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Abstract. Humoral immune responses of 1gG, IgM, IgA, IgE and IgG subclass antibodies to Schisto-
soma japonicum egg antigens were determined by immunoblotting with serum samples from indi-
vidualsin Chinawith acute (n=24) or chronic (n=35) schistosomiasis. In general, IgM, IgA, and IgE
in sera from acute patients exhibited strong binding to antigens but binding was much weaker in
chronic cases. Reaction of 1gG4 of chronic cases was stronger than that of 1gG4 of acute cases. The
recognition profile of each antibody isotype in sera was analyzed for 11 major antigen molecules
(antigens with apparent molecular weights of 82, 76, 61, 57, 53, 46, 40, 32, 27, 10 and less than 6.5
kDa). Except for the 10 kDa molecule, they were well-recognized by IgA and IgE in sera of acute
cases. In other combinations of antibody class and clinical phase, recognition patterns against these
molecules differed among individuals. Notably, the 10 kDa molecule was specifically recognized by
total 1gG and 1gG4 in sera from most of the chronic patients, but in sera from only one acute case.
Thisresult suggests that the 10 kDa molecule is one of the major target antigens of 1gG4 and may be

useful as amarker antigen to characterize the clinical phases of S. japonicum infection.

INTRODUCTION

The occurrence and development of schis-
tosomiasis is strongly related to human immu-
nity to schistosomes. Therefore, analysisof schis-
tosome antigensisuseful not only for understand-
ing of immunoprophylaxis and of the immuno-
logical pathogenesis of this disease but also for
providing antigensfor establishing aspecific, sen-
sitive diagnostic technique. There have been many
studiesof the profile of immunoglobulin classand
1gG subclass antibody responsesto schistosomia-
sis. Changesinreactivity of IgM and/or 1gG sub-
class antibodies in sera collected from schisto-
some-infected mice were investigated with
ELISA (Mountford et al, 1994; Yokoi et al, 1996).
For human schistosomiasis patients, Jassim et al
(1987) reported the avidity of 1gG, IgM, IgA and
four 1gG subclass antibodies against larval, adult
and egg stage antigens of Schistosoma mansoni,
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using ELISA. In our previous study (Hu et al,
1999), the responses of immunoglobulinsin sera
from Chinese schistosomiasis japonica patients
against S. japonicum egg antigens were deter-
mined by ELISA, and the results for acute and
chronic disease were compared. We found that
the averages of ELISA valuesfor IgM, IgA and
IgE in sera were lower in chronic than in acute
disease. In contrast, the average in ELISA value
for 1gG4 in chronic disease was higher than that
in acute disease. The biological basis of the de-
velopment of particular subclasses of antibodies
against parasite antigens during the various stages
of infection is not fully understood.

Immunobl ot analysis hasbeen used by many
authors to determine target antigens suitable for
serodiagnosis. They found that antibodies against
a 31 kDa of S. mansoni adult worm antigen
(AWA) (Ruppel et al, 1985a,b) or a32 kDaof S
japonicumAWA (Itoh et al, 1988) were detected
in the early phase of schistosome infection.
Webster et al (1997) reported that 22 kDa mol-
eculesof S mansoni AWA and S. japonicumAWA
were predominant antigens reactive with IgE.
Langley et al (1994) investigated the responses
of 1gG subclass antibodiesto S. mansoni egg an-
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tigenswith ELISA andimmunoblotting, although
they provided no description of particular anti-
gens.

In this study, we attempted to identify im-
muneresponsesrelated to clinical manifestations
of schistosomiasis japonica by using immuno-
blotting with S. japonicum egg antigens to dis-
sect the anti-schistosome immunoglobulin isotype
and 1 gG subclass antibody responsesin individu-
alsinfected with S japonicum.

MATERIALSAND METHODS

Human sera

The human sera used in this report were of
thesamelot asthoseused by Hu et al (1999). Acute
case sera; 24 Chinese patients with S japonicum
eggsin their stool were obtained from the clinic of
the Hubei Institute of Schistosomiasis Control
(People’'s Republic of Chinag). About one month
after contact with water contaminated with cercariae
of S japonicum, subjects exhibited fever, diarrhea
and liver enlargement.

