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Abstract
Of all viruses causing liver pathology, Epstein-Barr virus (EBV) has been one of the most ubiquitous.
Presumably, a co-infection of both EBV and hepatitis C virus (HCV) negatively influences the prognosis of
HCV-infected patients. Hence, we endeavoredto estimate the impact of EBV infection on treatment with
interferon plus ribavirin in chronic HCV patients. Eighty-four chronic HCV patients and sixteen control
subjects (with no symptoms of HCV infection) were enrolled in this study. Viral loads were assessed
using reverse transcriptase polymerase chain reaction, while anti-EBV IgM levels were determined
by ELISA. Chronic HCV patients with negative EBV IgM exhibited higher response rates (85.7%) to
interferon than those with positive EBV IgM (62%). Furthermore, HCV RNA load was remarkably higher
in EBV-seropositive patients (with a P-value of 0.0001). Chronic HCV infection cannot be considered in
isolation; as other pathogens such as EBV may have far-ranging effects against the disease prognosis.
We concluded that EBV co-infection can deteriorate the response to interferon in patients with chronic
HCV infection, and that EBV could enhance the replication of HCV. Accordingly, EBV treatment should
be considered when designing specific protocols for treatment of such patients.
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INTRODUCTION
Hepatitis C virus (HCV) is considered
as one of the most global epidemics. In 2015,
around 175 million people were HCV positive
and this number escalates annually where 23.7
new HCV infections occur in 100,000 of the
human population1. Every year, approximately
700,000 persons die as a result of HCV related
comorbidities, which include but not limited
to; hepatocellular carcinoma, cirrhosisand liver
failure2. Egypt has the highest prevalence rate
of HCV worldwide, with around 15% of the
population HCV infected. The high infection rate
of HCV within the Egyptian community makes it a
pressing health problem with the highest priority
to the Egyptian Government3,4. Meanwhile, the
World Health Organization (WHO) has set a global
target to reduce both the new infection and death
rate by 90% and 65% respectively by 20301.
Notably, the efficacy of antiviral therapy
can be influenced by various determinants
including both viral and host factors. Among the
viral determinants are the viral quasi species,
genotype and the pretreatment viral load. On the
other hand, host factors include age, sex, immune
system competence and co-infections e.g. with
other viruses5,6.
Viral co-infections not only affect the
response to treatment but also can indeed alter
the evolvement of human viral infections7. In
addition to hepatitis A, B, C, D and E, other viral
agents like EBV, herpes simplex virus, cytomegalovirus (CMV), and adeno viruses are highly
considered as hepatotropic8. Of these viruses, EBV
plays an essential and complicated role in liver
damage. Being a member in the herpes family,
EBV can establish a latent infection in over 90%
of human adults9. Like other members of the
herpes family, EBV exhibits alternating episodes of
latency and reactivation10. It remains latent inside
B-lymphocytes and may cause immortalization
and malignant transformation of these cells11.
In immunocompetent persons, EBV infection is
characterized by a transient viremia followed by a
robust T-cell response, which keeps the infection
in a latent state12. Failure or suppression of the
immune system leads to reactivation which is
observed during stress or co-infection with
otherviruses13,14.
Revolutionary changes in HCV treatment
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have occurred over the past five years upon
approval of several direct-acting antivirals(DAA).
Current treatment consists of drug combinations
of a short duration and high tolerability and
cure rates in the 95% range. Nonetheless, it has
been demonstrated that 1-15% of patients fail to
achieveSVR15. Variable factors were found to be
associated with this reduced response such as
high pretreatment viral load, previous treatment
failure and infection with HCV genotype 3. In
addition, host factors such as liver cirrhosis,
gender, interferon lambda 4 (IFNL4) and interferon
gamma-inducible protein 10 (IP10) levels may
affect the response to antiviral agents16,17.
Although the classical HCV treatment
in adults with pegylated interferon (PegIFN) and
ribavirin is now replaced by the new DAAs, it is
still the only recommended HCV treatment for
children older than 2 years of age and adolescents,
in addition to being an alternative regimen for
certain genotypes18.
The association of EBV infection with viral
hepatitis has been studied in previous research;
nevertheless, the effect of EBV/HCV co-infection in
response to treatment with interferon is not clear
yet. The purpose of our study was to detect EBV
infection frequency among chronic HCV patients
and to explore the effect of EBV infection on the
response of those patients to interferon-plus
ribavirin therapy.
MATERIALS AND METHODS
Participants
This study was performed at the Egyptian
National Hepatology and Tropical Medicine
Research Institute during the period from June
2013 to June 2014. Laboratory tests were done in
the Microbiology Department of the Institute.
Participants in this study were divided
into two groups; group A and group B. Group A
consisted of 84 chronic HCV patients (positive
for both HCV Ab and HCV RNA) who received
combined treatment of PegIFN plus ribavirin
(Pegasys, Hoffman, La Roche, Switzerland) for
12 weeks. These patients were subjected to
reverse transcriptase polymerase chain reaction
(RT-PCR) assay that is specific for HCV detection
and quantification. The patients were under
surveillance at the Institute’s gastroenterology
outpatient clinic, and as part of their routine
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evaluation, they under went a percutaneous liver
biopsy. On the other hand, Group B consisted of 16
control subjects who were negative for anti-HCV.
According to serological results, group
A was divided into 2 subgroups; subgroup A1
included 21 chronic HCV patients having EBV coinfection (+ve EBV IgM) and subgroup A2 included
63 chronic HCV patients without EBV co-infection.
According to the serological results of
group B, there were 9 subjects with +ve EBV IgM
(subgroup B1), and 7 subjects with -ve EBV IgM
(subgroup B2).
None of the patients or control groups
had received immuno-suppressive or antiviral
therapy before. They were all Egyptians and
unrelated to each other. Hepatitis C viral loads
were assessed using RT-PCR before and after 12
weeks of the IFN therapy.
Ethical consideration
Informal written and oral approval was
considered before the study from each patient.

