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S u m m ary  :

Recently a new panel of monoclonal antibodies was developed 
against soluble egg antigens in the hatching fluid of Schistosoma 
mansoni. These antibodies have been used to develop an 
improved ELISA for the detection of circulating soluble egg 
antigens in serum and urine that would have a higher sensitivity in 
the immunodiagnosis of S. mansoni infections. Although these 
antibodies showed no improvement in the immunodiagnosis of 
S. mansoni infections compared with egg antigen-based ELISAs 
already described (Nourel Din et a l., 1994a), they may have a 
potential role in the identification of S. haematobium infections. 
This study has looked into the immunolocalisation of 
S. haematobium egg antigens in both the parasite and the host as 
recognised by four newly developed monoclonal antibodies (290- 
2D9-A, 290-2E6-A, 2 9 0 -2H12-A and 290-4A8-A) and two 
already, described antibodies (114-5B1-A and 114-4D12-A). The 
antibodies 114-5B1-A and 114-4D12-A appeared to have in 
S. haematobium eggs a similar staining pattern when compared 
to S. mansoni eggs. The antibodies prepared against the hatching 
fluid showed a characteristic signal, especially 290-2E6-A. These 
antibodies recognised a component originating from the lateral 
glands of the miracidium. In the host a similar 
immunohistochemical tissue localisation pattern (mainly 
phagocytising reticulo-endothelial cells) was seen as previously 
described for S. mansoni infected hamsters.
KEY WORDS : Schistosoma haematobium, egg antigen, immunoiocalisation, 
parasite, host, hatching fluid.

R é s u m é  :  É t u d e  im m u n o h ist o c h im iq u e  d e  la d is t r ib u t io n  
d ’a n t ig è n e s  d ’œ u f s  d e  S c h ist o so m a  h a e m a t o b iu m  r e c o n n u s  pa r  six  
a n t ic o r p s  m o n o c l o n a u x  d if f é r e n t s  d a n s  le pa ra site  e t  l’h ô t e

Récemment, de nouveaux anticorps monoclonaux dirigés contre 
des antigènes présents dans le liquide d'éclosion de Schistosoma 
mansoni ont été développés. Ces anticorps ont été employés pour 
la mise au point d'un test ELISA de haute sensibilité pour la 
détection d'antigènes solubles et circulants dans le sérum et dans 
les urines, afin de permettre le diagnostic immunologique 
d'infections à S. mansoni. Bien que ces anticorps ne montraient 
pas d'amélioration dans le diagnostic immunologique comparé 
avec les tests. ELISA à base d'antigènes d'œufs déjà existants 
(Nourel Din et al., 1994a), ils jouent un rôle potentiel dans 
l'identification d'infections à S. haematobium. Cette étude a pour 
but la localisation immunohistochimique d'antigènes d'œufs de 
S. haematobium, aussi bien dans le parasite que dans l'hôte, 
antigènes reconnus par quatre anticorps nouveaux (290-2D9-A, 
290-2E6-A, 2 90 -2H 12-A et 290-4A8-A) et deux anticorps déjà 
décrits ( 11 4-5B1-A et 114-4D12-A). Les anticorps 114-5B1-A et 
114 -4D 12-A avaient tendance à montrer un patron dans les œufs 
de S. haematobium tel qu'il a déjà été décrit pour les œufs de 
S. mansoni. Les anticorps préparés contre le liquide d'éclosion 
montraient un signal caractéristique plus particulièrement 290-2E6-
A. Ces anticorps reconnaissent probablement une composante des 
glandes latérales du miracidium. Une distribution 
immunohistochimique tissulaire dans l'hôte (surtout dans des cellules 
à pouvoir phagocytaire, réticulo-endothéliales), similaire à celle 
déjà décrite dans des hamsters infectés avec S. mansoni a 
également été observée.
MOTS CLÉS : Schistosoma haematobium, antigène d'œuf, immunolocalisation, 
parasite, hôte, liquide d'éclosion.

