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Antibody respenses to antigens from adult Schiszosoma haematobium were investigated in an endemic community
in Ghana, using microplate-ELISA. The results of a survey of egg output in urine and of a questionnaire-based
- investigation of water-contact activities were used to select ‘endemic normal’ (EN) and patently infected (PI)
individuals as subjects. The plasma levels of antibodies reacting with the adult-worm antigens were determined
and compared and the correlations between these levels and the age, water-contact index and egg output of each
subject were evaluated. Compared with the EN subjects, the PI generally had higher levels of anti-worm IgG and
IgE but lower levels of anti~worm IgA. When the data for the EN and PI groups were combined, the levels of
anti-worm IgG and IgE were found to be positively correlated with egg output and with each other. Whichever
the antibody class considered, levels of anti-worm antibodies were never negatively correlated with egg output.
These results indicate that anti-worm IgE and IgG could be used as markers to reflect current infection intensity,
and that anti-worm antibodies may not act as protective antibodies in the natural course of urinary schistosomiass.

Schistosomiasis is one of the most prevalent
parasitic diseases of humans, affecting 200
million people world-wide (Chitsulo ez al.,
2000). Despite long-term efforts to limit
the disease — based on snail control, health
education, safe-water supplies and mass
chemotherapeutic treatment — many hyper-
endemic areas remain, especially in sub-
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Saharan Africa (Chitsulo er al., 2000).
Although chemotherapy can be very effective,
high levels of transmission often lead to rapid
re-infection.

An effective vaccine, if it could be
developed, may prevent infection and re-
infection, especially if backed up by the older
methods of control. There are two main
ways in which such a vaccine could be
developed. One is to identify the molecules
that are the targets of protective immune
responses in experimentally infected animals;
Schistosoma mansoni glutathione-S-transferase
(Balloul ez al., 1987), the paramyosins of
S. mansoni and S. japonicum (James er al.,
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1985; Kojima er al., 1987; Pearce er al.,
1988; Nara et al, 1994) and S. manson:
calpain (Jankovic et al., 1996) are examples
of vaccine candidates identified in this way.
The other main method of producing an
effective vaccine is to identify the schisto-
some antigens that are specifically recognized
by sera or lymphocytes from resistant
individuals in an endemic area. Post-treatment
follow-up can identify those who appear
resistant to re-infection and then the immune
responses of these individuals can be investi-
gated. Only subjects resistant to re-infection
with S. manson: seem to have antibodies to
a 37-kDa glyceraldehyde-3P-dehydrogenase
(Goudot-Crozel et al., 1989) or another,
22.6-kDa, antigen of the parasite (Webster
et al., 1996; Dunne et al., 1997). Any investi-
gation in which the immune responses of
subjects of different infection statuses are
compared may provide data useful for
vaccine development. In a study of urinary
schistosomiasis, for example, Hagan er al
(1991) found that the risk of re-infection
was negatively correlated with levels of worm-
antigen-specific IgE and positively correlated
with levels of worm-antigen-specific I1gG,.
It appears that IgG,, IgG, and IgM may
act as blocking antibodies that prevent
protective immune responses (Khalife ez al.,
1986; Butterworth ez al., 1987; Demeure
et al., 1993), although Caldas ez al. (2000)
reported that levels of IgM were higher in
their resistant subjects than in the susceptible.
- 1gG,, IgGs, IgA and IgE all seem to be
protective isotypes in human schistosomiasis
(Butterworth et al., 1985; Khalife er al.,
1989; Hagan et al., 1991; Rihet ez al., 1991;
Dunne ez al., 1992; Demeure et al., 1993;
Grzych et al., 1993). In terms of cell-
mediated immunity, lymphoproliferative
responses and production of interleukin-5
(IL-5) were found to be negative correlated
with the level of re-infection (Roberts ez al.,
1993).

As well as re-infection studies, there have
been a few comparative investigations of the
immune responses in patently infected (PI)
and ‘endemic normal’ (EN) subjects in areas

where S. mansoni is endemic. The EN sub-
jects were found to have more prominent
lymphocyte proliferation and higher levels of
interferon-y production than the PI, and
they had levels of IgE reacting with the
antigens on the schistosomulum tegument
that were higher (not lower, as in the PI)
than those of the IgGG, reacting with the
same antigens (Viana et al., 1994, 1995).
Individuals with low levels of S. manson:
infection showed higher lymphoproliferative
responses than those with high levels of
infection (Ribeiro de Jesus ez al., 1993). For
urinary schistosomiasis in particular, the
immune responses occurring specifically in
EN have not been well characterized. In the
present study, PI and EN subjects were
identified in a community in Ghana where
S. haematobium is endemic. Microplate
ELISA were then used to explore the sub-
jects’ humoral antibody responses to adult-
worm antigens. The relationships between
the levels of anti-worm IgA, IgE, IgG
and IgM observed and infection status are
discussed.

