansoni infections,

Immunoelectrophoretic techniques have been used for
monitoring of chemotherapeutic cure. Dodin et al. (l966).
Capron et al. (1969), showed an increase in the number of
precipitin bands during the progression of chemotherapy

using a crude whole worm antigen, both in S.haematobium

and S.mansonij though some of these bands completely

disappeared as a result of cure, the other bands persisted




up to one year after treatment (Capron et al., 1969).

This chapter is concerned with a trial of immunoelectro-
phoretic methods for the detection of antibodies in sera

from patients with S.haematobium infections.

Materials and Methods

Antigens

S.haematobium crude adult worm and soluble egg antigens

were prepared according to the methods described in

Chapter II.

Sera
The sera chosen in this study were from known cases of

S.haematobjum from El-Minya, Upper Egypt, (there is no

S.mansoni in this area), as described in Chapter II.
Also, sera from Egypt and East Africa from people in-
fected with various helminths other than schistosomes

were used as controls,

Anti-sera
Anti-sera prepared in rabbits by the method described in

Chapter II against S.haematobium adult worms were used,

together with normal rabbit serum as control.

Choice of gel medium

In the previous work with schistosomiasis Scapin and
Tendler (1975), Phillips and Draper (1975), used agar

gel, while Dodin et al., (1966), Capron et al., (1969),



used agarose gel. Work with other systems such as
bacterial and fungal infections here also used agarose
gel (e.g. Banffer, 1972; Coonrod and Rytel, 1972;

Remington et al., 1972).

A mixture of equal quantities of agar and agarose as
suggested by Gordon et al. (1971) and used by Combridge
and Shaw (1971), Kleger and Kaufman (1973), MacKenzie

and Philpot (1975), resulted in increased migration of
reagents and improved resolution of lines of precipitation
with virus and mycotic infections. Kelkar and Niphadkar
(l97h) found that pure agarose has disadvantages; move-
ment of serum proteins in agarose is anodal and the
y-globulin sweeps out of the wells, probably by diffusion.
There is hardly any electroendosmotic movement. They also
stated that the ideal gel composition would be that in
which the electroendosmotic movement of the globulins

equals the anodal migration of the antigen.

It has been reported that sharpening and better resolution
of antigen-antibody precipitin lines were observed when
dextran was included into agar medium (Ceska and Gross-
miller, 1968; Ceska, 1969). Presumably the effect of

dextran is to exclude antigen-antibody complexes more

efficiently in the agar medium.

Trials were carried out with different mixtures of agar,




agarose and dextran and observations showed that good
resolution, separation and definition of precipitin
lines were obtained when CIE was performed with gels
made of a mixture of oxoid ion agar, agarose (type IIIX,
Ssigma Lab.) and dextran (grade C, M.W. 60,000-90,000,
BDH Lab.), in a proportion of 0.75%, 0.25% and 2%
respectively in barbitone/acetate buffer with 0.1%
sodium azide added as preservative. Its composition is

given in the appendix.
For IE 1% agar in the above buffer was used.

Choice of buffer

The choice of the buffer was investigated in the light of
results of other workers using this technique in a variety
of different systems. Jameson (1968), used a buffer for
bridging the agar slide that had a lower ionic strength
than the buffer in the agar. Pesendorfer et al. (1970)
and Vergani (1971) used the same buffer in both agar and
tank, while Zuckerman and Taylor (1970), Wallis and Melnick
(1971), and Combridge and Shaw (1971) used discontinuous
buffer system in which the ionic strength of the buffer in
the slides was less than that used for bridging them, for
detecting serum hepatitis (Australia) antigen and/or

antibody. Wallis and Melnick (1971) reported that under

the conditions of discontinuous buffer systems, y-globulin

and antigen in serum hepatitis patients could be made to




move rapidly towards each other giving increased speed and
sensitivity. This system is known as discontinuous
countercurrent immunoelectrophoresis (DCIE). In addition,
because of the increased electroendosmosis in DCIE, the
precipitin lines between antigen and antibody form at some
distance from the wells and thus are not confused with non-
specific lines which may occur close to wells in the CIE
test. The above different systems were applied for testing
the human sera mentioned earlier in this chapter, using
barbital buffer ranging between 0,015 M and 0.13 M. Apart
from some improvement in resolution of precipitin lines, no
increase in sensitivity was noted when discontinuous buffer
systems were substituted for the system where the ionic
strength was the same in both the agar and tank. The
buffer chosen for use in the tank and the preparation of

the slides was that recommended by Pesendorfer et al. (1970)
- (0.13 M, pH 8.4)., Its composition is given in the

arpendix.

Immunoelectrophoresis (IE)

Immunoelectrophoresis (IE) was initially used for comparing
adult worm and egg antigens using sera from known

S.haematobium cases. It was carried out at room tempera-

ture in a Shandon electrophoresis tank (Model U77) using

a Shandon V500/150 stabilised power supply (fig. 6).

Microscopic slides ( 24 x 77 mm and 39 x 78 mm) were each



Figure 6

Shandon Electrophoresis Apparatus with a Shandon
V500/150 power supply unit used in immunocelectro-

phoresis tank
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Shandon Electrophoresis Apparatus with a Shandon
V500/150 power supply unit used in immunocelectro-

phoresis tank



coated with 2-4 ml of 1% molten oxoid ion agar in barbital
buffer pH 8.4 (0.13 M), with addition of 0.1% sodium azide
as preservative. Wells and troughs were cut using special
cutter shown in Fig.7. The wells were each filled with

10-20 pl of antigen containing 10 mg protein/ml. Electro-
phoresis was performed for l% hours using constant voltage

at 100 volts/slide.

After the run had been completed, the troughs were filled
with undiluted sera (100 pl each) and the slides allowed

to incubate for 24-48 hours in a humidity chamber. After
this period the slides were read in a diffuse light and the
precipitin lines were recorded. For permanent preparation

the slides were washed in normal saline for 24 hours and

stained with Coomassie blue (Ouchterlony and Nilsson, 1973).

The composition of the stain and method is given in the

appendix.

Countercurrent immunoelectrophoresis (CIE)

Microscopic slides (24 x 76 mm) were cleaned and pre-
coated with molten buffered agarsiagarose mixture before
use. Two ml of molten buffered gel (as described earlier
in this chapter) were added to each slide. A set of 3
paired wells were cut, each 3 mm in diameter and 5 mm from
its partner. The wells neurer to the anode were each
filled with 10 pyl undiluted serum to be tested. The slides

were transferred to the electrophoresis tank (the same




Figure 7

The immunoelectrophoresis gel cutter
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apparatus as above). Constant current was used at

12 mA/slide for 45 minutes after which the slides were
removed from the tank and examined for the presence of
precipitin lines. Permanent stained slides were prepared

as in immunoelectrophoresis.

Different sizes and shapes of wells other than the ones
used above were tried with different distances between,
with no improvement. Some attempts were made using double
CIE for the detection of antibodies as well as antigen in

sera from patients with S.haematobium infection. The sera

were tested with and without acidification. The slides
were prepared as mentioned above and wells were cut in a
pattern as shown in Fig.5. The central well was filled
with 20 ul of the test sera. Then 5 ul of anti-sera

(rabbit anti-S.haematobium adult worm) was placed into

the well nearest to the positive pole and 5 ul of worm
antigen was placed in the peripheral well nearest to the
negative pole. The slides were placed into the tank and

the run was carried out as described above. After the run,
the slides were removed from the tank and read under diffuse

light.

Results
Fig.8 shows two of the immunoelectropherograms comparing

S.haematobium adult worm and soluble egg antigens against

sera from patjents with S.haematobium infections. It




Figure 8

Immunoelectropherograms of two sera from S.haematobium infected
individuals (sera No. 91,226) against S.haematobium adult worm

antigen (top wells) and egg antigen (bottom wells)
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appears that the main antigenic fractions of egg antigen
move cathodally, while those of the adult worm antigen

seem to move anodally, a finding already described by

other authors (Deelder et al. 1975c). Accordingly, the

use of egg antigen in CIE might prove to be less satis-

factory.

The results obtained with CIE using S.,haematobium adult

worm antigen and sera from patients with S.haematobium

infections are presented in Table 2. As shown in the
table, only two out of ten sera examined (4-9 years old)
were positives, each giving one precipitin line. Also,
the sensitivity of the test in the old age group (= 40
years old) was low; two out of five sera examined were
positives with one precipitin line each. On the other
hand, in the teen~age group (10—19 years old) and middle
age group (20-39 years old), the sensitivity of the test
was moderate;} five out of ten sera examined (10-19 years
0ld) were positives with one or two precipitin lines each
and 15 out of 25 sera examined (20-39 years 0ld) were
positives with two or three precipitin lines each. The se
results were in agreement with those reported by Hwu et al.

(1978).

Also, Figs 9.1, 9.2 and 9.) illustrate the results for

S.haematobium adult worm antigen when reacted against sera

from some patients with S.haematobium infections as well as




Table 2

Results obtained with CIE on sera from patients with

S.haematobium infection using S.haematobium adult

worm antigen

Age group Number Number of Number of
(years) examined positives precipitin lines




Figure 9

Fig. 9.1 Samples 1 and 2 from patients aged 20-39 years old

Samples 3 and 4 from patients aged 10-19 years old

Sample 5 control serum

Sample 6 from patient aged >40 years old

Fig. 9.2 Samples 1 and 2 from patient aged 20-39 yYears old
Samples 3 and 4 from patients aged 10-19 years old

Samples 5 and 6 control sera

Fig. 9.3 Samples 1, 2 and 3 from patients aged 4-9 years
Samples 4 and % control sera

Sample 6 from patient aged ~ 40 years

Precipitin lines formed between S.haematobium adult worm

antigen and sera from patients with S.haematobium
————— D UM

infection as well as control sera when tested by the CIE

old

old













control sera.

None of the control sera (from people with various
helminths other than schistosomes) gave precipitin

lines except one case out of ten which showed faint,
vague precipitin line (Figs 9+2), which could easily

be differentiated from sharp and pronounced precipitates

formed against positive sera.

Attempts at detection of circulating schistosome antigen
using double CIE and the sera mentioned above gave
inconsistent results, When the test sera were acidified,
non-specific precipitin lines were found adjacent to the
wells nearest to the positive pole. On the other hand,
when the sera were tested without acidification, there
were no reactions in some while others gave very faint

precipitin lines which could not be defined.

Discussion
In this study, CIE proved to be less sensitive in detecting
precipitating antibodies in sera from patients with

S.haematobium infection in certain age groups, particularly

the young (4-9 years old) and old ( @40 years old) age
groups. In the other age groups, (teen-age (10—19 years
0ld) and middle age (20-39 years old), the test gave

moderate sensitivity. Not only were a higher number of

precipitin lines found in the middle age groups than in




those in the young and old age groups, but also the

precipitates were more pronounced (Fig. 9.1, 9.2 and 9.3).

Explanations for negative immunoprecipitin reactions may

be that the antibody level was too low to precipitate, or
the antibody, if present, may not be of precipitin type.

It was shown by Hillyer (1969) that sera from acute cases
with S.mansoni infection gave stronger precipitin lines

to cercarial and egg as well as adult worm extracts than did
sera of the chronic cases. It was also confirmed later by
Reis et al. (1970) that the gel diffusion test was sensitive
with sera from patients with acute stages of schistosomiasis
but was relatively insensitive with sera from patients with

chronic cases,

Scapin and Tendler (1975) reported excellent sensitivity
in a CIE test with eight sera from patients with schisto-
somiasis that were also positive in double diffusion tests,
However, besides the small number of patients they examined,
they gave no details regarding the age and/or the load of

worms each patient might be expected to be carrying.

Because of the relatively large quantities of antigen and
sera required, only small number of sera were tested using
CIE. However, the test as so far tried indicated a low

sensitivity in detecting antibodies in sera from patients

with S,haematobium infections. It agrees with conclusion
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of Deelder et al.(1975a) that although CIE was found to
be superior to other immunoprecipitation techniques in
the detection of antibodies in sera from individuals
with S.mansoni infections, the test is far less sensitive
and uses more valuable antigenic materials than other
methods (Deelder and Streefkerk, 1975). No further trials,

therefore, were carried out with these techniques.
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Chapter IV

ENZYME LINKED IMMUNOSORBENT ASSAY (ELISA) FOR THE DETEC-

TION OF ANTIBODIES IN S_HAEMATOBIUM INFECTIONS

Introduction

The use of labelled antigens or antibodies with various markers
has been found to be particularly useful for assays of bio-

logical substances.

Fluorescent dyes have been used for this purpose for many
years and, as reviewed in the first chapters of this thesis,
the IFA test is one of the best established diagnostic
methods in the serological diagnosis of schistosomiasis.
However, the IFA test is time-consuming, not easy to perform
in an automated manner and the reading of the results is

subjective.

Other labels used for antigens or antibodies are isotopes
utilized in the radio immunoassay method (RIA). The
principle of RIA for measuring antibody is to coat the
solid phase with an antigen and then to incubate the test
sample thought to contain antibody. If the antibody is
present it will combine with the antigen fixed on the

{ solid phase. Subsequently the specific antiglobulin labelled
with an isotope (1125) is added and the isotopic activity
measured with a gamma counter. Fig.10 illustrates the

principle of RIA.



Figure 10

Schematic illustration of the principle of ELISA, compared

to the two other methods, RIA and IFA tests.
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RIA was found to be sensitive and reliable in detecting
antibodies to schistosomiasis (Schinski et al., 1976;
Voller et al., 1977). Pelley et al. (1977) reported that
RTA was very sensitive and specific in detecting anti-
bodies with S.mansoni infections. They used a highly
purified soluble egg antigen, named major serologic

antigens (MSA]), which was prepared according to the

method of Pelley et al. (1976). The use of MSA , with a

high degree of stage and species specificity which parallel
that of the sensitizing activity of the S.mansoni eggs in
granuloma formation (Hamburger et al., 1976; Warren and Dom-
ingp, 1970a and b), accounted for the sensitivity of the

test. However, the isotopically labelled reagents used

with RIA are costly, have a short shelf life, some health
hazard is associated with their production and expensive

equipment is required for reading the results,.

