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a b s t r a c t

Hepatitis C virus (HCV) and Schistosoma mansoni are two major causes of chronic liver disease (CLD). Both
immune alteration and thrombocytopenia are common complications in the majority of cirrhotic pa-
tients. The current study aimed to monitor the effect of T cell profile and platelets activation on the
pathogenesis of liver cirrhosis in patients suffered from single or concomitant schistosomiasis and HCV
infections. The subjects were divided into 4 groups: Group I, patients infected with schistosomiasis;
Group II, patients infected with HCV; Group III, patients with combined liver diseases and Group IV:
healthy individuals. All groups were subjected to full clinical evaluation as well as laboratory exami-
nation including ELISA anti-HCV antibodies screening, parasitological examination, and complete blood
picture as well as flow cytometry for CD41, CD42, CD62P (P selectin), CD63, CD4 and CD8. The platelets
count was significantly decreased in HCV and/or schistosoma infected patients compared to controls. The
percentage of the total T-lymphocytes and T-helper was significantly reduced in all infected groups,
while the percentage of T-cytotoxic was increased. The patients possessed a significantly higher per-
centage of the platelets activation markers than control group. There were considerable correlations
between the platelets counts and P selectin and MFI. Thrombocytopenia was a common finding in pa-
tients with CLD. Patients with CLD showed increased platelets activation which may contribute to the
occurrence of thrombocytopenia and play a role in the pathogenesis of CLD. Infected patient showed
reduction in the cell-mediated-immunity as evidenced by low T ehelper cells.

© 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Hepatitis C Virus (HCV) is one of the major threatening agents of
hepatitis with serious complications ranging from chronic inflam-
matory disease to hepatic cirrhosis and end stage liver failure or
hepatocellular carcinoma (HCC). Schistosomiasis is another hep-
atotropic infection with a major burden on patient population
particularly in rural societies. Co-infections with HCV and Schisto-
soma mansoni leads to serious consequences with subsequent
higher incidence of cirrhosis and poor response to interferon-a [1].
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Th1/Th2 paradigm is involved in the specific immune responses
against viruses and parasites. For viruses and intracellular patho-
gens, the presence of Th1 is the pivotal cells, conversely, for large
extracellular parasites, Th2 class switch does prevail. Th CD4þ cells
play a major role in host defense against viruses and intracellular
microbes [2]. Meanwhile, clonal expansion and maintenance of
CD8þ cells activity depend upon specific Th1 cells [3]. In HCV,
CD4þ T cells activate the CD8þ cytotoxic T lymphocyte (CTL)
response that eradicates virus-infected cells either by inducing
apoptosis or by producing interferon-gamma (IFN-g), which sup-
presses the viral replication [4]. HCV-specific CD4þ T cells are
involved in eradication of the virus in acute infection but their re-
sponses are weak and insufficient in chronic hepatitis [5]. The
pathogenesis and persistence of different chronic viral and parasite
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infections comprise a Th1 to Th2 cytokine switch [6]. Infestation
with the S. mansoni has been reported to imply a typical circum-
stance involving the Th1 to Th2 cytokine switch and Th2 cytokine-
mediated immuno-pathogenesis with impairment of the Th1-
dependent immune response involving both CD4þ T cell delayed-
type hypersensitivity responses and CD8þ T cell antiviral effector
functions [7].

It is well-known that patients with cirrhotic liver showamarked
decrease in synthesis of coagulation factors. Thrombocytopenia and
platelet dysfunction are problems that commonly associated with
CLD. Bleeding time, the paradigmal platelet function test has been
reported to be abnormal in 2.5e42% of patients with liver cirrhosis
[8]. Bleeding time prolongation is closely related to the degree of
liver failure. The pathogenesis of thrombocytopenia is unknown,
however, several mechanisms have been proposed including
hypersplenism, platelet destruction by antibodies, reduced
thrombopoietin production from fibrotic liver cells and consump-
tion of platelets in DIC [9]. Platelets are activated in LC, hepato-
cellular carcinoma, portal vein thrombosis and schistosomiasis and
HCV infections [10]. The activity of platelets is variable in chronic
viral liver diseases as it is markedly increased in HCV infection that
may be contributed to the pathogenesis of thrombocytopenia. Low
platelet counts become clinically relevant when performing liver
biopsies, liver transplantation or giving myelo-suppressive agents
as interferon or cytostatics [11].

