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With the aim to evaluate the circulating cathodic antigen (CCA) levels in relation to the different
clinical phases of  Schistosoma sp. infection a sandwich ELISA using monoclonal antibody 5H11 was
performed. The sera of three groups of 25 Brazilian patients with acute, intestinal and hepatosplenic
forms of  S. mansoni infection were tested and compared to a non-infected control group. Patients and
control groups were matched for age and sex and the number of eggs per gram of feces  was equally
distributed among the three patient groups. Sensitivity of 100%, 72%, 52% of the assay was observed
for the intestinal, hepatosplenic and acute toxemic groups respectively. The specificity was 100%. Intes-
tinal and hepatosplenic groups presented CCA levels significantly higher in comparison to  those ob-
served for acute patients (F-ratio = 2,524; p = 0.000 and F-ratio = 6,314; p = 0.015 respectively).
There was no significant difference of CCA serum levels between hepatosplenic and intestinal groups
(F-ratio = 1,026; p = 0.316).
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Presence of adult worm antigens in serum and
urine of mice and hamsters infected with Schisto-
soma mansoni was first reported in 1967 (Berggren
& Weller 1967). Two main types of circulating
antigens (CA) were described. The circulating an-
odic antigen (CAA), negatively charged proteo-
glycan and the circulating cathodic antigen (CCA),
a polysaccharide with a cathodic migration
(Deelder et al. 1976). Quantification of CAA and
CCA in serum and urine has shown to be a valu-
able tool for the diagnosis of active Schistosoma
sp. infection in endemic areas (Deelder et al. 1989b,
1994, De Jonge et al. 1989, Van Lieshout et al.
1992). Levels of these CA are highly correlated
with intensity of infection and a rapid clearance
after successful chemotherapy has been demon-
strated (Van Lieshout et al. 1993, Agnew  et al.
1995, Van’t Wout et al. 1995).

A high sensitivity for CAA (using Mab 120-
1B10-A) and CCA (using Mab 54-5C10-A) de-
tection was observed using sera of selected Bra-
zilian patients. Significantly higher CCA levels
were found in patients with hepatosplenomegaly
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as compared to patients with intestinal schistoso-
miasis,  where  as CAA levels of patients with these
clinical forms did not show significant differences
(De Jonge  et al. 1991).

The Mab 5H11 CCA sandwich enzyme linked
immunosorbent assay - ELISA is a sensitive and
specific method for the detection of active schisto-
somiasis mansoni and an useful tool for monitoring
specific chemotherapy (Barsoum et al. 1990). Schis-
tosoma negative control groups that presented other
helminthic infections i.e. Ascaris lumbricoides, hook-
worm, Strongyloides stercoralis, Onchocerca volvu-
lus, Dipetalonema perstans, Trichuris and Loa loa
were negative in the assay (De Jonge et al. 1990).
This assay has also been used in mice to evaluate
vaccine-induced resistance against S. mansoni infec-
tion (Barsoum et al. 1991).

Clinical acute schistosomiasis may commonly
develop in the immunologically naive vertebrate
host (Rabello 1995). Six to eight weeks after the
initial contact with water infested  by schistosome
cercariae, infected patients present fever, toxemia,
weakness, weight loss, diarrhea, abdominal pain,
cough, myalgia, arthralgia, urticaria, edema, and
enlargement of the liver and spleen. These clinical
manifestations vary in intensity from relatively mild
to severe and are easily confused with other syn-
dromes with hepatosplenic involvement as infec-
tion by Salmonela sp., malaria and hepatitis (Neves
1965, Lambertucci  1993,  Rabello 1995,  Rabello
et al. 1995).
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Recently, two considerable advances were
made towards the characterization of acute schis-
tosomiasis. Abdominal ultrasonography showed
that liver and spleen enlargement and periportal
and peripancreatic lymphadenomegaly are charac-
teristic findings of acute schistosomiasis (Rabello
et al. 1994). In addition, specific IgG and IgM an-
tibodies against keyhole limpet haemocyanin
(KLH) (Alves Brito et al. 1992) and specific IgA
antibodies against soluble egg (SEA) antigens were
described as being related to acute schistosomia-
sis mansoni (Rabello et al. 1995). It has also been
shown that in acute schistosomiasis, increased lev-
els of anti-KLH IgM and IgG and IgM and anti-
SEA IgA antibodies positively correlated with
morbidity, allowing for age and levels of water
contact (Rabello et al. 1995).

