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Abstract. Hepatitis C virus (HCV)/Schistosoma mansoni coinfection is common in Egypt and other developing
countries. This study aimed to investigate the influence of HCV/S. mansoni coinfection on the concentration of HCV-
nonstructural protein-4 (NS4) in addition to collagen III and matrix metalloproteinase-1 (MMP-1) in different hepatic
fibrosis stages. We found that coinfected patients (N = 186) showed significantly (P < 0.05, Mann—Whitney U test)
higher concentrations of HCV-NS4, collagen III, and collagen III/MMP-1 ratio (CMR) than those with HCV mono-
infection (N = 104) in different fibrosis stages. Conversely, coinfected patients showed significantly lower concentrations
of MMP-1 when compared with HCV monoinfection. The elevated levels of CMR in case of HCV monoinfection
yielded an estimated odds ratio of 1.8 and 2.6 for developing significant fibrosis (F2-F4) and cirrhosis (F4), respec-
tively. HCV/S. mansoni coinfection increased the risk for developing F2-F4 and F4 several fold yielding an estimated
odds ratio of 11.1 and 5.2, respectively. This means that coinfected patients have a 6-fold and 2-fold increased risk of
developing F2-F4 and F4, respectively, over HCV-monoinfected patients. Thus, elevated levels of HCV-NS4 and
CMR in HCV/S. mansoni coinfection suggest increased susceptibility of coinfected patients, compared with those

with HCV monoinfection, for accelerating hepatic fibrosis progression.

INTRODUCTION

Hepatitis C virus (HCV) is one of the main causes of chronic
liver disease worldwide affecting an estimated 160 million
individuals." Strikingly, in Egypt, HCV prevalence is more
than 15% among adults, and incidence is about 150,000 new
cases per year.” The prime candidate to explain high HCV
prevalence in Egypt is the past practice of parenteral therapy
for schistosomiasis with tartar emetic.® This is because the
injections of tartar emetic were often administered unsafely,
with glass syringes and needles either improperly sterilized or
used for multiple doses. Schistosomiasis represents a major
tropical parasitic disease that is caused by trematode flukes of
the genus Schistosoma.* By conservative estimates, at least
230 million people worldwide are infected with this parasite.’
In Egypt, the situation is worse. During the first half of
the 20th century, up to 80% of the populations of impover-
ished Egyptian villages were infected with schistosomes.®
Previously, Attallah and others’ had identified a schisto-
some antigen at 63 kDa using a specific anti-Schistosoma
mansoni monoclonal antibody which was also used for the
diagnosis of S. mansoni infection.

Previous studies have investigated the relation between
HCV and S. mansoni, regarding HCV load, immune and
treatment responses, as well as fibrosis progression rate.®’
However, the extent to which S. mansoni could influence
HCV proteins and the role of HCV proteins in stimulating
extracellular-matrix (ECM) deposition were not studied.
Nonstructural protein-4 (NS4) is an HCV protein that was
previously proved to suppress T helper-1 (Th-1) responses.'”
This viral protein has already been proposed as an alterna-
tive approach for confirmation of viremia in patients with
different hepatic fibrosis stages."!
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Conceptually, hepatic fibrosis results from an imbalance in
the equilibrium of normal processes of synthesis and degra-
dation of ECM, which ultimately leads to increased collagen
accumulation.’” In fact, collagen degradation, which is regu-
lated by a family of proteases called matrix metalloproteinases
(MMPs), has an important role in liver fibrogenesis.'* Recently,
we have proposed the ratio of collagen III and its degrading
enzyme “MMP-1” as surrogate markers for liver fibrosis stag-
ing.!* Therefore, this work is concerned with identification
and quantitation of both HCV-NS4 and S. mansoni antigens
in addition to collagen III and MMP-1, which are directly
involved in deposition and removal of ECM, in chronic hepa-
titis C (CHC) patients. Then, we aimed to estimate the extent
to which HCV/S. mansoni coinfection could affect the concen-
tration of HCV-NS4, collagen 111, MMP-1, and the progres-
sion to different hepatic fibrosis stages.

