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Introduction

Hepatitis C infection is known as a serious health
problem. It is one of the main causes of chronic
viral hepatitis, and also cirrhosis and hepatocellu-
lar carcinoma in the world (1). The worldwide
prevalence of hepatitis C virus (HCV) infection is
estimated as 2% to 3% of the global population
with approximately 200 million infected people (2).
Prevention of HCV depends on an evaluation of
global HCV infection distribution, assessment of

its risk factors, and determination of accelerating
factors in disease progression. Several host factors
such as male sex, older age at infection, long dis-
ease duration, and various viral factors such as
genotype and peripheral viral load have been de-
scribed to effect on disease progression. However,
due to the lack of a vaccine or some form of post-
exposure prophylaxis, an accurate epidemiological
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Background: Hepatitis C is a disease with significant global impact. The distribution of hepatitis C virus (HCV)
genotypes in Mashhad (the Northeast and the biggest city after the capital of Iran) is unknown. The purpose of this
study was to determine the prevalence of HCV genotypes among HCV seropositive patients, and to study the
relationship between types, virologic and demographic features of patients in Mashhad.
Methods: Three hundred and eighty-two clinical specimens obtained from HCV-infected patients referred to
Ghaem Hospital in Mashhad during a period of 2009 to 2010 were selected. HCV genotype was determined by
Nested PCR amplification of HCV core gene using genotype specific primers.
Results: Totally, 299 patients were male (79.9%). The most common HCV genotype was genotype 3a, with 150
(40%) of subjects. Genotype 1a was the other frequent genotype, with 147(39.2%) subjects. Frequency of genotypes
for 1b, 5 and 2 was 41(10.9%), 13(3.4%) and 9(2.4%), respectively. Mix genotype including 1a+1b in 4 (1.04%),
1a+3a in 3 (0.8%) was found in 7 patients. Four percent out of these samples had an undetermined genotype.
Among the hemophilia patient, there were 13(48.1%) genotypes as 1a, 3(11.1%) 1b and 10(37%) 3a, respectively.
Conclusion: The dominant HCV genotype among patients living in Mashhad was 3a. This study gives added
evidence of the predominant HCV genotypes in Iran.
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assessment to plan primary prevention actions in
any given population is essential (1).
HCV is classified into six major genotypes, sev-
eral subtypes, and about 100 different strains
based on variations in HCV RNA (3,4). Differ-
ent HCV isolates worldwide show substantial
nucleotide sequence variability throughout the
viral genome. These viral types and subtypes dif-
fer in their geographical distribution (5-8). HCV
genotype information is one of the most impor-
tant factors in order to prediction of the medical
treatment response, treatment duration and the
dose of ribavirin (9,10). In addition, HCV geno-
typing is a useful tool to determine its molecular
epidemiology, as they are indicative of transmis-
sion route of infection. HCV genotyping also
has been used in the development of reliable
diagnostic tests and vaccines (11).
Several studies on HCV genotype have been
performed in Iran. No such studies on the HCV
genotyping are available from this region of Iran.
Therefore, this study was conducted to deter-
mine the genotype distribution of HCV in a
population of patients in Mashhad, the North-
east of Iran.

Materials and Methods

Clinical samples
Three hundred and eighty-two clinical specimens
obtained from HCV-infected patients living in
Mashhad were selected for this study. Patients
had well-documented hepatitis C infection, as
confirmed by clinical and laboratory findings.
Serum samples were obtained from all patients
during a period of October 2009 to October
2010 and stored at -80°C until genotyping assay
was carried out. The diagnosis of hepatitis C
infection was made on the basis of the presence
of anti-HCV antibodies in sera detected by third-
generation commercially available enzyme-linked
immunosurbent assay (ELISA) kits (DiaSorin,
Spain).

RNA extraction and cDNA synthesis
Viral RNA was extracted from HCV positive se-
rum samples according to the protocol provided

by the commercial High Pure Viral RNA Kit
(Boehringer, Germany). Briefly, 200 µl of plasma
were treated with 400 µl of guanidine hydrochlo-
ride, supplemented by poly (A) carrier RNA. Af-
ter vortexing, nucleic acids specifically bind to
the surface of glass fibers precast into a column.
Non-specifically bound material was removed by
washing solution of the kit. Finally, nucleic acids
were eluted in a volume of 50 µl of RNase-free
water.
Ten microliters of the eluted RNA were used to
carry out reverse transcription. cDNA synthesis
was done with AMV reverse transcriptase (Pro-
mega, USA) and random hexamer. Two microli-
ters of this cDNA were submitted for the first
round of PCR reaction. Before performing of
the genotyping reactions, in order to evaluation
of the extracted RNA quality, after cDNA
synthesis, PCR with beta-globin primers was
done for all of the samples. Nucleotid sequences
of these primers were: BGF:
GAAGAGCCAAGGACAGGTAC and BGR:
GGAAAATAGACCAATAGGCAG. The ex-
pected size for beta globin bond was 407 bp.