Enzyme immunoassays combine the advantages of the immuno-
fluoresecnce and the radio immunoassay and overcome some
of their disadvantages. Enzyme labelled reagents are
safe, comparatively cheap to prepare, have a long shelf
life and yield objective results with the same sensitivity
as RIA, yet results can be determined either visually or
with fairly simple equipment. Ferreira et al. (1974) and
Capron et al. (1975) found that the immuno enzyme method

was as accurate as the IFA test or the THA test and its




simplicity made it suitable for immunodiagnosis of human

parasitic diseases.

These studies deal with the enzyme-linked immunosorbent
assay (ELISA), pioneered by Engvall and Perlmann (1971,
1972). The basic ELISA test depends on two assumptions:
(i) that the antigen or the antibody can be attached to a
solid-phase support, yet retain its immunological activity
and (1i) that either antigen or antibody can be linked to
an enzyme, the complex retaining both its immunological
and enzymatic activity. Antibodies or antigens have been
linked to a variety of enzymes including peroxidase and
alkaline phosphatase yielding stable, highly active re-
agents. The use of a specific enzyme substrate results
in the production of a colour which can be assayed photo-
metrically at an appropriate wave length. Fig.10 shows
the principle of ELISA, compared to the two other methods,
RIA and IFA. ELISA has been used in infectious and non-
infectious diseases for the detection of antibodies and
antigens. It has also been used for agricultural and
veterinary purposesj to detect plant viruses and tri-

chinella infections in pigs. The use of ELISA in these

diseases has been well reviewed by Voller et al. (1979).

Huldt et al., (1975) were the first to have used the ELISA
to detect antibodies to schistosomes and they concluded

that the test had potential for epidemiological studies.




Voller et al. (1976a) introduced a micro-ELISA system
for detecting both antibody and antigen in schistoso-
miasis and other parasitic diseases, and Bout et al.
(1976) reported a satisfactory sensitivity and speci-
ficity of the ELISA in diagnosis of parasitic diseases.
A comparative study of the applicability of immuno-
peroxidase techniques in immunodiagnosis of S.mansoni
infections in humans was carried out by Deelder et al.
(1977). They found that the DASS system and the ELISA
technique (macro and micro systems) were at least as
specific and sensitive as the IFA test and also noted
the convenience of the micro-ELISA system for field
use., The ELISA was found as sensitive and reliable

as the RIA in detecting antibodies with sera from

patients with S.haematobium or S.mansoni infections

(Schinski et al., 1976; Voller et al., 1977).

Recent studies on ELISA in S.mansoni infection indicated
that the test has great sensitivity especially when
soluble egg antigens were used (McLaren et al., 1978).
Kelso and Weller (1978) also reported high sensitivity
and specificity for the test in detecting antibodies
with sera from paticnts with S$.mansoni infections

using adult worm anodic antigen which was non-covalently
bound to the surface of poly (L—Lysine) coated wells

in polysterine trays.




Studies carried out by Farag et al. (1978a and b)
indicated that the extinction values of ELISA for

S.haematobium and S.mansoni cases were higher with

the homologous antigen. They used S.haematobium and

S.mansoni adult worm antigens. They also concluded
that the use of specific antigenic fraction(s)

would play an important role in increasing the
sensitivity and specificity of the ELISA. More
recently, Lunde et al. (1979) were able to distinguish
serologically between cases of acute and chronic
schistosomiasis using the ELISA with both cercarial

and worm antigens. Hassan et al. (1979) found that
ELISA is slightly superior to IFA and IHA tests in
detecting antibodies in schistosomiasis. Hillyer

and De Rios (1979) reported high sensitivity of the
test in detecting antibodies in sera from mice and
humans with S.mansoni infections, but they found

that the test gave extensive cross-reactions with

sera from humans with fascioliasis, trichinosis,
cysticercosis and echinococcosis. They also stated that
further purification of the soluble egg antigen would be
needed for the ELISA to be an effective seroepidemiological

tool in areas where these parasites are endemic, However,

they used a different method for conducting the test; the

plates after being coated with antigen, sealed and stored




at 4°C for at least three days, the incubation of the
serum was then carried out at 25°C for 18 hours.

Probably these conditions are not optimal for the test.

It appears that ELISA has proved to be at least as
sensitive as the RIA or the IFA test, having fewer disad-

vantages than the two other tests.

This chapter describes the application of ELISA on a
larger scale than previously described to sera from human

populations infected with S.haematobium, with other human

and non-human schistosomes and/or with helminth infections

other than schistosomiasis.

Materials and Methods

Antigens

Adult worm, soluble egg and cercarial antigens, each pre-

pared from S.haematobium and S.mansoni, were used in these

studies. They were prepared according to the methods

described in Chapter II.

Sera
The human sera examined were mentioned in detail in Chapter

II. Briefly, these were from: (a) known cases of S.hae-

matobium from El1-Minya, Upper Egypt, (b) known cases of

S.mansoni from St. Lucia, (c) people from Gabon where

both S.intercalatum and/or S.haematobium occur, (d) cases




from an outbreak of human cercarial dermatitis due to
the cercariae of a bird schistosome, (e) U.K. hospital
patients with parasitic infection other than schistoso-
miasis, (f) people from Egypt and East Africa infected
with various helminths other than schistosomiasis, (g)

New Guinea children and adults infected with W.bancrofti.

ELISA

The basic method of Engvall and Perlmann (1971, 1972) was
used, but with the microtitre modification of Voller et al.
(1976a). Optimum dilutions of antigen, test sera and con-
Jugate were determined by chequer board titration as
described by Voller et al. (1976b). This was carried out
against positive and negative sera. In this investigation,
three reference sera were used: strongly and weakly

positive sera from humans with S.haematobium infections

and a negative serum, pooled from several European nurses.
These sera were diluted in PBS-Tween and different dilutions
ranging between 1:100 and 131000 were used. Antigens were
diluted in carbonate/bicarbonate buffer at different protein
concentrations, ranging between 1 ug protein/ml and 20 ug
protein/ml. The antigen concentration and serum dilution
that gave the best discrimination between positive and

negative sera were used in subsequent tests. It was found

that the optimum antigen concentration was 5 ug protein/ml

for all the three S.haematobium antigens and the optimum




dilution for the test serum was 3%5. Similarly, chequer-

board titration was carried out for S.mansoni antigens
against positive and negative sera. It was found that

the optimum concentration for soluble egg antigen was

2.5 pg protein/ml while for worm and cercarial antigens
it was 5 jug protein/ml, and the optimum dilution for

1
test serum was 356'

The conjugate, alkaline phosphatase labelled anti-human
immunoglobulin, was kindly supplied by Dr. A.Voller,
Nuffield Institute, London and the optimum dilution of
the conjugate as tested by ELISA against plates coated
with varying amounts of immunoglobulin was found to be

§%6 - TE%B' depending on the batch,

The test was carried out in a microtitre plate (Cooke
Microtitre, Greiner M29 AR, Dynatech Laboratories) .

Two hundred jul of diluted soluble antigen, diluted in
carbonate/bicarbonate buffer, was added to each well of
the plate which was then covered and left overnight at
room temperature for coating to occur. The next day the
plate was washed three times, three minutes each, with a
saline-Tween sclution, to remove non-adsorbed antigen.
After the last wash, the plate was shaken dry and 200 ul
of diluted test serum was added to each well and the

plate was incubated at room temperature for 2 hours.




After repeating the above washing procedure to remove
unreacted components, 200 ul of the diluted conjugate,
alkaline phosphatase labelled anti-human immunoglobulin
diluted in PBS-Tween, was added to each well and the
pPlate again incubated at room temperature for a further
two hours. After further washing as before to remove

unreacted conjugate, 200 ul of the enzyme substrate (para-

nitrophenyl phosphate 1 mg/ml in 10% diethanolamine buffer)
was added. The reaction was stopped in all wells by the
addition of 50 ul of 3 M sodium hydroxide for each well,
using a reference positive serum as described later.

The contents of each well were removed and the absorbance
at 400 nM was read in a spectrophotometer (Vitatron, UPM)
(Fig.11). The ELISA values were given as Extinction (E) =

absorbance, at 400 nM with a 1 cm light path.

The composition of the reagents used in ELISA are given

in the appendix.

Endpoint determination

Because of the high sensitivity of the test and the
enzymatic reaction dependance, considerable day-to-day
variability occurs, probably due to differences in the

ambient temperature; a reference serum should therefore

be used as a standard (Voller et al. 1976b).

McLaren et al. (1978) have described a method for
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Figure 11

A spectrophotometer (Vitatron, UPM) and printer
(Peak Height Reader-Printer Unit, MSE), used for

reading and printing ELISA results
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reading and printing ELISA results



determination of the optimum value for the reference
serum endpoint. Briefly, random samples of sera were
taken from 3 groups, 10 sera each. These were from
groups a, e and f, among sera examined in this chapter.
Tests on a positive reference serum, consisting of a pool
of sera from a group of individuals with a high titre of

S.haematobium infection, were used, together with replicate

tests on the sera mentioned above, using worm antigen.
The reaction was stopped when the EQOO for the reference

serum had reached 0.25, 0.50, 0.75, 1.00 and 1.25 respec-

tively. Means and 95% confidence intervals for the Euoo

for each group were calculated at the different Ehoo levels
of the reference serum. A value of 0.75 for the Euoo of
the reference serum was found to be the point at which
there were the greatest differences between the groups

with small variation within the groups. In all subsequent
tests several replicates of the reference serum were
included. These were read at intervals and the test was
stopped when one had reached an EhOO value of 0.75; this
occured after 15-30 minutes, The test sera were considered
as positive if their EMOO value was more than 0.25. This
point was selected as none of the negative sera of the other
two groups gave values above 0.25. A negative reference
serum, from a pool of sera from European hurses, was also

included in all subsequent tests.

Figure 12 is a photographic recording of an ELISA plate
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Figure 12

Photograph of an ELISA plate (alkaline phosphatase

enzyme system) with S.haematobium adult worm antigen

and sera from known Egyptian S.haematobium cases,

with different levels of antibody (Rows C and D).
Row E, wells Nos.1-4 were used for replicates of
positive reference serum, wells Nos.5-8 were used
for replicates of negative reference serum, while
wells Nos.9-12 contained PBS, required for zeroing

the apectrophotometer.
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with positive sera from known Egyptian S.haematobium

cases, wWith various levels cf antibody, and positive
and negative reference sera. The colour changes and
the difference between positive and negative could be

easily read wvisually.

Results

Detection of antibodies to S.haematobium infection in

Egyptian adults and children using ELISA with differesnt

schistosome antigens

Tables 3.1, 3.2 and 3.3 show the results of ELISA with

S.haematobium egg, worm and cercarial antigens, on sera

collected from El-Minya, Upper Egypt, where only S.hae-

matobium infection is present.

The egg antigen was slightly more reactive than the worm
antigen, but both egg and worm antigens were more reactive
than cercarial antigen. The cercarial antigen gave a high
pPercentage of positive results with sera from patients

without S.haematobium ova in the urine, but other helminth

infections or exposure to schistosome cercariae could not,
however, be entirely excluded from these patientsj while
egg and worm antigens gave no false positives. The correl-
ation between the mean Euuo value of the positives and the
age of the patients appears from the tables. The mean E, ..

value obtained with the egg antigen increased and then




Results of ELISA tests with a S.haematobium egg antigen on sera from Egyptian adults

Table 3.1

and

children.

Age groups S.haematobium Number Number Percentage Mean E4o0 of
(years) ova in urine tested positive positive positives »
Present 27 27 100 0.70 % 0.12
5-9 Absent 2 0 0 0
Total 29 27 93 0.70 ¥ 0.12
Present 14 14 100 0.76 ¥ 0.06
10 - 19 Absent ] 0 0 0
Total 118 14 97 0.76 % 0.06
Present 245 243 99 0.67 ¥ 0.04
20 - 39 Absent 17 0 0 0
Total 262 249 93 0.67 % 0.04
Present 9 9 100 0.66 ¥ 0.14
40 and over Absent 0 0
Total 12 75 0.66 ¥ 0.14

* Ninety-five per cent confidence interval.

The increase and the subsequent decrease of the mean Eyo0 value
was significant (correlation coefficient

r=-0.11

p < 0.05).

in the older age groups

o01L



Results of ELISA tests with a S.haematobium worm antigen on sera from Egyptian adults and

Table 3.2

children.

Age groups S.haematobium Number Number Percentage Mean E400 of
(years) ova in urine tested positive positive positives *
+
Present 27 25 93 0.72 - 0,093
5-9 Absent 2 0 0 0
Total 29 25 86 0.72 £ 0.03
+
Present 14 105 92 0.72 - 0,07
10 - 19 Absent 4 0 0 0
Total 118 105 90 0.72 ¥ 0.07
Present 245 234 96 0.85 X 0.05
20 - 39 Absent 17 0 0 0
Total 262 234 89 0.85 X 0.05
Present 9 9 100 0.92 - 0.43
40 and over Absent 3 0 0
Total 12 9 75 0.92 ¥ 0.4

* Ninety-five per cent confidence level.

The increase of the mean Eypo value in the older age groups was significant (correlation
coefficient r = 0,12

p < 0.025),

=}
-



Table 3.3

Results of ELISA tests with a S.haematobium cercarial antigen on sera from Egyptian

adults and children

Age groups
(years)

S.haematobium

ova in urine

Number
tested

Number
positive

Percentage
positive

Mean Ehoo of
positives *

Present
Absent
Total

20
0
20

T4
0
70

0.46 ¥ 0.07

I+ ©

0.46

Present
Absent
Total

81
2

83

71
50
70

0.47
0.34
0.46

I+ 14+ 1+

Present
Absent
Total

77
41

75

0.46
0.39
0.46

I+ 14+ 14

40 and over

Present
Absent
Total

12

56
33
50

1+

0.52

I+ ©

0.53

* Ninety-five per cent confidence interval.

The increase of the mean EhOO value in the older

age groups was not significant.
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decreased in the older age groups, while with both the
adult worm and the cercarial antigens the mean Elo00
continued to increase with age. The S.mansoni antigens -
egg, worm and cercarial - proved to be as reactive as the

S.haematobium antigens, against the same set of sera.

This is shown in tables 4.1, 4.2 and 4.3. Figure 13

shows the relations between the three S.haematobium anti-

gens used and the percentage of ELISA positives in the

different age groups infected with S.haematobium. The

relations were almost identical using the three S.mansoni
antigens, although S.mansoni cercarial antigen was slightly
more reactive than the S.mansoni worm antigen, particularly

in the young and middle age groups (Fig.14).

