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ABSTRACT 

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

CIE was found to be less sensitive and needing a h i gher 
concentration or antigens than the two other tests . 

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

The ELISA proved to be a promising test for serological 
monitoring or chemotherapy in hamst ers, baboons and humans . 

A comparison was made of a new serological method, TIA and 
ELISA, in the detection and quantification of antibodies in 
schistosomiasis using adult worm antigen and sera rrom known 
S.haematobium and S,mansoni ca ses. TIA produced a small 
number of false positives with sera from other helminth 
inrections whereas ELISA gave none . TIA has the advantage 
of being extremely simple to perform but has the disadvantage 
of requiring large amounts or antigen. 

It was possible to detect circulating schistosome antigen 
in the sera of inf'ected baboons, and to some extent in 
humans, but not in hamsters using the ELISA t est. 

Demonstration or the antigen-antibody complexes in the 
kidneys or inf'ect e d hamsters, using the electron mi croscope 
and immunorluoresc e nce was of limit ed success . 

Additional attempts were made to study the putholoei ca l 
changes in r e lation to serology at dil'ferent times arter 
trea tment of groups of humsters inrected with S . huPmutobium . 
The antibody levels declined in response to treatme nt . The 
inrlammatory reactions progressively diminished but were 
still locally pre sent at 20 we e ks post treatmffnt. 
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Chapter I 

INTRODUCTION 

Schistosomiasis has been called "the greatest uncon.,uered 

parasitic disease now afflicting men and animals" (Weir, 

1969), It affec ts more than J50 million p~ople in tropical 

and sub-tropical areas of the world, Schistosoma haematobium 

(Bilharz, 1852; Weinland, 1858), Sc hi s tosoma japoni c um 

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

the three major species of schistosomes which infect man, 

are widely distributed, Figure l shows th e world di stri -

bution of human schistosomiasis. 

It was considered by the World Health Org-d nization in 1965 

and more recently by the 1976 Special Progran~e for research 

and training in tropical diseases, a joint proj ec t of the 

World Health Organization and the United Nations Development 

Programme , as second in importance only to malaria among 

tropi ca l disea ses , 

The sc h istosomt> worms are not typical flllkP >J in all 

r espnct,i , but do, ho1,ever , µusst~ss somP. c haracter i stics 

of dige n ,,tic trematodes, First ly, they hav" a complicated 

lif e cyc l u throut~h a succe::1slo11 of staee,. 1 ,.~g J mi racidiurn; 

,.chisto ,.umule1 and adult worm, Secuntlly, au alternation 

or gP. n .,rati on " oc curs 111 "1hi c h th"r" i:, u ,...,,01al eo,11eratio11, 

para sit i c in def'initive verte',rut" hos ts inclu,l111e man1 a 

short-liv<HJ t'r,:,e s w·imming ,.tn1~0 inf" .,c tiv,, 1·or 111nllu,oc,. 1 

an 11,.n.xu11l ~t' lkratl on pura OJi ti c i11 mnll11 ,oc,. 1 1111d ll 



Figure 

Worid distribution of the three major species of 

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

and S. japonicum 

Map redrawn from Tropical He a lth A Report on a 

Study or Needs and Resources , National Ac ademy of 

Scienc e s - National Research Council, Washington, 

D.C., 19 '3 2, 
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short-lived free swimming stage infective for vertebrate 

hosts. However, they show two features which are somewhat 

unusual in the digenea: the sexes are separate in the 

adult worms, and the adult worms live in the blood or their 

definitive host. Although they have evolved separate sexes, 

the paired worms remain together forming a kind of functional 

hermaphrodite. 

phrodites. 

Nearly all other trematodes are true herma-

The life cycle of the parasite is shown diagramatically in 

Figure 2. The male worm carries the female in a ventral 

groove of the body known as the gynaecoplloric canal and 

migrates with her into the veins dr~ining the intestine 

( S.mansoni and S . ,iaponicum) or to the vesical plexus drain

ing the bladder (S . haematobium). Figure 3 shows adul.t 

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

gynaeco~1oric canal of the shorter, stouter male, 

Although the adult schistosome,c,, in contrast to many 

infectious agents, do not multiply directly in the human 

host, the adult paired worms produce va,c,t number" of eggs. 

These are produced and laid ,.ingly by s.man,•oni or in 

groups by S.lu .. ,matohium and S.japonicum. The adult worm 

attempt " to deposit the eggs in tho> fine vr1111le" surrou11di11e; 

tho into,.tJ11P. or bludd.,r, so that they can fimJ their way 

through th<> 1ntPstinal or blnddnr wall to tllP external 

r11vironm .. nt in fttcce" or urin••. But !to11u .. ~ egt1;!'i al,~1ay:1 



ieur 2 

r h .-~ ma Ii li r C 1 or 

hi h in man 

R,• r du c .. d from or '"'"• P. and w b G. ( l 

'llum,n h1 rnt...i l I publ l h by H in t. ... ntLlnn, 

London . 
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Figure J 
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remain within the body; they may be swept back by the 

f1ow of venous b1ood to the 1iver or other organs or 

become lodged in the intestina1 or b1adder wal1. Th e se 

eggs become a focus of immunological responses, in which 

the host mounts a cell-mediated immune reaction against 

them (Andrade, 19651 Boros and Warren, 1970), and they 

arc eventually surrounded by characteristic granulomata 

(warren, 1974). These patho1ogical changes can obstruct 

the normal porta1 b1ood f1ow giving rise to porta1 hyper

tension (warren, 1972), and in severe cases where 1arge 

number of eggs are invo1ved, an intense inf1arnrnatory 

reaction occurs which is followed by fibrosis. In 

S.haematobium inrections this can 1ead to fibrosis of the 

ureters and bladder and possib1y even to cancer of the 

b1adder (Ferguson, 1911; Ge1fand, 1964; Forsyth, 1967) 

and in S.mansoni infections to hepatic portal fibrosis 

(Andrade ~•, 1962). 

Those eggs which do escape and are voided in urine or 

faeces contain a fu11y developed embryo. If the void"'d 

eggs fall into rresh water they hatch to give rise to a 

free-swimming ci1iated larva or miracidium. Miracidia 

are equipped specifica1ly to find and infect snui1 hosts. 

They artt c hemo-sensitive, attracted only to certain snui1s, 

and ar., uhlo> to punetrate their soft tis~ues quickly by 

means of' po .. ert'ul enzymes (Muclnni!!, 1963), In a suitablP 

snail hu:,it, thn 1arvu chunt~""' into a first 8<'11<:>ration or 
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mother sporocyst, a sac-like structure with germinal cells 

arranged in layers along the wall of the sporocyst, The 

second generation or daughter sporocysts develop from the 

germ balls within the central cavity or the mother sporo

cyst and migrate usually to the snail liver or ovotestis, 

wh~re further growth occurs, and bud orr more germ balls 

which develop into cercaria, the final larval stage, Some 

4 - S weeks after miracidial penetration, cercariae escape 

from the snail in large numbers1 it has been estimat e d 

that one miracidium can give rise to as many as 100,000 

cercariae. They swim actively with the aid of their large-

forked tails and, should they find a suitable host, the head 

section rapidly penetrates the skin with the aid or enzymes 

contained in its penetration glands, while the tail se c tion 

is lert behind at the skin surface (Clegg and Smithers, 

1968; Ghandour and Webbe, 197J), After penetration of the 

skin the larva called a schistosomulum, undergoe~ a number 

of important structural and physiological changes, These 

include loss of the cercarial glycocalyx and repldcement 

or the trilaminate tegumental outer membrane with a multi

laminat e (5 - 7 laye rs) membrane, identical to that of the 

adult worm (Hockley .. nd McLaren, 

change,. physiologically from one 

197J), The oreanism also 

that can eurvi v e in rre,.h 

water, into ont• that is rupidly killt>d by fre~h wutPr, It 

hus be c o1111, adaptP.d to ,.ali11e and serum and unabl e to ,.urvive 

in water ev.,n for a brir.f time (Cl Pge and Smith <- r>t, 1<>68), 



It may be that the cercarial fibrillous coat has some 

water-proofing properties which are no longer required 

once the parasite enters the host. 

The route of migration of the flukes to their final 

destination is not exactly known, but after a short sojourn 

in the skin, they reach the lungs by way of' the right h ~art. 

Here they 5tay for a day or so before migrating to the 

liver where they mature and mate and from thence to the 

mesenteric or vesical veins where the female begins to lay 

eggs some 4 - 10 weeks after cercarial penetration. 



I~NOLOGY OF SCHISTOSOMIASIS 

Innate immunity 

The skin is the first defensive barrier of the host to 

schistosome infection and it has been related mainly to 
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innate resistance. It app ~ars that there is no selectivity 

in the penetration of the epidermis of mammals by the 

cercariae, although some rodents show ranging suscepti

bilities to infection (Warren and Peters, 1967). Clegg 

and Smithers (1968) were able to show differences in 

cercarial death within the skin of various rodent species. 

Furthermore there is direct evidence that increased host 

resistance in older mice is correlated with cercarial death 

in the skin (Ghandour and Webbe, 1973), They also demonstrated 

that the number of cercariae which die during penetration 

of mouse abdominal skin steadily increases with age follow

ing emergence from the snail. A review of innat e immunity 

is given by Smithers and Terry ( 1969a). 

Concomitant immunity 

This is a situation in which the invading schistosomula 

are destroyed by the ho!!!lt' s immune re!!!lponse while the adult 

worms, from a primary infection which stimulated this 

response, ar ~ unaffected. Thi!!!! concept of concommitant 

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

It was based on the observntion that established adult 

S,mansonj, derived from an initial infection, p e rsi s tPd 
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long after resistance had developed to a challenge 

infection (Smithers ancl Terry 1965a). Thus the adult 

worms that provoked an immunity were themselves unaffected 

by it and immunity and infection were concomitant. Support 

for this concept has been observed from studies of S.mansoni 

in the baboon (Taylor~ •• 197J; Damian et al •• 1974, 

1976), S .mansoni in the mouse (Sher ~•, 1974b), and 

S.haematobium in the baboon (Wehbe~-• 1976). 

It was concluded from studies which had been carrie d out 

by Wehbe et al. (1979), that baboonsinfected with 

S.haematobium could develop not only a strong immunity to 

the homologous infections but also a marked degree of 

acquired immunity to S.mansoni. It was also shown by 

Smithers and Terry (1967) who transferred adult worms 

directly into the portal system of rhesu~ monkeys, that 

adults were largely responsible for stimulating this 

resistance. It was supported recently by the transfer of 

adult S.haematobium in the baboon (Wehbe~-• 197 6 ) and 

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

although resistance to reinfection was not as strong as 

in rhesus monkeys. Concomitant immunity has the important 

biologica l advantage of preventing overcrowding of tho 

parasites in the host. Schistosome worms derived from 

early inf"ections, in conjunction with host immunity, may 

create a barrier to the continual reinfection which would 

otherwise threaten the long-term survival of both host and 
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parasite (Smithers, 1972). There has been great interest 

as to whether concomitant immunity operates in human 

schistosomiasis. Studies by McCullough and Bradley (1973), 

Bradley and McCullough (1973), showing the relative 

stability of egg count in school children with S.haema

tobium infections, seemed to support the concept. 

The destruction of the invading schistosomula by the immune 

response of the host, whilst the adult worms of a previous 

infection are unaffected, has focused on an interesting 

hypothes is to explain this phenomenon. Smithers~• 

(1969) have suggested that antigens synthesized by the 

host be come firmly bound to or incorporated in the tegument 

of the schistosome, It has also been shown that these host 

antigens are not merely gross contaminants as they resisted 

prolonged washing of the worms (Clegg~., 1970). These 

host antigens act as an immunological disguise preventing 

the attack of the immune re~ponse on the worms, The very 

young schistosomula migrating through the lungs in th .. 

first few days af'ter inf'ection do not have these host anti

~•nic materials and may theref'ore be vulnerable to attack 

by thP. immune response provoked by the adult worms. 

How e vP.r these adult worms which have host antigens escape 

the o f'fect of immune response ( Clegg~•• 1971). 

ThH -.x i ,. t,in cn ot' host-parasite cross-rttarting antigens has 

bH e ll d,•mo11,.tru tnd by D,u11iun ( 1964, 1967) und Capron~• 

( 19 /j 5 ) • Th is iclo,u wu s f'ir st sugg,astHd by Spr,•nt ( 1'16.?), 



that some of these antigens are in fact synthesized by 

schistosomes and mimic host molecules. Damian ~• 

(197J) have described an antigen which cross-reacts with 

mouse alpha 2 - macroglobulin (~ 2 -t) and is found on the 

surface of adult worms grown in rhesus monkeys as well as 

on those grown in mice. They also suggested that this 

antigen is of parasitic origin, as there is no cross 

reactivity between primate and murine « 2 -M. On the other 

hand, there is evidence that other host antigens are 

indeed synthesized by the host and are acquired by the 

parasite. Goldring et al. (1976) havP- shown that 

schistosomula cultured in human blood of v-dl"ious ABO 

groups, have molecules of exactly the same specificity as 

the blood used in the culture. There is some evidence, 

although not yet fully convincing, that the acquired 

antigens are most likely to be glycolipids (Cl egg , 1972, 

1974; DPan, 1974). 

Diagnosi s of Schistosomiasis 

Although demonstration of schistosome eggs in urine or 
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faeces remains the only certain evidence of active infection, 

negative stool or urine examinations do not e>~clude int'ection. 

Eggs are not easily found in early or in light infections as 

well as in cases whi c h huve been partially curad by ch<>mo

th-.rapy. Also the extensive inflammutory reaction cau se:!! 

muny egg:,i to b., trapped in th" tis .suu~ and never to reach 

the lumAn of the int estine or bladdar. Clinici1\n.s h.ive 
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found gre at difficulties in diagnosing the disease from the 

clinical picture only, as it is frequently not well defined 

especially in children (Pell egrino et al,, 1959), Most of the 

available quantitative parasitological techniques are insensi-

tive, laborious, and need well-trained personnel, Accordingly, 

there have been many attempts to develop serodiagnostic tests 

which could be relied upon for individual patients as regards 

the activity and the intensity of the infection, for assess

men t of chemotherapeutic cure and more importantly, for 

epidemiological surveys and for the evaluation of control 

measures. It has been recommended by the WHO Scientif'ic 

Working Group on Schistosomiasis (WHO, 1978) and more recently 

by an independent group (Hoff'man ~·• 1979), that the use 

of such serologic tests should be advanced, as alternatives or 

in addition to the current available parasitological techniques, 

The serologic tests should ideally be sensitive, specif'ic, 

quantitative and characterised by technical simplicity and low 

costs, in order to suit developing countriPs , where schistoso

miasis, as well as other infections, are fr e qu~nt. 

The sensitivity of a serodiagnostic test is defined as the 

perc e ntage of individuals with positive serolugic results 

among thos e inf'ected with schistosomiasis as provpd by purn

sitologi ca l methods, The specificity is the ability of the 

test to distinguish schistosome iufections Crom othur p.1ra,.itic 

diseases , Moreover, species specificity m~ons that th e t es t 

should IJ,, ahle to differentiatfl botwt>en vario119 specie" of 
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schistosome, The reliability of these tests for schistoso

miasis may vary considerably depending on whether the tests 

are applied to individual cases or conducted under field 

conditions in developing areas where most people are affected 

by nutritional deficiencies and other concomitant parasitic 

infections (Sadun, 1976). The most important of the factors 

which determine the reliability of such techniques are the 

nature and degree of the purification of the antigens used. 

In the following, the relative values of different immunological 

methods currently in u~e for the diagnosis of schistosomiasis 

are discussed. Table gives a summary of these tests, 

together with others described later in the thesis, 

The Complement Fixation Test (CIT) 

The complement fixation test (CFT) was the first immunological 

technique to be used in the diagnosis of schistosomiasis by 

Fujinami and Nakamura ( 1909), Yoshimoto ( 1910) was among a 

group of Japanese workers who were able to demonstrdte the 

presence of complement fixing antibody in patients with 

s. 

s. 

japonicum infection using an alcoholic extract of adult 

japonicum as antigen, Subsequently, 1-'airley ( 1q19) obtained 

encouraging results in the diagnosis of S. haematobium and 

S. mansoni infections using alcoholic as well as saline 

extracts of infected snail hepatopancreas in a CFT, The 

disadvantage of many antigens was their tendency to react 

with syphilitic seru, particularly the alcoholic extracts 

propur .. d from infected snuil livers. Chufft>e ~• ( 195I♦) 

pr1•p11r.-,<J an lrnprovo<l nntig,.n by rP.111ovine the lipld,t from 
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desiccated adult schistosomes with anhydrous e ther in the cold 

prior to final extraction with buffered saline. They reported 

that with this method cross-reactions with sera from syphilitic 

patients could be eliminated. They also achieved the use of the 

CFT on a quantitative basis. It has been reported by many 

workers (Davies and Eliakim, 1953, 1954; 

Sleeman, 1960; 

Horstman~-, 1954; 

Rieber~•• Pellegrino et al., 19591 

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

obtained by using extracts of adult worms as antigen. Also, 

partial purifi ca tion of this antigen ( Schneider ~-, 1956, 

Sadun et al., 1959; Sleeman, 1960) and precise standardization 

of reagents (Kent and Fife, 1963) have greatly improved the 

specifi c ity and the performance of the test . The sensitivity 

of th e te st has be e n further improve d by using mor e purified 

antigen preparations (Sato~•, 1969b 1 Sa"'ada et al., 

1969b), and it has b ee n ccnsidered as one of the most reliable 

precedures "1hen conducted un.;ier 01-,timal conditions (Kim, 1975). 

Ho'l; eVe r, thi s reaction r e quires more te c hnical expertise than 

that n ee d ed to perform many oth .. r immunodiagnostic t <'sts 

(Fire , 1971; Sadun, 1976). 

thi s te'4t (Sc hofield, 1959; 

Fi e ld studies carried out "'ith 

Duc-k amt And er,. 011, 197::?), showPd 

that the CFT la c k s sensitivity in children and in persons with 

chronic i111'ec tion,.. Evaluation studie,. or different SPrologi-

cal test,. (Umuly ~•, 1974u) using dift'Rrunt schisto,.0111e 

antieen pr .. parations, indica ted thut the CFT 'loas the least 

sen>titiv~• among tho te,.ts eva luat .,d . 
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The assessment of chemotherapeutic cure by a reliable serological 

t e st is v e ry dPsirable. 

purpose (Chaffee et al., 

The CF'f has been tried for this 

1954; Meillon and Hollingha m, 1958; 

Schofi e ld, 1959; Sadun et al., 196)b; Dennis et al., 1972; 

Soulsby, 1975), but all regarded the test as unsuitable because 

CF antibodies remained at a high level for a long time, as long 

as 5 y ears, after treatment. 

The anti-complementary activity which occurs in large numbers 

of sera from tropical areas (Buck et al., 1970) represents 

another grea t problem that seriously limits the usefulness 

of the CIT as a diagnostic tool for epidemiological surve ys. 

Thus, the CFT has certain inherent advantages and limitations, 

and judgement should be exercised in selecting it for a given 

purpose (Fife, 1971). 

The Intra dermal test (ID) 

The second immunological method used for the diagnosis of 

schistosomiasis is the intrade rmal test (ID), and since the 

fir st pre liminary report by Fairley and William s (1~27), 

trials have b een undertaken using this method. 

The antige ns f'or thf' test have been made from diff ,Jre nt stae;es 

of various human schistosomes. Antigens of non-human schisto-

somes as wel l as of other trematodes have also been u sed as 

diag nosti c antigens, but in ,. ome iustanc es have prove d to be 

quite insensitive (Khalil amt llus, ... n, 19J.21 llas!'lall un,t Bt>tasha. 

19)41 C11 lhert :5 on and Ros .. , 191t2, l\ ng11 11 .!:.!......:.!.•• 1960 ). 



In performing the test, small quantities of antigen are 

inject ed intradermally together with a saline control, In 

positive reactions, wheals often with pseudopodia develop, 

which reach their maximal size within 10 - 15 minutes 

(immediat e reaction), There are difficulties in interpretation 

of the results, some (Pellegrino and Macedo, 1956; Pellegrino 

2 ~·• 1959), considered a wheal area up to 0,9 cm as 

negative, 1-1,1 cm 2 as doubtful, and 1,2 cm 2 or greater as 

positive , using 0,05 ml of antigen containing 20 ~g N/ ml . 

? 
Ishizaki ( 1961~) recommended that a wheal area of 0,7 cm-

caused by 0.02 - 0,1 ml of antigen containing JO µg N/ml 

should be considered positive. The test is usually p ~rformed 

on the flexor surface of the forearm and, less frequently, on 

the out e r surface of the arm, It has been shown, however, 

that skin tests carried out on the back are more intense 

(Pellegrino~•• 19591 Kagan et al, 1961), 

The ID test is not particularly specific, Sadun (>,t al. , 

(1959) oh ~erved moderatn cross-reactions with some other 

trematod e infections, even after purificat ion of the anti gen, 

Sawada et al. ( 1968) found '.).'.)~, of false positive reactions 

on examination of JO clonorchiasis patients, Mor e recently, 

it h as b ee n reported by Yogor e and Lewert (1974), that a false

positive ID test response of '.37. ~, was found in Filipinos 

infected with cnpilluria philippinensis infections, It is 

also well establishe d that individualit exposed to cercarine 

of non-human schistosomes develop hypPr sen"\~i vity to antigens 

of h11mun !'lchl ,. to,oomoit (Sa<Jun and Rioccit, l'>b'.?1 Monrt' nt al. 19o~ ) , 
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The ID test is, thererore, a measure of recent and past 

experience with any schistosome cercariae (Kagan, 1968) and 

so it should not be used for epidemiological studies unless 

concomitant presence or non-human schistosomes can be excluded 

(Fire, 1971). 

Reported data on the sensitivity or the ID test cannot be 

properly evaluated, because or the diversity of the antigens 

used and of the criteria for interpreting results, together 

with the lack of uniformity in individuals in the groups in 

which the test has been applied (Kagan~•• 1961). However, 

it has been recognised that the intensity or reactions to the 

test is greater in adults than children, the reaction is more 

pronounced in men than in women and it is more intense in 

coloured persons than in white (Kagan et al., 1961). Warren 

~•• (197J), conrirmed that the ID test is less sensitive 

in children and that the delayed reaction is less sensitive 

but more specific. The sensitivity of the test has been 

slightly improved by using more puriried antigens (Williams 

~ •• 1965, Sawada~•• 1968, 1969a1 Sato .2.!....!.l•• 1969a; 

Enders~-• 1974), but in spite or this a positive reaction 

is not always sufficient evidence to conrirm a diagnosis of 

bilharziasis. 

The IO test has been used as an epidemiological tool. A 

recent study by Yogor and Lewert (1974) showed that the ID test 

could be userul end acceptable ror asse~sing schistosomiasis in 

the Philippines for those older than 12 years, but th~y found 
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that prevalence will be underestimated by about a third in 

younger age groups, 

Warren et al. ( 197J) reported that the prevalence of delayed 

skin reactions was 66% for St. Lucia, while Moriearty and 

Le we rt ( 1974} found it to be 29",& f'or Uganda. How e ver, Kagan 

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

vity and specif'icity of a particular serologic test. 

More rec e ntly it has beenooncluded by Hiatt ~-, ( 1978), 

that the many sources of variability involved and the 

unsatisfactory sensitivity and specificity of the t es t limit 

its epidemiologic usefulness. 

It has b een agreed ( Kagan and Pel 1 egr ino, l 96 l ; Kagan, 1968), 

that the ID test should not be used as a criterion for the 

assessment of chemotherapeutic cure, Yokogawa, (1969l, stated 

that the ID test has value only as an auxiliary method of 

diagnosis and he also considered that treatment should not be 

given to individuals with a positive ID reaction until the 

diagnosis was confirmed by parasitologi cal examination. 

The indirect fluorescent antibody (IFA) test. 

The indirect fluorescent antibody (IFA) test is another 

senological technique introdu ced by Sadun ~• (1960) for 

diagnosis of' schistosomiasis, using cercarie of S. mnn ,. oni as 

antigen. Other varieties of antigens have be e n employed in 

this tPchniquA, including experimental liver granulomas 

(Mugalhfrns-Fi lho ~•, 1965), hepatopuncreus of infected 



snails (Gigase et al., 1967), and frozen sections of adult 

worms (Coud e rt et al., 1968; Pothier and Lourdes-Sampaio-
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Xavier, 1969a and b). Much of this experimentation has been 

carried out in attempts to make the test less expensive and 

elaborate and to facilitate storage and expedition of anti-

genie materials . The technique has also been improved and 

rendered more practical by using counterstaining (Sadun~ .• 

1962; Cookson, 19631 Coudert et al., 1968 ; Niel et al., 

1970). The use of eluates from dried blood smears on absor

bent pape r in place of serum has made the t es t a practical 

diagnostic and epidemiological tool (Anderson~-• 1961; 

Sadun ~• 196 1). Additional modifications have been 

introduced by Camargo~•• (1965), using worm particles 

as antigen fixed on microscope slides. Coudert and his co

workers (1968) have developed a similar me thod using sections 

of adult worms instead of worm particles fixed on slides. 