MATERIALS AND METHODS

Samples. Two-hundred and ninety CHC Egyptian individ-
uals with a mean age of 43.5 years were enrolled from the
Tropical Medicine department, Mansoura University hospi-
tals, Mansoura, Egypt. Informed consents were obtained from
all participants, and they were fully informed concerning the
diagnostic procedures involved and disease nature. The study
protocol conformed to ethical guidelines of the 1975 Helsinki
Declaration. Blood samples were collected by vein puncture
within 2 weeks of liver biopsy. Needle liver-biopsy specimens
were obtained using a 18-gauge or larger needle. To be con-
sidered as adequate for scoring, the liver biopsies had to mea-
sure at least 15 mm and/or contain at least five portal tracts,
except for cirrhosis for which no limitation was required.
Biopsies were interpreted according to the METAVIR scoring
system.'® In the METAVIR system, the stage score represents
the amount of fibrosis based on a 5-point scale: F0, no fibro-
sis; F1, portal fibrosis alone; F2, portal fibrosis with rare
septae; F3, portal fibrosis with many septae; and F4, cirrhosis.
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Patients were further classified according to S. mansoni status
into two groups. The first group included 104 patients with
HCV monoinfection. This cohort comprised 76 men and
28 women with a mean age of 42.7 years. The second group
included 186 patients with HCV/S. mansoni coinfection. This
group comprised 121 men and 65 women with a mean age of
43.9 years.

Laboratory tests. Complete blood count was performed on
blood treated with ethylenediaminetetraacetic acid-K3 using
KX-21 Sysmex automated hematology analyzer (Sysmex
Corporation, Kobe, Japan), and another portion was treated
with citrate solution for prothrombin time-international nor-
malized ratio. Liver function tests were all measured on fresh
serum on an automated biochemistry analyzer (Hitachi 917;
Roche Diagnostics, Mannheim, Germany). HCV diagnosis
was based on a positive test for anti-HCV antibodies (Sorin
Biomedica, Diagnostic, Vercelli, Italy). Patients were then
confirmed for the presence of HCV-RNA using polymerase
chain reaction assay (COBAS Ampliprep/ COBAS TagMan,
Roche Diagnostics, Pleasanton, CA). HCV-monoinfected
patients had no history or laboratory evidence of previous or
current S. mansoni infection. The diagnosis of S. mansoni
was based on detecting vital or dead schistosomal ova in
stools or rectal biopsy with seropositivity to schistosomal
antibodies. A flowchart diagram showing the selection criteria
and process is depicted in Figure 1.

Western blot, Gel electroelution, and enzyme-linked immu-
nosorbent assay. Sodium dodecyl sulfate—polyacrylamide
gel electrophoresis (SDS-PAGE) was carried out in 0.75 mm
thick, 12% vertical slab gels according to the method of
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Fiure 1. A flowchart showing the selection process of patients
included in this study. Hepatitis C virus (HCV) diagnosis was based
on a positive test for anti-HCV antibodies. Patients were then con-
firmed for the presence of HCV-RNA using polymerase chain reac-
tion assay. HCV-monoinfected patients had no history or laboratory
evidence of previous or current Schistosoma mansoni infection. The
diagnosis of S. mansoni was based on detecting vital or dead schisto-
somal ova in stools or rectal biopsy with seropositivity to schistosomal
antibodies. Patients with serological evidence of active hepatitis A or
B viruses, history of habitual alcohol consumption, hepatocellular
carcinoma, previous interferon treatment, and liver transplantation
were excluded from the present study.

Laemmli.'® Western blot was then used to transfer the
separated bands onto a nitrocellulose membrane (0.45 mm
pore size, Sigma, St. Louis, MO) in a protein transfer unit
according to Towbin and others.'” They were immuno-
stained using respective antibodies (ABC Diagnostics, New
Damietta, Egypt) corresponding to HCV-NS4, S. mansoni
antigen, collagen III, and MMP-1, separately.”'""!*

Next, bands of the aforementioned markers were cut and
electroeluted separately from preparative polyacrylamide
gels at 200 V for 3 hours in a dialysis bag (Sigma). The pro-
tein content of the purified bands was determined,'® and the
remainder was stored at —20°C until use in the concentration
curve. The aforementioned markers were then quantified in
patients’ sera using enzyme-linked immunosorbent assay
(ELISA) according to Attallah and others.”1:14