Study approval was issued and maintained by the
local ethical committee at the institute.
Fully automated CobasAmpliprep/
CobasTaqman device (Roche Diagnostics,
Switzerland) was used for detecting HCV RNA19,20.
RNA extraction
HCV viral particles were lysed via
treatment with high temperature combined with
a protease treatment and a lysis buffer. These
treatments and temperature conditions induce the
release of DNA and RNA and inhibits the activity
of RNases in blood samples. HCV RNA was mixed
with proteases and the glass beads, the lyses buffer
was added and incubated. Thereafter, the mixture
was incubated, and the HCV RNA and HCV QS RNA
were compelled to the exterior of the magnetic
glass beads. Unbound materials, e.g. proteins,
salts, and other contaminations, were detached
by washing the magnetic glass beads.
Following beads separation and the
washing steps, the adsorbed RNAs were separated

Table 1. pathological and Demographic data of group
A (chronic HCV patients)

Table 2. pathological and Demographic data of group
A (chronic HCV patients)

 	

 	
Responders
Non		responders

Subgroup
A1 (n=21)

Subgroup
A2 (n=63)

P-value

Age (years)			
Mean ± SD
41.5± 2.3
48 ± 2.8
EBV IgM			
Mean ± SD
7± 5.8
9.5 ± 4.8
Fibrosis grade			
F1
39
8
F2
21
7
F3
7
2
Necrosis grade			
A1
51
11
A2
16
5
A3
0
1

Sex			
Male
13
47
0.26
Female
8
16
Age (years)			
Mean ± SD
45.9 ± 9.7 41.9 ± 8.8
0.08
Fibrosis grade			
F1
10
37
0.6
F2
8
20
F3
3
6
Necrosis grade			
A1
13
49
0.1
A2
7
14
A3
1
0	 	 

P-value

0.005
0.02
0.7

0.1

Table 3. Comparison between subgroup A1 (patients) and subgroup B1(controls) regarding serum concentrations
of EBV IgM
EBV IgM
concen.(AU)
Mean ± SD
Median (Range)

