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Collaborative study on antigens for immunodiagnosis
of Schistosoma japonicum infection*

K. E. MOTT, H. DIXON,2 C. E. CARTER,3 E. GARCIA,4 A. ISHII,5 H. MATSUDA,6
G. MITCHELL,7 M. OWHASHI,8 H. TANAKA,6 & V. C. TSANG9

Six research laboratories in Australia, Japan, the Philippines and the USA partici-
pated in a collaborative evaluation of immunodiagnostic testsfor Schistosoma japonicum
infections. The serum bank consisted of 385 well-documented sera from Brazil, Kenya,
Philippines, Republic of Korea and Europe. Twelve S. japonicum antigen/test system
combinations were evaluated.

Crude S. japonicum egg antigens showed the highest sensitivity and specificity. The
defined or characterized antigens showed no advantage over the crude antigens. Quanti-
tative seroreactivity of all S. japonicum antigens showed a positive correlation with faecal
egg counts (log x + 1) in all age groups. The performance of the circumoval precipitin test
was satisfactory within the same laboratory but with differences in the results between
laboratories. A monoclonal antibody used in a competitive radioimmunoassay test system
performed as well as the crude egg antigens.

The high sensitivity of crude S. japonicum antigens now permits further evaluation
for wide-scale use in public health laboratories ofendemic areas to support control efforts.

The control of schistosomiasis due to Schistosoma
japonicum is progressing rapidly in China (1) and the
Philippines (2), while transmission has now ceased in
Japan (3). Since the availability of praziquantel,
large-scale chemotherapy is now recognized to be a
cost-effective approach for the control of this disease
through the general health care system. However,
because of the reduced prevalence and intensity of
this infection, there is now need for a simple, reliable
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and reproducible diagnostic technique. Current
methods for stool examination such as the modified
Kato cellophane faecal thick-smear technique or
the merthiolate-iodine-formaldehyde concentration
(MIFC) technique are insensitive for low egg counts,
while the miracidial hatching technique, although
sensitive and cheap, has not been carefully standard-
ized (4). These methods are generally laborious and
time-consuming, especially when the case detection
rate is low owing to high rates of negative stool
examinations.

In a previous collaborative study on antigens for
immunodiagnosis of schistosomiasis, the three
S. japonicum egg antigens evaluated showed high
sensitivity and satisfactory specificity (5). Since that
study, many of its findings have been confirmed; for
example, crude antigens may perform as well as or
better than "purified" antigens (6), and cross-
reactivity occurs between the S. mansoni egg antigens
and S. japonicum infected sera (7, 8). These results
indicated that an immunodiagnostic technique may
be a useful diagnostic tool in the maintenance phase
of control of schistosomiasis. It was thus decided that
a further evaluation of the available S. japonicum
antigens would help determine whether a large-scale
evaluation of a limited rwmber of antigens was
warranted.
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The objectives of the present collaborative study
were to evaluate the sensitivity and specificity of
the available S. japonicum antigens for immuno-
diagnosis as related to:

-intensity of infection;
- treatment status;
- cross-reactivity with sera from persons infected
with S. mansoni;
- cross-reactivity with sera from persons infected
with other trematodes or helminths present in
S. japonicum endemic areas.

In addition, the reproducibility of the test system
on the same sera was to be assessed.

MATERIALS AND METHODS

Study design

This collaborative study was designed like the one
previously reported (5). Material to the serum bank
was contributed by five laboratories in Brazil, Kenya,
Philippines, Republic of Korea and Switzerland.
These laboratories were selected on the basis of
having participated in the previous collaborative
study and/or having published reports of S. japoni-
cum antigens that had potential application for the
immunodiagnosis of S. japonicum infection.
The sera were stored by and distributed through

WHO headquarters, Geneva, to each participating
laboratory in October 1983. Each laboratory for-
warded the results of the serological tests on the data
entry forms used in the previous collaborative study
to WHO headquarters where data processing and
analysis were carried out. The analysed results from
each laboratory were returned within 4 months. Staff
in Geneva prepared a comparative analysis of the
data which forms the basis of this report.

Serum bank

The serum bank was designed so that (1) the sero-
logical results could be compared with corresponding
parasitological data, (2) sera from both untreated and
previously treated persons with or without S. mansoni
or S. japonicum eggs in the stool could be assessed,
(3) sera from persons with parasitologically con-
firmed Clonorchis sinensis, Paragonimus and Ascaris
infections could be evaluated, and (4) the results of
duplicate and triplicate samples of sera could be
compared.
Among the 385 sera in the serum bank, the control

sera included were:

-24 sera from persons never exposed to schisto-
somiasis or who had not resided in an endemic area;
- 11 sera from persons residing in urban areas of

endemic countries and never exposed to schisto-
somiasis;
-59 sera from persons never exposed to schisto-
somiasis or who had not resided in an endemic area
but had parasitologically confirmed Clonorchis
sinensis, Paragonimus or Ascaris infection.