These modifications permit economy in the use of antigen 

and satisfactory r esults have b ee n obtaine d. 

However, Kagan (1~68) stat e d that the performance of the 

test is highly technical and careful standardization is 

n ecessary. Conflicting reports on the sensitivity of the 

test huve be e n given. Pellegrino (1963) reported 86% 

sensitivity in 307 patients with active schistosomiasis, 

compared to 9 6% in the CFT and 92% in a floc cula tion t es t. 

The IFA test was found to be Bl ~b sensitive in known positive 

cas e s , bu t guv~ up to 400~ fulse positive s in a group of 

Puerto ~ican s who wAre n ega tive for S.mansoni by other 
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parasitological and serological tests (Kagan ~•, 1965) • 

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

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

known positives were negative. Between 95-98% sensitivity 

among known positive cases have been obtained using the IFA 

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

Umaly et al,, 197~a; Wilson et al,, 1977), Although 

Hoshino~•• (1970b), reported 100% sensitivity for the 

IFA test in 105 pati~nts with Manson's schistosomiasis, 

compared to 96% in the hemagglutination test, still 2.6% 

false positive occured among a non-parasitized group. In 

general, it was found that the IFA test provided more reliable 

results than the CF or the immunoelectrophoresis tests (Vernes 

~ .. 1969), 

Toussaint and Anderson (1965) and Toussaint (1966) introduced 

the soluble antigen fluorescent antibody technique (SAFA), 

which involves coating a soluble antigen onto cellulose acetate 

paper discs before processing it in the normal manner. The 

results are read on a fluorometer, thus elminating the sub

jective readings of the IFA test. Another advantage is that 

a relatively large number of tests can be read with great 

e conomy of scarce antigenic materials. 

b e made for non-specific fluorescence. 

Compensation can also 

Sadun .uid Gore ( 1967) compared the IFA test employing fixed 

whol e ce rcariae with the SAFA test using soluble antigens, In 
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th 1 tt r, egg , c re ri 1 and dult somatic antigens , as well 

as c re rial and dult mt bolic antig n~ were u sed . They Cound 

that the highest degree of sensitivity was obtained when fixed 

whole cercariae were used as the source of antigen and when 

somatic products of delipidized cercariae were used in the 

SAFA test. The highest degree of speciCicity was obtained 

when fixed intact cercariae were used as the source oC antigen 

or when cercarial somatic and adult metabolic products were 

used in the SAFA test. On the other hand, adult somatic and 

metabolic antigens conferred to the test the lowest degree of 

sensitivity, while cercarial metabolic antigen resulted in the 

lowest degree of specificity. 

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

with antibodies to Trichinella spirals and bovine, avian and 

rodent schistosomes (Sadun ~•• 19601 Sadun and Biocca, 

19621 Cookson, 196J1 Pellegrino and Biocca, 196J1 Moore 

Amin et al,, 1969), The test, therefore, has 

to be used with care, since exposure to avian schistosomes 

will incite production of detectable antibodies (Kagan, 1968), 

Neither is the test reliable for assessment of chemotherapeutic 

cure (Sadun !..l...tl•• 196Jb, Rifaat ~•• 19691 

197 1 and 197 5) • 

Silva tl...!.!•, 

The defined antigen substrate spheres (DASS) system 

Van-Dalen !..l...tl• (1973) introduced a new IFA technique model 

by using soluble antigens covalently bound to agarose beads 

for microfluorometry, This mod e l, the defined antigen 



40 

substrate spheres (DASS) system, has been used by Deelder and 

Ploem (1974) for the immunodiagnosis of S. mansoni infections 

in animals and men. It proved to be specific, reproducible 

and more sensitive than the SAFA and IFA techniques (Deelder 

and Streefkerk, 1975; Deelder tl....!!.!•• 1975b). 

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

dried state proved to be possible and the results of the test 

could readily be observed with the naked eye (Deelder ~-• 

1977). Although the DASS system allows the use of different 

stages of the worm for antigen fractions, and Deelder ~

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

is still technically complex and expensive equipment is needed. 

The indirect hemagglutination (IHA) test 

The indirect hemagglutination (IHA) test was patterned after 

the method developed by Boyden (1951) and Stavitsky (1954), 

which is based on the adsorption of protein antigens on sheep 

erythrocytes treated with tannic acid and their subs e quent 

hemagglutination by specific antiserum. This technique was 

initially adapted and evaluated to the antigen-antibody system 

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

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

diagnosis of a c ute infection in children and to be more 

s e n s itive than the c e rcarien Hullen reaktion (CHR). It has 

be e n used for sero-epidemiological studiee and has been claimed 

to b e a valuable techniqu e to determine the prevalence and 

distribution of parRsitic diseases (Cuadrado and Kagan, 1967) . 
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However, the IHA test givgs no index or chemotherapeutic cure 

(Kagan and Oliver-Gor~alez, 1958; 

Silva~•• 1971 and 1975). 

Hoshino~•• 1970b1 

Tien-Wei et al. (1966) developed a slide indirect hemagglutina

tion test (SIHT) with rormalin-preserved sheep erythrocytes 

sensitized with an extract or eggs ors. Japonicum. They 

concluded that the test was or value in the diagnosis or 

clinical schistosomiasis with relatively high sensitivity and 

speciricity. 

or the CHR. 

Its sensitivity was also round higher than that 

Using more puriried antigens. prepared rrom adult schistosome 

worms ?Y chemical procedures, gel riltration, carboxy methyl 

(CM) cellulose and DEAE sephadex columns chromatography, the 

sensitivity and speciricity or the IHA test have been improved 

(Sato~•• 1969b; Sawada~•• 1969b). Camargo (1970) 

and Hoshino et al. (1970a) introduced a modirication for the 

IHA test by employing chromium chloride rather than tannic 

acid as the sensitizing agent for binding the antigen to the 

erythrocytes, and found this technique to be more reproducible. 

Moreover, the sensitized chromium chloride-treated erythrocytes 

were stable for several months in the rerrigerator. Further 

studies have been carried out by Hoshino~• (1970c), to 

standardize the test and the results show good reproducibility 

and relatively high sensitivity. Umaly ~• ( 1974a) reported 

a sensitivity of 85-90~ among parasitologically proven ca se s 

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



us e d in the IHA test reacted with the control sera. 

The cercarien Hullen reaktion (CHR) 

The cercarien Hullen reaktion (CHR) of Vogel and Minning 

(1949a) is a test which uses live schistosome material as 

antigen. It is a serological phenomenon resulting in the 

formation of a membranous sheath around living cercariae 
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when these are placed in the sera of infected patients. No 

such reaction develops in normal serum. This phenomenon was 

first described and reported by Papirmeister and Bang (1948) . 

The nature of the reaction and the active factors in the 

serum have been studied by Stirewalt and Evans (1955), Evans 

~• (1955), Evan~ and Stirewalt (1959) and Kemp (1972). 

The rea~tion is not species or stage-specific, as cross

reactions between different species of schistosomes have been 

reported (Vogel and Minning, 1949b; Meleny and Moore, 1954; 

Hendricks and Cort, 

1968; Uma 1 y ~. , 

1956; 

1974a). 

Donges, 1966; Leflore and Martin, 

However, the test is spe cific and 

do e s not cross-react with other helminth infections (Standen, 

19521 AbdulL.it1 and Raggal, 19621 Fraga de Azevedo and Rambert, 

19611; D~nges, 19661 T'ien-Wei ~-, 1966), The sensitivity 

was found to be higher in thP. younger infected individuals 

(Jordan and Goatly, 19631 Fraga de Azevedo and Rambert, 1964), 

However, the advantage of the test seems to derive from the 

fact that it is positive early in infections (Kaean, 1955b; 

Mao, 19581 Fraga de Azevedo and Rombort, 19b4), Furthermore 

it wa s found to bt! positive in serum or anlmal8 infect<><! with 
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worms of one sex {Mayer and Pifano, 1951). 

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

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

The circumova1 precipitin test (COPT) 

The circumova1 precipitin test (COPT) of Oliver-Gonzalez ( 1954) 

uses live schistosome eggs as antigen. He observed that when 

S. mansoni eggs were incubated at 37°c for 24 hours with serum 

from patie nts infected with S . mansoni, a precipitate formed 

around the eggs in the form of globules :>f varying sizes and 

shapes. It has been confinned that the test is both sensitive 

(Rodriguez-Mo1ina et al.• 1956 and 1958; Liu ~, 1958; 

Klo e tzel, 1959; Anderson and Niamark, 1960; Rodriguez

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

Fraga de Azevedo and Rombert, 1964; Yogore ~•• 1968; 

Rif'aat et al., 1969, Ruiz-Tiben et al., 1979), and specific 

for each species of the genus schistosoma (N ewsome, 1958; 

Oliver-Gonz~l~z ~-• 1955a; Yogore ~-• 1968), there 

being only a slight reaction when eggs of S. mansoni are incubated 

in the serum of' patients inf'ecteJ with S.hacmatoblum and 

S, japonicum. However, a low sensitivity of the test has been 

reported elsewhere as low as 71% among 164 patient s with 

activ0 schistosmiasis in Drazil ( Pellegrino and Olive l ru-

Andrade, 1962). Jachow>1ki and Anderson ( 1961) round the test 

not speci0s specif'ic, and this was conf'irmed later by Shoeb 

~- ( 19b7a), who found that living S. hn.,mutobium ova cun 

b e used us antigen f'or p,•rforming the tt,l!'lt in all type s of 
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bilharzial infection. The test is very sensitive in detecting 

antibodies in animals infected with one pair of worms 

(Bruijning, 1964) and becomes positive early after infection, 

as soon as 2 weeks in soma instances (Yokogawa et al., 1907).The 

test has been used in the field (Lewert and Yogore, 1969) and 

for quantitative purposes (Cancio~•• 1965) and the results 

were encouraging. While some workers (Oliver-Gonzalez et al., 

1955b; Kloetzel, 1959; Bruijning, 

Shoeb et al., 1967b; Rifaat ~•, 

196 1; 

1969) 

Cancio~-• 1967; 

found the test a 

valuable means of evaluating chemotherapeutic cure, others 

reported that the test remains positive for long periods after 

treatment (Sadun ~•• 196Jb; Rodriguez-Molina~•• 1959 

and 1966; Yokogawa, 1969). The use of lyophilized eggs has 

made the test of practical use in diagnosis where a source 

of fresh eggs is not readily available (Sala~-• 1962; 

Yogore ~•• 19681 Lewert and Yogore, 1969). The test 

has a drawback since it will not detect antibodies in uni-

sexual infections (Oliver-Gonz~lez et al., 1955b1 

1964). 

Bruijning, 

Rodrigu e z-Molina (1970) reported that the COP test is no 

longer used except as an experimental tool, Recent studies, 

however, show that the test can be used as additional proof 

of cure after experimental chemotherapy of infected monk e ys 

with promising compounds {Mello ~• • 1979). Ruiz-Tiben 

et al., (1979), concluded Crom their comparative studi e s of 

immunodiagnostic tests in Puerto Rico that the COP test is 



sufficiently sensitive and specific to be a useful diagnostic 

tool for screening populations for infection with S. mansoni. 

They also found that the test would be valuable in estimating 

prevalence and incidence of infection in epidemiological work 

and in making clinical diagnosis. But limitations due mainly 

to the laborious preparation of antigen, as well as the long 

time consumed for reading the reactions, discourages routine 

work. 

The miracidial immobilization test (MIT) 

A third test using live schistosome material as antigen is the 

miracidial immobilization test (MIT). The reaction as 

described by Senterfit (195J) involves the incubation of live 

miracidia in serum and observing whether or not they become 

immobilized. 

Although this test detects early infection (Senterfit, 195) 

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

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

it does cross-react with trichinella antiserum (Senterfit, 195) 

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

than of diagnostic value (Kagan and Pellegrino, 19011 

196 9). 

ThP. cercarial slide flocculation test (SIT) 

Yokogawa, 

The cercarial slide flocculation test {SIT) employing cholesterol

lecithin crystals coated with lipid-free cercarial antigen was 

first de~cribed and applied for schistosmoa~is by Brandt and 
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Finch ( 1 946) • This test was, as is frequently the case, 

developed from a test applied to another disease, in this 

instance trichin~sis (Suessenguth and Kline, 1944). The 

principle of the test is the addition of a drop of antigen

cholesterol-lecithin suspension to the previously inactivated 

serum and the mixture is then shaken. The degree of floccula-

tion is indicative of the reactivity of the serum. Evaluation 

of this technique has increased its sensitivity and ext~nded 

its usefulness (Anderson, 1960; Anderson and Naimark, 1960; 

Jachowski and Anderson, 1961; Pellegrino, 1964; Sadun et al., 

1965). Moreover, the test is relatively simple to perfonn, 

requires no specialized equipment or facilities and the 

antigen-sensitized particles can be stored for a long time 

without deterioration. 

However, th~re appears to be a significantly high degree of 

flocculation with sera from patients with other parasitic 

diseases, especially Trichinella infections (Kagan, 1968). 

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

between schistosome antigens and Trichinella antibodies 

(Anderson~•• 196J1 Sadun, 196J). Thus, reactions in 

serodiagnostic tests for schistosomiasis must be interpreted 

with care in cases in which trichinosis cannot bP. nxcluded 

(Fife, 1971), The substitution of bentonite for cholesterol 

in p~rforming the flocculation test did not significantly 

increttse its specificity (Wright .!..!......!!l•, 19471 Allain !!.!.....tl · , 

1972) . 



Schistosomiasis plasma card (SPC) test 

A schistosomiasis plasma card (SPC) t est ha s been described 

by Sadun et al., (196 Ja). Using a capillary tube , a.OJ ml 

of unheated plasma was plac e d on a card especially designed 

f'or ten separate samples. One drop of' antigen suspension 

(approximately ;-b ml) was distributed to each sample. Using 

a separate toothpick for each test sample, the plasma and 

antigen susp e nsions were mixed and s pread until they filled 

the entire t est surface. The card was th e n rocke d by tilting to 

and fro for minutes and read immediately by inspection with 

th e nak e d eye. Specimens showing characteristic clumping were 

report ed as positive and those showing no clumping at the end 

or the . 4 minutes we re report e d as n e gative. For a permanent 

record, the cards should be allowed to air dry, care being 

taken not to shake them until they are c omple tely dried. 

Becaus e of the economy, rapidity and simplicity of thi s test, 

and the fact that it provides a p e rmanent record for ruture 

r e feren ce , the proc e dure made it po ss ible to employ the 

flocculation reaction under fi e ld conditions. However, one 

or the mnin drawbacks of the t es t is that several samples can 

be read only with dificulty, since an atypical pattern of 

clumping occurs in the cards after 4 minute11. The test also 

showed a high p e rcentage of positive reaction,. among individual"' 

without a dofinlt e diagnosis of schistosomiasis. 

Be cau se of th o ex treme dryness and th,• pre sence of dust in 

many of th .. At'rican urou!'I who re th,! f'i,•ld t ests wore p,• rfornw<I, 
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it was necessary to shake the cards for 4 minutes inside a 

flat plastic box, which made the test more cumbersome. 

Urine precipitin reaction (UPR) 

Another approach to serodiagnosis has been attempted in 

measuring worm material in the host's system, as the 

measurement of antibody level alone gives no true indication 

of infection levels nor of active infection. Okabe and 

Tanaka (1 958 and 1961) and Sherif (1962) were the first to 

demonstrate the presenc e of antigenically reactive materials 

in the urines of infected animals and men. Using the urine 

precipitin reaction of Okabe and Tanaka (1958), Shoeb et al., 

(1968), found that the test was highly sensitive for early 

diagnosis of active infection in patients infect ed with 

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

four months after treatment. 

This revi e w indicates that none of the methods mAntioned 

fulfils all the requirements for good immunological diagno sis 

of schisto~omiasis (cf. tabl e l). In general the sensitivity 

of the de,..cribed m,•thods is poor, false negativ e cases among 

the para ,..itological positive patients hav e be e n r epor t e d. 

The specificity of thes e techniques is not of a high enough 

standard, cross -reaction~ with sera of non-human schistosome 

infections and failures to differentiate human speci~s of 

sch.lstosomPit are common, None of the tests correlates 

accurately with active infection or loud of infection ttnd 
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can, therefore, not be used for assessment oC chemotherapeutic 

trials, 

The main aim of this thasis is to exp1ore the sensitivity and 

specificity or some serological methods (CIE, ELISA and TIA) 

in the detection or anti-schistosome antibodies in a variety 

oC animal and human sera, ELISA, being one of the most 

sensitive and established techniques, has been used for sero

logical monitoring oC chemotherapeutic cure and Cor detection 

or circulating antigen in humans and animals infected with 

s. haematobium and/or S. mansoni. 

A substantial part oC this thesis is concerned with comparative 

studies between ELISA and TIA, in the detection oC antibodies 

in schistosomiasis. A preliminary report oC this comparison 

has been published (Ismail ~•, 1979), 



Chapter II 

MATERIALS AND METHODS 

This chapter deals with the basic, general methods and 

techniques which were used throughout the study. The 

more specific techniques are described in the appro

priate sections of the thesis. 

Snail maintenance 

The Ghanian strain of S.hae matobium was maintained 

in Bulinus ( Bulinus) truncatus rohlf'si and the Puerto 

Rican strain of S.mansoni in Biomphalaria glabrata. 

The snail s were kept in all glass aquaria of 5.5 litres 

capacity at a density of about 20 snails per tank so as 
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to avoid the adverse effects of overcrowding (Wright, 1960 ). 

The tanks w ere f'illed with tap-water stored for a minimum 

of' one week before use in a r eservoir stocked with f'ish 

(LesbistPs reticulatus) and plants. The water was kept 

b e tween 25-28°C using individual heaters and thermostats. 

Gentle aeration was provided through porous air-stones 

from a compress or (Hy-Flo pump ), and crustaceans (Daphnia 

species) wer e allowed to flourish in order to k ee p the wat er 

free from bacteria and debris. Lighting was by fluorescent 

tubing, the natural diurnal rhythmn of 12 hours of daylight 

follow ed by 12 hours of darkness proved to be very satisfac

tory both f'or breeding purposes and for maintaining infec te<l 



snails. All the snails were fed regularly with dried 

scalded lettuce leaves, additionally very small amounts 

of Bemax (wheat germ) and Tetramin (fish food) were 

given once a week. 

Snail infections 

The liver of mice infected with S.mansoni and of 

hamsters harbouring S.haematobium infection were the 

source commonly used to obtain eggs for hatching and 

subsequent infection of snails. Eggs were extracted 

from rodent livers according to the method of Webbe and 

James (1971). This was carried out by macerating the 
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tissue, sieving it (No.60 mesh, 250 microns), and washing 

in physiological sa~ine, followed by sedimentation for 20 

minutes. The sediment was washed three times, with a 

final wash in distilled water at 4-s 0 c. Hatching was 

then carried out in petri dishes, containing distilled 

water, in a lighted incubator at 29-J0°C. 

Snails were infected individually in haemagglutination 

plate,1 with one ml. of aquarium wat e r per snail at a 

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

wer e picked up with a pasteur pipette under a dissectine 

microscope and introduced in each well. The plate wus 

then covered with a sheet of glass and maintained at 

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

minimum of~ hours to ensure maximum penetration by th .. 



miracidia before being transferred to the tanks, The 

length of the prepatent period of infected snails kept 

between 2S-28°c was approximately 28 days for S,mansoni 

and J6 days for S,haematobium. However, snails infected 

with S,haematobium were also imported directly from 

Ghana. The methods and techniques describing the 

importation and maintenance of schistosomes have been 

well reviewed by Webbe and James (1971). 

Final hosts 

Syrian golden hamster (Mesocricetus auratus) 

Male golden hamsters, WO strain at 6-8 weeks old 
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and weighing 60-80 grammes were supplied by Wrights Limited, 

Latchingdon, Ess ex . 

Mice (Mus musculus) 

Mal e 20 gram white mi ce TO strain were supplied by 

Tucks Limit e d, Rayleigh, Essex, 

Adult male mice and hamsters were used throughout 

since they are known to be more susceptible to schisto

somes than adult females (Purnell, 1966). 

Baboons 

All the sera from the baboons (Papio anubis) used 

in tho P xperimunts were obtained from Dr. C. James at 

'Winches Farm, Details of these animals are given ~n 

the appropriate sections of the thesis. 



Rabbits 

Adult 2.5-J.O kilogram New Ze aland white rabbits 

were us e d Cor immunization against worm and egg 

material s . They were suppli e d by Hop Rabbi ts or Kent. 

Methods or inrec tion 

Mi ce 

Inre ction was carried out by the subcutaneous 

inrection method a s describe d by Preston and James 

(1972). The mi ce we re held by the skin ove r the back 

or the n eck and the appropriate volume or c e rcarial 

suspen s io n inrected through this loose skin using a 

21 G, 1 ' n eedl e . 

Hams t e rs 

The y were inre ct e d under s e d a tion u s ing veterinary 

Nembutal (Abbots Laboratories Limited., 60 mg/ml), on e 

part or Nembutal was diluted with nine part s or p hy ~ i o 

l o g i ca l sa line (0.85•6 Na c l) and the dosage rat e wa s 

6,5 mg/100 g body we ight. The p e r c utaneous method or 

e xposure to cerca r iae (ring method), as describe d by 

Smithe r s a nd T e rry (1 96:j b) wa s u sed, Th e hamst e rs we r e 

SJ 

anaes the t ised by an intrape riton e al inje c tion or th e 

diluted Nembutal. The rur wa s the n clipped rrom the 

lo-.·e r abdomen and the ar e a was swabbed wi t.h aquarium 

wat er . Each animal was laid on its buck with a h e avy 

me tal ring or nickl e -plat e d brass with a c a~ucity or ~ ml 



over the swabbed area. The skin was wetted before 

locating the ring in order to form a seal and so 

prevent spillage under the ring. The cercarial suspen-

sion was gently stirred and a volume containing the 

required number was pipetted into the ring; 15-'.30 

minutes were allowed for cercarial penetration of the 

skin. 

An estimation of the total number of cercariae 

present in a suspension was made by counting the number 

of cercariae (killed and stained by a drop of Lugol's 

iodine) present in three measured aliquots of the sus-

pension. The mean of these counts was used for evaluation 

of the total number present. 

Baboons 

Infection was carried out by the percutane ous 

pouch method of Webbe and James (1971), using "Sernylan" 

(phencyclidine hydrochlorid e 20 mg/ ml)intramuscularly as un 

anaes thet ic, at a dose of one mg/ kg. Bri e fly, the 

anaesthetized animal was placed on its back with the 

legs and arms tied in a vertical position. A pouch was 

mad e by lifting up the louse skin of the groin wi t h 

spring- c lip clothes p egs (Smithers and Terry, 19b5b). 

The cerc arial "uspension was plac ed in this pouch, which 

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

for '.)0-40 minutes, after whi c h thH fluid wa s r ecu vPred 

and examined for any remaining cercariae. 
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Perfusions of animals for recovering of adult schisto-

somes 

Mice and hamsters 

Perfusion was carried out by the technique of Smithers 

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

Nembutal injected intraperitoneally (dosage rate 20-JO ~~ 

per animal) containing 10 units of hepatin per ml, 

Nembutal anaestheized the worms slightly causing them to 

lose their hold on the walls of the blood vessels and 

they were easily washed out. A 20 litre plastic carboy 

complete with outlet of rubber tubing and 20 gauge needle, 

containing citrated saline (0.85% sodium chloride, 1,5% 

sodium citrate} was positioned above the perfusion 

apparatus, The pressure for the perfusion was provided 

by a rotars peristaltic pump. The abdominal and thoracic 

caviti e s of the dead animal were opened and the rib cage 

was removed. The animal was then well stretched by means 

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

vertical sheet of perspex. The portal vein was cut and 

the needle from the citrate saline outlet was placed into 

the left ventricle of the heart, The perfusate flowing 

from the opened hepatic portul vein passed through a 42 

gauge stainless steel mesh into a beaker, while the worms 

were retained by the mesh. Perfusion continued until the 

fluid leaving the animal was free of blood. The needle 

was then removed and with the pump still operating, the 



coils of the intestine were lifted and washed down in 

order to dislodge any worms adhering to them. The mesh 

was then removed and inverted in a dish of clean physic-

logical saline and the worms collected. The viscera, 

with their surrounding rat deposits, were thoroughly 

searched ror worms and each liver was squashed between 

two heavy glass plates and examined under a dissecting 

microscope. 