SUBJECTS AND METHODS

Subjects
The subjects were residents of Okyereko,
a coastal village in the Gomoa district of
Ghana’s Central region, where S. haemato-
bium is endemic. The results of a preliminary
baseline survey revealed that the prevalence
of urinary schistosomiasis in this community
was approximately 30% (data not shown).
The aims and methods of the study were
explained to the village leaders and other
villagers in their native languages. All the
subjects of the study were aged > 10 years
and all gave their informed consent. A
baseline survey of helminth infection status
(including urinary and intestinal schisto-
somiasis) was carried out using filtration
with Nucleopore membranes (Nucleopore,
Pleasanton, CA) to check urine samples
and the Kato—Katz method (Katz er al,
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1972) to check stool samples. Water-contact
activities were investigated by questionnaire,
as previously described (Viana er al., 1995;
Caldas et al., 2000). Briefly, a water-contact
index (WCI) was calculated, for each subject,
as L(R x F), where R was a score for the
reason for the water contact and F a score for
the frequency of each type of activity. R was
scored 5 (for bathing, swimming, or playing
in a water body), 4 (for laundering, watering
agricultural fields, or sand extraction from
streams), 3 (for collecting water for the
household or dishwashing) or 2 (for fishing
or wading across the streams). F was scored
28 (for at least one contact/day), 4 (for
at least one contact/week), 2 (for at least
two contacts/month) or 1 (for fewer than two
contacts/month). The WCI were calculated
for the village’s three major water-contact
sites where infection seemed possible: the
Ayensu river, a dam site and an irrigation field.
The intermediate host snail of S. haemato-
bium (Bulinus truncatus rohlfsi) was found in
the water behind the dam and the water
for the irrigation field was derived from the
dam. Although no host snails were found in
the river, there were infected individuals
in the village who had water contact only in
the river.

Individuals with WCI of at least 300
were selected and considered potential PI
(if schistosome eggs had been found in the
urine samples they had supplied for the base-
line survey) or potential EN (if their baseline
urine samples had been found egg-negative).
Several further urine samples from each of
these potential subjects were checked for eggs
and only those consistently found negative or
positive, for at least three samples collected
on different days, were enrolled as EN
and PI, respectively. All the urine samples
were checked by filtration and those from
potential EN were re-checked both by the
microscopical examination of the sediments
produced by centrifuging the remains of the
samples and by using dipsticks designed
to detect S. haemarobium antigen in urine
samples (Bosompem ez al., 1996, 1997).

The intensity of the S. kaematobium infection
in each of the PI subjects was evaluated, as
the mean egg output/10 ml urine, for two or
three urine samples collected on different
days. Normal control (NC) individuals,
who had never lived in an S. haematobium-
endemic area, were recruited from the per-
sonnel in the Noguchi Memorial Institute
for Medical Research. Like the EN, the NC
were screened, both by urine filtration and
using dipsticks, to confirm that were not
infected.

Preparation of Adult-worm Antigen

Eggs of S. haematobium were isolated from
urine samples of some of the infected indi-
viduals, by centrifugation (at 200 x g for
3 min at room temperature), and hatched in
aged tap water. The miracidia were used to
infected B. truncatus rholfsi snails, by exposing
each snail overnight to four miracidia in a
well of a 24-well culture plate. More than
5 weeks later, the snails were exposed to light
and the emerging cercariae were collected.
Outbred ddY or ICR mice were then infected
with the cercariae percutaneously. Three to
4 months later, the infected mice were per-
fused with physiological saline containing
0.45% trisodium citrate, to recover the adult
worms. The collected worms were washed
with the perfusion solution, frozen in liquid
nitrogen and subsequently dispersed in
phosphate-buffered saline (PBS; pH 7.4) by
ultrasonic treatment. The homogenate was
centrifuged at 950 x g for 10min and the
resultant supernatant solution was collected

and used as the worm-antigen preparation
in the ELISA.

Microplate ELISA

The antigen preparation was diluted in
50 mM bicarbonate buffer (pH 9.6) to a final
concentration of 5 pg/ml. This dilution, at
50 pl/well, was used to coat 96-well micro-
plates overnight at 4°C. After the plates were
rinsed three times with washing buffer (PBS
containing 0.05% Tween 20), a 50-ul sample
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of diluted plasma from one of the subjects —
dituted 1:40 (if IgG was being detected)
or 1:10 (for IgE, IgA and IgM) with dilution
buffer (washing buffer containing 0.5% bovine
serum albumin) — was added to each of
two wells and incubated at 37°C for 1h.
The plates were then washed three times
with the washing buffer before 50 pl of a
1:1000 dilution of peroxidase-conjugated
anti-human-IgG, -IgE, -IgA or -IgM (Sigma)
in dilution buffer were added to each
well. After incubation at 37°C for 30 min,
the plates were washed five times with the
washing buffer before the substrate — the
diammonium salt of 2,2’ azino-bis(3-ethyl-
benzthiazoline-6-sulphonic acid) (ABTS;
Sigma) — was added. Optical densities
(OD) were measured at 415 nm in a Model
550 microplate reader (Bio-Rad, Hercules,
CA), and recorded using the Microplate
Manager III for Windows software package
(Bio-Rad).

Statistical Analysis

The sex distributions of the various groups
of subjects were compared using Fisher’s
exact probability test, whereas F-tests were
used to analyse the differences in variance
of each parameter recorded. Based on the
results of the F-tests, the most suitable
unpaired z-test for each analysis (Student’s
or Welch’s) was used to make inter-group
comparisons of age, WCI and OD (as
indicators of antibody levels). The level of
correlation between each pair of parameters
was evaluated as a Pearson’s correlation
coefficient. All of the statistical analyses

‘TABLE 1.

were performed using commercial software:
Excel 97 (Microsoft) and StatView 4.5 (SAS
Institute, Cary, NC).