There were 59 sera from persons with S. japonicum
eggs in the stool, 45 of which had other intestinal
parasites, and 44 serum specimens from persons with-
out S. japonicum eggs in the stool (20 of which had
other intestinal parasites), but who had either been
previously treated or who had resided in an endemic
area. Of those with S. japonicum eggs in the stool, 45
sera had associated faecal egg counts by the Kato

Table 1. Combinations of Schistosoma japonicum (S. j.)
antigens and test systems evaluated in the collaborative
study

Antigen
Antigen code Test '

Whole S. japonicum eggs 33 (20) b COPT (20, 26)"
Whole S.j. eggs 30 (19) COPT (19)
Crude S.j. eggs 28 (14) ELISA (14)
Crude S.j. eggs 31 (23) ELISA (14)
Crude fraction S.j. eggs 20 (20) ELISA (5)
Heat-treated S.j. eggs 29 (22) ELISA (14)
Allergenic fraction S.j. eggs 32 (13) ELISA (14)
Purified fraction S.j. eggs 21 (21) ELISA (5)
Partially purified Sj.

urea eggs 25 (24) K-ELISA (25)
Crude cytosolic Sj.

adult worm 22 (24) K-ELISA (25)
Purified microsomal S.j.

adult worm 23 (24) K-ELISA (25)
S.j. monoclonal antibody

1.134 27(18) RIA'(18,27)
e COPT (circumoval precipitin test); ELISA (enzyme-linked immuno-

sorbent assay); K-ELISA (kinetic-dependent ELISA); RIA (radioimmuno-
assay).

6 Figures in parentheses are references describing the antigen preparation
or the test.

' RIA with antigen 27. The protocol for this standard type of competitive
radioimmunoassay using a labelled monoclonal antibody was described by
Mitchell et al. (78) and Cruise et al. (271: 50 ul of crude S. japonicum adult
worm antigen, at a predetermined desired dilution in borate buffer pH 9.5
was incubated on poly (vinyl chloride) plates overnight at room tempera-
ture. Post-coating involved a 1-2h incubation with 0.5% bovine serum
albumin (BSA) in phosphate-buffered saline pH 7.3 (PBS). After washing 3
times in 0.05% Tween 20 in PBS, 25 I1 serum dilutions of 1 :10, 1 :100 and
1:1000 in Tween 20: PBS: BSA were added per well followed by 25
1251-labelled monoclonal antibody, 1.134, corresponding to approximately
20 000 cpm. After overnight incubation at room temperature, the plates
were washed and cut and radioactivity in the wells determined in an auto-
gamma counter. Data were expressed as percentage inhibition of maximum
binding of radioactivity. In this assay, approximately 0.2 ug/ml unlabelled
1.134 results in 50% inhibition of binding of 1251-1 134, with maximum bind-
ing being approximately 3000 cpm and background about 50 cpm. It has
been determined previously that this assay is only suitable for schisto-
somiasis japonica.
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cellophane faecal thick-smear technique and 14 had
confirmed qualitative parasitological diagnosis by the
MIFC technique.

There were 168 sera from persons with S. mansoni
eggs in the stool (64 of which had other intestinal
parasites) and 20 sera from persons without S. man-

soni eggs in the stool who had previously been treated
or had resided in an endemic area.
The methodology for collection of the sera and

storage has been described previously (5). The serum

bank contained 37 duplicate specimens and 3 tripli-
cate specimens. The maximum number of serological
results for any single antigen/test combination
among the participating laboratories was 364.
The combinations of antigens and test systems

evaluated in the collaborative study are shown in
Table 1.

Statistical analysis

The methodology of the statistical analysis has
been described in the report of the previous collabor-
ative study (5). Multiple regression analysis of the
data was carried out to determine the contribution of
egg count, degree of organomegaly, effect of treat-

ment, age and sex to the quantitative serological
results. The equation fitted to the data was:

y=a+blxl +b2x2+b3x3+b4x4+b5x5
where y is the quantitative laboratory result expressed

as either the optical density, or units, or the loglo
(titre) or the 10g2 (titre);

xi is log,o (egg count+ 1);
x2 is 1 for no organomegaly, 2 for hepatomegaly,

3 for splenomegaly and 4 for hepatosplenomegaly;
X3 is 1 for no treatment for schistosomiasis and 2 for

subject treated for schistosomiasis;
X4 is age in years;
X5 is 1 for a male subject and 2 for a female

subject;
b1, b2, b3, b4, and b5 are the partial regression

coefficients.

The multiple regression coefficient, "multiple R",
was also computed and all coefficients were tested in
order to determine if they were significantly different
from zero. As in the previous study, it was not
possible to compare directly the coefficients of dif-
ferent antigen/test combinations, but it was possible
to compare the significant findings.