Figure 15 shows the distribution of ELISA values (EhOO)

obtained with different S.haematobium antigens from a

group of uninfected Egyptians and from a group with proven

S.haematobium infection (all age groups). Cercarial anti-

g€en produced more low ELISA values than either worm or egg
antigen. The distribution was similar using different

S.mansoni antigens (Fig.16.).

Tables 5.1, 5.2 and 5.3 give the results for further ELISA

tests using different S.haematobium antigens on sera from

individuals with other schistosome infections or parasitic
infections other than schistosomiasis. A strong cross-

reaction occured between sera from individuals with a




Table 4.1

Results of ELISA tests with a S.mansoni egg antigen on sera from Egyptian adults and

children.

Age groups S.haematobium Number Number Percentage Mean Epgq of
(years) ova in urine tested positive positive positives *
N +
5-9 Present 27 26 96 0.77 - 0.10
5-=-9 Absent 2 (8] 0 0
Total 2 26 90 0.77 £ 0.10
Present 114 110 97 0.67 £ 0.05
10 - 19 Absent 4 0 0 0
Total 18 110 93 0.67 < 0.05
Present 245 237 97 0.71 % 0.03
20 - 39 Absent 17 0 0 0
Total 262 237 91 0.71 % 0.03
Present 9 9 100 0.74 ¥ 0.19
40 and over Absent 3 (o} 0
Total 12 9 75 0.74 + 0.19

* Ninety-five per cent confidence interval.

The decrease of the mean E400 value in the older age groups was not significant.




Table 4.2

Results of ELISA tests with a S.mansoni worm antigen on sera from Egyptian adults and

children.

e groups S.haematobium Number Number Percentage Mean EQOO of
yeals) ova in urine tested positive positive positives *
- -
Present 27 18 07 0.59 - 0,12
5 -9 Absent 2 0 0 0
Total 29 18 62 0.59 X 0,12
Present 14 70 07 0.67 : 0.08
10 - 19 Absent 4 0 0 0
Total 118 76 64 0.67 £ 0.08
Present 245 194 79 0.62 ¥ 0.04
20 - 39 Absent 17 0 0 0
Total 262 194 70 0.62  0.04
Present 9 7 78 0.88 % 0.52
40 and over Absent 3 0 0 0
Total 12 7 58 0.88 % 0.52

* Ninety-five per cent confidence interval.

The increase of the mean Eyppo value in the older age groups was not significant.

Lt




Table 4.9

Results of ELISA tests with a S.mansoni cercarial antigen on sera from Egyptian adults

and

children

Age groups
(groups)

S.haematobium

ova in urine

Number

tested

Number
positive

Percentage
positive

Mean Ejnn of
positives *

Present
Absent

Total

78
50
75

+
0.09

0.09

Present
Absent
To tal

0,04

0.04

Present
Absent
Total

0,02
0,02
0.02

40 and over

Present
Absent
fotal

9
3

")

* Ninety-five per cent confidence interval.

The increase and the subsequent decrease of the mean Ejp0 value in the older age groups
was not significant.
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S.mansoni infection (St. Lucia) and all the fairly crude

S.haematobium antigens used in the test, particularly the

worm and cercarial antigens. A high proportion of posi-
tive reactions also occured with sera from Gabon; an

area where both S.haematobium and/or S.intercalatum occur,

Figure 17 illustrates the results of ELISA with different

S.haematobium antigens on the sera from St. Lucia and

Gabon.

As seen from the tables, sera from U.K. cases of cercarial
dermatitis gave a high rate of false positive ELISA

results, especially with the S.haematobium cercarial

antigen. The sera from patients with wvarious helminth
infections other than schistosomiasis produced a propor-
tion of false positive ELISA results. Twenty out of 28
sera examined gave false positive ELISA results with the
cercarial antigen, but the worm and egg antigens gave 10%
false positives. The sera from children in Kapsabet, a
highland area of Kenya, where there is no schistosomiasis,
produced a high proportion of false positive ELISA results,
particularly with the cercarial antigen. The sera from
New Guinea, where there is no schistosomiasis (Ewers and

Jeffery, 1971), were all infected with Wachereria bancrofti

and nearly all subjects were also infected with necator and
strongyloides. These sera produced a low false positive
ELISA rate when tested against egg and worm antigens, but

gave a high rate with cercarial antigen.




Table 5.1

Results of ELISA tests with a S.haematobium egg antigen in different Schistosoma and

other helminth infections

Number Percentage Mean Eyoq of
positive positive positives ¥

St. Lucians infected with
S.mansoni:
Children

Adults

Gabon adults infected with
S.intercalatum and/or
S.haematobium

U.K. cases of cercarial
dermatitis

U.K. hospital patients with
parasitic infections other
thap Schistosomiasis

Kenya children without
Schistosomiasis:
in test positive

Skin test negative

New Guinea children and adults
infected with W.bancrofti

* Ninety-five per cent confidence imterval,




Results of ELISA tests with

Table 5.2

other

helminth

infections

a S.haematobium worm antigen in different Schistosoma and

Number Number Percentage Mean EQOO of
tested positive positive positives *
St. Lucians infected with
S.mansoni:
e LR +
Children 14 1" 79 0.55 - 0.16
- +
Adults 36 22 61 0.61 - 0.16
Gabon adults infected with .
S.intercalatum and/or Th 55 74 0.52 = 0.10
S.haematobium
; .
U.K. c§sgs of cercarial 2l 0 0 0
dermatitis
U.K. hospital patients with .
parasitic infections other 30 3 10 0.48 - 0.27
than Schistosomiasis
Kenya children !112221
Schistosomiasis:
Skin test positive 93 2 0.35 2 0.10
Skin test negative 78 2 3 0.39 % 0.10
New Guinea children and adults +
infected with W.bancrofti 50 8 16 0.39 - 0.08

#* Ninety-five per cent confidence interval.




Results of ELISA tests with a S.haematobium cercarial antigen in different Schistosoma

Table 5.3

and other helminth infections

infected with W.bancrofti

Number Number Percentage Mean E4p0 of
tested positive positive positivies *
St. Lucians infected with
S.mansoni: 4
Children 14 8 57 0.36 - 0.08
+
Adults 36 24 67 0.48 - 0,08
Gabon adults infected with .
S.intercalatum and/or Th 63 85 0.55 - 0.04
S.haematobium
U.K. cases of cercarial . +
poe R —_— 24 6 25 0.42 - 0.15
U.K. hospital patients with ;
parasitic infections other 28 20 7 0.50 - 0.20
than Schistosomiasis
Kenya children without
Schistosomiasis:
Skin test positive 93 36 39 0.38 ¥ 0.04
Skin test negative 78 19 24 0.32 * o0.10
Gui h ;
New Guinea children and adults 50 12 ol 0.31 * 0.02

* Ninety-five per cent confidence interval,
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All the false positive reactions had lower mean EhOO
values than the true positives, except with the cercarial
antigen where they were nearly equal. Figure 18 is a
diagram showing the mean EQOO of ELISA positives among
patients with different schistosome and other helminth

infections.

Discussion

In a S.haematobium infection, anti-cercarial, anti-worm

and anti-egg (anti-miracidium) antibodies are produced.
ELISA was found to be very sensitive in the detection of
these antibodies using different homologous and heterolo-
gous schistosome antigens. ELISA also proved to be highly
sensitive, compared to other serological methods (e.g. CIE,
mentioned in the previous chapter), in detecting anti-
bodies. However, the test lacks complete specificity.

The false positive ELISA rates with sera from individuals
with non-human schistosomes and with parasitic infections
other than schistosomiasis were higher using cercarial
antigens than when using worm or egg antigens, These
results were in agreement with those reported by Mclaren
et al. (1978) using ELISA with egg antigen. On the other
hand, Hillyer and De Rios (1979) reported low specificity
of the ELISA with soluble egg antigen (SEA) of S.mansoni.
They found extensive cross-reactivity when using serum

from humans with fascioliasis, trichinosis, cysticercosis
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and echinococcosis. The false positive reaction could be
explained by the presence of common antigens between
schistosomes and other parasites. Their different method

of conducting the test has already been mentioned.

Moreover, with crude antigens the test lacks species
spedficity which was demonstrated by the relatively high

positivity rate of S.haematobjum sera with different

S.mansoni antigens and vice versa. This is expected as
not only do the two species have many antigens in common
(Capron et al., 1966, 1968; Warren, (1976), but

the different stages of each species have shared antigenic

components (Capron et al., 1965; Ramalho-pento et al., 1976).

Improvement of the sensitivity and specificity of the
ELISA could, however, be achieved by purification of the
antigens used. Egg antigen was found to be more reactive
than either worm or cercarial antigens. This was in agree=-
ment with observations of Huldt et al. (1975) and McLaren
et al. (1978) that egg antigen was more reactive than worm
antigen in detecting antibodies to S.mansoni infection
using ELISA. Umaly et al., (1974a), however, reported
that cercarial antigen gave better results than worm
antigen using other serological techniques (e.g. IHA and
CF tests). The importance of the antigenic stimulus
linked to the egg and its presence in the tissues has been

recorded by Capron et al. (1966). This copfirmed a previoua




observation by Smithers (1960a)that schistosome egg
extract, compared to worm and cercarial extracts,
appeared to be the most antigenic in gel diffusion

studies on S.mansoni.

The decrease of the mean EQOO of ELISA positives, using
egg antigen and the increase using worm or cercarial
antigens with the age of patients might be related to

the duration of active infection with egg production,
rather than to the age of the patient. Hassan et al.
(1979), using ELISA and other serological tests (IFA and
IHA tests) with worm antigen found that antibodies detected
in the sera of infected patients showed increasing values

with the progress of the disease.

Using other serological tests, Jachowski and Anderson (1961)
reported that the proportion of sera reacting in the COP

test tended to decrease as the age of the patients increased
while in the cercarial agglutination test, a high proportion

of sera reacted regardless of the patient's age.

Although with some disadvantages mentioned above, ELISA has
many advantagesj minute quantities of serum and reagents
are needed, large numbers of samples can be easily examined
and fairly simple equipment is required. These advantages
suggest that ELISA could be a convenient test for field use.
However, for the ELISA to be more effective as a sero-
epidemivlogical tool, further refinements of the antigens,

using simple techniques, are needed.
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Chapter V

THE USE OF THE ELISA FOR SEROLOGICAL MONITORING OF

CHEMOTHERAPY AND ACQUIRED RESISTANCE IN BABOONS, '

HAMSTERS AND HUMANS

Introduction

Immunity (resistance to reinfection) to schistosome infections
in experimental animals has been well reviewed by Stirewalt
(1963), Smithers and Terry (1969a), Warren (1973), Kagan and
Maddison (1975). Smith et al. (1976) reported that hamsters

with a primary infection of S.haematobium or S.mansoni

rapidly developed a high level of immunity to reinfection
with either species of schistosome. Although some workers
(Taylor et al., 1973 ) reported that the baboon develops a
partial immunity to S.mansoni slowly, others (Webbe and
James, 1973; Webbe et al., 1976) showed a high degree of

acquired resistance to S.haematobium could develop in the

baboon in a relatively short period.

Most attempts to transfer immunity passively from resistant
to normal animals have been unsuccessful (Smithers and
Terry, 1969a; Warren et al., 1972). There are conflicting
opinions as regards the role of antibodies in the immune
mechanisms. Although antibodies have been detected in the
sera of immune monkeys and rodents which, in the presence
of complement, destroy (Clegg and Smithers, 1972} Perez

et al., 197h4) and promate the opsonization by neutrophils




127

(Dean et al., 1974) of schistosomula cultured in vitro,

some workers (Sher et al., 1974a; Perez et al., 1974)

showed that these in vitro mechanisms may not be effective
against a challenge infection in vivo. However, the passive
transfer studies of Sher et al. (1975) have demonstrated

that humoral factors play a major role in the effector
mechanism of schistosome immunity. Therefore, there is a
great need for highly sensitive assays not only to accurately
measure antibodies, but also to be used for assessment of
chemotherapeutic cure and, more importantly, for epidemio-

logical surveys and for the evaluation of control measures.

According to the criteria adopted by a WHO Group (1966), a
schistosomiasis patient 1s considered parasitologically
cured when there is a complete disappearance of all eggs
for at least six months after treatment in the absence of
re-exposure. As reviewed in the first chapter of this
thesis, none of the tests currently available, with the
possible exception of the circumoval precipitin test (corT)
(Rifaat et al., 1969; Ruiz-Tiben et al., 1979), correlate
with active infection and can thus not be used for the

assessment of chemotherapeutic cure.

It was shown in Chapter IV that the ELISA is a sensitive
and specific test, not only for the diagnosis of schistosome
infections but also for the quantification of antibodies,

Recently, Salih et al. (1978), reported the possible use of
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ELISA for the assessment of chemotherapeutic cure in human
S.mansoni infections. There are, however, no further
studies on the application of the ELISA test for serological
monitoring of resistance and the evaluation of chemothera-
peutic cure in experimental animals and humans with

schistosome infections.

The main objective of the experiments described in this
chapter is to report on the ELISA results obtained from
baboons and hamsters with different levels of infection,

after treatment and reinfection with S.haematobium and/or

S.mansoni. This chapter also deals with the application of
ELISA for serological monitoring of chemotherapy in humans

with S.haematobium or S.mansoni infections.

Methods, Experiments and Results

All the test sera mentioned in this chapter were examined

using the ELISA technique against different S.haematobium

antigens., The basic ELISA using the alkaline phosphatase
system as described in the previous chapter was used for
the detection of antibodies in sera from baboons mentioned
in section B. Baboon sera were treated as human sera., All
other test sera were examined using the ELISA-peroxidase
system. Peroxidase enzyme was found to have high activity
and is cheaper than alkaline phosphatase, and yields a
visible (brown) reaction product (Voller et al., 1976b).

All test sera were used at a dilution of 13300 and the




peroxidase-labelled anti-human IgG and anti-hamster con-
jugates (Miles) were each used at a dilution of 1:1000.
A mixture of ortho phenylene diamine (0O-PD) and hydrogen

peroxide (H202) )0.01% O-PD and 0.003% H,0, in distilled

2
water) was used as substrate, and 8N sulphuric acid as
inhibitor. The amount of bound antibody was assayed
photometrically at 492 nM. Sera were judged positive if
Eh92 was more than 0.25 for human and baboon sera and 0.1

for hamster sera. Positive and negative hamster reference

sera were from pooled sera collected from S.haematobium

infected or clean (non-infected) hamsters respectively.