Chronic case sera: 35 Chinese patients aged
10-57 years with Sjaponicum eggs in their stool
were obtained from a highly endemic area in
Gongan County, Hubei Province, People'sRepub-
lic of China. Most of the patients had minimal or
no hepatosplenomegaly. All of the patients had a
high level of 1gG anti-soluble egg antigen (SEA).

Parasite antigen

S japonicum Yamanashi strain was main-
tained in Oncomelania nosophora snailsand ICR
strain mice. Schistosoma japonicum eggs were
isolated from the intestine of infected mice by
digestion with pronase and collagenase, lyo-
philized and frozen at -70°C until use (Matsuda
et al, 1984).
Immunoblot analysis

Individual patients were screened to identify
reactivity of each class of immunoglobulin (1gG,
IgM, IgA and IgE) and subclassof 1gG (1gG1, 1gG2,
1gG3 and 1gG4) to Sjaponicum egg antigen by
Western blotting. Egg antigens extracted by the
same method as used by Yokoi et al (1997) were
separated in a 4~20% SDS polyacrylamide gel
(TEFCO, Japan) and transferred onto poly-
vinylidenefluoride (PV DF) membrane (Millipore).
PVDF strips were blocked with a blocking solu-
tion (5% skim milk, 0.3% Tween20in PBS) at 4°C
overnight and then washed three timesfor 10 min-
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utes with a solution (0.5% skim milk, 0.3%
Tween20 in PBS) before incubation with serum.
For 1gG, IgM, IgA, and IgE assay, the egg antigen-
coated PV DF sheetswereincubated with 500 ul of
1:200 (1gG, IgM assay) or 1:10 (IgA, IgE assay)
dilutions of individual human sera for 2 hours at
room temperature. They were then washed 3 times
inawashing solution (0.3% Tween20in PBS) and
incubated with goat anti-human IgG (y-chain) con-
jugated with horseradish peroxidase (HRP) (TAGO
Inc No. 2390, Japan), goat HRP-conjugated anti-
human IgM, goat HRP-conjugated anti-human [gA,
goat HRP-conjugated anti-human IgE (Miles Sci-
entific N0.61-132, No. 61-131, No. 61-133, Isral)
a room temperature for 60 minutes. After 4 more
washes, the PVDF strips were developed using
0.02% (W/V) DAB (3,3'-diaminobenzidine) in
PBS. For 1 gG subclass assay, the egg antigen-coated
PV DF sheets were incubated with 500 ul of 1:50
dilutions of individual human sera for 2 hours at
room temperature, and were then washed 3 times
in the washing solution and incubated with mouse
anti-human 1gG1, 1gG2, 1gG3 and 1gG4 mono-
clonal antibodies (COSMO BIO, Japan. No.0280,
No0.0281, N0.0282, N0.0283), thedilutionsof which
were 1:250, 1:1,000, 1:250, and 1:500, respectively,
for 2 hours at room temperature. After 4 more
washes, the bound human antibody was detected
with a 1:1,000 dilution of goat HRP-conjugated
anti-mouse|gG1 (ZY MED Japan No. 61-0120) and
devel oped with DAB substrate solution.

After drying, immunoblotted sheets were
photographed. For Figs 2 and 3, lanes of the pho-
tographs were cut out and arranged by class and
subclass of immunoglobulins.

The apparent molecular weight of each band
was determined using molecular weight markers
(DAIICHI I1, DAIICHI PURE CHEMICALS, Ja-
pan, and molecular weight marker |1, TEFCO, Ja

pan).
RESULTS

Twenty-four acute patients and 35 chronic
patientswere studied for I1gG, IgM, IgA, IgE, and
1gG subclass (IgG1, 1gG2, 1gG3 and 1gG4) re-
sponses to Sjaponicum egg antigens. There was
great heterogeneity in the recognition profile of
the egg antigensamongst infected individualsand
antibody isotypes. Immunobotting patterns with
various classes of antibodies in serum from one
acutely infected patient are presented in Fig 1 to
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show typical bands.

