[Ipn. J. Parasitol., Vol. 35, No. 5, 437443, October, 1986]

Immunodiagnosis of Schistosomiasis Haematobia

using Eggs Collected from Human Urine as Antigen

MiZUKI HIRATAY, ToMOYUKI HIEDAY, HIROSHI TSUTSUMIY, MASAAKI SHIMADA?,
KATSUYUKI SATO?, DAVY K. KOECH® AND EDITH WAMBAYI?

(Received for publication; September 12, 1985)

Key words: Schistosoma haematobium, Schistosoma mansoni, egg antigen, enzyme-linked immunosorbent
assay, circumoval precipitin test, counter immunoelectrophoresis

Introduction

As antigen for immunodiagnosis of schisto-
somasis haematobia, the various evolutive stages
of Schistosoma mansoni have been widely em-
ployed, since the life cycle of S. haematobium
is difficult to control in the laboratory, com-
pared with that of S. mansoni. In endemic area
of schistosomiasis haematobia, it is easy to
collect eggs of S. haematobium from the urine
of the infected patients and then to use these
eggs for immunoserological tests. Previously,
we have examined such eggs and found them
to be enveloped by immune precipitates prior
to their incubation with human sera. Subse-
quently it has been suggested that these eggs
be treated with pepsin-HCI solution to remove
such precipitates (Koech et al., 1984).

The present study deals with the evaluation
of the enzyme-linked immunosorbent assay
(ELISA), circumoval precipitin test (COPT)
and counter immunoelectrophoresis (CIE)
using eggs treated with pepsin-HCl solution.
Since the geographical distributions of S.
haematobium and S. mansoni are sometimes
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close to each other or overlap, sera were col-
lected from both endemic areas for compara-
tive studies. We also employed COPT to inves-
tigate the difference in human urine egg re-
activity from hamster liver egg reactivity.

Materials and Methods

Samples

Stools, urine and blood were collected from
109 outpatients who visited Kinango Hospital
and Kwale Hospital in the Kinango Division,
Kwale District, Kenya. The prevalence rate of
S. haematobium in children of this area was
around 97% according to our preliminary
survey. No S. mansoni eggs were detected in
parasitological examinations of stools. In a
study on the cross-reactivity of egg antigen,
specimens (stools and blood) were also col-
lected from 105 residents living in an S. man-
soni-endemic area, Mwea Division, Kirinyaga
District — where no S. haematobium infection
has been known. Sera of 46 Japanese consent-
ing outpatients who had no history of schisto-
somiasis served as a negative control group.
Cross-reactivity for sera of subjects with a
parasitic disease other than schistosomiasis
was studied using 26 serum samples from
Japanese patients with anisakiasis (14), clon-
orchiasis (3), paragonimiasis (3), gnathosto-
miasis (3), ascariasis (1), amoebiasis (1) and
toxocariasis (1).
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Parasitological examination

Urine samples (10 ml) were concentrated
by centrifugation (86 samples) or by the
nucleopore filtration technique (18 samples).
Stools were examined by the formalin-ethyl-
ether concentration technique. For S. mansoni
eggs, the stools were examined quantitatively
using a sample of 20 mg by the “quick” Kato
smear technique (Peters et al., 1980).

Antigen preparations

We collected S. haematobium eggs from
urine passed by elementary shcool children in
Mwachinga Village, Kwale District, and other
S. haematobium eggs from the livers of ham-
sters experimentally infected 12 weeks previ-
ously. Pooled urine was passed through a 300
mesh-sieve, and eggs trapped on the sieve were
collected and washed several times with 1.7%
saline solution. The eggs were subsequently
treated with pepsin-HCI solution (pH 1.8) at
37°C for 2 hrs to remove immune precipitates
and then washed with saline solution again
(Koech et al.,, 1984). Eggs from infected ham-
sters were obtained from the livers by the
digestion method (Yokogawa and Sano, 1966).

The eggs isolated were fragmented in hypo-
tonic saline (0.1%) using a motor-driven Teflon
homogenizer and then subjected to repeated
freeze-thawing (Tsuji, 1974). The homogenates
were extracted over 2 days in a cold room and
then centrifuged at 15,000 rpm for 1 hr. After
sterilization by passing through a 0.45-um
Milipore filter, the supernatant was kept at
4°C. Lyophilized eggs were employed for
COPT.