RESULTS

Age, Egg Output, WCI and their
Correlation

The characteristics of the EN and PI
subjects are summarized in Table 1. The
EN subjects were generally older than the
PI (P<0.001). This was consistent with
the fact that, when the data from the EN
and PI groups were combined, intensity of
infection, represented by mean egg output,
was found to be negatively correlated with
age (P<0.05; Table 2). The male:female
ratio was higher in the PI group than in
the EN group but the difference was not
statistically significant (P >0.05; Table 1).
For the PI subjects, and also for the com-
bination of PI and EN, egg output was
found to be negatively correlated with WCI
(P<0.05; Table 2).

Anti-worm Antibody Levels

In terms of the antibodies reacting with the
preparation of adult-worm antigens, the EN
had similar levels of IgM [Fig. (a)], higher
levels of IgA [P<0.05; Fig. (b)] and lower
levels of IgE [P<0.01; Fig. (¢)] and IgG
[P<0.05; Fig. (d)] than the PI subjects.
When the data for the PI and EN subjects
were combined, males were found to have
similar WCI and levels of worm-specific

Characteristics of the ‘endemic normal’ (EN) and patently infected (PI) subjects

P-value from:

EN PI Unpaired t-test  Fisher’s exact test
Mean age and (s.D.) (years) 42 (15) 20 (12) <0.001 -
No. of males/no. of females 5/6 11/5 - >0.05
Mean egg output and (5.D.) (eggs/10ml urine) 0 (0 327 (495) - -
Mean water-contact index and (s.D.) 527 (167) 434 (80) >0.05 -
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TABLE 2.

Correlations between egg ourput, age, water-contact index (WCI) and levels of worm-antigen-specific

antibodies for the ‘endemic normal’ (EN) and patently infected (PI) subjects

Pearson’s correlation coefficient

Subjects Parameter Egg output Age WCI IgM IgA IgE
EN + PI Egg output - - - - - -

Age —0.451% - - - - -

WCI —0.386% 0.395* - - - -

IeM —0.112 0.216 0.049 - - -

IgA 0.019 0.353 0.157 0.422* - -

IgE 0.501% —0.259 —0.299 —0.031 0.114 -

IgG 0.652% —0.269 —0.294 0.118 0.091 0.650%
EN only Egg output - - - - - -

Age - - - - - -

WCI - 0.188 - - - -

IgM - 0.041 —0.013 - - -

IgA - —0.003 0.132 0.497 - -

IgE - —0.151 —0.103 —0.108 0.272 -

IgG - —0.281 0.120 0.017 0.649% 0.763%
PI only Egg output - - - - - -

Age —0.386 - - - - -

WCI —0.558* 0.320 - - - -

IgM —0.053 0.201 —0.079 - - -

" IgA 0.483. 0.113 —0.425 0.101 - -

IgE 0.408 0.114 —0.283 0.193 0.697F -

1gG 0.6207 0.057 —0.438 0.421 0.359 0.557*
*P<0.05.
tP<0.01.
tP<0.001.

IgM, IgA and IgE to the females but signi-
ficantly higher levels of worm-specific IgG
(P<0.05; data not shown). To determine

whether the PI subjects had higher levels of .

worm-specific IgG than the EN simply
because they were more likely to be male,
the IgG levels of the male EN, female EN,
male PI and female PI were compared. For
each sex, the mean level of worm-specific
IgG was higher in the PI group than in
the EN, although the differences were not
statistically significant (P >0.05 for each;
data not shown).

Correlation Between Egg Output, Age,
WCI and Antibody Levels

Table 2 summarizes the strengths of the
correlations observed between the levels of
worm-specific antibody (of each immuno-
globulin class) and egg output, age or WCI.

When the PI and EN subjects were
considered as a single group, egg outputs
were found to be positively correlated with
the levels of specific IgE (P<0.01) and IgG
(P<0.001). In the PI group, egg output
appeared to be positively correlated with the
levels of specific IgG, IgA and IgE but only
the correlation with IgG was statistically
significant (P<0.01).

The levels of specific IgG and those of
specific IgE were positively correlated, for the
EN only (P<0.01), for the PI only (P<0.05)
and for EN and PI combined (P<0.001).
The positive correlations observed between
the levels of specific IgM and those of
specific IgA were only statistically significant
when the data for the EN and PI were pooled
(P<0.05), not for the EN only or PI only.
The levels of specific IgA and IgE were
positively correlated in the PI group (P <0.01)
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FIG. Actual (®) and mean (—) plasma levels of worm-antigen-specific IgM (a), IgA (b), IgE (c) and IgG (d)
measured, as ELISA optical densities, in the ‘endemic normal’ (EN), patently infected (PI) and ‘normal control’
(NC) subjects. Statistical differences were assessed using unpaired z-tests.

but not in the combined group, and the
levels of specific IgA and IgG were positively
correlated in the EN group (P<0.05) but
again not in the combined group.

DISCUSSION

For the present study, EN and PI indi-
viduals were identified in a community
where S. haematobium is endemic. The
EN group, composed of individuals who
appeared uninfected despite their high WCI,
1s assumed to represent those who were
resistant to current exposure to infective
cercariae. This does not mean that the EN
subjects had never been infected or that they
were innately resistant; most, if not all, had

probably been infected and had acquired
protective immunity. Such acquired immunity
may explain why, even in the absence of
treatment, the prevalence of S. haemarobium
infection 1s generally found to be much
higher in young, school-age children than
adults (Ross er al., 2000). It may also explain
why the EN subjects of the present study were
generally much older than the PI (Table 1)
and why egg output tends to decrease with
increasing age (Table 2). Since the EN and
PI subjects had similar risks of cercarial
infection (at least as indicated by their
WCI), it seems likely that at least some
of the EN had slowly acquired protective
immunity. Abortion of the infection before
worm maturation, single-sex infections, and
infections that are so light that they fall
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below the detection limits of the method
used to evaluate prevalence may also, how-
ever, give rise to individuals who appear to
be EN (Corréa-Oliveira ez al., 2000).