Baboons 
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They were t'irst anaesthetised by an intra-muscular 

injection or "Sernylan". After bleeding from the heart, 

heparin (25,000 units) was injected direct into the heart 

and allowed to pass around the body ror a rew minutes. 

The animal was then killed by an overdose of Euthatal 

(pentobarbitone sodium 200 mg/ ml) intracardially, and 

opened. The animal was perfused with citrated saline 

through a glass canula tied into the aorta. The perfusate 

wa s collected from an incision in the hepatic portal vein, 

into a conical flask by a suction pump. Perrusion contin

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

by gentle massaging of the intestine. The worms were 

coll e cted by sedimentation in urine flasks and then 

counted. 

After perfusion of mice, hamsters and baboons, the 

adult worms were washed with phosphate buffered saline 

(PH S ) pH 7,6 (its compo,,ition is given in the t>ppendix), 
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counted, and distributed in small tubes and kept at -6o 0 c 

until used. 

Recovery of eggs from tissues 

For the purpose of making pure egg antigen, free 

of host materials, very clean samples of schistosome 

eggs were necessary. The digestion method of Smithers 

(1960b)was used with modifications. 

The method was as follows: 

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

hamsters infected with JOO S.haematobium cercariae 

were killed and perfused 8 weeks and 20 weeks after 

infection respectively. 

(2) The livers and intestines, including the caecae 

were removed and placed in separate dishes. 

(J) The livers were slightly crushed between glass 

plates and incubated in normal saline (0.85% sodium 

chloride) at J7°C for half an hour. They were then 

removed and washed in fresh normal saline1 most of 

the adult worms possibly present were removed in 

this way. 

(4) The mesentry was removed from each intestine which 

was then opened and washed thoroughly. The cleaned 

gut tissue was then minced using scissors. 

(5) Ten ml. of 1.7% saline was added for each liver or 

gut and the tissue was homogenized at low speed for 

2 minut es in an MSE homogenizer. 



(6) One mg of trypsin {crystallized trypsin, Grade II, 

Sigma Labs.) per liver or gut was added to the 

homogenate, which was then incubated at 37°c for 

2 hours with occasional shaking. 
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(7) After incubation, the digest with ten times its 

volume of 1.7% saline, was poured through two 

sieves, 180 and JOO mesh, and the filtrate collected 

and transferred to centrifuge tubes. 

(8) The deposit was washed six times with 1.7% saline 

by centrifugation at 1000 rpm for 2 minutes and 

the resulting sediment contained clean live eggs, 

identified by their flame cell movement when viewed 

under the high power of the microscope. The con-

centration of saline used was sufficient to prevent 

premature hatching of the eggs without affecting 

them adversely (Oliver-Gonzalez, 1954; Coker and 

Lichtenberg, 1956). This clean suspension of live 

eggs was used immediately for the preparation of 

soluble egg antigen. 

Collect i on of cercariae for preparation of anti~en 

The infected snails were removed from the aquaria, 

placed in a small volume of aquarium water and exposed to 

the light of a fluorescent lamp to stimulate the cercarial 

shedding process. The cercarial suspension was removed 

hourly and shedding continued in an additional small volume 

of aquarium water. After removal of the snails, the 
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cercarial suspensions were combined and allowed to stand 

undisturbed for about 5-10 minutes to permit sedimentation 

of snail faeces and other debris. The supernatant solution 

containing the living cercariae was then placed in the 

refrigerator (4°c) to facilitate spontaneous sedimentation 

of cercariae. Effective sedim e ntation was usually achieved 

within 4-6 hours, and this treatment had little, if any, 

del e terious effect on the organisms. On the other hand, 

incubation in the cold for periods longer than 6 hours 

significantly reduced viability and resulted in massive 

clumping of the cercariae (Fife~•• 1967). After 

sedimentation of the cercariae, the supernatant fluid 

that contained some snail products was removed by aspira

tion, The cercarial concentrate was immediately adjusted 

to the original volume with dechlorinated water and the 

organisms were resuspended by gentle stirring. Harvests 

prepared in this manner usually contained thousands of 

living c er c ariae. Th•s e cercariae wer e used immediately 

for pr e paration of cercarial antigen. 

Antigens 

Three antigenic extracts were prepared e ach for 

S.haematobium and S.mansoni1 

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

from infec t e d hametere and mice respectively and washed 

thoroughly in phosphate buffered saline (PBS) pH 7,6, 



before being stored at -6o 0 c. Eggs and cercariae were 

used immediately after their preparation for extraction 

of antigen. 

Preparation of antigens 

Adult worm antigen (A/W) 
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A freeze-thaw extract of adult worms was prepared 

according to the method of Murrell et al. (1974) with 

some modifications. The previously washed frozen 

adult worms were allowed to thaw at J7°C. The super

natant was discarded in order to minimize contamination 

with hamster or mouse antigens. The adult worms (5-6 

ml packed worms in 10 ml PBS) were then frozen in liquid 

nitrogen (-160 to -170°c) and rapid thawing was obtained 

by placing the frozen worms in a J7°C water bath, 

Between each cycle of freezing and thawing, the worms 

were centrifuged at 800 G. for 10 minutes, the supe r

natant removed and held at 4°c, and the worms resus

pended in the initial volume of PBS. The cycle of 

freezing and thawing was repeated six times and the 

pooled supernatants were centrifuged firstly at 800 G. 

for twenty minutes and then at 100,000 G. for two hours 

at 4°c. The ultracentrifugation (100,000 G,) was 

carried out in a superspeed 65 MK2 ultracentrifuge 

(MSE), The supernatant of this was used as antigen. 
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Capron•s method of preparation of antigen for TIA work 

Crude soluble antigen was prepared from adult S.haemat

obium and S.mansoni worms according to the technique of 

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

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

homogenate centrifuged as described above. The super-

natant of this was used as antigen after dialysis 

against distilled water for 48 hours. 

Soluble Egg Antigen {SEA) 

A soluble egg antigen was prepared according to the 

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

of live eggs extracted from the intestines and livers 

of infected hamsters or mice as described above, were 

homogenized at a concentration of 50,000 eggs per ml 

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

carried out in a glass tissue homogenizer {Gallenkamp) 

maintained in an ice bath until no intact eggs were 

seen by examining a drop of the suspension mixed with 

a drop of Lugol's iodine under the microscope1 {the 

intact eggs stainPd brown). This material was ultra

centrifuged {100,000 G.) for two hours at 4°c. The 

supernatant of this was used as antigen. 

Cercarial antigen 

This was prepared according to the oripial method of 

FifR !!.!.....!.!:.• {1967) as modified by Murrell!!.!....!!.!.• (1975), 
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with further modifications, The cercariae were dis-

tributed in flat-bottomed dishes at a concentration 

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

hours. Cercarial suspensions more dilute than this 

were concentrated before refrigeration, using a suction 

Millipore filter (Stirewalt, 1971), After incubation, 

the cercarial suspensions containing exo-antigen wer e 

further subjected to sonication in a MSE 150 watt 

ultrasonic disintegrator MK2, in which the amplitude 

meter is calibrated in microns peak to peak and intli

cates the actual movement that is taking place at the 

transrucer/probe interface. This was carried out twice, 

firstly at 12 microns and secondly at 18 microns, one 

minute each with five minutes interval. To avoid the 

effect of heating during sonication, the whol e process 

was conducted in an ice bath. Following sonication, 

th e cercarial suspensions containing exo- and somatic 

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

two hours. The supernatant of this was us ed as antigen. 

After preparation of all antigens, the protein con

centration for each was determined according to the 

method of Lowry~• (1951) using bovine serum 

albumin as standard. Afterwards, the antigen was 

fr eeze-dried in 0.5 ml aliquots using (Edwards Freeze 

Dryer, Model EFOJ) and was then stored at -6o 0 c until 



used. The antigen used for TIA work was dispensed as 

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

Antisera 

6J 

Antisera were prepared in separate adult New Zealand 

white rabbits (2.5-J.0 kg) against adult S.haematobium 

and egg materials. The adult frozen worms were washed 

twice with phosphate buffered saline (PBS) (pH 7.6) by 

centrifugation at 100 G. for 10 minutes. 

A 2 ml packed volume of adult worms (approximately 

500 worms) was homogenized with 5 ml of pH 7.6 PBS in a 

tissue grinder (Gallen Kamp). The homogenate in a volume 

of 0,5 ml was emulsified with an equal volume of Freund's 

complete adjuvant (with Mycobacterium butyrium, Difeo 

Laboratories, Detroit, Michigan) and injected at 2 intra

muscular sites on the rabbit's back near each extremity. 

The immunization procedure consisted of 7 biweekly 

injections of antigen emulsified in Freund 1 s complete 

adjuvant. The rabbits were bled once a week after each 

injection and the serum of the final bleeding which 

showed the greatest numbers of antigen-antibody precipitin 

bands on preliminary testing in agar gel with schistosome 

antigens was used in th~se studies. 

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

eggs) was used for antigenic extraction by the method 

already described and emulsified undiluted in equal volume 



of Freund 1 s complete adjuvant. The immunization procedure 

was the same as described above for adult worm antigen. 

Collection of antisera 

The antisera were collected and used for a trial of 

detection of circulating antigen. The rabbits were bled 

from the marginal veins of the ears during the immunization 

procedure. The ears were first bathed with xylene to 

dilate the blood vessels and then thoroughly washed with 

warm water. A 21 gauge needle was inserted into the vein 

and the blood was collected in centrifuge tubes and then 

placed in an incubator at J7°C for one hour. The clot was 

separated from the wall of the tube and incubated further 

for one hour at 4°c to retract the clot. The sample was 

then centrifuged at 1000 G, for 10 minutes and the serum 

was drawn off with the aid of a pasteur pipette, dispensed 

into 0.2 ml aliquots and stored at -20°c until required. 

At the end of the immunization procedure, the rabbits 

wer e deeply anaesthetized with ether and bled directly from 

the heart, after which they were killed. Each rabbit was 

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

centrifuge tubes, This was treated as described above to 

obtain serum, which was th e n distributed in 2 ml aliquots 

and kept at -20°c until used, 

Coll~ction of serum from animals and humans 

Hamsters 

To obtain Sffrum, individual hamsters were bled from 



the orbital sinus according to the technique of Riley 

(1960). The blood 1~as collected in micro-capped 

centrifuge tubes and then placed at J7°C for one hour. 

A further one hour's incubation at 4°c to retract the 

clot preceded centrifugation of the samples at 1000 G. 

for 10 minutes, after which the serum was drawn off 

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

Baboons 

The animals were bled under sedation. The blood was 

withdrawn from the saphenus vein on the back of the 

hind legs using 10 ml syringe and 20 gauge needle. 

Having collected the blood in centrifuge tubes, it 

was dealt with as above for separation of serum which 

was kept at -20°c until used. 

Humans 

The human sera examined in these studies were from, 

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

Egypt. Figure 4, a map of Egypt, shows the area where 

these sera were collected. North of Cairo in the Nile 

Delta both species of schistosomes, S.haematobium and 

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

is found ex c ept for sporadic cases in immi g rants (Scott, 

19)71 Malek, 197~). Before bleeding, the patients 

were examined clinically and a case history compiled 

including age , s e x, exposure to water, blood in urine, 
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previous schistosome treatment and socia1 status. 

The urine from each patient was then examined for 

live S.haematobium eggs, The blood was collected 
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from positives as we11 as from patients negative for 

S.haematobium ova in the urine. Patients negative 

for S.haematobium infec~cri were carefully se1ected 

as controls for the positive cases. They had a 

negative history of S.haematobium and no S.haematobium 

ova in urine. Other helminth infections or exposure 

to schistosome cercariae cannot, however, be entirely 

exc1uded. The sera were separated as described above 

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

(b) Known cases of S.mansoni from St. Lucia (kind1y 

provided by Dr. P. Jordan and Dr. J. Cook in 1974 and 

1975). 

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

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

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

area where people were exposed to infections but no 

pnrnsitological data are available. 

(d) Cases from an outbreak of human cercarial dermatitis 

in the U.K. due to the cercariae of a bird schistosome 

(Knight and Worms, 1972). These sera were provided by 

Dr, R. Knight, 

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

othor than schistosomes (provided by Dr. D.S. Ridl e y). 



These included cases of W.bancrofti, Loa Loa, 

Onchocerca volvulus and T.saginata infections. 

However, it cannot be excluded that some of these 

patients may also have been exposed to schistoso

miasis. 
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(f) Patients from Kapsabet, a highland area of Kenya 

(surveyed in 1969). No schistosome infections were 

found although there was a high prevalence oC 

infections with Aecaris, Necator, Trichuris, Taenia 

species and Fasciola hepatica. When tested on two 

occasions by the WHO standard skin test Cor schisto

somiasis (Olivier and Uemura, 197J), many oC these 

children gave false positive reactions, on both or 

on one occasion. Sera were obtained at the time of 

each test. 

(g) New Guinea children and adults infected with 

W.bancrofti or Taenia species. 

(h) U.K, hospital patients with clinically proven 

hydatid infections. 

(i) Known cases of S.haematobium and -2.:.!?!~!!.!. from 

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

sera were selected (no active malarial infection, no 

malarial parasites in the peripheral film and no other 

intestinal parasites in tho stools). All patients 

were treated with hycanthone intramuscularly at a 

dose of) mg per kilogramme body weight. Pftrasitological 
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cure, as judg d by th bs nc of schistosome ova 

in the stool and/or urine, was achi ved in 11 patients 

who report d for ful1ow-up 6 weeks after th treatment. 
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Chapter III 

TRIALS OF IMMUNOELECTROPHORETIC METIIOOS 

Introduction 

The use of precipitation in gel methods in the serology of 

parasitic diseases ha~ been reviewed by Kagan (1974), who 

noted that though these may have the advantage of relative 

simplicity, they also have the disadvantage of needing 

concentrated sera and antigens, Of recent workers using 

Ouchterlony double diffusion tests as were described by 

Crowle (197J), Madwar and Voller (1975 and 1977) were able 

to detect antibodies and possibly circulating antigens in 

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

infections. 

Other workers (Berggren and Weller, 1967; Teesdale, 197J; 

Bawden and Weller, 1974) found the test sensitive in the 

detection of schistosome circulating antigen, but only in 

animals very heavily infected with s.mansoni, 

It was also reported by Hillyer (1976) that the test was 

relatively insensitive in the detection of anti-DNA anti

bodi es in the sera from chimpanzees infected with 

S,japonicum, 

As already mentioned, one of the drawbacks of agar gel 

test is the high concentration of antigen and antiserum 

required; another is the time required to perfonn the 
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test. Accordingly, the high infection levels required to 

produce a positive result suggest that double diffusion 

test would be of little value for the diagnosis of human 

schistosomiasis. 

The principle of the method hereafter ternroimmuno

electrophoresis (IE) is the electrophoretic separation of 

an antigen in a gel medium followed by diffusion of pre

cipitating antibodies in the same gel at right angles to 

the direction of e1ectrophoresis (Fig.5). This increases 

both the speed and sensitivity of the immunoprecipl.ta.tion 

system as well as giving analysis of the antigen. Capron 

~-• (1966) were able to characterise the antigens of 

the three species of human schistosomiasis, using IE, and 

though differences in the precipitin bands could be dis

cerned, many of these are common to one or other species. 

It was reported by Biguet ~• (1965) that precise 

diagnosis could be established by studying a single 

specific arc, but they pointed out that this test was not 

sensitive in distinction of schistosome species (S.mansoni 

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

showed evidence indicating the presence of stage specific 

antibodies to egg antigens in mice infected with S.mansoni. 

Furthermore, Hillyer (1969) reported that sera from humans 

with recent S.mansoni infection gave stronger precipitin 

lines to cercarial, adult and egg extracts than did sera 
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of the chronic cases. Deelder et al. ( 1975b) found that 

IE is far less sensitive than the IFA test or DASS 

system in the detection of antibodies in sera of patients 

with S.mansoni infections. 

Because of its speed, simplicity and greater sensitivity 

over other gel diffusion methods, countercurrent immuno

electrophoresis (CIE) has become a most attractive 

technique. The principle of this test is that under 

certain electrophoretic conditions the antigen and the 

antibody move in opposite directions simultaneously. 

The negatively charged antigen moves towards the anode, 

while the antibody moves towards the cathode by endosmosis 

set by in this gel, so that they will meet, react and 

precipitate somewhere between their respective origins, 

Figure 5 is a diagram illustrating the advantages and 

principle of CIE. It also shows a double CIE1 the 

specimen for test, which may contain antibody or antigen 

or both, is placed in a central well with the antigen on 

the cathodal side and specific antiserum on the anodal 

side. 

Countercurrent immunoelectrophoresis has been used in 

tropical and other infections for the detection of 

antibodies and also for circulating untigon. A review 

of the application of this test in these infections is 

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



Figure .S 

Diagrams illustrating the principle of different 

gel diffusion methods and the advantages of CIE. 

Double diffusion, only the portions moving along the 
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et al. (1975c) found that CIE is superior to the other 

immunoprecipitation techniques in the detection of anti

bodies in sera of individuals infected with S.mansoni. 

One disadvantage of CIE is that the class of antibody 

cannot be ascertained as in IFA or ELISA tests (Draper, 

1976). 
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Double CIE was developed by Phillips and Draper (1975) 

for the detection of both antibody and circulating 

antigen in sera of patients with S.mansoni infections. 

The test was found to be sensitive in detecting anti

bodies, and possibly for circulating antigen, but in a 

subsequent use of this test, most of the precipitin bands 

at the anodal side were found to be non-specific due to 

acidification of the sera before testing (Draper, 1976) . 

Using the same test, but with the sera not acidified, 

Madwar and Voller (1977) also reported the possible 

detection of both antigens and antibodies in sera from 

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

Immunoelectrophoretic techniquAs have been used for 

monitoring of chemotherapeutic cure, Dodin ~• (1966), 

Capron~• (1969), showed an increase in the number of 

precipitin bands during the progression of chemotherapy 

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

and S,mansoni1 though some of these bands completely 

disappeared as a result of cure, the other bands persisted 



up to one year after treatment (Capron~-, 1969). 

This chapter is concerned with a trial of immunoelectro

phoretic methods for the detection of antibodies in Sera 

from patients with S.haematobium infections. 

Materials and Methods 

Antigens 

S.haematobium crude adult worm and soluble egg antigens 

were pre pared according to the methods described in 

Chapter II. 

Sera 

The sera chosen in this study were from known cases of 

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

S.mansoni in this area), as described in Chapter II. 

Also, s e ra from Egypt and East Africa from people in

f e cted with various helminths other than schistosomes 

were us e d as controls. 

Anti-s e ra 

Anti-s e ra prepared in rabbits by the method described in 

Chapter II against S,haematobium adult worms were used, 

tog ether with normal rabbit serum as control. 

Choic e of gel medium 

In the pre vious work with schistosomiasis Scapin and 

Te ndl e r (1975), Phillips and Drape r (1975), used agar 

g e l, whl ln D11din .2.!.....!!.!,,, ( 1966), Capron ~•, ( 1969), 



used agarose gel. Work with other systems such as 

bacterial and fungal infections here also used agarose 

gel (e.g. Banffer, 1972; 

Remington et al., 1972). 

Coonrod and Rytel, 1972; 

A mixture of equal quantities of agar and agarose as 

suggested by Gordon et al. (1971) and used by Combridge 

and Shaw (1971), Kleger and Kaufman (1973), MacKenzie 
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and Philpot (1975), resulted in increased migration of 

reagents and improved resolution of lines of precipitation 

with virus and mycotic infections. Kelkar and Niphadkar 

(1974) found that pure agarose has disadvantages; move-

ment of serum proteins in agarose is anodal and the 

y-globulin sweeps out of the wells, probably by diffusion. 

There is hardly any electroendosmotic movement. They also 

stated that the ideal gel composition would be that in 

which the electroendosmotic movement of the globulins 

equals the anodal migration of the antigen. 

It has be e n reported that sharpening and better resolution 

of antige n-antibody precipitin lines were observed when 

dextran wRs included into agar medium (Ceska and Gross

miiller, 19681 Ceska, 1969). Presumably the effect of 

d e xtran is to exclude antigen-antibody complexes more 

e ffi c i e ntly in the agar medium. 

Tr i als we re carried out with dif!erent mixture s of agar, 



agarose and dextran and observations showed that good 

resolution, separation and definition of precipitin 

lines were obtained when CIE was performed with gels 

made of a mixture of oxoid ion agar, agarose (type III, 

Sigma Lab.) and dextran (grade C, M.W. 60,000-90,000, 

BDH Lab.), in a proportion of 0.75%, 0.25% and 2% 

respectively in barbitone/acetate buffer with 0.1% 

sodium azide added as preservative. 

given in the appendix. 

Its composition is 

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

Choice of buffer 

78 

The choice of the buffer was investigated in the light of 

results of other workers using this technique in a variety 

of different systems. Jameson (19~8), used a buffer for 

bridging the agar slide that had a lower ionic strength 

than the buffer in the agar. Pesendorfer ~- ( 1970) 

and Vergani (1971) used the same buffer in both agar and 

tank, while Zuckerman and Taylor (1970), Wallis and Melnick 

(1971), and Cambridge and Shaw (1971) used discontinuous 

buffer system in which the ionic strength of the buffer in 

the slides was less than that used for bridging them, for 

detecting serum hepatitis (Australia) antigen and/or 

antibody. Wallis and Melnick (1971) reported that under 

the conditions of discontinuous buffer system■ , y-globulin 

and antigen in serum hepatitis patients could be made to 
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move rapidly towards each other giving increased speed and 

sensitivity. This system is known as discontinuous 

countercurrent immunoelectrophoresis {DCIE). In addition, 

because of the increased electroendosmosis in DCIE, the 

precipitin lines between antigen and antibody form at some 

distance from the wells and thus are not confused with non

specific lines which may occur close to wells in the CIE 

test. The above different systems were applied for testing 

the human sera mentioned earlier in this chapter, using 

barbital buffer ranging between 0.015 Mand 0.tJ M. Apart 

from some improvement in resolution of precipitin lines, no 

increase in sensitivity was noted when discontinuous buffer 

systems were substituted for the system where the ionic 

strength was the same in both the agar and tank. The 

buffer chosen for use in the tank and the preparation of 

the slides was that recommended by Pesendorfer ~ - (1970) 

- (0.13 M, pH 8.4). Its composition is given in the 

appendix. 

Immunoelectrophoresis {IE) 

Immuno e lectrophoresis (IE) was initially used for comparing 

adult worm and egg antigens using sera from known 

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

ture in a Shandon electrophoresis tank (Model U77) using 

a Shandon v500/150 stabilised power supply (fig, 5). 

Microscopic slides ( 24 x 77 mm and J9 x 78 ITVII) were each 



Figure 6 

Shandon Ele c trophore•i• Apparatue with a Shandon 

v300/130 pover eupply unit ueed in i-.unoelectro

phore•i• tank 



Figure 6 

Shandon El ctro phore ■ ia App r tua with a Shandon 

V500/1~0 power supply unit ua din immuno 1 otro

phore ia tank 
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coated with 2-4 ml of 1% molten oxoid ion agar in barbital 

buffer pH 8.4 (O.lJ M), with addition of 0.1% sodium azide 

as preservative. Wells and troughs were cut using special 

cutter shown in Fig.7. The wells were each filled with 

10-20 µl of antigen containing 10 mg protein/ml. Electro

phoresis was performed for 1½ hours using constant voltage 

at 100 volts/slide. 

After the run had been completed, the troughs were filled 

with undiluted sera (100 pl each) and the slides allowed 

to incubate for 24-48 hours in a humidity chamber. After 

this period the slides were read in a diffuse light and the 

precipitin lines were recorded. For permanent preparation 

the slides were washed in normal saline for 24 hours and 

stained with Coomassie blue (0uchterlony and Nilsson, 197J). 

The composition of the stain and method is given in the 

appendix. 