Statistical analysis. All statistical analyses were done by a
Statistical Package for the Social Sciences (SPSS) software
(v.15.0; SPSS Inc., Chicago, IL) and GraphPad Prism pack-
age (v.5.0; (GraphPad Software, San Diego, CA). Statistical
analyses were done for groups of F1, F2-F3, and F4. Stages
F2 and F3 were combined together in one group due to their
small size and to reduce sample bias. However, statistical
analysis was also done for significant fibrosis (F2-F4) because
this group is of great clinical interest and has been adopted
as a target for most clinicians. This is because the presence
of significant fibrosis is widely accepted as an indication to
commence treatment.'*?! Variables were expressed as mean +
standard deviation. Correlation was evaluated by Spearman’s
rank correlation coefficients. Statistically significant differences
between groups were determined using the Student’s ¢ test in
case the Kolmogorov—Smirnov test results were not significant.
The nonparametric Mann—Whitney U test was used as an alter-
native to ¢ test to determine differences between groups for
continuous nonnormally distributed variables. P values were
corrected for multiple comparisons using Bonferroni correc-
tion. Findings with P < 0.05 after correction were considered
significant. The adjusted odds ratio (with 95% confidence inter-
vals) was derived from logistic regression analysis to estimate
the risk of a target disorder from subjects without it.

RESULTS

Patients’ characteristics. Laboratory characteristics of CHC
patients with and without S. mansoni infection are summa-
rized in Table 1. Overall, there were 107/290 (36.9%) with F1,
34/290 (11.7%) with F2, 33/290 (11.4%) with F3, 67/290
(23.1%) with moderate/sever fibrosis (F2-F3), 183/290 (63.1%)
with significant fibrosis (F2-F4), and 116/290 (40.0%) with
liver cirrhosis (F4) as seen in Figure 2A.

Western-blot analysis. The target HCV-NS4 and S. mansoni
antigens in addition to collagen III and MMP-1 were iden-
tified in CHC patients based on SDS-PAGE followed by
Western blot. As a result, a single immunoreactive band was
shown at 27 kDa, 63 kDa, 70 kDa, and 245 kDa correspond-
ing to HCV-NS4, S. mansoni antigen, collagen III, and MMP-1,
respectively (Supplemental Figure 1), as previously published
by Attallah and others.”*5!4

Quantification of S. mansoni antigen in different hepatic
fibrosis stages. The concentration of S. mansoni antigen was
found to increase significantly (P < 0.05, Mann—Whitney
U test) with the progression of liver fibrosis as presented
in Figure 2B. Our results showed that patients with F4
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TaBLE 1

Characteristics of patients with HCV monoinfection and HCV/
Schistosoma mansoni coinfection

Group I (N = 104)

Group II (N = 186)

Variables HCV monoinfection HCV/S. mansoni coinfection P value
Age (years) 427 + 8.6 439 +72 NS+
ALT (U/L)* 733 +37.3 75.0 £ 439 NS+
AST (U/L)* 555 +£342 63.0 + 34.5 NS
ALP (U/L)* 88.0 + 33.8 94.0 + 38.5 NSk
PT-INR* 1.1 +£0.1 1.2 £ 0.07 NS
Total bilirubin 0.84 + 0.4 0.88 = 0.5 NS+t

(mg/dL)*
Albumin (g/L)* 43.0 + 0.3 41.0 £ 0.4 NSt
Platelet count 193.5 £ 50.2 1753 + 49.8 NSk

(10°/L)*

ALP = alkaline phosphatase; ALT = alanine aminotransferase; AST = aspartate amino-
transferase; HCV = hepatitis C virus; NS = nonsignificant; PT-INR = prothrombin time—
international normalized ratio. Variables were expressed as mean + standard deviation.
P values were corrected for multiple comparisons using Bonferroni correction. Findings
with P < 0.05 after correction were considered significant.

*Reference values: ALT = up to 41 U/L in males, up to 31 U/L in females; AST = up to
37 U/L in males, up to 31 U/L in females; ALP = 22-92 U/L; PT-INR = 1; total bilirubin =
up to 1 mg/dL; albumin = 3.8-5.4 g/dL; platelet count = 150-400 x 10°/L.

FStudent ¢ test.

$Mann-Whitney U test.

displayed a 2.5-fold and 1.7-fold increase in S. mansoni anti-
gen concentration over those who developed F1 and F2-F3,
respectively. On the other hand, patients with F2-F3 and F2-
F4 had a 1.5-fold and 2.1-fold increase, respectively, in S.
mansoni antigen concentration over patients who have F1.

