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Abstract Cytokines play an important role in the immu-
nological pathogenesis of schistosomiasis. Schistosomiasis
would be associated with an imbalance in inflammatory
cytokines that leads to a decrease of T helper (Th) 1 and an
increase of Th2 cytokine secretion. Corresponding data so
far have been inconsistent, so we performed a meta-analysis
to assess whether cytokine alterations were risk factors for
schistosomiasis progression. We searched MEDLINE,
EMBASE, and CNKI databases for literatures including
abstracts, reviews, and reference lists. Our studies included
assessment of cytokine concentrations in vivo plasma or
serum and secretion of cytokines in vitro by peripheral
blood leukocytes from schistosomiasis patients or infected
individuals with schistosome. The prototypic Th1 and Th2
cytokines IFN-γ and interleukin (IL)-4 were assessed as
well as IL-13 and tumor necrosis factor-alpha (TNF-α). The
results implied that an increase occurs in TNF-α and IL-4
with schistosomiasis progression.

Introduction

Schistosomiasis continued to be one of the major public
health problems affecting millions of people living in
tropical and subtropical regions. Over 200 million people
were infected with these parasites worldwide. According to

a national epidemiological sampling survey, the average
prevalence was 2.5% in all surveyed endemic areas (Zhou
et al. 2007). To treat the schistosomiasis with repeated
praziquantel might probably lead to resistance of schistosome
against praziquantel. So far, no genuine effective vaccines
were obtained, and it was urgent to get more knowledge
about the immune evasion mechanism of schistosome to
advance the vaccine development for schistosoma infection
or schistosomiasis. Most cytokines were involved in the
regulation of inflammatory and immunologic responses in
pathologic and physiologic conditions in schistosomiasis
(van Die et al. 2010).

Cytokines are a large number of proteins in which most
exert overlapping and pleiotropic effects through interaction
with specific receptors expressed on different target cells.
Cytokine receptors also exist in soluble forms, such as the
soluble tumor necrosis factor receptors (sTNFRs). sTNFR-II
and soluble intracellular adhesive molecule I are associate
with schistosomiasis progression (Ellis et al. 2008). The
cytokine network plays an important role in coordinate
responses of cells of the innate system. The interferon-gamma
(IFN-γ) and tumor necrosis factor-alpha (TNF-α) were
considered pro-inflammatory to augment the immune response
to infection by promoting leukocyte recruitment to inflamma-
tory site or by activating inflammatory cells. Interleukin (IL)-4
is an anti-inflammatory cytokine that contributes to dampen the
inflammatory and immune response.

The CD4+ T helper (Th) cells used to have different
identification of Th1 and Th2. The Th1 cells produce IFN-
γ and IL-4 was a Th2 prototypic cytokine. IL-13 was
produced by Th2 lymphocytes also and promoted Th2
responses. It was effective to induce chemokines, especially
CC chemokine receptor-3 (CCR3)-acting chemokines in-
cluding eotaxin and eotaxin-2. CCR3-acting chemokines
themselves may promote the migration of Th2 lymphocytes
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which produce IL-13.(Rothenberg et al. 2003) Schistoso-
miasis might be associated with an imbalance in Th1/Th2
cytokine, with a shift toward the Th2 system (Acosta et al.
2002). Some studies about cytokine alteration such as IFN-
γ showed a different trend (Aly et al. 2010); due to lack of
consistency of results, this meta-analysis aims to verify
whether the different cytokine imbalances were substanti-
ated by evidence.

Material and methods

Identification of eligible studies and data extraction

A search of computerized literature databases (Pubmed,
EMBASE, and CNKI) was conducted with the following
keywords: “schistosomiasis,” “cytokine,” “interleukin,” “in-
terferon,” “IFN-γ,” “Il-4,” “IL-13,” and “TNF-α.” No
language restrictions were applied. A study was included in
the analysis if (1) it was published up to May 2011, (2) it was
not related to a previous publication, and (3) studies that
assessed in vivo plasma or serum cytokine concentrations or
in vitro secretion of cytokines by peripheral blood leukocytes
from schistosomiasis patients stimulated by soluble egg
antigen (SEA) or soluble adult worm antigen preparation
(SWAP). For the same group, use the same stimulation.

