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ABSTRACT

The study WCiS performed ann is l~~ported here in two parts.

The first pa ....t examined the cross~reactiV'ity bet.ween t.hr ee

species of African schist:.osomes, Schistosoma mclllSOIlJ"

S. hasmatobiuln, and S, lei peri . Using sera f.rom pat.Lent.s

infected with S,haematobi~pn or S,mtmsc.m:i. and concrot sera , it

was f.ound that the thtae species of schistosomes are

antigenically closely related. In addition, a commonantigen

of apPJ:oximately 68 kD was consistent.ly rerlogni.sed by both

t.he seropositive groups in all t.hree antigen preparations.

'l'he seeond part deacr i.bes the use of altex'native, non-

schistosome antigens for t.he serologicdl diagnosis of

bilharzia. The presence of cross-reactivity between

P,g!i.g.'illtioa adult. worm crude extracts and schistosom(i!"

.in·tocted perS011S was established. The Cl."oss~react.ive regions

were limited ma:!.l1lyto high molecular weight proteins, and in

particula.:t?, a. 60"75 kD ecmprex. 'rhe partially purified 60R'75

kD compf.ex had a sli9'l~';ly higher speoificity than nhe crude

P. g.igantiaa pl~'eparatlon when utilized in RIA, and thus showed

irnmunodiagTl0stic potentj,al for schistosomiasis.
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of the intestine, particularly the rectosigmoidal

region and the t,~ppendix, and liver granulomas (but not

pipe-stem fibrosis). However these granulomas are

rarely of any significance. The major lesions form in

the urinary system. Lesions of the bladder may be

classified into three groups:

• early egg patches;

• sandy patches; and

• fibrous patches.

All three lesion typ/~.. cause the bladder or u:r.eter to

become less pliable. 'l'he lesions i,n the first and

second c.~tegor:l.es may sometimes be reversed by

chemotherapy I but fibrous 1esio118 i:lrS unxesponadve ,

The clinical symptoms of urinary schistosomiasis

include cystitis I haematuria, p3~oteinuria, bactul.'ia and

pain on urinat~.on. The more serious signs of urinary

sohistosomiasis are those indicative of lddney

involvement. Severe cases rest" in Id.dney faiJ.\.lre..

An added complication of urinary schistosomiasis is the

correlation between bladder cazcd.nom- and S .haemato}..i.'i.um



11

formation and ulceration. With few exceptions, the

intestinal lesions contribute very little to the

pathophysiology.

r1a11Yof the eggs also become lodged in the hepatic

capillal."y bed of the liver. The disorder commcnty

associated with hepatosplenic schistosomiasis is

symmexeI p:t,pe-stem fibrosis, The characteristic les:l.on

of pipe-stem fibrosis has wide bands of fibrosis around

portal veills I with the parenchyn,et b\::ltween fibrotic

areaS being well pl:'eserved, correlating with the neal:'ly

normal liver function,

The olin:i.cm.l sympt~om8of the disease il1.clude abdomini'll

pain and dLal:'rhoe~itwi.th hlood, mucus and pus being

present in the faE!IOen, tlplenomegaly may a.lj~Ooocur due

to the lod,:ted eggs~ a:o.dlchronic congestion of: the J.iver.

Some eggs Itlay pass th:C'Ol.tg11I:l'l.eliver and bec)''ime trapped

in secondary Sites such as l~he l\mgs, nervous system

and othel:' ,::>rgans.

Urinary sOI'l.istosom:i,C\sismay also cause muecsai lesions
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excretion levels. However, in intestinal
schistoso'Xliasis, the relationship between morbidity and
infection intensity remains unclear, since patients
with low egg output may still exhibit severe disea~e
manifestations, such as periportal pipe-stem fibrosis
(Doehring-Schwerdtfeger at al., 1990). ThUS, the worm
load is not the only factor responsible for the
development of diseasCl. Another element. that may
define the severity CJf the disease is whether the
patient has had prior exposure to schistosomiasis
(Evans et al., 1991).

Although the adult:.worms do stimulate an immune
response from t:he host, the focal lesi.ons that may be
formed lack clinical s~.gnificance when compared to the
lesiol1.Scaused by the eggs.

:en c11:J:r.micintestinal schistosomi.asiS, the eggs become
lodged i11 the venules ~,nd submucosa of t11e intltlstine.
'l'l'leeg9s elicit an inflammatory respOnsle with
leucocytic and th,911 fibl~oblastic infiltration, These
develop into pseudotuberales, leading to abscess



Stage III

At this stage, there are lesions caused by the
deposition of eggs in the tissues and subsequent
granuloma formation and fibrosis. rrhe final stage of
the disease may be classed into two groups:
• subolinical chrcni.o schistosomiasis; and
• morbid ~hronic schistosomiasis.

Most infected patients only have minor, non~specific
symptoms or none at all, and may concd.nue in apparent
gued, health indefinitely I despite the continual
acoumulari.on of ova in the tissues. Eventually,
severnl years into the infection, predisposed
il'l.div:Ld,talsbegin to show ('~haracteristic symptoms
specific for tneir illJ:ectingschisto~ome species.

Xn general, morbidity a11d mortal:ity may be correlated
with the intensity of infect.ion, which may be crudely
reflected by the nu.mber of eggs excreted. :tn
S.hasll1atob.ium st.udies, there has been shown to be a
C10S9 correspondence between pathological fBatures of
the upper and lower urinary tract and the urinal:y egg

9
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known as swamp itch or I<abure Syndrome. It :l,s

characterised by a papular rash and pruritus.

Such a disease may also result from massive penet.ratio11
by human schistoson1S species, or from r"~peatcu.exposure
to, for example, bird or rodent Schistoscme cercaria!:..

Stage II

Acute or toxaemic schistosomiasis is assooiated with
the migrat.iol'lof the schistosomulae to the lungs and
liver and the onset of oviposition. This is a self-
t.erminating phase which begins one or two months after
the first exposure to cercariae,

The symptonls of toxaemic SCl1istosomiasis alNll the same
for infections caused by all the schistosome species:
intermittent fever, abdominal pain, bronchitb,
enlargement of the liver and spleen and diarrhoea.
Most.::ohildren only develop minor sYl'nptomsI 0:1:' none at
all.
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,1.2 D:rSEASE SPECTRUM

Since the adult: worms engage in permanent: copula and
lay eggs for many years, schistosomiasis is a disease
of long chronicity Which ran,ges from first water
contact during childhOOd to well into adult life,
albeit with decl~easing prevalence after the second
decade. !n one study (Hornstein 9t &1., 1990), it was
found ehat the lifespan of S.mCtnsClni worn,s in an
isolated population can ~xceed 38 years.

The symptoms of the disease differ according to the
speciet. of nuke :i.l'lVolvedbec6tuse of the preferred
venous sites. In general, however, the progression of.
the disease in all three species may be divided il'lto
three basic stages:

Stage :t

Swimmer's itch or cercarial dermatitis results from
c~ercarial penetration of the exposed skin. Cercariae I

particularly those that die in the skin, may be
responsible for the deve:Lopment of this condition, also
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• S.japor.licum is more concentrated in the veins of
the small intestine.

The adult worms reside in pairs, the female worm lying
in the gynaecophoric groove of the male. The eggs are
passed daily in the venules. The number of eggs
excreted daily (evaluated as the number of eggs per
worm pair) differs greatly between species (!Joker,
19S3). The period between successful cercarial
penetration and the first appearance of eggs in the
urine or stools of the definitive host may vary between
30 to 40 days, depending on the species.

Developil'1g i1'1the eggs is the la:rval form of th~
parasite, the miracidium, whiCh ~e1.eases lytic enzymes
tl'latrupture the vel'lUlewall, liberating the eggs into
perivascular tissues of the intestine or urinary
bladder. If the eggs do not become trapped in the
theue, they effect; passage into t;he lumell'l.Of these
organs and aze evacuaced in t.he faeces or urine. On
cont;ac'"with fresh watsr., cbs eggs hatch and the
miracidia are released.
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Some of the schistosomulae reach the hepatic portal
system and are trapped in the liver, The remainder
traverse the systemic cap~llary beds tu the venous
system and travel back to thG lungs. They make several
circuits of the vasculature before either being trapped
in the liver or lodging in an environment that is
unfavourable for development.

Active growth occurs in the pOJ~tal vessels of the
liver. The trapped flukes gruw l~apidly while feeding
on the nutrient rich hepatic portal blood. Pa:i.r,ingof
the worms occurs in the liver. Approximately three
weeks after exposure, the adolescent worms migrate
against the portal blood flow into the mesenteric,
vesical anti pel.vic venul.es,

The three maj or human schistosome species have d:l.,stinct:.
preferences:

• S.haematob:i.ul11 is found principally in the veins of'
the urinary system,

• S •meneoai: prefe17s the portal veins draining the
large intestine; and
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The free-swimming cercariae are infective to the
vertebrate host.

r.rhecercariae have on~y a brief period in which to
locate and penetrate ::hedefinitive host. '1'heusual
portal of entry is the skin. The cercariae penetrate
the skin and burrow down to the peripheral capillary
bed. '1'11.13 cercariae / now referred to as the
schistosomulae, are transpol:'t:edvia the affel'el'ltblood
vessels to the heart and lungs. The lung phase is a
period of adaptation to the intravascular environment.

The route of migration of the sChistosomulae from the
lungs to the hepatic portal system has been the subject
of ccncxoveray for many years. 0f t~\eproposE\d
theories, the intravascular route of migration seems to
be the most plausible (Miller at al., 1989; Wilson and
Coulson, 19851; Wilson et al., 1990). 1'l1eparasites
leave the lungs vf.a the t'u1monary vein and pass vi~t the
left side Of the heart to be distributed around the
body.
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over a succession of stages; egg, miracidium, first
stage sporocyst, second stage sporocyst, cercaria,
achd.at osomr '''l.mand adult worm. 'rhebasic life cycle
has an alternation of generations. Sexual rr.:>tll:oductioll
by adult worms t.akasplace in the definitive vertebrate
host, ~~d asexual multiplication ill the molluscan host.

The eggs are expelled from the vertebrate host:.by way
of the urine or f.aeces. The hatching of the eggs in
the outside environment only occurs under certain
environmental conditions, thus optimizing the chances
of the parasite meeting with a suitable snail host.
A relat.ively short lived, free swimming stage, the
miracidiun" hatches from the egg and is infective to
the snail intermediate host.

The asexual reproductive phase of the life cycle OCCu:t:'S
in the snail host. In the appropriate snail host, the
miracidium becomes a first stage sporocyst; this g'ives
rise to second stage sporocysts which produce numerous
cercariae. The cercariae leave the snail following a
specific daily rhythm for each species of schistosome.
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estimated 200 million people infected, and a furtber

600 million people at risk of infection (WHO Report,

1985). Schistosomiasis is also a disease of domestic

stock and wild andrna ls . It is principally a disease of

rural areas, and is acquired from surface water dUring

contact for domestic, occupational and recreational

purposes. The development of man-made lakes and

irrigation projects has increased the risk of infection

for large populations.

