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ABSTRACT

The study was performed and is zeported here in two parts.
The Elret paut examinad the cross-reactivity between three
speclesy of African wchistosomes, Schistosoma mansoni,

8. haematobium, and §. ledperi. Using sera from patlients
infegted wibh 8. haematoblem ox §.mansond and control sera, it
wag found that the three gpecies of schistosomes axe
antigenidally closely related. In addition, a common antigen
of approeximately 68 kD was consistently recognised by both

the sexoposltive groups in all three anktigen preparations.

The.secand_naft desoribes the use of alternative, non-
gohistosome antigens for the sewologicdl diagnosis of
bilharzia. The prosence of crose-reactivity hetween
P.gigantica adult worm orude gxtracts and schigbogome-
infooted persons was established., The d¢rogs-reddtive régidns
were limited mainly to high molecular weight proteins, and in
particular, & 60-75 kD complex. The partlally purifiled 60-75
kD complex had a slightly higher specificity than the crude
P,gigantica preparation when utilized in RIA, and thua showed

immunodiagnostle potentlal fox schiptosomiasils.
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of the intestine, particularly the rectoslgmeoldal
ragion and the appendix, and liver granulomas (but not
pipe-sten fibrosis). However thege granulomas are
rarely of any silgnificance, The major lesions form in
the urinary gystem. Lesiong of the bladder may be
claggified into thres groups:

J early egg patches;

. gandy patchéa; and |

’ fibrous patches.

All three lesion typns cause the bladder ox ureter to
become less pliable, The leslons in the first and
sacond citegorias may sometlmes ba revarsed by

‘¢hetotherapy, but fibrous lesions are unresponsive.

The clinimal symptoms of urinary achiatosoﬁiasia
include cystitis, haematuria, proteinuwia, basturla and
paln on urination, The wore serlous signe of urinary
schistogoniasis are those indivative of kidney
involvement, Severs cages resv! in kidney failure.

An added eomplication off urinary schistosoniasip is the

gorralation batween hladder carcinom and §.haematolbltm
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formation and ulceration. with few gxceptions, the
intestinal lesions contribute very little to the

pathophysiology.

Many of the egge also become lodged in the hepatic
capillary bed of the liver., The disorder cummonly
appociated with hepatbsplenic schistosomiagis is.
symﬁars' pipe-shem fibrosia. The characteristic lesion
of pipe-stem fibrosis has wide bands of fibrosls avound
portal véins, with the parenchyna between f£ibrotlc
areas baing well presgerved, correlating with the nearly

normal liver funcktilon,

~ The clinical symptome of the diseage include abdominal
pain and dliarrhoea with blood, mucue and pus belug
pregent in the faeces. fplenomegaly may also oauur dus
to the lodyed eggs and chronle congestlon oFf the liver.
Some'egga may pass through the liver and becgome trapped
in sedgondacy gites puch as the lungs, nervaus gymstem

and obher organs,

Urinary schlgtosomiagls may also cause muuosal leslons
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axcretion levelsg. However, in intestinal
gohistogonlasis, the relationship between morbidity and
infection intensity remains unclear, since patilents
with low egg output way still exhiblt severe disease
manifegtatlions, such as peripcr;al pilpe-stem fibrosis
(Doehrinﬁ-schwardtfegar at al,, 1990), Thus, the worm
load ig not the onif factor yesponsible for the
development of digemsa. Another element that may
define the meverity of the disgease Lis whether the
pauieht has had prior exposurs to schistosomiagls

{Bvang et al., 1981),

Although the adult worms do stimulate an immune
‘regponse from the host, the focal leslons that may be
formed lack clinical slgnificance when compared to the

laslons caused by the egus,

In shronle intestinal schistosomiasis; the egys becons
lodged in the venulesz and submucosa of the intestine.
The eggse eliclit an inflammatory response with
leucocytic and then fibroblastic infiltration., These

develop into pmeudotubaercles, leading to abacess



suége III

© At thip stage, thers are leplons cauged by the
deposition of eggs in the tissues and subsequent
granuloma formatlon and f£ibropis, The final stage oOf
the disease may be classed into twoe groups:

, subclinical chronlc schistosomlasis; and

) morbid chronia schiskosomiasis,

Most infected patients only have minox, non-spacific
gymptoms or nona at all, and may continue in apparent
guad health indefinitely, despite the continual
accunularion of ova in the tigsues. Eventually,
geveral yeare into the infectilon, predispomed
individuals begin te show charactariatig aymptams'

specific for their infecting schistowome species,

In_ganeral, morbidity and moxtality way be correlated
with the intensity of infectilon, which may be crudely
 reflected by the number of eggs excretad, In

2. haematobium studles, thers has been shown to be a
closa gorreppondence bebween pathologioal features of

the upper and lowar urxlinavy tract and the urinsyry egg



known asg swamp itch or Kabure Syndrome, It is

characterised by a papular rasgh and pruritus,

Such a dipease may aleo result £rom massive penetration
by human schistosome species, or from ripeated exposgure

ke, for example, bird or rodent schistoscie cercariae,

Stage IT

hAcute or toxasmic schigtosomiasis is asseclated with
the migration of the sehletosomulae to the lungs and
Livar and the onse: of ovipomition., Thisg is a self-
tarminating phase which bagina one ox two monthe aftexr

the Eirst exposure to cercariae.

Tha Bymptoms of toxaemic schistosomiasis are the same
for infedtioneg caused by all the pohlstogome species:
intermittent fever, abdominal pain, bronchitis,
enlargement of the liver and spleen and diarrhoea,
Mogst children only develop minor pymptoms, or none at

all.



1.2 DISEASE SPECTRUM

Since the #dult worms engage in permanent copula and
lay eggs for many years, aschistosomiasia is a digeasge
of long chronicity which ranges from £lrst water
coritact during childhood to well into adult life,
albelt with decreasing prevalence aftex the second
decada. In one study'(Hornsteiﬁ gt al., 1990), it was
found that the lifespan of 9.mansoni worng in an

igolatad population can exceed 3B years,

. The gymptoms of the diséaae dlffer aocording to tha
gpeciler of fluke involved because of the preferred
venous sites. In general, however, the progression of
the digeame in all thrse specles may be divided into

three basle phages:

Stage I

Swimmer's itch or cexcarial dermatitis results from
ceﬁcarial penetratlon of the exposed skin., Cercarias,
particularly those that die in the skin, may be

responsible for the development of this conditilon, alae



’ §.japonicum 18 more concentrated in the veins of

tha small intestine,

The adult worms reside in pairs, the female worm lying
in the gynaecophoric groove of the mala. The egge are
passed dally in the venules., The number of egys
excrated dally (evaluated as the number of eggs per
worm palir) differs greatly between specles (Loker,
1983). The period hetwasen sucgcessfu) cercarlal
penetratlon and the firek appearands of egge in the
urine or.staols of the definltive host may vary betwean

30 to 40 days, depending on the species.

Developing in the eggs ié the larval form of the
parasite, the miracidium, whicn releases lytic enzymes
that rupkure tha vemnule wall, 1iberating'the aygs into'.'
berivaﬂcﬁlar kissues of the intestine or urlnaty
bladder, If the egga do not become trapped in the
tlsaue, they effedt passags into tha luman of thage
organs and are evacuated in the faeces or urine, On
wvontack with fresh wabter, the eggé hatoh aﬁd the

miracidia are released,



Some of the schistosomulae reach the hepatic portal
system and are trapped in the liver, The remainder
traverse the gystemic capwullary beds to the venous
gystem and travel back to the lungs. They make several
cireuits of the vasculature before elther being trapped
in the 1iver.or lodging in an envifonment that is.

unfavourable for development.

Actlive growth cccurs in the portal vesdelr of the
liver. The trapped flukés gruw rapidly while feefiung
on the nutrient rich hepatie portal blood. Paixdng of
the wormg ocours in the 1i§er. Approxinately thres
woeks after exposurs, the adolascent worms mlgrate
against the poxtal blood £low into the mesenteric,

veaical and pelvic venules,

The thres majbr human gchistoscme apeciey have distinot

praferences:

s §.haematobium iz Sound principally in the veins of
the urinary system;

’ &.mangoni prefers the portal velns draining the

large inbestlne; and



The Eree-gwimming cercarime are infedtive to the

vertahrate host.

The cercariae have only a brilef period in which to
locate and penetrate the defindtive host. The usual
pqrtal of entry is the skin. The cercarlae penetrate
the skin and burrow down to the peripheral capilllary
bed, The cergarias, now refexrred to as the
gchistosomulae, are transported via the-affarant blocd
veapels to the heart and lunge. The lung phase is a

veriod of adaptation to the intravascular environment.

The route of migration of the schistosomulae from the
lungs to the hepatic portal system hes been the subject
of contraversy for wany yeawrs, Jf the proposed
theories, the intravascular route of migration peems to
be the most plausible (Miller et al,, 1989; Wilaon and
Coulson, 1989; Wilgon et al,, 1990), 'The parasites
leave the lungs via the pulmonary vein and pass via the
left side of the heart to be distributed around the

bogdy'+



over a puccession of staged: egy, nmiracidium, Ffirst
stage gporocyst, msecond stage sporocyst, cercarid,
schigtosome’ m and adult worm, The basic life cycle
has an alternation of generations. Sexual resroduction
by adult worms takes plage in the definitive vertebrate

hogt, -~ .d asexual multiplication in the molluscan host,

The eggs are expelled from the vertebrate host by way
of the urine or faeces. The hatching of the aggs in
the outaide environment only occurs under certain
environmental conditions, thus optimizing the chances
of the parasite méeting with a auitéblé gnail host.

A relatively ghort lived, free swimming stage, the
miradidiun, hatches from the egg and ig infeotive to
the snail intermediate host,

The asexual reproductlve phase of the life cycle ceocurs
in the snail host, Tn the appropriate snall host, the
miracidium becomas a first gtage sporoayst; this gives
rige to second stage sporocysts which produce numerous
cercariae, The gercariae leave the snall following a

speclfic dally rhythm for each sgpecies of gschistopome,



estimated 200 million people infected, and a further
600 million people at risk of infection (WHO Report,
1985). Schigtogomliasis is also a disease of domestic
gtock and wild animals. It i# principally & disease of
‘rural areas, and i8 acquired from surface water during
contact for domestic, ocoupational and recreatignal
purposes. The development of man-made lakes and
irrigatiOn projects has increased the rigk of infection

for large populations,

There are currently 18 specles oﬁ Schistosoma
racognised, of which 5 speciles are conaidered t§ be
important parasites in man, §. haemétabium,
S.japonicum.and &.mangoni are the most important and
widespread, wiille the other two, namely S.mekongi and
5.1intercalatum, are more localized in distribution.
Further species such ag S.mattheel are known to

ocvagionally infect man (Fripp and Joubert, 1991).
1.1l BIQLOGY

The schigtosomes have gimilar life cycles and develop



CuapTER ONE

QENERAL INTRODUCTION

The aetiological agent of bilharzia wag first described
by Theodore Bilharz in 1851. The parasite was nanmed
Digtomum haematobium. Seven years later, two
researchers independently noted that only one of the.
suckers of the adult D.haematobium worm had an oral
cavity. Weinland changed the generic name t-~
Schigtosoma, and goon afterwards Cobbold ghanged the
name to Bilharzia, after ics discoverer {Rollinson and
Simpson; 19587), In terms of the International Code of
Zoological Nomenclature, the generic name Schistosoma
has been upheld. However, both aschistosgomiagip and
bilharzia {or billharziasis) are used to describe the
various diseases caused by the numerous species of the

genug in man and animalsg.