HCV genotyping assay
HCV genotype was determined by using the
type-specific detection system of Ohno et al.
(11). According to the protocol, reverse
transcription was followed by two rounds of
nucleic acid amplification. 2.5µM of S2 and A2
primers (which are the sense and the anti-sense
primers for the core region, respectively), 0.2
mM dNTPs and 2 units of Taq DNA polyme-
rase (Promega, USA) were utilized in the first
round of amplification. Thermal cycles of the
first PCR were as follows: initial denaturation at
94оC for 5 min; preliminary 20 cycles of
amplification in three steps: 94°C for 1 min,
45°C for 1 min, 72°C for 1 min followed by 20
additional cycles of 94оC for 1 min, 60оC for 1
min, and 72оC for 1 min.
In the second round, two different primer mix-
tures were prepared. Mix1 included the S7, S2a,
G1b, G2a, G2b, and G3b primers and Mix2
contained the S7, G1a, G3a, G4, G5a, and G6a
primers (Table 1).



Iranian J Publ Health, Vol. 41, No.9, Sep 2012, pp. 56-61

Available at: http://ijph.tums.ac.ir 58

Table1: oligonucleotide primers used for genotyping of Hepatitis C

Primer Nucleotide posi-
tion

Sequence (5-3)

S2 core protein GGGAGGTCTCGTAGACCGTGCACCATG
A2 core protein GAG(AC)GG(GT)AT(AG)TACCCCATGAG(AG)TCGGC
S7 core protein AGACCGTGCACCATGAGCAC
S2a core protein AACACTAACCGTCGCCCACAA
G1a core protein GGATAGGCTGACGTCTACCT
G1b core protein CCTGCCCTCGGGTTGGCTA(AG)
G2a core protein CACGTGGCTGGGATCGCTCC
G2b core protein GGCCCCAATTAGGACGAGAC
G3a core protein GCCCAGGACCGGCCTTCGCT
G3b core protein CGCTCGGAAGTCTTACGTAC
G4 core protein CCCGGGAACTTAACGTCCAT
G5a core protein GAACCTCGGGGGGAGAGCAA
G6a core protein GGTCATTGGGGCCCCAATGT

Then, 0.5 µl of first-round PCR product was used
and two PCR reactions were carried out for each
sample, one with primer mix 1 and the other with
mix 2. Thermal cycles of second PCR were as
follows: 30 cycles of (94оC for 1 minute, 62оC for
45 seconds and 72оC for 1 minute). All reactions
were performed with negative sera as a negative
control.
After DNA amplification, data analysis was done
based on the presence or absence of specific bands
of amplified DNA in agarose gel (2%). The HCV
genotype for each sample was determined by
identifying the genotype specific DNA bands, as
showed in Fig. 1.

Fig.1: Electrophoresis patterns of PCR products
from different HCV genotypes. Line 1: genotype

1b, 234 bp ; line 2: genotype 2a, 139 and 190 bp;
line 3: genotype 1a, 208 bp; line 4: genotype 5a,
320 bp; line 5: genotype 3a, 232 bp; line 6: 100bp
Ladder

In this study HCV RNA viral load was detected
using Cobas Amplicor Test (Version 2, Roche
Molecular Systems).

Statistical analysis
Statistical analysis was performed using SPSS
version 11.5 software. Descriptive statistics were
used to calculate the mean and standard devia-
tion. All information was compared with clinical
data including age, sex, and HCV viral load.
Differences in virologic, biochemical and demo-
graphic features between groups were analyzed
using chi-squared test and Student’s t-test. The
significance level was set at a P-value of ≤ 0.05.

Results

Patients
In the present study all the 382 cases with
hepatitis C infection were evaluated. 299 patients
of this study were male (79.7%) and 76(30.3%)
of them were female with a mean age of 40
(range 13 –76 years; 33.9±11.83). Among them,
there were 26 (6.8%) with hemophilia.
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Distribution of HCV genotypes
In this study, genotype 3a showed the highest
frequency with 150 (40%) of subjects. Genotype
1a was the other frequent genotype, with 147
(39.2%) subjects. Frequency of Genotype of 1b,
5 and 2a were 41(10.9%), 13(3.4%) and 9(2.4%),
respectively. As shown in Fig. 1, the expected
size of the genotype-specific bands in primer
mixture (1) was 234 bp for genotype (1b), 139
bp and 190 bp for genotype (2a). For HCV
genotype 2a, the antisense primer G2a poten-
tially can be annealed to a nucleotide sequences
in genotype 4. So a specific sense primer for
genotype 2 (S2a), was added, resulting in two
bands is visible. As shown in Fig.2, the expected
size of the genotype-specific bands in primer
mixture (2) was 208 bp for genotype (1a), 232 bp
for genotype (3a), 320 bp for genotype (5a) and
336 bp for genotype (6a).
Furthermore, 7(1.82%) patients were infected si-
multaneously by two genotypes; 4(1.04%) by the
1a+1b genotypes, and 3(0.8%) by the 1a+3a
genotypes. 15(4%) out of these samples had an
undetermined genotype. It should be noted that
among the hemophilia patients, there were
13(48.1%) genotypes 1a, 3(11.1%) 1b and
10(37%) 3a, respectively.
HCV RNA viral load in 212 patients was meas-
ured. The patients with genotype 3a had high le-
vels of HCV viremia (Mean = 4.9 million cop-
ies/ml). In addition, in patients with genotype 1a,
the average of HCV RNA was 2.1 million cop-
ies/ml.