Count e rcurrent immunoelectrophoresis (CIE) 

Microscopic slides (24 x 76 mm) were cleaned and pre

coated with molten buffered agar1agarose mixture before 

use. Two ml of molten buffered gel (as described earlier 

in this chapter) were added to each slide. A set of J 

paired wells were cut, each J mm in diameter and 5 mm from 

its partner. The wells neurer to th e anode were each 

filled with 10 µl. undiluted serum to be tested. The slides 

were transferred to the electrophoresis tank (the same 
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The 1.mmunoelectrophoresi.s. gel cutter 
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The i.rnmunoelectrophoresi• gel cutter 
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The immunoelectrophoresis gel cutter 
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The immunoelectrophore •i•. gel cutter 
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apparatus as above). Constant current was used at 

12 mA/slide for 45 minutes after which the slides were 

removed from the tank and examined for the presence of 

precipitin lines. Permanent stained slides were prepared 

as in immunoelectrophoresis. 

Different sizes and shapes of wells other than the ones 

used above were tried with different distances between, 

with no improvement. Some attempts were made using double 

CIE for the detection of antibodies as well as antigen in 

sera from patients with S,haematob:l.um infection. The sera 

were tested with and without acidification, The slides 

were prepared as mentioned above and wells were cut in a 

pattern as shown in Fig,S, The central well was filled 

with 20 µl of the test sera. Then S µl of anti-sera 

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

the well nearest to the positive pole and 5 µl of worm 

antigen was placed in the peripheral well nearest to the 

nega tive pole. The slides were placed into the tank and 

the run was carried out as described above, After the run, 

the slides were removed from the tank and read under diffuse 

light, 

Results 

Fig,8 shows two of the immunoelectropherograms comparing 

S.haematobium adult worm and solubl<' i,g• antig<-ns against 

sera from patients with S,haPmutobium infections, It 
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Figure 8 

+ 

r~noeleotropherosr-• oC tvo •era Crom S.hae-tobium infected 

individual• (eera No. 91,226) againet S.haematobium adult vona 

antigen {top well•) and egg antigen (bottom velle) 
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Figure 8 

+ 

Ianunoel ctroph r gram• or two •era ~rom S.haematobium infected 

individual• (a ra No. 91,226) again•t S.haematobium adult worm 

antigen (top well•) and egg antigen (bottom well•) 
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F.igure 8 

+ 

Immunoelectroph r grams of two ■era from S.haem tobium infected 

individuals (ser No. 91,226) against S.haematobium adult worm 

antig n (top well•) and egg antigen (bottom w 11 ■) 



appears that the main antigenic fractions of egg antigen 

move cathodally, while those of the adult worm antigen 

seem to move anodally, a finding already described by 

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

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

factory. 

The results obtained with CIE using S.haematobium adult 

worm antigen and sera from patients with S.haematobium 

infections are presented in Table 2. As shown in the 

table, only two out of ten sera examined (4-9 years old) 

were positives, each giving one precipitin line, Also, 

the sensitivity of the test in the old age group (;t40 

y~ars old) was low; two out of five sera examined were 

positive s with one precipitin line each. On the other 

hand, in the teen-age group (10-19 years old) and middle 

age group (20-39 years old), the sensitivity of the test 

was moderate; five out of ten sera examined (10-19 years 

old) were positives with one or two precipitin lines each 

and 15 out of 25 sera exwnined (20-39 years old) were 

positives with two or three precipitin lines each, Th~se 

results were in agreement with those reported by Hwu tl....!!l• 

(1978). 

Also, Figs 9.1, 9.2 and 9.3 illustrate the results for 

S.haematobium adult worm antigen when reacted against sera 

from some patients with S,l1aematobium infections as well as 



Table 2 

Results obtained with CIE on sera from patients with 

S.haematobium infection using S.haematobium adult 

worm antigen 

Age group Number Number of Number of 

(years) examined positives precipitin lines 

4 - 9 10 2 1 

10 - 19 10 5 1 or 2 

20 - J9 25 1 5 2 or J 

:> 40 5 2 1 
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Fig. 9. 1 

Fig. 9.2 

Samples and 

Sam:.,les J and 

Sample 5 
Sample 6 

Samples and 

Samples J and 

Samples 5 and 

Figure 9 

2 f'rom patients aged 20-J9 years old 
4 :from patients aged 10-19 years old 

control serum 

f'rom patient aged >40 years old 

2 f'rom patient aged 20-J9 years old 

4 f'rom patients aged 10-19 years old 

6 control sera 

Fig. 9.J Samples t, 2 and J :from patients aged 4-9 years old 

Samples 4 and 5 control sera 
Sample 6 f'rom patient aged ., 40 y e ars old 

Precipitin lines f'onned between S.haematobium adult worm 

antigen and sera rrom patients with S.haematobium 

in:fection as well as control sera when tested by the CIE 



Figure 9 
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control sera. 

None of the control sera (from people with various 

helminths other than schistosomes) gave precipitin 

lines except one case out of ten which showed faint, 

vague precipitin line (Fig. 9.2), which could easily 
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be differentiated from sharp and pronounced precipitates 

formed against positive sera. 

Attempts at detection of circulating schistosome antigen 

using double CIE and the sera mentioned above gave 

inconsistent results. When the test sera were acidified, 

non-specific precipitin lines were found adjacent to the 

wells nearest to the positive pole. On the other hand, 

when the sera were tested without acidification, there 

were no reactions in some while others gave very faint 

precipitin lines which could not be defined. 

Discussion 

In this study, CIE proved to be less sensitive in detecting 

precipitating antibodies in sera from patients with 

S.haematobium infection in certain age groups, particularly 

the young (4-9 years old) and old ( ~40 years old) age 

groups. In the other age groups, (teen-age (10-19 years 

old) and middle age (20-J9 years old), the test gave 

moderate sensitivity. Not only were a highPr number of 

precipitin lines found in the middle age groups than in 
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those in the young and old age groups, but also the 

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

Explanations for negative immunoprecipitin reactions may 

be that the antibody level was too low to precipitate, or 

the antibody, if present, may not be of precipitin type. 

It was shown by Hillyer (1969) that sera from acute cases 

with S.mansoni infection gave stronger precipitin lines 

to cercarial and e gg as well as adult worm extracts than did 

sera of the chronic cases. It was also confirmed later by 

Reis et al. (1970) that the gel diffusion test was sensitive 

with sera from patients with acute stages of schistosomiasis 

but wa s relatively insensitive with sera from patients with 

chronic cases. 

Scapin and Tendler (1975) reported excellent sensitivity 

in a CIE t e st with eight sera from patients with schisto

somiasis that were also positive in double diffusion tests. 

However, besides the small number of patients they examined, 

the y gave no details regarding the age and/or the load of 

worms each patient might be expected to be carrying. 

Becaus e of the relative ly large quantities of antigen and 

sera requir e d, only small number of s e ra were tested using 

CIE. How e ver, the test as so far tried indicated a low 

sens itivity in detecting antibodies in sera from patients 

with S.haematobium infec tions. It agre es with conclusion 
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those in the young and old age groups, but also the 

precipitates were more pronounced (Fig, 9,1, 9,2 and 9,J), 

Explanations for negative immunoprecipitin reactions may 

be that the antibody level was too low to precipitate, or 

the antibody, if present, may not be of precipitin type, 

It was shown by Hillyer (1969) that sera from acute cases 

with S.mansoni infection gave stronger precipitin lines 

to cercarial and e gg as well as adult worm extracts than did 

sera of the chronic cases, It was also confirmed later by 

Reis et al, (1970) that the gel diffusion test was sensitive 

with sera from patients with acute stages of schistosomiasis 

but wa s relatively ins e nsitive with sera from patients with 

chronic cases. 

Scapin and Tendler (1975) reported excellent sensitivity 

in a CIE test with eight sera from patients with schisto

somiasis that were also positive in double diffusion tests. 

Howeve r, besides the small number of patients they examined, 

the y gave no details regarding the age and/or the load of 

worms ea c h pati e nt might be expected to be carrying, 

Because of the relative ly large quantit ie s of antigen and 

sera require d, only small number of s e ra were tested using 

CIE, How ov e r, the t e st as so far tried indicated a low 

sensitivity in d e tecting antibodies in sera from patients 

with S.haematobium infe ctions, It agre es with conclusion 
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of Dee1der et a1. (1975a) that a1though CIE was found to 

be superior to other imrnunoprecipitation techniques in 

the det e ction of antibodies in sera from indi~idua1s 

with S.mansoni infections, the test is far 1ess sensitive 

and uses more va1uab1e antigenic materia1s than other 

methods (Dee1der and Streefkerk, 1975). No further tria1s, 

therefore, were carried out with these techniques. 
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Chapter IV 

ENZYME LINKED IMMUNOSORBENT ASSAY (ELISA) FOR THE DETEC-

TION OF ANTIBODIES IN s HAEMATOBIUM INFECTIONS 

Introduction 

The use of labelled antigens or antibodies with various markers 

has been found to be particularly useful for assays of bio

logical substances. 

Fluoresc e nt dyes have been used for this purpose for many 

years and, as reviewed in the first chapters of this thesis, 

the IFA test is one of the best established diagnostic 

methods in the serological diagnosis of schistosomiasis. 

However, the IFA test is time-consuming, not easy to perform 

in an automated manner and the reading of the results is 

subjective. 

Other labels used for antigens or antibodies are isotopes 

utilized in the radio immunoassay method (RIA). The 

principle of RIA for measuring antibody is to coat the 

solid phase with an antigen and then to incubate the test 

sample thought to contain antibody. If the antibody is 

present it will combine with the antigen fixed on the 

solid phase. Subsequently the specific antiglobulin labelled 

with an isotope (1 125 ) is added and the isotopic activity 

measured with a gamma counter. Fig.1O illustrates the 

principle of RIA. 
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Figure 10 

Schematic illustration of the principle of ELISA, compared 

to the two other methods, RIA and IFA tests. 
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RIA was found to be sensitive and reliable in detecting 

antibodies to schistosomiasis (Schinski ~-, 19'1 6; 
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Voller~•• 1977). Pelley~- (1977) reported that 

RIA was very sensitive and specific in detecting anti-

bodies with S.mansoni infections. They used a highly 

purified soluble egg antigen, named major serologic 

antigens (MSA
1
), which was prepared according to the 

method of' Pelley et al. (1976). The use of' MSA 1 , with a 

high degree of stage and species specificity which parallel 

that of the sensitizing activity of the S.mansoni eggs in 

granuloma formation (Hamburger~-• 1976; 'Warren and Dom-

in!P, 1970a and b), accounted f'or the sensitivity of the 

test. However, the isotopically labelled reagents used 

with RIA are costly, have a short shelf life, some health 

hazard is associated with their production and expensive 

equipment is required for reading the results. 

Enzyme immunoassays combine the advantages of the immuno

f'luoresecnce and the radio immunoassay and overcome some 

of their disadvantages. Enzyme labelled reagents are 

safe, comparatively cheap to prepare, have a long shelt' 

life and yield objective results with the same sensitivity 

as RIA, yet results can be determined either visually or 

with fairly simple equipment. Ferreira~- (1974) and 

Capron~• (1975) found that the immuno enzyme method 

was as accurate as the IFA test or the IHA test and its 
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simplicity made it suitable for immunodiagnosis of human 

parasitic diseases. 

These studies deal with the enzyme-linked immunosorbent 

assay (ELISA), pioneered by Engvall and Perlmann (1971, 

1972). The basic ELISA test depends on two assumptionsz 

(i) that the antigen or the antibody can be attached to a 

solid-phase support, yet retain its immunological activity 

and (ii) that either antigen or antibody can be linked to 

an enzyme, the complex retaining both its immunological 

and enzymatic activity. Antibodies or antigens have been 

linked to a variety of enzymes including peroxidase and 

alkaline phosphatase yielding stable, highly active re-

agents. The use of a specific enzyme substrate results 

in the production of a colour which can be assayed photo

metrically at an appropriate wave length. Fig.10 shows 

the principle of ELISA, compared to the two other methods, 

RIA and IFA. ELISA has been used in infectious and non

infectious diseases for the detection of antibodies and 

antigens. It has also been used for agricultural and 

veterinary purposes1 to detect plant viruses and tri

chinella infections in pigs. The use of ELISA in these 

diseases has been well reviewed by Voller!.!....!.!.• (1979). 

Huldt et al. (1975) were the first to have used the ELISA 

to detect antibodies to schistosomes and they concluded 

that the test had potential for epidemiological studies. 



Voller et al. (1976a) introduced a micro-ELISA system 

for detecting both antibody and antigen in schistoso

miasis and other parasitic diseases, and Bout~• 

(1976) reported a satisfactory sensitivity and speci

ficity of the ELISA in diagnosis of parasitic diseases, 

A comparative study of the applicability of immuno

peroxidase techniques in immunodiagnosis of S,mansoni 

infections in humans was carried out by Deelder ~-

(1977) . They found that the DASS system and the ELISA 

technique (macro and micro systems) were at least as 

specific and sensitive as the IFA test and also noted 

the convenience of the micro-ELISA system for field 

use, The ELISA was found as sensitive and reliable 

as the RIA in detecting antibodies with sera from 

patients with S.haematobium or S,mansoni infections 

(Schinski ~-• 1976; Voller~-• 1977), 
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Re cent studies on ELISA in S.mansoni infection indicated 

that the test has great sensitivity especially when 

soluble egg antigens were used (McLaren~•• 1978) , 

Kelso and Weller (1978) also reported high sensitivity 

and specificity for the test in detecting antibodies 

with sera from pationts with ~.mansoni infections 

using adult worm anodic antigen which was non-covalently 

bound to the surface of poly (L-Lysine) coated wells 

in polysterine trays. 



Studies carried out by Farag~- (1978a and b) 

indicated that the extinction values of ELISA for 

S,haematobium and S,mansoni cases were higher with 

the homologous antigen. They used S.haematobium and 

S . mansoni adult worm antigens. They also concluded 

that the use of specific antigenic fraction(s) 

would play an important role in increasing the 

sensitivity and specificity of the ELISA, More 

recently, Lunde et al , (1979) were able to distinguish 

serologically between cases of acute and chronic 

schistosomiasis using the ELISA with both cercarial 

and worm antigens. Hassan et al. (1979) found that 

ELISA is slightly superior to IFA and IHA tests in 

detecting antibodies in schistosomiasis. Hillyer 

and De Rios (1979) reported high sensitivity of the 

test in detecting antibodies in sera from mice and 

humans with S , mansoni infections, but they found 

that the test gave extensive cross-reactions with 
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sera from humans with fascioliasis, trichinosis, 

cysticercosis and echinococcosis. They also stated that 

further purification of the soluble egg antigen would be 

needed for the ELISA to be an effective seroepidemiological 

tool in areas where these parasites are endemic. However, 

they us e d a different method for conducting the test1 the 

plates after being coated with antigen, sealed and stored 



at 4°c for at 1east three days, the incubation of the 

serum was then carried out at 25° c for 18 hours. 

Probably these conditions are not optimal for the t,est. 
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It appears that ELISA has proved to be at least as 

sensitive as the RIA or the IFA test, having fewer disad

vantages than the two other tests. 

This chapter describes the application of ELISA on a 

larger scale than previously described to sera from human 

populations infected with S.haematobium, with other human 

and non-human schistosomes and/or with helminth infections 

other than schistosomiasis. 

Materials and Methods 

Antigens 

Adult worm, soluble egg and cercarial antigens, each pre

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

studies. They were prepared according to the methods 

described in Chapter II. 

Sera 

The human sera examined were mentioned in detail in Chapter 

II, Brief ly, these were from1 (a) known cases of~

matobium from El-Minya, UppPr Egypt, (b) known cases of 

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

both S.intercalatum and/or S,haematobium occur, (d) cases 
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from an outbreak of human cercarial dermatitis due to 

the cercariae of a bird schistosome, (e) U.K. hospital 

patients with parasitic infection other than schistoso

miasis, (f) people from Egypt and East Africa infected 

with various helminths other than schistosomiasis, (g) 

New Guinea children and adults infected with W.bancrofti. 

ELISA 

The basic method of Engvall and Perlmann (1971, 1972) was 

used, but with the microtitre modification of Vol1er et al. 

(1976a). Optimum dilutions of antigen, test sera and con-

jugate were determined by chequer board titration as 

described by Voller~• (1976b). This was carried out 

against positive and negative sera. In this investigation, 

three reference sera were used1 strongly and weakly 

positive s era Crom humans with S.haematobium infe ctions 

and a negative s erum, pooled from several European nurses. 

These s e ra were dilut e d in PBS-Tween and diffe r e nt dilutions 

ranging between 11100 and 111000 we re used. Antigens were 

diluted in c arbonate/bicarbonat e buffer at differ e nt protein 

concentrations, ranging between 1 µg protein/ml and 20 µg 

prot e in/ml. The anti g en conc e ntration and serum dilution 

that gave the b es t discrimination b e tween positive and 

n egative s e ra were used in subs e quent t e sts. It was found 

tha t th e optimum antigen concentration wa s 5 ~g prot e in/ml 

for all the three S.haematobium antigens and the optimum 
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dilution for the test serum was J~o· Similarly, chequer-

board titration was carried out for S.mansoni antigens 

against positive and negative sera. It was found that 

the optimum concentration for soluble egg antigen was 

2,5 pg protein/ml while for worm and cercarial antigens 

it was 5 pg protein/ml, and the optimum dilution for 

test serum was~-

The conjugate, alkaline phosphatase labelled anti-human 

immunoglobulin, was kindly supplied by Dr, A.Voller, 

Nuffield Institute, London and the optimum dilution of 

the conjugate as tested by ELISA against plates coated 

with varying amounts of immunoglobulin was found to be 

1 1 
~ - 1200, depending on the batch, 

The test was carried out in a microtitre plate (Cooke 

Microtitre, Greiner M29 AR, Dynatech Laboratories). 

Two hundred pl of diluted soluble antigen, diluted in 

carbonate/bicarbonate buffer, was added to each well of 

the plate which was then covered and left overnight at 

room temperature for coating to occur, The next day the 

plate was washed three times, three minutes each, with a 

saline-Tween solution, to remove non-adsorbed antigen. 

After the last wash, the plate was shaken dry and 200 pl 

of diluted test serum was added to each well and the 

plate was incubated at room temperature for 2 hours. 



After repeating the above washing procedure to remove 

unreacted components, 200 pl of the diluted conjugate, 

alkaline phosphatase labelled anti-human immunoglobulin 

diluted in PBS-Tween, was added to each well and the 

plate again incubated at room temperature for a further 

two hours. After further washing as before to remove 
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unreacted conjugate, 200 pl or the enzyme substrate (para

nitrophenyl phosphate 1 mg/ml in 10\lb diethanolamine buffer) 

was added. The reaction was stopped in all wells by the 

addition or 50 pl of J M sodium hydroxide ror each well, 

using a reference positive serum as described later. 

The contents or each well were removed and the absorbance 

at 400 nM was read in a spectrophotometer (Vitatron, UPM) 

(Fig.11). The ELISA values were given as Extinction (E) • 

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

The composition or the reagents used in ELISA are given 

in the appendix. 

Endpoint determination 

Because of the high sensitivity of the test and the 

enzymatic reaction dependance, considerable day-to-day 

variability occurs, probably due to difrerences in the 

ambient temperature, a reference serum should therefore 

b e used as a standard ( Voller ~- 1~176b) • 

McLaren~• (1978) have described a method for 



Figure 11 

A spectrophotometer (Vitatron, UPM) and printer 

(Peak Height Reader-Printer Unit, MSE), used for 

reading and printing ELISA results 



Figure 11 

A spectrophotometer (Vitatron, UPM) and printer 

(Peak Height Reader-Printer Unit, MSE), used for 

reading and printing ELISA results 
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determination of the optimum value for the reference 

serum endpoint. Briefly, random samples of sera were 

taken from J groups, 10 sera each. These were from 

groups a, e and f, among sera examined in this chapter. 

Tests on a positive reference serum, consisting of a pool 

of sera from a group of individuals with a high titre of 

S.haematobium infection, were used, together with replicate 

tests on the sera mentioned above, using worm antigen. 

The reaction was stopped when the E400 for the reference 

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

tively. Means and 95% confidence intervals for the E400 

for each group were calculated at the different E400 levels 

of the reference serum. A value of 0.75 for the E400 of 

the reference serum was found to be the point at which 

there were the greatest differences between the groups 

with small variation within the groups. In all subsequent 

tests several replicates of the reference serum were 

included. These were read at intervals and the test was 

stopped when one had reached an E400 value of 0.751 this 

occure d after 15-J0 minutes. The test eera were considered 

as positive if their E400 value was more than 0.25. This 

point was selected as none of the negative sera of the other 

two groups gave values above 0.25. A negative reference 

serum, from a pool of sera from European hurses, was also 

included in all subsequent tests. 

Figure 12 is a photographic recording of an ELISA plate 



Figure 12 

Photograph or an ELISA plnt e (alkaline phosphatase 

enzyme system) with S.haemutobium adult worm antigen 

and sera Crom known Egyptian ~aemotobium cases, 

with dif'Cerent levels or antibody (Rows C and D). 

Row E, wells Nos, 1-4 wore us e d ror replicates or 

positive rererence serum, wells Nos,5-8 were used 

ror r e plicates of' negative rererence serum, while 

wells Nos,9-12 containod PBS, required f'or zeroing 

the spe c trophotometer, 



Figure 12 

Photograph of an ELISA plate {alkaline phosphatase 

enzyme system) with S.haemutobium adult wurm antigen 

and sera from known Egypt~an S.haematobium cases, 

with different levels of antibody (Rows C and D). 

Row E, wells Nos.1-4 were U!Oed for replicate" of 

positive reference serum, wells No ... 5-B were used 

for replicatos of negative reference serum, ~tile 

wells No" .<)-12 con tainnd PDS, roquired for zeroiug 

thL• spr.ctruph.,tnmntr.r. 



igur 1., 

Photo r ph or n EL:I A plo ,, ( lk..illn,. pho ph (' 

llLymt> m) l h .h c-mutoblu111 c.lulL worm u11ti6 11 

unc.l ,-. ra fr m kn wn Eeyp i n -=.!:!u rrn , l n bl um 

ith i fl, , n lt> l of n ibod (R u C nd o). 

Row J l 0 • 1-q W('r u , ,tt fur r.-pll1' <1 L oC 

C) 1 l 1 \ t• r, f l' t'l'll I' rum, .. ,, 11 u . 5- \, r u u 

fur r, 11 ull• ot· n,• ut.l " r,,ro ,,11,· r ,, rum, wh I I , 

Wl l I , I ) • - 1 ':? u11tal111 •tl Pll ' , r"t1uJr, , tJ f'ur,. t· uln 

LIit • "'"' I rupll, , l ""'''' ,. • 



Figure 1:.? 

Photogril ph 01' an ELISA pl at,, (alkalinr pho>iphat a >:1 e 

e nLym .. >:1y s t e m) with S.haematohi.um adul t worm a nt ige n 

a11d s e r a from kno.,n E g yptian~~!!.!!.!!!!!! cases , 

with d i ft' rre nt l e v e l s of antibo dy (How s C u nd D). 

How· E, we ll s No >:1 . 1-I~ we r e u "'ed fu r r e pl ica t e,i or 

p o,-.i tiv e r e f e re n ce ,:1c ru111, w,•ll >:1 No"' •S-8 wer-, u ,ie u 

t·or r ,, pli c at l!s of' n egativ e r e f ere 11 re !ll' rum, whil e 

w .. 11 s :'1,o ,i , <)-1 :.? cu11t a i11 n d PIIS , r •Htlllr " u for L•• r u l11 g 

th ...- .!1 p re truphutotr1 t' l t~r . 



with positive sera from known Egyptian S,haematobium 

cases, with various levels cf antibody, and positive 

and negative reference sera. The colour changes and 

the difference between positive and negative could be 

easily read visually, 

Results 

Detection of antibodies to S.haematobium infection in 

Egyptian adults and children using ELISA with different 

schistosome antigens 

Tables J.1, J.2 and J.J show the results of ELISA with 

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

collected from El-Minya, Upper Egypt, where only~

matobium infection is present. 
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The egg antigen was slightly more reactive than the worm 

antigen, but both egg and worm antigens were more reactive 

than cercarial antigen. The cercarial antigen gave a high 

percentage of positive results with sera from patients 

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

infections or exposure to schistosome cercariae could not, 

however, be entirely excluded from these patients, while 

egg and worm antige ns gave no f a ~e positives. The carrel-

ation between the mean E4 0 value of the positive s 

age of the patients appears from the tables• The 

nd 

mean 

value obtained with the egg antigen increased and then 



Table '.}. 1 

Resu lt:. of ELISA Lests with a S.haematobium egg antigen on 

and diildren . 

ra from Egyptian adults 

Age groups S.haeinatobi.um Number Number Percentage Mean E4oo of 
(years) ova in urine tested positive positive positives to 

Present 27 27 100 o . 70 ! o. 12 

5 - 9 Absent 2 0 0 0 

Total 29 27 9'.J 0.70 ! 0.12 

Present I 14 114 100 0.76: 0 .06 

10 - 19 Absent 4 0 0 0 

Total 118 114 97 o . 76 : 0 . 06 

Present 245 24J 99 0.67 :! 0.04 

20 - '.39 Absent 17 0 0 0 

Total 262 24) 9'.J 0.67 :! 0.04 

Present 9 9 100 0 . 66 :! o. 14 

40 and over Absent J 0 0 0 

Total 12 9 75 o.66 :! o . 14 

• Ninety-five per cent confidence interval . 