Serological tests

The method of COPT and classification of
the reaction was performed according to Yoko-
gawa et al. (1967).

CIE was carried out with the use of 1.0%
agarose (Nakarai Chem. Co.) dissolved in
veronal-HCl buffer (pH 8.2, 0.025 M). Egg
antigen was used at a protein concentration
of 200 ug/ml (Lowry et al., 1951). Electro-
phoresis and reading of reactions were per-
formed as previously reported (Hirata e al,
1977).

(50)

ELISA was performed according to the
method specified by the WHO (1976) and by
Nakao et al. (1981). The egg filter-sterilized
antigens were diluted in carbonate buffer
(pH 9.6, 0.05 M) to give a protein concentra-
tion of 5 wg/ml, and 200 ul of each were
poured into the wells of a Dynatech Microplate
(M129A). The plate was incubated for 2 hrs
at 37°C and them kept at 4°C until use. After
washing by 0.15 M phosphate-buffered saline,
pH 7.4 (PBS), containing 0.05% Tween 20,
the wells were covered with 250 ul of 1%
BSA. Two hundred microliters of sera (dilution
1:100) and the same volume of peroxidase-
conjugated anti-human IgG (dilution 1:2000)
(Cappel Laboratories) were used in the subse-
quent reactions. A mixture of o-phenylene
diamine and H,0, was used as the substrate,
and the reactions were stopped with 8 M sul-
phuric acid. Optical density was measured at
492 nm with a Hitachi-Corona Microplate
Reader. All sera were placed into antigen-
filled wells and antigen-free wells in duplicate
and the mean ELISA values (after subtracting
background values of sera) were analyzed. A
judgement of positive was determined on the
basis of an upper critical value of 99% rejec-
tion (Matsuda et al., 1981).

Statistical analysis

Chi-squared Test or Fisher’s Direct Method

was used.

Results

When ELISA was repeated using different
lot numbers of ELISA plates, the ELISA values
obtained with negative control sera were found
to be greatly different, as the mean values and
99% upper critical values were 0.063, 0.096 and
0.122, 0.313. However, no difference was seen
in judgement of positive for several positive
control sera. In the present study, data ob-
tained from the first experiment were analyzed
and values more than 0.1 were regarded as
positive.

Table 1 shows the summarized serological
results. When specificity of the antigen was
examined using the 46 sera of Japanese para-
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Table 1  Results of serological tests
No. of Positive No. (%)
sera tested ELISA COPT CIE

S. haematobium Positive group 52 48 (92.3) 49 (94.2) 48 (92.3)

egg Negative group 52 36 (69.2)* 44 (84.6) 37 (71.2)*
S. mansoni Positive group 67 57 (85.1) 61 (91.0) 61 (91.0)

egg Negative group 42 37 (88.1) 38 (90.5) 35(83.3)
Japanese control sera 46 1(22) 0(0) 4( 8.7)

*P < 0.05 compared to an egg-positive group.

site-free individuals, positive reactions in the
ELISA and COPT were very rare, but in the
CIE, 4 sera (8.7%) showed non-specific reac-
tions. In cross-reactivity excepting for S. man-
soni sera, 2 (ELISA and CIE) and 1 (COPT)
out of the 3 sera of the paragonimiasis patients
reacted. The other infected sera did not show
any reaction in the ELISA and COPT, while in
the CIE, reactions with 1 clonorchiasis and 2
anisakisiasis patient’s sera appeared.

Sera collected from the S. haematobium-
endemic area, and from the S. mansoni-endemic
area showed high rates of positive reactions
(Table 1). Sensitivities observed with homo-
logous S. haematobium-infected sera were
92.3%, 94.2% and 92.3% in the ELISA, COPT
and CIE, respectively. With sera from the S.
mansoni-endemic area, the sensitivities were
85.1% in the ELISA, and 91.0% in both the

COPT and CIE, slightly less than the above
homologous reactions. In egg negative from
the S. haematobium-endemic area, the positive
rates were significantly lower then those in
egg positives, especially in the ELISA and
CIE, while no difference was seen in any of
the tests between the two groups in S. mansoni-
endemic area.

