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1. Introduction

   Hepatitis C virus (HCV) was acknowledged in 1989 by 
Choo et al[1] and classified into the family Flaviviridae[2]. It 
is a single stranded enveloped RNA virus of 9.6 kb genome 
with three structural and six nonstructural proteins. The 
structural proteins are core, E1 and E2 and these have 
a substantial heterogeneity due to the lack of efficient 
proofreading ability during the replication process[3,4]. 
This variability has led to viral classification into at least 6 
genotypes and over 100 subtypes on the basis of molecular 
relatedness[5-7]. Experiments conducted on Huh7 cell lines 
have shown that HCV virions present a natural integrity and 
infectivity, which opens up new opportunities to improve 
the therapeutic strategies for the treatment of HCV[8]. 

   It is imperative to determine HCV genotypes and subtypes 
to cope with the clinical management, prognosis and 
assessment of patients before consideration of interferon 
therapy. HCV is classified into 11 major genotypes and 
more than 100 subtypes. Genotypes 1-3 have worldwide 
distribution. The rest of the genotypes show definite 
geographic site predilections. Types 1a and 1b are the 
most prevalent in the world especially in United States 
and Europe[9,10]. In Japan, 73% of infections are caused by 
subtype 1b[11]. HCV subtypes 2a and 2b are found commonly 
in North America and Europe. In Northern Italy, subtype 
2c is the dominant one[12]. In South-East Asia, genotype 
3 is most common. Type 4 is found in Middle East, Egypt 
and central Africa. The South African population is mostly 
infected with genotype 5[13]. Genotype 6 is found in the 
population of Hong Kong[14]. The Vietnamese population 
harbors geographically isolated genotypes 7, 8 and 9 while 
genotypes 10 and 11 are acknowledged in Indonesian HCV 
infected patients[12]. 
   People not habitually adopting proper hygiene measures 
and no implementation of international standards in 
procedures like blood transfusion, reuse of injection 
needles, injecting drug users, tattooing, getting a shave from 
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Objective: To determine hepatitis C virus (HCV) genotypes and explore the associated risk 
factors in chronic HCV patients. Methods: A total of 116 patients with chronic hepatitis C were 
subjected to polymerase chain reaction (PCR) based detection out of which 112 chronic HCV 
patients [53 male (47.32%), 59 female (52.68%); mean age (43.76暲16.40) years; mean BMI (23.8暲3.9) 
kg] were enrolled in this study. The frequency of 6 HCV genotypes and associated risk factors 
were evaluated from five districts of North West Frontier Province (NWFP). Results: Genotype 3 
was the most prevalent in 73 samples (65.17%) followed by genotype 1 in 24 (21.42%) and genotype 
2 in 13 (11.60%) samples. Genotype 3 had significantly high prevalence (P=0.000 2). The results showed 
that 48 (42.85%) samples were infected with HCV 3a; 25 (22.32%) with 3b; 14 (12.50%) with 1a; 10 (8.92%) 
with 1b; 11 (9.82%) with 2a; 2 (1.78%) with 2b; and 2 were untypable. The distribution of HCV 
genotypes in Mardan, Charsadda, Peshawar, Sawabi and Nowshehra districts was different. Use 
of unsterile equipment for medication, barbers and previous history of hospitalization were the 
main risk factors for HCV transmission. Conclusions: Genotype 3a and 3b, 1a, 1b and 2a are the 
common genotypes in NWFP. Genotype 4, 5, and 6 can not be found in a single sample. The level 
of awareness about various modes of transmission of HCV among the population is found to be 
very low.  
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barbers, use of unsterilized needles for ear and nose piercing 
and use of unsterilized surgical instruments are the key 
factors of HCV transmission in Pakistan[12,15]. Worldwide, 
there are about 170 million people being infected with HCV, 
and 3-4 million individuals are diagnosed as new cases 
every year. In Pakistan, 10 million people are presumed to 
have HCV, with 5% prevalence in the general population[15]. 
This number is going to increase with the passage of time 
due to the lack of awareness, resources and health care 
safety measures. 
   Pakistan shares its borders with four neighboring 
countries, Afghanistan, China, India and Iran. North 
West Frontier Province of Pakistan (NWFP) lies beside 
Afghanistan, with a shared border of 2 430 km[16]. Very little 
is known about the epidemiology and associated risk factors 
of viral hepatitis like HCV and hepatitis B virus (HBV) in this 
province. Data regarding HCV genotypes are still lacking in 
this region which has a population of 19.63 million[17]. Most of 
the work in this direction has been done in other provinces 
of Pakistan like Punjab and Sindh. Thus tremendous efforts 
are needed to increase the awareness about the genotypes of 
HCV and various risk factors involved in their transmission 
in this province. Therefore, the present study was aimed to 
determine the genotypes of HCV and explore the associated 
risk factors in chronic HCV patients.