The male:female ratio in the PI group was
higher than that in the EN group (Table 1).
In terms of mean age, WCI and antibody
levels, the EN males were not significantly
different to the EN females and the PI males
were not significantly different to the PI
females. The one exception was in the levels
of specific IgG, which were significantly
higher in the PI males than in the PI females.
It seemed possible that the observation of a
higher mean level of specific IgG in the PI
group than in the EN group therefore simply
represented gender bias, since, compared
with an EN subject, a PI subject was more
likely to be male (Table 1). However, levels
of specific IgG were higher in the PI group
than in the EN group not only for the males
but also for the females (although the differ-
ences were not statistically significant).

Curiously, egg output was found to be
negatively correlated with WCI (Table 2).
This seems to contradict the fact that
human-water contact is essential for schisto-
some infection. This surprising result may
reflect the limitation of the present study to
individuals with high WCI (i.e. with WCI
of >300 — probably enough for infection)
and/or the failure of the questionnaire-based
method used to estimate the level of exposure
to cercariae accurately.

Viana et al. (1994, 1995) described
the differences in the immune responses of
EN and PI subjects for schistosomiasis
mansoni. They found that the level of schisto-
somulum-tegument-specific IgE was higher
(EN) or lower (PI) than the level of specific
IgG,, depending on the subject’s infection
status (Viana er al., 1995). Compared with
the PI, their EN group exhibited higher IgM
responses against the schistosome antigens.
The present data, for S. haematobium, do
not always indicate the same trends: the
levels of specific IgM were similar for the PI
and EN subjects and those of specific IgE
were higher in the PI group than in the EN

(Fig.). These results imply that IgE and IgM
that react with the adult-worm antigens do
not act as the main protective antibodies
in S. haematobium infection. The present
results seem to be inconsistent with those of
Hagan ez al. (1991), who suggested that IgE
may act protectively against re-infection with
S. haematobium after chemotherapy. It is
very possible, however, that worm antigens
that induce protective IgE can be released
only by the drug-related destruction of adult
worms or eggs. Praziquantel treatment of
urinary schistosomiasis, for example, is known
to trigger a significant increase in the levels of
anti-egg antibodies (Mutapi et al., 1998a,
b). It 1s also possible that the preparation of
soluble worm antigens used for the present
ELISA lacked the tegumental antigens that
may serve as the targets of protective IgE.

The mean level of specific IgA in the PI
group was low, comparable with that in the
NC, and significantly lower than that in
the EN group [Fig. (b)]. These results indi-
cate that, although worm-specific IgA is not
produced much in the natural course of
infection, protective IgA might be produced
in EN individuals. In fact, it has been
reported that IgA could act as a protective
antibody in S. mansoni infection (Grzych
et al., 1993). In western blots, however, IgA
in plasma from EN did not recognize any
antigen bands that were not recognized by
IgA in plasma from PI (data not shown).
Taken together, this observation and the
lack of correlation between IgA and egg
output (Table 2) indicate that anti-worm
IgA does not play a protective role against
S. haematobium infection.

Levels of specific IgG and IgE were
positively correlated with egg output (Table 2)
and, in western blots, IgG and IgE in plasma
from PI recognized more antigens than
IgG and IgE in plasma from EN (data not
shown). Relatively high levels of anti-worm
IgG and IgE may directly reflect ‘active’
current infection. Another possibility is that
the high level of specific IgG seen in the PI
group may reflect the presence of blocking
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antibodies. As IgG subclasses were not investi-
gated in the present study, it is impossible
to say whether blocking IgG subclasses,
such as IgG,, recognized some of the worm
antigens. Further investigation is needed to
clarify this point.

Although levels of specific IgG and IgE
were positively correlated (Table 2), western
blots indicated that the IgE from the PI
group did not recognize the same antigen
bands as the IgG from the same group (data
not shown). These results indicate that the
positive correlation observed between IgG
and IgE levels was not the result of the strong
antigenicity of certain antigens, but probably
a reflection of a common regulating mech-
anism for these antibody isotypes. Human
IL-4, for example, is known to enhance the
production of both IgE and IgG, antibodies
(Ishizaka er al., 1990).

The immune responses of EN generally
differ from those of individuals'who appear
resistant to re-infection after chemotherapy
(Corréa-Oliveira et al., 2000). In schisto-
somiasis mansoni, those considered EN and
those with very light infections not only have
peripheral-blood mononuclear cells (PBMC)
that show an intense proliferative response
but also have high levels of interferon-y pro-
duction and high IgE:IgG, ratios (Ribeiro
de Jesus et al., 1993; Viana et al., 1994,
1995). In schistosomiasis japonica in China,
resistant individuals have PBMC that pro-
duce high levels of IL-10 (McManus ez al.,
1999). In the present study, only the level
of specific IgA was significantly higher in the
EN group than in the PI group (Fig.),
although the PI group had relatively high
levels of IgE and IgG (Fig.) — the isotypes
generally considered to be protective in
humans (Khalife et al., 1989; Hagan er al.,
1991; Rihet ez al., 1991; Dunne ez al., 1992;
Demeure et al, 1993). In western blots,
there appeared to be no antigens recognized
by plasma from the EN group that were not
recognized by plasma from the PI group
(data not shown). The apparent protective
immunity of the EN group was not therefore
based on humoral antibody responses to the

antigens contained in adult worms. Anti-
bodies specific to the migrating larvae or
cellular immune responses may be involved
in the protective immunity of the EN group.
Such a possibility needs to be further investi-
gated if the mechanisms of protective
immunity against urinary schistosomiasis are
to be elucidated.

