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The objective of the present study was to test the hypothesis that treatment of schistosomiasis mansoni with
praziquantel can alter significantly the immune response of patients and generate a reversal of the level of
fibrosis. Peripheral blood mononuclear cell (PBMC) samples were collected from, and abdominal ultrasound
examinations conducted on, volunteers infected with Schistosoma mansoni and living in an area where the
disease is endemic, both prior to and one year after treatment with praziquantel. Subjects were classified into
groups according to the level of pathology (i.e., absent, incipient, moderate, or severe fibrosis). PBMCs were
stimulated with schistosome soluble egg antigens (SEA), and the levels of production of the cytokines gamma
interferon (IFN-�), tumor necrosis factor alpha, transforming growth factor �, and interleukin-4 (IL-4), IL-10,
and IL-13 were determined. The chemotherapy was effective in reducing morbidity, particularly for individuals
presenting with severe fibrosis. When levels of cytokine production in posttreatment PBMC cultures stimulated
by SEA were categorized as low or high, significant differences in the distribution of IL-13 levels between groups
presenting with or not presenting with fibrosis were established. Comparison of pre- and posttreatment
SEA-induced cytokine levels in individuals who had experienced no change in the grade of fibrosis following
chemotherapy revealed that the level of IFN-� decreased in subjects with fibrosis whereas that of IL-10
decreased in individuals with and without fibrosis. The data suggest that chemotherapy is effective in reducing
the morbidity of the disease and that the level of IL-13 may be a useful indicator of the persistence of fibrosis
following treatment.

Schistosomiasis mansoni has a wide geographical distribu-
tion in Africa, South America, and the Caribbean. The severity
of the disease results from fibrosis caused by granulomatous
reactions around the eggs of Schistosoma mansoni that are
trapped in the small vessels of the liver (10, 46). Within areas
where the disease is highly endemic, most of the infected
subjects control the infection with only minor pathological
manifestations. However, in a small percentage of infected
individuals, extended periportal fibrosis leads to portal hyper-
tension, varices or ascites, the incidence of which has been
found to correlate with the age and gender of the subject and
the intensity of infection (2, 5, 7).

The formation of granuloma in the proximity of schistosome
eggs is mediated by T lymphocytes (47), and several studies
have furnished insights into the cytokine cascade that controls
the development of these lesions (7, 10, 45). We have recently
evaluated the levels of production of the cytokines gamma
interferon (IFN-�), tumor necrosis factor alpha (TNF-�) and
TGF-�, and interleukin-4 (IL-4), IL-10, and IL-13 following in
vitro stimulation with soluble egg antigens (SEA) or soluble
adult worm antigens of peripheral blood mononuclear cells
(PBMC) from individuals of different ages and sexes and with

various intensities of infection and degrees of fibrosis (2). Only
IL-13 was strongly associated with fibrosis, while high levels of
TGF-� appeared to be related to protection against fibrosis,
even though the strength of this association was low.

Chemotherapy with the pyrazinoisoquinoline praziquantel
has been demonstrated to be effective in decreasing morbidity
in schistosomiasis (19) and is currently the most widely ac-
cepted method for the control of the disease. The drug is safe
and has a high efficacy against both trematodes and cestodes
(9, 11). Furthermore, there is evidence that treatment with
praziquantel induces a change in the immune response that
provides partial protection against schistosome infection, thus
providing benefits that may extend beyond a transient reduc-
tion in levels of infection (21, 40, 42). Additionally, although
the cumulative fibrosis that occurs during infection is mostly
irreversible, periportal fibrosis regresses following eradication
of the infection by chemotherapy (16, 44, 48).

The objective of the present study was to test the hypothesis
that treatment of schistosomiasis with praziquantel can alter
significantly the immune response of patients and generate a
reversal of the level of Symmers’ fibrosis. The direct evaluation
of the intensity of hepatic fibrosis in large cohorts may be
carried out by abdominal ultrasound examination, a technique
that is noninvasive, safe, reliable, and relatively inexpensive.
Moreover, there are several criteria available for grading the
severity of the disease based on the determination of liver and
spleen parameters (1, 12, 32, 34, 36). In the present study we
evaluated the morbidity (by ultrasound analysis) and the cel-
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Imunologia, Universidade Vale do Rio Doce (UNIVALE), Rua Israel
Pinheiro, 2000, Universitário, Governador Valadares, MG 35020-220,
Brazil. Phone: 553332795542. Fax: 553332795542. E-mail: alda@univale.br.