INTRODUCTION

A number of worm and egg derived antigens can 
be detected in the body fluids (e.g. blood and 
urine) of Schistosoma m ansoni infected indivi­

duals and laboratory animals (Carlier e t  al., 1980; Deelder
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e t  al., 1980; Nourel Din e t  al., 1994a). Much research has 
been focussed on the development of tests for the detec­
tion of circulating adult worm antigens in the serum and 
urine of patients to estimate the worm load in the tis­
sues of the host (Carlier e t  al., 1980; Deelder e t  al., 1980). 
Many eggs excreted by the female worms never reach 
the exterior, but remain trapped in the tissues, mainly 
the liver and intestine. The induction of granulomas 
around the eggs by the host leads to fibrosis of the 
liver, ureters and urinary bladder and is the main 
cause of the morbidity (and mortality) in human schis­
tosomiasis. An egg antigen specific test can therefore 
possibly offer specific information of the egg burden 
in the infected tissues and can thus possibly be a good 
parameter for the prediction of pathology (Nourel Din 
et al., 1994a; Nibbeling et al., 1998; Kahama, 1998b).
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We earlier described two monoclonal antibodies (114- 
5B1-A and 114-4D12-A) for the specific detection of 
circulating soluble egg antigens (CSEAs) (Nourel Din 
et al., 1994a). These assays, however, lacked sensiti­
vity for very light infections compared with egg counts 
in faeces and CAA and CCA measurements (Nibbeling 
et al., 1998). Nibbeling et al. (1998) described the pro­
duction of new antibodies in an attempt to develop 
assays with an improved sensitivity in the diagnosis of 
S. m a n so n i  infections. None of these antibodies 
showed an improvement in the immunodiagnosis com­
pared with existing ELISAs, but they may have a poten­
tial role in the identification of S. haem atobium  infec­
tions, because it is known that S. m an son i  and 
S. haem atobium  have corresponding epitopes on their 
antigens or even have corresponding antigens (Ham­
burger et al., 1982; Dunne et al., 1987).
Egg antigens detected in urine would primarily origi­
nate from eggs in the urine and eggs entrapped in the 
bladder wall and secondarily from antigens that pass 
the glomerulus. This implies that detection of SEA in 
the urine of Schistosom a infected individuals will be 
relatively easier in S. haem atobiu m  infection than in 
S. m anson i infections since the bladder is the primary 
target organ in the former infection. As the detection 
levels of antigens are not only function of the amount 
released by the parasite, but also on how they are pro­
cessed by the host, it is necessary to study these pro­
cesses (Bogers et al., 1995b).
The present study was focussed on the immunohisto- 
chemical localisation patterns of egg antigens in the 
host and parasite (5. haem atobium ) that are reco­
gnised by the recently developed monoclonal antibo­
dies 290-2D9-A, 290-2E6-A, 290-2H12-A and 290-4A8- 
A and also by two monoclonal antibodies already 
described in S. m anson i infections (114-5B1-A and 
114-4D12-A).

MATERIALS A N D  METHODS

C o l l e c t io n  o f  t is s u e s  a n d  f ix a t io n

Hamsters were experimentally infected with 
1,200 cercariae of the NAMRU3 strain (Cairo) 
of S. haem atobium . After 16, 18 or 20 weeks 

of infection, the hamsters were sacrificed (overdose 
pentobarbital) and perfused with Dulbecco’s solution. 
The liver, spleen, a pan of the ileum and colon were 
sampled and frozen in liquid nitrogen or fixed in neu­
tral buffered formaldehyde.

P r e p a r a t io n  o f  m o n o c l o n a l  a n t ib o d ie s

The monoclonal antibodies 114-5B1-A and 114-4D12- 
A were synthesised as described by Nourel Din et al.

