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Abstract

The aim of this project was to develop an anti-idiotype
(Ab-2) monoclonal antibody for use in an inhibition enzyme
linked immunosorbent assay to detect and quantify
carbohydrate circulating schistosome antigens in urine from
patients infected with S. mansoni. It was carried out in
collaboration with Dr A. Bartlett at the North East Surrey
College Of Technology. The project was approached as
follows:

1. A monoclonal antibody (Ab-1) was developed by immunising
Biozzi x Balb/c Fl1 mice by infection with cercariae,
terminating the infection with an anthelminthic drug and
screening the resultant hybridomas against trichloroacetic
acid extracted adult S. mansoni worm antigen (TCA-AWA) using
a sandwich ELISA.

2. An IgGl monoclonal Ab-1 was isolated that did not cross
react with a selection of other organisms as checked by
immunofluorescence antibody test (IFAT). The hybridoma was
expanded by in vitro bulk culture and purified by affinity
chromatography.

3. Characterisation of the Ab-1 monoclonal binding to
TCA-AWA using gradient SDS-PAGE and Western blotting
suggested the monoclonal was specific for a heterogeneic
molecular weight antigen(s).

4, The comparison of Ab-1 binding to urine from people with
and without schistosomiasis by sandwich ELISA and inhibition
ELISA was inconclusive as there were only three urine

samples available.
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5. A labelled antigen inhibition ELISA and a direct
immunoradiometric assay were compared with respect to
ability to detect Ab-2 in a polyclonal system with a view to
using it to screen hybridomas for production of monoclonal
Ab-2. The inhibition ELISA was most successful.

6. Biozzi x Balb/c Fl mice were immunised with purified
monoclonal Ab-1 in Freund’s adjuvant with a view to
producing monoclonal Ab-2.

7. An IgG2b monoclonal Ab-2 was selected that competed with
biotin labelled TCA-AWA for binding to monoclonal Ab-1. This
monoclonal Ab-2 was expanded in vitro. In future the
monoclonal Ab-2 could be purified, enzyme labelled and be
used to screen a large number of urine samples from persons
with and without schistosomiasis to find out if this system

could be used to detect human schistosomiasis.
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Chapter 1 Introduction

1.1 Schistosomiasis

1.1.1 Schistosomiasis

Schistosomiasis is the consequence of parasitism by the
trematodes of the family Schistosomatidae, the adults of
which live in the bloodstream of the host. The disease is
endemic in 76 countries of Africa, South America and Asia
infecting 200 to 300 million people (WHO, 1990).

There are five species of schistosome reported in
people, the most important three being Schistosoma mansoni,
S. haematobium and S. Jjaponicum. The remaining two are 8S.
intercalatum and S. mekongi. The pathogenesis of
schistosomiasis is due to the eggs produced by the female
worm so the location of the paired worms determines which
areas of the body are affected.

S. mansoni, S. Jjaponicum and S. intercalatum paired
adult worms are found in the mesenteric veins. Eggs from
females enter the gut lumen and are trapped there or are
passed out in the faeces, Some, however, reach the liver via
the portal vein; non excreted eggs give rise to chronic
hepatic and intestinal disease.

S. haematobium and S. mekongi paired adult worms reside
in the venous plexuses surrounding the bladder and eggs are
passed out in the urine. As the eggs pass through the
bladder wall to the lumen some become trapped causing a

granulomatous inflammatory reaction. The resulting bladder
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lesions can be severe and may extend to kidney and urethra

disease.

1.1.2 Geographical distribution

S. mansoni is found in large areas of Africa,
Madagascar and the Middle East. It is also found in Brazil
and some Caribbean Islands. The main reservoir is humans but
occasionally rodents and baboons may act as animal
reservoirs (Fig 1.1 page 17).