There are currently 18 species of Schistosoma

recognised, of which 5 species are considered to be

important paraad t.es in man. S. haematobium,

S.ja:ponicum and S.mansoni are the most important and

widespread, while the other two, namely S.mekongi and

S.intercalatum, are more localized in distribution.

Further species such as S.mattheei are known to

occasionally infect man (Fripp and Joubert, 1991).

1.1 l3IOLOGY

The schistosomes have similar life cycles and develop
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CHAPTER ONE

GENERAL INTRODUCTION

The aetiological agent of bilharzia was first described

by Theodore Bilharz in 1851. The parasite was named

Distomum haematobium. seven years later, two

researchers independently noted that only one of the

suckez s of the adul t D.haema tobium worm had an oral

cavi ty. Weinland changed the generic ne.me t,..·

Schistosoma, and soon afterwards Cobbold changed the

name to Bilharzia, after ics discoverer (Rollinson and

Simpson, 1987). In tezms of the International Code of

Zoological Nomenclature, the generic name schistosoma

has been upheld. However, both schistosomiasis and

bilharzia (or bilharziasis) are used to describe the

various diseases caused by the numerous species of the

genus in man and anima18.

schistosomiasis is one of the most widespread of a.ll

parasitic dis~~ses in Africa, parts of the Middle and

Far East, South America and the Caribbean.

Schistosomiasis is endemic in 76 countries, with an
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Ten S.haematQbium and ten S.mansoni serum samples were
used, along with five negative controls. The S.mansol1i

sera used in this study Were obtained from the Caprivi
Strip area. schistosoma infections were confirmed by
the presence of eggs in the patient's urine or faeces.
The negative controls were from healthy individuals
with no hist~ory of prior contact with schistosomiasis.

2.3.3 Nitrocellulose dot blots

1J.1.1 of antigen sample was dotted onto l'dtrocel1ulose
discs 3mm in diameter and allowed to air dry for ten
minutes. Following this I the discs were blocJ~ed in a
O,E% blocking solution (Appendix) for half an hour.
After three, five-minute washes with TES, the discs
were incubated overnight at room temperature in a 1:.50

primary antibody solution (human sera) .

The three, five-minute TEI3washes wea:e repeated prior
to the addition of the secondary antibody (sheep anca-
human Ig, peroxidase linkC!ldiAmersham) at a dilution of
1:300. The discs were incubated for a period Clf :2



2.3 MATERIALS AND METHODS

2.3.1 Parasite antigens

The pctrasites we1..ekindly donated by Drs C.D. Dettman

and S.B. Higgins-Opitz (both of the South African

Medical Research Council) .

'the ant:l..gen extl:acts of the adult:. WOrtl1Sof :~.lllanSoJ:li,

S. ba.ema.tc'b.i um an.d S .leiperi were all prepared in the

same manner , Briefly I sevel.~al worm pairs were

homogeni2:ed in lOOMl of Tris Buffered Saline ('l'BS;

Appendix) and SOMl of ooubJ.e lysis buffer (Appendix).

After mixing, the homogenat.e was boiled for five

minutes and t.hen spun down. i\1. an E1ppendorf centrifuge

for 5"6 minutes. The parasite extract was made up

freshly, as required.

2.3.2 Human sera

Human aora were k:l.ndly donated by Dr C.I-I.W. Schutte

(South J:\.f:rican Medical ReSearch Council) .
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2.2 RA'I'IONA:UE

The levels of oross~reactivity between the -hree major

human achd.atoaoms specd.es and thus th~ir al1.tigenio

relationships, have been w$ll documented , In contrast,

the antigenio relationships betv7een human s--::1non-human

ochistosomes are not that well defined.

In this inver~tigation, th:..~eespecies of .Zl.frican

schistosomes, namely two human speoies (S.manson.i and

S. ha.ematoi,>lum) and i';L species that i.nfects ruminants,

S.le.ipe:r.·.i, were to be stUdied.

'l'l'l.EI aim of the reseal.'cll was to determine the extent of

antigenio cross-reactivity between these three speoies

of sol1:l.stosomesusing the WeSI:eJ.~nblot:. technique ~u'ld

radioimmunoassay (RIA).
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polypeptides common to the schistosomulae of S.mansoni

and S. baema tob.i um, The adul t worms of S•l1aematobi urn

and S.manson.:i also showed marked differences in the
major polypeptides associated with the adult tegumental
membrane. However, since not all surface polypeptides
can be readily radiolabelled, the presence of cross-
t'eactive surface polypeptides cannot be totally l:uled
out.

'1.'l1eprofile of al'l.tigenspresented to the hoac 's immune
system gives an indication t?f the antigenic complexity
of the schistosoma species, as well as the relationship
between the different schisto~ome gl:OUPS, It thus
appears that despite numerous morphologJ.cal and
1')hysiological diffel:ences, the three maj or schbtosome
spacies infecting man, namely S.l'laemat::ob:f.um,S.mansoll:i.
and S.japo.rJ.lcuJn,are antigel'l.ically:relatsd. The two
African schistosome species are mOl:e closely l:6lated
antigenically to one anotber than to the Oriental
schistosome species.
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cell free translation products, they did not contain
detect~ble amounts of antibody that recogrtised and
bound to the major low molecular weight S.mansol'l.i
polypeptide surface antigens.

"n conceaac to this, the maj or high mOlecular weight
\tigEU'lSthet. did not enter che resclving gels were

l?l::e~';'pitatedby most of the S •.baemat:ob.ium sera. This
confirms the findings of Norden and Strand (1984a,
1984b), who found that the low molecular weight
antigens appear to be species-speoific, wbil~ the high
mole~ll~~ weight antigens are cross-reactive. It would
thus Seem that the polypeptide surface al'ltigensare not
strain specific, but. are species-specUia,

Roberts at al, (1988) proposed a rationale fo~ the
species-specific recognition described by Simpson et:
al, (1986), whereby the lacl~ of intel:'specifio cross"
reactivity is a major featu:J:eof the schistosome
surface in contrast to the bulk of somatic antigens.
On the basis of electrophoretd.c mobil.ity, there appear
to be no surface antigens, and few if any surface
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S,japonicum sera. These results are similar to those
of Barl=al-Netto et al. (1983) and confirms the
antigenic relationship betw-een the two African
sch,istosomes and the Oriental schistosome.

The cross-react.:i.vityobserved is not limited to the
adult worm glycoprotein preparations, but also extends
to the glycoprotein extracts of cercariae and eggs. On
the basis of immunoreactivity, it was impossible to
distinguish between S.mansoni and S.baematobium

infections even though the soluble egg extracts of the
two species have differert 2-0 electrophoretic
patterns. Thus, although there are several genus and
species-specific egg antigens, the majority of egg
antigens are cross~reactive (Norden and Strand, 1.984b).

Simpson et al. (1986) established the identity of
polypeptide surfaCe antigens of the schistosomulae
recognised by human sera taken from patients il'lfected
with either S.manso:n:i.or S.baematobium. Although the
S.baematobium sera cont.adned ant.~bodies that bound to
the S.manso:n:1.schistosomulum surfaCe and precipitl:lt:ed
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of schistosome, and minor cross-reactivity with the

Oriental schistosome. Bot.h S.mansoni and S.haematobium

patient sera immUltoprecipitated the same major

e.meneonx adult glycoproteil1.S. In contrast,

S.japonicum human sera precipitated less that half the

major S.mansoni glycoproteins.

The major glycopJ:oteins were f1.1:" cher separated J::lytwo

dimensional (2-D) analysis to determine thi~ extent of

specieswspecificity. The precipitation pattern of

s.mansoni glycoproteins with either S.haema:t;obium or

S.mansoni patient sera was indistinguishable, while

s.japoniaullJ sera precipitated only nineteen out of

thirty S .man.soJ'Jiglycoprot.eins.

This pattern of cross-raaat:ivit:y is also evident wl'l.en

S. haematobium 9'lycoproteins are precipitated with human

sera exposed to either ,9.mansoni I .s'.haema tob:!.um or

S.japonicum. Sera of patients infected with

S.haematobium or S.manson:f. precipitated the same major

glycoproteins of S.llael11atobi1.lm,while less than half of

the major glycoproteins were pr(acipitated by
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cycle stages, 10 components shared by the adult worm
and egg and 10 components shared by the adult. and
cercaria.

The presence of common antigens is not excluslive to
S .mensoa: life cycle stages I but is also evident in
other schistosome species. Viyanant et al. (1991)

identified ccmmon epitopes in the tegument of adult
worms and schistosomulae of S.japonicum (Chinese
strain) I using monoclonal antibodies.

~.1.2 Inter~species cross-reactivity

The serological cross-reactivity exists not only
between the different life cycle stages, but also
between the different schistosome species. Sera from
patients infected w:l.thheterologous schistosome species
are cross-reactive irrespective of the schistosome
developmental stage used in the diagnostic assay.

NOrden and Strand (1984a, 1984b) dernonstrated extensive
cross-reactivity between the two main African species
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Although both the egg and adult worm antigens cross~
l:,eactextensively with t.hose of the schistosomulum
surface, there is a minimal level of cross~reaction
between the adult tegument membrane and the egg
antigens. These observations have been supported by
Dunne at al. (1988) in a study using ueza from l(enyan
schcot child:t:'en.It was Shown that epd topea shared by

schist.osomulae and adult. worms are different from those
6pitopes shared by the schistosomulae and eggs.

Analysis of silver~stained gels has demonstrated that
extracts of SChistosomulae and cercariae contained
identical polypept:i.des. Despite this, there were
differences in th& staining intensities of some
polypeptides in the extracts. Of the ninety-four
polypElptides identified in the schistosomulum extract,
sixty-olle (approximately 60il1) were present :Lnthe adult
tegument membrane (Miller at al., 1989).

Usil1.gthe techndque of crossed immunoelectrophoresis,
Akhiani elt al. (1991) showed that there are at least 7
components Shared by the egg, cercaria and adult :Life
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extensive cross-reactivity occurs not only between
different schistosome species, but also ~etween the
different schistosome life cycle stages and between
schistosomes and parasite species not related to
schistosomes.

2.1.1 :Cntra~species cross ..reactiv·ity

Omer~Ali at a1. (1989) demonstrated that antibodies
from Egyptian patients infected both acutely and
chronically with S .mansoni bind to the three··hour-old
schistosomulum surfar.eand immunoprecipitate surface
antigens. Individual serum samples from both chronic
and acute patients consistently immunoprecipitate
antigens of Mit>200, 38, and 32 kilodaltons (l<:D).The
38 and 32 kD antigens on the three-hour schistosomulum
surface express species~specific polypeptide epitopes
that cross-react with the adult worm, but not the egg.
In contrast, the epd.t opes of t.heM):>200 1~X> antigen
recognised by the sera of infected. patients were f~unc1.
to be carbohydrate nloieties, which are cross-reactive
with the schistosome egg (Simpson, :1.990).
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CHAPTER Two

A STUDY OF THE CROSS-REACTIVITY BETWEEN THREE SPECIES

OF AFRICAN SCHISTOSOMES

2.1 HISTORICAL PERSPECTIVE

In the course of a normal infection, the host's immune

system must: respond to a complex profile of schistosome

antigens. Various experimental approaches have been

adopted by investigators to identify the antigenic

po.Lypeptii.despresent during an infection. These

techniques include the isol.:-tionand purification of

tr:~ument membranes (Roberts et al., 1988),

characterization of the labelled surface antigens

recognised by human sera (Kelly et al., 1985, 1987;

Simpson et al. I 1985) I the extraction and P'l'l'" ion

of soluble schistosome proteins (Abbas et al. I 1~IU9i

Harn et sl., 1989) and the cell free translation ot

schistosome mRNA (Kelly et sl., 1987).

