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HCV infection is a major public health prob-
lem worldwide [1]. HCV is a plus-strand RNA 
virus whose replication involves replicative inter-
mediate minus-strand RNA synthesis, which 
takes place mainly in hepatocytes, but it can 
also infect peripheral blood mononuclear cells 
(PBMCs) [2–5].

Today, a combination of pegylated IFN and 
ribavirin (RBV) is considered to be the standard 
of care worldwide. In IFN-based treatment for 
chronic HCV infection, RNA becomes unde-
tectable in the serum of approximately 50% of 
patients at the end of therapy. Consequently, 
approximately half of treated patients experience 
relapse [6]. Furthermore, up to one fifth of the 
individuals with chronic hepatitis C progress to 
cirrhosis, and these patients are at a greater risk 
of developing hepatocellular carcinoma [7].

Detection of HCV RNA in PBMC might 
represent an extrahepatic reservoir that can be 
implicated in virus recurrence and persistence. 
Active HCV replication in PBMC may play an 
important role in re-infection of the liver, and 

finally in the high rate of unsuccessful treat-
ment and relapse in patients with chronic hepa-
titis C [8,9]. It is generally accepted that, after 
IFN therapy in which the serum HCV RNA 
becomes undetectable, the presence of minus-
strand HCV RNA in hepatocytes may be an 
indicator of continued proliferation of the 
virus, and the eventual occurrence of relapse 
[10]. Somehow, there are some reports of relapse 
despite the absence of intrahepatic negative-
strand HCV RNA [11]. This phenomenon may 
question the validity of minus-strand determina-
tion as the only indicator of intracellular HCV 
replication. Hence, detection of either minus- 
and/or plus-RNA strands in clinical specimens 
from HCV-infected patients could be regarded 
as intracellular HCV replication.

In this regard, we set up a study to investi-
gate the presence of plus- and minus-strand 
HCV RNA in serum and PBMCs of three groups 
of HCV-infected patients, categorized according 
to their HCV treatment results status as relaps-
ers, resistants and sustained virologic responders 
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Aim: The aim of our study was to investigate the correlation between the presence 
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HCV-infected patients. Methods: Forty-three HCV-infected patients who completed 
48 weeks of IFN/ribavirin therapy, including 25 sustained virologic responders, 12 
resistants and six relapsers, comprised the study population. Plus-/minus-strand HCV 
RNA was detected by reverse transcription PCR in serum and PBMCs. Results: The 
frequency of plus-strand HCV RNA was significantly higher in PBMC and serum 
samples of relapsers and resistants, and this might have important implications in 
clinical practice and patient management. There was no correlation between 
presence of plus- and minus-strand HCV RNA and genotypes, except the fact that 
most of the patients who had plus-strand HCV RNA in PBMCs (60%) and in serum 
(61.53%) belonged to genotype 1a. Conclusion: Presence of plus-strand HCV RNA in 
PBMCs and serum after termination of therapy is associated with viral relapse and 
resistance to IFN/ribavirin treatment in HCV-infected patients.
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(SVRs), during their follow-up period of 1 year 
after completion of IFN/RBV therapy.

Materials & methods
Patients & samples
From December 2009 to August 2010, 43 
HCV-infected patients (29 males, 14 females) 
who agreed to participate in our study and 
provided informed consent were included in 
the study. All these patients were referred to 
Tehran Hepatitis Center during their follow-up 
period after completion of anti-HCV therapy 
based on Peg IFN-a2a (180 µg/week) and RBV 
(800–1200 mg/day, depending on their weight) 
during the 9 months of sampling. 

According to status of HCV treatment results, 
patients whose HCV RNA was undetectable 
by reverse transcription PCR (RT-PCR) assay 
with sensitivity less than 50 IU/ml at the end 
of therapy and continued to be so for at least 
6 months thereafter were considered SVRs. 
Patients whose therapy was completed and who 
showed no detectable HCV RNA from PCR 
testing, but for whom HCV RNA was detected 
after termination of therapy, were considered to 
have relapsed. Those whose serum HCV RNA 
did not become negative throughout therapy, 
and whose viral load was not reduced more than 
2 log after 3 months of therapy were considered 
to be nonresponders or resistant to therapy.

