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A B S T R A C T

Background: Occult hepatitis B virus (HBV) infection (OBI) is frequently reported in patients with chronic hepatitis C virus (HCV) infection. An 
association between OBI and more liver damage, cirrhosis, hepatocellular carcinoma, and reduced response to interferon therapy in patients 
with HCV infection is suggested.
Objectives: The aim of this study was to determine the prevalence of occult HBV, and evaluate its clinical influence on patients with chronic 
HCV.
Patients and Methods: A cohort study including50 patients with positive results for HCV, and negative results for HBsAg tests was performed. 
The patients were divided into two groups: one group had positive results for both HCV and occult HBV tests (n = 18), and the other had positive 
results for HCV, but negative findings for occult HBV (n = 32). All were treated with PEG-IFN alpha-2a and Ribavirin. Presence of HCV RNA was 
followed in these patients.
Results: HBV-DNA was detected using nested-PCR in 20% of plasma and 32.6% of peripheral blood mononuclear cell (PBMC) compartments. 
No significant differences were observed between patients with and without occult HBV for sex, age, duration of HCV infection, histological 
markers, presence of anti-HBc, HCV viral load, and HCV genotype. The response rate was significantly higher in patients with positive results 
for HBV-DNA test compared to those with negative findings (100% vs. 71.9 %, P < 0.05).
Conclusions: In conclusion, occult HBV was found in 36% of patients with negative results for HBsAg, but positive results for HCV. Detection 
of HBV-DNA in both PBMCs and plasma together in comparison with plasma alone provided more true identification of OBI.The SVR rate was 
significantly higher in coinfected patients than mono-infected ones.
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1. Background
Hepatitis B virus (HBV) and hepatitis C virus (HCV) infec-

tions are the cause of liver diseases in the significant pro-
portions worldwide (1). Since both viruses have similar 
transmission routes, prevalence of current or previous 
HBV coinfection among patients with HCV infection is 
common (2). However, the persistent presence of hepati-
tis B surface antigen (HBsAg) in blood is demonstrated as 
the overt infection by HBV. HBV infection with negative 
results for HBsAg test, or occult HBV infection (OBI) is a 
recently clinical identified entity, which is also frequently 
recognized in patients with chronic HCV infection (3). Re-
cent studies showed variable prevalence of OBI among 
patients with HCV from 0% to 52 % (4). OBI mainly was 
found in association with the long-lasting intrahepatic 
and extrahepatic (peripheral blood mononuclear cells) 
(PBMCs) persistence of hepatitis B virus-DNA (5, 6) and 
in some instances, in the sera of cases with negative re-
sults for hepatitis B surface antigen (HBsAg) (7). It also 
correlated with a strong suppression of viral replication 
and gene expression (8) in individuals with or without 
serological markers of previous HBV infection (anti-HBc 
and anti-HBs) (5). Because of very low viral levels in occult 
hepatitis B, using very sensitive molecular tests such as 
nested-PCR, real-time PCR, and transcription based me-
diated amplification (TMA) (7-9) is very important for its 
complete identification that could provide a lower limit 
of detection of less than 10 IU/ML for HBV DNA (10). The 
true clinical impacts of occult HBV in patients with chron-
ic HCV are greatly unknown. Some studies suggested that 
presence of occult HBV could be associated with more 
severe liver damage (3, 11, 12), cirrhosis (13) and increased 
rate of hepatocellular carcinoma (14). OBI has also been 
regarded as a cause of interferon therapy failure in some 
(3, 15, 16), but not all studies (17, 18). The role of OBI also 
remains unclear in association with liver enzymes flare.

2. Objectives
The aim of this study was to detect the presence of oc-

cult hepatitis B in the plasma and the PBMCs of a cohort 
of 50 patients with chronic HCV infection using nested 
PCR, and also to assess the clinical consequences of oc-
cult HBV in these patients.