From these studies, it has become evident that
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infection.

1.3 OBJECTIVES OF THE STUDY

From the above, it can be seen that schistosomiasis is

a debilitating disease whi~h infects millions of people

worldwide. There are, however, several problems with

the routine diagnostic assays currently employed.

These in0lude cost, ease of use and as far as

serological assays are concerned, the lack of

sensitivity and specificity.

The study was performed and is reported here in cwo

parts. The first part deals with the immunological

cross-reactivity between three schistosome species.

This aspect is covered in Chapter Two. The second part

de'1oribes the use of altE:::rnative,non-schistosome

antigens for the serological diagnosis of bilharzia

(Chapter Three). The current diagnostic methods for

detecting bilharzia. are also be discussed in some

detail in this chapter.
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The controls (sera from uninfected persons) were
significantly different (0,05 significance level) from
the infected homologous patients' serum reactions in
both the S .mansarli,(p[control vs. S .manscn.r-posd.t.Lve
sera] =3,83; P [control vs. S.baematabium-pos:i.tive
sera] =2,19) and S.11aematobium (p[contral VB. S.manson.i-

positive sera]", 2,24; p[control vs. S.baematabium"

positive seraJ=2,46) antigen groups, and in th~
heterologous S.leipe:d system (p[control VB. S.null'lsoni-

positive sera]=2,38; p[control VB. S.haematobium-

positiv~ oera]=2,41).
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serum dilution as the optimal serum dilution instead of

the 1:50 serum dilution.

2.4.5 Speoi.ficity of test a,ntigens

rrhe reactivit} of the S .mensoni: and S .baematobiullJ

patients I sera and the normal oontrols was each

compared at the 1:800 dilution using three test

ant.igens: l~he S.haematobium, S.mansoni and S,le.iperi

adult worm antigens refel':red to in section 2.3.1.

'J:'heresults are summarized in Figures 6 to 8.

None of the al'ltigel:l preparations were able to

disting\.\lsh betweell S.manson:i and S.haematobiullJ

patients' sera, i.e. there was no significant

difference between the binding of the s.mansoni or the

s.haematobium patiel'lts' sera (cpm), irl:'espective of the

antigen type used (0,05 Significance level). However,

although not at a significant level, the homologous

systems did procluce higher opm vatues than the

heterologous syste\:t\s,
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group are summarised in Figure 5.

250

[200
IJ

+ Inf.";;' sora I
• Control sora

160

100

J50 10 ~ 100 ~oo
_____ ...._,;;;S.i~m d11ut1onfacio!'

Figure 5: Titration curve of sera from Infected persons mnd normal controla, for determining

the optimral serum dilution tor RIA,

Overall, t:he:r.'t;:lwas poor discrimination betWE:lEmthE:
oontrol sera and the infected patients' serum groups,
with nOne of the dilutions producing significant
differences between the control and inf~cted sera cpm.
Although both the 1:50 and the 1:800 serum dilutions
produced suffiently different biolog'ical results,
because of the poor discrimination in the 1:10 and
1:100 to 1:400 range, it was decided to use the l:BOO



33

94
68

43

30

Figure 4: lmmllnoblot l'Elac!lona of S,haell1atoblum4nfected sera agaln$t!:l: S,lell)(:)rl

b: $,i1aematob/um and e: $,mensonladult worm antigen preparaUons,

'1'1119 ccmtrol seX'a consistently produced negative

result,s.

2.4.4 Optimal serum dilution for RIA

Six serum samples, namely three control and three

infected patients' sera were selected at random to

determine the opt.~.malserum dilution to run the RIA.

Adult S.manson:/. protdn extract:. was ';lsed in the assay.

The serum samples were compared at 1:10, l:50, 1:100,

1.; 200, 1: 400 and 1: 800 dl.lutione. The means of each
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antigens recognised by the individual serum samples was

reproducible.

A commonantiSlen of approximately 68 kD was recognised

by both sc!bist.o8ome serum groups in all three antigen

preparations Apa:tt from this commonband, the antigen

'Pl\tterns produoed we:r.ehighly variable between the

individual. patj.ents I sera. Thiel variation of antigen

pattern.s was €:1Videntin both the heterologous and

hom,~logClussystems.

so

94
68
43

20.1
14.4·

Flgul'~ 3: lmmuneblo! ,'eactfol1s of S.mansonl·lnfected SP.lI'a against a: S,/s/par',

b: S.l1aatnatoblutn and e: S.tnansonl adult worm Mtfgen preparations.
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There was no difference in the intensity of the colour
reaction either between the th:r.'ee;1.ntigenpreparations
or between the two infection-positive serum groups
(Figure 2) .

2.4.3 Analysis of Western Blots

Crude extracts of S.mansoni, S.haematobium and
,g.leipel":l adult worms were separated on a 12 I 5% SDS

polyacrylamide gel, blotted onto nitrocellulose paper
(400 rnA for 75 minutes) and incubated overnight with
patients I sera (1: 100). The ant:i.-humanantibody was
used at a dilution of 1:400.

Tl:J.reegroups of patients I sera were used: S. neueoa: (10

samples), ,S'.l)aematob.iunJ (10 samples) and normal, non"
infected patients' sera (5 samples) to probe the blots.
The representative data are shown in Figures 3 and 4.

'1'hescb:Lstosome..infected serum :;J10\ApSwere limited to a
relatively smaJ.l range of proteil'lS,mainly in th~ high
molecular Weight «43 kD) range. The patt0lrn of
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h m Mr

fllgure 'I: PI'otl'ln profiles of the crud" whole worm extracts of h: S,haemliltoblum,

I: S.lell)erland m: S.mansonl. Mr = Molecular weight markers.

1 2

I •. '1Sh I •

3..
'*' l f)

$m/ et .,'

Flgul'!1J2: Nitrocellulose dot blot rl,lli.\ctionof S.haematoblum (sh) and S.mansonl (sm) sera

groups against 1: S.lelperl, 2: $,haemafob(um amd 3: S.manson( antigen preparations.
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2.4 Rl:l:SUL'l'S

2.4.1 Protein profiles of antigen preparations

The protein extracts of the three preparations were run
on a 12,5% SDS polyacrylamide gel and then stained with
PAGE blue stain.

The protein staining reactions are shown in Figure 1.
n can be seen that on the basis of the whole worm
protein staining pattern, it is not possible to
distinguish between the three worm species. There are
minor differences in stail'l.ingintensities c.fcertair,
banes but overall, the patterns are indistinguishable.

~ 1.2 Nitrocellulose dot blots

1Ml of crude extract was dotted onto nitrocellulose
pape., and reacted with serum from either infected or
non-infected persons (11100). Both the schistosome
serum groups produced colour reactions, while the
control serum group was negative (no colour reacl:ion).
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After washing with PBS as above, the discs were
incubated for one hour at room temperature with test
sera diluted with PBS. Following furthc:..:t.=~Swashes,
the discs were incubated with anti-human 1251 (Amersham)
at a concentration of O.l~Ci/ml for one hour. The
final washing sta~!J'econsisted of three, ten-minute
washes to remove all excess ''\belled antibody. L'he

discs were then air dried and counted in a Packard
Autagamma counter.

2.3.7 Statistical analysis

After unmasld.ng the sexa , the :RIA readings were g~coupecl
into S •.manson:1, S.l'lae.matob:1un1 and negative ccmt:rol
gl'OUpS. The~mean counts pel"minute (cpm) for each
group Was calcultlltedand stal~istioalJ.yaXtaJ.ysedfor
significance using Student's t~test analysis.
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addd t.donaL blocking f~tage of TES Tween 20 was added,

followed by two, five-minute TBS washes,

The anti-human antibody (Amersham) was used at a 1:400

dilution and Lncubaned with the strips for two hours at

room t.empez'atiur'e, The washing and enzyme substrate

reactions WerE)the same as for the dot blot procedure,

utilizing 4-chloronapthol as a substrate.

~.3. 6 R.a~dicliInl'l\'\lnOf~ssay (RIA)

All th~~ ra~d:l.oimmunoassay (RIA) experiments wex'€)

performed in triplicate. The RIA was run blind so as

to prlElclude any experimental b:i.as.

I3rie:Ely I nitrocellulose discs were incubated (w'ernight

at 4QC in a test antigen diluted to lmg/ml. After

three, five-minute washes with phosphate buffered

salirllEl (PBS), the discs were incubated in a 5%'blocking

scrut.Lon for one hour to prevent non-specific

absorpti.on of the reagents added subsequentJ.y.



(1979) .

The proteins were blotted onto nitrocellulose paper
(Hybond Ci Amersham) at 400 rnA for 75 minutes). The
blot was stored in a sealed bag containing 1SS at 4°C
\'ntil required.

The complete pattern of proteins transferred to the
nitrocellulose was revealed by staining single strips
with Fas~ Green stain (Appendix).

2.3.5 Analysis of Western Blots

The procedure for the Western blot reactions was
similar to that of the dot blot protocol. In short,
the nit:r.ocellulose strips were placed in a mUlti-well
cl1a.l.tbe:r.and blocked with a 0,5% blocking soJ.uticm :Co:r:
~5 minutes. After three, five-minute TBS washing
per:i.ods,the strips were incubated with human sera
(dilution 1:100) overnigl1t at room temperature.

Between t:hepr:Lmary and secondary antibody stages, an

26
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hours at room temperature.

The TBS washes were repeated once again to rinse off

any unbound anti-human serum. After the washing step,

the discs were placed in enzyme substrate solution

containing 4-chloronapthol (Appendix).

The presence of a purple dot on the nitrocellulose

indicates a positive reaction.

All the antibody dilutions and blocking solutions were

made up in TBS, pH 7.S.

2.3.4 Electrophuresis and immunoblotting

150~1 of sample was loaded into one large well of 8cm

on a 12,5% SDS polyacrylamide slab gel (Appendix). The

gel was run at constant current (28 mAl for 1-2 hours

until the bromophenol blue front was Clpproximately lcm

from the>.bottom of the gel. After the electrophoretic

run had been completed, the gel was cut to size and

blotted using the method devised by Towbin et al.
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stage of infectl~ 1 and infection intensities. In thA
chronic stage of infection, few or no eggs may be
passec..,resulting in low egg counts which t.1anmask the
infection. Similarly, low infection intensities may
result in low egg counts, th.refore increasing the risk
of false negative diagnoses.

Another factor that may influence the egg count is the
uri.neflow rate and the fae .!alconsistency (Mt'Cullough
and Bradley, 1973). Problems in day~tv-day variations
in individual egg COU1'1ts,as well as variations over
seasons also occur (Wilkens and Scott, 1978; Schutte at
a1., 1994). By repticating the oboervations, the
probability of correctly classifying individuals into
speCific categories of egg output, increases (W~rren et

al., 1978; Rashed et al., 1990). How~ver, in large
population gl.~OUpSand in epide.niological studies, these
methods of repee.t i stool and ur'Lne examination are
neither practical nor economical.