Considering the above definitions, 25 patients 
were responders (SVRs), 12 patients were non-
responders or resistants, and six patients expe-
rienced relapse (relapsers). All of these patients 
were HBsAg negative. Individuals agreed to 
participate and provided written informed con-
sent for interview, health examination and 
blood collection for serological and biochemi-
cal assays. The study was approved by ethical 
committee of the Pasteur Institute of Iran and 
Tehran Hepatitis Center. Tests for clinical, bio-
chemical and virological parameters were per-
formed, analyzed and recorded at baseline and 
also during therapy and follow-up after cessa-
tion. Blood samples were collected in heparin-
ized tubes. Serum was separated and stored at 
-20°C until used. Ficol-Hypaque was used to 
collect PBMCs.

Laboratory determinations
Isolation of PBMCs
PBMCs were isolated from heparinized blood 
samples using Ficol-Hypaque gradient centrifu-
gation (Lympholyte®-H, CEDARLANE; ON, 
Canada) according to manufacturer’s instruc-
tions, preserved in RNA stabilizer reagent 

(Qiagen Diagnostics; Spain) and stored at 
-20°C until used. Each cell fraction contained 
1–3 × 106 cells.

Synthetic HCV RNA
Synthesis of plus and minus strands of HCV 
was carried out according to de Felipe’s meth-
ods with some modifications [12]. The primers 
used were selected from a conserved region of 
HCV and their bioinformatic ana lysis showed 
that they were able to detect all HCV genotypes 
in our samples.

HCV RNA plus and minus strands were gen-
erated using in vitro transcription of PGEMEX-1 
plasmid (Invitrogen; CA, USA). This contains 
the complete 5́  noncoding region of the HCV 
genome, generated by PCR using forward primer 
UTR-S-5´ TCGGAATTCGCGACACTCCA 
CCATGAATC (position 21–40 HCV-1a H77) 
and reverse primer UTR-R-5´ GCGGATCC 
AGTAAACTCCACCAACGATCTG (position 
459–436 HCV-1a H77).

After linearization of the plasmid, the plus 
and minus strands of RNA were synthesized by 
transcription using T

3
 RNA polymerase (5́  to 

the DNA insert) or SP6 RNA polymerase (3´ to 
the DNA insert), respectively.

The plasmid template was digested with 
DNase I (1.5 U/µg DNA, Fermentas; Lithuania) 
for 30 min at 37°C, followed by RNA extrac-°C, followed by RNA extrac-C, followed by RNA extrac-
tion using QIAamp viral RNA mini kit (Qiagen, 
GmbH; Germany). The absence of residual 
DNA was assayed by PCR.

We determined the concentrations of both 
HCV RNA strands by spectrophotometer 
(Picodrop™; UK). Tenfold serial dilutions 
of the RNA templates were made to evaluate 
the sensitivity and specificity of the RT-PCR. 
Moreover, 0.5 µg RNA extracted from an HCV-
negative human cell line (HepG2) was added to 
each dilution. Furthermore, five HCV-positive 
serum specimens were filtered (0.2-µm mem-
brane filter; Millipore; Spain) and HCV RNA 
was extracted using QIAamp viral RNA kit 
(Qiagen). The HCV RNA extracts were tested 
for both strand-specific RT-PCR assays. We used 
these synthesized RNAs as positive controls in 
all runs of PCR experiments.