Sensitive and reproducible tests have been developed for assays
that try to simulate the in vivo platelet function in vitro. Aggreg-
ometry technique, in vitro assay measures platelet aggregation in
response to different sets of agonists as collagen, thrombin, and
adenosine diphosphate, is widely used for platelet function assess-
ment [12]. Flow cytometry (fluorescent-activated cell sorting anal-
ysis)wasproved tobemore sensitive test andused fordiscriminating
between various early platelet activation events and morphological
changes [13]. It can be used to assess the presence of stimulation-
dependent antigens as CD62P or plateleteleukocyte complexes.

This work aimed to evaluate the effect of CLD due to HCV and/or
schistosomiasis on the immune system and platelet activity to
understand their roles in the pathogenesis of liver cirrhosis.

2. Patients and methods

2.1. Ethical approval

The project and data forms were approved by the Regional
Research and Ethics Committee at National Cancer Institute, Cairo
University, Giza, Egypt. Written informed consent was obtained
from all participants involved in our study.

2.2. Subjects

The study subject was divided into 4 groups. Group I: 21 patients
with hepatic schistosomiasis and portal tract thickening (grades I-
III) by ultrasonography (12 male and 9 females). Group II: 18 pa-
tients with chronic HCV infection without cirrhosis, as evidenced
by ultrasonography (10 male and 8 females). Group III: 23 patients
with concomitant hepatic schistosomiasis and HCV infections (13
male and 10 females). Group IV: 20 healthy individuals as controls
(12 male and 8 females). Inclusion criteria: adult patients with
schistosomiasis, HCV infection and combined infection were
selected from the Internal Medicine department, El-Kasr Al-Aini
Faculty of Medicine, Cairo University, Egypt and Theodor Bilharz
Research Institute, Cairo. Exclusion criteria: patients with HBV,
malignancy including HCC or renal, cardiopulmonary or autoim-
mune disorders and pregnant women were excluded from the
study. All participants in the current study were subjected to full
history taking (including living area, contact with canal water,
drugs and family history) and clinical examination.

2.3. Abdominal ultrasound

Ultrasonography was conducted to all study subjects to assess
the hepatic physical condition including the grading of portal tract
thickening in S. mansoni positive patients and the extent of liver
cirrhosis.

2.4. Liver function tests

Serum levels of AST, ALT, albumin, total and direct bilirubin,
alkaline phosphatase and gamma glutamyle transpeptidase (GGT)
were done using Integra-400 (Roche-Germany). Prothrombin
concentration was conducted by Fibrintimer (Roche, Germany).

2.5. Schistosoma screening

Schistosoma eggs were screened in stool samples by concen-
tration techniques as simple saline sedimentation [14] and ELISA
sero-immunological diagnostic techniques according to the
manufacturer instructions. All experiments were performed in
triplicate and data represented mean values. The cut-off value was
calculated as the mean absorbance value of the negative controls
plus three standard deviations. A sample was considered positive
when the absorbance of the three measurements was greater than
0.114.

2.6. Complete blood count (CBC)

Complete blood counts were measured by Sysmix K-21 auto-
matic cell counter (Japan). Platelets structural indices: number,
mean platelet mass estimation of platelets structural indices:
number, mean platelet mass estimation of platelets structural
indices: number, mean platelet mass (PDW) were estimated.

2.7. Platelet function tests

Platelet function test was assessed throughmorphometric study
including platelet aggregations and adhesions.

2.8. Serological screening for HCV

The anti-HCV chemiluminescent immunoassay (version 3.0,
Abbott Laboratories, Abbott Park, IL) was used for the detection of
anti-HCV in plasma samples according to the manufacture's in-
struction. The level of anti-HCV antibodies in the specimen was
determined by comparing the chemiluminescent signal in the reac-
tion to the cutoff signal and anti-HCV calibrations. The assay repro-
ducibility was determined by using themodified form of the EP5-A2
protocol of the Clinical and Laboratory Standards Institute [15].