In conclusion, anti-worm IgE and IgG
can be used as markers to reflect current
infection intensity, and anti-worm anti-
bodies do not act as protective antibodies in
the natural course of urinary schistosomiasis.

ACKNOWLEDGEMENTS. This investigation was
financially supported by the joint Infectious
Diseases Project of the Japan International
Cooperation Agency (JICA) and the Noguchi
Memorial Institute for Medical Research and
by JICA’s Small Scale Irrigated Agriculture
Promotion Project in Ghana.

REFERENCES
Balloul, J]. M., Sondermeyer, P., Dreyer, D.,
Capron, M., Grzych, ]J. M., Pierce, R. ].,

Carvallo, D., Lecocq, J. P. & Capron, A. (1987).
Molecular cloning of a protective antigen of schisto-
somes. Nature, 326, 149-153.

Bosompem, K. M., Ayi, I, Anyan, W. K,
Nkrumah, F. K. & Kojima, S. (1996). Limited field
evaluation of a rapid monoclonal antibody-based
dipstick assay for urinary schistosomiasis. Hybridoma,
15, 443-447.

Bosompem, K. M., Ayi, L., Anyan, W. K., Arishima, T.,
Nkrumah, F. K. & Kojima, S. (1997). A monoclonal
antibody-based dipstick assay for diagnosis of urinary
schistosomiasis. Transactions of the Royal Society of
Tropical Medicine and Hygiene, 91, 554-556.

Butterworth, A. E., Capron, M., Cordingley, J. S.,
Dalton, P. R., Dunne, D. W., Kariuki, H. C.,
Kimani, G., Koech, D., Mugambi, M., Ouma, J. H.,
Prentice, M. A., Richardson, B. A., Arap Siongok,
T. K., Sturrock, R. F. & Taylor, D. W. (1985).
Immunity after treatment of human schistosomiasis
mansoni. II. Identification of resistant individuals,
and analysis of their immune responses. Transactions
of the Royal Soctery of Tropical Medicine and Hygiene,
79, 393-408.

Butterworth, A. E., Bensted Smith, R., Capron, A.,
Capron, M., Dalton, P. R., Dunne, D. W.,
Grzych, J. M., Kariuki, H. C., Khalife, J., Koech, D.,



ANTIBODY RESPONSES IN URINARY SCHISTOSOMIASIS

825

Mugambi, M., Ouma, J. H., Arap Siongok, T. K. &
Sturrock, R. F. (1987). Immunity in human schisto-
somiasis mansoni: prevention by blocking antibodies
of the expression of immunity in young children.
Parastrology, 94, 281-300.

Caldas, I. R., Corréa-Oliveira, R., Colosimo, E.,
Carvalho, O. S., Massara, C. L., Colley, D. G. &
Gazzinelli, G. (2000). Susceptibility and resistance to
Schistosoma manson: reinfection: parallel cellular and
isotypic immunologic assessment. American Fournal
of Tropical Medicine and Hygiene, 62, 57—64.

Chitsulo, L., Engels, D., Montresor, A. & Savioli, L.
(2000). The global status of schistosomiasis and its
control. Acta Tropica, 77, 41-51.

Corréa-Oliveira, R., Caldas, I. R. & Gazzinelli, G.
(2000). Natural versus drug-induced resistance in
Schistosoma mansoni infection. Parasitology Today,
16, 397-399.

Demeure, C. E., Rihet, P., Abel, L., Quattara, M.,
Bourgois, A. & Dessein, A. J. (1993). Resistance to
Schistosoma mansons in humans: influence of the IgE/
IgGG4 balance and Ig(G2 in immunity to reinfection
after chemotherapy. Journal of Infectious Diseases, 168,
1000-1008.

Dunne, D. W., Butterworth, A. E., Fulford, A. ],
Kariuki, H. C., Langley, J. G., Ouma, J. H.,
Capron, A., Pierce, R. J. & Sturrock, R. F. (1992).
Immunity after treatment of human schistosomiasis:
association between IgE antibodies to adult worm
antigens and resistance to reinfection. European
Fournal of Immunology, 22, 1483-1494.

Dunne, D. W., Webster, M., Smith, P., Langley, J. G.,
Richardson, B. A., Fulford, A. J., Butterworth, A. E.,
Sturrock, R. F., Kariuki, H. C. & Ouma, J. H.
(1997). The isolation of a 22kDa band after
SDS-PAGE of Schistosoma mansoni adult worms and
its use to demonstrate that IgE responses against the
antigen(s) it contains are associated with human
resistance to reinfection. Parasite Immunology, 19,
79-89.

Goudot-Crozel, V., Caillol, D., Djabali, M., &
Dessein, A. J. (1989). The major parasite surface
antigen associated with human resistance to schisto-
somiasis is a 37-kD glyceraldehyde-3P-dehydrogenase.
FJournal of Experimental Medicine, 170, 2065-2080.