Section A
Two experiments were designed to study the effect of treat-

ment on resistance to reinfection with S.haematobium in

hamsters and the measurement of antibody levels by the

ELISA technique. The hamster was used as an experimental
model because it is readily available as a host for human
schistosomes (Erickson et al., 1974). 1In experiment one,

groups of 5 hamsters were infected with S.haematobium,

treated with Niridazole (Ambilhar, Ciba) at 17 weeks, when
the worms were mature, reinfected at 24 weeks as shown in
Fig.19, and then perfused at 35 weeks. Sera were collected
(cf. Chapter II) every two weecks and kept at -20°C until

exumined. The second experiment was designed to find out

whether hamsters in which a S.haematobium infection was




Figure 19
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terminated by Niridazole would be resistant to an immediate
challenge infection. Groups of 5 hamsters were infected

with S.haematobium, treated at 6% weeks before the worms

had reached maturity, reinfected at 7 weeks as shown in
Fig.20, and then perfused at 21 weeks. Sera were collected

every two weeks and kept at -20°C until examined.

Calculation of Immunity Results

The immunity was calculated based on results from the portal
perfusion assay described by Smith et al. (1976). Briefly,

three groups of hamsters were used: one with the primary

immunizing infection alone (primary infection control, P);
one with the challenge infection alone (challenge control,
C); and an experimental group (E) which received both the
primary and challenge infection. Immunity was calculated

according to the following equation:

Mean of chal- Mean of ex- Mean of pri-
lenge control perimental _ mary infec-
c r E tion control
Immuzity - B x 100
o

Mean of challenge control C

The results of resistance to reinfection with S.haematobium

obtained in the two hamster experiments are summarized in
Table 6 and also illustrated in Figs.19 and 20. The hamsters
reinfected 24 weeks after the primary infection showed a high
degree of resistance (61%), while only 46% of resistance was

obtained in hamsters reinfected 7 weeks after the primary



Figure 20

Schedule of infection,treatment and reinfection of groups of 5 hamsters
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Table 6

Immunity by perfusion assay in the two experiments of hamsters

ot [N i hamskews Primary immuni- [ Challenge Experimental E, Per cent valie
Expe;imcn u.or i:u er zation control control primary & chall- ummunity of P
0. e . . I
LR s P (o enge infection C-éE—PLKn
1 5 By 12:9 41.0%5.6 |50.8 6.1 61 £, 0.05
2 5 31.0 ¥ 10.0 28.6%6.9 | 46.4 *19.4 L6 £ 0.05

Immunity assayed as described in Materials and Methods, 24 weeks after a primary infection with
200 S.haematobium cercariae in experiment No.1 and 7 weeks after a primary infection with 160
S.haematobium cercariae in experiment No.2. P values refer to the statistical significance of
resistance obtained in the two experiments (analysis of variance has been carried out between

the 3 groups, P, C and E in each experiment).



infection. In experiment No.1, chemotherapeutic eradica-
tion of the adult worms 17 weeks after the primary infection
completely abolished all resistance 7 weeks later (group c).
In experiment No.2, reinfection of hamsters was carried out
immediately after the treatment as shown in Fig.20, Compar-
ing groups ¢ and f, it was found that Niridazole had a
residual effect in the circulation and affected the challenge
infection of the control group f. It was therefore not
possible to assess the effect of treatment on resistance to
reinfection of this group of hamsters. However, to confirm
this observation, groups e and f of experiment No.2, were
repeated on additional hamsters. The results are shown in
Table 7. Niridazole greatly reduced the recovery of worms
from an infection given to hamsters immediately after the

administration of the drug.

Figures 21.1, 21.2 and 21.3 show the antibody levels of
hamsters in experiment No.1, as measured by the ELISA test,

using three different S.haematobium antigens. The antibody

levels declined in response to treatment in groups C and D
and this was highly significant by the fifth week with all
the three antigens ( p €0.05 with worm antigen, <0.02 with
cercarial antigen and <0.001 with egg antigen), in contrast
to the high antibody levels maintained in the untreated
groups A and B. Two weeks later, the hamsters in groups B

and C were reinfected together with a control group E. The




Table 7

The worm burden of a group of hamsters infected with

S.haematobium,

immediately after the administration

of Niridazole, and an infected control group (group 2)

Grou No. of Drug Infection Perfusion
N P hamsters before no. of no. of worms
o. . X +
per group | infection |cercariae x - S D
1 5 Niridazole 200 2.6 £ 1.5
*

2 5 - 200 28.8 ¥ 16.5

# 200 mg/kg body weight, orally for 5 days
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Figure 21.1

Diagram showing the antibody levels, using S.haematobium cercarial antigen in different

groups of hamsters

infection control group
untreated and challenge group
treated and challenge group
treated only group

challenge control group
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Diagram showing the antibody levels, using S.haematobium adult worm antigen in different

groups of hamsters

infection control group
untreated and challenge group
treated and challenge group
treated only group

challenge control group
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Diagram showing the antibody levels, using S.haematobium egg antigen in different

groups of hamsters

A, infection control group

B, untreated and challenge group
C, treated and challenge group
D, treated only group

E, challenge control group




antibody level rose in response to reinfection in the
treated group C, but continued to decline in the untreated
group B. This was more apparent with worm and cercarial

antigens than with egg antigen.

The measurements of antibody levels, using the ELISA test

with the three different S.haematobium antigens in experi-

ment No.2, are shown in Figs. 22.1, 22.2 and 22.3. The
results confirm the observations shown in experiment No.1.
The antibody levels showed a significant drop in the treated
group d with all antigens, in contrast to the high antibody
levels maintained in the untreated group a (p<0.01 with
worm antigen and €£0.001 with both egg and cercarial anti-
gens). The antibody level rose after reinfection in the
treated group c and also in the untreated group by whereas

it showed a decline in group d which was not reinfected.

In both experiments, egg antigen proved to be more reactive
than either worm or cercarial antigens, confirming previous

observations on human sera (cf. Chapter 1v).

Section B
ELISA for serological monitoring of resistance to reinfection

of baboons with S.haematobium or S.mansoni.

The results in this section have been published in a paper

entitled "Cross resistance between Schistosoma haematobium

and S.mansoni in the baboon” (Webbe et al., 1979).




Figure 22.1

Diagram showing the antibody levels, using S.haematobium

cercarial antigen in different groups of hamsters

infection control group

untreated and challenge group

treated and challenge group

treated only group

challenge control group

challenge control group after administration of the

drug.

infection with 200 S.haematobium cercariae

reinfection with 200 S.haematobium cercariae

treatment with Niridazole 200 mg/kg body weight orally,

daily for 5 days.
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Figure 22.2

Diagram showing the antibody levels, using S.haematobium

adult worm antigen in different groups of hamsters

a, infection control group
b, untreated and challenge group
treated and challenge group
treated only group
challenge control group
challenge control group after administration of the

drug.

infection with 200 S.haematobium cercariae

reinfection with 200 S.haematobium cercariae

treatment with Niridazole 200 mg/kg body weight orally,

daily for 5 days.
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Figure 22.3

Diagram showing the antibody levels, using S.haematobium

egg antigen in different groups of hamsters

infection control group
untreated and challenge group

treated and challenge group

treated only group
challenge control group
challenge control group after administration of the

drug.

infection with 200 S.haematobium cercariae

reinfection with 200 S.haematobium cercariae

treatment with Niridazole 200 mg/kg body weight,

orally, daily for 5 days,
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The experiments were carried out to determine whether

infection of the baboon with S.haematobium could stimulate

significant acquired immunity to S.mansoni.

The study included six baboons (4 - 6 kg) which were each

immunized with 1,200 S,haematobium cercariae, "boosted" 15

months later with 1,000 S.haematobium cercariae per kg.,

(to test the level of resistance developed against S.hae-
matobium) and finally challenged with 250 S.mansoni cercariae
per kg 20 months after the immunization. The baboons were
bled on average once monthly throughout the study and the

sera were separated and kept at -20°C until examined.

The ELISA test was carried out on the serum samples at a

dilution of -éa, using a S.haematobium adult worm antigen.

The results obtained show that the antibodies in all the
immunized baboons began to rise two months after infection
and reached a plateau approximately five months after
patency. The level of this plateau could, to a certain
extent, be correlated with the level of infection in the
different animals. This is illustrated in Fig. 23.1, which
gives the antibody levels, as measured with ELISA, for three
of the baboons throughout the experiment. For one baboon
(No.70) which had a low egg output and a final S.haematobium
infection rate of only 5.1% of cercariae inoculated, the

ELISA values remained below 0.6 and did not increase more




All baboons
challenged

A11 baboons
challenged
S.haemotobium

A1l baboons infected
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than 1.0 even after the booster infection, For the two
other baboons (Nos.66 and 72), the initial ELISA values
were between 0.8 and 1.0, correlating well with the high
worm burden and the initially high egg output. Figure
23.2 shows the ELISA values for the three other baboons

of which one (No.67) did not receive the S.haematobium

booster. The rise in the ELISA values occuring two months
after the "booster" infection was largest in baboons Nos.

66 and 72 and smallest in baboons Nos.70 and 67.

Section C
ELISA for serological monitoring of chemotherapy in hamsters,

baboons and humans.

Three groups of ten hamsters each were infected with 200

S.haematobium cercariae. The schedule of infection and

treatment of these hamsters appears in Fig.2h. The hamsters

were bled on average once every two weeks and the sera were

kept at -20°C until examined. At the end of the experiment,

the hamsters were killed, the abdomen was opened and the

whole left kidney was removed for electron microscopic and

immunofluorescence examinations. The hepatic portal system

was perfused and the adult worms thus recovered were counted.

After perfusion, the whole of the right kidney, as well as

samples of other tissues - liver, lung, intestine and

urinary bladder = were removed for 1ight microscopic exam-

dealing with these tissues and the

inations. The techniques
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Figure 23.2

Diagram showing the antibody levels, using S.haematobium adult worm antigen in different

baboons
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Figure 24

Schedule of infection and treatment of groups of 10 hamsters

Perfusion
200 cercariae No. of worms
l X £ SD
Infection
A & s L —,
control 24
- 4
2.8
200 cercariae Treatment *
l l Treated eorly
By, A e — —
in infection 0
200 cercariae Treatment *

B i Treated late
2 -----_-----.----------h'\-| Qc.fro;-------

Il ]
0 12 22
Weeks after primary infection

* Niridazole 200 mg/kg body weight daily for 5 days,given orally
by syringe with a curved blunt needle




results of their examinations are described in detail in

Chapter VIII.

Figures 25.1 and 25.2 show the antibody levels, measured

by ELISA, using S.haematobium adult worm and soluble egg

antigens respectively in the three groups of hamsters. The
sera became positive 4-8 weeks and 7-12 weeks after infec-
tion using egg and worm antigens respectively. Two groups
of hamsters were treated with Niridazole; one group at 12
weeks and the other at 22 weeks after infection. After an
initial insignificant rise, the antibody levels declined

in both treated groups and this was highly significant by
the sixth week after treatment, confirming previous obser-
vations mentioned earlier in this chapter, (p being <€ 0.02
and €0.001, using worm and egg antigens respectively in both
treated groups). The figures also show that the decline of
antibody levels in the group of hamsters treated later in
infection occured abruptly, reaching the same level as the
other treated group in only six weeks. The untreated group
of hamsters maintained a high level of antibody throughout
the forty-one weeks of observation, (p being <€0.001 using

both antigens, compared to the treated groups).

The serum from four baboons infected with 7,000 S.haema-

tobijum cercariae was used. Three of the baboons were

treated and the fourth served as an untreated control.
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Figure 25.1

Diagram showing the antibody levels, using S,haematobium adult worm antigen

in different groups of hamsters

A, infection control group
H‘, treated group, treatment started 12 weeks after infection
B,, treated group, treatment started 22 weeks after infection

I, infection with 200 S.haematobium cercariae

I, treatment with Niridazole 200 mg/kg body weight orally, daily for 5 days
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Figure 25.2

Diagram showing the antibody levels, using S.haematobium egg antigen in different

groups of hamsters

A, infection control group

B‘, treated group, treatment started 12 weeks after infection

B,, treated group, treatment started 22 weeks after infection

I, infection with 200 S.haematobium cercariae

T, treatment with

Niridazole 200 mg/kg body weight, orally, daily for 5 days.




The sera became positive 4L-7 weeks after infection, con-

firming previous observations.

The baboon shown in Fig. 26.1 was treated with a dinitro-
thiophane derivative, (Hoffman-La-Roche Limited, Basel),
18 weeks after infection when the antibody levels were

high. During the first two weeks after treatment, anti-

body levels rose to an unusually high peak, but thereafter

declined, reaching almost background levels 22 weeks after
treatment. At this time the baboon was reinfected and the

antibody levels rose again, 4-6 weeks after reinfection,

but failed to reach those of the primary infection. In

contrast, the untreated baboon (Fig. 26.2) maintained high

antibody levels throughout the 80 weeks of observation.

The changes in the antibody levels, after treatment of the

other two baboons, are shown in Figs. 26.3 and 26.4.

The baboon in Fig. 26.3 had only a low level of infection

and was completely cured of jnfection by Niridazole. The

antibody levels therefore = after the usual post-treatment

rise - declined abruptly to almost pre-infection levels.

The baboon in Fig. 26.4 was treated with another of

Hoffman-La-Roche's compounds (R01l—3128) but the first

dosage did not have much effsct on the infection as Jjudged

by egg output and the baboon was therefore retreated. The

antibody level only declined temporarily after the first ‘

P had
treatment and only the second more curative treatment had (
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Figure 20.1

Diagram showing the antibody levels, using S.haematobium adult worm antigen

——————————

in a treated and reinfected baboon

infection with 7,000 S.haematobium cercariae
reinfection with 7,500 S.haematobium cercariae

treatment with a dinitro-thiophane derivative (RO11-0761) Hoffman La

Roche) 5 x 125 mg/kg body weight, orally by stomach tube.
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g S.haematobium adult worm antigen

Diagram showing the antibody levels, usin

in an untreated baboon

1, infection with 7,000 S.haematobium cercariae.