Othe~ parasitological techniques such as hepatic or
rectal biopsi~s generally reveal a higher prevalence
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CHAPTER THREE

THE USE OF .l\LTERNAT:tVE ANTIGENS FOR DIAGNOSING

SCHISTOSOMIASl:S

3.1 RISTOR-leAL Pt:RSPECTIVE

The diagnostic methods for schistcsomid.sis can be

grouped Lnt.o two broad categories:

• parasitology

• serology

3.1.1 Parasitology

'l'he parasi.tological diagnosiEI of bilharzia involves the

demonst:r:ation of the schistoslome eggs in either the

urine or the faeces, dppending on the worm species

j,l').fectin~r the pat Lent., 'rhe presence of eggs in the

excreta or urine results in the classificatiorl of

pat~i(;mt:.sas in:fI:Jcted or non- im:eCi:ed. However, this

m~:t:ht;)dof diagl'lOsis has disadvantages.

Firstly I egg e~tcretion levels can be influenced by the
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three species o~ African schistosomes are
antigenically related; and

• a common antigen of approximately 68 kD was
consistently recognised by both the S,basll1atobiull1

and S.mansoni serum groups in all three al1.tigen
preparations.
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The Sm31/32 complex has been expzeaaed in a Baculovirus

vector (Fe11eisen et a1. I 1990), Fusion proteins have

been shown to be a feasible option for detecting

ci:r.culating ant.ibodies (Klinkcrt et al" 1991), It is

believed that. Sm32 may be a d.igestive enzyme, possibly

pr-lrticipating ill the degradation of haemoglobin

(Chappel et al, I 1989), while Sm31 has been identified

as Cathepsin B (Klinker!::. at al., 1989).

Other antigens that have been identified inolude the

heat shock protein (HSP) 70 (Newport at al., 1988;

Moser et a..L" 1990), The G8 kD protein id.entified in

this study may be a :HSP70l'lomologue. S.meU'Json.i. I-ISl?70

has been found to Share epitopes with S.l'laematob:1.um

:HSl?70I but is antJ.genically distinct fl:om the

S.japon.:l.cull1 I·ISP (Moser et al. I 1990), The results

described here show that tl'le're is no d:i.vergence between

the three species of African schisl~osome in respect of

the 69 l<:Dprotein identified.

Based on the! above I the folJ.owing can be cc\n:::luded:

• with res~ect to the al1t.igEmic reactivj.ty I the
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S.mansoIl.i sera were obtained from pat.ients in the

Caprivi Strip, while the origin of the S.manson.i worms

is unknown Hackett e.t a1. (1987) compared a Puerto

Rican labo:r:atory isolate of S .mensoa: with an isolate

from Egypt. It was found that the major sUJ~face

antigens of the two isolates '!lere conserved. Xt

therefore seems unlil<:ely that:. strain vaz'Lat Lon is the

reason for tIle low reactivity of the e.mensoa:

antigens, although the possibHity cannot be ruled out,

'l.'he low reactivity of the S.mansofJl antigens and the

lack of detectable imn\unoreactive, low molecular weight

antigens «43 ltD) has important implications. Most

important is the fact, that we are not gett.ing a t.rus

reflection of the arItigsn reco£~nition pat.tern by the

various serum groups:'. In parl!:i.cular, a band identified

as the 31/32 kO region (Ruppel et a1., 1965a, 1985b)

which shows immullodiagnostic potential, was :not

located, This Sm31/32 p:r.ot~)in complex has been shown

to react with s.japon.icum (RUPP(31at a1., 1987, 1991),

S.mansoni (Ruppel et sa: l$l85b, 1990) and

S. 1'laama tob.i urn (Idris and Ruppel, :L9a 8) sera.
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and/or they are being masked by other (non-antigenic)
polypeptides.

In addition to not being of low molecular weight, the
S;mansoni antigens also appeared to have a low
sensitivity in the Western blot assay compared to the
other two antigen preparations (Figures 3c and 4c) ,
This was the case for both the S.haematobium and
S .mansoni sera g'roups. The reason for this low
sensitivity is also unclear, considel.'ingthat no
difference was evident between the S.mansoni anHgen
and the S.le.:i.peri or S.haema1;obium antigen preparations
in I~heR.J:Atests.

Since the worms used in the antigen prepar~ ~ons were
laboratory strains, it is possible that due to
inbreed~.ng, the immunogel'l.ioityof the proteins may have
deoreased. However I no such documented. casas have been
published illthe literature.

Another faotor to consider is differences between.
geogrA.phic ilaolates, i.e. strain variation. The
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tht;;!human has t .

The cross-reactive proteins are mainly of high
molecular weight (:;.43l~D). This finding is in
ag:r.'eemel1.twith previous studies (Norden and Strand,
1984a, 1984b; Simpson et al., 1986), which revealed
that the low molecular weight antigens are apparently
species-specific.

In the present study, however, very few low molecular
weight antigens «43 kD) were identified, either in the
heterologous or homologous antigen systems. The reason
for t.his is unclear. The presence of Low molecular
weight proce Lns «431~D) was confirmed. by B'ast Green
staining of the Western blot strips a.Et:erthe
transferring procedure. It is possible that the
antigel1.icity of the proteins may have been modified at
some stage of the experimental proc~~dure. However, if
this was the case, one would expect the whole range of
proteins to be affected, not jUst one fraction. It is
also poss:i,ble'chat the low molecu:La:tweight antigeni('"
polypeptides are present at.low cOllcentrations
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study confirms the antigenic relationship between the
two African human schistosome species, and extends the
finding to a non~human schistosome species.

Based on taxonomic studies, S.leiperi is placed in the
same broad group as S.1'laematobi Wl1. '1'hehigh level of
cl:'oss-reactivity observed in che present investigation
between these two species would seem to further con.firm
their relationship. A mor~ accurate meanS of defining
their phylogenetic affinities would be to perform
isoenzyme and PNA pr.'ofilingstudies.

Similar levels of cross-reactivity were noted between
S.mamr;oni and S.leiperi. This may be because S.mansol~i

and J .lei.pel"i are antigenically closely related, like
S.mamsoni and S.haematobium. Altel:'nat:ively,exposure
of patients to S .leipel"i may have cccurred , The
S.mam'oni sera used in this study wer;.)obtained from
infected humans in the Caprivi Stl:'iparea. ,S.leiperi.

is endemic in zumdriant s in the Same areill(Pitchford,
197G). Although this schistosome will not mature in
man, large scale exposure to c~rcariae would sensitise
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2.5 DISCUSSION AND CONCLUSION

The purpose of this study was to investigate the common
antigenicity between three species of African
schistosomes: the two human schistosome species
S.mansoni and S.haematobium, and a species that infects
ruminants, S.leiperi.

The results showed cross-reactivity between all three
species of schistosome. There were no proteins that
were exclusive to any of the species, with both serum
groups (S.mansoni and S.haematobiuw) identifying a
range of reactive proteins. A common antigen of
approximately b8 k:Jwas recognd.sed by both serum groups
in all three antigen preparations.

l?revious work (Norden and Strand, 1984a, 1984b) has
shown extensive cross-reactivity between the two
species whioh appear to have originated in Africa,
S.manso.'"li and S.haematob.ium, and minor cross-reactiv:Lty
with the Oriental species, S.japoniculTl. This present



39

2.5 DISCUSSION AND CONCLUSION

The purpoSe of this study was to investigate the common
antigenicity bet.ween three species of African
schistosomes: the two human schistosome species
S.mansoni and S.haematobium, and a species that infects
ruminants, S.leiperi.

'rheresultG showed cross~reacti.vity between all three
species of schistosome. There were 11.0 pr')teins that
were exclusive to any of the species, with both serum
groups (s.mansoni and S.haematobium) identifying a
range of reactive proteins. A common a .ltigenof
approximately 68 kD was recognised by both serum groups
in all three antigen preparations.

J?revious work (Norden and Strand, )'984a, 1984b) has
shown extensive cross-rec:wtivity between the two
species which appear to have originated in Africa,
S .mansoni and S ..l'laematob.ium, and minor cross-:t:'eactivJ.ty
with the Oriental species, S,japol'liaum. This present



450

400
350

5300
Co
I.J 250

200

150

50

o
CQnifol S.rnanaonl S.haomatobium

HUman sera

Figure 8: RIA specificity of S.ma{lsoni adult worm antigen when reacted with control,

S.mansonf-posltive and S,haematobfum-positive' tera,

38



500 ~--------,------------------------,

500

450

400
300

E 300
c.
o 250

200

150

100

00

o
Control S.l11ansol\l §.:b~atobtul11

Human sera

Fluure 6: RIA specificity of S./elperi adult worm antigen when reacted with control,

s.mansoni-posltive and S.haematobium-positiva sera.

30(1

250

~ 200
150

100

50

o
Control s,monson! ~,haematoblul1).

Human sera

------------------.-----------------------------~Figure 7: RIA specificity of S,haematoblUI11 adult worm antigen when reacted with control,

S,mansonl-posIUve and S.haGmClfoblum·posl'llve eera,

37



59

3.3 MATERXAL~ AND METHODS

3.3.1 »araaite antigens

Fasciola antigen preparation:

Adult Fasa:i.ola worms were obta.il'led from 1,ovin9 livers

condemned at the Cit:y Deep Abattoir, JohannesbUl:·g.

f.['heworms were washed repeatedly in 0.8% salil'le

(Appendix) I followed by extended washes with dlst:l.lled

wat'.ar. This was to ensure that all concamdnantis Q such

as the host's bile fluids and worm exudates ~ were

removed. The worms were then stored in a small vctume

of Tria buffered saline (TBS; App~ndix), pH 7.5, at ~

70~C until required.

Indivitiual worms were shell fl~ozen in liquid nitrogen

and lyophilised as needed. Aftor J.yophilisation the

worms we:t:'e.homCJg€m.izedin TBS pH:7. S using

approximately 1ml TES per 2(,\1119' worm dry weight. The

sa.mple wa.s left overnight in the refrigerator at 4°C,
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~ .:G RA'l'IONALE

From the. above, it is clear that because of extensive

serological crorils-reactivity, it is not feasible to

l.~ilise the serological assays currently in use as

confirmatory tests or in large-scale epidemiological

studies. The monitoring of egg excretion is still the

best marker of active infection.

111.9aim of this study Wtl.S two-fol<i:

.. Since it is difficult to maintain schitltosom9s in

the laboratory Which, in turn, affects elle

production 0:1: antigemg (SEA and adult worm

antigens), the use of a:Lternative CJ:oss-react:.ing

(non~sohistosome) I:lUtigens for serodiagnosis was

investigated.