Impact of HCV/S. mansoni coinfection on nonstructural
viral protein. The levels of HCV-NS4 in relation to different
fibrosis stages in CHC patients with and without S. mansoni
are presented in Figure 2C, and the differences were found
statistically significant. Importantly, F1 patients coinfected
with HCV and S. mansoni showed significantly (P < 0.05,
Mann-Whitney U test) higher concentration of HCV-NS4
compared with F1 patients monoinfected with HCV. The
same results were obtained with significant difference for
HCV-NS4 in other fibrosis stages.

Influence of HCVI/S. mansoni coinfection on ECM
deposition. Levels of collagen III, MMP-1, and collagen 111/
MMP-1 ratio (CMR) were determined in CHC patients with
and without S. mansoni as depicted in Figure 3D-F. The
results demonstrated that each METAVIR fibrosis group
was accompanied by a significant increase in the concentra-
tion of collagen III in case of coinfection compared with
patients at the same stage in monoinfection. The same goes
for CMR, but the differences were statistically not significant
for patients with early fibrosis stage (F1). The higher colla-
gen content in patients with HCV/S. mansoni coinfection
may indicate their increased susceptibility for progressing to
subsequent fibrosis stage faster than those with HCV mono-
infection. On the contrary, each fibrosis group was associated
with a significant drop in MMP-1 concentration in case of
coinfection compared with HCV monoinfection, but the dif-
ference was statistically not significant for patients with early
fibrosis stage (F1).

Effect of HCV protein concentration on ECM depo-
sition. The distribution of CMR levels in relation to HCV-
NS4 concentration in patients with significant fibrosis
(F2-F4) and cirrhosis (F4) is presented in Figure 3A-B
and the differences were found to be statistically significant
(P < 0.05, Mann—Whitney U test). As seen in Figure 3A-B,
patients with HCV-NS4 concentration greater than 60 pg/mL

were associated with a significant increase in CMR when
compared with those with lower concentration of HCV-NS4.
This finding was obtained in HCV monoinfection or HCV/
S. mansoni coinfection. However, the levels of CMR tended
to be elevated in case of HCV/S. mansoni coinfection in com-
parison with HCV-monoinfected patients at the same HCV-
NS4 concentration.

In case of HCV-monoinfected patients with HCV-NS4
concentration > 60 pg/mL, the mean value for CMR in F2-
F4 was 5.5 and in F4 was 6.0, respectively. Surprisingly, in
case of HCV/S. mansoni coinfection, the mean value for
CMR was highly elevated to 12.2 in F2-F4 and 14.1 in F4,
respectively, with a significant difference (P < 0.05, Mann—
Whitney U test). The cutoff point of 60 pg/mL was chosen
based on receiver-operating characteristic curve as the best
balanced cutoff value for optimal identification of significant
fibrosis (> F2).

Influence of elevated CMR on the progression rates of
hepatic fibrosis. The aforementioned mean values of CMR
that was obtained in different hepatic fibrosis stages were
then used as cutoff points for their corresponding hepatic
fibrosis stages to estimate the impact of elevated collagen
III/MMP-1 ratio on the progression rates of liver fibrosis.
As a consequence, the risk for developing F2-F4 and F4
was found to increase upon S. mansoni coinfection when
compared with HCV-monoinfected patients as depicted in
Figure 3C. The risk for developing F2-F4 and F4, in patients
with S. mansoni coinfection, was increased several fold yield-
ing an estimated odds ratio of 11.1 and 5.2, respectively. As
depicted in Figure 3C, CHC patients with S. mansoni coin-
fection have a 6-fold and 2-fold increased risk of developing
F2-F4 and F4, respectively, over HCV-monoinfected patients.

Correlation of different variables with liver fibrosis
progression. The results showed that HCV-NS4, collagen III,
MMP-1, and CMR were significantly correlated with fibrosis
progression in HCV-monoinfected patients with lower corre-
lation coefficients than those produced in HCV/S. mansoni—
coinfected patients (Table 2). Besides, S. mansoni antigen
was found to be directly proportional to fibrosis progression
with a significant correlation coefficient (r = 0.63, P < 0.0001).