Grzych, J. M., Grezel, D., Xu, C. B., Neyrinck, J. L.,
Capron, M., Ouma, J. H., Butterworth, A. E. &
Capron, A. (1993). IgA antibodies to a protective
antigen in human schistosomiasis mansoni. Fournal
of Immunology, 150, 527-535.

Hagan, P., Blumenthal, U. J, Dunn, D,
Simpson, A. J. & Wilkins, H. A. (1991). Human IgE,
IgGG4 and resistance to reinfection with Schistosoma
haematobium. Nature, 349, 243-245,

Ishizaka, A., Sakiyama, Y., Nakanishi, M.,
Tomizawa, K., Oshika, E., Kojima, K., Taguchi, Y.,
Kandil, E. & Matsumoto, S. (1990). The inductive
effect of interleukin-4 on IgGG4 and IgE synthesis in

human peripheral blood lymphocytes. Clinical and
Experimental Immunology, 79, 392—396.

James, S. L., Pearce, E. J. & Sher, A. (1985). Induction
of protective immunity against Schistosoma mansoni
by a non-living vaccine. I. Partial characterization
of antigens recognized by antibodies from mice
immunized with soluble schistosome extracts. Fournal
of Immunology, 134, 3432-3438.

Jankovic, D., Aslund, L., Oswald, 1. P., Caspar, P.,
Champion, C., Pearce, E., Coligan, J. E., Strand, M.,
Sher, A. & James, S. L. (1996). Calpain is the target
antigen of a Thl clone that transfers protective
immunity against Schistosoma mansoni. Fournal of
Immunology, 157, 806-814,

Katz, N., Chaves, A. & Pellegrino, J. (1972). A simple
device for quantitative stool thick-smear technique
in Schistosomiasis mansoni. Revista do Instituto de
Medicina Tropical de Sdo Paulo, 14, 397-400.

Khalife, J., Capron, M., Capron, A., Grzych, J. M.,
Butterworth, A. E., Dunne, D. W. & Ouma, J. H.
(1986). Immunity in human schistosomiasis mansoni.
Regulation of protective immune mechanisms by
IgM blocking antibodies. Fournal of Experimental
Medicine, 164, 1626—-1640.

Khalife, J., Dunne, D. W., Richardson, B. A., Mazza, G.,
Thorne, K. J., Capron, A. & Butterworth, A. E.
(1989). Functional role of human IgG subclasses
in eosinophil-mediated killing of schistosomula of
Schistosoma mansoni. Journal of Immunology, 142,
4422-4427.

Kojima, S., Niimura, M. & Kanazawa, T. (1987).
Production and properties of a mouse monoclonal
IgE antibody to Schistosoma japonicum. Fournal of
Immunology, 139, 2044-2049.

McManus, D. P.,, Ross, A. G., Sleigh, A. C,,
Williams, G. M., Yang, W., Li, Y. S., Li, Y.,
Acosta, L. & Waine, G. J. (1999). Production of
interleukin-10 by peripheral blood mononuclear cells
from residents of a marshland area in China endemic
for Schistosoma japonicum. Parasitology International,
48, 169-177.

Mutapi, F., Ndhlovu, P. D., Hagan, P., Spicer, J. T.,
Mduluza, T., Turner, C. M., Chandiwana, S. K. &
Woolhouse, M. E. (1998a). Chemotherapy accelerates
the development of acquired immune responses to
Schistosoma haematobium infection. Fournal of Infectious
Diseases, 178, 289-293,

Mutapi, F., Ndhlovu, P. D., Hagan, P. &
Woolhouse, M. E. (1998b). Changes in specific
anti-egg antibody levels following treatment with
praziquantel for Schistosoma haematobium infection in
children. Parasite Immunology, 20, 595—-600.

Nara, T., Matsumoto, N., Janecharut, T., Matsuda, H.,
Yamamoto, K., Irimura, T., Nakamura, K.,
Aikawa, M., Oswald, 1., Sher, A., Kita, K. &
Kojima, S. (1994). Demonstration of the target
molecule of a protective IgE antibody in secretory
glands of Schistosoma japonicum larvae. International
Immunology, 6, 963-971.



826 OSADA ET AL.

Pearce, E. J., James, S. L., Hieny, S., Lanar, D. E. &
Sher, A. (1988). Induction of protective immunity
against Schistosoma mansoni by vaccination with
schistosome paramyosin (Sm97), a nonsurface para-
site antigen. Proceedings of the National Academy
of Sciences of the United States of America, 85,
5678-5682.

Ribeiro de Jesus, A. M., Almeida, R. P., Bacellar, O.,
Araujo, M. 1., Demeure, C., Bina, J. C., Dessein, A. J.
& Carvalho, E. M. (1993). Correlation between cell-
mediated immunity and degree of infection in sub-
jects living in an endemic area of schistosomiasis.
European Fournal of Immunology, 23, 152—158.

Rihet, P., Demeure, C. E., Bourgois, A., Prata, A. &
Dessein, A. J. (1991). Evidence for an association
between human resistance to Schistosoma mansoni
and high anti-larval IgE levels. European Fournal of
Immunology, 21, 2679-2686.

Roberts, M., Butterworth, A. E., Kimani, G.,
Kamau, T., Fulford, A. J., Dunne, D. W., Ouma, J. H.
& Sturrock, R. F. (1993). Immunity after treat-
ment of human schistosorniasis: association between
cellular responses and resistance to reinfection.
Infection and Immunity, 61, 4984-4993,

Ross, A. G. P., Sleigh, A. C., Li, Y. S., Williams, G. M.,

Aligui, G. D. L. & McManus, D. P. (2000). Is
there immunity to Schsitosoma japonicum? Parasitology
Today, 16, 159-164.