2. Materials and methods

2.1. Patients and samples

   The present study was carried out from June 2009 to 
February 2010, at NUST Centre of Virology and Immunology 
(NCVI), National University of Science and Technology, in 
collaboration with Government Lady Reading Hospital (LRH), 
Peshawar, Pakistan (a major hospital in this Province). The 
study was approved by the Ethical Committee of Nust Centre 
of Virology and Immunology, NUST. 
   A total of 116 consecutive patients with chronic hepatitis 
C who came from 5 different districts of NWFP, including 
Mardan, Charsadda, Peshawar, Nowshehra and Sawabi 
were included in the study. Whole blood samples were 
collected in BD vacutainer tubes. Seventy blood samples 
from chronic HCV patients (mostly with cirrhosis and liver 
carcinoma) were collected from LRH in Peshawar while 46 
were collected from different diagnostic labs and health 
care centers in Charsadda, Nowshehra, Mardan and Sawabi. 
The patients in LRH were hospitalized from different 
districts due to severe HCV infection. All the samples were 
seropositive for anti-HCV by second-generation enzyme 

linked immunosorbent assay (ELISA). Patients who had any 
serological evidence of infection with other viruses like HIV, 
HBV and HDV were excluded from this study.

2.2. Molecular screening of the study subjects 

   Serum of 116 chronic HCV patients was collected from 
whole blood and then it was subjected to RNA extraction, 
using Qiagen (Germany) RNA isolation kit according to the 
protocols of the manufacturer. Viral RNA (10 毺L) was used 
to reversely transcribe the 5’ UTR by using Moloney murine 
Leukemia Virus Reverse Transcriptase (M-mLV RTase, 
Fermentas) in a reaction volume of 20 毺L for 60 min at 37 曟.   
   The amplified cDNA of HCV 5’ UTR was used for 
qualitative analysis. The 1st round PCR reaction was made 
by using outer sense and antisense primers and then a 2nd 
round nested PCR was performed using inner primers. The 
1st round PCR product (2 毺L) was used as a template for 
the 2nd round nested PCR. Both the 1st and 2nd round PCR 
were amplified with Taq DNA polymerase (Fermentas) for 35 
cycles. Amplified DNA fragments of the 2nd round were run 
on 1.5% agarose gel electrophoresis and visualized by using 
a gel documentation system (Wealtec) (Figure 1). Out of 116 
samples, 4 proved to be HCV negative while 112 were HCV 
positive after qualitative analysis by PCR.
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Figure 1. Electrophoresis pattern of some samples, performed for 
qualitative analysis. 
Lanes 1, 3, 4, 5, 6, 7, 8 & 9 contain bands which are HCV positive while 
lane 2 is a negative control.

2.3. Genotyping of HCV positive patients   

   All HCV positive patients were then screened for 
genotyping. Screening was done for 6 different genotypes by 
using the method of Ohno et al[18] with slight amendment.  
Viral RNA (10 毺L) was used to synthesize cDNA through 
reverse transcription using 200 U of M-mLV RT at 37 曟 for 
60 min. The first round PCR was carried out using 10 毺L of the 
synthesized cDNA using 5’-GGGAGGTCTCGTAGACCGTGC
ACCATG-3’ as forward primer and 5’-GAGACGGGTATAGT
ACCCCATGAGAGTCGGC-3’ as reverse primer. The product 
from the 1st round (5 毺L) was then taken to perform a 2nd 
round PCR in the form of Mix 1 and Mix 2. Mix 1 contained 

Table 1
Primers used for genotyping.

Name Mix 1 primers Name Mix 2 primers
S7 AGACCGTGCACCATGAGCAC S7 AGACCGTGCACCATGAGCAC
S2a AACACTAACCGTCGCCCACAA G1a GGATAGGCTGACGTCTACCT
G1b CCTGCCCTCGGGTTGGCTA(AG) G3a GCCCAGGACCGGCCTTCGCT
G2a CACGTGGCTGGGATCGCTCC G4 CCCGGGAACTTAACGTCCAT
G2b GGCCCCAATTAGGACGAGAC G5a GAACCTCGGGGGGAGAGCAA
G3b CGCTCGGAAGTCTTACGTAC G6a GGTCATTGGGGCCCCAATGT
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primers for genotype 2a, 2b, 3b and 1b while genotype 1a, 3a, 
4, 5a and 6a were in Mix 2 (Table 1). All PCR amplification 
reactions were performed by using Taq DNA Polymerase 
(Fermentas). The 2nd round PCR products (5 毺L) were 
electrophoresed on 1.5% agarose gel with 100 bp DNA marker 
and visualized in gel doc system (Wealtec) (Figure 2). HCV 
genotype confirmation was done on the basis of specific PCR 
bands.
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Figure 2. Genotyping of HCV positive patients using agarose gel 
electrophoresis.
A: Lanes 1, 3 & 5 amplified bands represent genotype 3a, lanes 2, 4, 6 
& 8 represent genotype 2a and lane 7 shows genotype 1b; B: Lanes 3, 5, 
6 & 7 represent genotype 3b, lanes 2 & 4 represent genotype 3a, lane 1 
represents genotype 2a while lane 8 shows genotype 2b.