In general, immunoblotting with IgA and IgE
from acute patientsreveal ed strong binding to anti-
gens(Fig 2) but much lesshinding in chronic cases.
Recognition of theantigensby IgM wasal so strong
in acute cases but not in chronic cases (Table 1).
Ontheother hand, IgG4 in chronic cases exhibited
stronger reactionsthan thosein acute cases (Fig 3).
These results agree with those of a comparative
study using ELISA (Hu et al, 1999).

Of the various bands, 11 recognized by many
patientswere selected (Fig 1) and wereinvestigated.
We determined the presence/absence of the 11 bands
on immunobl otting patterns and counted the num-
ber of patientsrecognizing thesebandsby each class
and subclass of antibodies. The ratios of individu-
al srecognizing each band by immunoglobulin class
(Table 1) and 1gG subclass (Table 2) are shown.
On comparison of immunoblotting patterns be-
tween acute and chronic cases, both total 1gG and
1gG4 responseswere found to aband with molecu-
lar weight of 10 kDain most chronic cases (Fig 3).
Responsesof IgG1 and IgG3tothe 10 kDaantigen
were weaker and lower in frequency (48.6% and
37.1%, respectively) than those of tota 1gG and
19G4 (94.3% and 82.9%, respectively) (Tables 1,
2). The 10 kDaantigenwasfound in only oneacute
case (Fig 1).

DISCUSSION

Choice of antigen preparation is important
in designing an immunodiagnostic system. Col-
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Fig 1-Immunoblot analysis of a Schistosoma
japonicum egg extract with serum from one
acutely S japonicunrinfected patient. Blot de-
veloped for the presence of total 1gG (lane 1),
IgM (lane 2), IgA (lane 3), IgE (lane 4), 1gG1
(lane5), 1gG2 (lane 6), 1gG3 (lane 7), and 1gG4
(lane 8). Bars on the far right indicate the posi-
tions of 11 predominant bands with apparent
molecular weight of 82,76, 61, 57, 53, 46, 40, 32,
27, 10, and less than 6.5 kDa.

Tablel
Rate of recognition of each band by immunoglobulin class (%). Immunoblots were performed with
sera of 24 acute patients and 35 chronic patients.

Band 1gG IgM IgA IgE

(kDa) Acute  Chronic Acute Chronic Acute Chronic  Acute Chronic
82 50.0 20.6 50.0 0.0 79.2 324 79.2 235
76 125 14.7 29.2 0.0 50.0 14.7 417 8.8
61 66.7 64.7 54.2 0.0 79.2 55.9 87.5 50.0
57 375 50.0 54.2 0.0 83.3 38.2 79.2 324
53 62.5 61.8 45.8 0.0 79.2 4.1 79.2 35.3
46 50.0 50.0 29.2 0.0 87.5 324 917 294
40 70.8 52.9 58.3 0.0 87.5 47.1 87.5 41.2
32 29.2 55.9 20.8 0.0 66.7 20.6 66.7 20.6
27 50.0 85.7 333 29 87.5 61.8 66.7 52.9
10 42 94.3 0.0 0.0 0.0 29 0.0 29
<6.5 58.3 100.0 50.0 29 50.0 28.6 333 29
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Table 2
Rate of recognition of each band by 1gG subclass (%). Immunoblots were performed with sera of 24
acute patients and 35 chronic patients.

Band 1gG1 1gG2 19G3 1gG4

(kDa) Acute  Chronic Acute Chronic Acute Chronic  Acute Chronic
82 79.2 54.3 50.0 29 79.2 37.1 62.5 22.9
76 25.0 8.6 20.8 0.0 25.0 171 29.2 14.3
61 70.8 77.1 417 57 75.0 37.1 54.2 34.3
57 62.5 48.6 375 0.0 50.0 28.6 45.8 40.0
53 50.0 65.7 29.2 29 458 31.4 33.3 51.4
46 58.3 54.3 333 0.0 62.5 343 54.2 68.6
40 75.0 77.1 50.0 29 70.8 48.6 62.5 68.6
32 8.3 34.3 4.2 0.0 125 17.1 125 80.0
27 62.5 62.9 50.0 0.0 62.5 314 62.5 77.1
10 0.0 48.6 0.0 29 0.0 371 42 82.9
<6.5 8.3 65.7 0.0 5.7 333 343 8.3 74.3