• Using techniques such as radJ,o:!.mmunoassayand

Western blotting, the potential :l.mmunodiagnl~ntic

agent was compared wj.tl1.e:x:ist~;tngant:i.gem.s(SEA) co

determine the feasib:l.lit:y of :t:eplacing cUl..~rently

used EU1.tige'll'lswith others which are more readily

ava:l.lable.
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The presence of common antigens shared between
Schistosoma species and Fasciola has long been known
(Hillyer at al., 197GB, 1978; pelley and Hillyer, 1978;
Reddington at aI., :1.984)and has been the subject of
numerous studies in :eegard to vaccine development
(Hillyer C1t a,l. I 1976a; Hillyer and Capx'on 197Gb;
Hillyer and Serrano, 1982b; ll'ordet al., 1967). This
cross-reac~ivl.ty has also been noted in the diagnostic
assays (Table 1) utilizil'l.gFasciola antigEms.
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water may be inf.ective.

Human infection with F.hepatica is rare in most
countries, but it is considered a serious public nealth
problem in the Caribbean and North Africa (Eacq et al.,

1991; Pulpeiro at al., 1991; Verdppon at al., 1991).

Table 1: Pasclola and SchIstosoma: common antIgenicity.

Antigen Extract Patients' Sera Reference

1--- Fasclolliilsls Schistosomiasis
--1,

F.hepatioa: adult Santiago and

antigens partially + + Hillyer, 1986

purified - -
F.g/gentloa: crude Youssef and

adult worm extract + + Memsoulr, 199'/

1---- - -
F.gigantloa: partial Yousaef and

purified adult worm + ... Mansour, 1991

extract _ ........._
F.hep~tloa: E/S + + Hillyer and Soler

antigeml tie Galanas,

1991
>'"
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investigate a membe~ of the family Fasciolidae as a
possible source of antigen.

F.hepatica. is the best known species of the family
Fasciolidae and if'Ja parasite of, mainly, herbivo~ous
mammals. Z.'.hepatica is a commcn liver fluke of
domestic c\l'l.imalelwo~ldwide, cau~J~.ngsevere er.anomic
:'o£:Jr.'ldue t.o mortality, liver condemnation, reduction of
milk and meat px:oduct.ion and seconda~y bacterial
infections. Because of its economic importance, this
fluke has l~een the focus of intense scientific
research. Infected wild rabbits and hares serve as
natural rese:r.voirs in spreadil'lg and maintaining the
populations of the parasite in grazed and ungrazed
la11ds. Other E'asa:f.o.la specieo include F,gigaJ:ltica (a
parasite of cattle and that used :I.nthe present stUQ.y)
and F.jaak.son:i. (a parasitl.'!of Mlian elephants) .

Man is an accidental host in the life cycle of the

F.l'lepat:1.aa. Human infect.ions often occur as a 1.'es\.111:.
of the ingestion of encysted metacercariae, although
other aquatic horticu:Ltural plant species and even
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also been found between an epit0pe of virion
infectivity factor (v:if)encoded by the HIV-l genome
and a surface antigen of S.mansoni (Brand and Tsang,
1999) .

The presence of this heterologoUl3 cl'oss-reactivitJl is a
hinderence in diagnostic testing, resulting in a
decrease :I.nthe specificit.y and sensit.ivit.yof t.he
tes t. • Howevel.AI by exploi ting thE~presence of this
cross~reactivity, perhaps a serological assay can he
developed using antigens that axe more easily
accessible.

The ideal antigen candidate should have the following
properties:
• large biomass for ma~imum p~otein harvest;
• cheap production or easy access; and
• sufficient levals of cross-reactivity so that

normal from infected patients' sera can be
dist:i.nguished.

Keepi:ng the above criteria in mind, it was dedded to
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19B5a, 1985b, 19B7, 1990; Idris and Ruppel, 1988;
Newport at al., 1988; Moser at al., 1990). The main
limitation to the furt.H:!rdevelopment, of recombinant
antigens for Lmnunodd agnoad.s is the difficulty of large
Deale production of u.LJ.iform,partially purified
antigens at low cost. Another important: factor is that
some of the major immunogenic components are
proteoglycans and glycoproteins, and cannot / thl:lrefore,
be cloned.

Another approach Which has received very little
acbenud.on involves the exploitat:ion of the cccuz-ronoe
of ol"e-ss-reactivity between schistosomes and unrelated
o:rgan:isms(E,;andand Tsang, 1989; Correa-Oliveira et
iiI., l,98S). A number of cross-reactive serological
responses against schistosome antigens have been
I:)bservedill,patients infected with other parasite
species (Hillyer at al., 1979b; Aronstein et al., 1986;
Mott et al., 1987). Such false positive results have
occurred with sera from patients infected with
fascioliasis, trichinosis, cystioercosis, Ascarjs and
echinococcosis. Immunolog~.cal cross-reactivity has
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only a small percentage of the parasites in the
inoculum used for infecting the definitive host,
survive (McLaren and Smithers, 1987). Also,
S.haemdcobium is widely believed to hybridize naturally
with S,ma ..theei which makes it difficult to be sure
that one has a pure source.

An additiona' factor related to the avail.ability of.
res(aarch data on the schd.acosome species was their
geographic location with respect to the United States,
where the bulk of the research in this field was taking
pla('1e. Sources of. FJ.mansotl.i (for example, l?ueto Rico
and :Brazil) ,,,erecloser to the United States than
1d:1.~ica.Similarly, the paucity of work on S. haemat:ob.i.um

WI;'1.S partly because it was not available close to t'he
United Stl\\tes.

'l'hisproblem of antigen production may be OVercome by
using molecular techniques. The rapid development '.It

recombinant ON1.\. technology has facilitated the
idelltification and P\.tdfication Of defined antigens for
vaccd.ne development and immunodiagnosis (Ruppel et a1.,
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of the adu),t worms I eggs and schistosomulae, large
volumes of the respective parasite stages are required
to produce the necasaary amounts of antigen for the
various serological assays. To harvest these antigens,
a continuous life cycle must be maintained in the
laboratory. This is an expensive and technically
complex :",:,ocedureinvolving the maintenance of both the
reservoir hosts (snails) and the definitive hosts.

Most of the laboratory~based research which has been
perfol:'medhas fot.!usedon e.meneonz , not because it L~
the most important species, but because it is easier to
maintain in the laboratory. Although s.japonicum has a
similar, but not identical host specificity, it is not
as easy to maintain since the cercarial harvest frOll\
the intermediate host is very low. Furthermore, the
intermediate host is semi-aquatic. Consequently, it is
more difficult to culture. S 'J.1aematob.iumhas received
the least amount of attention because of its more
restricted host specificity and the fact that parasites
take longer to mature (11 weeks) in the defi1.1itivehose
as compared to the other two species. Coupled to this,
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both the adult worm and the eggs. Investigators have

adopted various experime11tal approaches to identify the

antigenic polypeptides present during an infection.

These techniques include the isolation and purification

of tegument membrane proteins (Roberts et al., 1988),

the charact~~riz~tion of labelled surface antigens

recognised by human sera (Kelly et al., 1985, 1987;

Simpson et al., 198.15),t.he extraction and purification

of soluble antigens (Abbas et al., 1989; Ha.rn et:al.,

1989) and the cell-fr8e translation of schistosome mRNA

(Kelly et al., 1987).

It has become evident from the.se studies that extensive

cross-reactivity occurs not only between different

schistosome species (Norden and Strand, 1984a, lS84b;

Simpson et al., 1986; Roberts et al., 1988), but also

between the different stages of the ~chistosome life

cycle (Miller et al. I 1989; Omer-Ali et ei . I 198rl) and

between parasite species not relate~ to schistosomes.

Further problems with the available serological tests

are of a more practical nature. Pue to the small size
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However, as with the egg detection methods, numerous

disadvantages have been noted:

• Serological assays produce limited information

regarding infection intensities. Collaborative

studies have been carried out to compare the

sensitivity and specificity of various serological

assays and the relationship between the infection

intensities and the serological assays (Mott and

Dixon, 1982) Thus far, it has not been possible to

obtain serological correlates with either

morbidity or infection intensity with either crude

or pa!tially purified antigen preparations

(Hillyer et al., 1979b; Long et al., 1981; Yasawy

e r:. a1., 1989).

• Immunological cross-reactivity has :oeerl

demonstrated not only between different species of

schistosome, but also between schistosomes and

unrelated helminth species.

Puring a normal In;r;ectio!l,the schistosome pxeaent.s a

complex C\.rrayof antigens to its host's immune system,

with major immunogenic stlmulus believed to come from
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rate and are valuable for confirming diagnosis in

individual cases (Yasawy et al., 1989; Mohamed et al.,

1990). However this technique requires specialized

training and advanced facilities and is therefore not

feasible for epd.demi.ol.oqd cal studies and large

population groups.

3.1,,2 Serology

Because of the difficulties encountered with the

parasitological techniques, researchers have been

fOC\lSing on the development of serological techniques

for diagnosing schistosomiasis. These immunodiagnostic

techniques are becoming increasingly diverse and

refined. Numerous tests have been developed using

various antigen preparations, eg. the circumoval,

precipitin test (COP'!') (Hillyer and Rivera-Marre:L("I

198.2a), indirect flu.orescent antibody test (IF.AT),

radioimmttnoassuys (RIA) (]?elley et al., 1977) and

enzyme-linked immunosorbent assays (ELIS.A.)(Hillyer and

Gomez de Rios, 1979ai Hillyer et al., 1979b; LUl1de at

aI., 1979).
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experimental conditions were then used in the Western

blot system. However, the Western blot system fa~led

to produce any results. Various changes were made

regarding the blocking solutions and times and the

concentrations of the primary and secondary antibody,

but with no improvement. It was then decided to

investigate the antigen preparation,

It was found that SPS and the presence of f5~

merca).')toethanolinhibited the binding Of the primary

and se:ondary antibodies to the antigen (Figure 9) .

Hillyer and R.amos (1980) also found that a high

concentration of SPS (>0,05') inhibited the antigen-

antibody reactions.

Because of this, it was decided to run the SPS gels

using antigen prepared without the double lysis buffer.

This preparation produced gels with protein bands that

were not very sharp, but the antigen preparation was

immunoreactive.
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Dot blots are prepared for two reasons. Firstly, the
procedure is a means of deter~ining whether immunogenic
component s are present in the extract.being tested.
Since the dot blots were positive for both the infected
and non-inf~cted sera, the presence of antigenic
components in the extract was established. 'roidentify
the immunogenic components in t.heprepaxat i.on,the
extract was separated according to molecular weight on
an SDS~gel and blotted onto nitrocellulose pap~r.

A second function of the dot blot procedure is to
optimize the experimental system. By changing selected
vnriables illthe system, the ideal conditions for the
experimant may be determined. In this way, various
blocking agents, blocking times and substrate reagents
were tested. It was found that blocking with C,S% fat-
free milk powder for twenty mil'mtes p:t'ovidedsufficient
blocking when the primary and seCondary antibodies were
diluted 1;50 and 1:400, respectively. The ideal
substrat~ was found to be 4-chloronapthol,

Since the dot blot system was working, the defined
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3.4 RESULTS

3.4.1 Identification of par.asites

After the final saline wash and prior to freezing, ten
worms were set aside for :l.dentHication purposes. On
the :basis of she and shape, it was determined that. the
infecting species was F.gigantica. There were no
F.hepatiaa harveuted from the liver. F.gigantica is a
large parasite measuring 25 to 75mm :by 3 to 12mm.
F.hepatiaa is shorter and broader than F.gigantica,

reaching a length of 30mm and a width of l3n\m (Schmidt
and Roberts, 1985).