Schigtosomiasis iz one of the most widespread of all
parasitic diseusss in Africa, parts of the Middle and
Far Basgt, South Bmerica and the Caribbean.

Schigtogomiasis is endemic in 76 countries, with an
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Ten 9. haematoblum and ten S.mangoni sarum samples wexe
used, along with five negative controls. The S.mansoni
gera used in this study were obtained f£rom the Caprivi
Strip area. Schistosoma infections were confirmed by
the presence of eggs in the patlent's urine or faeces.
The negative.controla were from healthy individuéls

with no history of prior contact with schistosomiasis.
2.3,.3 Nitrocellulese dot blots

1ul of antigen sample was dotted onto nitrﬁcelluloaa
dlges 3mu in diameter and allowed to alr dry for ten
minutes, Following thisg, the.discs were blocked in a
0,E% blocking éolution {(Appendix) for half an houx,
After three, five-miunute washes with TBS, the disce
were incubated overalght at room temperature in a 1:50

primary antlbody solution (Huwan gera).

The three, five-minute TBE washes wexve repeated prior
to the addition of the secondary antibody (sheap anti-
buman Iy, peroxidase linked; Amersham) at a dilution of

1:300. The diges were inoubated for a perlod of 2
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2.3 MATHRIALS AND METHODS
2.3.1 Paragite antigens

- The parasites weve kindly donated ky Drs C.D, Dettman
and S.B. Higginsg-Opltz (both of the Scuth African

Medleal Reseaxcl Council),

The antigen extracts of the adult worus of &.mangond,
S, haematebium and S.leiperd were all praparad in the
sane manner, Brilefly, éaveralIWOrm palrs wére
homogenized in 100pl of Tris Buffered Saline (TBS;
Appendlx) and 50ul of double lysip buffer (Appendlx).
After wixing, the homogenate was bolled for five
minutes and then spun down in an Bppendorf centrifuge
for B~6 winutes, The parasite extract was made up

frephly, as requirved.
2.3.2 Human sexa

Human seéa_were kindly donated by Dr C.H.J. Schutbs

(South African Medigal Research Council).
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2.2 RATIONALE

The levels of cross-reactivity betwaen the -hree major
human schlstosome specles and thus thelr antigenic

relationshipa, have been well documented. In contrast,
the antigenic relatlonships between human 24 non-human

gohigtogsomes are not that well dafined,

In this invemtigation, thiree specles of African
gehisgbogomed, namely two human speciea (S.mangoni and
8. haematobium) and a ppacies that infectes ruminants,

S.leiperd, were to be studied,

The alm of the research wag to determine the extent of
antlgenlc ¢rosg-reactivity hetween these three specles
of sohigtosomes using the Western blot technique and

radioimmunoassay (RIA)
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polypeptides common to the schistosomulae of S.mansoni
and 8.haematobium. The adult werms of §.haematobium
and &,mansoni also showed marked differences in the
major polypeptides amsoclated with the adult tegumental
msmbraﬁe. However, since not all surfaca'polypePtidea
can be readily radiolabelled, the presence of cross-
veactive surface polypeptides canmnot be totally xuled

out.

The profile of antigens presented to the hogt's lmmune
gystem gives an indication of the antigenic complexity
of the sohistosume specles, as wail ag the relationship
baetwean the different schilstosome groups, It thus
appsars that despite numerous morphologlaal and
phyelological differences, the three major schistosowme
gpecles infecting man, naﬁely 5. haematobium, &.mansond
and &.japonioun, are antlgenisally ralated, The two
Aﬁricaﬁ gchistosome ppeclies are more closely welated
antlgenlcally to one ancther than to the Oriental

gchigtosome species.
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cell free translation products, they did not contain
detactzble amounts of antibody that redogulsed and
bound to the wmajor low molecular welght &.mansoni

polypeptlde surface antigana.

n contragt o this, the majof high molecular weight
Atlgens thet did not enter the resclviné gels ware
prac.pltated hy mogt of the &.haematobium sera. This
confirmg the findings of Nowden and Strxand (1984a,
1984k}, who found that the low molacular weight
antlgens sppear to be epacles-speclfic, while the high
maleonlay weight antlgens are cross-readtive. It would
thue seem that the polypeptide surface antigens are not

gexradn gpecifis, but are species-speciflc,

Rbbarts et gl. (1988) proposed a ratlonale fou tﬁe
specles~apecific recognition described by Simpson et
al, (1986}, whereby the lack of interspecific cropme-
reactivity 1s & major feature of the schilstosome
surface ln contrapt to the bulk of somakle anklgens,
On the basis of electrophoratic mobility, there appear

to be no spurface antlgens, and few 1f any surface
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§.japonicum sera, These repults are similar to those
of BarralFNetto et al. (1983) and confirme the
antigenic relationship between the two African

gallstosomas and the Oriental gcohistosome.

The crosa-reactivity observed is not limited to the
adult worm glycoproteln preparations, but also extends
- to the glycoprotein extracts of cercarise and eggs, On
the basis of immunoreactivity, it was impossible to
dlstinguish between S.mangoni and &.haematobium
infectlons even though the soluble egy extracts of the
two specles have differert 2-D electrophoretic
paﬁtarns} “Phue, although there are several genup and

- mpecies-specific egy antigens, the majority of-égg

antigens are croge-reactive (Norden and Strand, 1984b),

Bimpgon at al., (1986) establlshed the ldenbtlty of
polypéptide surface antigens of the schistopomilas
recognised by human sera taken from patients infected
with elther S.mangoni ox &.haematobium, Although the
&, haematoblum sera containéd ant. lbodirs that.bdund to

the 9.mansoni schigtosomulum suxfacs and preoipitatéd



of schistosome, and minor cross-reactivity with the
Oriental schistosome., Both &.mansoni and S.haematobium
patient sera immunoprecipitated the same major
§.mangoni adult glycoproteins. In contrast,
S.Japonicum human sera precipiltated less that half the

major S.mansoni glycoproteins.

The major glycoproteins were fusther separated by ﬁwo
dimengional (2-D) analysls to determine tha extent of
gpecieg-ppeciticity, The precipitatioﬁ pattern of
S.mansoni glycoproteins with either &, haematobium ox
g.mangond patient sera waa indiéﬁinguishable, while
8, Japondcun aefa precipliated only nlneteen out of

thilvby S.mangond glycoprotedns,

This paﬁtern of cross-raactivity 18 also evident when
8. hasmatobium glycoprotelns are predipltated with human
gara exposed to elther S.mansond, §.hasmatoblum or
&.japenicum, Sera of patlents inﬁeaﬁed with
g.haematobium oxr S.mansoni precipitated the same major
glycoproteins of §.haematobium, while lems than half of

the major glycoprotelns were precipltated by
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eyele ptages, 10 components shared by the adult worm
and egy and 10 components shared by the adult and

cercaria.

The presence of common antigens is not exclusive to
S.mangoni life cycle stages, but ia also evident ih
othex échiatosome.spécies. Viyanant et al, (1991)
identified common epitopes in the tegument of adult
worme and schistopomulae of 9.Japonicum (Chinege

gstrain}, using monoclonal antibodies.
2.1,2 Inter-apecles cross-reaativity

The ﬁaralogical.croaa-raactivity exlats not only
between_the different life cycle stages, but also
between the different schistosome speclep, Sera from
patients infected with heterologous schistosome species
are cross-~reactive iuwrespective of the schistosoms

developmental stage used in the diagnosgtic assay.

Norden and Skrand {1584a, 1984b) demonstrated axtensive

croge-reactivity between the two waln African species
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Although both the egg and adult worm antigens cross-
raact extensively with those of the schistosomulum
surfacs, there ip a minlmal level of cross-reaction
betwaen the adult tegument menbrane and the egg
antigens. These observations have been supported by
Dunne eﬁ al. {1988) in a study using sera from Kenyan
gc¢hool cﬂildran. It was ghown that epitopes shared by
schistosomulae and adult worme are different from thdse

‘epitopes shared by the schigtosowulae and eggs.

Aﬁalysia of silver-gtalned gele has demonstrated that
extracts of aschistogomulae and cercariae contained
.idantical polypaptidés. Despilte thls, there were
differences in the staining intensities of some
poiypaptidea in the extracts. OFf the ninety-four
poiypeptidea idantifiéd in the schistosomulum extract,
sixtyQone (approximately 60%) were present in the adult

tegument wembrane (Mlllex et al,, 19838},

Uslng the he¢hnique of crossad immuncelectropheresis,
Akhiani et al, (1991) showed that there are at least 7

components ahared by the egy, cercarla and aduit life
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extensive cross-reactlvity ocours not only betweern

different gchistosome species, but also »etween the
different schistosome life cycle stages and hetween
gchistopomes and paragite species not related to

pchlgtosomes,
Z2.1.,1 Intra-gpecies crdss«reactivity

Omer-Ali et al. (1989) demonstrated that antibodies
from Egyptian patients infected both acutely and
chronically with §.mansoni bind Eo the three-hour-old
ﬁchistoaomulum surface and immuncprecipitate surface
antigens, Individual serum samples from both chxonic
and acute.patiants sonsistently immunoprecipitate
antigens of M, >200, 38, and 32 kilodaltons (kD). The
38 and 32 kD anﬁigena on the three-hour schisbosgomilum
surface expreéss ppecles-speclific polypeptide epltopes
that cross-react with the adult woim, but not the egg.
In contrast, the epitopes of the M, »200 kD antigen
redognised by the mera of infected patients were found.
to ba carbohiydrate nolaeties, which are arogs-reactive

wlth the schistosome egy (Simpson, 1980},
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CHarTER TwWO
A Srupy opF THERE CROSS-REAQTIVITY BETWEEN THREE SPECIES

OF AFRICAN SCHISTOSOMES

. 2.1 HISTORICAL FPERSPECTIVE

In the couree of a normal infection, the host's iwmune
gystem muat respond to a complex profile of schistosome
antigens. Various expérimental approaches have been -
adopted by investigators to identify the antigenic
polypeptides present during an infection. These
techniques include the isolotion and purlfication of
tkgument membranes (Roberxts et al., 1988},
characterization of the labelled surface antigens
recognlsed by human sera (Kelly eﬁ al., 1985, 1987;
Simpson et al., 1985), the extraction and puri son
of soluble achistodome proteins {(Abbus eﬁ al., 1h89;
 Harn et al., 1989) and the cell free traﬁslation of

schlstosome mRNA (Kelly et al., 1987).