laborative studies on antigens for immunodiag-
nosis of both schistosomiasis mansoni and schis-
tosomiasis japonica showed that crude schisto-
some egg extracts yielded higher levels of sensi-
tivity and specificity than crude worm extracts
(Mott and Dixon, 1982; Mott et al, 1987). Fur-
ther, it was shown that the use of CEF6, which
waspartialy purified S mansoni egg antigen, may
provide even higher specificity than crude egg
extracts obtained by ELISA (Dunne et al, 1984,
1991; McLaren et al, 1981). Two cationic anti-
gens, w-1 and a-1, have been identified in CEF6
and exhibited high antigenicity for S. mansoni-
infected patients on immunoblotting analysis
(Hamilton et al, 1998). These results suggest the
importance of information on the characteristics,
including antigenicity, of particular antigen mol-
ecules in developing an immunodiagnostic sys-
tem. This study was designed to identify S.
japonicum egg antigen moleculesthat are related
to different clinical stages of infection and to ex-
amine the development of particular subclasses
of antibodies against specific parasite antigens.
In Chinese subjectswith acute schistosomia-
sis, 82, 61, 57, 53, 46, 40, 32, and 27kDa mol-
eculesweredetected by IgA and IgE in most cases
(66.7~91.7%). Thisresult suggeststhat these mol -
ecules are strong antigens inducing IgA and IgE
antibody production during the early phase of in-
fection. In chronic cases, however, the rates of
recognition of these molecules by IgA and IgE
were decreased (20.6~61.8%). Ottessen et al
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(1981) reported that the egg serves as the most
important antigen for IgE in acute cases of S
mansoni infection. These results suggest that se-
rodiagnosis by detection of anti-egg antigen IgA
and IgE should be possible for cases of acute
schistosomiasis.

The most striking difference between acute
and chronic cases seen in this study was the 10
kDaegg antigen recognized only by 1gG and 1gG4
in sera from cases of chronic schistosomiasis
japonica. Thisdifference was so pronounced that
we could find 10 kDaantigen present in only one
acute case (Table 1). Comparing 1gG4 response
bands in acute and chronic cases, it was found
that the patterns differed between the two groups,
with chronic cases having stronger bands than
acute cases (Fig 3). The 10 kDa molecule was
also detected by 1gG1 and 1gG3 in sera from
chronic cases, but the ratios of positive individu-
als (48.6% and 37.1%) were significantly lower
than that for 1gG4 (82.9%). This result suggests
that the 10 kDa antigen should be useful as atar-
get molecule for immunodiagnosis with 1gG or
1gG4 to indicate chronic schistosomiasisjaponica
infection.

Relatively high rates of recognition of the
10 kDa antigen with 1gG4 from a chronic schis-
tosomiasis patient living in an endemic area sug-
gests another interesting characteristic of the 10
kDamolecule, that is, itsimmunological relation
toreinfection by the parasite. Seroepidemiological
studies have suggested that 1gG4/IgE ratios may
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Fig 2-Immunobl ot analysis of a Schistosoma japonicumegg extract with

individual serafrom patients acutely infected with S japonicum.

Blot developed for the presence of total IgA (A) and IgE (B).

Proteinswere separated by SDS-PAGE using a4-20% acrylamide

gradient gel. Bars on the far right indicate the positions of 10
bands depicted in Fig 1, other than that of 10 kDa.
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Fig 3-Immunoblot analysis of a Schistosoma japonicum egg extract
withindividual serafrom patientsacutely (A and C) and chronic
(B and D) infected with S. japonicum. Blot developed for the
presence of total 1gG (A and B) and 1gG4 (C and D). Proteins
were separated by SDS-PAGE using a4-20% acrylamide gradi-
ent gel. Barson thefar right indicate the positions of 11 predomi-
nant bands with apparent molecul ar weight of 82,76, 61, 57, 53,
46, 40, 32, 27, 10, and less than 6.5 kDa.