Subgroup A1
(EBV +ve and HCV +ve)
(n=21)

Subgroup B1
(EBV +ve and HCV-Ab -ve)
(n=9)

P-value

15.6 ± 5.3
14 (12 –31)

16.4 ± 2.96
17 (12-20)

0.16
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at a high temperature with an aqueous layer. The
processed specimen with the magnetic glass beads
and the released HCV RNA and HCV QS RNA, were
all mixed to the amplification buffer and moved to
COBAS TaqMan Analyzer.
Reverse Transcription and PCR Amplification
Fully automated CobasAmpliprep/
CobasTaqman device (Roche Diagnostics company,
Switzerland) with a recognition limit of 15 IU/
ml was used for detecting HCV RNA. The RTPCR (Reverse transcription process and the PCR
amplification reaction) was performed with the
recombinant established stable enzyme from
thermophilic bacterial species DNA Polymerase
enzyme (Z05) in the presence of metal ions and
buffer that is required for activity. And sinceZ05
has both reverse transcriptase activity and DNA
polymerase activity, both reverse transcription and
amplification occur together allowing amplicon
detection in real time. Subsequently, the samples
were added to the amplification buffer mix in the
specified K-tubes where reverse transcription and
amplification take place. Primers were annealed to
the specific loci in high temperature to allow the
amplification process.
Calculation of results
HCV RNA intensity in the samples were
calculated by COBAS TaqMan Analyzer through
comparing the HCV light intensity to the HCV QS
intensity for each sample and each control. In
the annealing PCR phase on the COBAS TaqMan
Analyzer, the specimens were subjected to
illumination and excitation via filtered light and
filtered emission. Fluorescence readings were
gathered for every specimen.

The analyses data were converted by the
machine to the built-in software and stored in its
database. The light intensity data were analyzed
to produce new numbers that reflect the HCV
RNA concentration. Additionally, the machine
standardization in the COBAS AmpliPrep/COBAS
TaqMan HCV Test were utilized to estimate the titer
assessment of both the sample and the control
depending on the HCV RNA and HCV QS RNA reads.
The titer data were testified in International Units/
mL (IU/mL).
Serological analysis of EBV infection
Anti-EBV IgM against viral capsid antigen
(VCA) in the samples was estimated by the enzyme
linked immunosorbent assay (ELISA) technique
using Diametra - Italy micro-assay kit. Samples
were processed and treated as described in the
manufacturer’s instructions.
Histological assessment of the biopsy specimens
Liver biopsies were obtained
percutaneously through ultrasound-guided
Menghini needle 14G with 1.6 mm internal
diameter. The biopsies then were fixed in a
formalin solution; microtome was used to
generate thin sections (5 µm each) of the paraffin
coated biopsies. For handling of the specimens,
slides were stained with 5 levels hematoxylin and
eosin, and 5 levels Masson’s trichrome stain, in a
total of 10 levels for each specimen.
All specimens were inspected by two
medical pathology specialists and categorized by
consensus for all abnormal histological results.
The histological activity index was determined
according to METAVIR scoring system as follows21.

Fig. 1. Hepatitis C viral RNA loadin the two subgroups
of group A (chronic HCV patients).

Fig. 2. Response to treatment with PegIFN + ribavirin
among chronic HCV patients (EBV +ve and EBV –ve
patients).
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Grading of disease activity
This includes four categories of necroinflammatory activity
A0: no activity
A1: mild activity
A2: moderate activity
A3: severe activity
Fibrosis grades
F0: No fibrosis
F1: Portal fibrosis without septa
F2: Portal fibrosis with rare septa
F3: Numerous septa but no cirrhosis
F4: Cirrhosis
Statistical methods
Statistical evaluation of our data was
performed by the statistical program for social
science (SPSS) version 15. Both Chi-square test
and the One-way ANOVA (analysis of variance)
were used to compare qualitative and quantitative
variables respectively. In addition, the Student’s
t-test was used to detect the significance of
difference between two means of variables
containing continuous data. A P-value <0.05 was
interpreted as a significant difference. Mean
and standard deviation were represented the
quantitative data, while the percentage was used
to represent the qualitative data.