S. haematobium occurs in Africa, the Middle East and
Madagascar. It is endemic in all African countries except
Rwanda. There is a small focus in India. The only known
reservoir is man. In some tribes in countries such as
Nigeria the infections are so prevalent and heavy that
adolescent boys are not regarded as adult until they have
passed blood in urine. It is thought of as the male
menstruation and therefore deeply ingrained in their culture
(Akogun, 1990).

S. Japonicum is distributed in China, The Phillipines,
Taiwan and Indonesia. Although people are the main reservoir
other animals carry the worms including mice, dogs, goats,
rabbits, cattle, guinea pigs, sheep, rats, horses and water
buffalo.

S. intercalatum has been reported in limited foci in
Zaire, Gabon, Cameroon, Chad, Central African Republic,
Equatorial Guinea, Sao Towe Island and Upper Volta. The
primary host is, so far, only humans.

S. mekongi is only found in Laos, Thailand and

Kampuchea. The reservoir hosts are humans and dogs.
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Figure 1.1 Geographical distribution of S. mansoni.
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1.1.3 Life cycle of S. mansoni

Schistosomes have an indirect life cycle (Fig 1.2 page
19). In S. mansoni infections the primary host, where sexual
reproduction takes place between the adult male and female
worms, is man. The secondary host for S. mansoni is a snail
of the Biomphalaria genus where massive asexual
multiplication of the parasite takes place. S. mansoni male
and female eggs are passed in the faeces; the eggs hatch in
fresh water and the larval ciliated miracidium stage
actively swims and has about 24 hours to penetrate its
secondary host, the water snail Biomphalaria sp.. Inside the
snail, multiplication is achieved by sporocysts (located in
the snail’s foot) and daughter sporocysts (in the digestive
gland of the snail). The sporocysts are either completely
male or completely female. After four to five weeks the
furcocercariae emerge from the sporocysts and migrate
through the snail epithelium and emerge. Emergence is
periodic, naturally occuring between 0900 and 1400 hours in
sunlight, although inhibition of the process starts below
21°C. The cercariae swim around and hang from the surface
film. Within 48 hours they must penetrate the skin of the
primary host in order to mature. Percutaneous penetration is
achieved by secretion of hyaluronidase and collagenase.
"Swimmers’ Itch" is sometimes a result of cercarial
penetration. The process takes three to five minutes during
which time the cercariae lose their tails and become
schistosomula. The schistosomula are carried to the lymph

glands and then enter into the venous vessels and via the
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Figure 1.2 Life cycle

=

bchistosomula migrate via

of S. mansoni.

Infected person:
male and female
live 3 to

adul t
Worms
3 years ar

lungs to hepatic portal vein

where they become adult.

‘\"‘- lo-b.

L T
\?h‘ y
% '
A /
r '
\ —
\
\

penf—?'}:r"é‘tfé
become

and

schistosomul &

mores.
Eggs pass into l/p
water in faeces. A

ol

Eggs hatch and miracidium
enters Biomphalaria genus
witnhin 24

SMNA1 1

hours.

Y
Cercariae released \

from snail and have
48 hours to penetrate
pPerson 1n water.

[

Asserual multiplication
stage in snail.

page 19



heart reach the lungs within four to seven days. About 10
days are spent maturing in the lungs (Oliver, 1952). The
stage in the lungs can cause schistosomula pneumonitis
depending on infection load.

After leaving the lungs via the heart, the maturing
male and female schistosomes reach the mesenteric vessels
via the portal vein. Male and female schistosomes pair in
the portal vein. The female has no locomotory or pharyngeal
muscles so the male carries the female in the gynaecophoric
canal into the mesenteric veins, closer to the gut lumen.
The male also feeds the female with blood. The female worm,
after fertilisation, is completely given over to egg
production. It has been shown that female S. mansoni, if
clasped and fed by a male, can produce viable eggs without
insemination, indicating that the main work of the male is
to feed the female (Basch, 1990).

