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Abstract
SUMMARY—Patients coinfected with hepatitis C virus (HCV) and the trematode, Schistosoma
mansoni, have an increased incidence of viral persistence and accelerated fibrosis. To investigate
immunological mechanisms responsible for this more aggressive natural history of HCV, the core
HCV-specific T-cell responses were analysed in 44 donated blood units rejected because they had
antibodies to HCV (anti-HCV). Half also had anti-S. mansoni antibodies, evidence of past or
active infection. HCV-specific ELISPOT responses were examined using pools of 180 overlapping
9-mer peptides with offsets of one covering the core of HCV genotype 4a. Comparison of T-cell
responses in blood units positive for both anti-HCV and anti-Schistosoma antibodies with blood
units positive only for anti-HCV antibodies showed a significant decrease in core-specific T-cell
IFN-γ (505 ± 46 vs. 803 ± 66 ISC/106 cells, P < 0·001), IL-4 (2 ± 108 vs. 641 ± 131 ISC/106 cells,
P < 0·001), and IL-10 (159 ± 105 vs. 466 ± 407 ISC/106 cells, P < 0·002) responses. In contrast,
there was no significant difference in cell-mediated immune response (CMI) to PHA mitogen
between these two groups. Therefore, we concluded T cells from persons with anti-Schistosoma
have reduced IFN-γ, IL-4, and IL-10 secreting HCV-specific T-cell responses. This may explain
why Schistosoma coinfection increases persistence and severity of HCV infection.
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INTRODUCTION
Schistosomiasis is the second most important parasitic infection with a detrimental
socioeconomic impact on more than 200 million people living in developing countries (1).
Schistosoma mansoni and Schistosoma haematobium are endemic in many rural areas in
Egypt, with community prevalence often ranging between 15–45% (2). Morbidity in humans
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and experimental animals infected with S. mansoni results primarily from deposition of
parasite ova in the hepatic portal tracts with granuloma formation as a result of cell-
mediated immunity (CMI) to soluble egg antigen. This may progress to irreversible fibrosis
and consequently severe portal hypertension. Severity of disease is partially regulated by the
balance of Th1- vs. Th2-type cytokines (3-6), and/or the presence of T regulatory (Tr) cells
(7). Well-established S. mansoni infection is characterized by a strong Th2 immunologic
bias (3-6), and suppression of the local inflammatory responses in the liver (7-9).

Chronic infection with hepatitis C virus (HCV), the second most important emerging
infection and possibly the most important worldwide cause of liver disease, is estimated to
be present in 170 million people. Egypt has the highest prevalence of HCV, being 10–25%
in most of the same rural areas where schistosomiasis is endemic (10-13).

Natural history of HCV, as well as the mechanisms of viral clearance and persistence, is not
entirely understood. HCV causes cirrhosis and/or hepatocellular carcinoma (HCC) in 15–
20% of chronically infected individuals (14). The host immune response has a critical role in
both control of HCV replication and, just as in the case of schistosomiasis, hepatic injury
(15), and evokes CD4+ human leucocyte antigen (HLA) class II-restricted (15,16) and CD8+

HLA class I-restricted CMI (17,18). Analysis of the cytokine profile of bulk cultures, as well
as CD4+ T-cell clones, from patients with HCV infection showed viral clearance is
associated with a Th1 profile (19,20), and/or IFN-γ producing CD8+ T cell responses
(17,21).

Concomitant schistosomiasis and HCV infection is common in Egypt (12,22). Patients with
both infections have a higher incidence of cirrhosis and HCC than those matched for age,
disease duration, and viral genotype with chronic HCV monoinfection (23). A recent paper
reported that Egyptian patients infected with HCV genotype 4 can mount HCV-specific T-
cell responses despite the prevalence of concomitant schistosomiasis, but did not offer an
explanation for the increased incidence in HCV morbidity observed in the coinfected
patients (24).