3.4.2 Nit~ocellulose dot blots

lMl of crude extract was dotted onto nitrocellulose
papAr and reacted with either: infected Or non ..il'l,fected
human sera (1: 100), Eoth the l'lormaland the infected
sera produced posl tive rusul ts I wi til the intensl ty of
the reaction varying.
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required.

3.3.9 statistical analysis

r.('heRIA readings were grouped into S. baernatobi urn,

S.mansoni and negati'l!econtrol groups. 'J:'hemean counts
per minute (cpm) were calculated for each group and
statistically analyzed for significance using the
Student1s t~test.
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3.3.8 Protein olution

Crude F.gigantica adult worm extract was separated on a
10% poJ.yacrylamide gel ai 1eluted as follows:

After running the gel, a portion of t.hegel was slie''d
off anc'lstained in.PAGE blue for an hour and then
de~tained with lOt acetic acid and lOt alcohol
solution. This was done to locate the region of
interest, that is, the 60 ..75 kD protein complex. The
gel was then divided into three portions according to

molecular weight, and plac:ed in a sterile test tube.
The gel was incubated 37PC in an elution puffer
overnight.

After the incubation period, the elution buffer was
removed and the p:t:'oteil1.Sp:t:'6cipitatedusing the acetone
precipitation technique. The prote:i.nconcent.rat.Lonwas
then determined using the Bradford method.

The eluted proteins were stored at "20bC until
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3.3.7 Radioimmunoassay (RIA)

All the radioirrllnunoassayexperiments wel:e perf orme0. in
triplicate. Nitrocellulose paper discs (Hybond C,
Amersham), 3mm in diameter, were soaked overnight in a
lmg/ml solution of antigen extract. The protein
concentrations of the various samples were determined
by the ~radford Method (Segal, 1976; Appendix). Any
remaining background was mas]-cedby a ona-houa c.reatment
with a S% blocking solution. After three, five-minute
washing periods, the discs were incubated in 1:50
dilution of human seza for one hour. This serum
dilution was determined by incubating the discs in
serial dilutions of human sera in order to id~l'ltifythe
optimum antibody titre for the assay.

After four, t~l'l"minutewashes with PBS, the discs were
incubated with ml anti-human antibody (Amersham) at a
concentration of 1MCi/ml for one hour. The discs were
again washed in PBS as above, air dried and counted on
a J?acl-cardAutoga.mma counter.
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sera used in the assay.

Immunoplots of simple frequencies and frequency
differences were constructed us':'n'Jthe .frequency values
calculated as above. A simple frequency immunoplot is
a plot of the frequency with which each individual band
in the Western blot reacts with infected patients'
sera, compared wit:h the frequency of occurxence of that
same band when reacted with the normal, nOl'l.-i11fected
sera.

For the frequency difference plot, the frequency of
each band react.ing 'l'lit.huninfected human sera is
subtracted :F.l:'~mthe frequency of l:'eactionof that band
w'ith infected patient:s' sera. 13y subtracting the
cont3::'olsera frequencj.es I the excess backgl:'ound
reaction is e:efect~,velybeing reduced. r.chisplot
a110\'1sfor the compard.acn of the frequency differences
between t.wo separate diseases under the same
experimental conditions.
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temperature. The washing and enzyme substrate reaction
were the same as for the dot blot procedure.

3.3.6 Immunoplotting

The molecular weights of the various proteins were
calculated using a standard curve of Rf values plotted
against log molecular weights of the moleoular weight
standards. The Rf value is calculated by dividing the
distance travelled by a partidular band by the total
distance travelled by the front.

The frequency value gr.aphs were constructed accordil'),g
to La\rralde et:al. (1989). The frequency values fOt'

each band were calculated by fil:St constructing a
Western blot: master patterl'lOf aU the bands appearing
at least onoe in the blots when reacted with the
patients' sera. The bands were sorted by molecular
weight and then scored for l~he:trpresence or absence in
the :J.ndividualserum sampJ.es. The frequency varue for
eaoh band was oaloulated by dividing the sum of all
sera that reaoted with that band by the total number of
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blot was stored in a sealed b~g containing TBB at 4°C
until required.

3.3.5 l.nalysis of Weste:rn Blots

The nitrocellulose sheets were cut into strips
approximately O,Scm wide and placed into a multichamber
incubation plate.

3ml of 0,5' blocking solution was added to each well
and lefl:.there :t;or20 minlJ.te~,followed by three, five
minute TBS washes.

The ant~ibody was diluted to 1:50 in TBS and left to
incubate overnight at room temperature. Between the
pt'imary and secondary antibody stages, an addi tiotlaJ,
blocking stage was added. Ons, five~minute T:8S..Tween
20 wash was followed by two, five~m~.nut.eTBS washes ,

The anti~human antibody Was used at a 1:400 dilution
and incubated with the strips for two hoUtS at room



62

any unbound anti~human sera. After the washing step,
the discs were placed in enzyme substrate solution
':ontaining 4~chloronapthol (Appendix).

The presence of a purple dot on the nitrocellulose
represents a positive reaction.

TBS, pH 7.5, was used for all the antibody dilutions.

3.3.4 Gel elsotrophoresia and Western Blotting

The samples were run on a 12,5% SDS polyacrylamide gel,
with a 5% stack.inggel overlay (Appendix). The gels
were run at a constant current of 28 mAntps.

For the Western blot procedure, the sample was loaded
into one large well of 8cm. After the gel had
completed its run, it was cut to size and hotted using
the method devised by Towbin et al. (1979).

The proteins were blotted onto nitrocellulose paper
(Hybond C, Amersham) at 400 rnA for 75 minutes. The
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schistosoma infections were confirmed by the presence

of eggs in the patient's urine or faeces. The negative

controls were from healthy individuals with no history

of prior contact with schistosomiasis.

3.3.3 Nitrocellulose dot blots

1J..tlof antigen samp'le was dotted onto 0,5 cm2

nitrocellulose discs and allowed to air dry for ten

minutes. Following this, the discs were blocked in a

O,5%' blocking solution (Appendix) for: half an hour.

After three, five-minute washes with TBS, the discs

were incubated overnight at room temperature in a 1:50

primary antibody solution (human sera) .

The three, five-minute TBS washes were repeated prior

to the addition of the secondary antibody (sheep anti-

human 1:g, peroxidase linked; Amersham) at a dilution of

1:300. The discs were incubated for a period of 2

hours at room temperature.

The 'rBS washes were repeated once again to rinse off
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then spun down in an Eppendorf oentrifuge fo:c 5

minutes.

The resulting supernatant wa.s then aliquoted into

smaller volumes and stored at -20°C.

S.mansoni soluble egg antigen prepa.ration:

Prior to the antigen pz'epaxar.Lon, the eggs were washed

three ti.mes in phosphate buffered saline (PBS). A

small quantity of eggs was diluted in PBS and

homogenised on ice. The homogenate was then

centrifuged at 4°C for 60 minutes at 30 000 rpm. After

centrifugation, the supernatant was stored at -20°C

until required.

3.3.2 Human sera

Human sera were kindly donated by Dr C.H.J. Schutte.

Thirty S.haematobium and twenty-six S.mansoni serum

samples were used, along with five negative controls.
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antigenic components, ..:hi::l.tis, they are cross-rertctive
(Mansour et al., 1983).

In terms of the criteria stated in the rntrod.uct:!.on,
F.gigant:i.ca. appeared to be the ideal candidate for
investigation. rhe three criteria are discussed below.

The first criterion deals with maximum protein harvest.
The adult worms of F.g.:i.gantica are large, leaf-shaped
flukes that can be easily seen with the naked eye.
They measure 75mm by 12mm. The large biomass is also
associated with a high prote.in content:, measured in
this Case by the Eradford method.

'I'h!?second of the criteria involves t.heCheap
production of or easy access to t.hetest antigen. The
adult worms used in this study were obtained from an
infect.ed ox liver supplied by the City Deep Abattoir,
Johannesbu;L'g. Approximately 80 worms Were harvested
from a single infected liver, without any dissection
procedur~ bring necessary.
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3.5 DISCUSSION AND CONCLUSION

The cross-react.ivity between Fa.sciola and S.mansonr was

first documented in 1968 (Reddington at al., 1984), and

has since been well describAd (Hillyer at al., 1976a,

1978; Pelley and Hillyer, 1978; Khalil et al., 1990).

Because of the exd s: once of this commonantigenici cy,

it was decided to investigate the nature of the cross-

reactivity between adult Fasciola antigel'lS and

SCbistosoma-infected patients' sera, and the possible

consequences for the diagnosis of schistosome

infections.

Because of its g:t:eat economic importance, F.bepat:;i.aa

has been the sub:lect of intense investigation. This is

usually the Fasdola spec::"es described in textbooks.

By comparison, rE~lat.iveJ.y little is known about

F.gigantica, although more :i,nformatic\1. is now becomil'lg

available. The life oyole, mo:r:phologyaha

pat~)ogenicity of the two speoies are s::.lIlilat', but they

have different:: snail hosts (Schmidt and Roberts, 1985).

Serological studies have 8ho""11a simiJ,arity in their
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The eluted antigen pr~file consisted of three antigen
groups: elution 2 containE:'::dthe 60~75 kD antigen group
identIfied in the Western blots, while elutil')ns1 and 3
concadned :r.egionsabove and below the 60-75 kD cluster,
respectively. From the RIA, it can be seen that there
is a significant difference between the amount of
primary antibody binding to elution 2 when compared to
the bi.nding of the sera to either elution 1 (p[cunt:.rol
vs S •.marwon.i..posit.ive sera] t::l2, 23; P [c:ontrol va

S.haC:lll1atob.iull1-positivesera] =2,35) or elution 3
(p [control vs s oneneon: ..positive serct] =2,56; P [col"J.trol
va S.haematob.ium ..positive sera]=2,37). 'rhis was the
case for both the S .1lael11atob.iumand S .mam;cm,.i patient
g.'l:OUpS(Fig. :r'e 16) .

comparison of the average cpm values obtained with the
various antigEll'l,preparations shows that SEA (Figure 17)
and elution 2 (I,'igure16) are not significJantly
different (0,05 significance level) for S.roansonl human
sera (pili:!', 89). However, for S.haematob.ium human sera,
there is a signifioant dif:F.erel'l.Oe(1'=2,48), due to the
low reactivity of the Sera with the S.mansoni SElA
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3.4.5 Speoificity of test ant:ig~\ns

The reactivity of the normal ocnr rcls t S .msneon: and
S.llaematobium pat.Lenrs' aeza wel~e each. cOmpc\rEHlat.a
1:50 dilution using three test antigens: crude
F. gig"U1tica Hdult.'ant.igen,Elluted F. giganti.ca ant~,gl;m
and S.mansoni. soluble egg antigen (SEA).