Detection of HCV RNA plus & minus strands 
in total PBMCs using strand‑specific RT‑PCR
To amplify strand-specific HCV RNA, we fol-
lowed the methods of de Felipe et al. [12] with some 
modifications. Briefly, total RNA was extracted 
from total PBMCs using QIAamp viral RNA 
kit, and RNA concentration was determined 
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spectrophotomet rically. The minus and plus 
strands of the 5´ UTR region of HCV RNA 
were amplified by high-temperature RT-PCR. 
Strand-specific cDNA synthesis was carried out 
with 0.5 µg of RNA at 63°C for 35 min using 
a thermostable DNA polymerase (Transcriptor 
reverse transcriptase; Roche, Germany). For 
detection of the HCV RNA plus strand, we 
used NR5–5́  TGCTCATGGTGCACGGTCT 
ACGAGA (positions 348–323 HCV-1a H77) as 
a reverse primer in cDNA synthesis, and NF5 
5´-GTGAGGAACTACTGTCTTCACGCA 
(positions 47–70 HCV-1a H77) for the reverse 
transcription of cDNA with negative polarity.

The first round of PCR for each cDNA was 
carried out over 35 cycles consisting of 35 s 
at 94°C, 35 s at 60°C and 40 s at 72°C. The 
cDNAs were amplified using 2× PCR master 
mix solution (i-Tag, iNtRON Biotechnology, 
Inc., Korea).

The following conventional nested-PCR was 
carried out using 2.5 µl of first PCR product. 
Conventional nested-PCR was performed as 
previously described with forward primer CF2 
5´-TGGTCTGCGGAACCGGTGAGTACA 
(positions 143–167 HCV-1a H77) and reverse 
primer CR2 5´ GGGTATCAGGCAGTACC 
ACAAGG (positions 301–279 HCV-1a H77).

All samples were analyzed blinded to the 
patient’s clinical parameters. Moreover, 0.5 µg 
RNA from PBMCs extracted from five non-
infected subjects and f ive HCV-infected 
individuals were included in each run as control.

HCV genotyping
HCV genotyping was performed using restriction 
fragment length polymorphism [13]. The ampli-
fied plus-strand fragments were extracted from 
the agarose gel using High Pure PCR Product 
Purification kit (Roche) and were sequenced 
commercially (SEQLAB Sequence Laboratories 
GmbH; Germany) using inner primers.

Serum HBV DNA detection
Total HBV DNA was extracted from 200 µl of 
serum using the High Pure Viral Nucleic Acid 
kit (Roche), according to the manufacturers’ 
instructions. Extracted DNA was amplified 
using the nested PCR-method [14]. A 402-bp 
fragment covering a region of the S/POL gene 
was amplified.

Statistical analysis
The data were statistically analyzed using the 
SPSS software, version 13 (SPSS, Inc., IL, 
USA). To determine normal distribution of the 

quantitative values, they were initially tested using 
the Kolmogorov–Smirnov test. Nonparametric 
tests (Kruskal–Wallis and Mann–Whitney U) 
were used for comparing the continuous vari-
ables with categorical variables that did not have 
normal distribution. Differences between groups 
were tested by Fisher’s exact and c2 tests for nomi-
nal and ordinal variables. The odds ratio (OR) 
and its 95% CI were estimated. p-values less than 
0.05 were regarded as statistically significant.

Results
Demographic & biochemical analysis
Demographic and biological characteristics of 
the 43 patients of this study are summarized 
in Table 1.

The patients within the study consisted of 
25 SVRs, 12 resistant and six relapse cases, 
during their follow-up after termination of 
IFN/RBV therapy. There was no association 
between sex and age with groups. Comparing 
the biochemical parameter levels before, during 
and after treatment showed that the AST and 
ALT enzymes stayed significantly higher in the 
resistant group in all stages of the study, espe-
cially in the follow-up period (p = 0.007 and 
p = 0.003, respectively), while these levels were 
not significantly different in other groups. 

Virologic analysis
We analyzed the correlation between the pres-
ence of plus- and minus-strand HCV RNA 
in PBMCs and serum in three groups of our 
patients.