Table 2. Percentage specificity of S. japonicum antigens in sera from persons from non-endemic areas of schisto-
somiasis and according to three other types of parasite infections

Percentage specificity

Type of parasite

Para- C/o-
Antigen Group No. 1 Group No. 2' Ascaris gonimus norchis

Antigen code Test (23-24)" (58-59)1" (14-15) (22) (23)

Whole S. japonicum eggs 33 COPT 100.0 100.0 100.0 100.0 100.0

S. japonicum monoclonal antibody .134 27 RIA 100.0 98.3' 100.0 95.5 100.0

Whole S. japonicum eggs 30 COPT 100.0 98.3 93.3 100.0 100.0

Crude S. japonicum eggs 28 ELISA 100.0 94.9' 93.3' 100.0 90.9'

Heat-treated S. japonicum eggs 29 ELISA 100.0 94.9' 93.3' 100.0 90.9'

Crude S. japonicum eggs 31 ELISA 100.0 94.9 93.0 100.0 90.9

Purified fraction S. japonicum eggs 21 ELISA 95.8 93.2 86.7 100.0 90.9

Allergenic fraction(s) S. japonicum eggs 32 ELISA 100.0 93.2 86.7 100.0 90.9

Crude cytosolic S. japonicum adult worm 22 K-ELISA 100.0 83.1 93.3 68.2 90.9

Purified microsomal S. japonicum adult worm 23 K-ELISA 100.0 71.2 80.0 54.5 81.8

Partially purified S. japonicum urea eggs 25 K-ELISA 100.0 61.0 80.0 31.8 77.3

Crude fraction S. japonicum eggs 20 ELISA 100.0 57.6 73.3 27.3 77.3

" Group No. 1 were Europeans and group No. 2 were Koreans.
h Figures in parentheses give the number of sera tested in each group.
" Remaining percentages were uncertain results.
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Table 3. Sensitivity and specificity of S. japonicum antigens in sera from persons from S. japonicum-endemic areas

Antigen'

22

25

31

32

21

23

30

28

27

20

29

33

Test

K-ELISA

K-ELISA

ELISA

ELISA

ELISA

K-ELISA

COPT

ELISA

RIA

ELISA

ELISA

COPT

Sensitivity (%) b

100.0

100.0

100.0

100.0

98.3

98.3

98.2

96.4

87.9

87.4

85.5

77.2

Antigen'

33

27

28

29

30

31

32

21

23

20

25

22

Test

COPT

RIA

ELISA

ELISA

COPT

ELISA

ELISA

ELISA

K-ELISA

ELISA

K-ELISA

K-ELISA

Specificity (%) '

78.0

70.7

68.6

68.6

68.6

60.9

60.9

50.0

45.5

31.6

15.9

0.0

' Antigen code as given in Table 1.
h Tested on 48-59 sera from persons with S. japonicum eggs in their stool.
i Tested on 23-90 sera from persons with negative stool examination.

Table 4. Percentage sensitivity of S. japonicum antigens according to the number of eggs in the stools, in sera from
persons infected by S. japonicum (S. j.) and S. mansoni (S. m.) parasites

Percentage sensitivity

1-100 eggs' 101-200 eggs' 201-400 eggs' 401-800 eggs, >800 eggs'

S.j.
b

S.m. S.j. S.m. S.j. S.m. S.j. S.m. S.j. S.m.
Antigen (code)/test system 123-271b 163-701 121 128-291 [91 [27-301 [2-31 114-161 [2-41 117-211

Whole egg (30)/COPT 100.0 3.0 100.0 6.9 100.0 14.3 100.0 0.0 100.0 11.1

Whole egg (33)/COPT 65.4 7.6 100.0 0.0 100.0 0.0 100.0 0.0 100.0 21.1

Crude egg (31)/ELISA 100.0 34.9 100.0 31.0 100.0 40.7 100.0 7.1 100.0 64.7

Crude fraction egg
(20)/ELISA 100.0 90.0 100.0 75.9 100.0 86.7 100.0 93.8 100.0 90.5

Crude egg (28)/ELISA 96.3 1.5 100.0 3.4 100.0 3.6 100.0 0.0 100.0 5.6

Monoclonal antibody
1.134 (27)/RIA 85.2 18.6 100.0 6.9 100.0 10.7 100.0 18.8 100.0 26.3

Allergenic fraction egg
(32)/ELISA 100.0 25.4 100.0 20.7 100.0 33.3 100.0 7.1 100.0 41.2

Partially purified urea egg .
(25)/K-ELISA 100.0 98.6 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Crude cytosolic adult
worm (22)/K-ELISA 100.0 95.2 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Purified microsomal
S. japonicum adult
worm (23)/K-ELISA 100.0 98.6 100.0 93.1 100.0 96.6 100.0 93.8 100.0 95.0

Purified fraction egg
(21)/ELISA 96.3 61.4 100.0 62.1 100.0 76.7 100.0 56.3 100.0 81.0

Heat-treated egg
(29)/ELISA 81.5 7.6 100.0 6.9 88.9 7.1 100.0 0.0 100.0 22.2

' Egg counts are per gram of faeces.
b Figures in square brackets give the number of sera tested in each group.
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RESULTS

Evaluation of control sera

The serum bank contained 24 sera from Europeans
who had never resided in an endemic area. The speci-
ficity of all antigen/test combinations in these sera
was 1000/o except one highly purified S. japonicum
egg antigen (Table 2).

