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In endemic area, the human host acquires
schistosomiasis slowly over a long period of
time. The initial phase of the intection is
generally asymptomatic and clinical manifesta-
tions of acute phase are unusual, and occurs
almost eclusively in visitors to endemic area
primary ecxposure to schistosome infection.
Most of the infected patients gradually develop
a chronic phase usually not associated with
clinical disease. Severe manifestation of the
disease occur in a relatively small percentage ot
the infected population and is characterized by
liver enlargement which after a variable period
of 5 to 15 years may be associated with
splenomegaly (Prata & Bina, 1968) due to
congestion and reticulo-endothelial hyperplasia
of the spleen (Magalhies-Filho & Coutinho-
Abath, 1960; Cheever & Andrade, 1967). This
organomegaly is most likely established as a
consequence of granulomatous reaction to
schistosome eggs lodged in the liver and intesti-
nal tissues with development of fibrous and
subsequent portal hypertension (Warren, 1979).
It should be stressed that not every patient with
organomegaly has established portal hyperten-
sion. Enlargement of the liver and spleen has
been frequently observed in acute schistoso-
miasis (Striver, 1984).

The determining factors leading to the
development of hepatosplenic schistosomiasis
are not completely known. While the intensity
of patient’s infection is an important con-
tributing factor (Cheever, 1968; Kloetzel,
1962 Cook et al., 1974) it remains unclear why
the vast majority of those living in endemic
areas and infected with Schistosoma mansoni
develop only intestinal symptomatology while
some patients develop hepatosplenomegaly,
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portal hypertension and esophageal varices.
Genetic factors probably are relevant to the
development of the disease. Heaptosplenic
schistosomiasis is less frequent in black patients
than in while or mullato patients with similar
levels of infection (Prata & Schroeder, 1967)
and it has been more often observed in patients
of blood group A (Camus et al., 1977). There
is, however, conflicting reports in relation to
HLA type and hepatosplenic schistosomiasis.

The regulation of immune responses to
schistosome infection must certainly play a role
in the development of the disease as well as in
the partial resistence to infection believed to
exist in certain persons. Several regulatory
mechanisms have been described in human
schistosomiasis (Colley et al., 1977;1978; Todd
et al., 1979; Ottesen, 1979; Ottesen & Poindex-
ter, 1980; Rocklin et al., 1980; 1981 ; Barsoum
et al., 1983; 1984) and the absence of such
mechanisms has been correlated with the
hepatosplenic disease (Ellner et al., 1981;
Colley et al., 1986). A brief report of the recent
progress in our understanding of the immune
response in relation to different clinical groups
of schistosome infected patients are presented
herein.

IMMUNEREGULATION OF PERIPHERAL BLOOD
MONONUCLEAR (PBMN) RESPONSE TO SCHISTO-
SOME ANTIGENS

Early in the acute phase most of the patient’s
lymphocytes express high reactivity to schisto-
some antigens (Ottesen et al., 1978; Gazzinelli
et al., 1985). This reactivity is higher to soluble
egg antigen (SEA) than to adult worm antigen
(AW) in contrast to chronically infected patients
when the response to AW was higher than that
observed to SEA (Fig. 1). Furthermore, parallel
study of PBMN proliferation responses in
groups of children and adults chronically
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infected indicated that this loss of reactivity
observed in the chronic phase was significantly
greater in adults than in children (Fig. 2) sug-
gesting that there is a gradual decline of
reactivity as the infection progresses. The loss
of reactivity to schistosome antigens 1S cor-
related with several suupressor mechanisms
developing during the chronic phase which
limit or modulate the responsiveness to these
specific antigens. These mechanisms include
serum factors (Colley et al., 1977; Ottesen &
Poindexter, 1980) adherent mononuclear cells
(Todd et al., 1979; Ottesen, 1979) and suppres-
sor T cells (Colley et al., 1978; Rocklin et al.,
1981).
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Fig. 1: mean tritiated thymidine incorporation by
peripheral blood mononuclear cells (PBMN) from
patients with acute or chronic schistosomiasis. Cultures
were exposed to medium alone (control) or either
25 i g of soluble egg antigens (SEA) or 20 U g of adult
worm antigens (AW) as described in Gazzinelli et al.
(1985). In parenthesis the number of patients studied.

Cellular immune responses to schistosome
antigens evaluated by the level of H-TdR
incorporation vary widely among individual
patients and clinical groups. Based on the
degree of PBMN responsiveness to SEA we
designated groups of patients studied as non-
responder to moderate (Acpm < 8000) and
high responder (Acpm > 8000) (Colley et al.,
1986). The percentage of high responders in
each group to SEA antigen is presented In
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Fig. 3. It is clear that levels of SEA-induced
responsiveness differed among the clinical
groups studied. Most patients (94%) from the
acute group express high response to SEA. The
majority of acute patients then progress to the
intestinal stage of chronic schistosomiasis
infection during which only 25% retaining high
responsiveness. A high percentage of chronically
infected individuals who can be identified
clinically as being hepatointestinal and
compensated (ambulatory) hepatosplenic ex-
pressed, however, higher levels of SEA-stimu-
lated response than the intestinal group.
Eventually hepatosplenism becomes severe and
decompensated and in these cases half of the
population exhibits unresponsiveness to SEA
possibly due to additional pathogenic mechan-
isms. In fact in these patients imbalances In
their general lymphocyte phenotypes (low
T4:T8) were observed (Colley et al., 1983,
Gast]l et al., 1984).
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Fig. 2: mean tritiated thymidine incorporation by
PBMN from children and adults with chronic (Intesti-
nal) schistosomiasis mansoni. Cultures were exposed
to medium alone (control), the mitogen pokeweed
(PWM) and the antigens SEA, AW and Cerc (Cercaria).
In parenthesis the number of patients studied. Expen-
mental conditions as in Fig. 1.