be related to human resistance to schistosomein-
fection (Demeureet al, 1993; Caldaset al, 2000;
Li et al, 2001). Briefly, 1gG4 excess has been
linked to reinfection and IgE excess to lack of
reinfection. More studies are required to deter-
mine whether the 10 kDa molecule affects rein-
fection by inducing 1gG4 production.
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Studies on immunodiagnosisto
find differences in immunoreaction
between acute and chronic cases of
schistosome infection have been re-
ported by many authors (Valli et al,
1997; Hu et al, 1999; de Gouvea
Vianaet al, 2001). They showed that
immunoreaction of eachimmunoglo-
bulin classand subclass may indicate
theclinical phase of schistosomein-
fection. Li et al (1994) studied utili-
zation of keyholelimpet hemocyanin
(KLH) asatarget antigen for ELISA.
KLH has a carbohydrate epitope
which is shared with the surface of
schistosome larvae. They showed
that antibodies (both IgG and IgM)
that recognize KLH were present at
higher levelsin sera of patients with
acute schistosomiasisjaponicainfec-
tion than in chronic cases, using
ELISA. In contrast, the 10 kDamol-
eculefound inthisstudy was specific
to serafromindividuaswith chronic
schistosomiasis, with a high rate of
recognition. Development of diag-
nostic systems to detect immuno-
reaction by class and subclass of an-
tibodies to particular antigens, such
as KLH or the 10 kDa molecule,
which have different antigenicities
depending on the clinical phase of
schistosomiasis, may yield more in-
formation on the stage of infection.

ACKNOWLEDGEMENTS

Thisstudy was supported in part
by grants from the Japan-United
States Cooperative Medical Science
Program; the Ohyama Health Foun-
dation; and the Ministry of Health,
Labor and Welfare, Japan, for
“Emerging and re-emerging infec-
tious diseases’.

REFERENCES

Cadas|R, Correa-OliveiraR, Colosimo E, et al. Sus-
ceptibility and resistance to Schistosoma mansoni
infection: parallel cellular and isotypic immuno-

Vol 34 No.4 December 2003




ANALYSIS OF S. JAPONICUM EGG ANTIGENS

logic assessment. Am J Trop Med Hyg 2000; 62:
57-64.

de GouveaVianal, Rabello A, Katz N. Antibody sub-
class profile and avidity during acute and chronic
human Schistosoma mansoni infection. Trans R
Soc Trop Med Hyg 2001; 95: 550-6.

Demeure CE, Rihet B, Abel L, OuattaraM, BourgoisA,
DesseinAJ. Resistance to Schistosoma mansoni in
humans: influence of the IgE/IgG4 balance and
1gG2 in immunity to reinfection after chemo-
therapy. J Infect Dis 1993; 168: 1000-8.

Dunne DW, Bain J, Lillywhite J, Doenhoff MJ. The
stage-, strain-, and species-specificity of aSchis-
tosoma mansoni egg antigen fraction (CEF6) with
serodiagnostic potential. Trans R Soc Trop Med
Hyg 1984; 78: 460-70.

Dunne DW, Jones FM, Doenhoff MJ. The purification,
characterization, serological activity and hepato-
toxic properties of two cathodic glycoproteins
(alpha-1 and omega-1) from Schistosoma
mansoni eggs. Parasitology 1991; 103: 225-36.

Hamilton JV, Klinkert M, Doenhoff MJ. Diagnosis of
schistosomiasis: antibody detection, with noteson
parasitological and antigen detection methods.
Parasitology 1998; 117: S41-S57.

Hu M, Kirinoki M, Yokoi H, Kawai S, Chigusa,
MatsudaH. Human antibody isotype responsesto
Schistosoma japonicum egg antigen. Southeast
Asian J Trop Med Public Health 1999; 30: 24-8.

Itoh M, Sato S, Appawu MA, Kawaguchi H. Analysis
of Schistosoma japonicum antigens useful for
serodiagnosisemploying seraof infected mice by
immunoblotting. Jpn J Trop Med Hyg 1988; 16:
277-83.

Jassim A, Hassan K, Catty D. Antibody isotype in
human schistosomiasis mansoni. Parasite
Immunol 1987; 9: 627-50.