3. Patients and Methods

3.1. Patients and Samples
Using convenience sampling, a group of 50 patients 

with HCV infection attending the Tehran Hepatitis Center 
(Iran), to start their HCV infection therapy during March 
2010 to April 2011 were selected. The patients included 34 
males and 16 females with the mean ± SD ages of 31.50 ± 
8.06 and 22.62 ± 5.20 years, respectively. Inclusion criteria 
included positivity for anti-HCV, serum HCV-RNA detec-

tion, and undetectable HBsAg in serum. None of the study 
patients were infected by human immunodeficiency vi-
rus (HIV). The first samples were taken before treatment, 
and the second ones were drawn 12 weeks after therapy. 
Based on the nested-PCR results, the patients were di-
vided into two groups: one group had positive results for 
both HCV and occult HBV tests (n=18), and the other had 
positive results for HCV and negative results for occult 
HBV (n=32). The study patients had two types of HCV gen-
otype 1a or 3a, and all were treated with PEG-IFN alpha-2a 
(Pegasys, 180 microgram per week) and Ribavirin (800-
1200 mg, daily, according to weight). Patients with HCV 
were also stratified according to the reduction of HCV 
RNA levels in serum: rapid virologic response (RVR) show-
ing undetectable serum HCV-RNA at 4 weeks after start-
ing therapy, early virologic response (EVR) was defined as 
the disappearance or reduction in serum HCV-RNA levels 
by at least 2 log10 at 12 weeks after starting therapy, and 
nonearly virologic response (non-EVR), as a lack of reduc-
tion in HCV-RNA serum by more than 2 log10 at 12 weeks 
in comparison with the pretreatment levels (19). We ana-
lyzed virological response rate during therapy (RVR, EVR 
and non-EVR) regarding the presence of HBV-DNA. We col-
lected second serum and PBMC samples from 22 available 
patients to find out the presence of HBV DNA in relation 
to HCV RNA levels. Sixteen patients achieved RVR or EVR, 
and had negative findings for HCV RNA. The remaining 6 
patients were non-EVR with lower HCV RNA, and negative 
results for HBV DNA before therapy.

3.2. Routine Analysis
HBV serum markers (HBsAg and anti-HBc,) were deter-

mined by ELISA using commercially available kits (Dia 
Pro. Diagnostic Italy). HCV-RNA in serum and PBMC be-
fore and during therapy, were quantified with the COBAS 
Taq Man HCV (Roche Diagnostics).

3.3. Histological Diagnosis
The liver biopsies were available from 44 patients be-

fore antiviral therapy to evaluate the degree of histologi-
cal lesion. A numerical score was calculated for each liver 
biopsy specimen, both for grading necroinflammatory 
activity (Histological Activity Index, HAI) and the degree 
of fibrosis (stage). The grade and stage was determined 
according to Ishak Modified scoring system (20). All liver 
biopsy specimens were fixed and paraffin embedded for 
histological analysis if they were sufficient for evaluation 
of liver staging and grading, but available samples for di-
agnosis of HBcAg using immunohistochemical test were 
limited only to 13 liver biopsies.

3.4. Isolation of Plasma and PBMCs
Before and during the antiviral therapy, a volume of 4-5 

ml blood sample from each patient was drawn and trans-
ferred to EDTA tube. Plasma was isolated and saved at -20 
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°C  until used. PBMCs were isolated from blood by gradi-
ent centrifugation using Lympholyte®-H kit (Cedarlane 
Laboratories, Canada). After isolation, the cells were 
washed twice with phosphate-buffered saline (PBS, pH 
7.2) and suspended in 200-400 µL RNA-later (RNA-later 
Stabilization Reagent QIAGEN kit), and stored at -20 °C to 
evaluate HBV-DNA.

3.5. HBV-DNA Detection
For each patient, plasma and PBMCs were explored for 

the presence of HBV-DNA. Viral DNA was extracted from 
200 µl of plasma and PBMCs in RNA-later using High Pure 
Viral Nucleic Acid Kit (Roche Diagnostics).Nested-PCR 
was used to detect HBV-DNA in plasma and PBMCs, two 
pairs of oligonucleotide primers provided in accordance 
with the highly conserved S/pol region of HBV genome 
were used for detection of S region (21).