(1994a). Briefly, spleen cells of S.m ansoni infected 
BALB/c Swiss mice were fused with SP2/0 mice mye­
loma cells. The hybridoma cell supernatants were 
tested by an indirect immunofluorescent assay on 
S. m anson i worms or liver cryosections of S. m ansoni 
infected hamsters. Cells with the desired specificity 
were cloned by limiting dilutions producing the 114- 
5B1-A (IgG1) and 114-4D12-A (IgG1) monoclonal anti­
bodies.
The monoclonal anti-egg antibodies 290-2D9-A, 290- 
2E6-A, 290-2H12-A and 290-4A8-A were prepared as 
described by Nibbeling et al. (1998). BALB/c mice were 
immunised with S. m ansoni hatching fluid (HF). Spleen 
cells were fused with SP2/0 mouse myeloma cells. 
Hybridoma cells were selected by an immunofluores­
cent assay (IFA) on liver cryosections of S. m ansoni 
infected hamsters and with a HF-ELISA. Hybridoma 
supernatants positive in the HF-ELISA and showing a 
strong reactivity in the IFA with eggs were selected for 
further studies. Hybridoma cells were cloned and pre­
cipitates of the supernatants were tested by immuno­
diffusion to select for monoclonal antibodies recogni­
sing repetitive epitopes. Hybridoma cells were cloned 
by limiting dilutions and monoclonal antibodies were 
produced by in vitro production. The antibodies were 
purified as described by De Jonge et al. (1990). The 
antibodies used were either in pure form or FITC 
(fluorescein isothiocyanate) labelled (Kahama et al., 
1998a; Kahama, 1998b).

I m m u n o h is t o c h e m is t r y

A. Immunofluorescent technique: Cryosections 4-5 pm 
thick of the liver, spleen, ileum and colon from S. h a e ­
m atobium  infected hamsters were cut, air-dried and 
fixed in cold acetone (20° C, 10 minutes). The primary 
(FITC-labelled) monoclonal antibodies were applied in 
the appropriate dilutions (Table I) and incubated over­
night at 4° C in a humid room. Finally, the sections 
were rinsed with demineralised water and covered with 
Vectashield (Vector Laboratories Inc., Burlingame,

Antibody

P rotein
con cen tration

(m g /m l)
Fluorescence

technique Dilution

Protein
con cen tration

(m g /m l)
Im m uno-

p eroxid ase
technique Dilution

114-5B1-A 2.6 1/100 1,2 1/50
114-4D 12-A 2.6 1/100 1,1 1/50
290-2D 9-A 6.95 1/80 1,6 1/20
290-2E6-A 1.9 1/80 0,4 1/20

290-2H 12-A 8.45 1/80 1,3 1/30
290-4A8-A 3.8 1/80 1,2 1/30

Table I. -  Antibodies used for im m unohistochem istry and dilutions 
applied.
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USA). FITC-labelled sections were examined on a Zeiss 
LSM 410 confocal laser scanning microscope (Zeiss, 
Oberkochen, Germany) equipped with an argon laser 
(488 nm).
B. Indirect immunoperoxidase staining technique: Cryo- 
sections 4-5 pm thick of the liver, spleen, ileum and 
colon from S. haem atobium  infected hamsters were cut, 
air-dried and fixed in cold acetone. Endogenous per­
oxidase activity was blocked by incubating the sections 
in 50 ml ethanol with 0.5 ml hydrogen peroxide (30 %). 
The sections were then incubated (30 minutes) with 
blocking buffer [20 % normal goat serum (Jackson 
ImmunoResearch Laboratories Inc., West Grove, USA) 
+ 5 % milk powder dissolved in TBS] to inhibit non­
specific binding. The primary monoclonal antibodies 
were used in appropriate dilutions [TBS + 5 % milk 
powder + 10 % normal hamster serum (Jackson Immu­
noResearch Laboratories Inc.)] (Table I) and incubated 
overnight at 4° C in a humid room. The sections were 
then incubated for 30 minutes at room temperature with 
a peroxidase-conjugated secondary antibody (Rock­
land, Gilbertsville, USA). The colour reaction was deve­
loped by incubation with 3-3’ diaminobenzidine tetra- 
hydrochloride (DAB, 10 minutes) (Dako, Glostrup, 
Denmark). The sections were dehydrated, counters­
tained with Carazzi’s haematoxyline and mounted in 
DPX (FLUKA Chemika-Biochemika, Buchs, Switzer­
land).