We hypothesized that immune responses induced by Schistosoma egg deposition in the liver
down-regulates the local intrahepatic HCV-specific CMI, consequently promoting persistent
viral infection and accelerating the clinical course of HCV, and this might be reflected in the
HCV-specific responses in the peripheral blood. To test this hypothesis, we compared
peripheral blood mononuclear cells (PBMC) HCV-specific cytokine responses in donated
blood units rejected because they were positive for HCV antibodies (anti-HCV) in those
with, and without, anti-Schistosoma antibodies.

MATERIALS AND METHODS
Blood units

Forty-four discarded donated blood units from the VASCERA blood bank in Cairo, Egypt,
were studied. These blood units were being discarded because they were positive for anti-
HCV antibodies using a third generation immuno-assay (EIA). By unlinking the blood units
from the donors, the University of Maryland-Baltimore's and Egyptian Ministry of Health &
Population's Institutional Review Boards gave us exclusion for studies to standardize our
ELISPOT assay. However, this prevented us from utilizing any data about the persons
providing the blood or examining their stools or urine for Schistosoma ova. The conduct of
this investigation complied with all relevant federal guidelines and institutional policies.
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HCV EIA
Quantitative measurement of anti-HCV antibodies response was performed on plasma from
the blood units using Ortho HCV 3·0 EIA test system (Ortho Diagnostic System, Raritan,
NJ) according to the manufacturer's instructions with some modification and as described
(25,26). The level of anti-HCV antibodies was expressed as units in comparison to the
positive control serum. One unit of positive control serum is equivalent to the dilution at
50% binding. The results were expressed as units/mL.

HCV RNA polymerase chain reaction
This was quantified by real time polymerase chain reaction (PCR) assay with molecular
beacon technology using a Perkin Elmer model 7700, as previously described (27). This
methodology was sensitive to approximately 100 RNA molecules/mL, and gives linear
results between 102·5 and 107 RNA molecules/mL. Quality control was performed by
including 4–10 HCV-negative control sera, and two to four positive sera during each PCR
run to monitor the extraction and amplification efficiencies. Assays with positive control
quantities outside of the mean ± 2 SD for all assays run (QA curve) were discarded.

Anti-Schistosoma antibodies assay
Dipsticks to detect anti-Schistosoma antibodies were developed utilizing adult worm
microsomal antigens GP30 for S. mansoni and GP23 for S. haematobium as previously
described (28-31). The sensitivity and the specificity of the assay has been reported 80% and
95%, respectively (32,33). These recombinant proteins were dotted onto nitrocellulose paper
(NC; Bio-Rad, Hercules, CA) at a concentration of 0·1 μg/μL phosphate-buffer saline (PBS),
using a Bio-Rad sheet Mini-Protean II multi-screen apparatus. Antigen-free PBS and normal
human serum diluted 1 : 100 were dotted and used as negative and positive controls.
Nitrocellulose (NC) was incubated for 2 h at room temperature, washed, dried, attached to a
double-face adhesive tape supported with an inert prespex matrix and cut into 2-mm reagent
strips. The sticks were incubated in 1:25 diluted plasma from the blood units for 7 min,
washed five times with 0·05% PBS-Tween 20 (Sigma, St. Louis, MO), and then incubated
with peroxidase conjugated goat antihuman IgG for 7 min. They were then washed and
incubated with diaminobenzidine substrate (Sigma Chemical Co., St. Louis, MO) for 2 min.
Washing with distilled water and drying at room temperature stopped the reactions. A
positive reaction was a dark purple band.

Synthetic HCV core peptides
A panel of 180 overlapping peptides with a length of 9 amino acids and off set of one,
derived from the core region of genotype 4a, according to its sequences (34); accession
number CAA 72338, was synthesized (Mimotopes Pty Ltd, Clayton Victoria, Australia).
Pools of 10 successive overlapping peptides were used at a concentration of 4 nM for each
individual peptide, to study recognition by HCV core-specific cytokine secreting cells.