The aim of the present study was to evaluate
the presence of CA in serum of acute and chronic
(intestinal and hepatosplenic) S. mansoni infection
compared to a non infected control group.

MATERIALS  AND METHODS

Study population - Table I summarizes four
study groups; each group was composed of 25 in-
dividuals that were selected in such a way that age
and sex were equally distributed among the four
groups and infected patients were matched for num-
ber of eggs per gram of feces (EPG).

Group 1 - intestinal clinical form - infected pa-
tients without hepatosplenomegaly;

Group 2 -  hepatosplenic clinical form - infected
patients with palpable spleen and liver;

Groups 1  and 2 were selected from endemic
areas in the State of Minas Gerais, Brazil.

Group 3 - acute clinical form -  patients with
the acute clinical form of schistosomiasis. Diag-

nosis was based on epidemiological and clinical
features, after an average of 50 days of water con-
tact, the presence of  S. mansoni eggs in stools was
determined by Kato-Katz method (Katz et al.
1972), or the qualitative sedimentation method
(Hoffman et al. 1934) and the presence of high lev-
els of IgG anti-KLH or IgA anti-SEA (Rabello
1995, Rabello et al. 1995).

Group 4 -  negative control group -  individu-
als with negative stool examinations from an non-
endemic area were selected to serve as negative
control group. They were also free of infection with
other intestinal worms.

Parasitological examination - Was based on the
presence of S. mansoni eggs in stools of three fe-
cal samples by the quantitative Kato-Katz method
(Katz et al. 1972) or by the qualitative sedimenta-
tion method (Hoffman et al. 1934).

Collection and treatment of blood samples -
Blood samples were collected by venopuncture, and
serum was stored at -20ºC. Samples were treated with
trichloro-acetic acid  (TCA) to precipitate proteins
and/or to dissociate CA from immune complexes (De
Jonge et al. 1987). Briefly, equal volumes of each
serum sample and 4M TCA were mixed at room tem-
perature for 20 min and afterwards centrifuged at
14,000 rpm for 15 min. The supernatant was col-
lected and neutralized with an equal volume of
0.25 M sodium carbonate buffer (pH 9.6).

Circulating antigen determination - Levels of
CCA in serum were determined by antigen cap-
ture sandwich ELISA using the monoclonal anti-
body 5H11/B1 (Barsoum et al. 1990). A standard
curve of soluble adult worm antigen preparation
(SWAP) was simultaneously assayed on each plate.
CCA levels were determined by a linear regres-
sion curve, based on this standard curve. The sera
were tested in triplicate.

Data analysis - Statistical analysis was per-
formed with SPSS for Windows software. As CCA
concentrations and EPG showed skewed distribu-
tions and therefore log10 transformed in order to
obtain a normal distribution of values. ANOVA was
used to compare CCA levels and EPG among
groups. To evaluate correlation, Pearson’s coeffi-
cient was determined. A probability of alpha error
less than 5% was considered to be significant.

RESULTS

The general sensitivity of  the CCA detection
for all infected patients was 74.7%. CCA was de-
tected in 25 of the 25 (100%) intestinal patients
and in 18 of 25 (72%) hepatosplenic patients. For
the acute toxemic group a sensitivity of 52%, 13
of 25 patients, was observed. In the non-infected
persons CCA was not detectable, so the specific-
ity was 100%.

TABLE I

 Age and number of eggs per gram of feces (EPG) of
the four study groups

Group Age (years)a EPG b

no. mean (min-max) geometric mean
(min-max)

G 1- Intestinal 19.4 124.8
25 (7-71) (12-1362)

G 2 - Hepatosplenic 23.4 103.7
 25  (6-63)   (12-678)

G 3 - Acute 15.4 59.6
25  (6-42)   (0c-2084)

G 4 - Non infected 21.4
25  (7-48)  -

a:  F-ratio = 1.43; p = 0.24; b:  F-ratio =1.75; p = 0.18; c:
zero means that the diagnosis was based on the qualitative
sedimentation method.
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 The Figure depicts the CCA levels of the four
groups of individuals studied. Levels of CCA were
significantly different among the three infected
groups (F-value=8.643; p=0.004). Intestinal and
hepa-tosplenic groups had higher levels of CCA
when compared to the acute patients (F-ratio =
2.524; p<0.001), (F-ratio = 6.314; p = 0.0154) re-
spectively. There were no significant differences
in  CCA levels between the hepatosplenic and the
intestinal groups (F-ratio = 1.026; p = 0.3160).