DISCUSSION

In this work, we set out to examine whether there is an
impact for S. mansoni coinfection with HCV on the level of
HCV proteins in different METAVIR fibrosis stages. HCV-
NS4 was identified using Western blot at 27 kDa in sera of
CHC patients. In general and regardless of the presence or
absence of S. mansoni, our patients with cirrhosis (F4) were
found to have higher HCV-NS4 concentration than those
who developed minimal fibrosis (F1) and moderate/sever
fibrosis (F2-F3). This may be explained by the fact that
patients with cirrhosis show an acquired immune deficiency
because of dyshomeostasis and malnutrition. In addition, all
host defense systems, antigen-specific as well as nonspecific
functions are compromised in cirrhotic patients.”” The risen
concentration of HCV-NS4 observed in F4 may also indicate
that patients with higher viral protein concentration are
more likely to be susceptible to develop end-stage liver dis-
ease. This may be explained by the fact that HCV proteins
seem to modulate apoptosis and steatosis, ultimately lead-
ing to the activation of hepatic stellate cells (HSCs) which
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Figure 2. Impact of hepatitis C virus (HCV)/Schistosoma mansoni coinfection on HCV-nonstructural protein-4 (NS4) concentration
and extracellular-matrix deposition. (A) Number of patients, (B) levels of S. mansoni antigens in different hepatic fibrosis stages, (C) levels of
HCV-NS4, (D) levels of collagen 111, (E) levels of matrix metalloproteinase-1 (MMP-1), and (F) levels of collagen/MMP-1 ratio (CMR) in differ-
ent hepatic fibrosis stages in HCV-infected patients with and without schistosomiasis. Statistically significant differences between groups were

determined using the nonparametric Mann—-Whitney U test.

subsequently secrete large amounts of ECM. Moreover, the
immune system, during chronic infection, may stimulate hepa-
tocyte damage and fibrosis through direct cellular toxicity and
the release of inflammatory cytokines.”* Consistent to our find-
ings, Bataller and others* demonstrated that HCV core and
nonstructural proteins directly stimulate the inflammatory and
fibrogenic actions of HSCs. In addition, Shin and others®
reported that HCV core proteins may contribute to the hepatic
fibrogenesis via upregulation of transforming growth factor-31
(TGF-p1). This may also apply to HCV-NS4 protein.
HCV-NS4 concentration is then determined in CHC
patients with and without schistosomiasis coinfection. Inter-
estingly, patients with HCV/S. mansoni coinfection showed

significantly (P < 0.05) higher concentration of HCV-NS4
compared with HCV-monoinfected patients in different
hepatic fibrosis stages. The latter result may be explained by
the fact that schistosomiasis triggers Th-2 cytokine response
which suppresses Th-1 cytokine release, thereby hindering
cellular and antiviral immunity, and promotes Th-2 host
responses and fibrogenesis.® In another way, it could be said
that the impaired immune response brought by S. mansoni
would allow the propagation of HCV and subsequently
increase HCV-NS4 concentration.

On the other hand, Western-blot analysis revealed that
specific monoclonal antibody reacted against S. mansoni
antigen at an apparent molecular weight of 63 kDa in sera of
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Figure 3. Levels of collagen/matrix metalloproteinase-1 (MMP-1)
ratio (CMR) in relation to hepatitis C virus—nonstructural protein-4
(HCV-NS4) concentration in absence and presence of schistosomiasis
and its impact on the progression rates of liver fibrosis. (A) Levels of
CMR in patients with significant fibrosis (F2-F4), (B) levels of CMR
in patients with cirrhosis (F4), and (C) the risk of elevated CMR on
the progression rates of liver fibrosis. Statistically significant differ-
ences between groups were determined using the nonparametric
Mann-Whitney U test.

CHC patients. Schistosoma mansoni antigen was then quan-
tified using ELISA providing values that were found to
increase with liver fibrosis progression with a significant dif-
ference. The increase in the concentration of S. mansoni
antigen observed in advanced fibrosis stages may be
explained by the compromised host defense systems and
antigen-specific as well as nonspecific functions in this group
of patients. Another logical elucidation is that dual infection
with HCV and S. mansoni may have a potential role in the
severity of S. mansoni infection. The risen concentration of
S. mansoni antigen observed in cirrhotic patients may also
indicate that patients with higher S. mansoni antigen concen-
tration are more likely to be susceptible for developing end-
stage liver disease and the worm burden has a primary
importance in pathogenesis.

TABLE 2
Spearman’s rank correlation coefficient of different variables with liver
fibrosis progression from minimal fibrosis to cirrhosis in patients with
HCV monoinfection and HCV/Schistosoma mansoni coinfection

HCV monoinfection HCV/S. mansoni coinfection

Variables Correlation P value* Correlation P value*
HCV-NS4 (pg/mL) 041 < 0.0001 0.45 < 0.0001
S. mansoni Ag (pg/mL) - - 0.63 < 0.0001
Collagen 1T (pg/mL) 034 <0.0001 041  <0.0001
MMP-1 (pg/mL) —-0.20 0.042 —-0.30 < 0.0001
CMR 0.30 0.003 0.47 < 0.0001

CMR = collagen III/matrix metalloproteinase-1 ratio; HCV = hepatitis C virus; MMP-1 =
matrix metalloproteinase-1; NS4 = nonstructural protein-4.