Cross-reactivity with other trematodes/helminths

Cross-reactivity was observed mostly in sera from
persons infected with Ascaris. The least cross-
reactivity was observed in sera from persons infected
with Paragonimus. The least cross-reactivity was
observed with the circumoval precipitin test (COPT)
and in the radioimmunoassay (RIA) using an antigen
isolated by a monoclonal-antibody-based technique
(Table 2). No difference in the quantitative ELISA or
RIA readings between the sera from persons infected
with Ascaris, Clonorchis sinensis and Paragonimus
was observed (P<0.0001).

Evaluation of antigens

S. japonicum egg and adult worm antigens were
evaluated in a total of 12 antigen/test combinations.
Sensitivity was evaluated by examination of all sera
from untreated persons who had S. japonicum eggs
in the stool, as well as those who were not cured after
specific treatment. Specificity was evaluated in all
sera from untreated persons from endemic areas with
consistently negative stool examinations and sera
from previously treated persons with negative stool
examinations (Table 3).

In two groups of antigen/test systems from the
same laboratory (antigen numbers 31, 32 and 28, 29,
30) the crude egg antigens, either as crude soluble egg

antigen (SEA) or whole eggs, were as sensitive and
specific as the purified egg antigens. In another series
(antigen 20, 21) the purified egg antigen was more
sensitive, but the specificity of both was low.

Seroreactivity andfaecal egg count

Although the maximum number of sera tested (18)
was small the sensitivity of each antigen/test system

Table 5. Sensitivity of S. japonicum antigen/test systems in sera from persons with S. japonicum and S. mansoni
infection

Percentage sensitivity

S. japonicum infection S. mansoni infection

Treated Untreated Treated Untreated
group group group group

Antigen (code) Test 16-71" [5-71 134-371 162-661

Partially purified urea egg (25) K-ELISA 100.0 100.0 100.0 98.5

Purified microsomal adult worm (23) K-ELISA 85.7 100.0 97.3 93.9

Crude cytosolic adult worm (22) K-ELISA 100.0 100.0 94.6 98.5

Crude fraction egg (20) ELISA 100.0 100.0 86.5 89.4

Purified fraction egg (21) ELISA 100.0 100.0 75.7 60.6

Crude egg (31) ELISA 100.0 100.0 31.11 35.2

Allergenic fraction egg (32) ELISA 100.0 100.0 23.6 25.8

Monoclonal antibody 1.134 (27) RIA 85.7 71.4 16.2" 16.9'

Heat-treated egg (29) ELISA 85.7 100.0 8.9" 7.7e
Whole eggs (30) COPT 85.7 100.0 8.8 4.6

Whole eggs (33) COPT 85.7 71.4 8.8 3.1

Crude egg (28) ELISA 85.7' 85.7' 5.9" 0.0"

Figures in square brackets give the number of sera tested in each group.
2.7%, 3.1%, " 17.6%, e 16.9%,' 14.3%, ' 23.5% and " 26.2% were unsure results.
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Table 6. Specificity of S. japonicum antigen/test systems in sera of persons from S. japonicum and S. mansoni-
endemic areas without eggs in the stool, according to treatment

Percentage specificity

S. japonicum infection S. mansoni infection

Treated Untreated Treated Untreated
group group group group

Antigen (code) Test 14-61" 113-181 [7-121 181

Crude egg (28) ELISA 0.0 92.3 100.0 100.0
Whole eggs (30) COPT 0.0 92.3 100.0 100.0
Whole eggs (33) COPT 33.3 93.3 100.0 100.0

Heat treated egg (29) ELISA 0.0 92.3 87.5 100.0

Monoclonal antibody 1.134 (27) RIA 16.7 93.3 81.8 100.0

Allergenic fraction egg (32) ELISA 0.0 87.5 71.4 100.0

Crudeegg (31) ELISA 0.0 87.5 57.1 100.0

Purified fraction egg (21) ELISA 0.0 68.7 45.5 100.0

Crude fraction egg (20) ELISA 0.0 62.5 18.2 50.0

Crude cytosolic adult worms (22) K-ELISA 0.0 0.0 0.0 0.0

Purified microsomal adult worm (23) K-ELISA 0.0 67.7 0.0 87.5

Partially purified urea egg (25) K-ELISA 0.0 27.8 0.0 12.3

'Figures in square brackets give the number of sera tested in each group.
12.5% were unsure results.