Some research data showed the detectable number of people
inside the study group when comparing with the control group.
Others gave the detected indicator numerical value or graphs
for different groups. Both reaction number of people and the
change of the numerical value are also vital for the correlation
of the cytokine and the disease. So, we saved the dichotomous
data for cytokines IFN-γ, IL-4, and IL-13 using the detectable
number of participants and total number for experimental and
control group. At the same time, the continuous data for TNF-
α focusing on mean, standard deviation, and number of
people for different groups were kept. We excluded studies if
(1) studies used animal models (e.g., mice, rats, rabbits, or
pigs), (2) studies assessed cytokine genes or immune markers,
and (3) studies had no control group.

Statistical analysis

The detectable numbers of the IFN-γ, IL-4, and IL-13 from
the respective studies were drawn out of the data. Odds
ratio (OR) was used as the point estimates of risk; it was
calculated along with 95% confidence intervals (CI) for
each study. Heterogeneity across studies was assessed
through I2 statistic. The OR was obtained by using
Mantel–Haenszel method for IFN-γ (I2=76%, P=0.002),
IL-4 (I2=73%, P=0.001), and IL-13 (I2=69%, P=0.02)
using the random effect model. All analyses with IFN-γ,
IL-4, or IL-13 were carried out in respect to the detectable
participants’ number of cytokines.

We extracted data (n, mean, and SD) with cytokine
TNF-α, and the inverse variance methods can be used to
pool all mean differences (MD) and standardized mean
differences for continuous data. Two reviewers indepen-
dently extracted all the data to avoid potential mistakes. If
there are discrepancies, discussions are done to reach a
consensus. All comparisons were analyzed with Review
Manager 5.

Results

A total of 491 studies were identified; of those, 478 studies
were rejected for the following reasons: (1) animal model,
e.g., mice, rat, >281studies; (2) methodology, e.g., also
having other diseases, assessing genes or markers, >150
studies; and (3) the data of interleukin could not be
ascertained or incomplete, 47 studies. In total, 13 studies
met our research criteria and were available for meta-
analysis. The total sample size of 1,080 subjects was
categorized as 598 and 482 subjects in the experimental and
control group, respectively. On the basis of 13 studies
included in the analysis, the ORs of three cytokines
including the prototypic Th1 and Th2 cytokines IFN-γ
and IL-4 were estimated as well as the following inflam-
matory cytokine IL-13. Differently, the MD of TNF-α was
analyzed also.

Table 1 A summary of the
meta-analysis of five studies of
IFN-γ

Study or subgroup Case group Control group Odds ratio

Events Total Events Total Weight (%) M-H, random, 95% CI

Milner et al. 2010 41 126 28 101 23.2 1.26 [0.71, 2.23]

Oliveira et al. 2006 23 43 22 47 20.3 1.31 [0.57, 2.99]

Shen et al. 2000 5 44 20 49 17.3 0.19 [0.06, 0.55]

Violaine et al. 2008 48 62 49 58 19.2 0.63 [0.25, 1.59]

Wu et al. 1998 9 64 25 65 19.9 0.26 [0.11, 0.62]

Total (95% CI) 339 320 100.0 0.58 [0.27, 1.25]
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Finally, to evaluate IFN-γ with schistosomiasis, five
relevant papers were selected and included in this
research. Many more data were rejected because the
studies used animal models. Table 1 and Fig. 1a indicate
that there was a decreasing trend of IFN-γ in schistoso-
miasis. However, this was not statistically significant
according to the remaining data (pooled OR=0.58, 95%
CI=0.27–1.25, P>0.10). The results will be more accurate
if more data are available. For the same reasons, 82 studies
were rejected from the total 86 studies of IL-13. Table 2
and Fig. 1c show that there was no obvious correlation
between IL-13 with schistosomiasis (pooled OR=0.96,
95% CI=0.28–3.24).