Four to twelve weeks after penetration the female is
sexually mature and egg laying starts. The onset of egg
laying gives rise to "acute schistosomiasis" due to excess
antigen being produced into the bloodstream and resulting
immune complex formation. The adult worm pairs will actively
produce eggs for three to five years.

Release of eggs also causes chronic disease in §S.
mansoni infections and is associated with intestinal
bleeding and granulomatous and fibrous responses around the
eggs which do not reach the gut lumen for excretion. Eggs
passing through the liver cause hepatic granuloma and
eventually portal hypertension.

Eggs can sometimes cause problems in the lungs and
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occasionally neuroschistosomiasis may occur as a result of
egg deposition near nervous tissue or in the brain and
associated granuloma formation (Scrimgeour and Gajdusek,

1985).

Transmission to people

Around 600 million people are at risk from catching
schistosomiasis (WHO, 1990). This means the conditions for
transmission of the parasite are correct for the schistosome
lifecycle; that is, fresh water which is slow running or
stagnant, presence of secondary host snail species (for §S.
mansoni, Biomphalaria genus), contamination of water with
viable schistosome eggs and human contact with water
containing cercariae. Rate/level of infections were found to
be positively correlated with certain types of water contact
(Costa et al., 1991). Swimming, bathing, fishing and
agriculture water contact give rise to S. mansoni infections
but household activities (collecting water and laundry) did
not. In traditional societies S. mansoni infection was
higher in males. Another observation was that the highest
prevalence and intensity of infection, as measured by egg
excretion, came in the second decade of life in endemic
areas (Costa et al., 1991, Ongom and Bradley, 1972,
Butterworth and Hagen, 1987). This was proposed to be a
result of immunity to reinfection (Butterworth and Hagen,
1987, Kloetzel and Da Silva, 1967) and not reduced exposure
to cercariae in older individuals. The intensity of the
infection in people is related to immunological status and

behaviour of the individual, i.e. how much time the person
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spends in contact with infective water.

1.1.4 Control measures

The strategy at present for schistosomiasis control is
the reduction of morbidity/mortality caused by the disease
within available funds. The aim is to achieve a reduction in
the prevalence and intensity of infection in endemic areas.
S. mansoni can be attacked at several stages in its life
cycle.

Decreasing the number of eggs available to hatch into
miracidium may be achieved by chemotherapy, which reduces
the adult worm burden and hence egg excretion. Praziquantel
is the drug of choice, being safe and given as a single dose
(Butterworth et al., 1987). However, retreatment of younger
children, which have not developed immunity and therefore
remain susceptible to heavy reinfection, is necessary
(Butterworth and Hagen, 1987). Praziquantel efficiency has
been suggested to depend on immune status of the host (Modha
et al., 1990) and other factors such as abundance and
distribution of the parasite in the treated community
(Anderson and Medley, 1985, Bradley, 1972)

Oxamniquine has also been used (Lambertucci, 1988)
although resistance has been encountered (Souza, 1982).
Resistance could develop to praziquantel. The need for
constant surveillance of a population and retreatment are
very expensive to maintain (Polderman, 1986) so targeting of
certain parts of the population at highest risk has been
discussed (Prescott, 1987, Anderson & Medley, 1987,

Kloetzel, 1989, Kloetzel et al., 1989, WHO, 1990).
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Compliance rates with treatment and screening are very
important with respect to the success of a campaign.
Compliance reduces with increasing number of mass
chemotherapy campaigns (Kloetzel and Vergetti, 1988a,
1988b).

Fresh viable eggs and miracidium in the environment can
be reduced by provision of effective sanitation. This also
has the added bonus of controlling other waterborne diseases
(Kloetzel, 1989), it is also expensive. Molluscicides and
modification of habitats by drainage reduces the numbers of
the secondary host. Mass chemotherapy in combination with
focal snail control have been used cost effectively in
several projects in endemic areas (Cook et al., 1977,
Barnish et al., 1982, Gunderson et al., 1990). Monitoring
numbers of infected snails and their levels of infection can
be done by using sentinel snails (Polderman et al., 1985).