ELISPOT assays
Peripheral blood mononuclear cells (PBMC) were purified from the discarded blood units
by Ficoll-Hypaque, washed three times, and counted for functional analysis using ELISPOT
assay. These assays were conducted according to the manufacturer's instructions contained
in the γ-IFN ELISPOT Kit, IL-4 ELISPOT Kit, and IL-10 ELISPOT Kit (MABTECH,
Catalogue numbers M34201-H, M34101-H and M34301-H, Nacka, Sweden) with
modifications. Briefly, 96-well nitrocellulose bottomed millititre plates (Millipore, Bedford,
MA) were coated with murine anticytokine Mab at concentration of 15 μg/mL in PBS and
incubated at 4°C. After 24 h, the plates were washed and blocked with 10% human AB+

serum for 1 h at 37°C. To estimate the number of HCV-specific cytokine ISC, ex vivo
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unexpanded PBMC, were added at different concentrations (104–105 cells/well) in 100 μL
volume of complete medium (RPMI-1640 containing 10% AB+ serum). The peptide pools,
containing 10 peptides of 9-mer, were added at a concentration of 4 nM for individual peptide
as described (45,46). After an 18-h incubation at 37°C, the plates were washed five times
with PBS containing 0·05% (v/v) Tween 20 using an ELISPOT plate washer (Millipore,
Bedford, MA). Biotinylated anticytokines Mab (MABTECH) at a concentration of 1 μg/mL
in PBS containing 0·05% (v/v) Tween-20 and 1% (w/v) bovine serum albumin (Sigma, St.
Louis, MO) was added and the plates were incubated at room temperature for 2 h at 37°C.
Plates were then washed five times, and streptavidin-HRP (1:1000) in blocking buffer was
added and incubated at room temperature for 2 h, followed by washing five times with
washing buffer and the addition of 3-amino-9-ethyl carbazole (AEC) reagent in substrate
buffer (Sigma, St. Louis, MO). After developing the spots for 10–15 min, the plates were
washed with distilled water and air-dried. The number of spots was enumerated using a
computerized assisted ELISPOT image analyser (Zeiss system, Axioplan 2 imaging), and KS

ELISPOT 4·2 program (Zeiss), designed to detect spots using predetermined criteria based on
size, shape and colourimetric density.

Statistical Analysis
Data were analysed using the equation: Ag-specific ISC/106 cells = no. of ISC in response to
Ag/106 cells – no. of ISC in presence of media alone or control peptide/106 cells. HCV-
specific ISC was plotted. The cut-off level was calculated as the average number of ISC in
the presence of control peptides +2 SD. To eliminate samples with poor viability, those
having PHA responses < 2500 ISC/106 cells, equivalent to the mean −2 SD of all the
samples tested, were excluded from analysis. For IL-10 ELISPOT analysis, adherent cells
were removed from the PBMC before the assay to decrease the background resulting from
spontaneous secretion of IL-10 by adherent cells.

Results were expressed as average number of HCV core-specific T cells/106 and were
shown as box and whiskers graphs using PRISM GRAPH PAD (GraphPad Software, San Diego, CA),
and were analysed by paired Student's t-test. P < 0·05 was considered significant.

RESULTS
Characterization of blood units

The 44 discarded blood units from the VACSERA Blood Bank were positive for anti-HCV
antibodies. Thirty-six (81·8%) were also positive for HCV RNA, and 22 (50%) were
positive for anti-S. mansoni antibodies using the dipstick assay. There were no differences in
the frequency of HCV RNA or its quantitative levels between the blood units with, and
without, anti-Schistosoma antibodies (Table 1).

CMI responses to HCV core peptides
To overcome obstacles due to different HLA types of the blood unit donors, we stimulated
the T cells isolated from these blood units with 9-mer overlapping HCV core peptides
covering the whole core protein of genotype 4a (8). This approach allowed evaluation of
CMI to HCV core antigens with different HLA-restrictions.

To evaluate the effect of Schistosoma coinfection (active or inactive infection as antibodies
cannot separate present from past infections) on type 1 CMI against HCV core-specific-IFN-
γ secretion, ELISPOT assays were performed for each 9-mer core peptide. They were used
in overlapping pools of 10 because of the limited number of PBMC available for the study.
To validate our approach, comparison studies were conducted with PBMC derived from
blood units from volunteers with, and without, anti-HCV antibodies. A significant difference
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(P < 0·001) between the average ISC responses in PBMC from blood units from persons
having, and not having, HCV antibodies were observed (average 803 ± 66 and 236 ± 25
ISC/106, respectively).