Table 7. Cross-reactivity between S. japonicum antigens and sera from S. mansoni-endemic areas

S. mansoni egg-positive" S. mansoni egg-negative'

Antigen' Test Seroreactivity 1%) Antigen' Test Seroreactivity 1%)

20 ELISA 100.0 22 K-ELISA 100.0

25 K-ELISA 99.4 25 K-ELISA 95.0

22 K-ELISA 97.6 20 ELISA 69.0

23 K-ELISA 96.4 23 K-ELISA 65.0

21 ELISA 65.9 21 ELISA 31.6

31 ELISA 35.8 31 ELISA 20.0

32 ELISA 25.8 32 ELISA 13.3

27 RIA 16.0 27 RIA 10.5

29 ELISA 8.3 29 ELISA 6.2

30 COPT 6.4 30 COPT 0.0

33 COPT 5.7 28 ELISA 0.0

28 ELISA 2.6 33 COPT 0.0

"Tested on 1 51 -167 sera from persons with S. mansoni eggs in their stool.
Tested on 15-20 sera from persons from the endemic area with negative stool examinations.
Antigen code given in Table 1.
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was 1000o (except antigen 29) when the faecal egg
count was higher than 100 eggs per gram of faeces.
Below 101 eggs per gram of faeces, the sensitivity was
10007o except with three purified S. japonicum egg
antigens (21, 27, 29) and two crude antigens (28 and
33) (Table 4).

Effect of treatment on seroreactivity

In individuals excreting S. japonicum eggs prior to
or after treatment, the sensitivity of most test systems
was high (Table 5). The heat-treated S. japonicum
egg antigen, the labelled monoclonal antibody to
S. japonicum and the COPT did not react to two sera

(the same sera in each case) from persons who had
been treated with praziquantel but whose stool was

still positive.
The specificity of all the antigen test systems was

low in the small group (7-9 sera) of six-month post-
treatment sera from persons whose stool examin-
ations were negative (Table 6). The mean ELISA and
RIA readings in sera from persons who were egg-
negative after treatment were consistently signifi-
cantly higher than in sera from persons who were egg

positive after treatment (P<0.0001).

Cross-reactivity between S. japonicum antigens and
S. mansoni sera

Qualitative results: some crude egg antigens
showed the lowest rate of seroreactivity in sera from

persons from S. mansoni endemic areas, with or
without eggs in the stool (Table 7). Cross-reactivity
rates did not increase according to increasing S. man-
soni faecal egg counts (Table 4).
The rates of seroreactivity of S. japonicum anti-

gens was similar in sera from treated and untreated
persons who excreted S. mansoni eggs (Table 5). The
mean ELISA and RIA readings in these groups of
sera were not significantly different (P always
>0.07). However, post-treatment sera of those who
were egg-negative were seroreactive in several anti-
gen/test systems (Table 6).

Morbidity
Neither the sensitivity nor the specificity of the

antigens was related to morbidity. On the other hand,
a significant correlation between the mean ELISA
optical density (OD) or RIA titres and morbidity was
observed. The highest OD readings were noted in sera
from persons with hepatosplenomegaly and the low-
est readings were observed in those without organo-
megaly. These findings paralleled increasing faecal
S. japonicum egg counts; as expected, the lowest egg
counts were observed in persons without organo-
megaly. These findings are summarized in Table 8.
Intermediate readings and egg counts were usually
observed among persons with either hepatic or
splenic enlargement alone.

For S. japonicum egg-positive persons the mean

Table 8. Comparison of quantitative readings, age and S. japonicum egg counts in sera from persons without organo-
megaly and with hepatosplenomegalyu

Reading' Age (years) Egg count"

Without Hepato- Without Hepato- Without Hepato-
organo- spleno- Significance organo- spleno- Significance organo- spleno- Significance

Antigen Test megaly megaly (P) megaly megaly (P) megaly megaly (P)

20 ELISA 0.42 0.82 0.001 31.02 23.13 0.081 0.57 1.43 0.003
21 ELISA 0.48 0.88 0.001 31.02 23.13 0.081 0.57 1.43 0.003
22 K-ELISA 2.85 7.01 0.001 31.31 24.35 0.115 0.53 1.51 0.001
23 K-ELISA 5.10 14.37 0.001 31.31 24.35 0.115 0.55 1.51 0.001
25 K-ELISA 6.26 11.54 0.001 31.31 24.35 0.115 0.55 1.512 0.001
28 ELISA 5.21 12.06 0.001 30.65 25.93 0.285 0.66 1.53 0.005
29 ELISA 4.70 9.79 0.001 30.65 25.93 0.285 0.66 1.53 0.005
31 ELISA 2.57 4.53 0.004 33.60 26.85 0.172 0.80 1.38 0.107
32 ELISA 2.91 5.23 0.004 33.60 26.85 0.172 0.80 1.38 0.107