The sequences of the primers used in Nested PCR in-
cluded:

Outer-YMDD-F: 5´-GGTTATCGCTGGATGTGTCTGC-3´ :365-
386

Outer-YMDD-R: 5´-CCACAATACGTTGACAGACTTTCC-3´ : 
980-1004

Inner-YMDD-F: 5´-CTCTTCATCCTGCTGCTATGCCTC-3´ : 
404-425

Inner-YMDD-R: 5´-TGGTAACAGCGCTAAAAAGGGACTC-3´ 
: 781-805

The PCRs were performed in a 25 µl reaction volume 
containing 5 µl of DNA sample for the first round PCR, 
and 2 µl PCR product for the second round PCR, and 10 
pmol of each primer in each round PCR that performed 
with master kits (iNt Ron, KOREA). The amplification pro-
tocol for the two successive rounds of PCR included: first 
round with 30 cycles, each cycle contained denaturation 
at 940C for 40 sec, annealing at 650C for 40 sec, and ex-
tension at 720C for 40 sec, and the second round with 35 
cycles, each cycle contained denaturation at 940C for 25 
sec, annealing at 660C for 25 sec, and extension at 720C 
for 25 sec with the final extension step at 720C for 3 min. 
The amplified products were visualized in 1% agarose gel 
stained with Ethidium bromide. We used HBV-DNA posi-
tive controls (106copies/mL) and negative control con-
taining serum samples and water at each PCR. The cut-
off of HBV DNA detection was 5 IU/ml. All samples were 
tested for HBV DNA detection using nested-PCR assay in 
duplicate. We regarded the cases that showed positive re-
sults in duplicate.

3.6. Immunohistochemical Examination
Paraffin-embedded liver specimen was cut into 3-4µ 

sections and mounted on microscope slides for analy-
sis. Immunohistochemical (IHC) was performed in two 
steps. First step, included deparaffinizing at 600C and de-
hydrating in xylene, alcohol series (1000, 960,700, 500) 
for 3 minutes at room temperature, and was washed in 

PBS twice for 4 minutes. Second step included adding an-
tibodies, according to protocol (EnVision TM + Dual Link 
System-HRP Dako) kits administrated. Briefly, sections 
were treated with blocking reagent for inhibition of per-
oxidase activity. None-specific binding was blocked by 
normal rabbit serum for 30 minutes. Then polyclonal an-
ti-HbcAb was applied as primary antibody and incubated 
in a moist chamber for two hours. Then visualization pro-
cess was performed according to the manufacture (EnVi-
sion TM + Dual Link System-HRP Dako) kits. Negative and 
positive controls were used simultaneously to ensure re-
liability and specificity.

3.7. Statistical Analysis
Statistical analysis was conducted with SPSS 16 software. 

The results were expressed as percentages, means ± SD or 
median (max-min). Groups were compared using the chi-
square test for categorical variables and student’s t-test, 
analysis of variance (ANOVA) and multivariate analysis 
for quantitative variables. All comparisons were two-
tailed, and p-values less than 0.05 were considered to be 
statistically significant Mann-Whitney U test was used for 
comparing the continuous variables that did not have 
normal distribution.

4. Results
HBV-DNA was detected in 18 (36%) of 50 patients with 

negative results for HBsAg, and positive results for HCV. 
Of these 18 patients, 7 (38.9%) had positive findings in 
both plasma and PBMCs, 8 (44.4%) in only PBMCs, and 3 
(16.7%) in plasma samples only (data not shown). All these 
samples were collected before treatment (first samples). 
There were no statistical difference in gender, age, duration 
of HCV infection, HCV viral load and HCV genotypes in pa-
tients with or without occult HBV. Also, no significant differ-
ence for the presence of anti-HBc was observed in patients 
with positive or negative results for HBV-DNA (Table 1).

Of 50 patients with chronic HCV treated with peg-interfer-
on and ribavirin combination, 21 became undetectable for 
HCV-RNA at 4 weeks, and they achieved an RVR. Serum HCV-
RNA also remained undetectable at 12 weeks after starting 
therapy in these patients. Serum HCV-RNA became unde-
tectable in further 16 patients at 12 weeks after starting treat-
ment, and they achieved a complete EVR. In 4 patients, the 
serum HCV-RNA levels did not become undetectable but re-
duced by ≥ 2 log10 and these patients achieved a partial EVR. 
In these patients, HCV- RNA levels became undetectable 
between 12 and 24 weeks. In nine patients, the reduction 
in serum HCV RNA levels was < 2 log10, and they had a non-
EVR, and also remained detectable for HCV-RNA levels at 24 
weeks after starting therapy, that according to the American 
guidelines, detectable HCV-RNA serum at 24 weeks after be-
ginning therapy was described as a nonresponse (i.e. null 
response or partial nonresponse) (22).
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Table 1. Demographic data of patients with chronic hepatitis C with and without occult HBV