After validating our method, we compared the core HCV-specific IFN-γ responses in PBMC
from anti-Schistosoma antibodies positive with anti-Schistosoma antibodies negative blood
units. PBMC from units positive for anti-Schistosoma antibodies had significantly lower
numbers of overall IFN-γ ISC to HCV core peptides in comparison to the anti-Schistosoma
antibodies negative blood units (505 ± 46 vs. 803 ± 66 ISC/106 cells, P < 0·001) (Figure 1).
However, no significant differences in the responses to PHA between the two groups were
observed (data not shown).

To further characterize the effect of active or inactive Schistosoma coinfection on type 2
immune responses induced by HCV, the core-HCV-specific IL-4, and IL-10-secreting T
cells were measured using overlapping 9-mer core peptides. Our data indicated that anti-
Schistosoma antibodies positive blood units had significantly lower numbers of core-specific
IL-4 (2 ± 108 vs. 641 ± 131 ISC/106 cells, P < 0·001) (Figure 2), and IL-10 (159 ± 105 vs.
466 ± 407 ISC/106 cells, P < 0·002) (Figure 3) in comparison to anti-Schistosoma antibodies
negative blood units.

Analysis of the relationship among the dominant peptide pools and the cytokines secreted by
Ag-specific T cells revealed that some peptides pools, e.g. P3 (IFN-γ responses) and P7,
P12, P15, P16 for IL-10 responses had significant differences (P < 0·05) between the anti-
Schistsoma positive and negative blood units.

DISCUSSION
In the experimental mouse model, chronic infection with S. mansoni causes a shift in T-cell
immune responses by increasing the Th2 cytokine, IL-4, while down-regulating the Th1
cytokine, IFN-γ (35,36). Furthermore, dendritic cells (DC) stimulated with Schistosoma-
specific phosphatidyserine promoted differentiation of IL-10-producing T regulatory (Tr)
cells (7). This finding in animal models was believed by some to be an explanation for the
immunosuppression that was sometimes observed in human coinfection with
schistosomiasis (4,37). Because CMI is crucial in clearing viral infections, it was natural to
investigate concomitant infections with schistosomiasis and hepatotrophic viruses (38).
Because the liver is the main target for both pathogens, coinfection with S. mansoni could
lead to localized suppression of CMI in the liver and favour viral persistence and more
severe hepatic lesions.

Our data indicates a decrease in the IFN-γ secreted by core-specific T cells from blood units
having both Schistosoma and HCV antibodies. Others have reported similar dysfunctional
HCV-specific T cells that were unable to secret IFN-γ in chronically HCV-infected patients
(17,39). In the present study dysfunctional T cells occurred with much greater frequency in
PBMC from Schistosoma-coinfected donors than from PBMC from HCV mono-infected
donors. A recent report by Kamal et al. of reduced IFN-γ secretion by CD4+ T cells in
HCV-Schistosoma coinfected Egyptian patients proposed this as a mechanism by which
coinfections with schistosomiasis increases incidence of HCV chronicity and morbidity
(40,41). They also noted that coinfections with Schistosoma increased IL-4 and IL-10 (Th2)
HCV-specific CD4+ responses (40,41), which differs from the reduced IL-4 and IL-10 T-
cell responses observed in our study. They measured T cells responses in PBMC taken from
symptomatic HCV-infected patient and not from supposedly asymptomatic blood donors.
The role of IL-10-secreting T cells in regulation of immune responses remains unclear (42);
however, there is evidence these cells may have regulatory or suppressive functions (43).
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Unlinked discarded blood units were used in this study instead of blood samples from HCV-
infected patients for several reasons. By unlinking the patient's data from the blood units that
would otherwise be discarded, standardization of the ELISPOT could be accelerated since
the study was excluded for complete review by the Institutional Review Boards in Egypt and
Maryland. Discarded blood units also provided excellent sources of the large numbers of
PBMC needed to standardize the ELISPOT, as measuring cytokine profiles of core specific
immune responses using 180, 9-mer overlapping core peptides requires at least 2 × 108 cells
for each cytokine. Moreover, most previous studies on Schistosoma-HCV coinfected
patients were conducted in symptomatic cases, which differ from supposedly asymptomatic
blood donors used in the current study. The demographics of schistosomiasis in Egypt
makes it probable that the majority of the donors had S. mansoni (2), the species which
causes granulomas in the liver and lesions in the intestines and not S. haematobium, the
species causing lesions primarily in the bladder and urinary track. With the widespread use
of praziquantel therapy to treat schistosomiasis during the past 20 years, it is also likely the
majority of the blood donors had inactive or very light infections (2), otherwise they would
not be blood donors.