� Published ahead of print on 2 June 2008.

2780



lular immune response of schistosomiasis patients before and
one year after treatment with praziquantel. (Part of the data
was presented at the 13th International Congress of Immunol-
ogy, 21 to 25 August 2007, Rio de Janeiro, Brazil.)

MATERIALS AND METHODS

The protocols involving human subjects were approved by the Ethical Com-
mittees of the Centro de Pesquisas René Rachou, Fiocruz, and Universidade
Vale do Rio Doce, and the project was conducted in full accordance with all
accepted guidelines. Volunteers were enrolled into the study only after informed
consent had been obtained from each individual or legal guardian.

Study area and population. The study was conducted in the village of Virgem
das Graças, which is located in the Jequitinhonha Valley in northeastern Minas
Gerais, Brazil. The unique characteristics of this region, in which schistosomiasis
is highly endemic, have been described previously (2). A total of 91 individuals
presenting infection with S. mansoni agreed to undergo clinical and ultrasound
examinations and to donate a sample of blood prior to, and one year after,
receiving chemotherapy. Following an initial examination, all subjects were
treated with praziquantel at the standard dose of 50 mg/kg body weight. Fecal
examinations were repeated 2 months after the initial medication, and individ-
uals who remained positive for schistosomiasis received further treatment with
praziquantel.

Exposure risk. Using a combination of direct observations and household
surveys, information on the exposure risk of participants was collected in the
form of data for three exposure parameters, namely, frequency, duration, and
intensity of contact with water in which Biomphalaria glabrata had been found
(i.e., streams, canals, ponds, and unprotected springs) (31). The values of these
exposure parameters were used to calculate a water exposure index (in total body
minutes) as described by Gazzinelli et al. (20).

Parasitological examinations. Infection with S. mansoni was established from
the presence of eggs in fecal samples, obtained from subjects prior to and one
year after chemotherapy, as determined by the Kato-Katz stool method (27).

Preparation of antigens. Eggs of S mansoni were isolated from the livers of
mice that had been exposed to cercaria 8 weeks previously and were ground in
cold phosphate-buffered saline (PBS). The resulting homogenate was ultracen-
trifuged at 100,000 � g for 1 h at 4°C, and the clear supernatant fluid containing
the SEA was stored at �70°C until required for use (8). Adult S. mansoni worms
(males and females) were suspended in ice-cold PBS and sonicated over ice twice
for 10 min each time.

Clinical examinations. Clinical and ultrasound examinations of the 91 volun-
teers prior to and one year after the administration of chemotherapy with
praziquantel were performed by different physicians. In each case, the physician
who performed the ultrasound examination was not aware of the infection status
of the subject or of the results of the clinical examination. It is important to
mention that all measurements performed using ultrasound, both before and
after treatment, were made by the same expert to avoid the potential for the
introduction of inaccuracies from the use of different standards of assessment by
different persons in performing the examinations. Liver size, portal vein diame-
ter, thickness of the walls of the central portal branches, spleen size, and splenic
and mesenteric vein diameters were assessed using a conventional portable
diagnostic ultrasound instrument (model EUB-200; Hitachi, Tokyo, Japan). He-
patic fibrosis was evaluated by assessing the central and peripheral echogenic
periportal thickness of the liver portal system according to the classification
system of Abdel-Wahab et al. (1) and Magalhães et al. (34) with some modifi-
cations. Individuals assessed as belonging to group 0 did not present with any
clinical or ultrasound evidence of hepatic fibrosis or other alterations in the liver
or spleen (periportal thickness � 3 mm [grade 0]). Group 1 individuals presented
with incipient periportal fibrosis (periportal thickness of �3 to �5 mm [grade
1]). Group 2 individuals presented with moderate fibrosis (periportal thickness of
�5 to �7 mm [grade 2]). Group 3 individuals presented with severe fibrosis
(periportal thickness � 7 mm [grade 3]).