Data Occult HBV (+) (n = 18) Occult HBV (-) (n = 32) P value

Age, Mean ± SD, y 29.88 ± 8.30 27.96 ± 8.41 0.44

Sex, Male/Female 13/5 21/11 0.75

ALT(pre)a, Mean ± SD, IU/mL 47.23 ± 32.17 70.77 ± 43.11 0.05

AST(pre)a, Mean ± SD, IU/mL 41.29 ± 25.28 84.41 ± 74.03 0.005c

ALKP(pre)a, Mean ± SD, IU/mL 214.50 ± 88.62 316.45 ± 138.49 0.004c

ALT at 12 Weeksb,Mean ± SD, IU/mL 32.37 ± 25.44 49.13 ± 33.14 0.08

AST at 12 Weeksb,Mean ± SD, IU/mL 36.44 ± 27.10 49.67 ± 35.22 0.19

ALKP at 12 Weeksb,Mean ± SD, IU/mL 292.44 ± 188.71 303.64 ± 125.24 0.81

Duration of HCV Infection, Mean ± SD,y 5.60 ± 3.72 6.32 ± 4.83 0.59

Anti-HBc(+)/Total number (%) 3/14 (21.4) 7/27 (25.9) 0.75

HCV genotype (%)

1b 12 (70.6) 20 (62.5) 0.57

3b 5(29.4) 12 (37.5)

HCV Viral Load,Mean ± SD, IU/mL 8.79×105± 8.74×105 9.26×105± 10.10×105 0.87

Histological Activity

Stage, Median (Min-Max) 3.50(0-6) 4.40(0-6) 0.54

Grade, Median (Min-Max) 7.15(0-14) 7.80(0-14) 0.43
a Abbreviations: ALT, alanine transaminase; AST, aspartate aminotransferase; ALKP, Alkaline Phosphatase; Pre, Pretreatment
b 12 weeks after starting therapies
c Statistically significant

Moreover, we did not observe significant differences in 
histological grading and staging when comparing patients 
with detectable to those undetectable for HBV-DNA (Table 1). 
The mean ALT, AST and ALKP levels before starting therapy 
were significantly higher in patients with negative results 
for occult HBV than those with positive findings (Table 1). 
Considering virological responses (RVR, EVR and non-EVR) 
between before and 12 weeks after starting therapy, a poor de-
crease on AST levels (P = 0.09) was detected in cases with OBI 
(Median: 13; Range: 147) and without OBI (Median: 9.5; Range: 
202). There was no difference in ALT and ALKP levels between 
the two groups. The rate of virological response during ther-
apy (RVR, EVR and non-EVR) in relation to presence of occult 

HBV was available for 41 of 50 (82%) patients with HCV infec-
tion. Of these 21 achieved an RVR and 20 an EVR; while, serum 
HCV RNA remained undetectable at 24 weeks after starting 
therapy in all these patients. The response rate was signifi-
cantly higher in patients with positive results for HBV-DNA 
compared to those with negative results (100% vs. 71.9 %, P < 
0.05) (Table 2). Nine (28.1%) of cases without HBV-DNA showed 
non-EVR during therapy and HCV RNA remained detectable 
at 24 weeks after starting treatment in these patients (Table 
2). Also, the patients who showed a virologic response dur-
ing therapy (RVR or EVR) had significantly lower duration of 
HCV infection than patients who showed non early virologic 
response (non-EVR) (P = 0.04) (Table 2).