-Prom these studies, it hae become evident that
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intection.
1.3 QBJECTIVES OF THE STUDY

From the above, it can be seen that schistoéomiaéis is
a debilitating disease which infects millions of people
worldwide, There are, however, several problems with
the routine diagnostic assays currently employed.

These include cost, ease of use and as far as
gerologlcal asbaye are dorncerned, the lack of

sensitivity and specificity.

The study was performed and is reported here in two
partg, The first part deals with the lmmunclogilaal
Qroés~reactivity between tliree schistosome species.
Thig aspect is covered in Chapter Two. Thé gecond part
déqcribes the usge of alternative, non-echistosoine
antigens for the serological diagnosis of bilharzia
(Chapter Three). The current diagnostic methods for
detecting bilharzia are algo be digcusged in some

detall in this chapter.
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The controls (sera from uninfected persona}l were
glgnificantly different (Q,08 gignificance level) from
the infected homologous patients’ serum reactions in
both the S.mansoni (plcontrel ve. S.mansoni-positive
seral=3,83; plcontrol ve. §, haematobium-positive
seral=2,18) and S.haematobium (pl[control va, S.mansoni-
positive gseral= 23,24; pleontrol ve. S,haematobium-
positive seral=2,46) antigen groups, and in the
heterologous §.leiperi system (plecontrol va. &.mansoni-
.positive geral=2,38; plcontrol ve. 8. haematobium-

posltive ﬂara]m2,4i).
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garum dilutilon as the optimal serum dilution instead of

tha 1:50 serum dilution,
2,4.5 Speaificlby of test antigens

The reactivity of the S.mansoni and S.haematobium
patients’ mera and the normal controls was each
compared at the 1:800 dilution uping threa tast
antigens: the §.haematobium, S.mangoni and S.leiperd

adult worm antigens referred to in section 2.3.1,
The results are summarized in Figures 6 to 8,
None of the antigen praparatione were able to

dlstinguish between S.mansoni and §.hasmatoblum

patlenteg’ sera, l.=, there was no significant

difference between the binding of the S.mansoni or the

S.haematobium patlents’ sera (opm), lrrespective of the

antlgen type used (0,05 significance level). However,

although not at a gignifilcant level, the homologous
gystems dld produce higher cpm values than the

hetarologous systems,
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groﬁp are summardisged in Flgure 5.
R— i

+ Infocted sera
% Control sora

150

100

50 g

B

.. il
™ A0e
Serum dilufion factor

Flgure 5: Titration cuirve of sera from Infected peraona and normal cortrols, far determining

the opimal ssrum diiulion for RIA,

Ovexall, thers ﬁas poor diserimination between the
control sera and the infected patients’ serum groups,
with nona of the dilutions producing silgnifilcant
differences batwaen the control and infected sera cpm.
Although both the 1:50 and the 1:800 perun dilutions
produced sufflently dlfferent biological results,
because of the poor discrimination in the 1:10 and

11100 to 1:400 range, it waes declded to use the 1:800
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201 gus

Figure 4. Immunoblot reactions of S.haemafoblum-infectad sara agelnat & S./elper!

b: & hasmatobium and ¢! S.mansoni adult worm antigen praparallons,

The conbrol pera conelstently produced negative

resulis.
2.4,4 Optimal serum dilubtlon £ox RIA

Six serum pamples, namely three control and three
infected patients’ sera were selected at random to
determine the optimal serum dilution to run the RIA,
Adult S.mansond protaln extract wag used in the assay.
"I'he gerun samples were compared at 1110, 1:50, 11100,

1:200, 1:400 and 1:800 dilutions, The means of each



32

antigens recognised by the individual serum samples was

reproducible.

A common antigen of approximately 68 kD was recognised
by both schiptosoms sarum groups in éll three antigen
preparatleons  Apart from this coﬁmon band, the antigen
pattemns producad wers highly varlable between the
individual patilents’ mera. This variation of antigen
patterns wag evident in both the heteralogous and

nomologous aystemd,

|

Flgura 3! Immurnoblof venctions of S.umansonkinfected sera against a: S.jelper,

b: 8,haematobium and o; S.mahson! aduit worm antigen preparations,
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There was no difference in the incvensivy of the colour
reaction either between the three antigen preparations
or between the two infection-positive serum groups

{Piguxe 2) .
2.4.3 Analysis of Western Blots

Crude extracts of S.mansoni, S.haematobium and
S.lelperl adult worms wers meparated on a 12,5% 8DS
polyacrylamide gel, blotted onto nitrocellulose paper
(400 mA fox 75 minutes) and incubated overnight with
patients’ wsera {(1:100), The antl-luman antilbody was

veed at & ddlution of 1:400,

Thres groups of patients’ sera were uged: S, uansond (10
sanples), &.haematobium (10 samples) and normal, none
infected patients’ sexa (5 samples) to proba the blots.

The repraaeﬁtative data are shown in Figures'B and 4.

The schistosome-infacted serum gioups were limited to a
relatively small range of proteins, mainly in tha high

molecular weight (<43 kIY) range, The pattern of
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Figura 2: Nitrocellulose dot blot reaction of S.hasmalobiim (Sh) and S.manson! (8m) sera
groups against 1: S.leiper], 2: Shasmatobium and 3: Sunanson! antigen preparations.
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2.4 RESULTS
2.4, Protein profiles of antigen preparations

The proteln extracts of the three preparations were run
on a 12,5% SDS polyacrylamide gel and then stained with

PAGE blue stain.

The protein sgtaining reactions are shown in Figure 1.
It can be geen that on the basls of the whole worm
protein staining pattern, it ig not possible to
distinguish between the three worm gspecies. There are
minor differeﬁces_in staining iﬁtenaihiés of cextain

bands but overall, the patterns are indistinguisghable,
% 4.2 Nitrocellulose dot blots

'iul of cruds extract was dotted onto ﬁitrocelluloae:
papes and reacted with serum f£rom eilther infected ox
" non~infected persons (1:100). Both the schistosoms

~Berum groups produced dolour reactions, while the

gontrol serum group was negatlve (no colour reaction).
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After washing with PBS as above, the discs were
.incubated for one hour at roowm temperature with test
sera diluted with PBS. Following furthe:s £38 washes,
the disces were incubated with antl-human 25 (Amersham)
at a concent:ratic_n of 0,1uCi/ml for one hour. The
ﬁinal washing stage consisted of three, ten-minute
washes to vemove all excess °ibelled antibody. (he
dlece were then air dried and countéd in a Packard

Autogamma counter.

2.3.7 Statilstdcal analysis

After unmasking the sera, the RIA readings wexe groupsd
lnto §.mansoni, §.haematobium and negative control
groupe. The mean counts per minute {(cpm) for eﬁch
group was oaloulated and statistically analysed for

signlficance using Student's t-test analysis. -
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additional blocking stage of TBS Tween 20 was added,

followed by two, five-minute TBE washes,

The anti-huﬁan antibody (Amersham) was used at a 1:400
dilution and incubated with the strips for twoe hours at
room tewmperature, The washing and enzyme subgtrate
reactions were the same as for the dot blot procedure,

utilizing 4-chloronapthol as a substrabe,
"2.3.6 Radigimmunonssay (RIA)

All the radlolmminoassay (RIA} experiments were
performed in triplicata. The RIA wa® run blind so as

te preclude any experimental bias.

Briefly, nitrocellulose discs were incubated nvernight
at 4°C in @ test antigen diluted to lmg/ml. Aftexr
threa, five~minute washes with phosphate buffered
saling (PBS), the digcs were incﬁbated in a 5% blocking
golution for one hour to prevent non-specific

absorption of the reagents added subaequantly;



{1978} .

The proteins were blotted onto nitrocellulose paper
(Hybond ¢; Amersham) at 400 mA for 75 minutes, The
blot wag stored in a sealed bag containing 188 at 4°C

- vatill required,

The complete pattern of proteine trangferred to the
nitrocellulose was revealed by stalning sgingle strips

with Fasc Green stain (Appendix).
2.3.5 Analysis of Western Blots

The procedure for the Western blot reactions was
similar_tb that of the dot blot protocol. In shor:,
the nitrocellulose strips were placed in a multi~well
chawber and blocked with a 0,5% blocking solutlen for
15 minutes. After three, five-minute TBS washing

| periods, the stwips were incubated with human sera

{(dilution 1:100) overnight at room temperature.

Between the primary and secondary antibody stages, an

26



hourg at room temperature,

The TBS washes were repeated once again to rinse off
any unbound anti-human serum. After the waghing step,
the disce were placed in enzyme substrate folution .

containing 4-chloronapthol (Appendix).

The presence of a purple dot on the nitrocellulose

indicates a positive reaction.

All the antibody dilutionsg and blocking scolutions were

made up in TBS, pH 7.5.
2,3,4 Electrophuresis and immunoblotting

150ul of aamble was loaded into one large well of 8cm
on a 12,5% SDS polyacrylamide glab gel (Appendix). The
gel was run ab congtant current {28 whd) for_i—z hours'.
unill the bromophenol blue front was approximately lom
from tha bottom of the gel. After the slectrophoretic
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 infecti. 1l and infectilon intensities. In thae
chronde etage of infection, few or no egge may be
pagsed, resulting in low egy counts which can mask the
infection., Similarly, low infection intensities may
reault.in low egg counts, therefore incoreasing the risk

of false negatlve diagnoses,

Another factor that may influence the egg count ls the
urine flow rate and the fae:al cdongilstency (MiCullough
and Bradley, 1873). Problems in day-to-day ?ariabionﬁ
in individual egg courits, ag well és vaiiations over
seasons also ococur (Wilkens and_Bcott, 1978; Schutte et
al,, 19%4). By replicating the ocbzervations, the
probabllity of correctly classifying individuals into
gpeclflic categories of egy output, lnoreames (Warren et
al,, 19?8; Raghed et al,, 1990}.. However, in large
population groups and in epidamiological ptudied, these
methods of vepeat 3 ptool and urlne examination ara

nelther practical nor asconomical,

Other parasitological technigues such as hepatic oxr

rectal bilopsies generally reveal a highar prevalence
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CHarTER 'THRE®R
Tur USE oF ALTERNATIVE ANTIGENS FOR DIAGNOSING

BORTSTOSOMIASLE

3.1 HISTORICAL FPERSPECTIVE

The dlagnostic methods for mchistosomiasis can be
grouped inko two broad categories:
* paragicology

. gerology -
3,1,1 Paragitelogy

The parasitologlcal diagnosié of bilharzia involvaa the
demonstration of the schisgtosome egge in either the
urine.or the fasces, depending on the worm gpecles
infecting the patient. The presence of eggs in the
excreta or urine regults in the classlfication of
patients ag infected or.non~inﬁacted. Howaver, this

mathod of diagnosis has dimsdvantages.