Preparation and stimulation of cultures of PBMC. Human PBMC were pu-
rified from heparinized venous blood samples by sedimentation at 400 � g for 45
min at 18°C in a density gradient using Ficoll-Hypaque separation (LMS Litton
Biometries, Kensington, MD). After separation, the cells were washed in RPMI
1640 and cultivated in the same medium supplemented with 5% AB Rh-positive
heat-inactivated human serum (Sigma, St. Louis, MO) containing 3% antibiotic–
antimycotic solution (Gibco-BRL, Grand Island, NY) (the stock mix contained
10,000 U of penicillin, 10 mg of streptomycin, and 25 	g of amphotericin B
[Fungizone] per ml) in the presence of soluble antigen at a final concentration of
25 	g/ml. PBMC were incubated for 144 h at 37°C in an atmosphere containing

5% carbon dioxide, after which the supernatant was collected, immediately
frozen, and stored at �70°C until required for cytokine assay.

Determination of cytokine concentrations. The concentrations of human cy-
tokines were determined with the aid of enzyme-linked immunosorbent assay-
based kits (Pharmingen, San Diego, CA) used according to the manufacturer’s
instructions. Briefly, for each cytokine, flat-bottomed plates (Immunolon 4; Dy-
nateeh, Chantilly, VA) were coated overnight at 4°C with the appropriate anti-
body diluted in carbonate-bicarbonate coating buffer (pH 9.5). Coated plates
were washed with PBS (pH 7.2) containing 0.05% Tween 20 (Sigma) (the same
solution was used for rinsing in all subsequent washes) and blocked with 10%
fetal calf serum–PBS for 1 h at room temperature. Samples or standards were
then added to the wells, and the plates were incubated overnight at 4°C, washed,
and incubated for 1 h in the presence of horseradish peroxidase-conjugated
anti-human cytokine antibodies. Finally, 50 	l of a substrate–o-phenylenedi-
amine (Sigma) solution containing 0.03% hydrogen peroxidase was added to
each well and the optical density of the reaction mixture determined at 450 nm
using an automated enzyme-linked immunosorbent assay reader (Molecular
Devices, Sunnyvale, CA). Concentrations of cytokines (in picograms per millili-
ter) in the samples were determined by interpolation from a standard calibration
curve set up for each plate using appropriate amounts of recombinant human
cytokines.

Data analyses. The data set was organized using EpiInfo (Centers for Disease
Control and Prevention, Atlanta, GA) software version 6.04d, and statistical
analyses were performed with the aid of SPSS Inc. (Chicago, IL) software version
11.5. Chi-square (
2) and nonparametric (Kruskal-Wallis and Mann-Whitney)
tests with univariate analyses were employed for categorical and continuous
variables, respectively. The differences in cytokine levels in groups of patients
presenting and not presenting with fibrosis, prior to and one year after treatment,
were determined using the Wilcoxon signed-rank test.

RESULTS

Study population. The 91 individuals included in the study
comprised 48 (52.8%) females and 43 (47.2%) males, with ages
in the range of 14 to 85 years (mean, 50.2 � 17.4 years; median,
53 years).

Pre- and posttreatment ultrasound analyses. One year after
treatment, a statistically significant reduction of the mean val-
ues for longitudinal and anteroposterior measurements of liver
(left and right lobes) as well as of diameters of portal and
splenic veins was observed. In contrast, the spleen measure-
ments were augmented significantly (Table 1). In addition, a

TABLE 1. Ultrasound measurements for 91 patients before and one
year after specific chemotherapy, Virgem das Graças, Brazil

Ultrasound parametera Value before
treatment

Value 1 yr
after

treatment
P valueb

No. of subjects 91 91

Liver right lobe
Lon (cm) 10.35 � 2.06 9.65 � 1.23 0.0023
AP (cm) 9.51 � 1.90 6.82 � 0.99 �0.0001

Liver left lobe
Lon (cm) 8.09 � 1.96 7.28 � 1.08 �0.0001
AP (cm) 6.29 � 1.63 5.52 � 0.93 0.0002

Portal vein (diam in cm) 1.08 � 0.21 0.98 � 0.16 0.0027

Splenic vein (diam in cm) 0.72 � 0.16 0.67 � 0.10 0.0259

Spleen
Lon (cm) 8.09 � 1.63 8.66 � 1.57 0.0055
AP (cm) 4.71 � 1.71 5.34 � 0.81 0.0054

a Lon, longitudinal measurement; AP, anteroposterior measurement.
b Significance levels based on Mann-Whitney test results.