The increase and the subsequent decrease of the mean E4oo value in the older age groups 
was significant (correlation coefficient r = -0.11 p < 0 . 05) . 

0 

°' 



Table J.2 

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

children , 

Age groups S .hae11at.obium Number Number Pe r centage Mean E400 of 
( years) ova in urine tested positive positive positives* 

Prese nt 27 25 9J 
+ 

0 , 72 - 0 , 0J 

5 - 9 Absent 2 0 0 0 

Total 29 25 86 0 .72 ! O.OJ 

Present 114 105 92 0 . 72 ! 0,07 

10 - 19 Absent 4 0 0 0 

Total 118 105 90 0 . 72 ! 0 . 07 

Present 245 2J4 9b 0.85 ! 0.05 

20 - J9 Absent 17 0 0 0 

Total 262 2J4 89 0 . 8.5 ! 0 . 05 

Present 9 9 100 0 . 92 ! 0 . 4J 

40 and over Absent J 0 0 0 

Total 12 9 75 0 . 92 ! o . 4'.J 

• Ninety-five per cent co nfidence level. 

The increase of the mean E400 value in the older age groups was significant (correlation 
coe fficient r = 0 ,1 2 p < 0 . 025) , 

0 
-.J 



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

adults and children 

Age groups 
(years) 

5 - 9 

10 - 1 

20 - J 

40 and over 

Ninety- five 

S . bae-tobium 
ovu in urine 

Present 

Absent 

Total 

Present 

Absent 

Total 

Present 

Absent 

Total 

Present 

Absent 

Total 

Nwnber 
tested 

27 
2 

2 

114 

4 

118 

248 

17 
262 

'.) 

12 

r cent confidence interval . 

Number 
positive 

20 

0 

20 

81 

2 

SJ 

18 

19 

7 

5 

1 

6 

Percentag 
positive 

74 
0 

70 

71 

50 

70 

77 

41 

15 

6 
J'.) 

50 

Hean E400 of 
positives 

o . 46 ! 0 . 07 
0 

0 . 46 ! 0.07 

o .47 ! o.o 

0.J4 ! 0,05 
0,46 ! 0.0J 

o.46 ! 0 . 02 

0,J9 ! 0.04 
o.46 ! 0 .02 

0 . 52 ! 0.05 

0 

o.5J ! o.o4 

The increase of the mean £400 val u e in the older age groups was not significant. -0 



decreased in the older age groups, while with both the 

adult worm and the cercarial antigens the mean E4 00 
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continued to increase with age. The S.mansoni antigens -

egg, worm and cercarial - proved to be as reactive as the 

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

This is shown in tables 4.1, 4.2 and 4.J. Figure lJ 

shows the relations between the three S.haematobium anti

gens used and the percentage of ELISA positives in the 

different age groups inrected with S.haematobium. The 

relations were almost identical using the three S.mansoni 

antigens, although S.mansoni cercarial antigen was slightly 

more reactive than the S.mansoni worm antigen, particularly 

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

Figure 15 shows the distribution of ELISA values (E400 ) 

obtained with different S.haematobium antigens from a 

group of uninfected Egyptians and from a group with proven 

S.haematobium infection {all age groups). Cercarial anti

gen produced more low ELISA values than either worm or egg 

antige n. The distribution was similar using different 

S.mans oni antigens (Fig.16.). 

Table s ~ .1, 5.2 and 5.J give the r e sults for further ELISA 

t es ts u s ing different S.haematobium antigens on sera from 

individuals with other schistosome infections or parasitic 

infections other than schistosomiasis. A strong cross-

r e a c tion occured between sera from individuals with a 



Table /1, 1 

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

chi.ldren, 

Age groups S,haeaatobiua Number Number Percentage Mean E400 of 
(years) ova in urine tested positive positive positives • 

5 - 9 Present 27 26 96 
+ 0 .77 - 0.10 

5 - 9 Absent 2 0 0 0 
Total ~ 26 90 0.77 :! 0.10 

Present 114 110 97 0,67 ~ 0.05 

10 - 19 Absent 4 0 0 0 
Total 118 110 9J 0 ,67 :! 0 . 05 

Present 245 2J7 97 0.71 :! O,OJ 

20 - J9 Absent 17 0 0 0 

Total 262 2J7 91 0 , 71 :! O.OJ 

Present 9 9 100 0 ,74 :! 0.19 
40 and over Absent J 0 0 0 

Total 12 9 75 0.74 + 0.19 

• Ninety-five per cent confidence interva.l , 

The decrease of the ■ean E4oo value in the older age groups was not significant . 
0 



Table 4.2 

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

children . 

~ groups S.haeaatobium Number Number Percentage Mean E400 of 
eaa .s) ova in urine tested positive positive positives• 

Present 27 18 67 + 
0,59 - 0.12 

5 - 9 Absent 2 0 0 0 

Total 29 18 62 o . 59 :!: o. 12 

Present 1 14 7b 67 0 ,67 :!: 0.08 

10 - 19 Absent 4 0 0 0 

Total 118 76 64 0 . 67 :!: 0 . 08 

Present 245 194 79 0.62 :!: o.o4 

20 - )9 Absent 17 0 0 0 

Total 262 194 70 0 . 62 :!: 0.04 

Present 9 7 78 0,88 :!: 0.52 

40 and over Absent ) 0 0 0 

Total 12 7 58 0 . 88 ! 0 . 52 

• Ninety- five per cent confidence interval. 

The increase of the •ean E400 value in the older age groups was not significant. 



Table 4 .1 

Results of EUSA t s with a S , mansoni cercarial antigen on sera from Egyptian adults 

.. mcl c hlldrun 

Age groups S.haematobium NWllber Number Pe rcC'nlage Mean E400 of 
(groups) ova in urine t.c .. tcd positive pos it.ive positives • 

Present 27 21 78 + ' o. 52 - o.oc, 

5 - 9 I Absent 2 1 50 0 

Total 29 22 75 
+ o. 54 - 0.09 

Present 1 14 89 78 0.56 ~ 0 . 04 

10 - 19 I Absent 4 1 25 0 

To lal 118 90 76 0 . 56 :! 0 . 04 

Present 245 204 SJ 0.52 ! 0 . 02 

20 - J9 I Absent 17 5 29 o.45 :! 0 . 02 

Total 2o2 209 80 0.52 !: 0.02 

Present 9 5 56 o.5J :! o . 12 
0 and over I Absent '.) 1 '.)'.) 0 

rot al 12 6 50 0.5'.) ! o. 12 
I 

• Ninety- five per cent confidence interval. 

The increase and the subsequent d ecrease of the mean E4oO value in the older age groups 
was not significant . IIJ 
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S.mansoni infection (St. Lucia) and a11 the fairly crude 

S.haematobium antigens used in the test, particularly the 

worm and cercarial antigens. A high proportion of posi-

tive reac tions also occured with sera from Gabon; an 

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

Figure 17 illustrates the results of ELISA with different 

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

Gabon. 

As seen from the tables, sera from U.K. cases of cercarial 

dermatitis gave a high rate of false positive ELISA 

results, especially with the S.haematobium cercarial 

antigen. The sera from patients with various helminth 

infections other than schistosomiasis produced a propor-

tion of fa1se positive ELISA results. Twenty out of 28 

sera examined gave false positive ELISA results with the 

cercarial antigen, but the worm and egg antigens gave 1oc; 

false po si tives. The sera from children in Kapsabet, a 

highland area of Kenya, where there is no schistosomiasis, 

produced a high proportion of false positive ELISA results, 

particularly with the cercarial antigen. The sera from 

New Guinea , where there is no schistosomiasis (Ewers and 

Jeffery, 1971), were all infected with Wachereria bancrofti 

and nearly all subjects were also infected with necator and 

st rongyloides. These sera produced a low false positive 

ELISA rate when tested against egg and worm antigen , but 

gave a high rate with cercarial antigen. 



Table 5.1 

Results of EUSA tests with a S.hae-tobiua egg antigen in different Schistosoma and 

other helminth infections 

St. Lucians in fected vith 
S,mansoni : 

Children 

Adults 

Gabon adults i nfected with 
S.intercalatum and/ or 
S.hae111atobiua 

U.K. cases of cercarial 
deraatitis 

U.K. hospital patients with 
Thrasitic infections other 
t aa Schistosoaias is 

Kenya children without 
Scbiatosoaiasis: 

Skin teat positive 

Skin test negative 

New Guinea children and adults 
infected with V.bancrofti 

Number 
t ested 

14 

J6 

74 

24 

JO 

9J 

78 

50 

• Ninety-five per cent confidence i.alerval. 

Number 
posi t ive 

4 
12 

47 

2 

J 

4 

2 

2 

Percentage 
positive 

29 
JJ 

64 

8 

10 

4 

J 

4 

Mean E400 of 
positives • 

o. J4 ! 0,08 

o. J 7 ! 0. 12 

O.J9 ! 0.04 

0 , 28 ! 0 , 04 

O, J7 ! 0, 12 

o.45 ! 0 . 20 
+ 

O, J2 - 0 , 10 

0 . 35 ! 0.14 



Table 5.2 

Results of ELISA tests vith a S . haematobium vorm antigen in different Schistosoma and 

other helminth infections 

Number Number Percentage Henn E4 00 of 

tested positive positive positi ves • 

S t . Lucian s i n fected vith 
s.mansoni : 

Children 14 11 79 o. 55 ~ o. 16 

Adults )6 22 61 0.6 1 ! o. 16 

Gabon adults i nfected v ith 
0 . 52:!:o. 10 S.inte r calatum and/or 74 55 74 

s.h a e matob ium 

O. K. cases of cercarial 24 0 0 0 
deraatitis 

U. K. hospital patient s vith 
o . 48 :!: 0. 27 f&rasitic infections other JO J 10 

than Sch istosoaiasis 

Kenya children vithout 
Schi:,tosoaiasis1 

Skin test positive 9J 2 2 0.35:!:o.10 

Skin test negative 78 2 J 0.39 :!: 0.10 

Nev Guinea children and adults 50 
infected vith W. bancrofti 

8 16 0 . 39 :!: 0.08 

• Ninety-five pe r c en t confidence interval. 



Table 5.J 

Resu lts of ELISA tests with a S .haematobium c ercarial antigen in di ffe re nt Schistosoma 

and other helminth infections 

Numbe r Number Percent a ge Mean Elj 00 o f 
t ested positive positi ve positivie s * 

St . Lucians i nfected wi th 
S . mansoni: 

0 . J6 ! 0.08 c hildren 14 8 57 

Adults J6 24 67 o . 48 ! o,os 

Gabon adul t s i nfec ted wi th 
S .intercal a tU111 and/or 7 4 6J 85 0.55 :!: o.o4 
S.haPmatobi um 

U.K. cases of cercarial 24 6 25 o.42 :!: 0.15 dermatitis 

U.K. hospital pa tients with 
earasitic infect ions other 28 20 71 0.50 :!: 0.20 
than Schistosomiasis 

Kenya children without 
Schistosomiasis: 

Skin test positive 93 J6 39 0 . 38 :!: o.o4 

Skin test negative 78 19 24 0.32 :!: 0.10 

New Guinea children and adults 
50 12 24 0.J l :! 0,02 infected with W.hancrofti 

• Ninety-five per cen t confidence interval, l\l 
0 
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All the false positive reactions had lower mean E400 

values than the true positives, except with the cercarial 

antigen where they were nearly equal. Figure 18 is a 

diagram showing the mean E 400 of ELISA positives among 

patients with different schistosome and other helminth 

infections. 

Discussion 

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

and anti-egg (anti-miracidium) antibodies are produced, 

ELISA was found to be very sensitive in the detection of 

these antibodies using different homologous and heterolo-

gous schistosome antigens. ELISA also proved to be highly 

sensitive, compared to other serological methods (e.g. CIE, 

mentioned in the previous chapter), in detecting anti-

bodies. However, the test lacks complete specificity. 

The fal se positive ELISA ratP.s with sera from individuals 

with non-human schistosomes and with parasitic infections 

other than schistosomiasis were higher using cercarial 

antigens than when using worm or egg antigens. These 

re sults were in agreement with those reported by McLaren 

il...!.!.• (1978) using ELISA with egg antigen. On the other 

hand, Hillyer and De Rios (1979) reported low specificity 

of the ELISA with soluble egg antigen (SEA) of ~.mansoni. 

They found extensive cross-reactivity when using serum 

from humans with fascioliasis, trichinosis, cysticercosis 
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and echinococcosis. The false positive reaction could be 

explained by the presence of common antigens between 

schistosomes and other parasites. Their different method 

of conducting the test has already been mentioned. 

Moreover, with crude antige ns the test lacks species 

specificity which was demonstrated by the relatively high 

positivity rate of S.haematobium sera with different 

S.mansoni antigens and vice versa. This is expected as 

not only do the two species have many antigens in common 

(Capron ~-, 1966, 1968; Warren, ( 1976), but 

the different stages of each species have shared antigenic 

components (Capron~•• 1965; Ramalho-pento ~•, 1976). 

Improvement of the sensitivity and specificity of the 

ELISA could, however, be achieved by purification or th 

antigens used. Egg antigen was found to be more reactive 

than either worm or cercarial antigens. This was in agree-

ment with observations of Huldt ~• (1975) and McLaren 

~• (1978) that egg antigen was more reactive than worm 

antigen in detecting antibodies to S.mansoni infection 

using ELISA. Umaly ~•• {1Q74a), however, reported 

that cercarial antigen gave better results than worm 

antigen using other serological techniques (e.g. IHA and 

CF tests). The importance of the antigenic stimulus 

linked to the egg and its presence in the tissues has been 

recorded by Capron~- (1966). This confirmed a previous 



observation by Smithers (196oa)that schistosome egg 

extract, compared to worm and cercarial extracts, 

appeared to be the most antigenic in gel diffusion 

studies on S.mansoni. 

The decrease of the mean E400 of ELISA positives, using 

egg antigen and the increase using worm or cercarial 

antigens with the age of patients might be related to 
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the duration of active infection with egg production, 

rather than to the age of the patient. Hassan~

(1979), using ELISA and other serological tests (IFA and 

IHA tests) with worm antigen found that antibodies detected 

in the sera of infected patients showed increasing values 

with the progress of the disease. 

Using other serological tests, Jachowski and Anderson (1961) 

reported that the proportion of sera reacting in the COP 

test tended to decrease as the age of the patients increased 

while in the cercarial agglutination test, a high proportion 

of sera reacted regardless of the patient's age. 

Although with some disadvantages ~entioned above, ELISA has 

many advantages, minute quantities of serum and reagents 

are neerteu, large numbers of sumples can be easily examined 

and fairly simple equipment is required, Tht.• se advantages 

suggest that ELISA could be a convenient test for field use. 

However, for the ELISA to be more effective as a sero

epidemiological tool, further refinements of tho antigens, 

using simple techniques, are need e d. 



Chapter V 

THE USE OF THE ELISA FOR SEROLOGICAL MONITORING OF 

CHEMOTHERAPY AND ACQUIRED RESISTANCE IN BABOONS, 

HAMSTERS AND HUMANS 

Introduction 

12b 

Immunity (resistance to reinfec tion) to schistosome infections 

in experimental animals has been well reviewed by Stirewalt 

(196J), Smithers and Terry (1969a ), Warren (197J), Kagan and 

Maddison (1 975) , Smith et al, (1976) reported that hamsters 

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

rapidly developed a high level of immunity to reinfection 

with either species of schistosome. Although some workers 

(Taylor et al, , 197J) reported that the baboon develops a 

partial immunity to S,mansoni slowly, others (Webbe and 

James, 197J; Wehbe et al,, 1976 ) showed a high degree of 

acquired resistanc e to S.haematobium could develop in the 

baboon in a relatively short period, 

Most attempts to ~ransfer immunity passively from resistant 

to normal animals have been unsuccessful (Smithers and 

Terry, 1969a 1 Warren et al,, 1972), There are conflicting 

opinions as regards the rol e of antibodies in the immune 

mechanisms. Although antibodies have been detected in the 

sera of ilMlune monkeys and rod nt• which, in the presenc e 

of complement, destroy (Clegg and Smithers, 19721 Perez 

• 1., 1974) and promote the opsonization by neutrophils 
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(Dean et al., 1974) of schistosomula cultured in vitro, 

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

showed that these in vitro mechanisms may not be effective 

against a challenge infection in vivo. However, the passive 

transfer studies of Sher et al. (1975) have demonstrated 

that humoral factors play a major role in the effector 

mechanism of schistosome immunity. Therefore, there is a 

great need for highly sensitive assays not only to accurately 

measure antibodies, but also to be used for assessment of 

chemotherapeutic cure and, more importantly, for epidemio

logical surveys and for the evaluation of control measures. 

According to the criteria adopted by a WHO Group (1966), a 

schistosomiasis patient is considered parasitologically 

cured when there is a complete disappearance of all eggs 

for at least six months after treatment in the absence of 

re-exposure. As reviewed in the first chapter of this 

thesis, none of the tests currently available, with th~ 

possible exception of the circumoval precipitin test (COPT) 

(Rifaat ~•• 19691 Ruiz-Tiben et al., 1979), correlate 

with active infection and can thus not be used for the 

assessment of chemotherapeutic cure. 

It was shown in Chapter IV that the ELISA is a sensitive 

and specific test, not only for the diagnosis of schistosome 

infections but also for the quantification of antibodies. 

Recently, Salih et al. (1978), reported the possible use of 



ELISA for the assessment of chemotherapeutic cure in human 

S,mansoni infections . There are, however, no further 

studies on the application of the ELISA test for serological 

monitoring of resistance and the evaluation of chemothera

peutic cure in experimental animals and humans with 

schistosome infections. 

The main objective of the experiments described in this 

chapter is to report on the ELISA results obtained from 

baboons and hamsters with different levels of infection, 

after treatment and reinfection with S.haematobium and/or 

S.mansoni, This chapter also deals with the application of 

ELISA for serological monitoring of chemotherapy in humans 

with S,haematobium or S.mansoni infection~ . 

Methods, Experiments and Results 

All the test sera mentioned in this chapter were examined 

using the ELISA technique against different S.haematobium 

antigens, The basic ELISA using the alkaline phosphatase 

system as described in the previous chapter was used for 

the detection of antibodies in sera from baboons mentioned 

in section B, Baboon sera were treated as human sera. All 

other test sera were examined using the ELISA-peroxidase 

system. Peroxidase enzyme was found to have high activity 

and is cheaper than alkaline phosphatase, and yiBlds a 

vi sible {brown) reaction product (Voller et al, 1 1976b), 

All test sera were used at a dilution of 11JOO and the 



peroxidase-labelled anti-human IgG and anti-hamster con

jugates (Miles) were each used at a dilution of 111000. 

A mixture of ortho phenylene diamine (0-PD) and hydrogen 

peroxide (tt 2o2 ) )0.01% 0-PD and O.OOJ% H2o2 in distilled 

water) was used as substrate, and 8N sulphuric acid as 

inhibitor. The amount of bound antibody was assayed 

photometrically at 492 nM. Sera were judged positive if 

E4 92 was more than 0. 25 for human and baboon sera and 0.1 
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for hamster sera. Positiv e and negative hamster reference 

sera were from pooled sera collected from S,haematobium 

infected or clean (non-infected) hamsters respectively. 

Section A 

Two experiments were designed to study the effect of treat

ment on resistance to reinfection with S.haematobium in 

hamsters and the measurement of antibody levels by the 

ELISA technique. The hamster was used as an experimental 

model because it is readily available as a host for human 

schistosomes (Erickson et al., 1974). :I.n experiment one, 

groups of S hamsters were infected with S.haematobium, 

treated with Niridazole (AJnbilhar, Ciba) at 17 weeks, when 

the worms were mature, reinfected at 24 weeks as shown in 

Fig.19, and then perfused at 35 weeks. Sera were collected 

(cf, Chapter II) every two weeks and kept at -20°c until 

examined, The second experiment was designed to find out 

whether ham~ters in which u S,haPmatobium infection was 



A 

B 

C 

Figure 19 

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

200 cercariae Perfusion 
l no. of worms 

f Infection control ~ ±. SD 

•------------•--------------•--------------...£ 34.7 

200 cercariae 200 cercariae 
± 

12. 1 

T Un treated and cha 11 enge l 
0-- - - - - -~- - - - - - - - .....c_ _ - - - - - - - .0 50. 8 

200 cercariae Treatment* 200 cercariae : 1 

t Treated and cnallenge t t . 
A---·-·-·-· ______ /l._. - ·- ·-·- ·- ·- ·-·-·A-._·-·-·-·-·-·-·- .A 39. 8 

± 
200 cercariae Treatment 3. 5 

'f Treated only f 
D >c ··-··-··-··-··-··~ - ··-·· -·· -··- .. -··-··X-··-··-··-··-·· -··---··?, 

E 

200 cercariae 

' Challenge control • • 

0 17 24 

Weeks after primary Infection 

• 41.0 
± 
5.6 

35 

• Nlridazole 200 mg/Kg body weight, daily for 5 days, given orally 
by syringe with a curved blunt needle 

1JO 

Resistance 

61.0% 

0 
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terminated by Niridazole would be resistant to an immediate 

challenge infection, Groups of 5 hamsters were infected 

with S.haematobium, treated at 6½ weeks before the worms 

had reached maturity, reinfected at 7 weeks as shown in 

Fig,20, and then perfused at 21 weeks, Sera were collected 

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

Calculation of Immunity Results 

The immunity was calculated based on results from the portal 

perfusion assay described by Smith~- (1976). Briefly, 

three groups of hamsters were used: one with the primary 

immunizing infection alone {primary infection control, P); 

one with the challenge infection alone {challenge control, 

C)1 and an experimental group {E) which re~eived both the 

primary and challenge infection. Immunity was calculated 

according to the following equations 

Immunity 
1 -

Mean of chal
lenge control 

C [

Mean of ex
perim;ntal 

Mean of pri-J 
mary infec-

- tionpcontrol 

Mean of challenge control C 

X 100 

The results of resistance to reinfection with S,haematobium 

obtained in the two hamster experiments are summarized in 

Table 6 and also illustrated in Figs,19 and 20, The hamsters 

reinfected 24 we e ks after the primary infection showed a hi g h 

degree of resistance (61~), while only 46% of resistance was 

obtained in hamst ers reinfect ed 7 weeks after the primary 



Figure 20 1 '.)2 

Schedule of Infection ,treatment and reinfection of groups of 5 hamsters 

Perfusion 
160 cercariae No. of worms Resistance 

a 

b 

C 

d 

e 

l --------'"~'~-- X+SD 
control 31 

160 cercariae 250 cercariae 

l ! Untreated and 

± 
10 

..................... ·-· ... - .................. ~.,~1r.;;;g~·· ···· .......................... 46. 4 

160 cercariae T* 250 cercariae 

±. 
19.4 

! i I Treated and 
---·-·-·-· __ __ ,_ ,!. . - ·- ·- ·-·-·-·-·- · - · - ·- ·- ·-·- ·- ·- ·-·-

challenge 4 

160 cercariae 

i 
T* 

Treated only 

250 cercariae 

l Challenge 

.±. 
1.3 

6 

control 28. 6 
+ 

i::9 
T*250 eercarlae 

f 
ll Challenge control after 
:.;;~----d•r•u•g•od"""'!"m~ln~l-st•r•a~ti~on------•a~.5 

6 7 
Weeks after primary Infection 

+ 
0.7 

21 

• Treatment, Nlrldazole 200 mg/kii body weight ,doily for 5 days,glven 
orally by syringe with a curved blunt needle 

46% 



Table 6 

Immunity by perfusion assay in the two experiments of hamsters 

Eiq.>erim~nt No.of hams ters 
Pr i mar y iD1Duni- Challenge Experimental E, Per cent Value 
zat1011 co11t1·ol cu11 t,·ul primary & ~hall - 1.1111!!1..Ul i t y 

No. per g roup p C enge infection c-(E-P~ 
of P 

C IOO 

1 5 J4.7 ~ 12. 1 41.0!5.6 50.8 ~ 6. 1 61 L.., 0.05 

2 5 JI .0 ! 10.0 28.6±6.9 46. 4 ± 19.4 46 .( 0.05 

Inmunity assay ed as described in Materials and Methods, 24 weeks after a pr imary infection with 

200 S.haematob ium cercariae in experiment No.1 and 7 weeks after a primary infection with 160 

S.haematobium cercariae in experiment No.2. 
P values refer to the statistical significance of 

resistance obtained in the two experiments (analysis of variance has been carried out between 

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

\,.J 
\,.J 
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infection. In experiment No.1, chemotherapeutic eradica

tion of the adult worms 17 weeks after the primary infection 

completely abolished all resistance 7 weeks 1ater (group c). 