RESULTS

IMMUNOFLUORESCENT HISTOCHEMISTRY

W ith the FITC immunofluorescent technique, 
a striking difference between 114-5B1-A and 
114-4D12-A and 290-2D9-A, 290-2E6-A, 290- 

2H12-A, 290-4A8-A was seen. 114-5B1-A and 114-4D12- 
A gave an immunofluorescent pattern that reacted 
with structural components of the miracidium inside 
the egg: the frontal and the lateral glands of the mira­
cidium. A double canal system was also visualised, 
which is the excretory system. In the centre of the 
miracidium a circle-like structure was seen with 114- 
5B1-A, which were the germinal cells. No immuno- 
reactivity was seen in the liver granulomas when the 
eggs were intact. If an eggshell was broken up, immu- 
noreactivity could be seen in granuloma cells in the 
vicinity of the egg, while the rest of the granuloma 
stained negative.
MABs 290-2D9-A, 290-2E6-A, 290-2H12-A and 290- 
4A8-A all gave a similar image, although the signal was 
strongest for 290-2E6-A. All antibodies showed a pat­
tern with immunoreactivity either in the lateral glands 
of the miracidium (Fig. 1) or between the miracidium 
and the eggshell (Fig. 2). With 290-2E6-A, immuno­

reactivity was observed around the egg or diffuse stai­
ning of the liver granuloma cells in granulomas with 
intact eggs. This was not seen with the other antibo­
dies.

I n d ir e c t  im m u n o p e r o x i d a s e  t e c h n iq u e

Immunoreactivity was studied in the liver, spleen, 
ileum and colon. In liver granulomas there was immu­
noreactivity in the intact eggs with 114-5B1-A and 
114-4D12-A, while the granulomas remained negative. 
In granulomas with destroyed eggs a slight immuno­
reactivity was found in the inner peri-ovular cells of 
the granuloma. Occasional immunoreactive Kupffer 
cells were seen mainly in close vicinity of the granu­
lomas.
With 290-2D9-A, 290-2E6-A, 290-2H12-A and 290-4A8- 
A immunoreactivity was observed in the eggs. Stri­
kingly, there was, specifically with 290-2E6-A, a strong 
“diffused out” immunoreactivity signal (Fig. 3). The 
immunoreactivity was mainly observed in the inner 
peri-ovular part of the granuloma.
In the spleen there were eggs and granulomas with 
the same immunohistochemical pattern as described in 
the liver. All the antibodies showed immunoreactivity 
in the germinal centre (Fig. 4) of the lymphoid follicles. 
Sometimes, the periarterial lymphatic sheath (PALS) 
was stained. The red pulp did not stain.
In the ileum there were focally many granulomas in 
the submucosa. These granulomas showed a similar 
image as described in the liver. The epithelium of the 
villi showed a strong, but incontinous, immunoreac­
tive signal (from the top of the villi to the crypts of 
Lieberkühn). Occasionally, single immunoreactive cells 
were seen in the lam in a propria , while the muscularis 
mucosae remained negative. The germinal centres of 
the Peyer’s patches were immunoreactive. The sub­
mucosa was entirely non-immunoreactive.
The colon showed a similar image as described in the 
ileum. Granulomas were present in the mucosa and 
submucosa, with a slight predisposition for the mucosa. 
Sporadically immunoreactive cells were seen in the 
lam in a  propria.
No changes were seen in the immunoreactivity pattern 
during ageing infection ( 16 , 18 or 20 weeks post­
infection). These results are summarised in Table II.

