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people have been reported to have HCV infection 
worldwide.[3,4] The prevalence of HCV serotype in 
the general population of Iran has been reported as 
0.5%–1%[5] and 6.7%[6] and 20%[7] in hemodialyzed and 
thalassemia patients, respectively. In 1989, HCV was 
identified as the most important cause of hepatitis 
following blood transfusion.[8] More than 25 years after 
discovering HCV, the development of preventive and 
therapeutic vaccines for HCV is still one of the most 
important challenges for researchers. The high rate 
of mutation in the virus and its many strategies to 

INTRODUCTION

Hepatitis C virus (HCV), a member of the Flaviviridae 
family, is an enveloped, single‑stranded RNA virus, 
whose only host is human.[1] HCV has seven genotypes 
and multiple subtypes (for instance, 1a and 1b).[2] HCV 
infection is one of the most important risk factors 
for liver failure and can lead to chronic hepatitis, 
cirrhosis, and hepatocellular carcinoma. Approximately 
170–200 million (almost 3% of the world’s population) 
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evade the host immune system are the important reasons 
for the complexity of the vaccine design.[9,10] According 
to the documentations, rates of infection are generally 
categorized into three groups including high (>3.5%), 
intermediate (1.5%–3.5%), and low (<1.5%). Central and 
East Asia, the Middle East, and North Africa fall in the 
first group. South and Southeast Asia, sub‑Saharan Africa, 
Central and Southern Latin America, Caribbean, Oceania, 
Australasia, and Central, Eastern, and Western Europe 
belong to the second group. The third group includes 
Asia‑Pacific, Tropical Latin America, and North America.[11] 
In neighboring countries of Iran, the prevalence of HCV 
infection is very different which has been reported as 
0.8%, 2.4%, 3%, and 8.7% in Kuwait, Turkey, Pakistan, and 
Azerbaijan, respectively.[12] In Iran, the prevalence of HCV 
infection has been reported as 0.3% among first‑time blood 
donors.[13] On the other hand, the overall prevalence of HCV 
infection varies across different provinces ranging from 0.3% 
to 1.6%.[12,14,15] According to the literature, 7 genotypes (1–7) 
and more than 60 subtypes (e.g. subtype 1a and 1b) have 
been reported for HCV strains.[16] Genotypes 1–3 are widely 
distributed around the world.[17] The prevalence of HCV 
subtypes (1a and 3a), the most frequent subtypes of HCV 
in Iran, has been reported 47% and 36%, respectively.[18] 
Chaharmahal and Bakhtiari Province is an attractive city 
for passengers and tourists every year. A recent study on 
3000 samples older than 15 years old in Chaharmahal and 
Bakhtiari Province (urban and rural areas) revealed that 
the prevalence of HCV was twice as large in men (1.2%) 
than in women.[19]

Since HCV is one of the causative agents of chronic liver 
disease and that is a global public health problem, putting 
a significant burden on the health‑care and economical 
system, so molecular epidemiological studies on HCV 
genotypes can display significant differences in their global 
distribution and prevalence. Knowing the genotypes of HCV 
can bring new insights for health and economic outcomes of 
HCV cure through testing, managing, and treating adults 
infected with HCV. Therefore, this community‑based study 
aimed to investigate HCV genotypes in infected patients 
referring to the laboratory of Hajar Hospital of Shahrekord 
University of Medical Sciences from November 21, 2016, to 
October 21, 2017.

MATERIALS AND METHODS

Serological assay
In this study, the sera were obtained from 2377 individuals 
referring to the laboratory of Hajar Hospital in Shahrekord, 
Iran, from November 21, 2016, to October 21, 2017. Initially, 
the blood samples (8 ml) from participants were collected 
in ethylenediaminetetraacetic acid tubes. Following plasma 
separation, the anti‑HCV antibody was tested for all sera 

by enzyme‑linked immunosorbent assay (ELISA) test (Dia.
pro, Italy). The samples of positive sera which were detected 
for HCV antibody were aliquoted and stored immediately 
at −70°C further analysis.