As Table 2 shows, plus-strand HCV RNA 
was detected in PBMCs of 61.1% of resistants 
(p < 0.001), 33.3% of relapsers (p = 0.004) and 
5.6% of the SVR (p < 0.001) group. None of 
the SVR group had plus-strand HCV RNA in 
PBMCs, with one exception. Detection of 40% 
minus-strand HCV RNA in the relapsers was 
significant (p = 0.009) while the presence of 
this strand in SVR and resistant groups was not 
significant (p = 0.150 and p = 0.7, respectively).

We looked for evidence of plus- and minus-
strand HCV RNA simultaneously in the 
serum samples of all study patients (Table 3). 
Plus-strand HCV RNA was present in serum 
samples of 66.7, 26.7 and 6.7% of resistant, 
relapse and SVR groups, respectively. Minus-
strand HCV RNA was also detected at similar 
rates in the three groups (66.7% resistants, 25% 
relapsers and 8.3% SVRs).

There was no correlation between presence 
of plus- and minus-strand HCV RNA and 
genotype, except for the fact that most of the 
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patients with plus-strand HCV RNA present in 
PBMCs (60%; p = 0.04; OR: 0.263; 95% CI: 
0.068–1.01) and in serum (61.53%; p = 0.04; 
OR: 0.262; 95% CI: 0.067–1.02) belonged to 
genotype 1a. Seven out of 11 resistant (63.6%), 
nine out of 19 SVRs (47.3%) and none of six 
relapse cases (altogether 16 out of36; 44.44%) 
showed presence of occult HBV infection 
(p = 0.03), emphasizing that occult HBV was 
significantly high in resistant and not present 
in relapse groups in comparison with SVR cases 
(p = 0.035; OR: 2.5; 95% CI: 1.16–5.34 and 
p = 0.022; OR: 0.68; 95% CI: 0.504–0.929).

Discussion
Using current combination therapy, applying 
IFN/RBV, 65% of our HCV-infected patients 
in Iran achieve SVR, approximately 20% 
relapse after termination of therapy, and the 
remaining 15% show no response (resistant) 
to therapy [15]. Considering the predominance 

of genotype 1a in Iran (61.2%) [16], with lower 
response to IFN therapy [17], the prediction of 
SVR, resistance or relapse would be useful for 
making the decision of whether to continue or 
resume therapy. 

Importantly, our results showed significant 
correlation between the presence of plus-strand 
HCV RNA in PBMCs and relapse and resis-
tance to treatment in HCV-infected patients 
after termination of antiviral therapy. This is 
compatible with the report by El-Awady et al. 
which evaluated the presence of HCV RNA 
(plus and minus strands) in PBMC and serum 
as a predictive factor for sustained response [18]. 
At the end of 1 year of follow-up, they found 
that only patients who did not have plus- and 
minus-strand HCV RNA in PBMCs contin-
ued to be sustained responders. By contrast, 
all patients with undetectable HCV RNA in 
serum and positive test results for HCV RNA 
in PBMCs at the end of therapy relapsed within 

Table 1. Demographic and biological characteristics in three groups of patients pre-, during and post-pegylated 
IFN/ribavirin therapy.

Characteristic SVR (n = 25) Resistant (n = 12) Relapse (n = 6) p-value

Age in years, median (min–max) 46 (23–71) 52 (28–61) 45 (31–61) 0.4

Sex (male/female) 17/8 9/3 4/2 0.8

HBV DNA (positive) 9 7 0 0.03†

HCV genotype
1a
1b
3a

6
7
5

6
1
3

3
2
0

0.3

Pre-HCV RNA level, median (min–max; IU/ml) 633,500
(301,000–
4,516,000)

1,205,000
(5559–3,770,000)

2,440,000
(663,000–
2,940,000)

0.173

Post-HCV RNA level, median (min–max; IU/ml) ND 625,000
(9285–3,263,691)

484,209.25
(80,500–1,720,000)