Cercarial penetration of skin in bathing can be reduced
by precautionary measures such as heating water to 50°C for
five minutes, addition of chlorine criodine (both expensive)
or storage for three days after straining through filter
paper, (Weekly Epidemiology Record, 1990 No 25). Vigorous
towelling and rubbing over with alcohol after bathing reduce
cercarial penetration. Work has been done to unravel the
method by which cercariae identify and penetrate the primary
host skin with a view to possible pharmacological or
immunopharmacological preparations against initial
infections (Salafsky and Fusco, 1987).

Research into vaccines against schistosomiasis is under

development. To be effective in humans the vaccine must
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contain the appropriate ’protective’ antigen which must also
elicit a suitable protective response (Butterworth, 1992).
Human IgE, specific for adult worm antigens, have been shown
to be correlated with expression of immunity to
schistosomiasis (Butterworth, 1992).

Different molecular weight schistosome derived antigens
give varying degrees of protection from reinfection in
experimental animal (Simpson and Cioli, 1987, Sher et al.,
1989). Simpson’s review suggests that a combination of the
identified protective antigens may make a vaccine which
gives ’'acceptable levels of protection’ to schistosome
infection in people. Complete protection has not been
achieved in experimental animal studies. Studies in mice
using irradiated cercariae schistosomula and drug attenuated
primary infections show different levels of resistance to
reinfection (Bickle and Vignali, 1989, Menson et al., 1989,
Mastin et al., 1985, Kambara and Wilson, 1990, Coulson and
Mountford, 1989, Vignali et al., 1989).

Mice are permissive hosts like humans and therefore
make good laboratory models. Rats are non permissive hosts
(Smithers and Doenhoff, 1982) where the parasite will
develop to the adult stage but remain stunted and will
produce infertile eggs. Rats have been used for models to
study immunity to the earlier stages (Capron et al., 1987,
Knopf et al., 1988, Vignali et al., 1989, Velge Roussel et
al., 1989)

Although a vaccine has yet to be developed if people
are to be vaccinated against schistosomiasis it must be when

they are very young children, before they acquire a number
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of adult worms that have produced eggs (Butterworth et al.,
1987). The theoretical advantages of a vaccine would be:
i) that it would remove the expense of retreatment and
follow up examinations because children would not continue
to be susceptible (Butterworth et al., 1987). Butterworth et
al., (1987) suggested that the continued susceptibility may
be related to the development of immunity blocking
antibodies during natural infections. This hypothesis was
that antigens are released from eggs during early infections
and antibodies to these cross react with antigens on the
schistosomulum tegument. The IgM antibodies directed to egg
antigens also bind to the schistosomulum tegument so
blocking the binding of antibodies which mediate effector
functions such as eosinophil dependant killing of
schistosomula (IgM does not perform such functions). This
suppression of immunity has been demonstrated in rats
(Grzych, 1984, Capron and Capron, 1986) and humans (Capron
and Capron, 1986). (For a review on eosinophilia and
schistosomiasis see Thorne and Mazza, (1991).)
3i) A project with short term funding for vaccination from
external sources would be of lasting benefit to children
immunised (Butterworth et al., 1987) whereas short term
chemotherapy courses result in reinfection in young children
(Polderman and Manshande, 1981).
iii) a vaccine could be incorporated into existing WHO
Expanded Program of Immunisation where the infrastructure
for distribution already exists (Butterworth et al., 1987).
There are arguments against the use of large state run

projects like mass chemotherapy and vaccination which cost a
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lot of money and discourage community action in areas where
schistosomiasis is hyperendemic (Kloetzel, 1989). In
countries, such as Brazil, morbidity is not a problem.
Kloetzel says that only transmission requires controlling
and this comes with improved social conditions. Poor
sanitary conditions, such as lack of piped water, are major
contributors to the prevelence of schistosomiasis (Talla et
al., 1992). The control programme must be tailored to the

area and level of infection.