VOL. 52, 2008 CYTOKINE PRODUCTION AND MORBIDITY IN SCHISTOSOMIASIS 2781



total reversion of severe morbidity and a considerable reduc-
tion in moderate fibrosis were observed one year after treat-
ment; hence, the numbers of individuals with nondetectable
fibrosis and those with incipient fibrosis increased (Fig. 1). The
changes in the levels of fibrosis may be summarized as follows:
of the 7 patients with grade 3 fibrosis, 1 reverted to grade 0, 1
to grade 2, and 5 to grade 1; of the 15 individuals with grade 2
fibrosis, 7 reverted to grade 0, 6 reverted to grade 1, and 2 did
not show any change; of the 22 volunteers with grade 1 fibrosis,
6 reverted to group 0, 15 did not show any change, and 1
moved to grade 2; and of the 47 subjects with grade 0 fibrosis,
44 did not show any change and 3 moved to grade 1. Thus, one
year after treatment with praziquantel, 26 (29%) individuals
reverted to a lower degree of fibrosis, 4 (4%) experienced an
increase in fibrosis, and 61 (67%) did not experience any
change. Interestingly, the proportion of individuals with pa-
thology (grade 2 or 3) decreased from 24% prior to treatment
to 4% after treatment (P � 0.001).

Table 2 shows the pretreatment profiles of individuals who
reverted to a lower degree of periportal fibrosis one year after
treatment and of those who did not so revert. Most (15/17) of
the individuals in the nonreverting group initially exhibited
grade 1 fibrosis, while those in the reverting group (20/26)
presented fibroses classified as grade 2 or 3 (P � 0.001). The
mean age of individuals who had reverted was higher than that
of individuals who had remained at the same grade of fibrosis
after treatment (P � 0.010). Additionally, the group of indi-
viduals who had not reverted presented with a higher intensity
of infection than the reverting group (P � 0.037). Although the
prevalences of infection in both groups did not differ in rela-
tion to gender, the intensity of infection in females in the
reverting group was 13 times lower than in males, while in the
nonreverting group, females presented with an intensity of
infection 4 times higher than that seen with males.

Posttreatment demographic and infection data. Information
concerning patient characteristics such as age, gender, water
contact time (in total body minutes), level of infection, and the
presence or absence of other parasitic diseases distributed
according to the degree of hepatic fibrosis (classified into three
groups determined by posttreatment ultrasound measure-
ments) that was collected one year after treatment is provided
in Table 3. There were no statistically significant differences
between the three groups with respect to any of the measured
parameters. A total of 28 individuals (31%) exhibited coinfec-
tion by various parasites, including Ascaris lumbricoides, Ancy-

lostoma duodenale, Trichuris trichiura, Enterobius vermicularis,
and species of Taenia. Nine (9.9%) participants remained pos-
itive for the presence of eggs of S. mansoni, and their infection
levels ranged from 4 to 184 eggs/g of feces.

Levels of cytokines produced following stimulation of
PBMC with SEA. The levels of the cytokines IFN-�, IL-10,
IL-4, TGF-�, TNF-�, and IL-13 were determined in superna-
tants collected from SEA-stimulated cultures of posttreatment
PBMC samples obtained from all members of the study pop-
ulation. When distributed according to the degree of hepatic
fibrosis (classified into three groups as determined by post-
treatment ultrasound measurements), no statistically signifi-
cant differences in levels of cytokines could be detected. How-
ever, when the levels of these cytokines were categorized as
low or high (on the basis of the median value of each cytokine
titer for 91 patients) for individuals not presenting (group 0) or
presenting (groups 1 and 2) with fibrosis, the proportion of
subjects with a high level of IL-13 was significantly larger in the
latter two groups (Table 4). Further analysis was performed by
comparing the cytokine levels induced by SEA prior to and one
year after treatment of the 61 individuals that had experienced
no change in the grade of fibrosis following chemotherapy. Of
this set, one group of 44 individuals remained without fibrosis,
while a second group of 17 subjects continued to exhibit fibro-
sis (15 with incipient fibrosis and 2 with moderate fibrosis).
Figure 2 displays the results of cytokine assays obtained before
and one year after treatment for these two groups of patients.
It may be observed that IL-10 levels decreased in both groups
following treatment, with a significance level of P � 0.002 for
the group with fibrosis and of P � 0.001 for the group without
fibrosis. In contrast, IFN-� levels decreased only in the group
with fibrosis (P � 0.019).