<0.001†

AST (pre), median (min–max; IU/ml) 47 (16–114) 59 (27–195) 56 (20–139) 0.610

ALT (pre), median (min–max; IU/ml) 73 (16–148) 75 (32–264) 100 (17–170) 0.918

AST (during), median (min–max; IU/ml) 28 (11.6–93.5) 35 (17–196) 39 (14–92) 0.132

ALT (during), median (min–max; IU/ml) 26.7 (14–90) 32 (13–218.6) 39.2 (9.33–91) 0.290

AST (post), median (min–max; IU/ml) 22.2 (10–137) 64.75 (1.3–23) 36 (20.5–48) 0.007†

ALT (post), median (min–max; IU/ml) 21.5 (6–118) 56.7 (24–109) 60 (24.5–72) 0.003†

BIL.D (pre), median (min–max; µmol/l) 0.3 (0.1–0.5) 0.3 (0.2–0.4) 0.15 (0.1–0.5) 0.256

BIL.D (during), median (min–max; µmol/l) 0.30 (0.17–0.4) 0.30 (0.1–0.8) 0.36 (0.1–0.5) 0.452

BIL.D (post), median (min–max; µmol/l) 0.2 (0.1–0.7) 0.3 (0.2–1.55) 0.22 (0.13–0.3) 0.296

BIL.T (pre), median (min–max; µmol/l) 0.9 (0.6–2.5) 0.8 (0.5–1) 0.7 (0.3–2.20) 0.128

BIL.T (during), median (min–max; µmol/l) 1.05 (0.5–2.5) 0.8 (0.4–1.30) 1.3 (0.9–3.5) 0.05

BIL.T (post), median (min–max; µmol/l) 0.2 (0.1–0.7) 0.45 (0.2–1.5) 0.22 (0.13–1.10) 0.213
†Statistically significant. 
ALT: Alanine transaminase; AST: Aspartate aminotransferase; BIL.D: Direct bilirubin; BIL.T: Total bilirubin; During: During treatment; Min–max: Minimum–maximum; 
ND: Not detected; Post: Post-treatment; Pre: Pretreatment; SVR: Sustained virologic responder.
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1 year. Therefore, it is likely that PBMCs serve 
as a reservoir for HCV, as a responsible factor 
for relapse [19–21].

Our study showed that all responders, except 
one, had no plus-strand HCV RNA in their 
PBMCs, indicating that carriage of plus-strand 
HCV RNA in PBMCs is indicative for persis-
tence and relapse of infection. In some other 
studies, HCV RNA was not detected in the 
PBMCs of responder patients at the end of 
therapy or during follow up [11,22,23]. This is in 
accordance with our results that may suggest 
that the absence of HCV RNA in PBMCs of 
patients with negative serum viral RNA is an 
indicator of total eradication of HCV infec-
tion. This is more emphasized in some other 
studies in which infection of PBMCs has been 
suggested as a negative prognostic factor with 
respect to patient response [20,21,24–27] and as a 
good clinical marker for predicting relapse after 
IFN treatment [23,28–31].

In a study by Xu et al., 88.9% of patients with 
HCV RNA in PBMCs showed viral relapse over 
a 24 week follow-up period, and they emphasized 
that in hepatitis C-infected patients, presence of 
HCV RNA in PBMCs could predict whether 
response could be obtained from IFN therapy 
[32]. They suggested that the predictive effect of 
HCV RNA in PBMCs after IFN treatment is 
more important than other factors. 

These findings are certainly intriguing and 
will potentially have important implications 
for the future understanding and management 
of HCV infection. It is likely that the presence 
of plus-strand HCV RNA in PBMCs may be a 
good clinical marker for predicting resistance to 
treatment or relapse in a longer follow-up period 

[33]. However, more studies with more patients 
are needed to confirm our results. 