27 RIA 1.35 3.56 0.001 30.51 24.94 0.215 0.58 1.44 0.003
' Tested on 30-50 sera from persons without organomegaly and 13-17 sera from persons with hepatosplenomegaly.
hAntigen code given in Table 1.
' Optical density for antigens 20, 21, 31 and 32, units for antigens 22, 23 and 25, 1092 titre for antigens 28 and 29, and log10 titre for antigen 27.
dlog0 (egg count + 11.
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Table 9. Correlation coefficients between quantitative
readings and log10 (egg count+ 1) according to type
of infection

Correlation coefficients

S. mansoni S. japonicum
infection infection

Antigenu Test (151-167)" (48-59)"

20 ELISA 0.20' 0.62"
21 ELISA 0.21 ' 0.64"

22 K-ELISA 0.30" 0.59"

23 K-ELISA 0.36" 0.53"

25 K-ELISA 0.24" 0.64"

28 ELISA 0.14 0.70"

29 ELISA 0.13 0.66"

31 ELISA 0.18 0.58"
32 ELISA 0.18 0.58 "

27 RIA 0.05 0.56"

' Antigen code given in Table 1.
h Figures in parentheses are the number of sera tested in each group.
' Significantly different from 0; P<0.01.
"Significantly different from 0; P<0.001.

quantitative readings with antigens 27 (RIA) and 28
(ELISA) were significantly higher in the group with
hepatosplenomegaly than in the group without
organomegaly (P< 0.01 and <0.001, respectively);

on the other hand, the mean age and mean egg counts
of these two groups were not significantly different
(age, P=0.12 and P=0.16; egg count, P=0.07 and
P= 0. 10, respectively).

Correlation coefficient analysis

All of the antigen/test systems providing quanti-
tative data showed a significant correlation with
faecal egg count (log x+ 1), i.e., as the egg count
increased, the quantitative seroreactivity increased
(Table 9). Correlation coefficients of the crude anti-
gens were similar to those of the purified antigens in
the same test system.

Multiple regression analysis
The positive correlation between quantitative

ELISA OD readings and RIA titres and faecal egg
counts (log x + 1) was highly significant. A lower, but
significant, positive correlation with hepatospleno-
megaly was also observed. Most antigens also showed
a significant correlation after treatment, i.e., higher
readings after treatment. There was no significant
correlation between the readings and age or sex. The
data are summarized in Table 10.

Reproducibility of results

The analysis of the results of duplicate and tripli-
cate serum samples was provided to each partici-

Table 10. Coefficients obtained by multiple regression analysis between quantitative readings and log10 (egg count
+ 1), organomegaly, and treatment in S. japonicum infection

Degree of
Antigen code Test Egg count organomegaly Treatment Coefficient

20 ELISA" 0.126 ' 0.077' 0.200" 0.655"
21 ELISA" 0.129" 0.079" 0.200" 0.683"
22 K-ELISAe 0.850" 0.917" 1.206" 0.645"
23 K-ELISA' 1.672" 2.370" 1.825 0.683"

25 K-ELISAO 1.895" 0.954' 2.718" 0.666"
28 ELISA' 2.178" 1.335" 3.804" 0.749"

29 ELISA' 1.970" 0.906' 2.656" 0.689"
31 ELISA" 0.854" 0.410"1 1.1 76' 0.671"

32 ELISA" 1.01 6" 0.470" 1.227' 0.657"
27 RIAM 0.584" 0.555" 0.821' 0.687"

"Result expressed as OD reading.
Significantly different from 0; P<0.001.

'*Significantly different from 0; P<0.01.
dSignificantly different from 0; P<0.05.
Result expressed as units.
Result expressed as 10o2 (titre).
Result expressed as loglo (titre).
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pating laboratory. The data were analysed according
to the qualitative results and the quantitative read-
ings. The data from all laboratories were internally
consistent, showing good reproducibility of both
quantitative and qualitative results.