Figure 26.3

Diagram showing the antibody levels, using S.haematobium

adult worm antigen in a treated baboon

I, infection with 7,000 S.haematobium cercariae

T, treatment with Niridazole 5 x 50 mg/kg body weight,

orally by stomach tube.
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Figure 26.4

Diagram showing the antibody levels, using S.haematobium

adult worm antigen in a treated baboon

infection with 7,000 S.haematobium cercariae

treatment with RO11-3128, Hoffman La Roche's
compound at a dose of 1 x 10 mg/kg body weight,
orally by stomach tube

retreatment with 1 x 25 mg/kg body weight.
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any lasting effect on the antibody level of this baboon.

The human sera used in this study were from the Sudan (cf.

Chapter II).

Table 8 shows the possible use of ELISA for serological
monitoring of chemotherapy in humans infected with S.hae-

matobium or S.mansoni using homologous and heterologous

schistosome worm or egg antigens. As shown in the Table,
the antibody level was significantly increased 6 weeks after

treatment, using S.haematobium and S.mansoni worm antigens.

The Table also shows that the percentage of patients showing
a rise of antibody after treatment is larger when a homo-
logous rather than a heterologous schistosome worm antigen

is used., S-haematobium worm antigen was found to be more

reactive than S.haematobium egg antigen in the detection

of the early changes in antibody level after treatment.

Discussion
As mentioned earlier in this Chapter, Smith et al. (1976)

reported that S.haematobium or g,mansani infected hamsters

developed a high degree of immunity, not only to homologous
but also to heterologous reinfections. In this investiga-
tion, hamsters infected with S.haematobium demonstrated

different degrees of immunity to homologous reinfection

before and after oviposition. Immunity was higher (61%)




Table 8

Serum antibody levels (IgG) before and 6 weeks after a successful treatment with hycanthone

in 8 patients with S.,haematobium infections and 11 patients with S.mansoni infections

g 'L -% 8 A E 4 9 2

T of S.haematobium worm antigen | S.mansoni worm antigen | S.haematobium egg antigen

schisto-
some of
infec-
tions patients

Mean Eyo0 - SE Mean E400 - SE Mean E400 ¥ SE

Before After Before After p Before After
treat- treat- treat- treat- treat- treat-
ment ment ment ment ment ment

S.haema- 0.49 0.37 0.56
+ + +
tobium - - -

(1) 0.1 0.08 0.14

S.man-

soni

(2)

(1) Paired "t" test, significant at p<0.05 with both worm antigens, but not significant with egg
antigen.

(2) Paired "t" test, significant at p £0.01 and {0,001 with S.haematobium and S.

mansoni worm anti
respectively, but not significant with egg antigen. in




in hamsters challenged after oviposition than the group
challenged before oviposition (46%). This could be
explained by the fact that maturity and establishment of
adult worms and the presence of eggs play an important part

in the production of immunity to reinfection.

Chemotherapeutic eradication of adult worms 17 weeks after

primary infection of hamsters with S.haematobium completely

abolished all resistance to reinfection 7 weeks later.
However, there are conflicting opinions as regards the
effect of treatment on immunity to reinfection after cure.
Although Warren et al. (1977) reported that immunity is
residual or persistent after curative treatment (using

Niridazole) in mice infected with S.mansoni, others

(Cheever et al., 1965; Gold and Lengy, 1975) found no

immunity after reinfection of mice or hamsters previously
infected with S.mansoni and treated using Stibophen or
Niridazole. This discrepancy may be due to the fact that
the mechanism of immunity differs according to the host-
parasite system, the time at which treatments and challenge

infections are given and/or the type of drug used.

The antibodies as measured by the ELISA test in the baboons
suggested no correlation with the degree of immunity, but a

definite correlation with the level of infection.

ELISA also showed great sensitivity in monitoring chemotherapy




in humans and animals infected with S.haematobium or

S.mansoni. The increase in antibody level after treatment
is significant in human cases and baboons but not in

hamsters.

The increase in antibody level in human cases after

treatment is more apparent and significant using S.hae-

matobium or S.mansoni worm antigens than using S.haemato-
bium egg antigen. This is probably due to a massive lysis
of worms as a result of treatment releasing an antigen which
in a paradoxical way stimulates a sudden production of anti-
bodies. Salih et al. (1978), using the ELISA test, Silva

et al. (1971, 1975 and 1976), using other serological

tests (IFA, IHA and immunodiffusion tests), were able to
demonstrate a significant increase in antibodies reacting
with worm antigens, during the first 2-6 weeks following
treatment, in patients with S.mansoni infection successfully

treated with Niridazole, Hycanthone or Oxamniquine.

These studies indicate that the ELISA test, besides its
high sensitivity, economy and adaptability for field use,
has a potentially useful appiication in the evaluation of

the efficacy of drugs in the treatment of schistosomiasis.

Capron et al., (1974), observed that an unexpected rise

in an othorwise declining antibody level often points to
a recurrent infection. Therefore the ability of ELISA to

monitor changes in antibody ievels after reinfection is




particularly useful in long-term follow-up studies.

Moreover, long-term follow-up studies of antibody levels

in larger numbers of treated patients are recommended
which would determine the usefulness of ELISA in assess-

ing cure at varying intervals following chemotherapy.




Chapter VI

A comparison between a new serological method, thin

layer immunoassay, TIA, and the enzyme-linked

immunosorbent assay, ELISA, for the detection

of antibodies in schistosomiasis

Introduction

As mentioned in the first chapter of this thesis, a simple,
cheap, sensitive and specific serologic test is urgently

needed for the diagnosis of schistosomiasis.

A test which shows particular promise is the enzyme-linked
immunosorbent assay (ELISA), developed by Engvall and
Perlmann (1971 and 1972). As shown in the previous two
chapters of this thesis and from initial investigations by
Huldt et al., (1975)s McLaren et al., (1978); the ELISA
was found to have great sensitivity in the detection of

anti-schistosome antibodies.

More recently, the thin layer immunoassay (TIA) has been

developed for the detection and quantification of specific

antibodies (Elwing et al., 1976 and 1977). This test is

characterized by its simplicity and does not require
sophisticated technical apparatus for its performance.
It is, therefore, of considerable potential value for

studies carried out in developing countries, but has yet




to be fully evaluated. Accordingly, a comparative
investigation has been carried out of TIA and ELISA

for the detection and quantification of anti-schistosome
antibodies in a variety of human and animal sera. A
briefer version of this study has already been published

(Ismail et al., 1979).

Materials and Methods

Antigens

Crude soluble antigens were prepared from S.haematobium

and S.mansoni adult worms obtained from infected hamsters
and mice respectively, according to the technique of

Capron et al., (1968). as described in Chapter II.

Sera
The human and animal sera examined were described in detail

in Chapters II and V respectively of this thesis.

ELISA
The basic method of Engvall and Perimann (1971 and 1972)
was employed, as described in Chapters IV and V, using the

ELISA-peroxidase system.

TIA

This assay was carried out according to the methods of

Elwing et al., (1976, 1977). Initial observations showed

that the TIA performed best when the antigen was diluted

to a final concentration of 100 ug protein/ml in 0,005%




ovalbumin in normal saline, e.g- 0.1 ml of 1% ovalbumin
was added to 1.9 ml of antigen (100 ng protein/ml) and
this mixture was diluted to 20 ml with normal saline.

This was poured into the bottom of a polystyrene petri
dish (8.5 cm diameter, Nunc A/S, Roskilde, Denmark) and
allowed to remain for 30 min. at rToom temperature. During
this time the material in solution coated the bottom of
the dish. The solution was then poured away and kept for
recoating and the dish washed three times, one minute per
wash, with saline. A solution of 1% molten agar in saline
was poured into the dish in quantity suf ficient to give a
layer 2.5 mm thick. After setting on a level surface,
twelve 3 mm diameter wells were punched in the agar, and
each was filled with 15 ml of undiluted test serum.
Following incubation in a moist atmosphere, at room
temperature, for 48 hours, the agar was rinsed off with
saline. Reinforcement was carried out by adding 15 ml

of rabbit anti-human IgG serum (Miles) for testing human
and baboon sera, or rabbit anti-hamster IgG serum (Miles)
for testing hamster sera. Each was diluted 1:500 in saline.
Incubation was for one hour at room temperature, after
which the solution was poured away and the plate dried.

Visualization of specifically absorbed antibody was then

o
carried out by inverting the dish over water at 60 C for

one minute. Areas with absorbed antibody are characterized

by a hydrophilic condensation pattern, with large




condensation drops, in contrast to the surrounding areas
where the pattern is of tiny droplets, giving a "misting"
effect. The mechanism underlying this phenomenon is
unknown and is being investigated. A record of the con-
densation patterns was then made by contact copying the
plate onto photographic paper (Ilfoprint YR 31P). The
surface area of the positive hydrophilic spots was cal-
culated from the print, using the mean of two diameters
measured at right angles. The surface area is proportional
to the logarithm of the antibody concentration, provided
that the antibody level is not very low. Fig.27 shows a
sthematic illustration of the principle of diffusion into

gel-thin-layer immunoassay, (Dig.TIA).

Figure 28 is a photographic recording of a typical plate

with ten positive sera from known S.haematobium cases,

with various levels of antibody, and two negative sera.

The hydrophilic and hydrophobic areas are easily discerned.

Results
The results obtained with the various human sera, using

both S,haematobium and S.maneoni crude soluble adult worm

antigens, are summarized in Table 9. Using sera from
known schistosomiasis cases, and homologous antigens, the

performance of TIA and ELISA were almost identicalj 95.6%

of the sera were positive by TIA and 96.4% by ELISA. Both

tests gave high percentages of positive results when




Figure 27
Schematic illustration of the principle of diffusion into

gel Thin Layer Immunoassay (DIG-TIA)

Antigen adsorbed to plate

Coating plate with gel

Application of antiserum

through holes in gel

Ag - Ab reactions

Gel removed A A n

Wash and dry ‘
Visualization

Vizualization techniques
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By water vapour with reinforcement by
condensation on applying anti-speclies
surface (VCS) Ig before VCS
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Photograph of TIA plate with S.haematobium adult worm

antigen and ten sera from subjects with S.haematobium

with different levels of antibody, Two normal sera

are at bottom right and only the wells are visible.




Figure 28

Photograph of TIA plate with S.haematobium adult worm

antigen and ten sera from subjects with S.haematobium

with different levels of antibody, Two normal sera

are at bottom right and only the wells are visible.




S.haematobium sera were tested against S.mansoni antigen

and vice=-versa; this is expected as the two species have
many antigens in common (Capron et al., 1968). With sera
from patients infected with helminths other than schisto-
somes, ELISA produce no false positive results whereas
TIA produced 7% or 12% depending upon the antigen used.
Interestingly, the majority of the false positives with

TIA were from the U.K. cercarial dermatitis patients.

Figure 29 shows the correlation between ELISA and TIA

results for S,haematobium human sera against S.haematobium

worm antigen. The correlation was almost as good using

S.mansoni worm antigen (Fig.30).

The Gabon sera used were either from an area where both

S.intercalatum and/or S.haematobium occur, or from an area

where people were exposed to these infections but no para-
sitological data are available; the two tests, ELISA and

TIA, show a great concordance between each other.

The antibody levels measured by TIA correlate well with those
found using the ELISA test on sera from the four baboons
described in the previous chapter. In the untreated baboon
(Fig.31.) the antibody level remained high with both tests
throughout the 80 weeks of observation, but in the treated
and reinfected baboon (Fig.32) the levels varied with the

treatment and reinfection. Figures 33, 34 and 35 also show

the good correlation obtained in the antibody levels,
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many antigens in common (Capron et al., 1968). With sera
from patients infected with helminths other than schisto-
somes, ELISA produce no false positive results whereas
TIA produced 7% or 12% depending upon the antigen used.
Interestingly, the majority of the false positives with

TIA were from the U.K. cercarial dermatitis patients.

Figure 29 shows the correlation between ELISA and TIA

results for S.haematobium human sera against S.haematobium

worm antigen. The correlation was almost as good using

S.mansoni worm antigen (Fig.30).

The Gabon sera used were either from an area where both

S.intercalatum and/or S.haematobium occur, or from an area

where people were exposed to these infections but no para-
sitological data are available; the two tests, ELISA and
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(Fig.31.) the antibody level remained high with both tests
throughout the 80 wecks of observation, but in the treated
and reinfected baboon (Fig.32) the levels varied with the

treatment and reinfection. Figures 33, 34 and 35 also show

the good correlation obtained in the antibody levels,




Table 9
Results obtained with ELISA and TIA on sera from patients with various helminth infections,

using S.haematobium and S.mansoni antigens

Infection (No. of cases) S.haematobium S.mansoni

antigen antigen

ELISA ELISA

S.haematobium (107)
S.mansoni (30)

Cercarial dermatitis (10)
Hydatid (10)
Cysticercosis (10)

Other helminths (26)

S.haematobium &/or
S.intercalatum (15)

Gabon sera, no parasitological
data (35)

Sera were judged positive by ELISA if Eh

92 level was more than 0.25; and positive by TIA if a

clear cut hydrophilic condensation pattern was seen.
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Figure 29

Scatter diagram showing the relation between the extinction of EL1SA (E,“’,,) and the

surface area of TIA using human sera from S.haematobium cases and S.haematobium adult

worm antigen

Correlation coeffieient, r = 0.81 and P < 0.001
A regression line of x on Y.
B = regression line of v on x.

Numbers refer to numbers of sera represented by each dot when these are more than one.




NEE DOID @D i

007 051

e % o 9
T6Y3 vsiN3




150 200
TIA surface area mmz

Figure 30

Scatter diagram showing the relation between the extinction of ELISA “"19") and the

surface area of TIA using human sera from S.mansoni cases and S.mansoni adult worm
2 b A e n a2 o

antigen

Correlation coefficient, r = 0.88 and P < 0.001
A regression line of x on y.
B regression line of y on x.

Numbers refer to numbers of sera represented by each dot when these are more than one.
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Figure 191

Diagram showing the relation between the antibodies measured by the ELISA (.) and

the TIA (x), using S.haematobium adult worm antigen, in an untreated baboon

I, infection with 7,000 S.haematobium cercariae.
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Figure 932

Diagram showing the relation between the antibodies measured by the ELISA (.) and
the TIA (x), using S.haematobium adult worm antigen, in a treated and reinfected

baboon

1 infection with 7,000 S.haematobium cercariae.