The correlation between serological results
and egg number excreted in S. haematobium
infection is shown in Table 2. The positive
rates gradually rose as the number of eggs
increased. Contrastingly, in S. mansoni infec-
tion (Table 3), no difference could be seen
among the groupos classified. Furthermore,
no difference in the serological results by sex
or age was observed in subjects from the both
endemic areas (data not shown).

Table 4 shows the results of a comparative

Table 2 Relationship between serological results and excreted egg number in
subjects from Schistosoma haematobium endemic area, Kwale District,

Kenya
Positi .
S. haematobium  No. of ositive No. (%)
egg No. subjects ELISA COPT CIE
0 52 36 (69.2)* 44 (84.6) 3771t

1-10 21 19 (90.5) 19 (90.5) 18 (85.7)
11-100 12 11 91.7) 11 (91.7) 12 (100)
101-3000 19 18 (94.7) 19 (100) 18 (94.7)

Egg No. in 10 ml sample of urine.

*P < 0.05 compared to a group excreted 101 eggs or more.
P < 0.05 compared to groups excreted 11 eggs or more.

(51)
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Table 3 Relationship between serological results and excreted egg number in
subjects from Schistosoma mansoni endemic area, Kirinyaga District,
Kenya
Positive No.
S. mansoni No. of ositive No. (%)
egg No. subjects ELISA COPT CIE
0 42 37 (88.1) 38 (90.5) 35(83.3)
1 23 19 (82.6) 21(91.3) 21(91.3)
2-3 20 18 (90.0) 18 (90.0) 18 (90.0)
4-61 24 20(83.3) 22 (91.7) 22 91.7)

Egg No. in a 20 mg sample of stool.

Table 4 Comparison of COP reactivity between S. haematobium eggs collected from human urine and

from hamster liver

Incidence of COP grade (%)

Endemic area Source  No. of. sera Positive
of eggs  examined No. (%) I I 111
S. haematobium  Human 32 28 (87.5) 10 (31.3) 9 (28.1) 9(28.1)
Hamster 32 28 (87.5) 5(15.6) 13 (40.6) 10 (31.3)
S. mansoni Human 60 52 (86.7) 16 (26.7) 14 (23.3) 22 (36.7)*
Hamster 60 57 (95.0) 8(13.3) 7 (11.7) 42 (70.0)

*P < 0.01 compared with eggs collected from hamster liver.

study on COP reactivity between eggs collected
from human urine and those from hamster
liver. Randomly sampled sera from both the
endemic areas were used in testing. When sera
from the S. haematobium-endemic area were
incubated with eggs from human urine, grade
I (regarded as a weak reaction) occurred at a
higher rate (31.3%) than grade II (28.1%) or
grade III (28.1%) (regarded as strong reactions).
In contrast to this, the incubation with eggs
from hamster liver produced a higher rate of
grade II (40.6%) and grade III (31.3%) than
that of grade I (15.6%). Similar results were
obtained with sera from the S. mansoni-en-
demic area, though with a remarkable incidence
of grade III (70.0%) (the strongest reaction)
by eggs from hamster liver, being almost two
times that (36.7%) by eggs from human urine.
Furthermore, it was noted that sera from the
S. mansoni-endemic area showed lower rates
of grade I and higher rates of grade III in com-

(52)

parison with sera from the S. haematobium-
endemic sera — indicating higher reactivity of
S. mansoni-infected sera.

Discussion

Reports which evaluated S. haematobium
eggs collected from human urine as immuno-
diagnostic antigen for ELISA are few and they
are conflicting. Ogumba et al. (1982) attemted
to use the eggs for the diagnosis of schisto-
somiasis haematobia, but sensitivity obtained
by the extract from the eggs was found to be
extremely low. In contrast, Humberger et al
(1982) fractionated a glycoprotein by ion ex-
change chromatography from the extract of
the eggs and found the substance was highly
reactive with a serum pool from schistosomiasis
haematobia patients, though a large scale of
study was not done. In the present study,
crude extract from the eggs treated with



pepsin-HCl solution was found to give satis-
factory sensitivities (92.3%—94.2%), in com-
parison with reported sensitivities (83.0%—
100%) by ELISA using S. haematobium or
S. mansoni adult worm antigen (Farag et al.,
1978; Salih et al, 1978; Ismail et al.,, 1979,
Janitschke et al., 1981; Ogunba et al, 1982).