There were remaining seven studies from IL-4 studies
data. Table 3 and Fig. 1b suggest that there was a statistical
difference on the association between the increasing of IL-4

with schistosomiasis (pooled OR=2.06, 95% CI=0.95–
4.47, P<0.10). A total of eight studies were selected at first
to evaluate TNF-α. Then, three studies were excluded from
the analysis because of incomplete data. When comparing
the remaining five studies, we found an association of the
increasing of TNF-α with schistosomiasis, as showed in
Table 4 and Fig. 2d (MD=5.03, 95% CI=2.59–7.47).

When we performed the analysis excluding the data
on the cytokines with hepatic fibrosis in human schisto-
soma infection, we found out that the exclusion affects
the correlation with cytokine alteration with the schisto-
somiasis that contained several subjects. The analyses
lost a lot of power due to the exclusion, and as a result,
the sample size was small. Nevertheless, the result of the
meta-analysis also showed the trend of the cytokines’
influence with schistosomiasis.

Fig. 1 A graphic representation
of the meta-analysis using
detectable numbers and group
numbers. The meta-analysis was
performed under a random
model (IFN-γ, IL-4, and IL-13).
a, b, and c represent cytokine
IFN-γ, IL-4, and IL-13,
respectively

Table 2 A summary of the
meta-analysis of four studies of
IL-13

Study or subgroup Case group Control group Odds ratio

Events Total Events Total Weight (%) M-H, random, 95% CI

Milner et al. 2010 115 126 98 101 26.4 0.32 [0.09, 1.18]

Oliveira et al. 2006 22 44 17 47 32.1 1.76 [0.76, 4.08]

Ferrari et al. 2006 7 15 1 10 16.1 7.88 [0.79, 78.67]

Violaine et al. 2008 54 62 55 58 25.5 0.37 [0.09, 1.46]

Total (95% CI) 247 216 100.0 0.96 [0.28, 3.24]
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Discussion

Some experimental studies in mice model indicated that
schistosome egg-induced granuloma formation and hepat-
ic fibrosis depend markedly on cytokine regulation (de
Morais et al. 2010; Liang et al. 2011; Shen et al. 2010).
However, there was no clear consensus about the pattern of
cytokine production and the adjustment net. Sometimes,
chronic patients developed severe hepatosplenic disease
with periportal fibrosis and portal hypertension. In the
early stages of infection, the hepatic fibrosis (HS)
progression was associated with type 2 cytokines (Mutapi
et al. 2010).

Some studies indicated that HS disease was charac-
terized by a predominant T helper 1 profile (Hau et al.
2000). De Morais performed one research which showed
that after SWAP stimulation, chronic patients, particularly
hepatointestinals, produced higher levels of IL-4 in
comparison with acute patients, suggesting the presence
of a type 2 cytokine profile in these patients. Following
SEA and SWAP stimulation, HS patients showed in-
creased levels of IFN-gamma when compared with acute
patients, indicating that HS disease in humans was also
associated with a type 1 cytokine response (de Morais et
al. 2008).

The current meta-analysis was conducted to verify
whether the cytokine imbalance and Th2 predomination
of human schistosomiasis were substantiated by evi-
dence. The result suggested an increase in peripheral
levels of TNF-α and IL-4. No significant difference was
obtained for IL-13 and IFN-γ statistically. These results
contributed to the hypothesis of a shift from Th1 to Th2
cytokines on the basis of studies showing increase in
TNF-α and IL-4 and the trend of decreasing of IFN-γ
shown by the OR value. New classification of T cell
such as CD4+ CD25+ Treg cells which excreted IL-10,
TGF-β, and Th17 cell excreting IL-17 was involved in
the research of adjustment net of cytokines in schistoso-
miasis nearly in an animal model (el Ridi et al. 2009).
The data about these adjusted factors such as IL-17 in
schistosomiasis were still insufficient.