Table 2. Impact of Virological and Epidemiological Features on Virologic Response During Therapy

Data RVR (n = 21) EVR (n = 20) Non-EVR (n = 9) P value

HCV Viral Loada, Mean ± SD, IU/mL 5.00×105± 8.36×105 1.27×106± 1.09×106 1.09×106± 0.48×106 0.02b

Genotype (%) 0.17

1a 10 (31.2) 15 (46.9) 7 (21.9)

3a 10 (58.8) 5 (29.4) 2 (11.8)

Duration of HCV Infectionc, Mean ± SD, y 4.90 ± 4.34 5.91 ± 3.74 9.37 ± 4.95 0.04b

HBV-DNA 0.04b

HBV-DNA positive (%)d 9 (50) 9 (50) 0 (0.0)

HBV-DNA negative (%)e 12 (37.5) 11(34.4) 9 (28.1)
a HCV viral load are baseline values
b Statistically significant
c Defined between the first times of diagnosis of HCV infection and beginning therapy in our study
d Total response rate (RVR + EVR) in cases with positive results for HBV-DNA was 100 %
e Total response rate in (RVR + EVR) cases with negative results for HBV-DNA was 71.5 %
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Likewise, HCV viral load in patients with RVR was sig-
nificantly lower than patients with non-EVR, irrespective 
of the HBV-DNA status (P = 0.02). No statistically signifi-
cant difference was observed in the rate of virological 
response during therapy regarding HCV genotypes (Table 
2). Second plasma samples from 6 patients with EVR, 
stayed HBV-DNA positive and 7 (4 with EVR and 3 with 
non-EVR) having no HBV-DNA in their first plasma sam-
ples, showed positive results in their second samples. 
HBV-DNA remained negative in 8 cases (5 with EVR and 3 
with non EVR) similar to their first plasma samples. Also, 
HBV DNA was detected in PBMCs of 13 patients similar to 
their first samples.

Immunohistochemical study in 13 liver biopsies sam-
ples showed HBcAg in 3 of them, two of these cases had 
positive results for HBV-DNA in plasma and/or PBMCs 
compartments, and one patient had negative findings in 
both samples.

5. Discussion
In this study, the prevalence of occult HBV in patients 

with chronic HCV was 20% (10 of 50) in plasma and 32.6% 
(15 of 46) in PBMCs samples. This observation showed 
that exploring only plasma samples is not sufficient to 
identify occult HBV infection, and the more reliable infor-
mation was obtained by examining both the plasma and 
PBMCs compartments, especially when the liver speci-
mens were not available for detection of HBV-DNA. There-
fore, PBMC may be an alternative source to liver biopsy 
for detection of an occult HBV infection. This result also 
was comparable to Sagnelli et al study who showed that 
nearly a half of HCV patients with detectable HBV-DNA 
in PBMCs had negative results in plasma (23 vs. 12 cases) 
(23). Presence of occult HBV has been reported in associa-
tion with the presence of markers of HBV exposure (anti-
HBc ± anti-HBs). But we found no correlation between 
the presence of anti-HBc and prevalence of HBV-DNA in 
HBsAg-negative and HCV positive patients, this was com-
patible with some studies (3, 24). However, other studies 
showed higher prevalence of occult HBV among individ-
uals seropositive for anti-HBc and/or anti-HBs, especially 
those with the presence of anti-HBc alone, compared 
with patients who had not positive results for anti-HBc 
and anti-HBs (1, 17, 23). The clinical significance of occult 
HBV is still not understood and the overall trend in the lit-
erature shows inconsistent results. To evaluate the clini-
cal influence of occult HBV in patients with chronic HCV, 
we compared histological parameters with the presence 
of HBV-DNA. We found no statistically significant differ-
ence respecting inflammatory activity (grading) or he-
patic fibrosis (staging) in studying patients with chronic 
hepatitis C with and without occult HBV infection as were 
reported by some other researchers (17, 18). Nonetheless, 
in accordance with other studies, the liver disease in pa-
tients with chronic HCV with occult HBV can advance at a 
higher rate than those with HCV infection alone (3, 11, 12, 