In experiment No.2, reinfection of hamsters was carried out 

immediately after the treatment as shown in Fig.20, Compar-

ing ~roups c and f, it was found that Niridazole had a 

residual effect in the circulation and affected the challenge 

infection of the control group f, It was therefore not 

possibl e to assess the effect of treatment on resistance to 

reinfection of this group of hamsters , However, to confirm 

this observation, groups e and f of experiment No.2, were 

repeated on additional hamsters. The results are shown in 

Table 7. Niridazole greatly reduced the recovery of worms 

from an infection given to hamsters immediately after the 

administration of th e drug. 

Figures 21.1, 21.2 and 21.J show th e autibody levels of 

hamst ers in experiment No.1, as mea sured by the ELISA test, 

using three different S.haematohium antigens, The antibody 

levels declined in response to treatment in groups C and D 

and thi s was highly significant by the fifth week with all 

the three antigens ( p <0,05 with worm antigen, <0,02 with 

cercarial antige n and <0,001 with egg antigen}, in contrast 

to the high antibody lev e l s maintained in the untreated 

groups A and O. Two we e ks later , the hamsters in groups B 

and C we r e r ei nfected together with a control group E . The 



Table 7 

The worm burden of a group of hamsters infected with 

S.haematobium, immediately after the administration 

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

Group No. of' Drug Inf'ection Perfusion 
hamsters bef'ore no. of' no. of' worms No. inf"ection cercariae ~ s D per group X -

1 5 Niridazo1e 200 2.6 !: 1 • 5 .. 
2 5 - 200 28.8 ! 16. 5 

* 200 mg/kg body weight, orally f'or 5 days 

1)5 
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Weelcs aft• primary Infection 

Figure 21.1 

Diagra■ shoving the antiborly levels, using S.haematobium cercarial antigen in different 

Tou~ of hamsters 

A, infection control group 

B, untreated and challenge group 

C, treated and challenge group 

D, treated only gToup 

E, c-hallen control group 
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Infection 

Figure 21.2 

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

groups rf hamsters 

A, infection control group 

B, untreated and challenge group 

C, treated and challen 

D, treated only group 

group 

E, challenge control group 
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WNlcs aft• p-laary Infection 

Figure 21 . '.} 

Diagra■ showing the antibody levels, using S.haematobium egK antigen in different 

groups or hamsters 

A, infection control group 

B, untreated and challenge group 

c, treated and challenge group 

o, treated only group 

E, challenge control group 

36 
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antibody level rose in response to reinfection in the 

treated group C, but continued to decline in the untreated 

group B. This was more apparent with worm and cercarial 

antigens than with egg antigen. 

The measurements of antibody levels, using the ELISA test 

with the three different S.haematobium antigens in experi

ment No.2, are shown in Figs. 22.1, 22.2 and 22.J. The 

results confirm the observations shown in experiment No.1. 

The antibody levels showed a significant drop in the treated 

group d with all antigens, in contrast to the high antibody 

levels maintained in the untreated group a (p <0.01 with 

worm antigen and <0.001 with both egg and cercarial anti

gens). The antibody level rose after reinfection in the 

treated group c and also in the untreated group b1 whereas 

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

In both experiments, egg antigen proved to be more reactive 

than either worm or cercarial antigens, confirming previous 

observations on human sera (cf. Chapter IV), 

Section B 

ELISA for serological monitoring of resistance to reinfection 

of baboons with S.haematobium or S.mansoni. 

The r esults in this section have boen published in a paper 

e ntitled "Cro~s resistance b Ptween Schistosome haematobium 

und S,r1ansoni in the baboon" (Webbe ~•, 1979) • 
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Figur 22 .1 

Diagram showing the antibody levels, using S.ha e matobium 

cercarial antigen in different grouJE af h amsters 

a, infection control group 

b, untreated and challenge group 

c, treated and challenge group 

d, treated only group 

e, challenge control group 

f, challenge control group aft e r administration of the 

drug, 

I 1 , infection with 200 S,haematobium cercariae 

r 2 , reinfection with 200 S.haematobium cercariae 

T, treatment with Niridazole 200 mg/kg body weight orally, 

daily for 5 day8, 
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Fi(t'Ur 22 .2 

Diagram showing the antibody levels, using S.haematobium 

adult worm antigen in dirrerent grou~ of' hamsters 

a, infection control group 

b, untreated and challenge group 

c, treated and challenge group 

d, treated only group 

e, challenge control group 

r, challenge control group arter administration of the 

drug. 

I 1 , infection with 200 S.haematobium cercariae 

I 2 , reinfection with 200 S,haematobium cercariae 

T, treatment with Niridazole 200 mg/kg body weight orally, 

daily for 5 d ya, 
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Figure 22.J 

Diagram showing the antibody levels, using S.haematobium 

egg antigen in dif'f'erent groups of' hamsters 

a, inf'ection control group 

b, untreated and challenge group 

c, treated and challenge group 

ct, treated on1y group 

e, challenge control group 

r, challenge control group af'ter administration of the 

drug. 

I 1 , infection with 200 S.haematobium cercariae 

I 2 , reinf'ection with 200 S.haematobium cercariae 

T, treatment with Niridazole 200 mg/kg body weight, 

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

infection of the baboon with S.haematobium could stimulate 

significant acquired immunity to S.mansoni. 

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

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

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

{to test the level of resistance developed against~

matobium) and finally challenged with 250 S,mansoni cercariae 

per kg 20 months after the immunization. The baboons were 

bled on average once monthly throughout the study and the 

sera were separated and kept at -20 ° c until examined, 

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

dilution of 56o• using a S,haematobium adult worm antigen, 

The results obtained show that the antibodi e s in all the 

immuniz e d baboons began to rise two months after infection 

and re a che d a plateau approximately five months after 

patenc y, The l e v e l of this plateau could, to a certain 

ext e nt, be correlated with the level of infe ction in the 

diffe r e nt animals, This is illustrated in Fig. 2J,1, which 

g ives the antibody l e vels, as measured with ELISA, for three 

of th e ba bo o ns throughout the experiment, For one baboon 

(No,70) whi c h had a low egg output and a final S,haematobium 

infect ion rate of only 5,1% of c e rcariae inoc ulated, the 

ELISA values remained below 0.6 and did not increas e more 
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than 1,0 even after the booster infection, For the two 

other baboons (Nos.66 and 72), the initial ELISA values 

were between 0,8 and 1,0, correlating well with the high 

worm burden and the initially high egg output, Figure 

2J.2 shows the ELISA values for the three other baboons 

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

booster, The rise in the ELISA values occuring two months 

after the "booster" infection was largest in baboons Nos, 

66 and 72 and smallest in baboons No~,70 and 67, 

Section C 

ELISA for serological monitoring of chemotherapy in hamsters, 

baboons and humans. 

Three groups of ten hamsters each were infected with 200 

S.haematobium cercariae, The schedule of infection and 

treatment of these hamsters appears in Fig,24, The hamsters 

were bl ed on average onc e every two weeks and the sera were 

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

the hamsters were killed, the abdomen was ope ned and the 

whol e left kidne y was removed for electron mi croscopic and 

irnmunofluorescence examinations, The hepatic portal system 

was perfused and the adult worms thus recovered were counted, 

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

sumpl ~ s of other tissues - liver, lung, intestine and 

urinary bladder - were removed for light microscopic exam-

ination~. The techniques dealing with these tissues and the 
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Schedule of infection and treatment of groups of 10 hamsters 
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results of their examinations are described in detail in 

Chapter VIII. 

Figure s 25.1 and 25.2 show the antibody levels, measured 

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

antigens respectively in the three groups of hamsters. The 

sera b e came posi~ive 4-8 weeks and 7-12 weeks after infec-

tion using egg and worm antigens respectively. Two groups 

of hamsters were treated with Niridazole; one group at 12 

we eks and the other at 22 weeks after infection. After an 

initial insignificant rise, the antibody levels declined 

in both treated groups and this was highly significant by 

the sixth week after treatment, confirming previous obser

vations mentioned earlier in this chapter, (p being <0.02 

and <0.001, using worm and egg antigens respectively in both 

trea t e d groups). The figures also show that the decline of 

antibody levels in the group of hamsters treated later in 

infec tion oc c ured abruptly, reaching the same level as the 

other tre at e d group in only six we e ks. The untreated group 

of hamsters maintain e d a high level of antibody throughout 

the forty-one weeks of observation, (p being <0.001 using 

both antigens, compared to the treated groups). 

The s erum from four baboons inf e ct e d with 7,000 S.haema~ 

tobium ce r c ariae was used, Thre e of the baboons w~re 

tre at e d and the fourth s erved as an untre ated c ontrol, 
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Figure 25.1 

Diagraa shovi ng the antibody l e ve l s, using S.haematobium adult worm antigen 

in d iffe rent groups of hamsters 

A, infec t ion control grou p 

B
1

, treated group , treatwent s tarted 12 weeks after infec tion 

B
2

, treated group , treatment s tarted 22 weeks after infe c tion 

I, i n fecti on with 200 S.haematobium cercariae 

T, treat■ent with Niridazole 200 mg/kg body weight orally, daily for 5 days 
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Weeks ofter primary infection 

Figure 25.2 

Diagraa shoving the antibody levels, using S,haematobiwn egg antigen in different 

groups of hamsters 

A, infection control group 

e
1

, treated group, treat■ent started 12 veeks after infection 

B
2

, treated group, treat■ent started 22 veeks after infection 

I, infection vith 200 S,ha-atobiwn cercariae 

T, treat■ent vith Niridazole 100 ■g/kg body veight, orally, daily for 5 days. 
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The sera became positive 4-7 weeks after infection, con

firming previous ooservations, 

The baboon shown in Fig, 26,1 was treated with a dinitro

thiophane derivative, (Hoffman-La-Roche Limited, Basel), 

18 weeks after infection when the antibody levels were 

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

body levels rose to ai unusually high peak, but thereafter 

declined, reaching almost background levels 22 weeks after 

treatment, At this time the baboon was reinfected and the 

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

but failed to reach those of the primary infection, In 

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

antibody levels throughout the 80 weeks of observation, 

The changes in the antibody levels, after treatment of the 

other two baboons, are shown in Figs, 26,) and 26,4, 

The baboon in Fig, 26,) had only a low level of infection 

an.J was completely cured of infection by Niridaz:ole, The 

antibo.Jy levels therefore - after the usual poet-treatment 

rise - declined abruptly to almost pre-infection levels, 

The baboon in Fig, 26.4 was treated with another of 

Hoffman-La-Roche's compounds (Ro11-1128) but the first 

dosage did not have much err ct on the infection as Judged 

by egg output and the baboon was therefore retreated, The 

antibody level only declined temporarily after the first 

nd only th • ond mor ur t v tm nt had 
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Weeks aft• primary Infection 

Plm.are 2b . I 

Oiagraa showiru? th 
ntibody levels, using S.haematobium adult worm antigen 

in a treated and reinfected baboon 

1
1

, infection with 7,000 S . haematobiUIII cercaria 

1
2

, r einfection with 7,500 S.haeaatobium c e rcaria 

T, treataent with a dinitro-thiophane derivative (ROll-0761) Hoffman La 

Roche) 5 x 125 mg/kg body weight, orally by stomach tube . 
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Weeb aft• primary infection 

Figure 26.2 

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

in an untreated baboon 

I, infection with 7,000 S.hae-tobium cercariae. 
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igur 26 . J 

Diagram showing the antibody levels, using S.haematobium 

adult worm antigen in a treated baboon 

I, infection with 7,000 S.haematobium cercariae 

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

orally by stomach tube. 
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Figure 26.4 

Diagram showing the antibody levels, using S.haematobium 

adult worm antigen in a treated baboon 

I, inrection with 7,000 S.haematobium cercariae 

T 1 , treatment with R011-J128, Horrman La Roche's 

compound at a dose or l x 10 mg/kg body we"ight, 

orally by stomach tube 

T2 , retreatment with l x 25 mg/kg body weight. 
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any lasting effect on the antibody level of this baboon. 

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

Chapter II). 

Table 8 shows the possible use of ELISA for serological 

monitoring of chemotherapy in humans infected with S.hae

matobium or S.mansoni using homologous and heterologous 

schistosome worm or egg antigens. As shown in the Table, 

the antibody level was significantly increased 6 weeks after 

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

The Table also shows that the percentage of patients showing 

a rise of antibody after treatment is larger when a homo

logous rather than a heterologous schistosome worm antigen 

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

reactive than S.haematobium egg antigen in the detection 

of the early changes in antibody level after treatment. 

Piscussion 

As mentioned earlier in this Ch pt r, Smith~• (1976) 

reported that S.haematobium or S.mansnni infected hamst e rs 

d eveloped a high degree of immunity, n t only to homologous 

but also to heterologous reinfec ti nns, 
In this investiga-

tion, hamsters infected with S,haematobium demonstrated 

different degrees of immunity to homologous reinfection 

b e forP and after oviposition. Immunity was higher (61 r■ ) 



Tabl e 8 

Serum antibody levels (IgG) before and 6 veeks after a successful treatment vith hycanthone 

in 8 patients vith S.hae-tobium infections and 11 patients vi.th S.mansoni infections 

E L I s A V a 1 u e E 4 9 2 

Type of Nuaber S.haeaatobi1.111 vorw antigen S. ■ansoni vorm antigen S . haematobium egg antigen 

sc.bisto-
aoae of 

Mean E400 ! SE Mean E4oo ! SE Mean E4oo :! SE 
in.fee- ~ ~ ~ 
tioru patients 

Before After shoving Before After 
shov-

Before After shoving 

treat- treat- rise treat- treat- ing treat- treat- rise 
■ent ■ent ment ■ent rise ment ment 

S.ha-- o.49 0.81 0.)7 0.56 1.06 1. 10 

tobiua 8 ♦ ♦ 50.0 + ♦ 50.0 ♦ + 25.0 - - - - - .. 
( I ) 0.1 0.2 0.08 0.14 o. 16 0.25 

s.-n- 0.50 0.80 o.64 0.98 0.58 o.68 

soni 11 ♦ + 45.5 
♦ ! 6J.6 + + 27.0 -

(2) 0 . 12 0.15 o. 10 0, 1J 0.10 0.15 

(1) Paired •t• test, significant at p(0.05 vith both vora antigens, but not significant vith egg ~ 
antigen, 

(2) Paired •t• teat, significant at p ( 0.01 and (.0,001 vitb S,haematobiWI and S, ■ansoni vorm antigens 
respectively, but not significant viih egg antigen. 
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in hamsters challenged after oviposition than the group 

challenged before oviposition (46~). This could be 

explained by the fact that maturity and establishmP.nt of 

adult worms and the presence of eggs play an important par~ 

in the production of immunity to reinfection , 

Chemotherapeutic eradication of adult worms 17 weeks after 

primary infection of hamsters with S,haematobium completely 

abolished all resistance to reinfection 7 weeks later. 

However, there are conflicting opinions as regards the 

effect of treatment on immunity to reinfection after cure. 

Although Warren et al. (1977} reported that immunity is 

residual or persistent after curative treatment (using 

Niridazole) in mice infected with S.mansoni, others 

(Cheever~-• 1965; Gold and Lengy, 1975) found no 

immunity after reinfection of mice or hamsters previously 

infected with s.mansoni and treated using Stibophen or 

Niridazole, This discrepancy may be due to the fact that 

the mechanism of immunity differs according to the host

parasite system, the time at which treatments and challenge 

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

The antibodies as measured by the ELISA test in the baboons 

suggested no correlation with the degree of immunity, but a 

definite correlation with the level of infection, 

ELISA also showed great sensitivity in monitoring chemotherapy 
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in humans and animals infected with S.haematobium or 

S.mansoni. The increase in antibody level after treatment 

is significant in human cases and baboons but not in 

hamsters. 

The increase in antibody level in human cases after 

treatment is more apparent and significant using~

matobium or S.mansoni worm antigens than using S.haemato-

~ egg antigen. This is probably due to a massive lysis 

of worms as a result of treatment releasing an antigen which 

in a paradoxical way 6tlmulates a sudden production of anti

bodies. Salih ~• (1978), using the ELISA test, Silva 

~- (1971, 1975 and 1976), using other serological 

tests (IFA, IHA and immunodiffusion tests), were able to 

demonstrate a significant increase in antibodies reacting 

with worm antigens, during the first 2-6 weeks fo1lowing 

tre atment, in patients with S.mansoni infection successfully 

treated with Niridazole, Hycanthone or Oxamniquine. 

Thes e studies indicate that the ELISA test, besides its 

high sens itivity, economy and adaptability for field use, 

has a potentially useful appi l cation in the evaluation of 

the efficacy of drugs in the treatment of schistosomiasis. 

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

in an othorwise declining antibody level often points to 

a recurrent infection. Therefor e the ability of ELISA to 

monitor changes in antibody le v 1 - Art e r reinfec tion is 



particularly userul in long-term rollow-up studies. 

~oreover, long-t e rm rollow-up studies or antibody levels 

in larger numb e rs or treat~d patients are recommended 

which would determine the userulness or ELISA in assess

ing cure at varying intervals rollowing chemotherapy. 



Chapter VI 

s r o l o g ical meth od 1 thi~ 

l yr i mmunoassay , TIA, a nd t h e e n z yme -l i nked 

im..rnunosorbe n t assay, ELISA , f or t h e detection 

or n tibodies i n sch istosomiasis 

Introduction 
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As mentioned in the Cirst chapter of this thesis, a simple, 

cheap, sensitive and specific serologic test is urgently 

needed for the diagnosis of schistosomiasis. 

A test which shows particular promise is the enzyme-linked 

immunosorbent assay (ELISA), developed by Engvall and 

Perlmann (1971 and 1972). As shown in the previous two 

chapter s of this thesis and from initial investigations by 

Huldt ~-, ( 1975) I McLaren~•, (!978)1 the ELISA 

was round to have great sensitivity in the detection of 

anti-s c histosome antibodies. 

More r ecently, the thin layer immunoassay (TIA) has been 

developed ror the detection and quantification or specific 

antibodi es (Elwing ~~!•• 1976 and 1977). This test is 

cha r a ct e rized by its simplicity and does not require 

sophist i cat e d t e chnical apparatus for its performanc e. 

It is, the r e for e , of considerable potential value for 

studies carried out in developing countries, but has yet 



to be fully evaluated. Accordingly, a comparative 

investigation has been carried out of TIA and ELISA 

for the detection and quantification of anti-schistosome 

antibodies in a variety of human and animal sera. A 

briefer version of this study has already been published 

(Ismail ~-, 1979). 

Materials and Methods 

Antigen s 

Crude soluble antigens were prepared from S.haematobium 
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and S.mansoni adult worms obtained from infected hamsters 

and mice respectively, according to the technique of 

Capron~•• (1968), as described in Chapter II. 

Sera 

The human and animal sera examined were described in detail 

in Chapters II and V respectively of this thesis. 

ELISA 

The basic method of Engvall and Perlmann (1971 and 1972) 

was employed, as described in Chapters IV and V, using the 

ELISA-peroxidase system. 

This assay was carried out according to the methods of 

Elwing ~-• (1976, 1977), Initial observations showed 

th~t the TIA performed best when the antigen wus diluted 

to a final concentration of 100 µg protein/ml in 0,00 ~ 



ovalbumin in normal saline, e.g. 0.1 ml of 1% ovalbumin 

was added to 1.9 ml of anti~en (100 µg protein/ml) and 

this mixture was diluted to 20 ml with normal saline. 

This was poured into the bottom of a polystyrene petri 

dish (8.5 cm diameter, Nunc A/S, Roskilde, Denmark) and 
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allowed to remain for JO min. at room temperature. During 

this time the material in solution coated the bottom of 

the dish. The solution was then poured away and kept for 

recoating and the dish washed three times, one minute per 

wash, with saline. A solution of 1~ molten agar in saline 

was poured into the dish in quantity sufficient to give a 

layer 2.5 mm thick. After setting on a level surface, 

twelve 3 mm diameter wells were punched in the agar, and 

each was filled with 15 ml of undiluted test serum. 

Following incubation in a moist atmosphere, at room 

temperature, for 48 hours, the agar was rinsed off with 

saline. Reinfor c ement was carried out by addi n g 15 ml 

of rabbit anti-human IgG s e rum (Miles) for t e sting human 

and baboon sera, or rabbit anti-hamster IgG serum (Miles) 

for testing hamster sera. Each wa s diluted 11500 in saline. 

Incubation was for one hour at room t e mperature, after 

whi c h th e solution was poured away and the pla t dri d. 

Visualization of spe c ifically absorbed antibody was then 

c arried out by inverting the dish over water at 6o
0

c for 

one minut e . Areas with absorbe d antibody are characterized 

by a hydrophilic condens ation patt e rn, with larg 
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condensation drops, in contrast to the surrounding areas 

where the pattern is of' tiny droplets, giving a "misting" 

effect. The mechanism underlying this phenomenon is 

unknown and is being investigated. A record of' the con-

densation patterns was then made by contact copying the 

plate onto photographic paper (Ilfoprint YR JlP). The 

surface area of' the positive hydrophilic spots was cal

culated f'rom the print, using the mean of two diameters 

measured at right angles. The surface area is proportional 

to the logarithm of the antibody concentration, provided 

that the antibody level is not very low. Fig,27 shows a 

schematic illustration of the principle of diffusion into 

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

Figure 28 is a photographic recording of a typical plate 

with ten positive sera f'rom known S.haematobium cases, 

with various levels of antibody, and two negative sera. 

The hydrophilic and hydrophobic areas are easily discerned. 

Results 

The results obtained with the various human sera, using 

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

antigens, are summarized in Table 9. Using sera f'rom 

known schistosomiasis cases, a11d ho1nologous antig n■, the 

performanc e of TIA and ELISA wore almost identical1 95.6% 

of th e s~ra were positive by TIA and 96,4% by ELISA. Both 

tests gave high percentages of po itive re~ults when 
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Figure 27 

Schematic illustration of' the principle of' diffusion into 

gel Thin Layer Immunoassay (DIG-TIA) 

i) Antigen adsorbed to plate --- .I 
Wa s h 

ii) Coating plate with gel \. - ..I 
iii) Application of' antiserum 

through holes in gel I I----~---,.~--------I 
:lv) 

v) 

Ag - Ab reactions 

G"l removed -Wash and dry 
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S.haematobium sera were tested against S.mansoni antigen 

and vice-versa; this is expected as the two species have 

many antigens in common (Capron~•• 1968), With sera 

from patients infected with helminths other than schisto

somes, ELISA produce no false positive results whereas 

TIA produced 7~ or 12~ depending upon the antigen used. 

Interestingly, the majority of the false positives with 

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

Figure 29 shows the correlation between ELISA and TIA 

results for S.haematobium human sera against S.haematobium 

worm antigen. The correlation was almost as good using 

S,mansoni worm antigen (Fig.JO), 

The Gabon sera used were either from an area where both 

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

where people were exposed to these infections but no para

sitological data are available1 the two tests, ELISA and 

TIA, show a great concordance between each other. 