2.9. Real time polymerase chain reaction

Viral RNA extractionwas conducted from 200 ml of plasma using
viral RNA extraction kit (Qiagen, Germany) according to the
manufacturer instructions. HCV-RNA levels were analyzed by real
time polymerase chain reaction using a commercial kit (Bioer,
Technology Co., Ltd.) according to the manufacturer's instructions.

2.10. Flow-cytometeric analysis

Platelets rich plasma (PRP) were separated and freshly tested for
CD41, CD42, CD62P and CD63 expression using fluorescein



Table 2
Immunological profile of different groups.

CD percentage

Group I
(schistosomiasis)

Group II
(HCV)

Group III
(Schist. & HCV)

Group IV
(controls)

CD3 48.2 ± 1.9b 53.7 ± 1.7b 48.7 ± 1.3b 63.8 ± 1.3a

CD4 25.7 ± 1.2b 27.0 ± 1.5b 25.5 ± 1.4b 42.9 ± 0.9a

CD8 26.3 ± 1.3a 25.8 ± 1.6a 25.2 ± 0.8a 20.2 ± 0.7b

CD19 17.2 ± 0.9ab 18.4 ± 1.3a 17.7 ± 0.7ab 14.3 ± 1.0b

CD22 16.5 ± 0.9ab 17.9 ± 1.1a 17.4 ± 0.6a 13.8 ± 0.8b

CD16&56 12.8 ± 0.7a 13.6±1a 14.9 ± 0.5a 9.7 ± 0.6b

Values are expressed as mean ± SE.
Statistically significant values compared to the control (P < 0.05). Means followed by
the same superscript letter within the same row means non-significant variation
(P < 0.05).
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isothiocyanate (FITC) and phycoerythrin (PE) conjugated mono-
clonal antibodies (mAbs) (BD Biosciences. Com, Pharmingen TM).
The flow cytometry for the immune cells, EDTA treated blood was
labeled with 10 ml monoclonal antibodies (mAbs) in 3 tubes. Tube 1
for T cell contained CD3-peridin chlorophyll protein (PerCP),
CD4efluorescein isothiocyanate (FITC) and CD8-phycoerythrin
(PE). Tube 2 for NK cells contained CD16/CD56 PE and CD 3 FITC.
Tube 3 for B cells contained CD19 FITC and CD22 PE (all Becton
Dickson, San Jose, Calif). A non specific Isotype Control was used in
each sample. All antibodies were of IgG1k Isotype Flowcytometer
Epics® Elite Coulter system was used for analysis. Results were
expressed as a specific percentage of positive markers, calculated
by subtracting the non specific fluorescence of the Isotype control
form the specific fluorescence of the mAbs. For subtraction, the
manufacturer's software was used [16].

2.11. Statistical analysis

Statistical analysis was performed using Instat software. ANOVA
test was used to compare between variance of each marker levels
among three different infected groups and the controls at P value
<0.05 is considered significant.

3. Results

In the present study, patients were grouped into 3 groups with
4th healthy control one. Group I: Twenty one patients with hepatic
schistosomiasis (12 males, 9 females) with male/female (M/F) ratio
1.33:1 (mean age 48.4 ± 3.9 year). Group II: Eighteen patients with
HCV infection (10males, 8 females) withM/F ratio 1.25:1 (mean age
52.4 ± 4 year). Group III: Twenty three patients with concomitant
hepatic schistosomiasis and HCV infections (13 males, 10 females)
with M/F ratio 1.3:1 (mean age 56.5 ± 2.7 year). Group IV: Twenty
healthy controls (12 males and 8 females) with M/F ratio 1.22:1
(mean age 46.8 ± 2.5 year). Hematological findings revealed a
significant thrombocytopenia in all infected groups in comparison
to the control one (P < 0.05) with insignificant (P < 0.05) low Hb
concentrations and WBC counts (Table 1).

Immunologically, there is a significant reduction in the total T
cells (Percentage of CD3þ and Th cells) in all infected groups
(P < 0.05) rather than control group. In addition, a significant
reduction in the percentage of the Th cells (Percentage of CD4þ)
was observed in all studied groups (P < 0.05). On the other hand,
the percentage of Tc cells (CD8þ) was higher in all the infected
groups (P < 0.05) as shown in Table 2. Regarding the B cells and the
NK cells, a significant increase in the CD19 (B cell marker) in Group
II (P < 0.05) and significant increase in the percentage of the
CD22 þ cells (B cell marker) in Groups II and III (P < 0.05) was
detected. The percentage of NK cells (CD16 & CD56) showed sig-
nificant increase (P < 0.05) in all infected groups (Table 2).
Table 1
Clinical and hematological findings of different groups.