Viana, I. R., Sher, A., Carvalho, O. S., Massara, C. L.,

Eloi Santos, S. M., Pearce, E. J., Colley, D. G.,
Gazzinelli, G. & Corréa-Oliveira, R. (1994). Interferon-
gamma production by peripheral blood mononuclear
cells from residents of an area endemic for
Schistosoma mansoni. Transactions of the Royal Sociery
of Tropical Medicine and Hygiene, 88, 466-470.

Viana, 1. R., Corréa-Oliveira, R., Carvalho Odos, S.,

Massara, C. L., Colosimo, E., Colley, D. G. &
Gazzinelli, G. (1995). Comparison of antibody iso-
type responses to Schistosoma mansoni antigens by
infected and putative resistant individuals living in an
endemic area. Parasite Immunology, 17, 297-304.

Webster, M., Fulford, A. J., Braun, G., Ouma, J. H.,

Kariuki, H. C., Havercroft, J. C., Gachuhi, K.,
Sturrock, R. F., Butterworth, A. E. & Dunne, D. W.
(1996). Human immunoglobulin E responses to a
recombinant 22.6-kilodalton antigen from Schisto-
soma mansoni adult worms are associated with low
intensities of reinfection after treatment. Infection and
Immuniry, 64, 4042—4046.



SENSITIVE ENZYME-LINKED IMMUNOSORBENT ASSAY
WITH URINE SAMPLES : A TOOL FOR SURVEILLANCE OF
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Abstract. An enzyme-linked immunosorbent assay (ELISA) to detect antibodies to Schistosoma
Jjaponicum soluble egg éntigens (SEA) in un-concentrated urine was developed. The urine ELISA
was applied to samples collected in a schistosomiasis-endemic village in China. The levels of anti-
SEA antibodies detected in urine correlated well with those obtained with paired serum samples (r =
0.694, p<0.0001). Among 129 serum ELISA positives, 112 (86.8%) were positive by urine ELISA,
while all 40 serum ELISA negatives from a non-endemic area were negative. The levels of anti-SEA
in urine samples were stable up to 8 weeks of storage at 37°C, with sodium azide as a preservatwe

Therefore ELISA with urine samples can be used for the surveillance of schistosomiasis.

INTRODUCTION

Schistosomiasis is one of the most impor-
tant infectious diseases in the world. It has been
estimated that 200 million people harbor the para-
sites, while 20 thousand die from the disease an-
nually. To control schistosomiasis japonica,
simple diagnostic methods suitable for mass sur-
veys are essential. Serodiagnostic methods, such
as the enzyme-linked immunosorbent assay
(ELISA) have been used to detect antibodies spe-

cific to the parasite antigens in serum samples, -

since eggs are not always detected in stool
samples (Yogore et al, 1983; Lewert et al, 1984;
Yu et al, 1998).

Compared with serum samples, the collec-
tion of which has a risk of accidental infection
with blood-borne diseases, such as human immu-
nodeficiency virus (HIV) and hepatitis viruses,
urine samples can be collected safely and easily.
Collection of urine samples does not require
trained staff, syringes or a centrifuge. Further-
more, compliance is easy to obtain. ELISAs with
urine samples used to diagnose lymphatic filari-
asis and visceral leishmaniasis have shown high
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sensitivity and specificity (Itoh ez al, 2001; Islam
et al, 2002).

In this study, we investigated anti-Schisto-
soma japonicum specific IgG in urine samples
and showed that un-concentrated urine contained
enough antibodies to diagnose schistosomiasis
japonica.

MATERIALS AND METHODS

Serum and urine samples

Paired serum and urine samples were col-
lected from 373 habitants in Rinjiang Village, an
endemic area of schistosomiasis japonica, located
close to Dongting Lake, 45 km northwest of
Yueyang City, Funan Province, People’s Repub-
lic of China, in 1995 and 1996. Forty in habitants
of Yueyang City were used as negative controls.

Serum samples were kept at -20°C until
used. NaN, (at a final concentration of 0.1%) was
added to urine samples just after collection, and
kept at 4°C until used.

Enzyme-linked immunesorbent assay (ELISA)
Preparation of S. japonicum soluble egg an-
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tigens (SEA) was carried out according to a
method described by Tanaka et al (1983). Anti-
SEA antibodies in serum and urine samples were
measured by an ELISA method. A 96-well
microtiter plate was coated with 5 pg/ml of SEA
overnight. After blocking the plate with 0.05M
Tris-HCl buffer, pH 7.6, containing 1% casein for
2 hours at room temperature, 100 pl of 2,000 times
diluted serum or un-concentrated urine samples
were added to the wells. The plate was incubated
at 37°C for one hour for serum and two hours for
urine samples. After washing the plate three times
with a washing buffer, 0.067M phosphate-buff-
ered saline, pH7.4, containing 0.05% Tween 20,
100 pl of anti-human IgG conjugated with per-
oxidase (4,000 times diluted, Bio Source Inter-
national Inc, USA) were added to each well and
the plate was incubated at 37°C for an hour. Then
the plate was washed three times with the wash-
ing buffer and 100 pl/well of ABTS (Kirkegaard
and Perry Laboratories, USA) were added as a
substrate. The optical density of each well was
measured at 415 nm with a reference at 492 nm
after one hour incubation at room temperature.