DISCUSSION

Secreted egg antigens are important elements of a 
schistosome infection both with respect to the dia­
gnosis of the infection as to the pathogenesis of 

the disease. From a diagnostic point of view, deter­
mination of serum and urine levels of secreted egg anti­
gens may provide an estimate of the tissue egg burden

Parasite, 2000, 7, 297-303 Note de recherche 299
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Fig. 1. -  F lu orescence im age (FITC ) o f  a cluster o f Schistosoma hae­
matobium eggs in the liver recognised by the antibody 290-2E6-A 
(m agnification 230x). Im munoreactivity is situated in the lateral 
glands.

Fig. 2. -  F lu orescence im age (FITC) o f  a cluster o f  Schistosoma hae­
matobium eggs in the liver recognised with antibody 290-2E6-A 
(m agnification 150x). Immunoreactivity is seen  in the space betw een 
the m iracidium  and the eggshell.

Fig. 3. -  Peri-ovular im munoreactivity (antibody 290-2E6-A ) in a 
subm ucosal granulom a o f the ileum  (m agnification 290 x , im muno- 
peroxidase staining).

Fig. 4. -  Im m unoreactive germ inal centres o f  lym phoid follicles in 
the sp leen  (290-2E6-A ) (m agnification 15x , im m unoperoxidase stai­
ning).

Fig.5. -  H ypothesis o f  the fate o f  Schistosoma haematobium  soluble 
egg antigens in the h ost’s organism.
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Im m unofluo

Antibodies

rescen t h istochem istry  

Egg G ranulom a

114-5B1-A
114-4D 12-A

Frontal and lateral glands 
Excretion system 
Germ inal cells

Peri-ovular cells around 
a p ro cessed  egg (b ro ­
ken  up eggshell) -  re­
maining granuloma cells 
non-im m unoreactive

290-2D 9-A
290-2E6-A
290-2H 12-A
290-4A8-A

Lateral glands or betw een 
miracidium and eggshell

Peri-ovular or diffuse 
staining o f granuloma 
(only 290-2E6-A )

Im m u nop eroxidase technique (all antibodies tested)

Liver Cells o f  the granuloma 
Kupffer cells

Spleen Cells o f the granuloma 
Germ inal centres and PALS

Ileum Cells o f  the granuloma 
P eyer’s patches 
Epithelium
Sporadic cells in the lamina propria

Colon Cells o f  the granuloma 
Peyer’s patches 
Epithelium
Sporadic cells in the lamina propria

T able II. -  Summary o f  the immunoreactivity patterns for the diffe­
rent antibodies under investigation in both  the parasite and the host.

in infected individuals. Tissue-deposited eggs are 
important from a pathogenic point of view since they 
secrete large amounts of pro-granulomogenic antigens 
(Boros, 1989). Nourel Din et al. (1994b) described two 
antibodies (114-5B1-A and 114-4D12-A) that strongly 
reacted with repetitive carbohydrate epitopes on solu­
ble S. m anson i egg antigens. The tissue distribution of 
the antigens recognised by these antibodies was next 
established in both the parasite (5. m ansoni) (Bogers 
et al., 1994, 1995a) and the host (Bogers et al., 1995b). 
With these antibodies we observed similarities in the 
reaction pattern in the parasite S. haem atobium  (e.g. 
lateral and frontal glands of the miracidium), and in 
the cells of the reticulo-endothelial system of a 5. h a e ­
m atobium  infected host as seen as in S. m ansoni. It 
has been demonstrated that the antibodies 114-5B1-A 
and 114-4D12-A showed a similar reaction pattern, but 
that they reacted with different epitopes (Nourel Din 
et al„ 1994b; Bogers et al., 1995a). Since the antibo­
dies 114-5B1-A and 114-4D12-A have similar reaction 
patterns in both S. haem atobium  and S. m ansoni eggs, 
this suggests that the same epitopes can be found in 
both parasites and that probably there exist multiple 
common antigens on both parasites. This implies that 
in immunodiagnosis interference can occur resulting in 
diminished species-specificity (Kahama, 1998b). The 
developed ELISAs (Nibbeling et al., 1998), demonstra-
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ting the presence of SEA in the urine, appear however 
to be a promising method as a diagnostic marker and 
maybe even as a morbidity marker in S. haem atobium  
infections. Significant correlations were found between 
SEA and egg counts, haematuria, ultrasound detectable 
pathology, reaction strip index and the levels of the 
adult worm antigens CAA and CCA (Kahama et al., 
1998a).