Item Group I (schistosomiasis) Group II (HCV

Age 48.4 ± 3.932 52.0 ± 4.0
Hb 11.3 ± 0.5 11.5 ± 0.5
WBC 7381 ± 694 6090 ± 521
Platelet count 161,000 ± 9333b 115,545 ± 15,
Neutrophils% 48.4 ± 2.9 50.9 ± 2.3
Lymphocytes% 38.2 ± 3.1 34.3 ± 3.1
Monocytes% 8.7 ± 0.8 10.5 ± 1.4

Values are expressed as mean ± SE.
Statistically significant values compared to the control (P < 0.05). Means followed by
(P < 0.05).
The platelet count was significantly decreased (P < 0.05) in the
three infected groups (Table 3). The positivity of the CD62P was
12.5 ± 1.9 in the control group while the values were 28.9 ± 4.3,
48 ± 5.2 and 67.6 ± 4.4 in Group I, Group II and Group III respec-
tively (P < 0.05) with significant increased platelet activations that
was mostly significant in Group III followed by patients of Group II
(Fig. 1). The mean fluorescent intensity (MFI) in Group I, Group II,
and Group III were 12.8± 1.4,15.5± 2.5 and 17.8 ± 2 respectively. All
were significantly higher (P < 0.05) than that of the control group
(5.9 ± 0.3) as in Table 3. Correlation between platelet count and
platelet activation revealed an inverse correlation (r¼�0.79) of the
platelet count and the CD62P % (Fig. 2). The platelet count was also
inversely correlated with the MFI measured by the flow cytometry
and expressed as a percentage (r ¼ �0.74). So the percentage of the
MFI was increased with decrease in the platelet count (Fig. 3).

4. Discussion

The development of fibrotic liver pathology is the primary cause
of chronic morbidity and mortality following infection with HCV
and/or S. mansoni, potentially due to the development of portal
hypertension and to the formation of esophageal varices [17]. The
in vivo data on P-selectin suggested that this molecule was critical
for the recruitment of IFN-g-producing Th1 cells [18]. It is well-
known that IFN possesses antifibrotic activity and CD4-positive T
cells are required for IFN-g production [19].

HCV can replicate in PBMC [20] and patients with chronic liver
disease are suffering from immunological disturbance with
impairment of their immune function due to significant reduction
of both CD3þ and CD4þ lymphocytes. This reduction was found to
be correlated with severity of liver disease [21]. In the current
study, a significant decrease in CD4þ cells was detected in both
HCV and schistosoma infected groups as well as dual-infected in-
dividuals. This finding agreed with the fact that absence of an
) Group III (Schist. & HCV) Group IV (controls)

27 56.5 ± 2.68 46.8 ± 2.458
10.4 ± 0.5 12.8 ± 1.1
5550 ± 567 7500 ± 744

161b 114,000 ± 9675b 275,500 ± 20,450a

51.7 ± 2.3 53.1 ± 2.7
36.3 ± 2.1 33.3 ± 2.6
7.9 ± 0.4 8.2 ± 0.7

the same superscript letter within the same row means non-significant variation



Table 3
Platelet counts, markers and activation in different groups.

Item Group I (schistosomiasis) Group II (HCV infection) Group III (Schist. & HCV) Group IV (controls)

Platelet count 161,000 ± 9,333b 115,545 ± 15,161b 114,000 ± 9,675b 275,500 ± 20,450a

CD62% 28.9 ± 4.3c 48.0 ± 5.2b 67.6 ± 4.4a 12.5 ± 1.9d

MFI 12.8 ± 1.4a 15.5 ± 2.5a 17.76 ± 2.0a 5.9 ± 0.25b

CD41% 91.9 ± 0.6ab 91.9 ± 0.8ab 90.4 ± 1.1b 94.1 ± 0.7a

CD42% 92.2 ± 0.7ab 91.5 ± 0.7b 91.1 ± 0.9b 94.7 ± 0.6a

Values are expressed as mean ± SE.
Statistically significant values compared to the control (P < 0.05). Means followed by the same superscript letter within the same row means non-significant variation
(P < 0.05).