DISCUSSION

The objective of the study was to test the hypothesis that
chemotherapy for treatment of schistosomiasis decreases the
level of fibrosis and alters the cytokine pattern of patients
living in areas in which the disease is endemic. Chemotherapy
with praziquantel was highly efficient in eliminating the infec-
tion in the study population, as has been previously reported

FIG. 1. Percentages of the 91 individuals with Schistosoma mansoni
infection distributed according to the degree of periportal fibrosis prior
to and one year after chemotherapy.

TABLE 2. Profiles of individuals not reverting to periportal fibrosis
and of those reverting to a nondetectable or lower

level of periportal fibrosis

Parameter Reverting
subjects

Nonreverting
subjects P valuea

Total no. of subjects 26 17
Mean age � SD 57 � 13 43 � 17 0.010
Mean eggb count � SD 40 � 89 213 � 345 0.037
Prevalence of infection 42% 65% 0.151
No. (%) of females 10 (38) 9 (53) 0.350
No. (%) of males 16 (62) 8 (47)
Mean eggb count

(females) � SD
5 � 9 322 � 450 0.057

Mean eggb count
(males) � SD

63 � 109 90 � 88 0.452

a Significance levels based on 
2 test (categorical variables) or Mann-Whitney
tests (continuous variables). The minimum accepted significance level was P �
0.05.

b S. mansoni eggs.
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(2), and only 9 of the 91 patients remained positive for the
presence of eggs one year after treatment, with infection levels
ranging from 4 to 184 eggs/g of feces. Although the patients
had also been treated with albendazol (400 mg), 28 (31%) were
still infected with one or more additional parasites. This vari-
ation in treatment efficacy has also been previously reported
(25, 26, 29).

Measurements of several ultrasound parameters, such as
liver size and vein size, were found to have been reduced one
year after treatment. However, this span of time was not suf-
ficient to reduce the spleen size. These results tend to confirm
that the chemotherapy favors involution of liver fibrosis (12,
34). In addition, our study confirmed that a decrease in worm
burden favors the reversal of liver fibrosis. A total of 26 sub-
jects reverted to a lower or nondetectable level of periportal
fibrosis, while 17 individuals showed no regression of fibrosis
and remained with the same grade of fibrosis. Most (20/26) of
the individuals who reverted had presented with moderate to
severe fibrosis, while 15 out of the 17 patients who had grade
1 (incipient) fibrosis did not revert. Although the reasons for
nonreversion are not yet clear, several possibilities may be
suggested, including (i) genetic differences in the individuals,
(ii) inability of an individual to develop adequate posttreat-
ment immune mechanisms in order to control fibrosis, and (iii)
the difficulty in distinguishing, by ultrasound examination,
healthy patients and patients presenting a small amount of
echogenic thickening of the portal veins (group 0) from those
in group 1. However, it is important to mention that in our

TABLE 3. Demographic data, parasite infection data, and durations of water contact time of S. mansoni-infected patients with different
degrees of hepatic fibrosis determined one year after treatment with praziquantel

Parameter
Severity of fibrosis

P valuea

Group 0 (absent) Group 1 (incipient) Group 2 (moderate)

No. (%) of subjects 58 (63.7%) 29 (31.9%) 4 (4.4%)

Age (yr)
Range 15–85 14–85 54–63
Mean � SD 50.4 � 18.1 48.5 � 17.2 59.0 � 4.2
Median 52.5 51 59.5 0.405

Gender
No. (%) of females 34 (59%) 12 (41%) 2 (50%) 0.314
No. (%) of males 24 (41%) 17 (59%) 2 (50%)

Eggb counts (no. of eggs/g of feces)
Range 0–184 0–12 0
Mean � SD 7.7 � 30.9 0.4 � 2.2 0 � 0
Median 0 0 0 0.241