The results are summarized in Figures 15 co l'/. With
the crude F.gigantica preparation, there wex:e no
significant differences (0,05 significance level)
between the two schistosome infected patient groups and
the control group (p[control vs S.mansoni·positive
sera] =1,69; p[oonl:.rolvs S.llaematobium-poait;i..'V'e
seral~1,23). HoWever, this was not the case with
either the SEA (p[control va S.J1lansoni-positive
seraJ:::4,32;p(cont:r.olvs S.bael1latobium-positive
sera]~3116) or the F.gigantica eluted antigens, where
there was a significant difference between control and
experimental groups. In all of the test groups, there
Was no signifi 'ant dif;Eerence between the S.haematob.ium

or S.mansolli serum groups.
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Six seru.m samples we:te selected at :tandom to det.ermine
the l::lptimalserum dilution to run the RIA using the
adul t: F. gigan. t.i ae crude protein extract. 'l'heserum
aamp'l.aa were compared at 1:10 I 1:50 I 1:100, 1:200 I

1:·i0c} and ).:sao dilutions. The means of each gr{)up are
summarised in Figure 14.

As there was no Significant difference between the
various antibody dilutions, it was decided to run the
RIA at a 1:50 dilution since this was the dilution used
in the Western blot assays.

• •

~r-------~------------------~

•
220 10

Figure 14: TItration curve of human serum to determine the optimal serum dllullon to be

used In the RIA.
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Figure '12: Simple frequency differences of S.tnansonf sera as they reacted wrth

F.glgantioa crude protein e!:tract.
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Figure 13: Frequency difference lmrnunoplote of S.mansol1/ and S.haematob/U//l patients'

sera as they reacted with crude F.glgant/ca protein extracts,
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The plots of simple frequencies and frequency

differences are useful for the identification of

potential diagnostic antigens and cross-reactive

antigens in a given system. However, the graphs do not

give any information regarding the intensity of the

colour reaction for a particular band.

The band intensities for all the blots ranged from very

clear and dark to extremely faint (Figure 10) .

However, overall the S.mansoni patients' sera appeared

to have consistently weaker reactions and thus fainter

bands than the S.haematobium pa~ients' sera.

1 11
0.9· 15kIJ

II
148kD

0.1 • 6Q..75kD
o ~.~ ••~O'4C-~QA~~O~r-~O,~7~o~,a~o~~~~'

f(Sh)I
I.

Figure 11: Simple frequency differences of $,haematoblum patients' sera as they reacted

with F,gfgantloa crude protein extract.
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a b 74

,

~")~
Figure 10: lrnmunoblot analysis of adult F.gigantfoa worm proteins assayed with sera from

patients Infected with a: S.haematoblum and b: s.meneon;

Numerous bands were found to be common to both the
S.mansolli and S.be,ematobium serum groups: Mw 3.48 ltD,

100 kD, 60~75 JeD cluster, 50 kD, 42 ltD to 33 l~D range
and a low molecular weight 15 ltD band. Of thes,-,;"'andsI
the two high molecular weight bands (118 JeD and 60~75

JeD) have the highest frequency of occurrence (Figures
11 and 12) .

None of the bands that are unique to the different
serum gr:oups are of sufficiently high frequency to be
of any use diagnostically (Figure 13) .
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serum groups (Table 2, Figure 10). The frequency of

occurrence was calculated by dividing the number of

positive serum samples for that band by the total

number of serum samples.

Table 2: Listing, by molecular weight ranking, of all the different antigen

bands in a crude extract of adult F.gigantica worm that are recognised by

S.mansoni, S.haematobium and normal patients' sera.

- I S.haematobiumBand Mw S.mansoni sera Normal sera

(kD) sera (n=30) (n=26) (n=5)
.---'

148 1 1 1

100 2 2

85 3

60-75 4 3

55 5

~,
6 4

45 5

42 7 6

38 8 7

33 9 18

28
I ~o'--15 10 2
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1 2 3
Sh .. •
Sm •

Figure 9: Dot blot assay of F.gfgantfca crude extracts utilizing S.haematobium (Sh) and

S.mansonf (Sm) Infected human sera. Three groups of antigen preparation'>were tested:

1: F,gigantica In TBS, 2: F.gigantfca In double lysis buffer containing no B-mercaptoethanol

and 3: F.gigantlca in double lysis buffer with ~-mercaptoethanol,

3.4.3 Analysis of Western Blots and immunoplotting

'rhe crude extract of F. gi.ga:atica adult worms was

separated on a 12,5% SDS polyacrylamide gel, blotted

onto nit::r.ocellulosepaper (400 mA for 75 minutes) and

incubated overnight with patients' sera (1:50). The

anti~hUlnan antibody was used at: a dilution of 1:400.

Three groups of patients' sera were ad: S.mansoni (26

samples) I S.haematobium (30 samples) and normal, non-

infectE:~dpat Lencs sez'a (5 samples) .

The molecular weight (Mw) bands reactive with the

patients' ::leraranged from 148 JeD to 15 JeD in all the
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achd suoaornes , namely two human speci.~f:l(S .msneon.i and
S.haemt obiwn) and a species that .LX. rr s rumi.nancs,
S.leipsri, were be studied.

The aim of the research was to determine the extent of
antig~nic cross-reactivity between these three speci~s
of schistosomes using the Western blot and
radioimmunoassay (RIA) tet..:hniques.It was found that
with respect to the antigenic reactivity, the three
species of African schistosomes are closely related,
and that a common antigen of approximately $8 l<:D W'Cl.S

consistently recognised by both the S.haematob1.wn and
S .mansoni infected patient serum groups in all th:r:~e
antigen preparations.

S~.nce ther,. are problems with the madricenanoe of
schistosomes irl. the laboratory and with the product.ion
of antigens (SEA and adult worm antigens) for
serological assays, the use Of altern~tive cross-
reacting (non-schistosome) antigens for serodiagno'.ds
was also investigated. This is reported in the seconc
part of tne study.



94

CRAP'I'ER FOUR

SUNM..~Y AND CONCI,USION

Schistosomiasis is a debilitating disease which infects
millions of.people worldwide. Current diag.~ustic
methodo for schistosomiasis include serological and
parasitological assays. Because of the extensive
serolo9~cal cross-reactivity both between the various
schistosome species and between schistosome species and
other orgal'lisms,it is not feasible to utilise the
serological assays currently in use as confirmatory
tests or in large-scale epidemiological studies. '1'he
monicoring of egg e:x:cJ:'etion~.s still the best marl<::erof
active ini~otion.

The levels of crosSHreact;ivity bacwaen the three major
human schistos'ome species, and thus their antigenic
J:'elationships, have been well documented. In cont.rasc,
the al'l.t:igenicrelatiol'lshipsbetween human nnd non-human
schistoaomes are not thaI;:well defined.

In this investigation, three specJ.es of Afdcan
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Thus in this assay system, specificity was
increased by purifying the crude extract.

• The 60-75 kD lJ'.g.igarltica ccmp lex shows
immul'lodiagnosticpotential when compared to
existing aaaays , such as that employed in this
study, uamely RIA using S.mansoni SEA as the test
antigen. Howev'er, future research involving
larger population groups and more sophisticated
purification techniques should be undeztaken to
determine the exact Sta.t.UI3of the potential
diagnostic agent.
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appears to be the ideal candidace. Future research
should focus on the further purification, location and
ident:i.ficatiul1of the complex. At this stage, it is
not possible to distinguish between S ..haematobiwn and
S.mansoni infections utilizing the 60~75 kD complex.
Perhaps by carrying out furth~r purification steps and
two dimensional gel analysis, it may become possible to
separate the two diseases on the basis of their
immunoreactivity.

From the above results, thereforfJ, the followil1.g
conclusions may be drawn I

• The presence of cross-reactivity between
F.g:1.gal'l.ticaadult worm crude extracts and
sch:l.stosome-infected persons WaS establis{,ed. The
Cl~ossMreactive re8'.1.onswere limited mainly to high
molecular weight. proteins, with the 60-75 kD
cClmplex being targeted as potentially useful for
the immunodiagnosis of schistosomiasis.
The partially purified t1.1.e60M7!:lkD complex had a
slightly hi9'her spt:lcificitythan the crude
F.g.:i.gc'mt;:i.ca pre)?a'l:'al:.ionwhen utilized in RIA.
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rulother factor that influenced the choice of

F I gigc;{ntica as a potential test ant:Lgen was the very

low frt:aquency Clf Fasciola infectiol1S1 in human

populations in South Africa. Man j.s merely an

a~lcidental host. in the life cycle elf the parasite, The

uaua), route of human J.nfect:i.on is through the inge.. Lon

et wacercrass c:ontaminated with metac:erca:dal cysts,

H'u'mancases Of fascioliasis caused by F.l1epatica are

rare in most countries, but isolated cases have been

reported in But'ope, t.he Caribb!aan and North Africa

(l?ulpeiro et al., 1991; Verr:lpon at al" 1991; Eacq et

al., 3.991). !'he incidence and prevalence of

F.g:1.gantica infection are unknown, as no cases have yet:.

to be report~ed in the literature. 1'1').e:l:'e£ore,it is

unlil<:e.ly that the cross-reaot,j.vity between the sera

from the schistosome-infeoted patients and the

F.g:1.gant.iaa adult worm antigems is the result of

undiagnosed F. g:i.,1]ant:ica infect~ions.

The initial res\,1.l.t's a:l:'eprom:Luing with respect to the

presence of pOL:ential j,mmunodiag110st~c proteins in the

czude F.g:l.gant::J.aa preparation, The GO-'7S kD complex
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the SEA; the difference between the average cpms of the
two groups was not significant. Similarly, the 60~75
kD complex could also be used to distinguish between
the uninfected and infected serum groups. On this
basis, the initial findings show promise regarding the
use of this alternat~ve antigen for diagnosing
schistosome infections.

The technique used to elute the alterl'lativeantig'en was
a crude method, and future studies should address this
point. Large quantities of the antigen preparation
were required to produce a relatively small amount of
the eluted antigen, and so the process is not that
oost~effective.

In addition, the sarrplr,:lsize in this study was
relatively small, a.nddid not take into socount the age
of the patients or the infeotioll intensities. Futur~
rasearch shcu'd, t:t :tefore, concentrate on :r.efiningth.:l
testing pl."ocec..,IJ:'l.and extending the study to larger
~opulation groups.
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sensitivity when used in various assays (Mott and
Dixon, 1982; Doenhoff et al., 1993; El-Tahawy et al.,

1993). Similarly, RIA has been found to be a sensitive
technique for diagnostic assays (Long et al., 1981;

Hillyer and Capron, 1976).

It can be seen from. the RIA results that there was good
discrimination between the control sera and sera from
pezaona with schistosomiasis (both S. haematobium and
S.mallso11:i.).However, between the two achd.acoaome sera
groups, even though the S.haematobium group had a lower
average cpm value thoH the S.ma.nsol1i group, there was
no significant difference overall as regards their cpm
val.ues. This shows that the crude egg alltigen
preparation is not specific with respect to the
infeCting schistosome species, but can differentiate
between sera from infected and uninfected persons.

The RIA values for the SEA were t:)lencompared to those
of t.he crude and fractionated F.g:igallt.ica antigen
preparations. The elution 2 profiJ.e containing the 60-
~/5 kP complex produced 't'EJsultscomparable to those of
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with S.mansoni patients sera. F.hepatica ES antigens
have been shown to cross-react with S.mansoni egg
antigens (Hillyer and Soler de Galanes, 1991).