Firatly, egg exoretlon levels can be influenced by the
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three epecies of African schistosomes are
antigenically related; and
a commen antigen of approximately 68 kD was
conelstently recognised by both the &8, haematobium
and §.mansoni merum groups Iin all three antigen

preparations,
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The Sm31/32 complex has been expressed in a Baculovirus
vackor (Felleleen et al., 1980). Fusilon proteins have
been shown to bs a feasible optlon for detecting

alrculating antibodieeg (Rlinkexrt et al., 183L1). It is
believed that Sm32 may be a digestive enﬁyma, porslbly
participating in the degradation of hasmoglobin

(Chappel et al., 1989}, while Sm3) has been identified

&g Cathepein B (Klinkert et al., 1988},

Other antigens that have been identified include the
heat shock proteln (EE8P) 70 (Newpori aﬁ al,, 1ue8;
Mosar et al., 1990).  The 68 kD protein identified in
this study may be a HSP70 homologue., &.mansoni HSP70
has been found to share epltopes wlth 8, haematoblum
HSP70, bub is antigenically distinct from the
8.Jjaponicum HEP (Moser et al., 1990). The vesults
described here show that there is ne divérgance batween
the three species of African schistosome in wespact of

the 68 kD protein identified.

Baged on tha above; the following can be consluded:

¢ wilth resoect to the antigenic reactivity, the
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S.mangoni sera were obtained from patients in the
Caprivi Strip, while the origin of the S.mangoni worms
ig unknown., Hackett et al, (1987) compared a Puerto
Rigan laboratory isolate of S,mangoni with an isolate
fizom Bgypt, It wam found that the major surfaca.
antigens of the two leolatas were congerved, It
tharafore.saems unlikely thak strain variation is the
reason for the low reactivity of the S.mansoni

antigens, although the possibility cannot be ruled out,

The low reactiviﬁy'af the $.mansoni antigens and the
lack of detesctable iﬁmunoraactive, low molecular weight
antlgens (<43 kD) has important impllications, Most
important is the fact that we are not getting a b
reflection of the antlgen recognitipn pattern by the
varioug serum groups. In particular, a band ddentified
as8 the 31/32 kD reglon (Ruppel et al,, 1988a, 1985b)
which ahows immmnoediagnostilc potential, was not
logated, This SmiL/32 protedn complex has been shown
to raact wich S, Japondcum {Ruppel et al., 1987, 1581),
&.mangond (Ruppel et al,, 1985b, 1990) and

8, haematobium (Idrie and Ruppel, 1988) mera,
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and/or they are being masked by other (non-antigenic)

polypeptides,

In addition to net being of low molecular weight, the
S:mangoni antigens also appeared to have a low
sensitivity in the Western blot éssay compared to the
wther two anEigen prepafations (Figures 3o and 4c).
This wae the case for both the §,haematoblum and
8.mansond sers groups. The readon for thisg Low
sengltivity s aleo unclear, congidering that zo
difference wag evident between the S.manaoﬁi antigen
and the §. ledperd or S.hasmatobium antigen preparations

in tha RIA teégts.,

gince the worms used in the antigen prepaz~ ‘one were
laboratory.atraina. it ia poggible that due to
inbreeding, the immunogeniclty of the proteins may have
decreased. However, no such documented cages have been

pubiighed in the literature.:

Anothax factor to conglder is differences betwaen

geographle imolatesd, l.e, gtrain varlation. The
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the human host.

The erosg-reactive protelns are mainly of high
molecular welght {(»43 kD), This finding is in
agraeement with previous sgtudies (Norden and Strand,
19842, 1984b; Simpeon et al,, 1986), which revealed
khat the low molecular welght antigens are apparently

gpedies-gpacifly,

In the present study, however, very few low molecular
welght antigehs (<43 kD) were identifled, eithex in the
heterologaus or homologous antigen gystems. The reason
- for this is unelear. The pregence of low molecular
weight protelns (<43kD) was conflrmed by Fagt Green
staining of the Western blot strips after the
traﬁﬁferring progedure., It le posaible that the
antigenicity of the proteins may have been modifisd at
gone anage of the experimental procedure. However, if
this was the_case, one would expect the whole xangeg of
proteins to be affected, not just one fraction. It is
also possible that the low wmolecular welght antigenirc

polypeptides are present at low concentrations
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study confirms the antigenic relationship between the
two African human schisbtosoms specles, and extends the

finding to a non-human schistosome speciles.

Baped on taxonomic studies, &.ledperd ig placed in the
mame broad group ag S.haematobium, The high 1evél of
‘erose-reactivity obaerved in the preéant investigation
between these two speciss would seem to further confirm
thedi» rélationship. A more agcurate meansg of defining
thelr phylogenetic affinities would be to perform

lecenzyme and DNA profiling studies.

similay levels of cross-reactivity were noted between
fumangond and S.ledperd. This may be becéuae S;manaoni'_
and J,lelpexi are antlgenically closely related, like
§.mansond and 5.haematobium, Alternatively, ekpbsuré

of patiants to &.leiperi may have occurred. The
S.mangoni gera uged in thig study werwy obtained from
infeuted humang in the Caprlvi Strip area. 8.ledperi

la ahdamiu in ruminante in the same area (Pitchford,
1976, Although thig schisgtosome will not mature in

man, large scale exposure to cercariae would sensitise
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2,5 DISCUSSION AND CONCLUSICN

The purpose of this study was to ilnvestigate the gommon
antigenicity between thres gpecies of African
schistosomed: the two human schiptosome species
§.mangoni and §.haematobium, and a species that infacts

ruminants, S.leiperi,

The results showed dross-reactivity between all three
spacles of.schistosome. Thaie were no pﬁoteins that
were exclusive to any of the species, with both serum
groups (§.mansoni and §.haematobium) ldentifying a
range of resotive protelns. A common antigen of
approximately €8 kD was recognisged by both gerum groups

in all three antilgen preparations,

Previous work (Norden and Strand, 19é4a, 1984b) has
shown extensive cross-reactlvity betwsen the two
gpecies which appear to have ordginated in Africa,
&.mangonl and $.hasmatobium, and minor cfoss-reactivity

with the Owxlental specles, 8,japonigum. This present
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2,5 DISCUSSION AND CONCLUSION

The purpose of this study wae to investigate the common
antigenicity betwaan'three Bpecies of African |
schistosomes: the two human schigtosome speciés

S.mansoni and S.haematobium, and a gpecles that infects

rumninants, 8.leipezrd.

The results showed cross«reaﬁtivitf between all three
gpecies of gchigtosoma. There were no prutains thaﬁ
were exclusive to any of the species, with both serum
groups (S.mansoni and ¢.hasmatobium) ildentifying a
range of reactive proteins., A common satigen of
approximately 68 kD was recognised by both serum groupé

in all three antigen preparations,

Previous work (Norden and Strand, 1984a, 1984k) has
aliown extenglve cross-reactivity baﬁween the two
apeciaé which appear to have orilginated in Afxica,
S.mansoni.and 8. haematobium, and winor crose-reactivity

with the Oriental sgpecies, §.japonicum, This present
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Gonrol Smansorl  &.haematobium ;
Human sera . :

Flgure 8; RIA specificity of S.mansonl acult worm antigen when reacted with contrl,

S.mansoni-positive and S,hasmatohium-posifive zara.
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Conrol Smangonl  S.haernatoblum
Human sera

' Figure 6: RIA spacificity of S./efper adult worm antigen when reacted with control,

S.mansoni-positive and S.hasmatobium-positive sera,

Cantrol §,manhzan] §.heamatobium '
' Human ssra .

Figure 7; RIA speclficlty of S.hasmafoblum adult worm antigen when reacted with control,

S.mansonipositive and S.haemetoblum-poslive sera,
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3.3 MATERIALS BND METHODS
3.3.1 Parapite antigens
Fageiola antigen preparatlon:

Adult Fasciola worme were obtained firom bhovine livers

condemned at the City Deep Abatteir, Johatnesburg.

The wormg were waahad_repeatadly in 0.8% galina
{Appendix) , folloﬁed by extended washes with dlatilled |
water, This was to ensuve that all centaminants - such
g the hagt’d bile flulde and worm exudates - weare
removed., The wortid were then stored in a small volume
oF Tris buffered saline {TRS; Appendix), pH 7.5, at -

70°C untll ragquired.

Indivirdnal worms were shell frozen in liguid nitrogen
and lyophilised a8 needed, After lyophilisation the
worms were homogenized in TBS pﬁ 7.5 uging
appﬁoximately Iml TBS per 20mg woxrm dry weilght, The

sanple wés left overnight in the refnlgerator at 4°C,
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3,2 RATIONALE

From the above, it 1s clear that because of extensive

gerological crosa-reastivity, it ig not feasible to

Lellise the servloglcal aspays currently in use as

confirmatory tests or in large-scale epidemiological

gtudies. The monitoring of egg excretion is still the

bast marker of active infectlon.

The aim of this study wag two-fold:

¥

Since it is dlfflecult to maintain schintosomes in
the labhoratory which, in turn, affectes the
production of antigens (SEA and adult worm
antigens), the use of alternative cross-reacting
(non-gchistosome) untigens for serodiagnosis was
invaegtigated,

Using technigues guch as radioimmunoassay and

Wastern blotting, the potontial iwmunodlagnostic

‘agent was compared with exigting antigens (SBA) te

detarmine the feagibllihy of replacing currently
uged antlgens with othews which are more readily

available.
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The presence of common antigens shared between
Schigtosoma species and Fasciola hag loﬁg been khown
(Hillyer et al., 1976a, 1878; Pelley and Hillyer, 1878;
Reddington ¢t al., 1984) and has been the sulject of
numercus studies in regard to vaccine development
(Hillyer et al., 1976a; Hillyer and Capron 19576b;
Hillyer and Serrano, 1983b; Ford et al., 1987), Thiam
groga~-reantivity haz alst been noted in the diagnostic

assays (Table 1) utilizing Fasciola antigens,
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Human infection with P.hepatica ig rare in most

countrles, but it is conslidered a serious public health

prohlem in the Caribbean and North Africa (Bacy et al.,

1991; Pulpelro et al., 1991l; Veruppon et al., 1881).