Eggb distribution
No. (%) of negative results 50 (86%) 28 (97%) 4 (100%) 0.249
No. (%) of positive results 8 (14%) 1 (3%) 0 (0%)

Other parasitic infectionsc

No. (%) of negative results 38 (65%) 22 (76%) 3 (75) 0.596
No. (%) of positive results 20 (35%) 7 (24%) 1 (25)

Water contact TBMd in no. of total
body min (no. of subjects)

153 (57) 154 (29) 138 (4) 0.917

a Significance levels based on 
2 test (categorical variables) or Kruskal-Wallis tests (continuous variables). The minimum accepted significance level was P � 0.05.
b S. mansoni eggs.
c Infections of Ascaris lumbricoides, Ancylostoma duodenale, Trichuris trichiura, Enterobius vermicularis, and species of Taenia.
d TBM, total body minutes.

TABLE 4. Percentages of individuals with low or high cytokine
levels produced by SEA-stimulated cultures of PBMC derived
from subjects not presenting (group 0) and presenting (groups

1 and 2) with fibrosis as determined one year
after treatment with praziquantela

Cytokine Level

No. or % of subjects with indicated
severity of fibrosis

P valueb

Group 0 Groups 1
and 2

n % n %

IFN-� Low 26 44.8 20 60.6 0.148
High 32 55.2 13 39.4

IL-10 Low 31 53.4 15 45.5 0.463
High 27 46.6 18 54.5

IL-4 Low 33 56.9 13 39.4 0.108
High 25 43.1 20 60.6

TGF-� Low 22 56.4 8 40.0 0.233
High 17 43.6 12 60.0

TNF-� Low 31 53.4 15 45.5 0.463
High 27 46.6 18 54.5

IL-13 Low 29 59.2 10 34.5 0.035
High 20 40.8 19 65.5

a Cytokine levels were categorized as low or high according to the median
value (experimental value � control value) of the cytokine titer (IFN-� � 0.133,
TNF-� � 0.106, IL-4 � 0.016, IL-13 � 0.122, IL-10 � 0.024, and TGF-� � 0.013)
and compared between groups of subjects presenting without (group 0) and with
(groups 1 and 2) fibrosis one year after treatment.

b Significance levels based on 
2 test (categorical variables). The minimum
accepted significance level was P � 0.05.
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study there was a clear distinction that distinguished grades 0
and 1 from grades 2 and 3. In addition, the lack of a charac-
teristic pattern of fibrosis reversal emphasizes the need for
further in-depth analyses of the factors involved. The lack of
complete reversion following chemotherapy has already been
described in reports of human studies (12, 23, 33) and mouse
studies (3, 4). Comparison of old and young patients with
respect to the time factor related to fibrosis regression among
the treated cases was not considered, because in our study only
4.4% of subjects were less than 20 years of age.

It is interesting that treatment with praziquantel showed
greater efficacy for individuals presenting with forms of fibrosis
of greater severity. Thus, all seven patients with grade 3 fibrosis
experienced reversion, and only a few (4/15 [27%]) subjects
with grade 2 fibrosis remained with the same grade. On the
other hand, liver morbidity increased in some (4%) individuals
presenting with low grades of fibrosis in spite of praziquantel
administration, a result that had been observed previously (6,
16). Although there is no obvious explanation for the observed
increase in fibrosis, there is no reason to believe that the
treatment itself could have been responsible. Clearly, further
studies are necessary in order to identify individuals who are at
particular risk of hepatoesplenic complications even when re-
ceiving praziquantel therapy.

There were no clear differences in the levels of production of
the cytokines IFN-�, IL-10, IL-4, IL-13, TGF-�, and TNF-�
determined one year after chemotherapy among subjects cat-
egorized according to posttreatment degree of fibrosis. How-
ever, when patients within each group were separated into
groups of low- and high-level cytokine producers, those sub-
jects who presented with fibrosis and those who had not could
be clearly classified according to the median value of each set
of cytokine titers. Moreover, it was observed that a significantly
larger group of individuals with elevated IL-13 levels belonged
to the fibrosis group (P � 0.035), suggesting that a high level of

this cytokine may be an indicator of persistency of fibrosis
following treatment and/or of fibrosis development in cases of
human and experimental schistosomiasis (2, 17, 24, 28, 41).