DISCUSSION

The major conclusion of this collaborative study is
that the crude S. japonicum egg antigens have high
sensitivity and specificity. The defined or character-
ized antigens of this study showed no advantage over
the crude antigens. This conclusion is supported by
independent studies (6). In two series of egg antigens
in this study the purified antigens showed lower
sensitivity than the crude antigens although speci-
ficity remained unchanged. In another pair of egg
antigens, although the sensitivity of the purified
antigen was higher, the specificity of both antigens
was low.
A direct positive correlation between seroreactivity

of S. japonicum antigens and faecal egg count (log
x+ 1) was confirmed in the quantitative test systems.
The positive correlation was not as strong as that
observed with purified S. mansoni antigens as shown
in a previous collaborative study (5). The small
number of sera in this study did not permit a valid
statistical evaluation of the quantitative readings in
different egg count groups. However, all antigen/test
systems detected all those infected with more than 100
S. japonicum eggs per gram of faeces. An HLA asso-
ciation with low or high IgG antibody response
to S. japonicum has been demonstrated (9). The
relationship between HLA and faecal egg counts has
not yet been assessed. It is of interest that in
individuals with low egg counts some antigen/test
systems detected high levels of antibody to the
S. japonicum antigen. This aspect may be further
investigated in large cohorts, family studies and in
relation to specific treatment.
The usefulness of immunodiagnosis to establish

post-treatment cure of S. japonicum infection was
not shown in this study. The six-month post-treat-
ment sera from egg-negative persons showed higher
quantitative readings than sera from egg-positive
persons before treatment. Comparative pre- and
post-treatment studies indicate that after treatment
the changes in the general immune response (IgG,
IgM, lymphocyte transformation) are related to the
duration of the infection prior to treatment (10).
No assessment of the role of the intensity of infection
on the post-treatment immune response or sero-
reactivity has yet been reported.
The interpretation of the data on specificity was

discussed in detail in the report of the previous collab-
orative study (5). In the present study the apparently

low specificity is judged to be acceptable. The validity
of an immunodiagnostic test for S. japonicum
infection must be established in a public health
context. To be of use in a control programme, a valid
immunodiagnostic test must be at least as sensitive as
the routine parasitological technique, i.e., it must
give a positive result in all sera from persons reported
to have S. japonicum eggs in the stool. On the other
hand, both the single MIFC and the Kato
examination will not detect low levels of faecal egg
counts; thus individuals in endemic areas may be
infected even if the routine stool examination is
reported to be negative and prevalence under-
estimated (11). In this respect a sensitive diagnostic
technique becomes useful in the surveillance phase of
control when egg counts are low (12).

Serological results in any S. japonicum endemic
area must be interpreted in relation to seroreactivity
of the antigen/test system to other helminthic and
trematode infections. The seroreactivity of the adult
S. japonicum antigens in this study in sera from
individuals infected with Ascaris was higher than that
of egg antigens. The specificities of the crude egg anti-
gens and the monoclonal antibody were 1000o. In
another study cross-reactivity between S. japonicum
egg antigen and Ascaris was not observed (13). The
low cross-reactivity in sera from individuals with
Paragonimus infection, also described elsewhere
(13-15), is important since the clinical differential
diagnosis of CNS involvement in these endemic areas
includes both Paragonimus and S. japonicum
infection.

It was observed that the seroreactivity of two anti-
gens (a crude S. japonicum egg antigen and the target
antigen in adult worms of the monoclonal antibody
1.134) was higher in the group with hepatospleno-
megaly than in the group without organomegaly, in
spite of similarity in age and egg counts. In the pre-
vious study it was noted that sera from persons with
hepatosplenomegaly reacted differently in some test
systems. These observations support a hypothesis
that the morbidity status affects seroreactivity and
further investigations are warranted.

All S. japonicum antigens cross-reacted to a low
degree with sera from S. mansoni-infected persons
from endemic areas. These findings are in contrast
with the high degree of cross-reactivity between
S. japonicum cercarial and egg antigens including the
COPT and sera from Chinese workers whose S. man-
soni infections were of less than two and a half years'
duration (16). In the previous study it was shown for
the first time that seroreactivity of S. mansoni anti-
gens in S. japonicum-infected sera was high. These
observations have been confirmed independently
using SDS-PAGE two-dimensional gel electro-
phoresis (8) and Western blot (15) assays. This study
has further shown that the cross-reactivity of
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S. japonicum antigens in S. mansoni-infected sera
does not generally correlate with the intensity of
S. mansoni infection. Previously the cross-reactivity
of S. mansoni antigens to S. japonicum-infected sera
correlated positively with the faecal egg count but at a
lower level than with the homologous infection (S
and unpublished data).
The COPT has long been recognized by experi-

enced investigators to be a highly reliable immuno-
diagnostic technique for diagnosis of S. japonicum
infection. Its robustness has been confirmed under
rigorous field conditions (17). However, the question
of its reproducibility and reliability remains to be
further investigated. In this study the results of the
COPT in paired and triplicate specimens were the
same in the same laboratory. However, there were
differences in results between laboratories using
slightly different techniques. Large-scale egg produc-
tion,. standardization and adequate stabilization of
the eggs may obviate these problems. A large-scale
evaluation of a standard antigen and a standard tech-
nique in a multicentre collaborative study is now
warranted.