Hepatitis C virus RNA extraction, cDNA synthesis, and 
quantitative reverse transcription‑polymerase chain 
reaction
HCV RNA isolation was performed from the sera of patients 
using RNA extraction kit (RIBO‑prep, Moscow, Russia). 
The RNA concentration was detected by calculating the 
absorbance ratio OD260 nm/280 nm using NanoDrop 2000 
Spectrophotometer (Thermo Scientific, MA, USA). Then, 
purified RNA was directly subjected for cDNA synthesis. 
Detection of HCV genotypes was performed using the 
AmpliSens® HCV‑Monitor‑FRT real‑time polymerase 
chain reaction (PCR) kit (InterLabService Ltd., Moscow, 
Russia), according to the manufacturer’s instructions. 
The transcription level of glyceraldehyde 3‑phosphate 
dehydrogenase was used as an endogenous control. The 
2−∆∆Ct method was used to determine the relative expression of 
genes. Quantitative reverse transcription (qRT)‑PCR reactions 
were run using the Rotor‑Gene 6000 instrument (Corbett 
Research, Sydney, Australia).

Statistical analysis
Descriptive statistics are reported with the number (%) 
for qualitative variables, median (interquartile range) for 
abnormally distributed quantitative variable (viral load), 
and mean ± standard deviation for quantitative variable 
with normal distribution (age). Independent t‑test (to 
compare difference between the age of males and females), 
Fisher’s exact test (to assess associations between age 
categories and genotypes), Spearman correlation (to assess 
correlation between viral load and age), and Kruskal–Wallis 
test (to compare plasma viral load of different genotypes) 
were performed in IBM SPSS 19.0 (IBM SPSS Statistics, 
ARMONK, New York, USA). P < 0.05 was considered 
statistically significant.

RESULTS

Sample description
Out of 2377 participants who were examined for hepatitis 
C, ELISA test was positive for only 63 patients. Among 
them, the real‑time test was positive in 31 (49.2%, 95% 
confidence interval [CI]: 37%–62%) patients. The mean age 
of the participants was 39.8 ± 13.2 years (range, 8–80, 95% 
CI: 36.5–43.2) with a male predominance (82.5%, 95% CI: 
73%–92%). There was no significant difference between the 
age of males and females (P = 0.47).

Information about hepatitis C virus genotypes
The median HCV viral load among infected patients was 
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665,710 (4,886,042). There was no correlation between viral 
load and age (P = 0.35). Genotype 3 which was detected 
in 18 (28.6%, 95% CI: 17.0%–40.0%) samples was the most 
frequent type, followed by 1a (9.5%, 95% CI: 2.1%–17.0%), 
others (7.9%, 95% CI: 1.1%–14.8%), and 1b (3.2%, 95% CI: 
0.0%–7.6%). In this study, we did not find the genotypes 
2 and 4 in our population study. Our results suggest that 
there was no difference between the plasma viral load of 
different genotypes [P = 0.39, Table 1]. The associations 
between age categories and genotypes are reported in 
Table 2. Although the main type among all of the age 
categories was genotype 3, no significant association was 
detected based on Fisher’s exact test (P = 0.66). However, 
the association between gender and different genotypes 
was significant [P = 0.04, Figure 1].

DISCUSSION

One of the major public health concerns is HCV infection 
which causes fulminant hepatitis, hepatocellular carcinoma, 
and cirrhosis. The distribution of HCV genotypes is various 
across different areas and patients.[20]

Determining the dominant genotype of HCV in each region 
through epidemiological studies is essential for antiviral 
planning as genotype‑based antiviral therapy increases the 
chance of success.[21]

In the current study, we measured anti‑HCV antibodies 
in specimens obtained from patients susceptible for HCV 
infection. They were then confirmed using qRT‑PCR 
method which is employed for diagnosing and monitoring 
patients infected with HCV according to the European and 
American Liver Society guideline.[22]

In the present study, the initial screening of patients was 
done by ELISA. We further used the qRT‑PCR method to 

confirm the screening and to prevent false‑positive and 
false‑negative results.