Table 1: Fasciola and Schistosoma: common antigenicity.

antigens

| Antigen ;xtract | Patlents’ Sera T .Réference
_ N Fascloliagls Schistosomigsls
F.hepatica: adutt Santiago and
antigens partiafly + - Hillyer, 1986

| purified |
F.glgantica: crude Yaussef and
adult worm extract + * Mansour,'1991 B
F.glgantice: partial You.ssef and
purified adult worm * - Mansour, 1991
gxtract
F.hepaﬂca:_ E/S * +' Hillyer and Soler {

ta Galanes,

1891
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investigate a menmber of the family Fasclolidae as a

possible source of antigen,

F.hepatica 1s the best known species of the family
Fagelolldas and.is a parasite of, mainly, herbiverous
mammals., F.hepatica s a common liver fluke of
dcmaatic animals worldwide, causing sgvere eronomle
1ogs due to mortality, ldver condemnation, reduction of
milk and meat production and secondary bactexrial
infections. Because of its economic dmportance, this
flulke hae been the focus of lntense aclentifie
resesrch. Infected wild rebbits and hares serve ag
natural resaxrvoirs in spreading and waintaining the
populations of the parasite in grazed and ungwazed
lands. Othaxr Fapcolola species include F.glgantica (a
parasite of eattie and that used in the present study)

and F.Jackgsoni (a paraslte of Asian alephanta).

Man is an accldental hogt in the life cycle of the
¥.hepatica, Human infecstions often occur as a result
of the ingestion of enaysted metacercariae, although

other aguatic horticultural plant speciss and aven
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also been found bestween an epltape ovf virlon
infectivity factor (vif) encoeded by the HIV-1l genowme
and a gurface antilgen of S.mansoni (Brand and Tsang,

1588} .

The presence of thils heterologous crogg-reactivity is a
hinderence in diagnostic testing, resulting in a
decrease in the speciflcity and sensitivity of the
test,  However, by exploiting the prasence of this
orogg-reactivity, perhaps & serological assay can be
dévaloped ﬁaing antigens that axe mors easily

accessible,

‘The ldeal antigen candidate should have the fdllowing

properties:
. large blomass for maxlimum protein haxvest;
’ chaap production or easy access; and

0 sutficlent levels of cross-raeactivity so that
normal from infected patlenta’ sera can be

distinguished.

Keeping the above amlteria in mind, it wag decided to
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1985a, 1985b, 1987, 1990; Idris and Ruppel, 1988;
Newport et al., 1988; Mosex at al.,, 19920)., The main
limitation to the furtler development of recombinant
antlgens for immunodiagnosis is the diffilculty of large
peale production of waiform, partially purified
antigens at low cost, Another lmportant factor s that
gome of the major immunogenic components are
proteoglycans and glycoproteins, and cannot, therefore,

be cloned.

Another apprﬁach which haé receivedlvary little
attention involves the exploitation of the ocourrence
of crosa-reactivity between schistosomes and unrelated
organisms (Brand and Teang, 1989; Correa-Oliveira et
al., 1988), A number of croge-reactive serclogical
responses agalnst schiptosome antigens have baén
pheervad in patiants.inﬁectad with other parasite
gpacies (Hillyer et al., 1979b; Arongteln et al,, 1988;
Mokt et al., 1987). Such false posltive reaults have
occurred with gera from patients infected with
fascloliaeie, trichinosls, ¢ystidercosls, Ascaris and

achinonoesogie, Immunologloal crosa-reactivity hae
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only a small percentage of the parasites in the
inooulum used for infecting the definitive host,
survive (Mclaren and Smithers, 1987). Algo,
8.haematobium is widely believed to hvbridize naturally
with S.ma.theeld which makes it difficult to ba sure

that one has a pure source,

An additional factor related to the avallabillity of
ressarah data on the schistosome specles was their
geographic location with respect to the United States,
where the bulk of the research in thig field was taking
place., Sources of S.mangsoni (for example, Pusto Rico
and Brazil) were closer to the United States than
Afirica, Simllaxly, the paucity of wﬁrk on 8.haematobdum
wad partly because it was not avallable ciose to the

United States,

This problem of antigen prodﬁcnicn may ba overcome by
uging molecular technigues. The rapid development .
redombinant DNA . technology has Eacilitated the
identiflcation and purlflcation of defined antigens for

vacaine development and lmmunodiagnosis (Ruppel et al.,
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of the adult worms, eggs and schistosomulae, large
volumes of the respective parasite stages are required
te produce the necemsary amountg of antigen for the
various serological assgays. To harvest these antigens,
a continuoug life aycle must be maintained in the
laboratory. Thig ig an expensive énd technically
complex ~rocedure involving the maintenance of both the

reservolir hosts (gnmails) and the definitive hosts.

Mogt of the 1aboratoﬁy-based research vhich hasg been
performed has focused onla.ménsoni, not because 1t i3
the most important species, but because it is sasier to
maintain in the laboratory., Although 5.japonicum has a
similai, but not identical host specifioity, it is not
as easy o maintaiﬁ ginca the éerearial harvest from
tie interﬁediate hogt is very low. Furtherﬁore, the
inkermediate host is gemi-aguatic, Congequently, it is
more.difficult to eulture., §&.hasmatobium has received
the least amount of attention because of ite more
réstricted host specifilcity and the fact that parasites
take longer to mature (11 weeks) in the definitive hosc

ag compared to the other twe spsties. Coupled to thig,
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both the adult worm and the eggs. Invesclgabors have
adopted various experimental approaches to identify the
antilgenic polypeptides present during an infection.
These techniques include the ilselation and purification
of tegument membrane proteins (Roberts et al., 1988},
the charactarization of labelled surface antigens
recognised by humén gara (Kelly et al., 1888, 1987;
Simpean et al., 1985}} the extractlion and purification
of soluble antigens (Abbas et al., 1989; Rarn &t al,,
1989) and the cell-free.translation of schistosome mRNA

{Kelly et al,, 1987).

It has become evident from these studies that extensive
. dross-reactivity occuzs not only between different
schlstosome specles (Noiden aﬁd Strand, 1984a, 1984b;
Siﬁpaon et al,, 1986; Roberts et al,,.lsssf, but algo
between the different stages of the schistosome life
eyele (Miller et al,, 1989; Omer-All et al., 1989) and

between parasite spedieg not related to schistosomes,

© Further problems with the available serologlical tests

are of a more practical nature. Due to the gmall silze
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However, as with the egg detection methods, numerous

digadvantages have been noted:

ferological agsays produce limited information
regarding infection intensities, Collaborative
studies have been carried out to cowpare the
sensitivity and specificity of various éerological
assays and the.relationahip between the infection
intensities and the serological assgays (Mott and
Dixon, 1982) Thue far, iE has not bheen posgsible to
obtain Beiologipal correiaﬁes'ﬁith either
morbidity ox infection intensity with elther crude

or partlally purified antigen preparations

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

et al,, 19889).

Tnmunalogloal cross—reacﬁivity has heen
demonstrated not only between different spacies of
schistosome, but aleo between schistosomes and

unrelated helminth species.

During a mormal Infectlon, the schistoscme preseats a

complex array of antigens to ite host’/s immune gystem,

with major immuncgenie stlmulus believed to come from
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rate and are valuable for confirming diagnosis in
individual cages (Yasawy et al., 1589; Mohamed et al.,
1950}, However this techniqgue requirées apecialized
training and advanced fﬁcilitias and_is therefore not
feasible for epidemiologiéal gtudies and large

population groups,
3.1.2 Serclogy

Becauge of the difficulties encountered with the
parasibologiéal techniques, researchers have been
fognging on the development of serological taehniQues

. for diagnosing schistosomiasis. These immunodiagnostic
techniques are becoming increasingly diverse and
_refinéd. Numerous tests have been developed using
various antigen preparations, eg. the circumoval
precipiﬁin tast {COPT) {Hillyer and Rivera-Marrewvc,
1§82a),_indirect fluorescent antibody test (IFAT),
radicimmuncagsuys (RIA}  (Pelley et al., 1977) and
enzyme-linked immunosorbernt asgays (ELISA) (Hillyer and
Gomez de Rios, 1979a; Hillyer et al,, 1579%b; Lunde et

al., 1879).
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experimental conditions were then used in the Western
blot system. However, the Western blot system failed
to produce any results., Various changes were made
regarding the blocking solutions and times and the
congentrations of the primary and secondary antibody,
"~ but with no iwmprovement. It was then decided to

invesrigate the antigen preparation,

It was found tchat SDS and the presenge of f-
mexcaptoethanol inhibited the binding of the primary
and seondary antibodies to the antigenm (Figure 9).
Hillyer and Ramos (1980) also found that a high
coﬁ@antration of BDS (»0,05%) inhibited the antigen-

~antibody reactions,

Bacayse of thig, it was deéided ko run the 8DS gels
uging antigen prepared without the double lysis buffer,
Thig preparation produced gels with protein bands that
were not very sharp, but the antigen preparation was

immunoreactive.
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Dot blots are preparsd for two reasons. Firstly, the
procedure L& a means of determining whether immunogenic
qoﬂpdnants are present in the extract being tested.
Since the dot blots were positive for both the infected
and non-infected gera, the presence of antigenic
components in the extract ﬁas gstablished. To.identify
the immunogenic components in the prépaxation, the
extract was separated according to molecular welght on

an SDS-gel and blotted onto nitrocellulose paper.

A second function of the dot blot ﬁrocedure ig to

| optimize the experimental gystem. By bhanging gelected
viariables in the system, the ideal conditions for the
experiment may be determined, In this way, various
blocking agentasa, blodking times and substrate reagents
were tested. It wam found that blécking with ¢,5% £at-
free milk powder for twenty minutes provided suffilcient
blocking when the primaxy and secondary antibodies were
diluted 1:50 and 1:400, rempeutively. The ideal

subgtrate was found to be 4-chloronapthol,

Since the dot blot syatem'waa working, the defined
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3.4 RESOULYS
3.4.1 rdentification of parapites

After the £inal saline wash and prior to freezing, ten
worms were pet aside for identification purposes. oﬁ
the basle of size and shaps, it was determined that the
infecting specles was F.gigantica, There were no
F.hepatica harveuted Erom the liver, F.gigantica is a
large paréaita measuring 25 to 75mm by 3 to l2mm. |
F.hepatica is shorter and.broader than F.gigantica,
reaching a length of 30mm and a width of i3mm (Schmidn.