A

B

2.4. Data collection   

   No provincial data collection system exists for the 
evaluation of common risk factors associated with HCV 
transmission. For this reason HCV frequently enters this 
population, with a variety of modes of transmission. Data 
were collected by conducting interviews with each of the 
study subjects and using a questionnaire.

2.5. Statistical analysis

   In the statistical analysis, clinical variables were presented 
as mean暲SD, P value and CI (95%) were calculated and 
compared by using independent t-test and Chi square test. 
In the case of P values, a significance of 5% was assumed. 
Data analysis was accomplished using the computer 
software, SPSS for windows. P value for the risk factors was 
calculated using CreoStat HB (Version 1.0.4). 

3. Results

3.1. Genotypes

   Among the 116 patients with chronic hepatitis C (by ELISA 
and PCR) screened for qualitative analysis by PCR, 112 
patients [53 male (47.32%), 59 female (52.68%); mean age 
(43.76暲16.40) years; mean BMI (23.8暲3.9) kg] were HCV 
positive. The frequency distribution of HCV genotypes 
and subtypes in 112 patients was determined. In the 112 
PCR positive samples, genotype 3 was the most prevalent 
genotype (73, 65.17%) followed by genotype 1 (24, 21.42%) and 
genotype 2 (13, 11.60%). Genotype 3 had significantly high 
prevalence (P=0.000 2) in the Pakistani population. Among 
the subtypes, 48 (42.85%) samples were HCV 3a, and 3b 
was found in 25 (22.32%) patients, 14 (12.50%) were genotype 
1a, 10 (8.92%) genotype 1b, 11 (9.82%) genotype 2a, 2 (1.78%) 
genotype 2b while 2 (1.78%) samples revealed no result, 
and were considered to be untypable by the genotyping 
system of Ohno et al. Details of HCV prevalence in different 
districts of NWFP were shown in Table 2 and Figure 3. In 
the 8 different areas of the province, HCV genotypes 3a, 3b, 
2a, 1a, 1b were the most prevalent in Nowshehra (47.4%), 
Peshawar (26.9%), Mardan (11.8%), Sawabi (17.4%) and Mardan 
(11.8%), respectively, and the least prevalent in Charsadda 
(37.0%), Mardan (17.6%), Sawabi (4.3%), Peshawar (7.7%) and 
Nowshehra (5.3%). HCV genotypes in 4 districts showed 
a significantly different distribution, Peshawar (P=0.041), 
Charsadda (P=0.015), Mardan (P=0.050) and Sawabi (P=0.040) 
and the difference was nonsignificant in Nowshehra district 
(P=0.060). Genotype 2b was found in samples from Peshawar 
and Sawabi while both of the untypable samples were from 
HCV patients of Charsadda district.    

Figure 3. Graphical representation of HCV genotypes in five different 
districts of NWFP. 
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3.2. Risk factors

Table 2 
Distribution of HCV genotypes in five districts of NWFP [n (%)].

 Districts Total isolates Distribution of HCV genotypes in NWFP   Analysis
3a (n=48) 3b (n=25) 1a (n=14) 1b (n=10) 2a (n=11) 2b/Untypable* CI (95%) P value

Peshawar 26 11 (42.3) 7 (26.9) 2 (7.7) 2 (7.7)   3 (11.5) 1 (3.8)   0.98-32.30 0.041
Nowshehra 19  9 (47.4) 4 (21.0)  3 (15.8) 1 (5.3)   2 (10.5) 0 (0.0) -0.95-34.30 0.060
Charsadda 27 10 (37.0) 6 (22.2)  3 (11.1)  3 (11.1)   3 (11.1)  2*(7.4)   4.90-28.40 0.015