The correlation coefficients of age with CCA
levels, age with EPG and CCA levels with EPG
are presented in Table II. Except for the intestinal
group among the infected patients, significant cor-
relations were observed between CCA levels and
EPG. Correlations between CCA levels and age
were observed for intestinal and hepatosplenic
groups. A correlation between EPG and age was
only observed in the hepatosplenic group. When
all patients were considered, a positive correlation
between EPG and CCA levels was observed
(r=0.4625; p<0.001).

sis mansoni, irrespective to the number of S.
mansoni per gram of feces. In acute schistosomia-
sis patients, lower levels of CA  were observed
compared to patients with intestinal or
hepatosplenic clinical forms that had similar lev-
els of egg excretion.

Different values of sensitivity were obtained
among the different groups of patients evaluated
in this study. This can be considered as a direct
consequence of the differences observed for CCA
levels among the groups.  Although no non-sig-
nificant differences were observed in EPG elimi-
nated by the different groups, in acute schistoso-
miasis the sensitivity was lower (52%). Since there
was a strong correlation between EPG and CCA
levels in the acute group (r = 0.73), patients with
non detectable CCA presented the lowest EPG. The
same figure, 52% of sensitivity for CCA detection
was obtained in a group of Dutch travelers with
acute schistosomiasis (Van Lieshout 1996).

The possible explanation that the infection in
acute phase would be too recent to have detectable
CA does not seem acceptable in this case, since pa-
tients were seen 50 days after water contact. It has
been demonstrated in mice that five weeks after ex-
posure  CCA can be detected (Agnew et al. 1995).

Variances in the amounts of immune complexes
present in sera of the different clinical forms might
be another reason for the lower concentrations of
CA detectable in acute patients. However, pretreat-
ment of sera with trichloroacetic acid fully disso-
ciates immune complexes (De Jonge et al. 1987).

The results of CCA detection in patients with
the hepatosplenic clinical form in this study are in
disagreement with a previous study on CA with
Brazilian patients where CCA levels were higher
in patients with hepatosplenic form compared to
patients with intestinal schistosomiasis (De Jonge
et al. 1991). Although our data confirm the high
levels of CCA in sera from hepatosplenic patients,
no difference could be observed between CCA lev-
els of hepatosplenic and intestinal patients. The
only difference between the previous and the
present was the higher number of EPG in the first
study (504 for the hepatosplenic group and 408
for the intestinal group).

TABLE II

Correlation of number of eggs per gram of feces (EPG) with circulating cathodic antigens (CCA) levels, number
of eggs per gram of feces with age and  CCA levels with age for the different study groups

Groups  EPG vs CCA levels        EPG vs age            CCA levels vs age
p r  p  r p r

Acute  0.000 0.7252 0.139 0.3045  0.787  - 0.0568
Intestinal 0.139  - 0.3046 0.176  - 0.2792 0.000 0.6571
Hepatosplenic 0.006 0.5377 0.018  - 0.4701 0.165 - 0.2863
Negative -   - 0.250   - 0.2389

p: probability value; r: correlation coefficient.

Levels of circulating cathodic antigens of hepastosplenic, in-
testinal and acute patients with schistosomiais mansoni and non
infected group. Each star represents the mean of triplicate sample
test results.

DISCUSSION

The principal conclusion of the present work
rests on the observed differences of CCA levels
among the different clinical forms of schistosomia-
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A higher level of CA in patients with
hepatosplenic disease has been suggested as con-
sequence of an impairment of the clearance of an-
tigen from immune complexes (De Jonge et al.
1991). It has been demonstrated that persistent high
levels of CCA contributes to the development of
liver pathology (Feldmeier et al. 1986). It is pos-
sible that different kinetics of CA in patients with
similar intensities of infection are due to different
clinical presentations.
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