Fig. 1. Flow cytometry chart for CD41/CD62P: (a) Group I, (b) Group II, (c) Group III, (d) Group IV.
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adequate CD4þ cell response is associated with incomplete control
of HCV replication by memory CD8þ cells and failure to resolve
HCV infection [2].

Patients who were unable to mount a CD4þ cell response
developed chronic infection whereas patients resolved acute HCV
infection possess a strong HCV-specific Th1 response [2]. In addi-
tion, low CD4þ cells counts are also associated with increased rates
of liver fibrosis [22] and negative correlation was found between
Fig. 2. Correlation between platelets and CD62.
the percentage of CD4(þ)cells and the HCV RNA load [23]. On the
other hand, Schistosoma depends on the adaptive immune signals
to synchronize its development within the definitive mammalian
host [24]. The homeostatic maintenance of CD4þ T cells by IL-7 and
autocrine production of IL-2 by CD4þ T cells, appear to play an
indirect role in creating a permissive environment for parasite
development [25]. Normal S. mansoni growth and fecundity are
dependent on the presence of CD4þ T cells thus; S. mansoni appears
Fig. 3. Correlation between platelets and MFI.
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to utilize the activities of CD4þ T cells to assist the development of
the parasite [26].

B cells promote Th2-type responses in scistosoma, as B cells play
important role in the downmodulation of liver pathology occurring
in chronic infection since S. mansoni-infected B cell-deficient mMT
mice showed more extensive hepatic granulomas [27].

Meanwhile, increase in the percentage of Tc cells (CD8þ) was
detected in all the infected groups. Increased the oligoclonality of
CD8þ lymphocytes is associated with increased fibrosis and
reduced responses to antiviral therapy [28]. Meanwhile, the ratio of
CD4(þ)/CD8(þ) were significantly decreased both with Schisoto-
soma infected patients and those with parenchymal fibrosis [29].
The increased proportion of CD8þ T cells would have been ex-
pected as cytotoxic effector cells and due to the depletion of the
CD4þ cells detected in the current study.

Patients with chronic hepatitis showed increase in CD
16 þ CD56 þ NK cells in their peripheral blood and there is a cor-
relation between these cells and the degree of hepatitis activity and
fibrosis [21]. Also, a significant increase in the B cell markers
(CD19& CD22) was observed in patients with HCV infection.
Chronic HCV infection is allied with diminished NK cell frequency
and function in the peripheral blood and in the liver [30] however,
the percentage of NK cells (CD16 & CD56) showed significant in-
crease in all infected groups. Interestingly, a possible explanation
for schistosoma infection was the finding that the development of
schistosoma is inhibited by the large numbers of natural killer (NK)
cells [25]. Activated NK cells in the liver after schistozoma infection
negatively regulate egg-induced liver fibrosis via producing IFN-g,
and killing activated stellate cells [31].

The data raise the question of the role of T lymphocytes during
HCV infection. HCV can replicate in CD19þ B cells [32] as HCV en-
velope protein E2 binds the CD81molecule that is expressed on not
only hepatocytes but also various cell types including B cells [33]. On
other hand, B cells cannot support HCV replication in certain HCV
strains but canbindHCVand trans-infect hepatocytes [34]. Recently,
peripheral B cells are assumed to serve as reservoirs for persistent
HCV infection and long-lasting HCV infection in B cells may induce
lymphoproliferative disorders [35]. LymphotropismofHCVsuggests
that HCV could play a pathogenic role in the clonal proliferation of B
cells [36]. The persistent stimulation of B cells by viral antigens and/
or the enhanced expression of lymphomagenesis-related genes
could be responsible for polyclonal and later to monoclonal
expansion of B cells [35]. These facts could explain the presence of
high number of B cells in HCV infected patients. Interestingly the B
cells in schistosoma infected patients did not differ from the control
groups, a finding that needs further investigation.