Langley JG, Karinki HC, Hammersley AP, Ouma JH,
Butterworth AE, Dunne DW. Human 1gG sub-
classresponse and subclassrestriction to Schisto-
soma mansoni egg antigens. |mmunology 1994;
83: 651-8.

LiY, RabelloALT, Simpson AJG, Katz N. The serologi-
cal differentiation of acute and chronic Schisto-
soma japonicum infection by ELISA using key-
holelimpet haemocyanin asantigen. Trans R Soc
Trop Med Hyg 1994; 95: 441-8.

Li Y, SleighAC, RossAGP, et al. Human susceptibil-
ity to Schistosoma japonicumin Chinacorrelates
with antibody isotypes to native antigens. Trans
R Soc Trop Med Hyg 2001; 95: 441-8.

Matsuda H, Tanaka H, Blas BL, Nosenas JS, Tokawa
T, Ohsawa S. Evaluation of ELISA with ABTS,
2-2'-azino-di-(3-ethylbenzthiazoline sulfonic

Vol 34 No.4 December 2003

acid), asthe substrate of peroxidase and its appli-
cation to the diagnosis of schistosomiasis. Jpn J
Exp Med 1984; 54: 131-8.

McLaren ML, Lillywhite JE, Dunne DW, Doenhoff MJ.
Serodiagnosis of human Schistosoma mansoni
infections: enhanced sensitivity and specificity in
egg antigen omegal and alphal. Trans R Soc Trop
Med Hyg 1981; 75: 72-9.

Mott KE, Dixon H. Collaborative study on antigensfor
immunodiagnosis of schistosomiasis. Bull WHO
1982; 60: 729-53.

Mott KE, Dixon H, Carter CE, et al. Collaborative study
on antigensfor immunodiagnosis of Schistosoma
japonicuminfection. Bull WHO 1987; 65: 233-44.

Mountford AP, Fisher A, Wilson RA. The profile of
1gG1 and 1gG2a antibody responses in mice ex-
posed to Schistosoma mansoni. Parasite |mmunol
1994; 16: 521-7.

Ottesen EA, Poindexter RW, Hussain R. Detection,
quantitation, and specificity of antiparasite IgE
antibodiesin human schistosomiasismansoni. Am
J Trop Med Hyg 1981, 30: 1228-37.

Ruppel A, Rother U, Vongericheten H, Lucius R,
Diesfeld HJ. Schistosoma mansoni: immunoblot
analysis of adult worm proteins. Exp Parasitol
1985za; 60: 195-206.

Ruppel A, Diesfeld HJ, Rother U. Immunoblot analy-
sis of Schistosoma mansoni antigen with sera of
schistosomiasis patients: diagnostic potential of
an adult schistosome polypeptide. Clin Exp
Immunol 1985b; 62: 499-506.

Valli LCP, Kanamura HY, da SilvaRM, Silva MIPG,
VellosaSAG, GarciaET. Efficacy of an enzyme-
linked immunosorbent assay in the diagnosis of
and serologic distinction between acute and
chronic Schistosoma mansoni infection. Am J
Trop Med Hyg 1997; 57: 358-62.

Webster M, Libranda-Ramirez BDL, Aligui GD, et al.
Theinfluence of sex and age on antibody isotype
responces to Schistosoma mansoni and Schisto-
soma japonicumin human populationsin Kenya
and the Philippines. Parasitology 1997; 114:
383-93.

Yokoi H, Kirinoki M, Chigusa, Ishii T, Imai S, Matsuda
H. Sequential changesin IgM and IgG subclass
antibody responsesin miceto egg antigensof Schis-
tosoma japonicum revealed by enzyme-linked
immunosorbent assay (ELISA) and immunoblot-
ting. Jpn J Parasitol 1996; 45: 400-7.

Yokoi H, Kirinoki M, Chigusa, Ishii T, Imai S,
Matsuda H. Characterization of Schistosoma
japonicum specific egg antigen recognized by
circumoval precipitin (COP) producing mono-
clonal antibodies. Parasitol Int 1997; 46: 115-26.

707