Antibody levels were expressed as units
based on a standard curve. To construct the curve,
pooled sera from five schistosomiasis japonica
patients were threefold serially diluted with the
casein buffer (1:1,000 to 1:729,000 for serum
ELISA and 1:3,000 to 1:2,187,000 for urine
ELISA), and a set of the serially diluted sera was
prepared for each microtiter plate. As antibody
units, a value of 21,870U was arbitrarily assigned
to the 1:1,000 dilution and a value of 10U to the
2,187,000 dilution. Antibody units of serum
samples higher than 21,870U and those of urine
samples higher than 7,290U were regarded as
21,870U and 7,290U, respectively. Cut-off val-
ues for urine and serum ELISA were defined as
the average unit of control samples + 3 standard
deviations. A geometric mean of (antibody unit
+1) was used for the average calculation. The cut-
off unit for urine and serum ELISA were 124 and
949 units, respectively.

Effect of storage of urine samples on anti-
body levels

In order to study how long urine samples
could be kept without deterioration at ambient
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temperatures, urine was kept in an incubator at
37°C for up to 8 weeks and the change in anti-
body units was examined at 5 and 8 weeks.
Twelve samples (4 with high units, 4 with lower
units and 4 negatives) were used.

RESULTS

Antibodies to SEA in urine samples

As shown in Fig 1, IgG to SEA could be
detected in urine samples and the levels corre-
lated well with those obtained with serum samples
(r=0.694, p<0.0001). Out of 129 serum ELISA
positives, 112 (86.8%) were positive with urine
ELISA. On the other hand, all the 40 urine
samples from the non-endemic area were nega-
tive.

Positive rates of serum and urine ELISA by
age groups are shown in Fig 2. Both positive rates
of serum and urine ELISA increased with age and
the rates of urine ELISA in all age groups were
the same or more than those of serum ELISA. All
four urine ELISA positives in the age group <10,
were also serum ELISA positive.

4.0
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——ty
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Serum: log(1+unit)

Fig 1-Correlation of anti-SEA IgG detected in urine and
serum samples. Anti-SEA IgG levels in urine
(without dilution) and serum (1,000 times di-
luted) samples were measured by ELISA. Anti-
body levels were indicated as log (1 + unit).
Dotted lines indicate cutoff points of both urine
and serum ELISAs.
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Fig 2—Changes in positive rates of urine and serum

samples by age group. Open and dotted bars
indicate urine and serum samples, respectively.
Sample numbers are in parentheses.
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Fig 3—Effect on anti-SEA IgG levels of keeping urine
samples at 37°C. Four samples were used for
each of the high, low and negative groups.

Effect of storage of urine samples on their
antibody levels

Anti-SEA levels in urine samples stored at
37°C for 5 and 8 weeks are shown in Fig 3. The
storage condition affected little on anti-SEA lev-
els of samples with not only high but also low
antibody levels. None of the positive samples be-
came negative and vice versa.

DISCUSSION

ELISA with SEA as antigens has been used
for the serodiagnosis of schistosomiasis (Hillyer
et al, 1979; Ishii and Owhashi, 1982; Tanaka et
al, 1983). The ELISA method is more sensitive
and accurate than stool examination in obtaining
prevalence rate (Yogore ef al, 1983) and incidence
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(Lewert et al, 1984) of schistosomiasis japonica.
A drawback of antibody detection is that it can-
not distinguish previous and current infections.
However, the ELISA method is still a useful and
sensitive diagnostic tool for surveillance, espe-
cially in finding new endemic foci. It can also be
useful for evaluating a control program, success-
ful control will reduce antibody levels.

Recently, urine was successfully substituted
for serum as samples to diagnose lymphatic fi-
lariasis and visceral leishmaniasis with ELISA
(Itoh et al, 2001; Islam et al, 2002). Compared
with serum samples, urine can be easily and safely
collected, especially from children. This can fa-
cilitate compliance of people in field activities.
This study revealed that urine samples from schis-
tosomiasis patients contained anti-SEA IgG as
well, and the levels significantly correlated with
those of serum samples. Anti-SEA IgG was de-
tected in 86.8% of urine samples from serum-
positives and all the urine samples from a schis-
tosomiasis non-endemic area were negative with
the urine ELISA. Leak of IgG into urine caused
by nephritis ,which may occur in chronic patients
(Tada et al, 1975) is unlikely, since positive rates
of urine and serum ELISA were almost the same
in all age groups and protein levels of all the urine
samples were judged normal with a reagent strip
(data not shown). As a successful control program
will stop transmission of the parasite and make
young age groups anti-SEA free, anti-SEA levels
of the group provide useful information to evalu-
ate control programs. Storage of urine samples
for 8 weeks at 37°C had little effect on their anti-
SEA levels, making the urine ELISA more prac-
tical, especially in remote areas.

The effects of the Three Gorges Dam, cur-
rently under construction on the Yangtze River
in China, on the transmission of S. japonicum have
been suggested, and it is submitted that system-
atic surveillance and preventive strategies against
the disease are necessary (Xu et al, 2000). This
sensitive and safe urine ELISA will be one of the
essential tools for the surveillance of schistoso-
miasis. Application of this urine ELIS A to school-
based examination will elicit information on the
prevalence of the disease and aid in the evalua-
tion of control programs. Combination of the urine
ELISA with other simple urine examinations, eg
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