Different prevalence of HCV infection has been reported 
in the general population in different provinces of Iran.
[12‑14] These discrepancies may be due to factors such as 
lifestyle (as most patients are not honest in describing their 
lifestyle, and more importantly sometimes curiosity in some 
lifestyle issues is inconsistent with ethical considerations), 
undesirable habits, inappropriate quality of public health 
services, and different influence of confirmatory techniques 
after screening by ELISA.[13,23]

The prevalence of  HCV infect ion is  higher in 
neighboring countries of Iran including Pakistan (4.7%), 
Afghanistan (1.1%), Iraq (7.1%), Turkey (1%–2.1%), and 
Qatar (6.3%).[24] Globally, Egypt has been reported as a 
country with the highest HCV prevalence (17.5%).[23] In our 
population, the prevalence of HCV infection was calculated 
1.1%.

Our results are in line with previous results which reported 
that the prevalence of HCV infection in men is higher than 
in women. In a study performed in Kermanshah Province 
of Iran, across a 1721 urban population, during 2005–2006, 
the prevalence rate of HCV infection for the male was 5‑fold 
higher than for the female.[15] In 2017, the same rate was 
achieved in another study conducted by Ghezeldasht et al.[13]

The findings of the present study revealed that the pattern 
of HCV genotypes was 3, 1a, and 1b, with the frequency 
rates of 58.1%, 19.4%, and 6.4%, respectively. These results 
are consistent with the findings of Zarkesh‑Esfahani 
et al. from Isfahan[25] as well as the results provided by 
Hadinedoushan et al. from Yazd.[26] All of these findings 
suggest that the prominent genotypes were 3a, 1a, and 1b, 

Figure 1: Association between gender and different genotypes. Results were 
reported as number (%) and the associations were examined using Fisher’s 
exact test 

Table 1. Association between plasma viral load and 
different genotypes
Genotype n (%) Plasma viral load

Median (IQR)

P

3
18 

(28.6)
599694 (4766785)

0.391a 6 (9.5) 2721262 (12538245)
1b 2 (3.2) 4542659 (2641494)
5 or 6 5 (7.9) 37746 (3972764)

Table 2. Association between different age categories 
and genotypes 
Age group 3 1a 1b 5 or 6 Total P
<31 2 (6.5) 1 (3.2) 0 (0) 0 (0) 3

0.66
31-40 9 (29.0) 4 (12.9) 1 (3.2) 2 (6.5) 16
41-50 4 (12.9) 1 (3.2) 0 (0) 3 (9.7) 8
>50 3 (9.7) 0 (0) 1 (3.2) 0 (0) 4
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consecutively. A similar pattern of HCV genotype in Iran 
has also been observed in multiple countries worldwide. 
HCV genotypes 1 and 3 are the dominant and predominant 
subtypes in Iran, respectively.[27,28]   In line with our survey, 
several studies in India, Pakistan, and Malaysia have 
identified that HCV genotype 3 was the predominant type 
in these countries.[29]

The most important limitations of this study are the 
lack of study variables. Based on the evidence from the 
International Agency for Research on Cancer has classified 
as Group 1 carcinogens, six  viruses associated with 
the origin of certain types of human cancers: Epstein–
Barr virus, Kaposi’s sarcoma‑associated herpesvirus/
human herpesvirus 8, human papillomavirus, hepatitis 
B virus (HBV), HCV, and human T‑lymphotropic virus 
type 1. It would be valuable to evaluate functional studies 
to characterize the biological properties of HCV in 
hepatocellular carcinoma development using in vitro and 
in vivo model systems.

Since HBV and HCV are associated with non‑Hodgkin’s 
lymphoma and liver cancer, it is worth mentioning to 
establish a causal role of HCV in human carcinogenesis. 
Identifying possible synergies between environmental 
factors and HCV with hepatocellular carcinoma can have 
potential effects in controlling the disease.

CONCLUSION

The critical step to predicting the response rate and 
duration of the treatment for HCV antiviral therapy is 
genotyping because the patients who need more aggressive 
management are helped for screening. Therefore, in 
view of the points mentioned above, the findings of the 
present study determined that HCV genotype 3 was the 
predominant genotype followed by the genotypes 1a and 
1b in Chaharmahal and Bakhtiari Province.
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