histological characteristics of the liver biopsy.
These data reflect that there is no correlation
between co-infection and the demographic or
pathological state.
Comparison of Hepatitis C viral RNA loads inEBV
co-infected versus mono-infected patients
In order to examine if a significant
variance in HCV load exists between co-infected
and mono-infected patients, hepatitis C viral loads
were assessed using RT-PCR. The study showed
that there was a statistically significant difference
between the two subgroups as regards HCV
RNA load (P value = 0.0001) as shown in figure1.
Subgroup A1 (EBV +ve) showed more than 10-fold
increase in HCV RNA load than the subgroup A2
(EBV -ve).
Response to IFN therapy
The response to PegIFN + ribavirin
therapy was detected, where hepatitis C viral loads
were assessed using RT-PCR before and after 12
weeks of therapy. Responders were described as
patients who exhibited a negative result for HCV
RNA after 12 weeks of therapy. The current study
revealed that there was a statistically significant
difference between subgroup A1 and subgroup A2
regarding the response to therapy.
According to HCV RNA assay, 85.7% of
group A were responders, compared to only 62%
in group B(Figure 2). On the other hand, around
75% of non-responders were from subgroup A1
(EBV/HCV co-infected patients).
Correlation between response to treatment and
different parameters
Comparison between the responders and
the non-responders to treatment showed that
there were no significant differences between
the two groups as regards the grade of fibrosis
and the necro-inflammatory score. In contrast, a
statistically significant difference was identified
between the two groups as regards their mean
age and serum EBV IgM concentration (table 2).
Higher serum EBV IgM concentration and older age
were linked to greater risk of no response(P-value
= 0.02).
Comparison between those in group A
(patients) and those in group B(controls) regarding
EBV IgM concentration in serum showed a
statistically insignificant difference between the
two groups (Tables 3 & 4).

RESULTS

According to our serological data, group
A was divided into 2 small groups (subgroups);
the A1 subgroup and A2 subgroup. Subgroup A1
included 21 chronic HCV patients (8 females and
13 males) having EBV co-infection. Subgroup A2
included 63 chronic HCV patients (16 females and
47 males) without EBV co-infection.
According to the serological results of
group B (control group), there were 9 subjects with
+ve EBV IgM (subgroup B1) including 3 females and
6 males, and 7 subjects with -ve EBV IgM (subgroup
B2) including 3 females and 4 males.
Pathological and demographic data
In order to investigate if any of the
demographic or pathological factors was corelated with co-infection, a comparison was
carried out between subgroup A1(with HCV/EBV
co-infection) and A2 (without co-infection), and
is outlined in Table 1. The data describe that no
significant differences were observed between
the two subgroups regarding age, sex or the
Journal of Pure and Applied Microbiology
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DISCUSSION
HCV coinfections with HBV, HIV, CMV,
and EBV have been reported. In this study, we
investigated the frequency of EBV infection among
recently diagnosed chronic HCV patients who have
not received antiviral or immuno-suppressive
therapy before enrollment. We also assessed the
response of HCV patients co-infected with EBV to
the combined therapy of IFN + ribavirin.
Our data showed that EBV IgM was
detected in 25% of the enrolled HCV-infected
patients. An inverse relationship was found
between EBV/HCV co-infection and the response
toIFN therapy. Co-infection has greatly reduced
the response to the treatment. HCV patients with
positive EBV IgM showed markedly lower response
rate (62%) to the antiviral treatment compared to
those with negative EBV IgM(85.7%). These results
showed an agreement with those of Gerakari et
al.22 who evaluated the relation between latent
CMV and EBV co-infection and its impact on liver
pathology in HCV patients as well as their response
to PegIFN plus ribavirin therapy. They reported
that latent CMV and EBV infection may play a role
in the clinical outcome of liver disease in chronic
HCV patients and may worsen their response to
combination therapy. These results are coinciding
with those of Bader El Din et al. 23 who investigated
the impact of co-infection with CMV on the
response to antiviral therapy among chronic HCV
patients. They found that CMV co-infection, which
is a herpes family member as EBV, was associated
with a lower response rate to combined therapy.
In another study performed by Shoman et al.24
who studied the impact of co-infection with EBV
on biochemical parameters and immune response
in chronic HCV patients, it was suggested that EBV
and chronic HCV co-infection may lead to down
regulation of the immune response in patients.
They recommended introducing treatment of EBV
infection among chronic HCV patients to decrease
the risk of rapid progression to liver cirrhosis and
hepatocellular carcinoma.
However, the current study results are
conflicting with those of Strnad-Trojan et al.25
who studied a patient with X-linked lymphoproliferative disorder infected with EBV and
HCV. Clearance of both EBV DNA and HCV-RNA
was achieved after a course of IFN α-2b and
ribavirin. This discrepancy could be attributed to
Journal of Pure and Applied Microbiology