Detection of lower levels of minus-strand 
HCV RNA in the PBMCs of relapse and resis-
tant cases, compared with plus-strand levels, 
is in agreement with Natarajan et al. [34] and 
Zignego et al. [35], who suggested that, regard-
less of the higher specificity of the methods, 
there is a good reason to suspect a slight reduc-
tion in the sensitivity of detecting negative-
strand HCV RNA. When this aspect is con-
sidered together with the fact that a minority 
of cells [36] and PBMCs [37] are infected with 
minus-strand HCV RNA with a low replicative 
activity [38], detection of a lower level of HCV 
minus-strand in PBMCs is quite likely. This is 
in concordance with the report of Lerat et al. [7], 
which reported that HCV minus-strand RNA 
was found in 75% of livers and only 8% of 

PBMCs, independent of the genotype involved, 
in HCV-infected patients.

Presence of minus-strand HCV RNA in 
serum samples of 29.5% of our study patients 
is consistent with the findings of previous 
researchers, who reported a heterologous detec-
tion rate of 33% [39], 50% [40], 55% [41], 60% 
[42] and 90.9% [43] minus-strand HCV RNA in 
serum samples of HCV-infected patients when 
applying RT-PCR. Based on these studies it 
appears that the presence of viral minus-strand 
RNA in the serum of HCV-infected patients 
is common. Considering the fact that the 
liver is the target organ of HCV replication, 
but that the virus can also replicate in many 
extrahepatic cells and organs [44], it is possible 
that the minus-strand HCV RNA detected in 
serum is emanating from some of these cells 
such as PBMCs or the virus itself. However, 

Table 2. Correlation between presence of positive- and negative-
strand HCV RNA in peripheral blood mononuclear cells in three 
groups of patients.

Group Positive† Negative‡ p-value OR 95% CI

Positive-strand PBMCs

SVR 1 (5.6%) 24 (100%) <0.001§ 0.04 0.005–0.27

Resistant 11 (61.1%) 0 (0%) <0.001§ 4.42 0.118–0.433

Relapse 6 (33.3%) 0 (0%) 0.004§ 3.003 0.210–0.529

Negative-strand PBMCs

SVR 4 (40%) 21 (67.7%) 0.150 0.31 0.07–1.38

Resistant 2 (20%) 9 (29%) 0.7 0.61 0.108–3.46

Relapse 4 (40%) 1 (3.2%) 0.009§ 20 0.005–0.530

Two positive-strand and one negative-strand PBMC samples failed in testing.
†For positive-strand PBMCs, n = 18. For negative-strand PBMC, n = 10.
‡For positive-strand PBMCs, n = 24. For negative-strand PBMC, n = 31.
§Statistically significant.
OR: Odds ratio; PBMC: Peripheral blood mononuclear cell; SVR: Sustained virologic responder.

Table 3. Correlation between presence of positive- and  
negative- strand HCV RNA in serum in three groups of patients.

Group Positive† Negative‡ p-value OR 95% CI

Positive-strand PBMCs

SVR 1 (6.7%) 23 (88.5%) <0.001§ 0.009 8.80–0.09

Resistant 10 (66.7%) 2 (7.71%) <0.001§ 23.8 0.007–0.252

Relapse 4 (26.7%) 1 (3.8%) 0.05§ 9.09 0.11–1.101

Negative-strand PBMCs

SVR 1 (8.3%) 23 (79.3%) <0.001§ 0.023 0.0025–0.221

Resistant 8 (66.7%) 4 (13.8%) <0.002§ 12.5 0.016–0.396

Relapse 3 (25.0%) 2 (6.9%) 0.139 4.50 0.32–1.5

Two positive-strand and one negative-strand PBMC samples failed in testing.
†For positive-strand PBMCs, n = 15. For negative-strand PBMCs, n = 12.
‡For positive-strand PBMCs, n = 26. For negative-strand PBMCs, n = 29.
§Statistically significant.
OR: Odds ratio; PBMC: Peripheral blood mononuclear cell; SVR: Sustained virologic responder.
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these results require larger prospective studies 
on HCV-infected patients in order to investigate 
the nature of these strands and their correlation 
with any clinical and pathological aspects of 
HCV infection.