Discussion

HCV is now recognized as an important public
health problem globally. More than 50% of the
infected individuals develop severe chronic
hepatitis with liver cirrhosis and hepatocellular
carcinoma. Indeed, among all types of viral
hepatitis diagnosed in the local community,
HCV is responsible for up to 56% of total cases
(2,12).
Regional differences in the prevalence of HCV are
focused by many studies (13,14). The most coun-

tries have prevalence rates from 1 to 2%, mean-
while, higher rates have been reported in Asian
countries, including Egypt (15%), Pakistan (4.7%)
and Taiwan (4.4%) (15). The last study on HCV
prevalence in Iran was on healthy blood donors in
2010, and showed a seroprevalence of 0.5% (2).
The HCV genotypes should be identified before
starting any treatment for HCV infection, as it
affect in selection of an appropriate antiviral
therapy. Available evidence in various regions of
the world shows the differences in distribution
of HCV genotypes. Genotype 1a is most fre-
quently found in Northern Europe and North
America, whereas lb is the most common geno-
type in Japan, Southern and Eastern Europe.
Genotype 2 is present in most developed coun-
tries, but is less common than type 1. Genotype
3 is endemic in South-East Asia and India. Type
4 is the most prevalent genotype in the Middle
East, Egypt, and Central Africa, type 5 is almost
exclusively found in South Africa, and finally,
type 6 is present in Hong Kong, Macau and
Vietnam (16-19).
In Iran, located in the Middle East, there have
been regional reports on the hepatitis genotyping
among infected patients. The goal of present
study was to identify the prevalence of HCV
genotypes in Mashhad (the northeast of Iran). The
results showed that the HCV genotype 3a is
predominant type in Mashhad. Present results are
nearly similar to those studies which have already
been conducted in Isfahan and Shiraz, Iran (13,14).
Our investigation was inconsistent to earlier stu-
dies from Tehran that reported genotype 1a was
the most prevalent genotype in Iran (7,20).
Comparing to the studies of Iran's neighbor coun-
tries, it can be understood that the most common
genotype of Pakistan is type 3a. No study is
available on geographic variation in the prevalence
of various HCV genotypes from Afghanistan.
However, external displacement can be consider,
particularly refugees to neighboring countries in-
cluding Afghanistan and Pakistan which harbor
higher infected population of HCV (15).
Epidemiological differences in age distribution
of the major HCV genotype have investigated
(17). European studies show genotype 1a and 3a
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are relatively more common in young individuals
with a history of intravenous drug use. In some
studies, type 1b infected patients were signifi-
cantly older than those infected by other geno-
types and a significant proportion of younger pa-
tients were infected with type 3 (21). In this
study, type 3a infection was found predomi-
nantly in younger patients (42.9% in age 30 or
less) and type 1a was common in those aged 50
or more.
Several studies have indicated that infection with
certain HCV genotypes is influenced by the
route of its transmission. Genotype la was the
major genotype in patients receiving multiple
transfusions, while genotype 3a was detected pri-
marily in intravenous drug users (22). In this
study, data regarding route of transmission were
not available, so it was not possible to associate
HCV genotype with route of transmission. It
would be interesting to explore such relation-
ships in the population of Mashhad.
HCV viral load and viral genotype are two key
predictive markers, knowledge of which might
be valuable in the treatment decisions. Viral load
seems to be a useful prognostic marker for the
outcome of antiviral therapy. In fact, patients
with high level viremia show a poor response to
interferon therapy than those with low viral load.
However, the correlation between HCV viral
load and genotypes remains controversial (23,
24).
In the present study, HCV RNA in the number
of patient (n= 212) was measured. Analyzed data
showed that the majority of patients with HCV
type 3a infections had high levels of viremia
(N=89, Mean = 4.9 million copies/ml). HCV
RNA levels of type 3a infected patients in this
study were significantly higher than those in the
HCV type 1 of infected patients (4.9 and 2.1 mil-
lion copies/ml, respectively). This was in con-
trast with studies that have shown a random
distribution of HCV RNA levels among patients
infected with different genotypes (24, 25).
Finally, according to recent studies, genotype
analysis should be part of treatment algorithms
at some point in the process. This study hig-
hlighted that the dominant HCV genotype

among patients living in Mashhad is 3a. This
study gives added evidence of the predominant
HCV genotypes in Iran.
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