The antibody levels measured by TIA correlate well with those 

found using the ELISA test on sera from the four baboons 

described in the previous chapter, In the untreated baboon 

(Fig,)1,) the antibody level remained high with both tests 

throughout the 80 weeks of observation, but in the treated 

and reinfected baboon (Fig,J2) the luvels varied with the 

treatment and reinfection. Figures JJ, )4 and )5 also show 

the good correlation obtained in the antibody levels, 
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Table 9 

Results obtained vi th ELISA a.nd TIA on sera from patients with various helmint.h infections , 

using S . haematobJum and S.manson i antigens 

Infection (No. of cases) 

♦ 

S.hae•atobiua (107) 106 

S.aansoni ( JO) 25 

Cercarial deraatitis (10) 0 

Hydatid ( 10) 0 

Cysticercosis (10) 0 

Other hel■inths (26 ) 0 

S.ba-atobiua &/or 
S . intercalatum (15) 1J 

Gabon sera, no parasitological 
ta ( J5) 7 

S.haematobium 

antigen 

ELISA 

5 

10 

10 

10 

26 

2 

28 

♦ 

105 

25 

2 

0 

1J 

7 

TIA 

♦ 

2 100 

5 26 

8 0 

10 0 

9 0 

25 0 

2 1J 

28 10 

Ser were judged positive by ELISA if E
492 

level was more than 0.25; 

clear cut hydrophilic condensation pattern was seen . 

S . mansoni 

antigen 

ELISA 

7 

4 

10 

10 

10 

♦ 

105 

26 

4 

0 

TIA 

2 

4 

6 

10 

9 

26 2 24 

2 14 

25 8 27 

and positive by TIA i f a 
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Weeks ofter Primary infection 

Figure J1 

Diagr- sbow1ng the relation between the antibodies measured by the ELISA(.) and 

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

1
1 

infection vith 7,000 S.haematobium cercariae. 
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Figure '.)2 

Diagraa showing the r e lation between the antibodies measured by the ELIS\\(,) and 

the TIA (x), using S .haematobium adult worm antigen, in a treated and reinfected 

baboon 

1
1

, infection with 7,000 S.haematobium cercariau. 

1
2

, reinfection with 7,500 S.haematobium cercariae. 

T, treat■ent with dinitro-thiophane derivative, 
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• 8 12 16 20 24 28 32 36 40 44 

WHks after primary infection 

Figure JJ 

Diagr- showing the relation between the antibodies measured by the ELISA(-) and the 

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

I, Infection with 200 S.haematobium cercariae. 

48 

Each point represents the mean of 5 hamsters, standard error ranges between O.OJ - 0.19, 
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WHks after prinay infection 

i.gure J4 

Oi..tgram :,hmdng the r e lation between the antibodit>s mea s ured by the ELISA (-} and th 

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

I, infection with 200 S .haematobium cercariae. 

T, treatment with Niridazole (Ambilhar) 200 mg/ kg body weight orally, daily/ 5 days at 

12 weeks after infection . 

ch point represents the mean of 5 hamsters, standard error ranges between O.OOJ - 0 .1, 
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.. 8 12 16 20 24 28 32 36 40 44 

Weeks ofter primary inFection 

Figure J5 

Oiagraa s howing the relation between tile antibodies measured by the ELI SA (-) and the 

TIA(--) u sing S.haematobium adul t worm antigen in a treated group of hamsters 

I, infection with 200 S.haematobium ce r cari ae . 

T, treat•ent with Niridazole (Ambilhar) 200 mg/kg bod y weight orally , daily/ 5 days 

at 22 weeks afte r infection, 

48 

Each point r e present s the mean of 5 hamsters , standard error ranges between O. OOJ - 0 .1. 



measured by the two tests, in three groups of the 

experimentally infected hamsters. The sera became 

positive 7-12 weeks after infection by both tests, 

and remained at a high level in the untreated hamsters 

but declined significantly in the two groups of treated 

hamsters reaching a low level 6 weeks after treatment 

(P being <0.001 and <0.01 in ELISA and <0.002 and 

...:::.0 . 02 in TIA). 
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Finally, the two tests showed a very close correlation in 

monitoring chemotherapy in patients infected with S.hae

matobium or S.mansoni, using homologous and heterologous 

schistosome worm antigens (Figs. J6-J7 and J8-J9). The 

percentage of patients showing a rise of antibody after 

treatment is larger when a homologous rather than a 

heterologous schistosome worm antigen is used (Table 10 

and 1 1 ) • 

Discussion 

The primary aim of this investigatlon was to explore the 

s ensitivity and specificity of TIA in detecting anti

schistosome antibodies, using ELISA as a standard for 

comparison . The results, using human, baboon and hamster 

s e ra, demonstrate that the sensitivity of TIA is fully 

comparabl e to ELISA, but that the specificity of TIA may 

be somP.whut less. This may be due to shared antigens 

between differ••nt helminths which are present in crude 
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Table 10 

rum antibody l ev (IgG) befor e and , we ek::. arLe r s u ccessful treatment with llycauthone in 

,,atients with S . haematobium infections and 11 pati e nts with S .mansoni infections against S . hd"

matobium worm antigen using both tests, ELISA a nd TIA 

LISA value I TIA 

E492 
- -- ---

Type of »chistosom-, I Mean ! SE Mean .% SE Number or 
Before I After ~ !:Showing Before Afte r I% showin infection patients treatment treatment rise treatment I treatm .. nt I ri s 

I 
o . 49 0.81 

( I ) I ! ! .haematoblum 8 o.o 
J 

! 

1.:~ 

! o. 
0 . 10 0 . 20 

0 . 50 0 . 80 12J 7 

11 I 
♦ ! - 45. 5 ! ! ;0 

0.12 0.15 20 24 

( l) Pai r ed L tes t , p < 0.05 in ELISA and < 0.002 i n TIA 

(2) Pair t :s t, p < 0 . 01 in ELISA aml < 0 . 0 in TIA 

IC 
0 
al 



Table 11 

t nm JOlibody 1 (IgG) a 11J week s after su ssfut treatment with Hycanthone in 

p.itient,. " ith S . haemalllbium infec tion nd 11 pa ti e nts wi t h S . mansoni infectious agai11st S.mansoni 

wom1 a nti1ee n usinP. both t ests , ELlSA and TIA 

Type of schistosom 

i n fection 

Numbe r of 

patie n ts 

ELISA valu 

E492 

►lean 
+ SE 

Bcfo r e After 
tre atme n t I treatme nt 

showing 
rise 

IA 

surface a r ea mm
2 

an 
♦ s 

Afte r 
trca tmc nt I trca lmc n t 

1----------+----- --+-----~-----+------ t-- ---,- - - -~. 

0 . '.l7 0 . 5 71 8 

S , hae111atobium(l) ♦ ♦ 
50 . 0 ! ♦ 

0,08 o. 14 17 2J 

0 . 64 0 , 98 11 6 15 1 

S . manson1( 2 } 1 1 I ! ! 6'.) .6 ! ! 

0 .1 o. 1 2 1 22 

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

( :? ) P,dr1•ol 1. l r-a t, p < 0 . 00 1 111 ELISA and < 0 , 05 tn TIA 

showin g 
ri s 

.o 

54 . 6 

1.:1 
0 
~ 



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

(1978) have shown that both sensitivity and specificity 

of ELISA were much improved by using antigens derived 
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from schistosome eggs, rathe r than adult worms. Unfort-

unately, in s ufficient egg antigen was available for TIA 

at this time, but a comparison between the egg and the 

worm antigens in the TIA should be carried out . 

TIA enjoys the advantage of being e xtreme ly simple to 

perform and r e quiring littl e in the way of sophisticated 

equipment. At present it suffers from the disadvantage 

of requiring highe r concentrations of antigen than the 

ELISA, for example in the TIA an antige n solution contain-

ing 100 }-lg/ml can be used to coat a plate to test 12 sera 

and can be r e used at least 4 times giving a total of 60 

sera, whe reas in ths1 ELISA only 5 µ g/ml of antigen is us ed 

to t est a simil ar numb e r of sera. Further inve stigations 

will h opefully l ead to modifica tion s whi c h will in part 

at lea~t overco me this disadvantage. TIA certainly has 

a grea t pot e nt ia l, particularly in respect of work carried 

out in the fi e ld. 
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Chapter VII 

A trial of the ELISA test for the detection of circulating 

schistosome antigen in sera from humans and animal~ 

infected with S.haematobium 

Introduction 

Circulating schistosome antigens have been detected in 

plasma or serum of experimental animals and humans infected 

with schistosomes, using different serological techniques. 

Berggren and weller (1967), Gold~- (1969), Hillyer 

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

(1976), using immunodiffusion (ID) and/or immunoelectro

phoresis (IE), were able to d etec t circulating antigen 

in mice and hamsters heavily infected with S.mansoni or 

S. japonicum. Antigen has also been demonstrated in 

rabbit s infected with S.japonicum (Hirata and Akusawa, 

1975), in chimpanzees infected with S.japonicum (Hillyer, 

1976) and in baboons infected with S.mansoni (Houba ~•• 

1976), using ID, IE or CIE respectively, Dodin ~•, 

(1966), using ID and IE, detected circulating schisto-

some antigen in sera of patients on the seventh day of 

treatment. Using double counterimmunoolectrophoresis 

(DcIE), Phillips and Draper (1975) were able to demon

strate a combination of antigens and antibodies, as 

immune complexes, in sP.ra of some patients suffering 

from S.mun~oni. Hernandez-Almnnas and Hillyer , 
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(197J); 

( 1975); 

Madwar and Voller, (1975); Carl!er ~-• 

Hillyer~•• (1975 and 1976); using ID and/or 

IE, reported the presence of circulating antigen in sera 

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

However, ID and IE are relatively insensitive procedures 

for the detection of' antigenic reactants, therefore, 

Bawden and Weller (1974) have used CFT for the detection 

of circulating antigens. They were able to demonstrate 

antigen in sera of animals as early as the 18th day 

after infection, indicating that the antigen had a worm 

rather tha n an egg origin. Additionally, the antigen was 

not detectable in egg extracts. Furthermore, Nash {1974), 

Lichtenberg~•• (1974), using IF techniques, showed 

that the gut, and not the integument of the adult worm, 

is the sit e of production of circulating schistosome 

antigens. Nash (1974) also confirmed the previous suggest

ion of the polysacchoride nature of' circulating antigen 

(Gold~- • 1969 ; Nash~•• 19741 Bawden and We ller , 

1974) , Re cent ly IgG and lgM antibodies to a polysaccharide 

present in th e epithelial cells of' the gut of adult 

schistosomes, were detected by IF techniques, in high titres 

in infected patients and animals {Nush, 19781 

1978) . 

Nash ~•, 

In comparative studies, using different serological methods 

(e.g . ID, OCIE, CFT anit ELISA) for the detuction of' 
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circulating antigen and antibody in patients with 

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

reported t~at OCIE was more sensitive than the ELISA. 

They also stated that ELISA was still in the development 

phase. More recently, Ferreira~-• (1979), using 

the ELISA, were able to detect circulating antigen in 

mice wi t h light bisexual and unisexual male worm 

S.mansoni infection. 

The pr esent investigation describes attempts to use the 

ELISA to detect circulating antigen in animals and humans 

infect e d with S.haematobium. 

Materials and Methods 

Antigen 

Crude soluble antigen, prepared from S.haematobium adult 

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

as a re fP.r e n ce . 

Sera 

The human sera examined in this study we re chosen from 

Egyptian patients infected with S.haematobium as described 

in Chapter II. T e n sera f'rom Egypt from people with 

helrninth inCections other than schistosornes were used as 

contro l,, . 

The animal ser~ were Crom, 

i, f'our baboons, inCocted with S.haBm1ttobium, variously 



treated and reinfected as d escribed in Chapter V, 

ii, Two groups of four hamsters each, group one was 

infected with 250 6.haematobium cercariae, while 
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the second group was infected with 500 S.haematobium 

cercariae each. The hamsters were each bled weekly, 

for ten weeks, after which they were then perfused 

as described in Chapter II. 

Anti _,__,·orm serum 

Anti-S,haematobium adult worm serum was prepared in 

rabbits as described in Chapter II. 

The immunoglobulin fraction of this anti-worm serum was 

separated ac c ording to the technique of Voller et al. 

( 1976 c). Half of it was conjuGated with alkaline phos-

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

ELISA, while the other half was kep t at -20°C in aliquots 

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

used. 

The conjugation of the immunoglobulin with alkaline 

phosphata,.e was kin<ily carried out by Dr, D.E. Bidwell, 

Nuffield Institute, London Zoo, according to the method 

of Voller et a 1 • ( 19 76 c ) • 

ELISA for the detection of antige n 

The double antibody ,.nmlwich mothod of ELISA for tlrn 

detection of antigon was cttrried out according to the 
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original method of Voller~-• (1976a), but with som e 

modifi ca tions. Each well of the microtitre plates was 

coated with 200 µl of the immunoglobulin fraction of the 

anti-worm serum made up to 10 p.g protein/ml in carbonate-

bicarbonate coating buffer. Coating was carried out at 

J7°C for three hours and plates were then washed as 

described in Chapter IV, using saline-Tween solution. 

The plates were the n shaken dry and 200 pl of the test 

s e ra diluted To in PBS-Tween was added for each well and 

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

then wa s hed as before. Two hundred Jtl of conjugated anti-

1 
worm immunoglobulin diluted 1000 i n PBS-Tween was added to 

each well and incubated overnight at 4 ° c. The pl.ates were 

washed and 200 µl of the substrate (P-nitrophenyl phosphate 

1 mg/ml in 10~ diethanolamine buffer) was added to each 

well and incubated at 37°c for one hour and the reaction 

in al l we lls was then stopped by th e addition of SO µl of 

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

tration of 5-10 µg protein/ml was us e d as a positive 

r e f'eren c'=' • The c ontent s of each well we r e removed and 

thP. ab>iorbanc P. at 400 nM was read in a spe ctrophotomet e r, 

Sampl es wi th an e xtinction E400 :,0 O,:?O were presumed to b e 

po s itive, Fi g , 40 shows a schP.ma t ic illustration of the 

doubl e antibo dy s andwich method of ELISA. 

The 8 p ac i f i c ity of tho circulutin~ nnt~en 

Th is was det n rmin e d according to the blocking a s say of 
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Schematic illustration of the double antibody sandwich method 

for microplate ELISA for the detection and measurement of 

antigen 

(1) Antibody adsorbed to plate 

Wash 

(2) Add test solution, any specific 

antieen attaches to antibody 

Wash 

(J) Add enzyme labell.ed specific antibody 

Wa s h 

(It) Ad el en;r.ymc, sub,.trat~• 

Amount hydroly e1e <l = untigen prusent 

Hcpro,ltac .. ,I from 1 VollC'r ,,t ul., 197 6 
1111 I l. W~ ~• 55- 6 5 
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Duermeyer ~•• (1978), using positive and negative 

sera, and shown in Fig.41. The immunoglobulin fractions 

of normal rabbit serum and of rabbit anti-worm serum 

were used as negative and positive sera respectively, 

Different concentrations of these sera (40-120 ~g 

protein/ml) we r e tried and the best results in blocking 

the reaction we re obtained when these sera were used at 

a concentr~tion of 120 µg prot e in/ml, They were added 

after incubation of the test sera. Samples were regard e d 

as positive if the ratio of the extinctions of the samples 

after incubation with the negative serum (no blocking) or 

the positive se rum (blocking) was> 2.0. 

Results 

The results show that J6 out of SO known human Egyptian 

S.haematobium cases examined were positive for adult worm 

circulating antigen (Table 12). These sera positive for 

circulating antigen be c ame nega tive after blocking the 

r eac tion as d escribed above . Non e of the control sera 

examin ed (humun Egyptian sera without S.haematobium ova 

in urine ) gave positive ELISA values for ci rculating worm 

a nti gens . 

Schistosomal worm circul~ting antigen and relevant antibody 

levels, in th e ex perimentally int"ectod baboons are s hown in 

Figs, 42, 4J, 44 a nd 45. Tho changes in antibody l e v ~ l 

with treatment and reinfection have b ee n d escr ibed in 

Chapter V, 
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Figure 41 

Schematic illustration or the principle or blocking 

reaction 

An<ibody adsorbed <o pla<e -u 
'Wash 

Add t es t solution, any 

specific antige n attaches 

to antibody 

'Wash 

Add 

unlabe ll e d 

speci ri c 

antibo dy 

1 

Add 

unlabell e d 

normal 

serum 

'W a s h 

A<ld e nzyme 

l a b e ll ed 

!!!pecific 

antibody 

1 

ttr 
Att ac hm e nt block e d Attac hm e nt o ccur !!! 

'W n " h 

Add e n.i:ymn 

!!!Uh"'tratu 
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Figure 41 

Schematic illustration of the principle of blocking 

reaction 

Antibody adsorbed to plate 

Wash 

Add test solution, any 

specif ic antige n attaches 

to antibody 

Wash 

! 

Adu a 
unlabelled ~ 
spe c ific 

antibody 

11r·~ I w 
Attachme nt blocked 

No reaction 

lL-
1 

Add 

unlabelled 

normal 

serum 

W a s h 

Add enzyme 

labelled 

specific 

antibody 

1 

w 
ttr 

Attachment o ccurs 

W R s h 

dd p n zyn111 

uh t 



Tab1e 12 

The results of ELISA for a schistosome circulating 

antige n in Egyptian patients' sera 

' 
No. of patients with 

positive negative 

E400 value E400 va1ue 

> 0.2 ~ 0.2 

so Egyptian patients 

with S .haematobium J6 14 

ova in urine 

10 Egypt i.an patients 

without S.haema- 0 10 

t obi um ova in urine 
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WNla after primary infection 

Figure 42 

Diagram showing the unUbody and antigen l eve ls, in an untreated baboon 

I, int .. c tion with 7,000 S .haematobium cercaria 
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WNks ofter primary infection 

F'igurc 11 

Diagram showing th£> antibody and antigen levPJs , in c1 treated and reinfl, cted 

baboon 

1
1

, infection wit,h 7,000 S . haematobium cercaria 

T , treatment with a dinitro- thiophane derivative 

1 2 , reinfection with 7 , 500 S . haematobium cercaria 
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Figure 44 

,~-- ~o-- Q~ Antibody 1 vel 

0---0----0 Antig n b f'ore blo c king 

.__...,__ .. Antig n af't r blo c king 

WHks aftw primary Infection 

Di agram showing the antibody and antigen levels in a 

treated baboon 

I, inf'ectinn with 7,000 S.haematoblum cercariae 

T, treatmPnt with Niridazole 
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Weeks after primary Infection 

Di111,ram slioi.ing the antibody and ant teen lt,v,.l:!1 in a 
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I, inf'Pc-tion with 7,000 S.h1H•m.,tobl11m c,.rc-uriaa. 
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The circulating antigen began to rise 4-7 weeks after the 

primary infection, its appearance preceding that of detect

able antibody. The circulating antigen varied similarly 

to the antibody before and after treatment and reinfection 

(Fig. 4J). In the untreated baboon (Fig.42) the antigen 

level gradually declined in contrast to the antibody which 

remained at a high level throughout the 80 weeks of obser-

vation. In the baboon depicted in Fig,45, the circulating 

antigen remained at a very low level throughout the experi

ment except for a small peak after the second treatment. 

The positive reaction for circulating antigen was blocked 

using specific anti-worm serum in all the baboons. 

None of the hamsters in either group gave positive ELISA 

values for circulating antigen, although the antibody was 

detectable from 7 weeks after infection confirming previous 

obse1vation (cf. Chapter V}. The average adult worm 

recovery in the first group of hamsters was J5 worms, and 

in the second group 75 worms. 

Discuss ion 

The ELISA has already proved to he very sensitive in the 

detection of antibody1 it appears also to be a promi~ing 

test for th~ detection of circulating schi s tosome antigen. 

The pre~enc ~ of both components, antigen and antibody, in 

the same snmple of serum strongly suggests that th~y are 
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bound into immune complexes which split during processing 

as a result of low antibody affinity. 

The probable explanation for the 14 Egyptian patients with 

negative tests for circulating antigen may be that the 

antigen if present in low amounts occured in the form 

or immune complexes with a high affinity-type antibody. 

The presence of circulating antigen appears to be 

directly related to the worm burden in S.mansoni infections 

of mic e and hamsters (Berggren and Weller, 19671 Gold et al. 

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

role in immune complex nephropathy associated with 

S.mansoni (Hillyer ~-, 197J1 Hillyer, 1976; Madwar 

and Voll"r, 1977 ). 

The failure to detect circulating antiben in hamsters 

infect e d with 250-500 S.haematobium cer c ariae was perhaps 

surprising, Bawden and Weller (1974) and Decider et al. 

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

det ec t s c hi s tosome circulating antigens only in sera from 

hamsters and mice heavily infected with S.mansoni, with 

not less thun 100 worms, but had to concentrate their sera 

and antisera bef'ore electrophoresis. The worm counts here 

were a little lower but a more e e nsltive technique ~as used. 

More recently, Ferreira~• ( 1979) using tho ELISA 

roport,•d the detection or circulating schistosome antigu ns 
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in mice with light S.mansoni infections, but they also 

stated that antigens could not be det ec ted in the serum 

Crom every infected mouse, which agrees with the results 

obtain e d Crom the S.haematobium human and baboon sera in 

the present study. There seems, therefore, to be quite 

a wide variation in the antigen response of different 

species and of individual animals. 

Although small numbers of human and animal sera were used, 

this investigation showed that ELISA besides its high sen

sitivity in an antibody detecting system, also has a 

potential use in the detection of circulating schistosome 

antigen. 

therapy. 

It could be used for showing efficacy of chemo-

The inconsistent r e sults reported for the detection oC 

circulating antigen using different me thods including the 

ELISA suggest mor e investigation should b e carried out, 

such as the characterii:at ion or thes e antigens and the 

preparation of mor e specific antisera. 



Chapter VIII 

Observations on pathology in relation to serological 

findings in hamsters infected with S.haematobium 

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

schistosome antibodies significantly decrease after treat-

ment of hamsters infected with S.haematobium. Warren et al. 

(1977) report e d that modulation of immunopathology in 

chronic murine S.mansoni infections remains after curative 

treatment. There is also direct evidence for amelioration 

of pathology in chronic S.haematobium infections 

(Lichtenberg, 1971). Schiller and Haese (1973) found that 

termination of S.mansoni infection in mice by treatment 

with a nitro vin)M'uran derivative, resulted in almost 

complete resolution of hepatic injury caused by eggs of 

these parasites. In endemic areas where patients with 

schistosomiasis may undergo curative therapy, questions 

hav e arisen as to whether the eradication of schistosomes 

is followed by pathological and serological changes and 

whether there is any correlation between these and the 

time at which c h e motherapy was given in relation to the 

inCection. 

In an attempt to elucidate some of these problems, ham

sters infect e d with S.haematobium were treated with 

Niridazol~, and the pathological chan ges and antibody 



levels were re c orded for hamsters at different times 

after trea tm e nt. 

Mat e rials and Methods 

The s e r a and ti s sue s amples e xamined were from two 
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hamster expe riments. In the first experiment, 50 hamsters 

were infec ted with 200 S.haematobium cercariae each, as 

d e s c ribe d in Chapt e r II, and divided into J groups. The 

first and sec ond groups of 15 each wer e treated at IJ 

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

respectively, the hamsters of the third group (20 ham~ters) 

we r e not trea t e d and we re used as controls. Treatment 

con s is ted of 200 mg/ kg body we ight of Niridazol e daily 

for 5 days give n orally by syringe with a curved blunt 

n eedle. At diffe r e nt time s aft e r treatment, as describe d 

in the Result sect ion, one or two ham s t e rs from eac h group 

were kill e d by inj ec tion of undiluted Ne mbutal as d e scribe d 

in Cha pt e r II. At' t e r a blood s ampl e was take n from the h eart 

we dge biopsy s ampl ns from the live r s and lung were removed 

for li g ht mi c rops y. The h e pati c portal sy s tem was then 

p e rfus Hd, the adult worm M r ecove r e d, wa s h e d and count e d. 

Th e s e c ond e xpe rime nt wa s d esc ribe d in d e tail in Chapt e r V. 

TI~s e hamst e rs we r e tre at e d at 12 we e k s ( ea rly) and 22 week s 

(lat e ) after infect ion a nd wero a ll kil led at 41 wee k s af te r 

in n. 



Serological examinations 

Serum sampl es from the different hamsters were examined 

using th e ELI SA t es t for measuring antibody levels as 

d esc ribe d in Chapter V. 

Histolo gica l examinations 

Pieces of different tissue organs mentioned above were 

fixed for at l east 24 hours in buffered ten per cent 

formalin (pH 7.0); 

appendix. 

its composition is give n in the 
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After fixation, the tissues were embedded in paraffin 

wax. Sections were cut at 7 p and routinely stained in 

Ehrlich's h~ematoxylin and Eosin (Hand E). For specific 

staining of amyloid and of collagen, congo red and Ven 

Gieson•s stain s wer e used respectively. These were 

kindly don e by Or. S,P. Lu cas at th e De partment or Morbid 

An a tomy, St. Thomas Hospital, London, 

Immunof'luoresce nt studies 

Fresh kidnAy ti ssue samples wer e embedded in O,C,T, 

Ti ss u ., -T., k comp ound (Aines Company, USA), snap frozen in 

li11uid nitro gen and the n stored at - 60 C until e xamined, 

Cryostat sections, 
0 6 ~ in thi c kness , wer e cut at -20 C, 

dri.,d at room tmnperature and proce:'lsed fur the d etec tion 

of immun uglobul i n ( IgG ) and schi s to s ome antigen deposits 

as d e:,cri b e d by Ful ci'i o and Gould ( 197 5 ), using direct end 
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indirect immunofluorescent methods respectively. 