"
1,, reinfection with 7,500 S.haematobium cercariae.
-~ e ——————

T, treatment with a dinitro-thiophane derivative.
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Weeks ofter primory infection

Figure 33

Diagram showing the relation between the antibodies measured by the ELISA (=) and the

TIA (--), using S.haematobium adult worm antigen, in an untreated group of hamsters

1, infection with 200 S.haematobium cercariae.

Each point represents the mean of 5 hamsters, standard error ranges between 0.03 - 0.19.
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Weeks after primary infection

Figure 134

Diagram showing the relation between the antibodies measured by the FLISA (—) and the

TIA (--) using S.haematobium adult worm antigen, in a treated group of hamsters

I, infection with 200 S.haematobium cercariae.
T, treatment with Niridazole (Ambilhar) 200 mg/kg body weight orally, daily / 5 days at
12 weeks after infection.

Each point represents the mean of 5 hamsters, standard error ranges between 0.003 - O.1.
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Weeks after primory infection

Figure 35

Diagram showing the relation between the antibodies measured by the ELISA (=—) and the

TIA (--) using S.haematobium adult worm antigen in a treated group of hamsters

I, infection with 200 S.haematobium cercariae.
T, treatment with Niridazole (Ambilhar) 200 mg/kg body weight orally, daily / 5 days
at 22 weeks after infection.

Each point represents the mean of 5 hamsters, standard error ranges between 0.003 - 0.1.




measured by the two tests, in three groups of the
experimentally infected hamsters. The sera became
positive 7-12 weeks after infection by both tests,

and remained at a high level in the untreated hamsters
but declined significantly in the two groups of treated
hamsters reaching a low level 6§ weeks after treatment
(P being «<0.001 and <0.01 in ELISA and < 0.002 and

£0.02 4in TIA).

Finally, the two tests showed a very close correlation in
monitoring chemotherapy in patients infected with S.hae-

matobium or S.mansoni, using homologous and heterologous

schistosome worm antigens (Figs. 36-37 and 38-39). The
percentage of patients showing a rise of antibody after
treatment is larger when a homologous rather than a

heterologous schistosome worm antigen is used (Table 10

and 11).

Discussion

The primary aim of this investigation was to explore the
sensitivity and specificity of TIA in detecting anti-
schistosome antibodies, using ELISA as a standard for
comparison, The results, using human, baboon and hamster

sera, demonstrate that the sensitivity of TIA is fully

comparable to ELISA, but that the specificity of TIA may

be somewhat less. This may be due to shared antigens

between differont helminths which are present in crude




031D 3D0JINS vl

(1)

(Z

®
N

Z6¥3 wSIN3




150 200

TIA surfoce area mm

Figure 136

Scatter diagram showing the relation between the extinction of’ ELISA (l'ﬁ..",_) and the

surface area of TIA using human sera from S.haematobium cases, before (.) and after

(x) treatment and S.haematobium adult worm antigen

Correlation coefficient, r is significant for both:
(1) Before treatment v = 085 p < 0,01

(2) After treatment r = 0.81 p < 0,01
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Figure 137

Scatter diagram showing the relation between the extinction of ELTSA (E, ) and the

192
surface area of TIA using human sera from S.mansoni cases before (.) and after (x)

treatment and S.mansoni adult worm antigen

Correlation coefficient, is significant for both:
(1) Before treatment r 0.88 p < 0.001

2) After treatment r = 0.81 pg 0.001
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Figure 8

Scatter diagram showing the relation between the extinction of ELISA (F,“),,) and the

surface area of TIA using human sera from S.haematobium cases before (.) and after

(x) treatment and S.mansoni adult worm antigen

Correlation coefficient, r is signiticant for both:
(1) Before treatment r = 0,85 p < 0,01

(2) After treatment r = 0.93 p < 0,001
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Figure 99

Scatter diagram showing the relation between the extinction of ELISA (E, ) and the

492

surface area of TIA using human sera from S.mansoni cases before (.) and after (x)

treatment and S,haematobium adult worm antigen

Correlation coefficient, r is significant Tor both:
(1) Before treatment r 0.94 p < 0.001

(2) After treatment r 0.81 p < 0.001




Table 10

Serum antibody levels (I1gG) before and 6 weeks after successful treatment with Hycanthone in 8

patients with S.haematobium infections and 11 patients with S.mansoni infections against S,hae-
e e S

matobium worm antigen using both tests, ELISA and TIA

ELISA value TIA

2

Type of

infection

schistosome

Number of

patients

Ehu?

surface

Mean

SE

Before
treatment

After
treatment

S.mansoni

(1)

S.haematobium
————

0.49

+

0.81

+

% showing
rise

Mean x

area mm

SE

Before
treatment t

83

After
reutmunl,

| % showing

rise

(1)
{2)

Paired t

test,

P < 0.01

in ELISA and

<

Paired t test, p < 0.05 in ELISA and < 0.002 in TIA

0.05 in TIA




Table 11

Serum antibody levels (IghG) before and 6 weeks after successful treatment with Hycanthone in 8

patients with S.haematobium infections and 11 patients with S.mansoni infections against S.mansoni

worm antigen using both tests, ELISA and TIA

ELISA value I'TA

2>
E’J92 surface area mm

L]

+ . ; + -
Type of schistosome Number of oot = i -

Before After % showing Before After

% showing
infection patients treatment | treatment rise treatment

treatment rise

0.37 : M
(1) +

S.haematobium . -

(2)

S.mansoni

(1) Paired t test, p <0.05 in ELISA and TIA

(2) Paired 1 test, p <0,001 in ELISA and <0,05 in TIA




preparations. Huldt et al., (1975) and McLaren et al.,

(1978) have shown that both sensitivity and specificity
of ELISA were much improved by using antigens derived
from schistosome eggs, rather than adult worms. Unfort-
unately, insufficient egg antigen was available for TIA
at this time, but a comparison between the egg and the

worm antigens in the TIA should be carried out.

TIA enjoys the advantage of being extremely simple to
perform and requiring little in the way of sophisticated
equipment. At present it suffers from the disadvantage

of requiring higher concentrations of antigen than the
ELISA, for example in the TIA an antigen solution contain-
ing 100 pug/ml can be used to coat a plate to test 12 sera
and can be reused at least 4 times giving a total of 60
sera, whereas in thg ELISA only 5 pg/ml of antigen is used
to test a similar number of sera. Further investigations
will hopefully lead to modifications which will in part
at least overcome this disadvantage. TIA certainly has

a great potential, particularly in respect of work carried

out in the field.




Chapter VII

A trial of the ELISA test for the detection of circulating

schistosome antigen in sera from humans and animals

infected with S.haematobium

Introduction

Circulating schistosome antigens have been detected in
plasma or serum of experimental animals and humans infected
with schistosomes, using different serological techniques.

Berggren and Weller (1967), Gold et al. {(1969), Hillyer

(1971), Nash et al. (1974), Deelder et al. (1976), Hirata

(1976), using immunodiffusion (ID) and/or immunoelectro-
phoresis (IE), were able to detect circulating antigen
in mice and hamsters heavily infected with S.mansoni or
S.jagonicum. Antigen has also been demonstrated in
rabbits infected with S. japonicum (Hirata and Akusawa,
1975), in chimpanzees infected with S..japonicum (Hillyer,
1976) and in baboons infected with S.mansoni (Houba et al.,
1976), using ID, IE or CIE respectively. Dodin et al.,
(1966), using ID and IE, detected circulating schisto-
some antigen in sera of patients on the seventh day of
treatment. Using double counterimmunoelectrophoresis
(DCIE), Phillips and Draper (1975) were able to demon-
strate a combination of antigens and antibodies, as
immune complexes, in sera of some patients suffering

from S.muansoni. Hernindez-Almenas and Hillyer,




(1973); Madwar and Voller, (1975); Carlier et al..
(1975); Hillyer et al., (1975 and 1976); wusing ID and/or
IE, reported the presence of circulating antigen in sera

from patients infected with S.mansoni or S.haematobium.

However, ID and IE are relatively insensitive procedures
for the detection of antigenic reactants, therefore,

Bawden and Weller (1974) have used CFT for the detection
of circulating antigens. They were able to demonstrate
antigen in sera of animals as early as the 18th day

after infection, indicating that the antigen had a worm
rather than an egg origin. Additionally, the antigen was
not detectable in egg extracts. Furthermore, Nash (1974),
Lichtenberg et al., (1974), using IF techniques, showed
that the gut, and not the integument of the adult worm,

is the site of production of circulating schistosome
antigens, Nash (197&) also confirmed the previous suggest-
ion of the polysacchoride nature of circulating antigen
(Gold et al., 1959; Nash et al,, 1974; Bawden and Weller,
1974). Recently IgG and IgM antibodies to a polysaccharide
present in the epithelial cells of the gut of adult
schistosomes, were detected by IF techniques, in high titres

in infected patients and animals (Nash, 1978; Nash et al.,

1978).

In comparative studies, using different serological methods

(e.g. ID, DCIE, CFT and ELISA) for the detection of




circulating antigen and antibody in patients with

S.haematobium or S.mansoni, Madwar and Voller (1977)

reported thiat DCIE was more sensitive than the ELISA.
They also stated that ELISA was still in the development
phase. More recently, Ferreira et al., (1979), using
the ELISA, were able to detect circulating antigen in
mice with light bisexual and unisexual male worm

S.mansoni infection.

The present investigation describes attempts to use the
ELISA to detect circulating antigen in animals and humans

infected with S.haematobium.

Materials and Methods

Antigen

Crude soluble antigen, prepared from S.,haematobium adult

worms as described in Chapter II, was used in this study

as a reference.

Sera
The human sera examined in this study were chosen from

Egyptian patients infected with S.haematobium as described

in Chapter II. Ten sera from Egypt from people with

helminth infections other than schistosomes were used as

controls,
The animal sera were from:

i. Four baboons, infected with S.haematobium, variously




treated and reinfected as described in Chapter V.
Two groups of four hamsters each, group one was

infected with 250 S.haematobium cercariae, while

the second group was infected with 500 S.haematobium

cercariae each. The hamsters were each bled weekly,
for ten weeks, after which they were then perfused

as described in Chapter II.

Anti-worm serum

Anti-S.haematobium adult worm serum was prepared in

rabbits as described in Chapter II.

The immunoglobulin fraction of this anti-worm serum was
separated according to the technique of Voller et al.
(1976c). Half of it was conjugated with alkaline phos-

phatase and kept at 4°C to be used as indicator for

ELISA, while the other half was kept at -20°C 1in aliquots

of 200 ul at a concentration of 1 mg protein per ml, till

used.

The conjugation of the immunoglobulin with alkaline
phosphuatase was kindly carried out by Dr. D.E. Bidwell,
Nuffield Institute, London Zoo, according to the method

of Voller et al. (1976c).

ELISA for the detection of antigen

The double antibody sandwich method of ELISA for the

detection of antigen was carried out according to the




original method of Voller et al., (1976a), but with some
modifications. Each well of the microtitre plates was
coated with 200 ul of the immunoglobulin fraction of the
anti-worm serum made up to 10 ug protein/ml in carbonate-
bicarbonate coating buffer. Coating was carried out at
37°C for three hours and plates were then washed as
described in Chapter IV, using saline-Tween solution.

The plates were then shaken dry and 200 ul of the test
sera diluted %ﬁ in PBS-Tween was added for each well and

incubated at 37°C for two hours afterwards. Plates were

then washed as before. Two hundred jil of conjugated anti-

worm immunoglobulin diluted Tﬁ%ﬁ in PBS-Tween was added to

each well and incubated overnight at 4°c. The plates were
washed and 200 ul of the substrate (P-nitrophenyl phosphate
1 mg/ml in 10% diethanolamine buffer) was added to each
well and incubated at 37°C for one hour and the reaction

in all wells was then stopped by the addition of 50 ul of

3M NaOH. The adult worm S.haematobium antigen at a concen-

tration of 5-10 ug protein/ml was used as a positive
reference. The contents of each well were removed and

the absorbance at 400 nM was read in a spectrophotometer.
Samples with an extinction E) g4, > 0,20 were presumed to be
positive. Fig. 40 shows a schematic illustration of the

double antibody sandwich method of ELISA.

The specificity of the circulating antigen

This was determined according to the blucking assay of




Figure 40 214

Schematic illustration of the double antibody sandwich method

for microplate ELISA for the detection and measurement of

antigen

Antibody adsorbed to plate

Add test solution, any specific

antigen attaches to antibody

Add enzyme labelled specific antibody

Add enzyme substrate

Amount hydrolysed = antigen present

Reproduced from: Voller et al., 1976
Bull. W.H.O. u. 55=H5




Duermeyer et al., (1978), using positive and negative
sera, and shown in Fig.l41. The immunoglobulin fractions
of normal rabbit serum and of rabbit anti-worm serum
were used as negative and positive sera respectively.
Different concentrations of these sera (40-120 pg
protein/ml) were tried and the best results in blocking
the reaction were obtained when these sera were used at

a concentration of 120 ug protein/ml. They were added
after incubation of the test sera. Samples were regarded
as positive if the ratio of the extinctions of the samples
after incubation with the negative serum (no blocking) or

the positive serum (blocking) was » 2.0,

Results

The results show that 36 out of 50 known human Egyptian

S.haematobium cases examined were positive for adult worm

circulating antigen (Table 12). These sera positive for
circuluting antigen became negative after blocking the
reaction as described above. None of the control sera

examined (human Egyptian sera without S.haematobium ova

in urine) gave positive ELISA values for circulating worm

antigens,

Schistosomal worm circulating antigen and relevant antibody

levels, in the experimentally infected baboons are shown in

Figs. 42, 473, 44 and 45. The changes in antibody level

-~

with treatment and reinfection have been described in

Chapter V.