- and Roberts, 1985},
3.4.2 Nitrovelluleoge dot blots

Lul of cxude extzact was dotted onto nitrocellulome
papar and reacted with either infected or non-infectad
human sera (1:100) . Both the normal and the infected
mera produced positive rusults, with the lntensity of

the reaction varying.
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raguired,
3.3.9 Statistical analysis

The RIA readings were grouped into &.haematobium,
S.mangoni and negative control groups. The mean counts
pér mrinuke (opm) wexe caloulated for each group and
atatistically analyzed for slgnificance uslng the

Studaent's t-teapt,
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3,3.8 Protein olution

Crude F.gigantica adult worm extract was separated on a

10% polyacrylamide gel ard eluted as follows:

After running the gel, a portion of the gal was slirwd
off and stained in PAGE blue for an hour and then
destained with 10% acetic acid and 10% alcohol
golution., This wap done to locate the reglon of
interest, that lg, the 60«75 kD protein complex. The
gel wap then divided into three pbrtiona avcording to
molacular welght, and placed in a sterile test tube,
The gel was ilncubated 37°c.in an slutlon buffer

overnight.

After the incubation period, the elutlon buffer was
removed and the proteins precipltated using the acetone
pregiplitation techniqua. The protein concentration was

then determined using the Bradford method,

The aluted protalns wers stored at -20°C until
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3.3.7 Radioimmunoassay (RIA)

A1l the radioimnuncassay experiments were performed in
triplicate, Nitrocellulose paper discs (Hybond C,
_Amer_shaml ' _Bmm in dliameter, were soaked overnight in a
img/ml solution of antigen extract., The protein
concéntrationa of the various samples were deﬁerminad

© by the Bradford Method (Segal, 1976; Appendix). Any
remaining background was masked by a one-houi craztment
with a 5% blocking solutlon. after thres, five-minute
washing periodg, the discs were incubated in 1:850
dilution of human sera for one hour. This serum
_dilution'wﬁa determined by incubating the disca ih
gerial dllutlons of human sara in order to identify the

optimum antlbody titre for the assay,

After Ffour, ten-minute washes wlth PBS, the discs weie
incubated with 7 anti-human antibody (Amexgham) at a
gongentration of 1uCi/wl for one hour. The discvs were
again washed in PBS as above, ailr dried and counted on :

a Packard Autogamma ¢ounter,
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gera used in the assay.

Immunoplots of gimple frequencies and frequency
differances were counstructed using the fregquency wvaluesg
caleulated as above. A simple frequency immunoplot ism
a plot of the fraquency with which each individual band
in the Western blot reacte with infected patients’
gera, compared wlth the freguency of ocourrence of that
same band when reacted with the normal, non-infected

gera,

Yor the frequency difference plot, the frxaquency of
eadh hand reacting with uninfected human sera i1
subtracted from the frequency of reac¢tlon of that band
with infected patients’ sera, By subtracting the
control mara frequencles, the excésa background
reaction is effectively being redused, This plot
allows f£or the comparlson of the fraguency differences
betwasn tweo separake dipeases under the same

experimental conditicong.
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bemperature, The washing and enzyme subgtrate reaction

were the same as Ffor the dot blot procedure,
3f3.6 Imanoplotbing

The molecular welghts of thé vaﬁioua proteins ware
calculated vaing a standard curve of RE values plotted
against log tolecular weights of the molecular welght
gtandards. The REf value is caluulated by dividing the
distance travelled by a particular band by the total

digtances travelled by the front,

The fregquency value graphs were constructed acaofding

- to Larralde et al. (18289). The freguency values for
each hand were calculated by first conatsucting a
Westexn blot manter pattern of all the bands appearing
at leagt once ln the blote when reacted with the
patients’ pera, The bands were sorted by molecular
weight and then saored for their presence or absence in
the indiviﬁual garum samples, The frequéncy valug fox
sach band waa caloulated by dividing the sum 6£ all

gera that xeacted with that band by the total number of
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blot wasg stored in a sealed bazg coatalning TRBS at 4°C

'until.requirad.
3.3,5 inalysis of Western Elots

The nitrocellulose sheets wera cut into strips
spproximataly 0,5sm wide and placed into & tnl tichamber

incubation plate,

3ml of 0,5% blocking solution was added to sach well
and left bhere for 20 wminutes, Lollowed by three, five

minute TBE washen.

The antibody was diluted to 1:50 in TES and left to
incubate overnighu_at room temperature. Bebween the
primary and secondary antibody stages, an additional
blocking stage wap added, One, f£ive-mirute TRY~-Twean

20 wash was followed by two, five-minute TBS washes.

- The anti-human antibody was ueed at a 1:400 dilubion

and incubated with the strlps fox two hours at room



62

any unbound anti-human sera. After the washing step,
the disce were placed It enzyme substrate solution

rontaining 4-chioronapthol {Appendix).

The presence of a purple dot on the nitrocellulosge

represents a positive reaction.
TBS, pH 7.5, was used for all the antibody dilutions.
3,3.4 del aleatrophorasip and Western Blotting

The samples were run on a 12,5% SDS polyacrylamide gel,
with a 5% atacking gel overlay (Appendix). The gels

were run at a constant ourrent of 28 mAmps ,

For the Western blot procedure, the sample was loaded
inte ona large well of acm. After the gel had
completed ite xun, it was cut to size and b'otted using

the method deviged by Towbin et al. (1979),

The proteins were blotted onto nitrocellulose paper

{Hybond ¢, Amersham) at 400 wA for 75 minutes. The
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Sehigtosoma 1nfections 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 prioxr contact with schistosomiasis.
3.3.3 Nitrecelluioze dot blots

1pl of an;igen sample was dotted onte 0,5 am?
nitrocelluloge diacs and allowed to air dry for ten
minutes, Following this, the discs were blocked in a
0,5% blocking solutlion (Appendix) for half an hour.
After three, five-minute washes with TBS, the discs
were incubatad overnight at room temperature in a 1;50

primary antibody solution (humsn sera).

The three, five-minute TBS waéhea wera repeated prior
ﬁo the addition of the secondary antibody (sheep anti-
humaz ig, péroxidase.linkad; Amersham) at a dilution of
1:300, The discs were incubated for a period of 2

hours at room temperature,

The TBS washes wexre repeated once again to rinse off
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then spun down in an Eppendorf centrifuge for 5

minutes.

The resulting supernatant wag then aliguoted into

gmaller volumes and stored at -20°C,
§.mansoni soluble egg antigen preparation:

Prior to the antigen preparation, the eggs were washed
'three times in phosphate buffered saline (PBS}._ A
amall quantity of eggs was diluted in PBS and
homogenised on ica, The homogenate was then
centrifuged at 4°C for 60 minputes at 30-500 rpm. After
centfifugationi 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 §.mansoni serum

samples were used, along with five negative controls,
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antigenic components, vhat is, they are croass-reactive

(Mansour et al., 1983),

In termg of the criteria sitated in the Introduction,
F.gigantica appeared to be the ideal candldate for

investigation. fhe three criteria are discussed below.

The first criterion deals with maximum protein harvest.
The adult worms of F.glgantieca are large, leaf-shaped
flukes that can be easily seen with the naked eye.

They measgure 75mm by l2mm. The large biomass is élso
asaociétad with a high protein content, measured in

this case by the Bradford method.

The sacond of the criteria involves the cheap
production of or easy accese to the test antigen. The
adult worme used in thls study were obtained from an
infectad ox liver supplied by the city'neap Abattolir,
Johannesgburg, Approximately 80 worme were harvested
from a single infected liver, without any dissection

procedurs brilng necesgsary.
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3.5 DISCUSSION AND CONCLUBION

The cross-reactivity between Fascicla and S.mangoni was
Eirst documented in 1963 (Reddington et al., 1984}, and
has gince been well describad (Hillyer et al., 1876a,
 1978; Pelley and Hillyer, 1978; Knalil et al., 1990) .
Because of the exis once of this common antigenieity,
it was decilded to investigate the nature of the croas-
reactivity between adult Fasclela antlgens and
Sehistosoma-infected patients’ sera, and the pomrsible
congeguencas for the diagnosis of achiétosomé

infeations,

Becaupe of its great economic importance, F.hepatica
has been the subject of intense investigation. This ism
usually the Pasclola species described in texthooks,

By ﬁompariaon, velatively little is known about
P.gigantice, although more informaticn ie now becoming
avallable. The life cycle, morphology aud
pathogeniclty of the two mpecies are siwllar, but they
have dlffereant snail hosts (Schmldt and Roberts, 1985).

Serologlcal studlies have ghown a similarity in their
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Figure 16: RIA specificity of Fglgantioa eluted entigen profiles using S.mansori,
S.haematobium and normal petients' sera,
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palents' gera,
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extract,
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| Flgura 15: RIA specificity of F.gigantica crude proteln extrasts uslhg S.mahsoni,
S.haomatoblum and normel patients' sera.
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The eluted antigen profile consisted of three antigen
grﬁupa= elutlon 2 contalned the 60«75 XD antigen grouﬁ
identified in the Western blote, while elutions 1 and 3
contained regions above and below the 60-75 kD cluster,
regpactlvely., From the RIA, it can be geen that there
is a.signifiqant'difference between tha amount of
primazy antibody binding to elution 2 when compared to
the binding of the sera to either elutdon 1 (plcontrol
vs S.Jnangoni~positive meral=2,23; plcentrol vs

5. haematobium-positive meral=2,35) or elution 3
{ploontxol ve S.mansoni-popltive meral=2,56; p(control
v8 8.haematobium-pogitive seral=2,37). This was the
.caae for both the §.haematobium and $.mansoni patient

grovps (Fig. ra 18),

Compaxison of the average cpm values obtained with the.
varioug antigen preparations phows that SEA (Figure 17)
and elution 2 (Figure 16) aré not slgnificantly
different (0,05 significance lavel) for &.mangond human
gera (p-l,asi. However, forx S,khaematoblium human sexa,
there i8 a pignifilcant difference (p=2,48), dua to the

low reactlvity of the sera with the S.mansoni SEA
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3.4.5 Specificity of test antigens

The reactivity of the normal controlg, J.mansonil and
- 8.haematobium patlents’ pera were each compared at a
1:50 dilution using three test antigens: crude

_ F.gigantica.udult'antigen, aluted F,gigantica antigen

and 9.mansond soluble eay antlgen (SEHA).