HCV genotype has been described as an 
independent response predictor for antiviral 
therapy [45]. Furthermore, different genotypes 
have been reported both in plasma and PBMCs 
[38], and it has been speculated that extrahe-
patic HCV diversity may be an important 
determinant of treatment response [7]. In our 
study, the HCV sequences detected in serum 
and PBMCs were identical in both samples 
from each individual, except one of the SVR 
cases. This is similar to findings of Pham et al. 
[6] and in contrast with studies in which HCV 
sequences in PBMCs have been found to dif-
fer from those found in serum and the liver 
[7,45–47]. Our results show that a genomic varia-
tion in serum and PBMCs is not a responsible 
factor of persistence or relapse in our patients. 
This may be attributed to the small size of our 
study population.

 Occult HBV infection characterized by the 
presence of HBV DNA in serum in the absence 
of HBsAg, has also been suggested as a pos-
sible factor influencing IFN therapy response 
in HCV-infected patients [5,48–53]. Therefore, 
presence of HBV DNA in the serum of our 
patients was assessed. A relatively high rate 
of occult HBV infection among our patients 
(47.47%) was detected. Since most of occult 
cases belonged to the resistant group (63.6%), 
it is likely that host response to viral infection 
plays a role in these patients, making them 
unable to respond to HCV and HBV antiviral 
therapy.

These results are in accordance with the find-
ings of Khattab et al. [51], who suggested the 
presence of occult HBV as a factor influenc-
ing resistance to IFN therapy in HCV-infected 
patients. They found that all their patients 
with HCV and occult HBV continued to test 
positive for HBV DNA in serum at the end 
of antiviral therapy. They also noticed that 
occult HBV infection was correlated with 
mutations in the ‘a’ determinant of the S gene 
and resistance to IFN/RBV therapy.

 Several studies have also suggested that occult 
HBV infection may be associated with a lack of 
response to IFN therapy in patients with chronic 
hepatitis C [5,48,54]. However, studies of larger 
populations of patients are needed to determine 
whether occult HBV infection may represent 
a major risk factor for relapse or resistance to 

antiviral therapy in patients with chronic 
hepatitis C. 

Conclusion
The presence of plus-strand HCV RNA in 
PBMC and serum after termination of therapy 
is associated with viral relapse and resistance to 
IFN/RBV treatment in HCV-infected patients. 
This could be of key importance in current man-
agement of HCV-infected patients in clinical 
practice, making it possible to recognize a group 
of patients to prolong their treatment, and also 
suggest more stringent criteria for assessment of 
therapeutic outcomes.

Future perspective
A combination therapy with IFN/RBV has led 
to the achievement of an SVR for more than 
50% of HCV-infected patients. Several factors 
related to virus and hosts are considered to be 
correlated with response to therapy. However, 
it is difficult to predict which factor is the most 
important one for each individual response. 

It is important to analyze different data related 
to both host and virus, to predict therapeutic 
effects. Since new anti-HCV agents are being 
studied, it will be necessary to put more efforts 
into finding different factors related to treatment 
response over the next 5–10 years and to select 
the patients who have a greater possibility of 
achieving SVR.
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Executive summary

Plus-/minus-strand HCV RNA in peripheral blood mononuclear cells & serum
 n Extrahepatic replication of HCV may have important effects on treatment response in HCV-infected patients undergoing IFN/ribavirin 

therapy.
 n Presence of plus-strand HCV RNA in peripheral blood mononuclear cell and serum samples is associated with viral relapse and 

resistance to IFN/ribavirin therapy.
 n Considering the fact that HCV genotype 1a with lower response to IFN therapy is predominant in Iran, prediction of resistance, relapse 

or sustained virologic responders would be very useful for management of HCV antiviral therapy.
 n The presence of minus-strand HCV RNA in serum samples of 29.5% of our patients is interesting and requires larger studies on HCV 

therapy, placing more emphasis on detection of minus-strand HCV in serum and its association with different aspects of HCV infection.
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