Direct immunofluorescent method for the detection of IgG. 

The dried cryostat sections were washed three times with 

PBS and were then exposed to fluorescein isothiocyanate 

(FITC) - conjugated swine anti-hamster IgG (Nordic Innumo

logical Labs . ), at a dilution of 1120, for JO minutes at 

room t e mperature in a moist chamber . Three 10 minute wash-

ings with PBS were done after staining. They were then 

mounted in 0.01 M Tris-buffered glycerol, pH 9.6; its com

position . is given in the appendix. 

Indirect immunofluorescent method for the detection of 

schistosome antigen 

Preparations were made by first incubating the dried cryostat 

sections with 0.02 M sodium citrate, pH J.2, at J7°c for two 

hours in order to elute any bound antibody. Some sections 

were examined without this elution, The sections were then 

washed three times with PBS, three minutes each, and fixed 

with a mixture of ether and 95~b ethanol (50150) for ten 

minut es and with 95% ethanol for a further 20 minut es. They 

were then incubated with unfluoresceinated rabbit anti-S.haema

tobium worm eerum, dilut e d 112, for JO minutes at room 

temperature . The wash procedure wus repeated as above and 

the sections were incubated with FITC-~oat anti-rabbit 

serum (Nordi c Invnunological Labs.), at a dilution of' 1140 

f'or JO minutes at room temperature. They wer e then washed 



2)1 

in PBS and mounted in buffered glycerol as described above. 

Sections of normal uninfected hamster kidneys were used as 

controls. Sections stained with non-conjugated rabbit 

anti-hamster IgG (Miles} and with normal rabbit serum were 

included in both the direct and the indirect immunofluores

cent test respectively. 

The sections were examined with a Leitz fluorescent micro-

scope with a Halogen lamp as the transmitted light source, 

using excitation filters KP 450 and 500 and interference 

filter K SJO, 

Electron microscopic examination (EM) 

The electron microscopy of kidney tissues were kindly 

carried out by Dr, R,G, Bird at the London School of Hygiene 

and Tropi cal Medicine. One millime ter cubes of kiJney 

tissues were fixed in J~, Glutaraldellyde in 0.066 M cacodylate 

buffer for 12 hours, transferred to 0 . 066 M cacodylate 

buffer (pH 7,4), post-fixed in 1% osmium tetroxide, dehydrated 

and embedded in epoxy r esi n (Araldite). Section!'! were 

9<amined with A.E.I. EM 801 e lectron micro scope (A.E.I., U.K,). 

Re,.ult!'I 

Serulogi~aJ finding!'! 

Figures 46,1, 46.2 and 46.J show the antibody levels as 

me a,.urttd by the ELISA, u ,ti ng S,h,1<•:rmtobi11m cercarial, worm 
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Figure 46. 1 

Diagram showing the antibody l e vels of differe nt groups of S .haematobium infected 

haasters, treated early in infection (-6-6.-). treated lat,, ln infection (-e-e-) 

nd untr~ated (-0-~), using S .haematobium cercarial antjgen 

T
1 

and T
2

, treatment of the first and second groups respectively with Niridazol 

200 mg/ kg body weight orally daily for 5 dayo. 
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WNks ofter primary infection 

Figure '16. 2 

Oia,rra■ showing th ntibody levels of different groups of S . haematobium infected 

h.t•sters, trcttl cd early in infcc tJon (~-.o.- ), treated late in infection( - ...... ) 

and untreated (-o-o-), using S . haematobium worm antige n 

T
1 

and T
2

, treatment of the first and second groups rospertively with Niridazol 

200 mdkg body weight orally daily for 5 days . 
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Weeki altur primary Infection 

Figure ~6. J 

.. 

Oiagraa shoving the antibody levels of different groups of S .haematobium infected 

haastors, treated early in infection (-6-6-), treated l in in fee tion ( ~-.-) 

and untreated (-o-o-), u sing S.hacmatobium egg antigen 

T 1 and T2 , treat.ent of the first and second groups respectively with Niridazole 

200 ag/ kg body weight orally daily for 5 days . 
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and egg antieens respectively. Each point represents the 

reading of one or the mean of two hamsters sacrificed at 

each time. The antibody level decreas e d after treatment 

in contrast to the high antibody level maintained in the 

untreated hamsters. As shown before, egg antigen proved 

to be more reactive than both cercarial and worm antigens, 

Parasitological findings 

The adult worms recovered from the untreated hamsters 

were active, well developed and both sexes were present 

in comparable numbers. The total number of worms recovered 

ranged between 25-40 pairs per hamster, No worms were 

recovered from any of the treated hamsters. 

Histologi c obs e rvations 

In the first experiment, which compares the histopathology 

of the groups treated early and late in infection, a 

similar rate of resolution of the perioval reaction was 

observed in both groups, By two weeks after either 

treatment, the granulomas were still mature around the 

d egen erate eggs with central n ecrosis and pigmentation 

(Fig, 47), Portal tract inflammat ion was decreasing as 

was pigment load, By eight weeks aft e r either treatment, 

portal inf'lamrnnt i on was more localised, consisting mainly 

of foreign body giant cells containin g pigments and 

slight c hronic inf'lammatory cel l inf'iltration in relation 

to dead egg,., but v ery scanty gronulomas (Fig.48). Tho 

pigment was loculisod in c lumps muinly in the portal tract 
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Figure 47 

Liver sections from a ham ■ ter, ~ weeks after treatment at 

IJ weeks after infection, showing mature granulomas around 

degenerate eggs and pigment in macrophages 

(H & E x 200) 
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Figure 47 

Liver sections from a hamster, ~ weeks after treatment at 

1) weeks after infection, showing mature granulomas around 

degenerate egg~ and pigment in macrophages 

(H & E "200) 
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Figure 48 

Liver sec tion from a hamster eight weeks after treatment at 

21 weeks after infection, showing calcified egg (arrow), 

foreign body giant cells, pigmentation and inflammatory 

cell ■ (H &. E x 200) 
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Figure 48 

Liver 8ection Crom a hamster eight weeks aCter treatment at 

21 weeks aCter inCection, showing calciCied egg (arrow), 

roreign body giant cells, pigmentation and inClammatory 

cells (H &: Ex 200) 
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Figure 48 

Li c tion from hamst r ~ w ek aft r tr tm nt t 

21 w ft r inf ction, showin col c ifi d gg {arrow), 

for in boJy gl nt c lls, pigm nt tion nd infl mm tory 

c 11 (H & EX 200) 



but also in large Kupffer cells within the lobules. The 

inflammatory reaction progressively diminished, but was 

still locally present at twenty weeks after treatment. 
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The major difference between the two groups is in the 

development of fibrosis in the animals treated at 21 weeks 

after infection compared with animals treated at thirteen 

weeks. Portal tract fibrosis and bridging were seen in 

animals sacrificed at three weeks after late treatment 

with subsequ e nt r e duction at weeks four, sixteen and 

twenty after treatment. No fibrosis was seen in animals 

sacrificed at twenty weeks after late treatment which 

suggested a resolution of fibrosis with time (Figs. 49 

and 50), The lungs from both early and late treated and 

untreated hamsters appeared normal except for occasional 

granulomas seen in some of the untreated animals, 

Similar results were seen in the second experiment in 

which the period of observation was pro1onged to 29 weeks. 

There was minimal schistosomal demage and any hepatic 

fibrosis that had been present had reso1ved, A.n intesti

nal section from a hamster, nineteen weeks after late 

trea tment, with residual dead eggs and small associated 

giant cell infiltration, is shown in Fig,51. In untreat e d 

hamsters, at the same time after infec tion, there was a 

range of pathology in the liver and the b1adder ranging 

from simple granulomas without fibrosis to severe portal 



Figure 49 

Liver section from one of the hamsters,~ weeks 

after treatmentat 21 weeks after infection, showing 

portal fibrosis and bridging, and pigmentation (V,G. 

stain x 50) 

Figure 50 

Liver sP ction from one of the hamsters, twenty weeks 

after treatmentat21 weeks after infection, showing 

resolving focal portal inflammation and pigmentation 

but no fibrosis (H & Ex 125) 



Figure 49 

Liver section from one of the hamsters, three weeks 

after treatment at 21 weeks after infection, showing 

portal fibrosis and bridging, and pigmentation (V,G. 

stain x ~o) 

Figure 50 

Liver ~Pc tion from one of the ham~ters, twenty weeks 

after treatme ntat21 weeks after infection, showing 

resolving fo ca l portal inflummntion end pigmentation 

but no f'ibrosis (II &t E x 12~) 
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tract fibrosis with little inflammation around dead eggs 

(Figs. 52 anu 53) . The intestinal pathology in untreated 

animals tended to be patchy, some areas having large 

numbers of eggs and granulomas and others appearing 

normal or with little inflammation (Fig. 54). Light 

microscopic examination of the kidneys of both early and 

late treated hamsters revealed no pathological changes. 

In the untreated hamsters, only three out of ten examined 

showed diffuse amyloid deposits in the glomeruli (Fig.55). 

No other remarkable changes were found in other parts of 

the kidney. 

Direct immunofluorescence 

Ninety p er cent of more than 70 glomeruli sampled in the 

kidney sections of untreated hamsters, showed diffuse 

granular staining of the mesangium and basement membrane 

for IgG (Fig. 56 .A). A few ( 6')b ) of the glomeruli 

examined shov ed extensive, lumpy deposits of IgG in the 

glomerular tuft:!! ( 1-'ig. 56 • B) • Negative results were 

ohtained with kidneys from uninfected control hamsters 

as well as from hamsters treated early in infection (Fig . 

56,C) , However, some hamsters treated late in infection 

(four out of ten examined) gave positive results similar 

to the untreat e d hamsters, 

Indire ct innnunofluorescence 

Nngutive results ware obtttinPd with all kidrwy ,sections 



Figure 52 

Liver of an untreated hamster, forty-one weeks after 

infection showing severe porta1 fibrosis with dead eggs 

(H & Ex 50) 

Figure 5'.) 

Bladder of an untreated hamster, forty-one weeks after 

:lnf"ection showing numerous periovnl granulomait and fib

rosis in tho submucosa and muscle layer, (Eggs were alito 

present in serosa,) (H & Ex 50) 



Figure 52 

Liver of an untreated hamster, forty-one weeks after 

infection showing severe porta1 ~ibrosis with dead eggs 

(H & Ex 50) 

Figure 53 
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Bladdor of un untreated humster, forty-one weeks after 

infection showing numerous periovul granulomus and fib

rosis in the submuc osa and muscle layer. (Eggs were also 

present in serosu.) ( H & E x 50) 
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Figure 54 

Large int estine of untreated hamster, forty-one weeks 

after infect ion showing numerous submuco sal granulomas 

and eggs in the mus c le layer and serosa, (H & Ex 50) 
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Figure 55 

Micrograph of a kidney section from an untreated hamster, 

forty-one weeks after infection; no pathological changes 

visible except diffuse amyloid deposits in the glomeruli 

which gav ~ strong positive birefringence under polarised 

1ight, (Conge red x 200) 
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Micrograph of a kidney section from an untreated hamster, 

forty-one weeks after infection; no pathological changes 

visibl e except diffuse amyloid deposits in the glomeruli 

which gav ,, strong positive birefringence under polarised 

light, (Conge red x 200) 



Figure 55 

Micrograph of a kidney section from an untreated hamster, 

forty-one we eks after infection1 no pathological changes 

visible except diffuse amyloid deposits in the g lomeruli 

which gav" strong positive birefringence under polarised 

light, ( Conge r e d x 200) 
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Figure 56 

Direct immunofluorescence in kidney sections: 

A. Di ~ fuse granular staining of' the mesangium and 

basement membrane of the glomerulus of an untreated 

hamster, forty-one weeks after infection. 

B. Extensive, lumpy deposits of' IgG in the glomerular 

tufts of an untreated hamster, forty-one weeks after 

infection. 

C. No IgG deposits in the glomerulus of an early treated 

hamster. 

( x '.JOO) 
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from treated as well as untreated and uninfected control 

hamsters. 

Electron microscopy 

Among the kidney tissue specimens of the ten untreated 

hamsters examined, only two showed deposits within a 

slightly thickened basement membrane of the glomeruli 

(Fig.57). None of the early or late treated hamsters 

showed abnormalities on electron microscope examination. 

An electron micrograph of the kidney tissue specimen of 

a normal control (non-infected) hamster is shown in 

Figure 58. 

Discussion 

Although the antibody level was measured in different 

hamsters eac h time instead of serial observations on the 

same animals, these results agree with those given earlier 

in this thesis, showing that antibody level decreases 
This 

after treatment of schistosome-infected hamsters. 

wa s mor e evident in the hamsters treated early in infection 

than in the lat e treated ones. 

The pathological findings caused by S,haematobium in 

confirm the conclusion reached by Schiller and 
h m t r 

in mice 
Haese (1973), Sadun ~• (1974), from 

and S. laponicum in chimpanzees respective ly, th t hi 

somal hepatic fibrosis in these animals is v ntuully 



Figure )7 

Electron micrograph or a kidney section rrom an 

untrea ted hamster rorty-one weeks arter inre ct ion, 

showing deposit s along the slightly thicken ed 

basement membrane (arrow). 

B, basement membrane 

E, e ndothelial cell 

M, pseudopodes of mesangial cells 

RBC, red blood cell 

Figure 58 

(x 12,600) 

Electron micrograph or a kidney section rrom a 

non-inrec ted hamster, showing normal variation 

in thickness and no evidence or deposits or 

pathological thickening. ( X 12 t 800) 
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almost completely reversible when infection is terminated 

by effecti,e drug treatment, even when given at 21-22 

weeks. This supports the WHO, Scientific Working Group 

on Research in Bilh~asis (che motherapy), (1966) which 

stated that chemotherapy can prevent the establishment 

of hepatic fibrosis if given early enough in infection. 

Although dead eggs were found to pP.rsist within minute 

inert scars more than twenty weeks after treatment, most 

of the associated fibrocellular reactive tissue had 

disappeared. It appears from these observations that 

the timing of the initial course of treatment is an 

important factor as regards the histopathological response 

The earlier the treatment is given the more 
to treatment, 

rapidly and comple t ely the l e sions will resolve. 

The pathological and serological changes after treatment 

of schistosome-infected hamsters are, to some extent, 

corTelatc<.l with eac h other in that both decrease. 
However, 

that no co-
oth t?r worker5 (Tada !;.!_!:!!•, 197 5) r po, · t 

rrelation was found b etween 5ome oth~r serological tech

niques (COP and CF tests) and the pathological find i ng 

in ~aca c-a monk e ys infected with S, Japonicum followed for 

tw~lve week5 without trea tment, 

The granular and lumpy depu•it• of IgG seen in thu direct 

immunofluoroscent studies suppnrt tho on p of immune 

c omplexos being involved in tho pathogenesis o schlstosomal 



renal disease . This may include the amyloid and EM 

deposits seen in the glomeruli in some of the untreated 

infected hamsters. 

The absence of IgG deposits in kidney sections from 

hamsters treated early and their presence in some treated 

late suggested that treatment of schistosome-infected 

hamsters early enough in infection can ameliorate renal 

pathology. 

The failure to detect parasite antigen in these deposits 

suggests that perhaps an inadequate antiserum was used 

or other antigens might be involved. 

Brito et al. (1970) and Silva~- (1970) were among 

the first to show that immunoglobulin and complement 

deposits, without parasite antigen, could be found in 

the glomeruli of human hepatosplenic S.mansoni schistoso

miasis. Hillyer and Lewert (1974) reported that parasite 

antigens were found in the circulation of h 
n d men 

in feet eri with S. Japonicum and ?~~ .. nd in th" c o 
d 

antigen excess as immune complexes. 
They al 90 sugg 

normal nt..r o 

DNA might be the antigen (hapten) involved in the immune 

compleXA~, This was further supported by thAir Cinriings 

regarding retention of DNA in tho kidneys or hamsters 

, I p nl um as compared t 
inrecteri with 

by autora,Uogr
11

phic and liquid scintillation coun in 
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techniques. 

There are conflicting opinions as regards the association 

between S.haematobi~m infection in man and the glomerular 

lesion s . Although some worke rs (Sabbour ~ • • 1972; 

Ezzat ~ • • 1974), on the basis of clinical, laboratory 

and/or pathological findings, reported a frequent associa

tion between glome rulonephritis and S .haematobium inf c -

tions in Egypt, others (Smith~•• 1974; Sadigursky 

~•• 1976), on the basis of Egyptian autopsy data, 

did not find such association. 

Beaufils ~•• (1978), found glomerular lesions in 

nine out of thirteen African immigrants in France with 

S . haematobium infections, but failed to domonstrate 

schistosomal a nti gen in the glomeruli. 
They conclud e d 

that renal symptoms such as proteinuria or the nephrotic 

They also stated 
syndromA could b e due to such lesions. 

that in man, early diagnosis and adequate trea tment of 

urinary schistosomiasis will p erhaps decrease the inci

dence of glomerulur d isease in endemic regions . 
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CHAPTER IX 

General Discussion and Summary 

Schistosomiasis is a parasitic disease with a large impact 

on public health and economic development in the countries 

where this parasite occurs. There is currently a great 

emphasis on the implementation of control measures to 

combat the disease in the endemic areas. 
The need for a 

sensitive, specifi~ and quantitative immunodiagnostic 

technique for schistosomiasis is desirable, not only for 

the diagnosis, but also for application to mass surveys 

and for the assessment of control measures. 

Most of the generally available techniques {as reviewed 

in the first chapter of this thesis) have given results 

which have fail e d to inspire clinicians and epidemiologists 

with conridence in their sensitivity and speciricity, It 

was, thererore, the main aim or the present study to 

investigat e the sensitivity and spe cific ity of newer 

serological technique s { CIE, ELISA and TIA) for th 

detection of anti-schistosome antibodies in a vari et y 

of animal and human sera. 

The ELISA ha s been shown to be one of the mo ➔ t sensitive 

of the new e r techniques for the d etec tion of antibodies. 

Eg antigen w proved to be mor e reao ti than both worm 

and cercarial antig~ns . CIE was found to be l ss sen sit ive 
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and required higher concentrations of antigen than the two 

other tests. 

A comparative study has been made between ELISA and TIA 

and the results indicate excellent correlation between 

the tests in the quantification of anti-schistosome anti

bodies, both in humans and animals . TIA has the advantage 

of simplicity and low cost, but it has the disadvant of 

requiring higher concentrations of antigen than ELISA . 

However, TIA is still in the development stage and after 

further evaluation it might be used as a supplement or 

alternative to the other serologic tests for work to be 

done in the field. 

ELISA was found to be a promising test f or the detection 

of circulating schistosome antigen in animals and humans 

infected with S.haematobium, However, this was a prelim

inary trial and further studies, using more specific 

anti-serum, should be carried out . 

Chemotherapy is an important method for the control of 

schistosomiasis, especially if it is used together with 
ts 

other measures in well-designed programmes. 

main role in reduci ng the clinical se verity, it has also 
A 

the advantage of decreasing the r 
- of transmission. 

mAthod for the evaluation of treatment in schistosomiasis 

is urgently n ~eded. 
Observations were, th•rAfore, made on 

antibody lAVAl s in baboons and hams ters infected w 11 
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S.haematobium and in humans infected with S,haematobium 

or S.mansoni before and after treatment. The results 

suggest that the ELISA can be used to mon:l.tor the effect 

of chemotherapy, 

The ~ffect of treatment on immunity to reinfection has been 

studied using hamsters as a model, Groups of hamsters 

initially infected with S.haematobium cercariae showed 

different degrees of immunity to homologous reinfection 

before and after oviposition. 
Immunity, measured by worm 

assay, was higher in hamsters challenged after oviposition 

than in the group challenged before oviposition. 
However, 

curative treatment of these hamsters completely abolished 

all resistance to reinfection, 
The antibodies measured by 

the ELISA, significantly declined by the fifth week in 

response to treatment. 

In a group of baboons infected with S,haematobium, there 

w no correlation between the antibody levels, as measured 

by the ELISA, and the degree of immunity tor infection, 

but a definite correlation with the level of infection. 

The pathological changes in r 1 - tion to serology at different 

times after treatment of groups of hamsters infected with 

~ . hAematobium have been studied. The inflammatory reactions 

progressively diminshed and the antibody levels declined 

The results also suggested the possibl 
after treatment, 

role of immunn complexe!'I in renul nephropathy, although 

11chi11tosom0 antigen could not be detected in th gl.omeruli. 
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APPENDICES 

Buffers and Reagents for Immunoelectrophoresis 

Phosphat e Buffe r e d Saline (PBS) pH 7. 6 
Sodium chloride 
Disodium hydroge n phosphate 
Sodium dihydrogen phosphate 2H 2 0 
Distill e d water 

Barbitone/Acetate buffer 0.lJ M pH 8.4 
Sodium diethyl barbiturate 
Sodium acetate 
0.1 N Hcl 
Distill ed water to 

170 . 00 g 
25 .60 g 
J. 12 g 

20,000.00 ml 

s.142 g 
6.476 g 

90.000 ml 
1000.000 ml 

Agar/Agaros e mixture (1 ~ ) with Dextran in Barbitone/Acetate 
Buf'fer 

Oxoi<-1/ion Agar 
Agaro se 
Dextran 
Barbitone/Acetat e buffer 

Coomassie blu e staining 

(A) Coomassie brilliant blue 
Acetic acid 
Ethanol 
Distilled wat er 

(b) Acetic acid 
Ethanol 
Di s tilled water 

Stain with (A) for 5-15 minut es 
De stai n with (8) for 5-10 minut es 

2 

Ruffers for ELI SA 

0.75 g 
0.25 g 
2.00 g 

100.00 ml 

, g 
100 ml 
450 ml 
450 ml 

100 ml 
250 ml 
650 ml 

Coi\ting curbunutn/bicarbonat n buffer 0.015 M pH 9. 6 
1. 59 g 
2 .9) g 
o.:w g 

Sodi um ca rbonate 
Sodium hydru g,• n carbonu " 
Sodium a1.ide 1000.00 ml 
!Ji l'I ti l Led wator 



Incubation buffer 

PBS 
Tween 20 
Sodium azide (NaN

3
) 

(Omit NaNJ when using peroxidase) 

'Washing buffer 

Sodium chloride 
Tween 20 
Distilled wat e r 

Di e thanolamine buffer pH 9.8 

Diethanolamine 
Distil led wat e r 
Magnesium chloride 6tt 2 o 
Sodium azide 

Adjust to pH 9 ,B with 

Substrates 

M Hcl 

2 4 

J000 .00 ml 
0. 50 ml 
0.20 g 

45.0 g 
2.5 ml 

5000 . 0 ml 

97 . 0 ml 
oo . o ml 

10 .o m 
0 . 2 g 

(1) For alkaline phosphatase conjugates 

Add 5 mg tablet p-nitrophenyl phosphate (Sigma) 
to 5.0 ml di e thanolamine buffer 

(2) For peroxidase conjugates 

(0-PD) 
Stock solution 

Ortho-phe nyl e ne diamine 
Absolut e me thanol 
Mix thoroughly and store in the dark at 4°c, 
stable for one we ek 

Workine so lution 

Di,i ti lled water 
Stock 0-PD 
Hydro ftP n peroxide J% 

Substrate Inhibitors 

J M So,Uum hydroxidu for alkalinn pho,.phata 

c onjur;ate,t 
~ N Sulphuric ucid f'or pcroxidu ■ c conjugates 

10 . o me 
10 . ml 

9 . O ml 
I , 0 ml 
O . 1 ml 
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:3 

Reagents for Histological and Immunofluorescent 

Studies 

Buffered 10"~ formalin pH 7.0 

Formalin 
Tap water 
Sodium dihydroge n phosphate H2 0 

Disodium hydrogen phosphate 

Tris-buffered glycerol O.OlM 

Tris "hydroxymethyl" methan 
Glycerol 

pH 9 .6 

100.0 m1 
900.0 ml 

4.0 g 
6.5 g 

One part 
Nine parts 