Figure 41

Schematic illustration of the principle of blocking

reaction

Antibody adsorbed to plate

Add test solution, any
specific antigen attaches

to antibody

Add Add
unlabelled unlabelled
specific normal

antibody serum

Wash

Add enzyme
labelled
specific
antibody

Attachment blocked Attachment
Wash

Add cnzymo

substrate

No reaction Reaction




Figure 41

Schematic illustration of the principle of blocking

reaction

Antibody adsorbed to plate

Add test solution, any
specific antigen attaches

to antibody

Add Add
unlabelled unlabelled
specific normal

antibody serum

Wwash

[ 4
Add enzyme E £
labelled
specific
d

antibody

At tachment blocked Attachment occurs
Wash

E [ 4
Add enzymo
substrate

No reaction Reaction




The results of ELISA for a schistosome circulating

antigen in Egyptian patients' sera

No. of patients with

positive negative

EbOO value EMOO value

> 0.2 0.2

50 Egyptian patients

with S.haematobium

ova in urine

Egyptian patients
without S.haema-

tobium ova in urine
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Figure 42

in an untreated baboon

Diagram showing the antibody and antigen levels,

1, infection with 7,000 S.haematobium cercariae
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Diagram showing the antibody and antigen levels, in a treated and reinfected

baboon

I infection with 7,000 S.haematobium cercariae

I'
T, treatment with a dinitro-thiophane derivative

I,, reinfection with 7,500 S.haematobium cercariae

<




Loy, Antibody level
C—O0—2>0 Antigen before blocking

&~ -9-—-® Antigen after blocking

o'.-- - - s - -
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-
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Weeks after primary infection

Diagram showing the antibody and antigen levels in a

treated baboon

1, infection with 7,000 S.haematobium cercariae

T, treatment with Niridazole
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Diagram showing the antibody and antigen levels in a

treated baboon

I, infection with 7,000 S.haematobium cercuriae

T,y treatment with RO11-3128 (Hoffman La Roche)

T2. retreatment with the same drug as above




The circulating antigen began to rise 4-7 weeks after the
primary infection, its appearance preceding that of detect-
able antibody. The circulating antigen varied similarly

to the antibody before and after treatment and reinfection
(Fig. 43). In the untreated baboon (Fig.42) the antigen
level gradually declined in contrast to the antibody which
remained at a high level throughout the 80 weeks of obser-
vation. In the baboon depicted in Fig.45, the circulating
antigen remained at a very low level throughout the experi-
ment except for a small peak after the second treatment.
The positive reaction for circulating antigen was blocked

using specific anti-worm serum in all the baboons.

None of the hamsters in either group gave positive ELISA
values for circulating antigen, although the antibody was
detectable from 7 weeks after infection confirming previous
obseivation (cf. Chapter V). The average adult worm
recovery in the first group of hamsters was 35 worms, and

in the second group 75 worms.

Discussioen

The ELISA has already proved to be very sensitive in the
detection of antibody; it appears also to be a promiasing

test for the detection of circulating schistosome antigen.

The presence of both components, antigen and antibody, in

the same sample of serum strongly suggests that they are




bound into immune complexes which split during processing

as a result of low antibody affinity.

The probable explanation for the 14 Egyptian patients with

negative tests for circulating antigen may be that the

antigen if present in low amounts occured in the form

of immune complexes with a high affinity-type antibody.

The presence of circulating antigen appears to be

directly related to the worm burden in S.mansoni infections

of mice and hamsters (Berggren and Weller, 19673 Gold et al.

1969; Bawden and Weller, 1974). It may have a possible

role in immune complex nephropathy associated with

S.mansoni (Hillyer et al., 1973; Hillyer, 1976; Madwar

and Voller, 1977).

The failure to detect circulating antiben in hamsters

infected with 250-500 S.haematobium cercariae was perhaps

surprising. Bawden and Weller (197&) and Deelder et al.

(1976) using the CF test and CIE technique were able to

detect schistosome circulating antigens only in sera from

hamsters and mice heavily infected with S.mansoni, with

but had to concentrate their sera

not less than 100 worms,

The worm counts here

and antisera before electrophoresis.

were a little lower but a more sensitive technique was used.,

More recently, Ferreira et al. (1979) using the ELISA

reported the detection of circulating schistosome antigens




in mice with light S.mansoni infections, but they also
stated that antigens could not be detected in the serum
from every infected mouse, which agrees with the results

obtained from the S.haematobium human and baboon sera in

the present study. There seems, therefore, to be quite
a wide variation in the antigen response of different

species and of individual animals.

Although small numbers of human and animal sera were used,
this investigation showed that ELISA besides its high sen-
sitivity in an antibody detecting system, also has a
potential use in the detection of circulating schistosome
antigen. It could be used for showing efficacy of chemo-

therapy.

The inconsistent results reported for the detection of
circulating antigen using different methods including the
ELISA suggest more investigation should be carried out,
such as the characterization of these antigens and the

preparation of more specific antisera.




Chapter VIII

Observations on pathology in relation to serological

findings in hamsters infected with S.haematobium

Introduction

As shown in the previous chapters of this thesis, anti-

schistosome antibodies significantly decrease after treat-

ment of hamsters infected with S.haematobium.

Warren et al.

(1977) reported that modulation of immunopathology in

chronic murine S.mansoni infections remains after curative

treatment. There is also direct evidence for amelioration

of pathology in chronic S.haematobium infections

Schiller and Haese (1973) found that

(Lichtenberg, 1971).

termination of S.mansoni infection in mice by treatment

resulted in almost

with a nitro vinyfuran derivative,

complete resolution of hepatic injury caused by eggs of

these parasites. In endemic areas where patients with

schistosomiasis may undergo curative therapy, questions

have arisen as to whether the eradication of schistosomes

is followed by pathological and serological changes and

whether there is any correlation between these and the

time at which chemotherapy was given in relation to the

infection.

In an attempt to elucidate some of these problems, ham-

sters infected with S.haematobium were treated with

Niridazole, and the pathological changes and antibody




levels were recorded for huamsters at different times

after treatment.

Materials and Methods

The sera and tissue samples examined were from two

hamster experiments. In the first experiment, 50 hamsters

were infected with 200 S.haematobium cercariae each, as

described in Chapter II, and divided into 3 groups. The

first and second groups of 15 each were treated at 13

weeks (early) and 21 weeks (late) after primary infection

respectively, the hamsters of the third group (20 hamsters)

were not treated and were used as controls. Treatment

consisted of 200 mg/kg body weight of Niridazole daily

for 5 days given orally by syringe with a curved blunt

needle. At different times after treatment, as described

in the Result section, one or two hamsters from each group

were killed by injection of undiluted Nembutal as described

in Chapter II. After a blood sample was taken from the heart

wedge biopsy samples from the livers and lung were removed

for light micropsy. The hepatic portal system was then

perfused, the adult worms recovered, washed and counted,

The second experiment was described in detail in Chapter V.

These humsters were treated at 12 weeks (early) and 22 weeks

(late) after infection and were all killed at 41 weeks after

infection.



Serological examinations

Serum samples from the different hamsters were examined
using the ELISA test for measuring antibody levels as

described in Chapter V.

Histological examinations

Pieces of different tissue organs mentioned above were

fixed for at least 24 hours in buffered ten per cent

formalin (pH 7.0); 4its composition is given in the

appendix.

After fixation, the tissues were embedded in paraffin

wax. Sections were cut at 7 p and routinely stained in

Ehrlich's haematoxylin and Eosin (H and E). For specific

congo red and Ven

staining of amyloid and of collagen,

Gieson's stains were used respectively. These were

kindly done by Dr. S.P. Lucas at the Department of Morbid

Anatomy, St. Thomas Hospital, London.

Immunofluorescent studies

Fresh kidney tissue samples were embedded in 0.C.T.
Tissue-Tek compound (Ames Company, USA), snap frozen in
liquid nitrogen and then stored at -60”C until examined.
Cryostut sections, 6 g1 in thickness, were cut at —oORe.
dried at room temperature and processed for the detection
of immunoglobulin (IgG) and schistosome antigen deposits

as described by Falcho and Gould (1975), using direct and



indirect immunofluorescent methods respectively.

Direct immunofluorescent method for the detection of IgG.

The dried cryostat sections were washed three times with

PBS and were then exposed to fluorescein isothiocyanate

(FITC) - con jugated swine anti-hamster IgG (Nordic Innumo-

logical Labs.), at a dilution of 1:20, for 30 minutes at

room temperature in a moist chamber. Three 10 minute wash-

ings with PBS were done after staining. They were then

mounted in 0.01 M Tris-buffered glycerol, pH 9.6; its com-

position.is given in the appendix.

Indirect immunofluorescent method for the detection of

schistosome antigen

Preparations were made by first incubating the dried cryostat

sections with 0.02 M sodium citrate, pH 3.2, at 37°C for two

hours in order to elute any bound antibody. Some sections

The sections were then

were examined without this elution.

washed three times with PBS, three minutes each, and fixed

with a mixture of ether and 95% ethanol (50:50) for ten

minutes and with 95% ethanol for a further 20 minutes. They

were then incubated with unfluoresceinated rabbit anti-S.haemu-

diluted 1:2, for 30 minutes at room

tobium worm serum,

temperature. The wash procedure was repeated as above and

the sections were incubated with FITC-goat anti-rabbit

serum (Nordic Immunological Labs.), at a dilution of 1140

for 30 minutes at room temperature. They were then washed



in PBS and mounted in buffered glycerol as described above.

Sections of normal uninfected hamster kidneys were used as

controls,

Sections stained with non-conjugated rabbit

anti-hamster IgG (Miles) and with normal rabbit serum were

included in both the direct and the indirect immunofluores-

cent test respectively.

The sections were examined with a Leitz fluorescent micro-

scope with a Halogen lamp as the transmitted light source,

using excitation filters KP 450 and 500 and interference

filter K 530.

Electron microscopic examination (EM)

The electron microscopy of kidney tissues were kindly

carried out by Dr. R.G. Bird at the London School of Hygiene

and Tropical Medicine. One millimeter cubes of kidney

tissues were fixed in 3% Glutaraldehyde in 0.066 M cacodylate

transferred to 0.066 M cacodylate

buffer for 12 hours,

buffer (pH 7.4), post-fixed in 1% osmium tetroxide, dehydrated

and embedded in epoxy resin (Aruldite). Sections were

e&amined with A.E.I. EM 801 electron microscope (A.E.I., U.K.).

Results

Serulosjra] findings

Figures 46.1, 46.2 and 46.3 show the antibody levels as

measured by the ELISA, using S.hacmatobium cercarial, worm
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Figure 46.1

Diagram showing the antibody levels of different groups of S.haematobium infected
hamsters, treated early in infection (-A-A-), treated late in infection (-0-@-)

and untreated (-0-0-), using S.haematobium cercarial antigen

and T,, treatment of the first and second groups respectively with Niridazole

1
200 mg/kg body weight orally daily for 5 days.
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Figure 46.2

Diagram showing the antibody levels of different groups of S.haematobium infected
hamsters, treated early in infection (-A-A-), treated late in infection (-@-@-)

and untreated (-0-0-), using S.haematobium worm antigen

T‘ and T,, treatment of the first and second groups respectively with Niridazole

200 mg/kg body weight orally daily for 5 days.
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Figure 46.93

Diagram showing the antibody levels of different groups of S.haematobium infected

hamsters, treated early in infection (-A-4-), treated late in infection (-9-9-)

and untreated (-0-0-), using S.haematobium egg antigen

T, and T

) 29 treatment of the first and second groups respectively with Niridazole

200 mg/kg body weight orally daily for 5 days.



and egg antigens respectively. Each point represents the

reading of one or the mean of two hamsters sacrificed at

each time. The antibody level decreased after treatment

in contrast to the high antibody level maintained in the

untreated hamsters. As shown before, egg antigen proved

to be more reactive than both cercarial and worm antigens.

Parasitological findings

The adult worms recovered from the untreated hamsters

were active, well developed and both sexes were present

in comparable numbers., The total number of worms recovered

ranged between 25-40 pairs per hamster. No worms were

recovered from any of the treated hamsters.

Histologic observations

In the first experiment, which compares the histopathology

of the groups treated early and late in infection, a

similar rate of resolution of the perioval reaction was

By two weeks after either

observed in both groups.

treatment, the granulomas were still mature around the

degenerate eggs with central necrosis and pigmentation

(Fig. 47). Portal tract inflammation was decreasing as

By eight weeks after either treatment,

was pigment load.

consisting mainly

portal inflammation was more localised,

of foreign body giant cells containing pigments and

slight chronic inflammatory cell infiltration in relation

to dead eggs, but very scanty granulomas (Fig.48). The

pigment was localised in clumps mainly in the portal tract




Liver sections from a hamster, two weeks after treatment at

13 weeks after infection, showing mature granulomas around
degenerate eggs and pigment in macrophages

(H & E x 200)




Liver sections from a hamster, two weeks after treatment at

13 weeks after infection, showing mature granulomas around

degenerate eggs and pigment in macrophages

(H & E x 200)




Liver sections from a hamster, two weeks after treatment at

137 weeks after infection, showing mature granulomas around

degenerate eggs and pigment in macrophages

(H & E x 200)




Liver section from a hamster eight weeks after treatment at

21 weeks after infection, showing calcified egg (arrow).

foreign body giant cells, pigmentation and inflammatory

cells (H & E x 200)
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but also in large Kupffer cells within the lobules. The

inflammatory reaction progressively diminished, but was

still locally present at twenty weeks after treatment.

The major difference between the two groups is in the

development of fibrosis in the animals treated at 21 weeks

after infection compared with animals treated at thirteen

weeks. Portal tract fibrosis and bridging were seen in

animals sacrificed at three weeks after late treatment

with subsequent reduction at weeks four, sixteen and

twenty after treatment. No fibrosis was seen in animals

sacrificed at twenty weeks after late treatment which

suggested a resolution of fibrosis with time (Figs. 49

and 50). The lungs from both early and late treated and

untreated hamsters appeared normal except for occasional

granulomas seen in some of the untreated animals.

Similar results were seen in the second experiment in

which the period of observation was prolonged to 29 weeks.