25). However, different criteria that regarded for selecting 
patients may explain this discrepancy. For example, our 
study population consisted younger individuals (29.88 ± 
8.30) than Mrani et al., study population (45 ± 12) (3). The 
younger age of our patients causing comparatively short-
er duration of HCV infection in our cases may preclude 
the complete identification of significant association be-
tween OBI and histological progression. The presence of 
HBV-DNA and consequently high liver enzymes levels in 
patients with chronic HCV is also controversial. Our find-
ings demonstrated the elevation of liver enzymes levels 
in HCV patients with negative results for HBV-DNA. While 
the HCV patients who had positive findings for HBV-DNA, 
showed normal or slightly increased liver enzymes levels. 
These findings were comparable with Chen et al., study 
who showed that HCV patients with occult HBV had low-
er ALT levels than those with HCV infection alone (2). Like-
wise, significant reduction of liver enzymes levels at 12 
weeks, due to HCV antiviral therapy in our patients with 
positive results for HCV and negative results for HBV-DNA 
showed that ALT and AST levels correlate with serum 
HCV-RNA levels. These observations could be explainable 
with the viral interference between HCV and HBV. As co-
transfection experiments with HCV and HBV showed that 
the secretion of HCV RNA levels can be decreased by HBV 
DNA (26). Therefore, our results indicated that presence 
of HBV-DNA could cause an inhibitory influence on eleva-
tion of liver enzymes, and provides additional support 
for the opinion that HBV-DNA has inhibitory interference 
on HCV activity. Also, the result of normal liver enzymes 
in our patients with OBI were comparable to many stud-
ies that failed to demonstrate the association between 
OBI and elevation of liver enzymes in patients with HCV 
(17, 24, 27, 28). However, other studies reported a direct 
correlation between the presence of OBI and flare liver 
enzymes (29, 30). In the present study, seven patients 
(4 patients who achieved an EVR and 3 a non EVR) with 
negative results for HBV-DNA in first plasma, showed ap-
pearance of HBV-DNA in second plasma following clear-
ance or reduction of serum HCV-RNA levels due to HCV 
antiviral therapy. This observation suggests diminishing 
inhibitory effect of HCV-RNA levels on HBV-DNA, since 
occult HBV could replicate and be detectable in plasma. 
Indeed, the concept of viral interference is one of the 
reasons that may affect HBV replication and gene expres-
sion. HBV replication in chronic HCV infection with con-
current occult HBV infection could be suppressed by HCV 
core protein (10, 24, 31-33) which may be reversible and oc-
cult infection may reactivates, developing classical hepa-
titis B (4). Therefore, it is possible that HBV flares up when 
the HCV virus is treated (34). However, the fluctuation of 
HBV replication could not be excluded (4). Nevertheless, 
serial follow-up PCR examinations are needed to exclude 
dual HBV and HCV infection. We found that all patients 
with positive results for occult HBV showed a higher viro-
logical response rate during therapy compared to those 
with negative findings, and all patients who showed non 
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early virological response had negative results for oc-
cult HBV before treatment. These results indicated that 
patients with occult HBV had more decrease in HCV-RNA 
levels than negative ones. This is comparable with the 
study of Kazemi Shirazi et al. who reported that patients 
with chronic HCV and HBV-DNA had (P = 0.009) negative 
results for HCV-RNA more common than those without 
HBV-DNA (35). So, this result suggests that HBV genome 
could also possibly suppress HCV replication. Overall, 
these findings may hypothesize mutual interference be-
tween HBV and HCV viruses in our study patients. In ad-
dition, the patients who achieved a virologic response 
during therapy (an RVR and EVR) had lower duration of 
HCV infection and HCV viral load than nonearly virologic 
responders, regardless of HBV-DNA status. Thereupon, 
these data raise some doubt as to whether disappearance 
of serum HCV-RNA levels is affected by an interaction 
between two viruses, or whether other factors also have 
interfered. Finally, examination of 13 HBV-DNA positive 
second plasma samples showed that despite of HCV anti-
viral therapy and a virologic response rate during thera-
py, HBV-DNA could be persistent and even with decrease 
or disappearance of HCV genome may raise. This showed 
that HBV-DNA was not sensitive to PEG-IFN and Ribavirin 
functions as reported in the study of Khattab et al. (1). 
Also, the presence and persistence of HBV-DNA in PBMCs 
may infect liver again, and cause the relapse of hepatitis 
(36). In conclusion, OBI was found in a considerable num-
ber of plasma and PBMCs of Iranian patients with chronic 
hepatitis C infection with undetectable HBsAg, irrespec-
tive of the anti-HBc status. Detection of HBV-DNA in both 
PBMCs and plasma together in comparison with plasma 
alone provided more true identification of OBI. Further-
more, the presence of HBV-DNA was found in association 
with normal liver enzymes levels and more decrease in 
HCV- RNA loads in comparison with patients with nega-
tive results for HBV-DNA. This warrants further studies 
with more patients, considering different host and viral 
factors simultaneously, are needed to confirm these data.
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