Blood platelets are important in tissue repair, inflammation and
vasculogenesis. Study of platelet counts and functional changes in
relation to different types of chronic liver disease remains an area of
interest. A considerable impact on the understanding of the path-
ophysiology of liver diseases, portal hypertension, liver fibrosis and
therapy therefore can be expected. Patients with advanced liver
diseases have a complex hemostatic disturbance and thrombocy-
topenia [37]. In the current study, thrombocytopenia was detected
in all infected groups since thrombocytopenia and platelet function
abnormalities were problems that commonly found in patients
with chronic liver diseases [9]. Besides, abnormalities of platelet
function are also present in cirrhotic patients. An intrinsic platelet
defect was suggested to be the most likely cause, related to
impaired trans-membrane signaling mechanisms, together with
alterations in TxB2 production and in cholesterol content of the
platelet membrane [38]. It is shown that platelet depletion
diminished accumulation of virus specific Tc lymphocytes and
minimized organ damage. Transfusion of platelets restored Tc
lymphocytes and severity of disease [11]. Platelet depletion or
blockage of the P-selectin receptor of platelets led to decreased
aggregate formation, platelet adhesion and leukocyte accumulation
resulting in improved liver functions [39]. The HCV and/or Schis-
tosoma infected patients in the current study possessed an increase
in the platelets activation as the positivity of the CD62P, CD62P, a
membrane glycoprotein, is present in Weibel-Palade bodies of
endothelial cells and in a-granules of platelets [40]. P-selectin ex-
hibits critical anti-inflammatory and antifibrotic activity and
dramatically inhibits the pathologic tissue remodeling that resulted
from chronic type 2 cytokine-mediated inflammation [19]. None-
theless, it remains unclear whether this activity results from the
direct effect of P selectin on leukocyte recruitment or whether it is
simply a consequence of the altered immune response of the host.
In this study an increase in the positivity of the CD62P in the surface
of the activated platelets demonstrating significant increased
platelet activations that was significant in Group III followed by
Group II then Group I. These findings were in agreement with
Panasiuk et al., [21] who found P-selectin expression on resting
platelets was elevated in chronic hepatitis and cirrhosis. Also, Fer-
roni et al. [Ferroni et al., 2001] found that the plasma soluble P-
selectin levels were markedly elevated in chronic hepatitis C and
this directly correlated with serum hepatitis C virus-RNA and was
significantly higher in patients with low platelet counts without a
relation with platelet associated Ig G. They suggest that HCV
infection might be directly responsible for the in vivo platelet
activation in patients with chronic HCV. The mean fluorescent in-
tensity (MFI) in Group I, Group II, and Group III were 12.8 ± 1.4,
15.5 ± 2.5 and 17.8 ± 2 respectively. All were significantly higher
(P < 0.05) than that of the control group (5.9 ± 0.3). An inverse
correlations between the platelet count and the CD62P %
(r ¼ �0.79) and between the platelet count and MFI (r ¼ �0.74)
were observed.

Platelets facilitate T cell adhesion; and may influence other
functional aspects of T cells by releasing platelet-factor-4 (PF4) that
regulates multiple T cell activities via binding to glycosaminoglycan
[41]. Interestingly, it was found that PF4 modulates regulatory T (T-
reg; CD4þCD25þ) cells and non-T-reg (CD4þCD25e) cells in an
opposite manner [42]. Thus, PF4 inhibits CD4þCD25e T cell pro-
liferation but stimulates proliferation of CD4þCD25þ T-reg cells;
the latter cells, however, lost their ability to inhibit CD4þCD25e T
cell proliferation [42]. On the other hand, platelets seem to enhance
the generation of IFN-g-producing TC cells [11]. Accordingly, the
decrease in platelets count that was detected in the current study
among HCV and/or schistosoma infected groups is assumed to
diminish the T-h, T-reg and T-c functions and activity. On the other
hand, platelets express IgE receptors [43], that is considered as an
important defense mechanism in parasitic infection. IgE binding
induces platelet release of cytotoxic mediators that subsequently
kill the parasites, such as schistosoma [44].

In conclusion, the present study confirms that there is an
interaction among the platelets and lymphocyte functions in rela-
tion to liver diseases. Platelets contribute to the progress of liver
disease process and platelet activation is a prominent feature in
liver cirrhosis and its serious complications. This activation can play
an important role in the pathogenesis of liver cirrhosis, hepato-
cellular carcinoma in patients with both single and concomitant
schistosomiasis and HCV infections.
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