These data using PBMC from anonymous anti-HCV antibodies positive blood units without
parasitological documentation of active Schistosoma infection provided opportunity to test
our hypothesis that coinfection with Schistosoma down-regulates CMI to HCV. One
problem of studying the HLA-restricted immune responses is the heterogenicity of HLA. In
addition to different dominant epitopes in each individual, the high mutation rate of HCV
complicates the study of HLA-restricted responses. Our approach using 9-mer overlapping
peptides with offset of one aa covering the whole core HCV of genotype 4a, the dominant
genotype in Egypt, allowed us to measure core-specific responses regardless of the HLA
type of the host. However, depletion experiments were not performed to confirm CD8+ T
cells were the source of the cytokine secretions. Also, our results suggest only a few
peptides pools are associated with certain cytokine profiles secreted by core-specific T cells.
This is not surprising given the heterologus nature of the HLA among our Egyptian blood
donors. It is remarkable that most of the 18 pools of peptides spanning the whole core
protein of HCV stimulated higher responses in the anti-Schistosoma antibodies negative
blood. However, because each pool contains 10 peptides, the potential for the presence of
dominant peptides in the context of 8 HLA haplotypes of the host within a pool is high.

The core peptides were chosen for three main reasons: (i) the core protein is the most
conserved protein in HCV (44,45); therefore, variations in epitopes during HCV mutation
are minimized; (ii) the core protein is small (only 180 aa) in comparison to other
nonstructural HCV proteins, which makes synthesis of 180 (9-mer) peptides with offset of
one aa feasible; and (iii) the core protein is believed to have an important role in the
regulation of the immune responses to HCV (46-49). Consequently, studying the immune
response to the core protein could define the mechanism of immune regulation in HCV and
the effect of coinfections with Schistosoma.

Memory T cells are important in protection from HCV (50-52). We noted a significant
decrease in the recall responses of core-specific CD8+ T cells in Schistosoma coinfected
patients. This inhibition of the CMI to HCV could be explained by the following
mechanisms: (i) a decrease in memory HCV-specific T cells in anti-Schistosoma antibodies
positive, in comparison to negative, blood units as suggested by a recent study (53); (ii)
induction of T lymphocyte apoptosis and cell death by soluble egg antigen during
Schistosoma infection as noted in the experiments using the murine model of
schistosomiasis (9,54); and (iii) induction of Tr cells that inhibit local intrahepatic CMI to
HCV in Schistosoma infection (7,55).

FARID et al. Page 6

Parasite Immunol. Author manuscript; available in PMC 2014 January 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Despite suppression of CMI in those with anti-Schistosoma antibodies, there were no
significant differences in the levels of viremia or anti-HCV antibodies, as previously
reported (23,56).