*P > 0.05 is considered nonsignificant, P < 0.05 is considered significant, and P < 0.0001
is considered extremely significant.

Next, collagen III and MMP-1, which are directly involved
in the deposition and removal of ECM, were quantified in
CHC patients with and without S. mansoni for evaluating how
far S. mansoni could affect these fibrosis markers. Herein, col-
lagen III was found to increase in parallel with liver fibrosis
progression. This result may be explained by the fact that liver
injury leads to activation of HSCs and transformation to active
myofibroblastic phenotype, and secrete a large amount of
collagen with decreased collagenase activity.?®

In contrast, our results demonstrated that MMP-1 was
found to decrease with fibrosis progression. The latter result
is similar to results obtained by Leroy and others.”” These
findings may be explained in light of relatively large litera-
ture which suggested that MMP activity diminishes as liver
fibrosis progresses due to overexpression of tissue inhibitor
of metalloproteinases (TIMPs).*®

Surprisingly, our coinfected patients showed higher con-
centration of collagen III and depressed concentration of
MMP-1 compared with HCV-monoinfected patients in differ-
ent fibrosis stages. The latter result could be explained in
light of the study performed by Kamal and others® who
showed that statistically significant elevation of TGF-p are
found in individuals who have HCV/S. mansoni coinfection.
TGF-p is considered to be the strongest known inducer of
fibrogenesis in the effector cells of hepatic fibrosis. In addi-
tion, it was reported that TGF-p is considered to be the cen-
tral cytokine in the process of abnormal ECM production
which is known to upregulate gene transcription for collagen
chains in cell nucleus.**" Knittel and others®* demonstrated
that diminished matrix degradation during chronic tissue
injury might be due to the action of TGF-p through TIMP
induction which, in turn, inhibits MMP activity.

The question thus arises, “Does the concentration of HCV
protein have an impact in inducing collagen/MMP-1 ratio and
subsequently in the progression to end-stage liver disease?”
This question could be answered by noting the elevation of
CMR by increasing the concentration of HCV-NS4. This may
be explained by the fact that HCV proteins seem to stimulate
HSC activation® which in turn induces the secretion of large
amount of collagen with decreased MMP-1 activity.?

One of the most important findings in this study is that the
etiology of liver disease must be taken into account upon
using different noninvasive biomarkers for fibrosis staging.
This is because monoinfected and coinfected patients with
the same fibrosis stages may have different concentrations of
collagen III and MMP-1 subsequently increasing the rates of
false positive or false negative in the biomarkers test results.
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In this work, we have focused on sampling HCV-infected
patients with and without S. mansoni infection, but the
healthy volunteers who were already negative for both
S. mansoni and HCV were not taken into account during
sampling. This is because the main aim of this work is to
estimate the extent to which S. mansoni could influence
HCV-NS4 and to estimate whether there is an impact of
HCV-NS4 in inducing ECM deposition and subsequently in
the progression to end-stage liver disease. Therefore, fur-
ther prospective studies involving a greater number of
patients and incorporating uninfected patients are warranted
to determine the mean values of collagen 111, MMP-1, and
CMR in normal livers and to compare their values with
infected patients.

In conclusion, S. mansoni could increase HCV protein
concentrations which in turn directly invigorate the inflam-
matory and fibrogenic actions of HSCs. Besides, not only the
existence of HCV and S. mansoni coinfection affect natural
history of liver fibrosis, but their concentrations also have a
great impact on fibrosis progression. In addition, we could
conclude that patients with different fibrosis stages who have
HCV/S. mansoni coinfection showed higher collagen content
and subsequently higher CMR values than those with HCV
monoinfection. This would increase their susceptibility for
progressing to subsequent fibrosis stage faster than those with
HCV monoinfection. Thus, patients with HCV/S. mansoni
coinfection should be treated with anti-Schistosoma therapy to
decrease fibrosis-progression rate and not to retard response
to HCV treatment. Moreover, patients with acute HCV
should be considered for antiviral therapy to prevent progres-
sion to CHC.
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