In the present study, comparison of cytokine production
levels before and after chemotherapy revealed a significant
posttreatment decrease in levels of IFN-� in the group with
fibrosis. The association between low IFN-� production and
the development of fibrosis must be analyzed in the light of a
large body of evidence indicating that IFN-� is the most active
antifibrogenic cytokine in experimental granulomas induced by
schistosome eggs and in many injury-induced hepatic fibroses
(13, 14, 22). In addition, the observation that IFN-� levels are
inversely related to the intensity of infection prior to treatment
(r � �0.387; P � 0.001) suggests that high infection levels may
contribute to periportal fibrosis by downmodulating IFN-�.
The key role of IFN-� in periportal fibrosis is also implied by
the existence of a major susceptibility locus for periportal fi-
brosis that is closely linked to IFNGR1, the gene that encodes
the �-chain of the IFN-� receptor (15), and the demonstration
that cases of severe portal fibrosis are associated with low
levels of IFN-� (22). It is likely, therefore, that proinflamma-
tory activity involving IFN-� secretion is an important factor in
human schistosomiasis. The fact that we observed a decrease in
posttreatment IFN-� secretion in groups with fibrosis indicates
either that the mechanism regulating this cytokine is active or
that the effectiveness of the treatment in eliminating the par-
asite and, consequently, egg deposition is sufficient to alter the
immune response.

Among the cytokines involved in the regulation of T-cell
responses in cases of human schistosomiasis, IL-10 undoubt-
edly plays a key role (30, 35, 38). In the present study, we
observed a negative correlation between the presence of IL-10
and that of fibrosis prior to treatment (r � �0.249; P � 0.017)
and a posttreatment decrease in IL-10 production in groups
with and without fibrosis. Previous research involving subjects

FIG. 2. Levels of IFN-� and IL-10 in SEA-stimulated PBMC supernatants from groups of individuals not presenting with or presenting with
fibrosis, as determined before and one year after treatment with praziquantel. Since these data were not normally distributed, the analyses of
significant differences were performed using the Wilcoxon signed-rank test (the minimum accepted significance level was P � 0.05).
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with chronic schistosomiasis had suggested that the levels of
IL-10 secretion are dependent on the intensity of infection, as
determined by the number of eggs in the stool (43). The pos-
itive correlation between the level of IL-10 and the intensity of
infection before treatment (r � 0.317; P � 0.002) reported
here supports this hypothesis.

Previous studies of patients with acute and chronic schisto-
somiasis have suggested that IFN-� and IL-10 cross-regulate
each other (38, 43) and that the presence of IL-10 in patients
with acute infections or with hepatosplenomegaly is beneficial.
We observed an inverse correlation between these two cyto-
kines (r � �0.249; P � 0.017) that changed after treatment
(r � 0.451; P � 0.001). This finding suggests that chemother-
apy affected the influence of IL-10 on IFN-� either as a con-
sequence of the elimination of parasite eggs or through the
induction of a burst of formation of new antigens by dead
and/or damaged parasites.

The fact that no association between the cytokines TGF-�,
IL-4, and TNF-� and periportal fibrosis was detected does not
mean that such an association could not be found under other
conditions. The data presented here could be a reflection of
the analytical power, limited by sample size, employed to de-
tect these interactions. Other groups, for example, have found
high levels of TNF-� associated with an elevated risk of peri-
portal fibrosis (22), and Moukoko et al. (39) suggested that
TNF-� polymorphism might play an important role in the
progression from mild to severe periportal fibrosis. Moreover,
in cases of experimental schistosomiasis, TGF-� levels have
been shown to be associated with the progression of fibrosis
(18) and in the regulation of granuloma after treatment and
reinfection (37). Additionally, TGF-� levels have been found
to be associated with protection against fibrosis in cases of
human schistosomiasis (2).

In conclusion, the data presented here suggest that chemo-
therapy is effective in reducing morbidity in schistosomiasis
patients with fibrosis of greater severity and that the level of
IL-13 may be a useful indicator of the persistence of fibrosis
following treatment with praziquantel.
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