On parasitological examination, inhabitants
living in the surveyed endemic areas were found
to have various parasitic infections (hook
worm, Ascaris lumbricoides, Trichura trichuris,
Entamoeba histrytica and other species). There
has been concern that infections of these
species are involved in high percentages of sero-
reactions in egg negatives (Table 1). However,
they appear to be much less involved and evi-
denced by the cross-reactivity of schistosome
species antigens in the ELISA (Hillyer and
Risos, 1979; Ogumba et al, 1982; Ishii and
Owhashi, 1982). In this study, apart from S.
mansoni sera the apparent cross-reactivity was
noted in only sera of paragonimiasis patients.
With regard to the high prevalence (97%) of
S. haematobium fround in the school children
in this area, the high positive rates in egg nega-
tives may therefore be ascribable to the low
sensitivity of urine or stool testing: Yogore
et al. (1983) have reported that a single stool
examination underestimated sero-positives by
50% and two stool examination reduced the
value to 29% in school children with S. japon-
icum infection. In subjects from the S. haema-
tobium-endemic area, positive rates in egg nega-
tives were significantly lower than those in
egg positives. This may be a reflection of the
higher sensitivity of the urine testing compared
to that of the stool testing.

Farag et al. (1978) compared S. haema-
tobium and S. mansoni adult worm antigens
in the diagnosis of schistosomiasis haematobia
using ELISA and found that the homologous
antigen was higher in sensitivity. In the present
study, similar tendency was found with egg
antigen in all the tests (Table 1) though the
extent of difference was not remarkable. With
regard to the degree of COP reaction, however,
the antigen was less reactive with S. haema-

(53)
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tobium sera than with S. mansoni sera (Table
4). It has been reported that S. mansoni sera
are generally more reactive than S. haema-
tobium sera (Huldt, et al., 1975; Schinski et al.,
1976 ; Michael et al, 1979; Janitscke et al,
1981).

With regard to the COP reactivity of eggs
from humans, there are a number of different
observations. Newsome (1958) has claimed
that the use of this kind of egg appeared in-
advisable due to the frequent formation of non-
segmented precipitates which were not true
reactions. In contrast, Hillyer and his coworkers
(1980; 1981) observed much stronger reactions
(blebs plus septates), in comparison with those
by S. mansoni eggs from mouse livers, prompt-
ing them to recommend eggs from human
urine. In the present study, satisfactory sensi-
tivity and specificity were observed using eggs
from human urine, in contrast to the report
of Nesome. However the reactivity was not
as high as that with eggs from hamster livers.
The different observation appears to be attri-
butable to the egg recovery process.

Our aim of the present study is to utilize
serological methods to assess the S. haema-
tobium control project which is currently
underway in the Kwale District, in Kenya.
Although a comparative study on the reactivity
of S. haematobium eggs is still required to be
undertaken, it can meanwhile be concluded
that the antigen of eggs collected from human
urine is practical and useful for the immuno-
diagnosis of schistosomiasis haematobia.

Summary

S. haematobium eggs collected from human
urine were evaluated as an immunodiagnostic
antigen for schistosomiasis. The eggs were used
after pepsin-HCl treatment to remove the
enveloping immune precipitates. Using ELISA,
COPT and CIE, high sensitivities (92.3% to
94.2%) were found on reaction with homo-
logous S. haematobium-infected sera. Sufficient
specificity was observed with ELISA and
COPT, but not with CIE. Sera from an S.
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mansoni-endemic area were used for compari-
son. Although they were highly reactive, the
sensitivities were slightly less in comparison
with the homologous reactions and no correla-
tion with excreted egg number was demon-
strated. When the difference in the source of
the eggs was studied using COPT, eggs from
hamster livers gave stronger reactions than
those from human urine. In conclusion, the
present study reveals that eggs from human
urine are practically useful as antigen for the
immunodiagnosis of schistosomiasis haema-
tobia, though the degree of COP reactivity is
much less than that with the eggs collected
from hamster liver.
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