HCV genotype as the reported patient had HCV
genotype 1b while in Egypt the predominant
genotype is 4a26.
In this study, hepatitis C viral RNA loads
were higher in EBV co-infected patients. These
results support the previous results of Sugawara
et al.27 and Morrison et al.28 who examined the
impact of EBV co-infection on HCV replication, and
found that EBV can enhance the replication of HCV
in vitro. They also concluded that HCV replication
was greatly potentiated by EBNA1 protein. These
results are also in line with that of Petrova et
al.11. In their study, Petrova et al. examined the
impact of EBV infection among chronic HBV and
chronic HCV patients. They showed that patients
with reactivated EBV infection had higher levels
of HCV RNA and lower levels of HBV DNA, when
compared to patients without reactivation. Worth
mentioning, earlier studies on dual viral infections
demonstrated an inverse relationship between
both HCV and HBV, any of them can suppress the
cell infection or nucleic acid replication of the
other one29.
However, the current study results are
contradicting with those of Challine et al.30 who
investigated the co-infection of HCV and EBV
in AIDS patients. They prospectively studied
135 latent EBV infected patients. Among these
patients, around 20% were positive for HCV RNA.
There was no relationship between the viral loads
of EBV, HCV and HIV. No variance on EBV markers
between HCV positive and negative cases. There
was no relation between EBV and HCV viral load.
This discrepancy of results could be explained by
differences between study populations; as their
patients were all AIDS patients while our patients
were HIV-free.
In the meantime, the age of the patient
is an important factor related to the positive
responsiveness to IFN treatment in chronic HCV.
Generally, younger patients are more likely to
respond positively to IFN therapy than older
patients31,32,33.
Such hypothesis was sustained by the
outcome of the present study where the mean
age of responders was 41, while the mean age of
non-responders was 48. These findings reiterate
the results of Hayashi et al.31 who reported that
women with age around 39 and younger than that
are more responsive to IFN therapy than those
1196
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ETHICS STATEMENT
Informal written and oral approval was
considered before the study from each patient.
Study approval was issued and maintained by the
local ethical committee at the National Hepatology
and Tropical Medicine Research Institute.

more than 40 years old. Also, in another study
by Iqbal et al.33 they found that IFN therapy was
more effective in patients below 40 years than in
patients aged 40 or more.
There is a number of possible explanations
including undermined cellular, humoral, and innate
immune responses which may be responsible for
the deteriorated responses to therapy in older
patients. Also, older HCV patients are likely to have
more progressive liver problems, such as fibrosis
and cirrhosis34.
Hence, the current study suggests that
EBV co-infection decreases the response of chronic
HCV patients to IFN therapy.
Recommendations
Chronic infection with HCV cannot be
considered in isolation; as other pathogens such
as EBV may have far-ranging effects against the
prognosis of the disease. Patients with chronic HCV
should be examined for co-infection with EBV.
Co-infection with EBV can deteriorate the
response of chronic HCV patients to the antiviral
treatment. EBV treatment should be considered
when designing specific protocols for treatment
of such patients.
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