Several studies in endemic areas indicate that
chronic intestinal infection can evolve to
hepatointestinal or hepatosplenic disease and
the percentage of the population that presents
with hepatointestinal disease is always higher
than that with early compensated hepatosplenic
disease and that is again higher than the propor-
tion that appear with decompensated hepa-
tosplenic (Brener & Mourdo, 1956; Katz &
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Brener, 1966; Sleigh et al., 1985). Because of
the progressive decrease in these percentages,
we propose that some patients in the early,
clinically-involved groups eventually do regulate
their responses and spontaneously proceed to
the chronic intestinal form of the infection,
rather than on to the decompensated hepa-
tosplenism (Colley et al., 1986). We further
suggested that the high percentages of SEA-
induced response in groups of former patients
and uninfected individuals in endemic areas
(Fig. 3) is due to their loss of immunoregulatory
constrains upon adequate treatment or perhaps
spontaneous cure.
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Fig. 3: percentage of patients who were high responder
(measured by thymidine incorporation) in the fol-
lowing clinical groups: Acute; Intestinal (I); Hepato-
intestinal (HI); Hepatosplenic compensated (HS Amb);
Hepatosplenic decompensated (HSHqgsp); Former
(pattents treated and cured from 740 years previously);
Uninf (Uninfected individuals from cndemic area
during the period of observation 2,5 years). In paren-
thesis the number of patients studicd.

Based on the above considerations we
proposed that a more severe pathology is
expected in those patients who were not able
to modulate their own immune response to
SEA antigens. Many studies have demonstrated
that the intensity of the infection is a Kkey
determinant in the evolution, persistence and
regression of hepatic and splenic enlargemertts
(Cheever, 1968; Kloetzel, 1962; Cook et al.,
1974). According to our hypothesis, however,
this determinant might be considered in rela-
tion to the potential ability of each patient to
modulate its own anti-SEA responsiveness.
for the relationships

Further evidences
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between immunoregulation and morbidity is
presented in the next section.

IMMUNOREGULATION OF HUMORAL RESPONSE
AGAINST SCHISTOSOME ANTIGENS

Modulation of the host response to schisto-
some antigens is not restricted to cell mediated
immunity (Ottesen, 1981). Further aspects on
the modulation of specific antibody response is
considered in this section. Specific antibodies
levels in sera from patients with acute schisto-
somiasis mansoni differred considerably from
those with chronic infection, but was unrelated
to the intensity of infection (Colley et al.,
1985). In addition, the SEA antigen used in our
study was not able to discriminate between sera
from individuals with or without hepato
splenomegaly by ELISA technique (Table I).
A significantly higher sero-reactivity in persons
with hepatosplenomegaly, however, has been
observed with other antigens (Mott & Dixon,
1982). Also, higher levels of lethal antibody
were detected in sera of hepatosplenic patients
as compared to those from hepatointestinal and
intestinal groups (Dusse, 1986). Western blot
analysis against SWAP antigens revealed that a
large number of antigens are recognized by sera
from S. mansoni infected patients and no clear
pattern was observed between individuals of the
same clinical group. Nevertheless in contrast to
intestinal and hepatointestinal groups most sera
of patients from the hepatosplenic group
recognized 66 and 14 kDa antigens (Corréa-
Oliveira, manuscript in preparation) suggesting
that the anti-soluble adult worm antigens
(SWAP) specificities changed during the
development of hepatosplenic disease.

The anti-schistosome antibodies were, further
analysed by studying their idiotypic expression
in regard to clinical groups. Two approaches
have been used on this study: 1) patients PBMN
cellular reactivity against potential idiotypes
expressed by antibodies against SEA as
previously described (Lima et al.,, 1986);
2) search for “cross-reactive” dominant
idiotypes in an idiotype/anti-idiotype competi-
tive ELISA assay. The anti-idiotypic sera were
prepared by immunizing rabbits with affinity
purified anti-SEA antibodies from pooled
patient sera. These rabbit anti-idiotypic sera
were made id-specific by multiple passages over
normal human Ig columns, until they reacted
only with patients anti-SEA antibodies and not
with normal human Ig (Montesano et al.,
manuscript in preparation).
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TABLE 1
ELISA against SEA by using sera of different clinical groups of Schistosoma mansoni infected patients
Patients 1 HI HS Amb C
Agg0 at 1:100 serum dilution
Children 290 %.134 (48) 252 138 (13) 269 £.156 (10) 100 % .049 (8)
Adults 296 124 (69) 250 £.072 (4) 235 121 (7) ' '

(I) As described in Gazzinelli et al. (1985); C =control.