The results are summariged in Flgures 15 to 17. With
the crude F.giganfica praparatioﬁ, there were no
aigniticant differences (0,05 significance lavel)
between the two schistosome infected patlent groups and
the control group (pldontrol vs S.manaoni-positive
seral=l,69; plcontrol vs 8. haematobium-pogitive.

gera] =1,23) . However, this was not the case with
gither the SHA {pleontrol ve S.mansoni-positive
gera]=4,32; pleontrol vs S. haematobium-positive
gera]m3,16) or the F.glgantica eluted antigens , wherae
there was & significant difference batwesn control and
: axparimengal groups. In all of the test gwoups, there
wap no signdifi ant difference betweaﬁ the &.hasmatobium

or §,mamsoni semum groups.
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3.4.4 Optimal gerum dilutilong for RIA

8ix serum samples were selected at random to determire
the optimal serum dilution to run the RIA using the
adull: F.gigantica trude proteln extrast, The gerum
gamples were compared at 1:10, 1:5b, 1:100, 1:200,
1:400 and 1:800 dilutions, The means of each group are

summarized in Figure 14.

Ag there was no significant difference bhetween the
various antibody dilutions, it was decided to run the
RIA at a 1:50 dilution since this was the dilution uged

in the Western blot agesaye.

cpm

5 2 8 5 K B £ 8§

i w .aahmMmdg; L d‘J_

Flgura 14: Titratlon curve of huinan serum to determine te optimal serum difution to be
used In the RIA, '
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The plots of gimple frequencies and freguency
differsnces are useful for the identification of
potential Qlagnostic antigene and cross-reactive
antigeng in a given system., However, the graphe do not
glve any ilnformation regarding the intenslty of the

colousr reaction for a particular band,

The band intensitigs for ali the blote ranged from vezy
c¢lear and dark to extrewely faint (Figure 1Q),

Howevar, overall the S.mansoni patilents’ sera appeared

to have coneistently weaker reactions and thus fainter

bands than the 5.hdematobium pavients’ sera,

1t -]
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Flgure 11 Simple frequenoy differences of S.Aaematobium patiente’ sera as they reacted
with F.gigantice crude proteln extract.
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Figure 10; Immunoblot analysis of adult ~.gigantica worm protelns assayed with sera from

patients Infected with a: Shaematoblum and b: S,mansoni,

Numersus bands were found to be common to both the

- S.mansoni and S.haematobium serum groups: Mw 148 KD,
100 kD, 60-75 kD clustar, 50 kD, 42 kD to 33 kD range -
and a low molecular welght 15 kD band. Of thes. ~ands,
the two high molecular welght bandg (148 kD and 60~75 _
kD} have the highest frequency of occurrence (Figures

11 and 12).

None of the bands that are unigque to the different
gerun groups are of sulficlently high frequency to be

of any use diagncﬁticélly (Figure 13).
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serum groups (Table 2, Figure 10). The frequeancy of
ocourrence was calculated by dividing the anumber of
pogitive a'erum samples for that band by the total

rumber of serum samples.

Table 2: Listing, by molecular weight ranking, of all the different antigen
bands in a crude extract of adult F.giganiica worm that are recognised by

S.mansoni, S.haematoblum and riormal patienis’ sera.

Band Mw | S.haematobium S.manhsoni sera | Normal sera
(kD) __| sera (n=30) | (n=26) —_{{n=5)
148 1 1 1
100 2 _ 2

8 - |3

80-75 4 3

55 5 .

50 _ 6 14

45 o 15

42 16

38 7

38 8.

28 _ 9 ]

15_ 10 {10 2
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Sh *e 2
Sm e "

Figure 9; Dot bint assay of £ gigantica crude extracts utillzing S.haematobitum (Sh) and
S.mansani (Srh) Infected human sera, Three groups of anfigen preparations were tested:
'i: F.glgantica in TBS, 2: F.glgantica in double fysis buffer cohtaining no R-nercaptostharial
and 8: F.gigantica In double fysis buffer with R-mercaptoethanol,

3.4.3 Analysis of Western Blots and immuncplotting

the crude extract of F.gigantica adult worms wag

geparated on a 12,5% 8DS polyacrylamide gel, blotted
onto nitrocellulose paper (400 wmA for 75 minutes) and
incubated overnight with patients’ sera (1:50), ~ The

anti~human antibody was used ac a dilution of 1:400.

Three groupd of patlents’ sera were . .ed: S.mansoni (26
ganples), 8, haematobium (30 pampler) and normal, non-

infected patlents sera (8 sampies).

The molecular weight (Mw) bands reactlve with the

patients’ sera ranged from 148 kD to 15 kD in all the
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schipresomas, namely two human species (&.mansoni and
& hasme obium and a sgpegies that i s ruminants,

8. laeineri, were be studied.

The aim of the research was to determine the extent of
antigenic crogg-reactivity between these three species
of sqhistosomea uping the Weetern hlot and |
radiocimmunoassay (RIA) technigues. It was found that
with respect to the antigenic reactivity, the thiee
species of African schistosomes are closely related,
and that a comnon antlgen of approximately 68 KD was
conaiaténtly recognised by both the 9,haematobium and
S.mansond infected patient sexum groups in all thrae

antigen preparations,

Since thex. are problems with ths malntenance of
schigtosomes in the laboratory and with the production
of antigens (8EA and adult worm antigens) For
serological assays, the use of alternative cross-
reacting (non-gchlstogome) antigens for sarodiagnovis
was algo investigated. This is reported in the sevend

part of the mtudy.
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CuarTER FOUR

Summary aND CONCLUSION

Schistosomiasis is a debilitating disease which infects
millions of people worldwide., Current diaguostic
mathodes £or schisbogomiagis inglude serologilcal and
parasitological assays. Because of the extensiﬁe
gerologloal crésa-raaqtivity both between the various
schistosome apecies and betweean gchistoscme species and
other organisms, it ia not feasible to utlldee the
perological assays currently in use as confirmatory
ﬁaats or in large-scale epldemiologlcal studies, The
monltoring of egy excﬁetion 8 still the best warker of

active intuction,

The levels of arosgs-reactivity between the three major
buman schiptosome epecies, and thus their antigenia

relationships, have been wall documentad, In dbnhrast,
kthe anklgenic relatlonships betwesn human and nen-human

schistogomes are not bhat well defined.

In this investigatlon, three species of African
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Thus in this assay system, specificity was
inereaned by purifying the crude extract,
The 60-75 KD F.gigantica complex shows
immunodiagnostle potential when compared to
existing assays, such ay that employed in this
gtudy, namely RIA uslng S.mansoni SEA as the test
entigen. However, future research involving
larger population groups and more sophisticated
purification techniques should be undertaken to
determine the exact gtatus of the potential

diagnostic agent,
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appears to be the ldeal candidace, Future research
ghould focus on the further purilfication, location and
identification of the complex. At this stage, it is
not pogpible to distinguish between S.haematobium and
S.maﬁsoni infections utilizidng the 60-75 kD complex.
‘Perhaps by carrying dut furthur purification steps and
two dimensional gel analysis, it may_bécome possible to
separate the two digeames on the basls of their

Inmunorsactivity.

From'the above rasults, therefora, the following

conclusiong may be drawn: |

. The presence of croas-reactiviﬁy between
F.gigantica adult worm crude exbtracte and
schistogome-infected persong wae establiahed. The
cropg-readtive regions were limited mainly te high
molecular welght proteins, with the 60-75'kD
cemplex being targeted as potentilally useful for
thae lwmunodiagnosis of schiptosomiasils,

v The partially purifiied the 60-75 kD complex had a
plightly higher specificlty than the crude

F.gigantica prepavation when utilized in RIA,
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Another factor that influenced the cholce of
F.gigantica as a potential tegt antigen wag the very
low frequency of Fagriola infectiong in human
populations in South Africa, Man is merely an
agcldental host in the life gycle of the paradsite, The
urual route of human infection is through the inge. lon
obf wateroress ¢ontaminated with metacercarial cysts.
Human cases of fageiollapls caused by F.hepatica are
#are in most countries, but isﬁlated cases have beaen
reported in_ﬁurope, the Caribbean and North Afrlca
(Pulpéiro et al., 1991; Varrapon et &l., 1991; Bacqg et
81., 1991). The incidence and prevalence of
'f.gigantica infection are unknown, a8 no capas have yet
to be reported in the literature. Thareﬁora, it i
unlikely that the oroge-veantivity betwesn the gera
from the schistosome-infected patlents and the
F.gdgantida adult worm antigeng is the result of

undiagnoged F.gipantica infectlons.

The inltial results are promising wlth respect to the
presence of potential lwmunodiagnostic proteins in the

crude F.gigantica preparation. The 60-75 kD complex
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the SEA; the difference between tha average cpms of the
two groups wae not signiflcant, sSimilarly, the 60-75
kD complex could also be used to distingulsh between
the uninfscted and infected serum groupa, On this
basig, the initial firdings show promise regarding the
uge of this alternative antigen for diaghosing

gehigtosome infections,

The technigue used to elute the alternative antlgen was
a crude method, and future studies ghould addresa this
point, Darge quantities of the antigen preparation
were regqulred to produce a relatively smail agount of
the eluted antigen, and po the process is not that

cost-effectlve.

In addition, the garple sgize in this study wae
relat#vely small, and did not take inte account the age
of the patienta or the infection intensities. .Future
regearch ahau‘d, tt- refore, concentrate on rafining'ﬁhe
tasting procec.rs and extending the gtudy to larger

population groups.
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sensitivity when used in various assays {(Mott and
Dixon, 1982; Doenhoff et al., 1993; ElL-Tahawy et al.,
1993} . 8imilarly, RIA has been found to be a sensltive
technigque foxr diagnostic assays {Long et al., 1981;

Hillyer and Capron, 1976).

It can be seen from the RIA results that there was good
disorimination batwesen the control sera and sera from
persong with schiptosomiasls (both §.hasmatobium and
S.mansoni}. waevar, between the two achistosiome sera
groupé, aven though the $.haematobium group had a lower
average cpm value thau the &.mansoni group, there was
no slgnificant difference overall as regards their cpm
valuesf Thig ghows that the crude égg antigen
preparation ig not speclfile with respect to the
infectihg gchigtosome specied, bub can differehtiata

batween sers from infected and uninfected persons.

- The RIA values for the SEA were clien compacred to those
of the crude and fractionated F.gigantica antigen
preparations. The elutldn 2 profile containing the 60«

75 kD complex produced tesults comparable to those of
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with S.mansoni patients sera. F.hegpatica ES antlgens
have been ghiown to crosg-react with §.mansoni egy

antigens (Hillyver and Soler de Galanes, 1991).

Studies uging sera from animals ﬁaccinated with
schistosome worm or egg subfractiong have revealed an
interesting asmociation. F,hepatica tegumental worm
preparations croge-~react with S.mansoni egg antigens,
while F.hepatica parenchymal preparations crosg-react
with.adult_s.mansoni worms (Hanna and Hillyer, 1984)‘
Similarly, monoclonal antibodier raiged against surface
glycoproteing of §.mansoni adult worme crogs-reacted
with parvenchymal tissue (Aronstein et al.,.lsaéa) and
the gut and vitelline glande (Aromstein et a;., 1985h)

of mature F.hepatica £lukes.