Studies using sera from animals vaccinated with
schistosome worm or egg subfractions have revealed an
interest:ing association. ].i'.hepatica tegumental worm
preparat.Lons cross-react with S .manson:i. egg antigens,
while F.h~patica parenchymal preparations cross-react
with adult S.mansoni worms (Hanna and Hillyer, 1984).
Similarly, monoclonal antibodie~ raised against surface
glycoproteins of S.manson:i. adult worms cross"reacted
with parenchymal tissue (Aronste:Ln at al., 1985a) and
the gut and vitelline glands (Aronstein at al., 1985b)
of mature F .he.pat:i.ca flukes.

The second part <~lfthe study involved comparing the
proposed test ant:l.genwith existing schistosome
serological assays. For this purpose, we employed SEA
der:!.ved from S. mans'oni (;:ggsin a radioimmunoasGay.
Previous studies have shown that 9c111,;:1I.090meegg
antigen de:dvatives have a high specific:l.tyand
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In similar studies, Hillyer and 8antiago de Weil (1981)

found that the cross~reactivity between F.hepatica and
anti-S.mansoni adult worm (SmWWE) and anti-S.manson'

egg (BmEE) serum was limited to pI and pII of Sephacryl
8200 purified worm extracts. These two peaks
correspond to the high molecular weight proteins of the
urude exrract. Low molecul~ weight Fasciola proteins
appear to be specific and immunogenic to experimental
and fascioliasis patients' sera (Hillyer and santiago
de Weil, 19S1i Santiago de Weil et al., 1984; Santiago
and Hillyer, 1986).

Comparison af the elution profiles of F.gigantica and
F'.hepatica revea,'.a similar pattern. Furthermore,
serologic!al studies using pa:l:'t:i,all.ypUrl-tied
F.gigantica antigens suggests that F.g.:i.gantica contains
antigens common to both F.'.hepat:i.caand F.gigal'ltica.

The LocatLon of the 60-75 kD protein complex is also of
interest. Hillyer and Soler de Qalanes (1988)
identifieC1 a 63 kD protein in a F.ilepat:i.ca

excretory/secr~tory (ES) preparation that crosS-re.cts
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with normal human control sera or Fe\sciola sera, but
did react with Schistosoma patients' sera. This pI
extract contains proteins in the 70 kD range.
Partially purified F.g:1.gantica antigens of pII and pIII
are specific to Fasciola sera, exhibiting no cross-
reactivity with protozoal or other helminth infections
by CIEP.

W:i t'h the ELISA technique, however, cross-re~.ctivity was
noted. After further fractionating pII and pIII, the
cross-r.eactivity was eliminated. 'rhose extracts that
were specific to Fasdola sera lacked proteins in the
37, L~4, 60 and 66 l~D range (Youssef and Manaoue , 1991).

In the present study, reactions of the Schistosoma

patients I sera with the 60 75 l~D protein complex ~/ould
be analogous to the cross-reactivity with the high
molecular proteins Ot pI in the above stUdies.
Similarly, there was limited cross-reactivity with the
low molecular weight F.gigantica proteins, confiL-ming
the low specificity of these proteins with heterologous
sera.
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extracts of F.gigantica showed that the 60~75 kD

complex was recognised by S.mansoni and S.haematobium

sera, but had limited specificity with control sera.

These results correlate with the Western blots, where

the control sera L.iled to produce bands in the 60-75

kD range.

Previou::::studies havE) shown that specificity and

sensitivity of assays increase with increasing

purification of crude extracts (Hillyer and Capron,

1976b) This was also found to be the case in the

pres'Gnt study, where no significant difference was

found between the infected patients' sera and the

control sera binding to crude F.gigantioa antigen in

RIA assays. Following partial purification of the

crude antigen, the cross-reactivity with the control

sera was eliminated (Figure 16) .

In a study by Mansour et ai.. (1983), F.gi~rantica adult

W01"tU antigens cxoas -xeact.ed wi'....Lsera from with

achd.atioaomd.aad.sand amoebiasis patients. After par'cial

purification, eluted antigens from pI aid not react
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The final criterion relates to the levels of cross-

reactivity between the test antigen and the schistosome

patients' Sera and control sera. The cross-reactivity

between the F.gigantic~ antigen preparation and the

normal control sera was limited to a low mOlE::r:!1:1ar

weight I 15 l<D protein and a high molecular weight, 148

kD protein. However, both S.mansoni and S.haematobiwn

patier-ts' sera identified a range of bands tha~ are

Cross-reactive. Of the bands id8ntified, only the 60-

75 kD prot(=in complex was fr)Und to be consd atencLy

recognised by both the S.haematobium and S.mansoni

patients' sera groups. None of the bands were found to

be oone i.at.ent.Lyunique to either one of the serum

groups.

On the basis of Western blot reactivity, therefore, it

was possible to distinguish between normal human sera

and infected patients sera} but it was not possible to

distinguish between the S.mansoni or S.haematobium

patient groups.

The RIA studies utilizing the Crude and purified
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Substrate Reaction
2.5ml of 0.3% 4-chloronapthol solution mixed with
22.Sml of TBS
2-3 drops of Hydrogen peroxide
The solution must be made up fresh.

Tria Buffered Saline (TBS) 5x
14Ei,lg of NaCl
12,lg of Tris made up in 11 of distilled water.
The pH is adjusted to 7.5 with Hel.
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25/.1.1 TEMED

12.5% Separating Gel:
1.86g Acrylamide
3.75ml separating buffer
0.6ml Bis solution (25mg/ml)
O.6ml SPS solution (sOmg/ml)
MaJ<:eup to 15ml with distilled water, then add
O.3ml 1.5% Ammonium persulphate
32,ul TEMED

8% Separat:l.ng Gel:
1.2g Acrylamide
3.7sml Separating buffer
O.Gml Bis solution (25mg/ml)
O.Gml SDS solution (somg/ml)
Mal<:e up to 15ml with distilled water, then add
0,3 ml 1.5% Ammonium persulphate
J ;?\.,d. 'l'EMED

Separating Buffer pH 8.8
9,08g of Tris made up in
SOml distilled water.
The pH is adjusted to B.8 with HC1.

Stac~ing Buffer pH 6.8
3/01g of Tris made up in
50ml distilled water.
The pH is adjusted to 6.8 with HC1.
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water.

Running Buffer
2.42g Tris
0.8g Sodium Dodecyl Sulphate
11.56g Glycine
Make up with 80Oml di.stilled water.

0.8% Saline
8g Sodium chloride made up in
11 distilled water

Sealing agar
0.8g of agar dissolved in
40ml water

SDS Solution (50mg/ml)
0.5g of Sodium dodecyl sulphate in
10ml distilled water

Sodium Dodecyl Sulphate Polyacrylamide (SDS)
Eleob:rophoresil:J
5%' Stacking gel:
0.5g Acrylamide
2.Sml Stacking buffer
0.48m3. l3is soJ.ution (2smg/ml)
0.4ml SDS solution (50ms/ml)
Nake up to 10ml with distilled water, then add
0.2Sml 1.S%' Ammonium persulphat.e
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The solution may be stored at 4°C for up to 6 months.

Destain
10% acetic acid and
10% alcohol made up to 11 with distilled water.

Elution Buffer
The excised gel pieces were incubated overni9ht at 37°C
in a lx solution of Tris buffered saline.

Fast Green Stain
0/1% Past green
45% methanol
lO%'acetic acid
Mal~eup to 100 ml with distilled water.

Lys.i.sBuffer (zx)
~I028g 010G25M Tris-Eel (pEG.S)
8g SDS
20% glycerol
10% B~meraaptoethanol
Make up to a fj,nalvolume of aoomi with distilled
water.

l?AGEBlue Sba.:i.n
l,3g PAGE blue made up in
250ml methanol and
50ml acetic acid
The final vol.umeof SOOml is made up with disl~illed
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0.5mg/ml Bovine Serum Albumin (BSA)
5mg BSA dissolved in
10ml distilled water
The solution must be kept at 4°C.

Bradford Protein Assay
In duplioate, add 5Ml, 10Ml, 15Ml and 20Ml of O,5mg/ml
Bovine serum albumin (ESA) into Eppendor:E tubes.
Mal<:eup the volume in the tubes to lOOj.tlusing
distilled watel;'.
Add lml of Coomasie brilliant blue solution and vortex.
Leave for 2 minutes.
Read absorbence using a spectrophotometer set at
visible spectrum Am.
Construct a graph of Absorbence (As9s) versus pxot ei.n
conoent z'atidon, Use this graph to read off protein
concentration t'or the unknown samples.

0.3% 4~Chluronapthol
0.15g 4-chloronapthol dissolved in
SOml Methanol
The solut~ion is kept at 4°C.

Coc.ntasie l3rilliant Blue
O.lg Coomas!e brilliant blue G-250 dissolved in
SOml 95% ethanol and
100ml phosphoric acid

Add distilled water to a final volume of 200ml.
The dye solution muat be filtered before use.
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ApPENDIX

Acetol1,ePredipitation
One vo'l.umeof sample was mixed slowly with nine volumes
of ice cold acetone.
The solution was left at -20°C for one hour.
The tubes Wisre then spun at. 2000 rpm for 10 minutes to
form a protein pellet.
The pE!llet was resuspended in 1ml TBS and then
precipitated, and spun down again.
The pellet was dried off to remove traces of acetone
and then resuspended in an appropriate volume of lysis
buffer Or TBS.

Sis Solution (25mg/ml)
0.259 of Bis in
10ml distilled water

Blodking Solution (0.5%)
0.5g Fat Free Mil1~ Powder made up in 100ml TBS.
The solution must be kept etc 4°C, and if possible made
up fresh as required,

Blot Buffer
SOOml Methanol
37.5g G1Ydine
7.Sg 1'ris
Make up to 2.51 w:ith distilled water.
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p~eparation when utilized in RIA. Thus in this assay

system, specificity was increased by purifying the

crude extract. The 60"75 kD F.gigantica complex also

shows immunodiagnostic potential when compared to

existing assays, such as that employed in this study,

namely RIA using S.mansoni SEA ~s the test antigen.

The method used fo~ pa~tially purifying the Fasciola

antigens was an extremely crude method. Future research

should concentrate en refining the pu~ification

technique to ensure more accurate results. In addition,

for both pa~ts to this study, the sample populations

were very small. There was also limited information

available regarding infection intensities, age analyses

and gender. Future research projects should also take

these factors into consideration.
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Using techniques such as radioimmunoassay and Western

blotting, the potential inununodiagnostic agent was

compared with existing antigens (SEA) to determine the

feasibility of replacing currently uS8d antigens with

others which are more readily available.

Fasciola gigantica was identified as a potential

immunodiagnostic agent for several reasons it has a

relatively large biomass and it is readi"y available.

In addition, the number of human fascioliasis

infections is considered to be very low illSouth

Africa.

'thepresence of cross-reactivity between F.giga12tica

adult worm crude ext ract s and schj.stosome-infected

persons was established. The cross-reactive regions

wer; limited mainly to high molel""11larweight proteins I

with the 60-75 leD complex being targeted as potentially

useful for the immunodiagnosis of schistosomiasis.

The partially purified 60-75 kD complex had a slightly

higher specificity than the crude F.g.igantica
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