There was minimal schistosomal demage and any hepatic

fibrosis that had been present had resolved. An intesti-

nineteen weeks after late

nal section from a hamster,

treatment, with residual dead eggs and small associated

giant cell infiltration, is shown in Fig.51. In untreated

there was a

hamsters, at the same time after infection,

range of pathology in the liver and the bladder ranging

from simple granulomas without fibrosis to severe portal




Liver section from one of the hamsters, three weeks

after treatmentat 21 weeks after infection, showing
portal fibrosis and bridging, and pigmentation (v.G.
stain x 50)

Liver section from one of the hamsters, twenty weeks
after treatmentat 21 weeks after infection, showing
resolving focal portal inflammation and pigmentation

but no fibrosis (H & E x 125)




Liver section from one of the hamsters, three weeks

after treatmentat 21 weeks after infection, showing
portal fibrosis and bridging, and pigmentation (v.G.
stain x 50)

Liver section from one of the hamsters, twenty weeks
after treatmentat 21 weeks after infection, showing

resolving focal portal inflammation and pigmentation

but no fibrosis (H & E x 125)
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Figure 51

nineteen weeks after late

Large intestine of a hamster,
g little reaction around dead eggs in

treatment showin
the muscular layer (H & E x 125)




tract fibrosis with little inflammation around dead eggs

(Figs. 52 anu 53). The intestinal pathology in untreated

animals terided to be patchy, some areas having large
numbers of eggs and granulomas and others appearing
normal or with little inflammation (Fig. s4). Light
microscopic examination of the kidneys of both early and
late treated hamsters revealed no pathological changes.

In the untreated hamsters, only three out of ten examined
showed diffuse amyloid deposits in the glomeruli (Fig.55) «
No other remarkable changes were found in other parts of

the kidney.

Direct immunofluorescence

Ninety per cent of more than 70 glomeruli sampled in the
kidney sections of untreated hamsters, showed diffuse
granular staining of the mesangium and basement membrane
for IgG (Fig. 56.A). A few (6% ) of the glomeruli
examined showed extensive, lumpy deposits of IgG in the
glomerular tufts (Fig. 56.B). Negative results were
obtained with kidneys from uninfected control hamsters

as well as from hamsters treated early in infection (Fig.
56.C). However, some hamsters treated late in infection
(four out of ten examined) gave positive results similar

to the untreated hamsters.

Indirect immunofluorescence

Negative results were obtained with all kidney sections




Liver of an untreated hamster, forty-one weeks after
infection showing severe portal fibrosis with dead eggs
(H & E x 50)

Figure 53

Bladder of an untreated hamster, forty-one weeks after
infection showing numerous perioval granulomas and fib-

rosis in the submucosa and muscle layer. (Eggs were also

present in serosa.) (H & E x 50)




Liver of an untreated hamster, forty-one weeks after
infection showing severe portal fibrosis with dead eggs
(H & E x 50)

Figure 53

Bladder of an untreated haumster, forty-one weeks after

infection showing numerous perioval granulomas and fib-

rosis in the submucosa and muscle layer. (Eggs were also

present in serosa.) (H & E x 50)




Figure 54

Large intestine of untreated hamster, forty-one weeks

after infection showing numerous submucosal granulomas

the muscle layer and serosa. (H & E x 50)

and eggs in




Large intestine of untreated hamster, forty-one weeks

after infection showing numerous submucosal granulomas

and eggs in the muscle layer and serosa. (H & E x 50)




Figure 54

Large intestine of untreated hamster, forty=-one weeks

after infection showing numerous submucosal granulomas

layer and serosa. (H & E x 50)

and eggs in the muscle




Micrograph of a kidney section from an untreated hamster,

forty-one weeks after infection; no pathological changes

visible except diffuse amyloid deposits in the glomeruli
which gave strong positive birefringence under polarised

1ight. (Conge red x 200)




Figure 55

Micrograph of a kidney section from an untreated hamster,
forty-one weeks after infectionj no pathological changes
visible except diffuse amyloid deposits in the glomeruli
which gave strong positive birefringence under polarised

light. (Conge red x 200)




Micrograph of a kidney section from an untreated hamster,
forty-one weeks after infectionj no pathological changes
visible except diffuse amyloid deposits in the glomeruli
which gav. strong positive birefringence under polarised

1ight. (Conge red x 200)




Figure 56

Direct immunofluorescence in kidney sections:

Diffuse granular staining of the mesangium and
basement membrane of the glomerulus of an untreated

hamster, forty-one weeks after infection.

Extensive, lumpy deposits of IgG in the glomerular
tufts of an untreated hamster, forty-one weeks after

infection.

C. No IgG deposits in the glomerulus of an early treated

hamster.
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from treated as well as untreated and uninfected control

hamsters.

Electron microscopy

Among the kidney tissue specimens of the ten untreated

hamsters examined, only two showed deposits within a

slightly thickened basement membrane of the glomeruli

(Fig.57). None of the early or late treated hamsters

showed abnormalities on electron microscope examination.

An electron micrograph of the kidney tissue specimen of

a normal control (non-infected) hamster is shown in

Figure 58.

Discussion

Although the antibody level was measured in different

hamsters each time instead of serial observations on the

same animals, these results agree with those given earlier

that antibody level decreases

ers. This

in this thesis, showing

after treatment of schistosome—infected hamst
ed early 1in infection

was more evident in the hamsters treat

than in the late treated ones.

ed by S,haematobium in

The pathological findings caus

hamsters confirm the conclusion reached by Schiller and
Haese (1973), Sadun et al., (1974), from s.mansoni in mice
pectively, that schisto-

and S. iaponicum in chimpanzees res
somal hepatic fibrosis in these animals is eventually




Figure 57

Electron micrograph of a kidney section from an
untreated hamster forty-one weeks after infection,
showing deposits along the slightly thickened

basement membrane (arrow). (x 12,600)

B, basement membrane
E, endothelial cell

M, pseudopodes of mesangial cells

red blood cell

Figure 58

Electron micrograph of a kidney section from a
non-infected hamster, showing normal variation

in thickness and no evidence of deposits or

pathological thickening. (x 12,800)
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almost completely reversible when infection 18 terminated
by effective drug treatment, even when given at 21-22
weeks. This supports the WHO, Scientific Working Group
on Research in Bilharziasis (chemotherapy), (1966) which
stated that chemotherapy can prevent the establishment

of hepatic fibrosis if given early enough in infection.
Although dead eggs were found to persist within minute
inert scars more than twenty weeks after treatment, most
of the associated fibrocellular reactive tissue had
disappeared. It appears from these observations that

the timing of the initial course of treatment is an
important factor as regards the histopathological response
to treatment. The earlier the treatment ie given the more

rapidly and completely the lesions will resolve,

The pathological and serological changes after treatment
of schistosome—infected hamsters are, to some extent,
correlated with each other in that both decrease. However,
other workers (Tada et_al., 1975) reported that no co-
rrelation was found between some other servlogical tech-
niques (COP and CF tests) and the pathological findings
in Macaca monkeys infected with S.)aponicum followed for

twelve weeks without treatment.

The granular and lumpy depusits of IgG seen in the direct

jmmunofluorescent studies support the concept of dimmune

complexcs being 4nvolved in the pathogcnusis of schistosomal




renal disease. This may include the amyloid and EM
deposits seen in the glomeruli in some of the untreated

infected hamsters.

The absence of IgG deposits in kidney sections from
hamsters treated early and their presence in some treated
late suggested that treatment of schistosome-infected
hamsters early enough in infection can ameliorate renal

pathology.

The failure to detect parasite antigen in these deposits
suggests that perhaps an inadequate antiserum was used

or other antigens might be involved.

Brito et al. (1970) and Silva et al. (1970) were among
the first to show that immunoglobulin and complement
deposits, without parasite antigen, could be found in

the glomeruli of human hepatosplenic S.mansoni schistoso-
miasis., Hillyer and Lewert (197“) reported that purasite
antigens were found in the circulation of hamsters and men

infected with S, japonicum and S.mansoni and in the case of

antigen excess as jmmune complexes. They also suggested
DNA might be the antigen (napten) involved in the immune
complexas., This was further supported by their findings
regarding retention of DNA in the kidneys of hamsters

infected with S. ]upnnin‘um as compared to normal controls

by autoradiographic and liquid scintillation counting
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techniques.

There are conflicting opinions as regards the association

between S.haematobium infection in man and the glomerular

lesions. Although some workers (sabbour et al., 19723
Ezzat et al., 1974), on the basis of clinical, laboratory
and/or pathological findings, reported a frequent associa-

tion between glomerulonephritis and S.haematobium infec-

tions in Egypt, others (smith et al., 1974 ; Sadigursky
et al., 1976), on the basis of Egyptian autopsy data,

did not find such association.

Beaufils et al., (1978), found glomerular lesions in
nine out of thirteen African immigrants in France with

S.haematobium infections, but failed to domonstrate

schistosomal antigen in the glomeruli. They concluded
that renal symptoms such as proteinuria or the nephrotic
syndrome could be due to such lesions. They also stated
that in man, early diagnosis and adequate treatment of

urinary schistosomiasis will perhaps decrease the inci-

dence of glomerular disease in endemic regions.




CHAPTER IX

General Discussion and Summary

Schistosomiasis is a parasitic disease with a large impact
on public health and economic development in the countries
where this parasite occurs. There is currently a great
emphasis on the implementation of control measures to
combat the disease in the endemic areas. The need for a
sensitive, specific and quantitative immunodiagnostic
technique for schistosomiasis is desirable, not only for
the diagnosis, but also for application to mass surveys

and for the assessment of control measures.

Most of the generally available techniques (as reviewed

in the first chapter of this thesis) have given results
which have failed to inspire clinicians and epidemiologists
with confidence in their sensitivity and specificity. It
was, therefore, the main aim of the present study to
investigate the sensitivity and specificity of newer
serological techniques (CIE, ELISA and TIA) for the
detection of anti=-schistosome antibodies in a variety

of animal and human sera.

The ELISA has been shown to be one of the most sensitive
of the newer techniques for the detection of antibodies.

Egg antigen was proved to be more reactive than both worm

and cercarial antigens. cIE was found to be less sensitive
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and required higher concentrations of antigen than the two

other tests.

A comparative study has been made between ELISA and TIA
and the results indicate excellent correlation between

the tests in the quantification of anti-schistosome anti-
bodies, both in humans and animals. TIA has the advantage
of simplicity and low cost, but it has the disadvantage of
requiring higher concentrations of antigen than ELISA .
However, TIA 1is still in the development stage and after
further evaluation it might be used as 2 supplement or
alternative to the other serologic tests for work to be

done in the field.

ELISA was found to be a promising test for the detection
of circulating schistosome antigen in animals and humans

infected with S.haematobium. However, this was a prelim-

inary trial and further studies, using more specific

anti-serum, should be carried out.

Chemotherapy is an important method for the control of
schistosomiasis, especially if it is used together with
other measures in well-designed programmes. Besides its
main role in reducing the clinical severity, it has also
the advantage of decreasing the rate of transmission. A
method for the evaluation of treatment in schistosomiasis

is urgently needed. Observations were, therefore, made on

antibody levels in buboons and hamsters infected with




S.haematobium and in humans infected with S.haematobium

or S.mansoni before and after treatment. The results

suggest that the ELISA can be used to monitor the effect

of chemotherapy.

The effect of treatment on immunity to reinfection has been
studied using hamsters as a model. Groups of hamsters
initially infected with S.haematobium cercariae showed
different degrees of immunity to homologous reinfection
before and after oviposition. Immunity, measured by worm
assay, was higher in hamsters challenged after oviposition
than in the group challenged before oviposition. However,
curative treatment of these hamsters completely abolished
all resistance to reinfection. The antibodies measured by
the ELISA, significantly declined by the fifth week in

response to treatment.

In a group of baboons infected with S.haematobium, there
was no correlation between the antibody levels, as measured
by the ELISA, and the degree of immunity to reinfection,

but a definite correlation with the level of infection.

The pachological changes in reiation to serology at different
times after treatment of groups of hamsters infected with

S.haematobium have been studied. The inflammatory reactions

progressively diminshed and the antibody levels declined

after treatment., The results also suggested the possible

role of immune complexes in renal nephropathy, although

schistosome antigen could not be detected in the glomeruli.
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APPENDICES

1

Buffers and Reagents for Immunoelectrophoresis

Phosphate Buffered Saline (PBS) pH 7.6

Sodium chloride 170.00 g
Disodium hydrogen phosphate 25.60 g
Sodium dihydrogen phosphate 2H20 3.12 g
Distilled water 20,000.00 ml

Barbitone/Acetate buffer 0.13 M pH 8.4

Sodium diethyl barbiturate 8.142
Sodium acetate 6.476
0.1 N Hecl 90.000
Distilled water 1000.000

Agar/Agarose mixture (1%) with Dextran in Barbitone/Acetate
Buf fer

Oxoidfion Agar 0.75
Agarose 0.25
Dextran 2.00
Barbitone/Acetate buffer 100.00

Coomassie blue staining

(A) Coomassie brilliant blue
Acetic acid
Ethanol
Distilled water

(b) Acetic acid
Ethanol
Distilled water

Stain with (A) for 5-15 minutes
Destain with (B) for 5-10 minutes

2
-

Auffers for ELISA

Coating curbonate/bicarbonate buffer 0.05 M pH 9.6

1.59
2.93

+ 20
1000.,00

Sodium carbonate

Sodium hydrogen carboniate
Sodium azide

Distilled water




Incubation buffer
PBS
Tween 20
Sodium azide (NaNB)

(omit NaN3 when using peroxidase)

Washing buffer

Sodium chloride
Tween 20
Distilled water

Diethanolamine buffer pH 9.8

Diethanolamine
Distilled water
Magnesium chloride 0H20
Sodium azide

Adjust to pH 9.8 with 1 M Hcl

Substrates

(1) For alkaline phosphatase conjugates
Add 5 mg tablet p-nitrophenyl phosphate (Signa)
to 5.0 ml diethanolamine buffer

(2) For peroxidase conjugates
Stock solution

Ortho-phenylene diamine (o-PD)
Absolute methanol

Mix thoroughly and store in the dark at 4°c,
stuble for one week
working solution

pDistilled water
Stock O-PD
Hydrogen peroxide 3%

Substrate Inhibitors

3 M Sodium hydroxide for alkaline phosphatase
conjugates

B N Sulphuric acid for poroxiduSQ conjugates

1000.00 ml

0.50 ml
0.20 g

100.0
10.0




3

Reagents for Histological and Immunofluorescent

Studies

Buffered 10% formalin pH 7.0
Formalin
Tap water
Sodium dihydrogen phosphate H20

Disodium hydrogen phosphate

Tris-buffered glycerol 0.01M pH 9.6

Tris "hydroxymethyl" methan One part
Glycerol Nine parts