The second part of the study involved gomparing the
proposed test antigen with existing gchistogome
serologica; aggayg, PFor thip purxpose, we employed SEA
derived from §.mansoni wggs in.a radioimmunoasaay;
‘Previous studies have shown that schiatosome egg

antigen derdvatives have a high specificity and



a7
In similar studiesg, Hillyer and santiago de.Weil (1981)
found that the cross-reactivity betwéen.F.hepatica and
anti~&.mansond adult worm (SmWWE)} and anti-S.manson:
egy meEE) gerum wae limited ta pl and pII of Bephacryl
8200 purified worm extracts. These two peaks
correspond to the high molecular weight proteins of the
crude extract. Low molecul: weight Fagclola proteins
appear to he ppecific and immunogenic to experimental
and fasclollamils patients' sera (Hillyer and Santiago
da Weil, 1981; Santiago de Weil et al., 1984; Santiago

and Hillyer, 1986}.

Comparison of the elution profiles of F.gigantica and
F.hepatica reveal a similar pattern. Purthermore,
gexological studies uping part;ally purafied
E.gigancica antigens suggests that F.gigantica contalne

antigene common to both F.hepatica and F.gigantica.

The location af the 60-75 kD protein complex 1s alao of
interest., Hillyer and Solex de Galanas (L988)
identitled a 63 kD protein in a F.hepatica

excretory/secretory (ES) preparation that crosg-readts
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_ with normal human control sera or Fagolola sera, bub
.did react with Schigtosoima patients' sera., This pl
extract contains proteine in the 70 kD range.

Partially purified F.glgantica antigens of pIl and pIII
are specific to Fasciola sera, exhibiting no crogs-
reactivity with protozoal or other_helminth infectiong

by CIER,

With the BELISA technique, however, cross-resctivity was
noted, After further fractilonating pII and pIiI, the
crogg-reactivity wag eiiminated' Thoge axtfacts that
were speclfic to Fapclola dera lacked proteine in the

37, U4, 60 and 66 kD range (Youspef and Mansour, 1991).

In the present study, reactlons bf the Schigtosoma

- patlente’ sera with the 60- 75 kD protein complex would
.ba analogous to the croas»&eactivity with the high
moletular proteing of pI in the above gtudies.
gimilarly, there was limited oross-reactivity with the
low molecular welght P.gigantica proteins, conflrming
the low speaificlity of these protelns with hetorologous

AeXra.
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extracts of F.gigantica showed that the 60-75 kKD
complex was recogniged by S.manscni and S.haematobium
gera, but had limited specificity with control sera.
These results correlate with the Wester blots, where
the control sera J.lled to produce bands in the 60-75

kD range.

. BPrevious studies have shown that gpecifiecity and
sensitivity of assays increase with increasing
purification of crude extracts (Hillyer and Caprom,
1976b) This was also found to be the case in the
present study, where no significant difference was
found between the infected patients’ pera and the
control sera binding to crude F.gigantica antigen iﬁ
RIA asmays. Following partiaml purification of the
'Eruda antigen; the cross~reactivity with the control

gera wag eliminated (Figure 16}.

In a study by Mansour et al, (1983), P.gigantica adult
worm antigens cxops-reacked will. gera from with
schistosomiasis and amoecbiasis patients.. After parvial

purification, eluted antigens from pI ¢did not react
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The final criterion relates to the levels of cross-
reactivity between the test antigen and the schistogome
patientg’ gera and control sera, The cross-reactivity
betweean the F.gigantica antigen preparation and the
norﬁal control sera was limited to a low moleanlar
walght, 15 kD proteln and a high wolecular weight, 148
kD protein. However, both $§.mansoni and S§.haematobium
patienﬁs' Hera identified a range of bands that are
cross-reactive, Of the bands identified, only the 60~
75 kD protein complex was fnund to he congistently
racogniéed by both the §.haematobium and S.mangond
patients’ sera groups. Nane of the bands were found to
he conpigtently uniéue to either one of the serum

groupd ,

On the basig of Western blot reactivity, therefore, it
"~ wag poseible to distinguish batween normal human sera
and infected patients gerxa, but it was not possible to
distinguish between the S.mansoni or S.haematobium

patient groups.

The RIA studles utilizing the crude and purified
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Sukstrate Reaction

2.5m1 of 0.3% 4~c¢hloronapthol solutlon mixed with
22,5ml of TBS

2-3 drops of Hydrogen peroxide

The solution must be made up fresh,

Tris Buffered Saline (TBS) 5x

146,1y of NaCl

12,1lg of Tris made up in 1l of digtilled water,
The pH im adjusted to 7.5 with HCIL.
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25141 TEMED

12 ,5% Separating Gel:

1.86g Acrylamide

3.75ml1 Separating buffer

0,6ml Bié golution {(25my/ml)

0.6ml SD3 solutlon (50mg/mi)

Make up to 15ml with distilled water, then add
0.3ml 1.5% Aamwonium persulphate

324} TEMED

8% Separating Gel:

1.2g Acrylamide

3.75ml Separating buffer

0.6ml Bis golutlon (25mg/ml)

0.6ml SDS solutlon (50ug/ml)

Make up to 15ml with distilled water, then add
0.3 ml 1.5% Ammonlum persulphate

saut TEMED

Separating Buffer pH 8.8

9,08g of Trils made up in

50mi distilled water,

The PH ig adjustad ko 8.8 with HCL.

Btacking Butffer pH 6.8

3,01y of Tris made up in

50ml distilled watex.

The pH ig adjusted to 6.8 with HCL,
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water,

Running Buffer

2,42g Trig

U.ag Bodium Dodecyl Sulphate
11.56g @lycine

Make up wiﬁh 800ml distilled water.

0.8% Baline
8y Sodium chlowida made up in
1l diwtilled waker

Sealiny agaxr
0,8y of agar dissolved in
40ml water

8p8 Bolution (50mg/ml)
0.8 of Sodium ¢odecyl sulphate in
10ml distilled water

Bodium Dodeayl Sulphate Polyacrylamide (SDg)
Eleabrophoresiy

B% Stacking gel:

0.5g Acrylamide

2,5ml Stacking buffer

0,48ml Bis smolutlon (25mg/ml)

0.4ml SDS solution (50mg/ml)

Make up to Loml with distllled watex, then add
0.25ml 1.5% Ammonlum persulphate
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The solution may be stored at 4°C for up to 6 months.

Degtain
10% acetla acid and _
10% alcohol made up to 1l with distilled water.

Elution Buffer
The excised gel pleces were incubated overnight at 37°0
in a 1x solution of Tris buffered saline.

Fagt Green Stain

0,1% Fasgt green

45% wethanol

10% acetic acid

Make up to 100 ml with distilled water.

Lyais Puffer (2=x)

3,028g 0,0€25M Tris-HCL (pH6.8)

8g 8DS

20% glyce:ol

10% $~msruaptoathanol

Make up to a final wvolume of 200ml with distilled
water.

. PAGUER Blue Htain

1,3g PAGE blue made up in

250mL methanol and |

50ml acetic acid

The £inal wolume of 500ml is made up with distilled
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0.5mg/ml Bovine Serum Albumin (BSA)
Smyg BSa dissolved in

10ml digtilled water

The solution must be kept at 4°C.

Bradford Protein Ausay

In duplicate, add 5ul, 1081, 15ul and 20ul of 0,5mg/ml
Bovine gerum albumin (BSA) into Eppendorf:tubea.

Make up the volums in the tubes to 100pl using
distilled water,

Add 1ml of Coomasie brilliant blue solution and vortex.
Leave for 2 minutes.

Read absorbence using a spectrophotometer set at
viglble spectrum Ag,.

Congtruect a graph of Absorbence (A} versus protein
concentration. Use thip graph to read off protein
concentration for the unknown samples.

0.3% 4-Chloronapthol

0.15g 4-chlorconapthol dissolved in
50ml Methanal

The solution is kept at 4°C,

Coomesla Brilliant Blue

q.lg.00omasie brilliant blue G-250 dissglved in
50ml 95% ethanol and

100ml phosphoric acld

Add digtllled water to a final volume of 200mil.
The dye solution must be filtered bafore use,
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APPENDIX

Acetome Precipitation

One voluma of sample was mixed slowly with nine volumes
of icve cold acetons.

The solubilon was left at -20°C for one hour.

The tubes were then spun at 2000 rpm for 10 minutes to
form a protein pellet.

The pellet was resuspended in lml TBS and then
precipitated, and spun down again.

The pellet wag dried off to remove traceg of acetone
and then resuspended in an appropriate volume of lysis
buffer or TBS.

Bis Solutiom (25mg/ml)
0.259 of Bis in
10ml distilled watexr

Blogking Solutien (0,5%) . _

0.5g Pat Free Mllk Powder made up in 100ml TBS,

The solution must be kept at 4°C, and if possible made
up Eresh as required. '

Blot Buffer

500ml Methanol

37.59 Glycine

7.5g Tria

Make up to %,51 with distcilled waterx.
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preparation when utilized in RIA. Thusg in this assay
gystem, specificity was increased by purifying the
crude extract. The 60-75 kD F.glgantica complex also
shows immunodiagnostic potential when compared to
exlsting aggays, such as that employed in this study,

namely RIA using S.mansoni SEA &a the test antigen.

The method used for partially purifying the Fasciola
antlgens was an axtremely crude wmethod. Future wesearch
ghould concentrate on refining the purification
technigque to engure more accuraﬁe refults. In addition,_
for both parts to this study, the sample populatione
ware very small. There was also limited information
availabla regarding infection intensities, age analyses
and gender., Fulbure research projecte should also take

these factors into consilderation.
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Using techniques such ag radiocimmunoasgay and Western.
blotting, the potential immunodiagnostic agent was -
- compared with eximting antigens (SEA) to determine the
feagibility of replacing currently used antigens with

others which are more readily available.

Fageciola gigantica was identified as a potential
immunodiagnostic agent for several reasong - it has a
relatively large biomass and it is readli’y avallable,
In addition, the number of human fasclollasis
infestions is congidered to be very low in South

Africa.

The pregence of crosg-reactivity between F.gigantica
adult worm crude extracts and schistosome-infected
‘persons was established, The cross-reactive regions
wers limited mainly to high molerilar weight proteins,
with the 60-75 kD complex being targeted as potentially

useful for the immunodiagnosis of schistogomiasis.

The partlally purified 60-75 kD complex had a slightly

higher speclficlty than the crude F.gigantica
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