The increase in peripheral levels of TNF-α and IL-4 in
schistosomiasis patients as shown in this meta-analysis
provided evidence of immune alteration and Th2 polariza-
tion in schistosomiasis as pointed out by previous studies
(Hau et al. 2007; Silveira et al. 2004; van Die et al. 2010).
Some studies assessed combination occurrence of de-
creased IFN-γ (Gattass et al. 2002). Although OR value
showed the trend, there was no significant difference
statistically. Similar to IFN-γ, no obvious association was

Table 3 A summary of the
meta-analysis of seven studies
of IL-4

Study or subgroup Case group Control group Odds ratio

Events Total Events Total Weight (%) M-H, random, 95% CI

Scott et al. 2001 10 38 3 19 12.3 1.90 [0.46, 7.95]

Milner et al. 2010 99 126 88 101 17.8 0.54 [0.26,1.11]

Oliveira et al. 2006 24 43 23 47 17.0 1.32 [0.57, 3.02]

Ferrari et al. 2006 6 15 1 10 7.3 6.00 [0.60, 60.44]

Scott et al. 2004 14 29 5 35 14.0 5.60 [1.70, 18.49]

Ferrari et al. 2006 40 53 5 19 14.0 8.62 [2.60, 28.54]

Violaine et al. 2008 23 62 19 58 17.6 1.21 [0.57, 2.57]

Total (95% CI) 366 289 100.0% 2.06 [0.95, 4.47]

Table 4 A summary of the meta-analysis of five studies of TNF-α

Experimental Control Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight (%) IV, random, 95% CI

Caiweimin et al. 1996 4.83 1.15 20 0.14 0.06 14 22.6 4.69 [4.19, 5.19]

Li et al. 2002 2.44 0.69 20 0.44 0.24 20 22.8 2.00 [1.68, 2.32]

Ferrari et al. 2006 5.06 1.81 53 7.4 5.24 19 18.7 −2.34 [−4.75, 0.07]
Tong and Luo 2003 12.21 8.49 66 3.48 1.11 20 19.5 8.73 [6.62, 10.84]

Zhou et al. 1996 18.24 6.91 18 4.55 0.34 25 16.4 13.69 [10.50, 16.88]

Total (95% CI) 177 98 100.0 5.03 [2.59, 7.47]
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observed for IL-13 with schistosomiasis. Further studies
with large sample size are needed.

Alterations in the cytokine network could be related to
the physiopathology of schistosomiasis. Sandrine Henri
pointed out that TNF-α was positively associated with
periportal fibrosis, and high TNF-α levels were associated
with a risk of FII–III on average four times higher in the
high TNF-α producers than in low TNF-α producers
(Dessein et al. 2002). Despite the different pathological
phrases, heterogeneity remained a concern. Some uncon-
trolled factors including age, gender, type of schistosomi-
asis, duration of this disease, and dietary habits are all
potentially influencing the immune system. Scott’s study
showed that children and adults tended to respond
differently to a schistosome antigen (Scott et al. 2004).

Meta-analysis was a very powerful tool when correctly
used and can provide a consensus answer from different
sources when studying the same research problem. Also,
the meta-analysis comprised limitations. However, some
limitations may be applied. First, some data were not
available or some data could not be retrieved. Another
potential limitation was heterogeneity; for example, there
was no consideration about the methods of cytokine
assessment, the storing time for samples, and different
stages of disease which could influence cytokine levels and
the final results.

To our knowledge, this was the first meta-analysis that
was conducted on cytokine alterations in schistosomiasis.
Although a number of studies have been performed on
cytokine research, the number included was small. In the
case of TNF-α and IL-4, the results indicated that TNF-α
and IL-4 were increasing in schistosomiasis. Although
Elsammak showed that schsitosomal infection triggered a
Th2 type immune response as indicated by the high plasma
IL-4 (Elsammak et al. 2008), yet, no clear cytokine net
mechanism has been suggested. TNF-α and IL-10 had also
been found to modulate the in vitro granuloma reaction in
humans or in experimental schistosomiasis (Silveira-Lemos

et al. 2008). Perhaps, the impaired IL-10 immunoregulatory
function and IL-10-producing Tregs also played an impor-
tant role in cytokine networks in schistosomiasis.
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