This study included the assessment of the repro-
ducibility of the test results and confirmed the valid-
ity of including both duplicate and triplicate sera. The
range of differences in quantitative results can be
compared in duplicate sera. Triplicate sera provide
the possibility to establish mean values and statistical
measures of dispersion for comparative purposes.

This is the first comparative evaluation of a mono-
clonal anti-S. japonicum antibody for diagnosis. Its

high sensitivity and specificity were confirmed in the
RIA test system (18). As research progresses in this
area, other monoclonal antibodies of immunodiag-
nostic potential may be defined. Molecular engineer-
ing techniques may be applied to produce this type of
antigen for large-scale use.

Future activities

This collaborative study was the second in a series
to identify immunodiagnostic techniques for public
health use. Standard preparations of crude antigens
and test system protocols could be evaluated in a well
characterized serum bank in a multicentre trial. This
present study will aid the selection of an antigen or
antigens to be tested in a national scheme.

Research on other aspects of the immunodiagnosis
of schistosomiasis may include the change in sero-
reactivity to different types of antigens after treat-
ment, the factors that influence the correlation
between quantitative seroreactivity and intensity of
infection, i.e., age, sex, duration of infection, HLA,
etc., the usefulness of new techniques, and the
characterization of potential S. mansoni antigens for
immunodiagnosis of S. japonicum infection.
The results of the present collaborative study augur

well for the eventual application of an immunodiag-
nostic test for S. japonicum infection in public health
laboratories in endemic countries. Such tests will
facilitate diagnosis and maintenance of control of
schistosomiasis.
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RESUME

ETUDE COLLECTIVE SUR LES ANTIGENES UTILISES DANS L'IMMUNODIAGNOSTIC
DES INFESTATIONS A SCHISTOSOMA JAPONICUM

L'endiguement de la schistosomiase A Schistosoma
japonicum progresse rapidement en Chine et aux
Philippines, et la transmission a deja cesse au Japon. Dans

les regions oii la prevalence et l'intensite de cette infestation
ont deja diminue, on a besoin d'une technique de diagnostic
simple, fiable et donnant des resultats reproductibles. Lors
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de la presente etude collective, on a evalue la sensibilite et
la sp6cificit6 des antigenes de S. japonicum actuellement
utilisables pour l'immunodiagnostic.

Six laboratoires de recherche situes en Australie, au
Japon, aux Philippines et aux Etats-Unis d'Amerique ont
participe A l'etude; ils ont utilise une banque de serums
consistant en 385 serums duiment documentes en provenance
du Bresil, du Kenya, des Philippines, de la Republique de
Coree et d'Europe, dans 12 systemes d'epreuve utilisant un
antigene de S. japonicum. Avec les serums en provenance
d'Europe, tous les systemes avaient une specificite de 10007o,
sauf dans le cas d'un antigene hautement purifie d'ceuf de
S. japonicum. On a observe une reactivite croisee, le plus
frequemment avec les serums de sujets infestes par Ascaris
et le plus rarement avec les serums de sujets porteurs de
Paragonimus.
D'une facon generale, les antigenes bruts de S. japonicum

etaient aussi sensibles et specifiques que les antigenes
purifies utilis6s dans cette etude. Tous les systemes avaient
une sensibilite de 10007o lorsqu'ils etaient appliques A des
serums de sujets excretant plus de 100 oeufs par gramme de
selles. Dans les quelques serums de sujets traites examines,
la sp6cificit6 etait faible. II est interessant de noter que les
resultats quantitatifs obtenus chez les sujets n'excretant
plus d'ceufs apres le traitement etaient regulierement et

significativement plus eleves que chez les sujets continuant a
excreter des oeufs apres traitement. On a observe un faible
degr6 de reactivite crois6e avec les serums de sujets porteurs
de S. mansoni.

Bien que ni la sensibilite ni la specificite des antigenes
testes ne soient liees a la morbidite, la densite optique
moyenne en ELISA et les titres en epreuves radio-immuno-
logiques presentaient une correlation significative avec
l'hepatosplenomegalie. Tous les systemes donnant des
donnees quantitatives montraient une correlation signifi-
cative avec la numeration d'ceufs dans les selles (log x+ 1).
Dans un meme systeme d'epreuve, les coefficients de
correlation obtenus avec les antigenes bruts etaient
analogues a ceux fournis par les antigenes purifies.
On n'a observe aucune correlation significative entre les

resultats quantitatifs et l'age ou le sexe du sujet. Dans un
meme systeme d'epreuve, la reproductibilite des resultats
etait bonne.
La conclusion principale de cette etude collective est que

ce sont les antigenes bruts d'ceufs de S. japonicum qui
possedent la meilleure sensibilite et la meilleure specificite.
Les antigenes purifies eprouves n'etaient pas superieurs aux
antigenes bruts. La forte sensibilite et specificite d'un anti-
corps monoclonal anti-S. japonicum ouvre la voie A des
developpements prometteurs.
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