TABLE II

PBMN proliferation upon exposure to anti-SEA idiotype obtatned from pooled sera of different clinical groups

PBMN from:
Anti-SEA*
preparations from: Intestinal Intestinal Hepato Hepato
(Adults) (Children) intestinal splenic

Intestinal (Adults) 8/9 4/4 4/5 2/3
Intestinal (Children) 0/9 0/4 0/5 0/3
Hepatointestinal 9/9 4/4 5/5 3/3
Hepatosplenic

Compensated 0/9 0/4 0/5 0/3

Decompensated 0/9 0/4 0/5 0/3
Acute 0/9 0/4 0/5 0/3
* Immunoaffinity purified anti-SEA from pooled sera.

Figures indicate no. of patients stimulated/tested.

Experimental conditions as described by Lima et al. (1986).

PBMN stimulation by anti-SEA idiotypes: Search  for  ‘cross-reactive” dominant
anti-SEA antibodies from pooled sera of acute idiotype: Many anti-SEA idiotypes, both

or from pooled sera of children with chronic
infection (intestinal) were not able to stimulate
PBMN from patients of any clinical group,
suggesting that the stimulatory idiotypes seen
in chronic adult sera, which do stimulate,
require a long time to develop. Most of the
PBMN responses tested, irrespective of the
clinical group, were strongly stimulated by
pooled anti-SEA idiotype prepared from
chronic intestinal or hepatointestinal. Two
preparations of anti-SEA idiotype from HS did
not stimulate any of the nine patient’s PBMN
tested (Table II). These preliminary results
indicate that dominant stimulatory idiotypes
were expressed on anti-SEA antibodies derived
from intestinal (I) and hepatointestinal (HI)
patient’s sera. Coincidently, a higher percen-
tage of individuals able to modulate their own
immune response belongs to these clinical
groups (Fig. 1) establishing a possible relation-
ship between id/anti-id interaction and im-
munoregulation in schistosomiasis patients.

stimulatory and non-stimulatory in the pro-
liferative assay and prepared from pooled sera
of defined clinical group of patients were tested
in the competitive ELISA system mentioned
above. The anti-idiotypic ELISA system was set
up as follows: the immunizing anti-SEA anti-
bodies from chronic adult patients (pooled
sera) were bound to the wells; and rabbit anti-
idiotypic antibodies, biotin-conjugated goat
anti-rabbit Ig, streptavidin conjugated peroxi-
dase and finally substrates added in this order
observing the required incubation time. This
anti-anti-id ELISA was then used as competi-
tive assay by adding various dilutions of the
competing idiotype preparations in combina-
tion with a fixed concentration of rabbit anti-
id against idiotypes from intestinal group
(Montesano et al., manuscript in preparation).
Addition of the original (immunizing) idiotype
preparation (AM1) competed with itself (Fig.
4), Preparations from HI (AM 7) and HS (AM8
and AM3) pooled sera also competed but to a



IMMUNE RESPONSE IN SCHISTOSOMIASIS

lesser extent. Idiotypes prepared from acute
(AM9) or chronically infected children (AM4)
did not compete at all. These data suggested
that during the intestinal and hepatointestinal
chronic phases there was a gradual change of
idiotypes expressed by the anti-SEA antibodies
leading to the development of stimulatory
cross- reactive idiotype which are apparently
not expressed in the hepatosplenic disease.
Suppression of B-cells that express cross-
reactive, regulatory idiotype without altering
the overall magnitude of the response has been
shown to be mediated by suppressor T cell in
several experimental systems (Bona & Paul,
1979; Dohi & Nisonoff, 1979; Hirai & Niso-
noff, 1980). In addition regulation of granulo-
matous inflammation around parasite eggs has

been reported in experimental schistosomiasis
(Olds & Kresina, 1985; Powell & Colley, 1987).
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Fig. 4: inhibition of idiotype (AMI1)/anti-idiotype
(anti-AM1) binding by: itself (AM1), AMS (anti-SEA
from intestinal patients), AM7 (anti-SEA from hepato-
intestinal patients), AM3 and AMS8 (anti-SEA from
hepatosplenic patients), AM4 (anti-SEA from chronic
infected children) and AM9 (anti-SEA from acute
patients). To anti-SEA (AM1) bound to ELISA plate
was added 100 u1 of a mixture of anti-AM1 (sera from
rabbit immunized against AM1 at 1:250 dilution) plus
the anti-SEA (AM) above specified at concentrations
indicated in the abcissa. Color was developed by the
system described in the text.

In conclusion, our current study suggests
that the expression of a certain stimulatory
cross-reactive idiotypes on anti-SEA antibodies
are correlated with the immunoregulation of
chronic human schistosomiasis, and the degree
or extention of this immuneregulation
phenomena is possibly an additional determining
factor in the development of hepatosplenic
disease.
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