The presence of the antigens described by Nourel Din 
et al. (1994b) in the hatching fluid can indicate that 
these antigens are secreted by the frontal and lateral 
glands or that they are derived from an excretory 
system. According to Pan (1980), the unicellular glands 
have the characteristic of actively secreting cells. Fur­
thermore secreted egg antigens were ultrastructurally 
found in the apical and lateral glands of S. m ansoni 
miracidia (Bogers et al., 1995a). Also in the present 
study the antibodies detected their corresponding anti­
gens in glandular structures of the miracidium of 
S. haem atobium .

The acquired morphological images with 290-2D9-A, 
290-2E6-A, 290-2H12-A and 290-4A8-A demonstrate a 
kinetic which can be grouped into four phases: 
1) glands of the miracidium, 2) between miracidium 
and eggshell, 3) diffused out of the egg, and 4) in pha- 
gocyting cells. This sequence strongly suggests that the 
egg antigens are secreted by the miracidium, diffuse 
through the eggshell and are processed by the host. 
Besides immunoreactivity in Kupffer cells in the liver 
and possibly in tissue macrophages in the intestinal 
lam in a propria, egg antigens were also processed in 
the lymphoid aggregates of the spleen, and in the 
Peyer’s patches of the ileum and colon. These obser­
vations are in concordance with the work by Bogers 
et al. (1995b) who observed phagocytised egg anti­
gens in Kupffer cells and splenic macrophages. The 
observed immunoreactivity in the spleen may be an 
indication of the importance of this organ in the pro­
cessing of parasite antigens (Bogers et al., 1995b) and 
its subsequent ancillary role in the pathogenesis of 
schistosomiasis (Andrade et al., 1998). In this study, 
it was also seen that the epithelium of ileum and colon 
was immunoreactive. Uptake of antigenic substances 
however can take place in the domes of the gut-asso- 
ciated lymphoid tissue and is achieved by M-cells 
located in the follicle-associated epithelial lining (Beier 
& Gebert, 1998). Upregulation of MHC class II mole­
cules on enterocytes has been observed in inflamed 
intestines (e.g. Crohn’s disease and graft versus host 
disease) (Koretz et al., 1987; Bland & Whiting, 1992). 
The observed egg antigen immunoreactivity detected 
in enterocytes might thus originate from presented egg 
antigens (with MHC class II molecules) and coming 
from eggs excreted in the gut lumen. Furthermore, evi­
dence arises that antigen priming occurs in B-cells in
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the Peyer’s patches (Sharma et al., 1998). The impor­
tance of the intestine in the immunopathology must 
be emphasised in view of the fact that in the human 
body two thirds of the entire immune system is loca­
lised in the gut.
It is unclear whether these circulating egg antigens 
have a (patho)physiological function or that they are 
merely excreted “by-products”. It can be expected that 
these circulation soluble egg antigen might also have 
a role in the modulation of the S. haem atobium  gra­
nuloma since it is well established that, in mice, prior 
sensitisation with egg antigens has profound effects on 
the outcome of hepatic granulomas after a subsequent 
challenge S. m anson i infection (Lukacs & Boros, 1992; 
Hassanein et al., 1997). The processing by immune 
cells with an antigen presenting capacity further sup­
ports their potential immunological significance. The 
fate of soluble egg antigens in the host’s organism is 
hypothesised in Figure 5.
From our observation it can be concluded that these 
newly developed antibodies might be interesting for 
the detection of S. haem atobiu m  infections since they 
clearly recognise S. haem atobium  egg-derived antigens. 
However, to fully appreciate the significance of 
detected specific egg-derived antigen levels, an unders­
tanding of the production of these antigens by the 
parasite and the processing of these antigens by the 
host is mandatory.
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