1.1.5 Diagnosis

Accurate diagnosis of schistosomiasis is essential for
identifying levels of infection and for following up
individuals in control schemes. The methods of diagnosis
must be simple, rapid, cheap and sensitive enough to detect
all highly infected individuals and most of the lightly

infected people.

1.1.5.1 Clinical diagnosis

Clinical diagnosis of schistosomiasis lacks sensitivity
and specificity - a wide variety of symptoms have been
attributed to the disease (Proietti and Antunes, 1989). Only
blood in stools and a palpable liver had any significant
relationship to eggs excreted in S. mansoni infections
(Proietti and Antunes, 1989, Costa et al., 1991, Abdul-Waheb
et al., 1990). Hepatomegaly is also indicative of malaria
and visceral leishmaniasis so the large liver diagnosis can
only be an indicator in areas non-endemic for these diseases

(Proietti and Antunes, 1989). Palpable hardened liver at the
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middle clavicular or middle sternal line with blood in
stools had a better predictive value than normal consistency
palpable liver (Costa et al., 1991). Ultrasound has been
used to assess the extent of damage to liver, spleen and
urinary tract in S. mansoni and S. haematobium infections
(Abdul-Waheb et al., 1990, Zwingenberger et al., 1989, Hatz
et al., 1990). It is non-invasive, shows up areas of
fibrosis and could be used to measure prevalence and
morbidity of Schistosomiasis (Abdul-Waheb et al., 1990). The
ultrasound equipment was not easy to use in field situations
(Zwingenberger et al., 1989).

Savioli and Mott (1989) have used reagent strips to
measure haematuria in S. haematobium infections, as
haematuria is proportional to the number of eggs in the
urine. The strips were very quick to use and have a shelf
life of 36 months and were therefore more convenient and
less labour intensive than filtering followed by counting
eggs in urine.

Intra-dermal tests detecting delayed type
hypersensitivity reactions are useful for epidemiological
studies. The problem with it for individual cases is lack of
specificity , for example, animal schistosomes may give

false positive reactions (Savioli and Mott, 1989).

1.1.5.2 Parasitological diagnosis

The faecal smear count, originally developed by Kato
(Komiya and Kobayashi, 1966), is the most commonly used
method for diagnosis of individual infections and as an

epidemiological tool (Kloetzel, 1989) to count pooled faecal
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samples. This is the standard accepted method of classifying
infected individuals according to their egg excretion levels
(Mott and Dixon, 1982). In areas of high intensity and high
prevalence of infection this method works well, but where
there is low prevalence and intensity the sensitivity of the
parasitological test needs increasing by increasing the
faecal sample size and/or number of examinations performed
(Ruiz-Tiben et al., 1979). A number of different stool
samples from each individual requires examination as the day
to day variation of egg counts is large (Polderman et al.,
1985). Eggs are only produced in faeces when the individual
has an active infection, so after chemotherapy, if it is
successful, no further eggs are produced. Another method to

detect eggs of S. mansoni is by rectal biopsy.

1.1.5.3 Immunological diagnosis

1.1.5.3.1 Detection of antibodies

Other methods of detecting infections include measuring
antibody levels in serum (Mott and Dixon, 1982) specific to
cercarial schistosomula (Hayunga et al., 1987), adult worms
(McLaren et al., 1978, Gui et al., 1991, Sathe et al., 1991,
Kelsoe and Weller, 1978, Tribouley et al., 1983) and eggs
(McLaren et al., 1978, Gui et al., 1991, Dunne et al., 1988,

Madwar et al., 1988, Pammenter et al., 1991).
1.1.5.3.1.1 Using whole antigen
A qualitative assay of antibodies to schistosome eggs

is the circum oval precipitation test (COP) (Mott and Dixon,
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