Because the liver is the principal site for both HCV viral replication and egg deposition in
Schistosoma infection, we speculated that Schistosoma egg deposition down-regulated the
immune responses locally in the liver (8,9,57). This could result in suppression of the
intrahepatic bystander immune response to HCV. It is clear this down regulation would be
localized since no generalized immunosuppression is reported in Schistosoma-infected
patients. Furthermore, no difference in response to PHA in the mono-infected and
Schistosoma-coinfected HCV blood units was observed, which further excludes generalized
immunosuppression in Schistosoma coinfected HCV patients, and supports the absence of a
quality difference in the PBMC between the two groups. These preliminary results have
encouraged us to investigate CD4+ and CD8+ immune responses in HCV-infected patients
in whom active S. mansoni infections have been parasitogically diagnosed. It is feasible that
inactive infections, (i.e. absence of viable egg-laying trematodes in the portal system), could
still be producing these immunological changes since the ova remain in the hepatic portal
tracks and their soluble antigens could influence CMI for a considerable, but unknown, time.
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Abbreviations:

HCV hepatitis C virus

HCV-RNA hepatitis C virus ribonucleic acid

EIA enzyme-linked immunoassay

IL-4 interleukin-4

PBMC peripheral blood mononuclear cells

RT-PCR reverse transcription polymerase chain reaction

HLA human leucocyte antigen

aa amino acid

PBS phosphate-buffered saline

NC nitro-cellulose

anti-HCV hepatitis C virus antibody

IFN-γ interferon-gamma

IL-10 interleukin-10

Mab monoclonal antibody

ISC interferon-γ, IL-4, or IL-10 secreting cells

PHA phytohemagglutinin
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Figure 1.
Direct ex vivo IFN-γ ELISPOT for anti-Schistosoma antibodies (+) and anti-Schistosoma
antibodies (−) blood units: IFN-γ ELISPOT assay was done as described in the materials and
methods section. Eighteen pools were tested corresponding to 180 overlapping core
peptides. Plasma from the blood units was tested for viral load and anti-Schistosoma
antibodies. Data are presented as the average number of hepatitis C virus (HCV) core-
specific direct ex vivo ISC/106 cells in anti-Schistosoma antibodies positive (48) or anti-
Schistosoma antibodies negative (57) blood units after subtracting background. The
interferon secreting cells (ISCs) values are based on the combined data from all 18 pools of
peptides. The box shows the median value and extends from the 25th to the 75th percentile.
Whiskers extend down to the smallest value and up to the largest value.

FARID et al. Page 11

Parasite Immunol. Author manuscript; available in PMC 2014 January 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Direct ex vivo IL-4 ELISPOT for anti-Schistosoma antibodies (+) and anti-Schistosoma
antibodies (−) blood units: IL-4 ELISPOT assay was done as described in methods. Eighteen
pools were tested corresponding to 180 overlapping core peptides. Data are presented as the
average numbers of hepatitis C virus (HCV)-core specific direct ex vivo ISC/106 cells in
anti-Schistosoma antibodies positive (33) or anti-Schistosoma antibodies negative blood
units (44) after subtracting background. The interferon secreting cells (ISCs) values are
based on the combined data from all 18 pools of peptides. See legend for Figure 1 for how
data is shown.
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Figure 3.
Direct ex vivo IL-10 ELISPOT for anti-Schistosoma antibodies (+) and anti-Schistosoma
antibodies (−) blood units: IL-10 ELISPOT assay was done as described in methods.
Eighteen pools were tested corresponding to 180 overlapping core peptides. Data are were
presented as the average numbers of hepatitis C virus (HCV)-core specific direct ex vivo
ISC/106 cells in anti-Schistosoma antibodies positive (44) or anti-Schistosoma antibodies
negative blood units (15) after subtracting background. The ISCs values are based on the
combined data from all 18 pools of peptides. See legend for Figure 1 for how data is shown.
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Table 1

Quantitative levels of anti- hepatitis C virus (HCV) antibodies and HCV RNA in the blood units

Characterization of blood units Anti-Schistosoma antibodies (+) Anti-Schistosoma antibodies (−)

Anti-HCV antibodies
a,b

 (Units/mL)
81·7 ± 119 29·4 ± 27

Median 20·9 20·1

HCV-RNA
a,b

 (log10 copies/mL)
4·9 ± 1·2 4·3 ± 1·1

Median 5·1 4·7

Positive units (%) 17 (77) 19 (86)

a
Values are mean ± standard deviations (22 blood units per group).

b
No significant differences.
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