Mardan 17  8 (47.0) 3 (17.6)  2 (11.8)  2 (11.8)   2 (11.8) 0 (0.0) -0.58-33.40 0.050
Sawabi 23 10 (43.5) 5 (21.7)  4 (17.4) 2 (8.7) 1 (4.3) 1 (4.3)   0.97-32.30 0.040
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   Our data suggested that a variety of risk factors were 
responsible for the transmission of HCV in NWFP (95%CI: 
-1.1-14.1). All the HCV exposed patients were divided 
into 12 categories. There were 14 (12.5%) cases (P=0.037) 
who had contracted the virus due to the re-use of syringes 
from untrained rural health care workers and injection 
drug users; 4 (3.57%) cases (P=0.613) were because of minor 
cuts and injuries being exposed to contaminated water; 5 
(4.46%) patients were infected due to the use of different 
contaminated equipment, including that for dental invasive 
procedures and root canal treatments (P=0.872). There 
were 7 (6.25%, P=0.655) cases thought to be associated 
with a medical history of several surgeries and long-term 
hospitalization, while 8 (7.14%) patients claimed multiple 
transfusions (P=0.476). Haemodialysis and non-sexual 
household contacts accounted for 6 (5.35%) cases each 
(P=0.877 for each). Factors for HCV transmission in 7 (6.25%, 
P=0.655) patients were shaving or circumcision from barber 
shops, tattooing and sharing razors; 3 (2.67%, P=0.300) female 
cases were found who contracted the infection during 
handling child delivery cases at home (non professional); 
5 (4.46%) patients were infected while working in different 
hospitals and health care centers (P=0.872). Only 2 (1.78%, 
P=0.144) cases were observed with infection from using 
and sharing contaminated tooth brushes and nail cutters. 
A single HCV positive patient (0.89%) claimed to have 
contracted the infection from her husband, indicating a 
sexual mode of transmission (significantly low, P=0.050). We 
did not find any cases of transmission of HCV infection from 
infected mother to baby. In 44 (39.28%) patients no route of 
transmission could be established. 

4. Discussion

   In Pakistan, very little research work has been carried 
out on the epidemiology, genotypes and likely risk factors 
associated with the transmission of HCV[19]. HCV is a blood 
borne disease and spreads through intravenous drug users, 
by sharing of tooth brushes, contaminated needles, sexual 
relations, from mother to child and by getting a shave from 
community barbers, which is a very common practice 
in Pakistan[20]. According to the United Nations ranking, 
Pakistan stands at the 134th position amongst 170 developing 
countries due to a lack of basic health facilities and 
educational standards providence[21]. People in NWFP have 
the least of the above mentioned facilities, awareness and 
educational standards to combat the infection of HCV by self 
care and appropriate interferon therapies. This study was 
carried out in different regions of NWFP to investigate the 
prevalence of HCV genotypes and their possible infection 
causes in the HCV infected population.
   HCV is one of the major causes of chronic hepatitis, and 
patients with persistent HCV infection have a high incidence 
of hepatocellular carcinoma (HCC)[17]. High genetic 
heterogeneity has been noted for HCV, with a nucleotide 

substitution rate of 1.44暳10-3 - 1.92暳10-3 per site per year[22]. 
These mutations result in diversification and evolution of 
different HCV genotypes. It is evident that patients infected 
by different genotypes show a difference in severity of liver 
diseases and a different response to interferon therapy[18]. 
Knowledge of HCV genotypes provides important information 
about epidemiology and therapy. Over the past decade, 
major improvements have been made in the treatment 
and handling of chronic hepatitis C, especially with the 
introduction of combined therapy of using both interferon 
and ribavirin. The most optimal dose and proper duration of 
treatment is still a matter of debate. However, HCV genotype 
influences the severity of disease as well as the response 
to interferon therapy[23]. Generally, patients infected with 
HCV genotypes 2 or 3 more readily achieve a sustained viral 
response (SVR) than those infected with HCV genotype 1. An 
SVR is achieved in 61% of HCV patients getting interferon 
therapy[24]. Several studies have shown an association 
between HCV genotype and both the responsiveness to 
interferon treatment and the extent of clinical progression 
of chronic HCV infection[25]. Thus it is imperative for health 
care providers to know about genotype before giving therapy 
to the patient. A convenient and reliable HCV genotyping 
system is obligatory for studying genotypes in HCV patients 
for proper treatment. 
   Our study indicates 3a is the most common genotype in the 
sampled population. These results are consistent with the 
studies reported from other provinces of Pakistan and other 
countries in the area i.e. India, Nepal and Bangladesh[26]. 
However, there is a minor difference especially with respect 
to 3a and 3b prevalence than other studies. Our study shows 
a greater frequency of 3b and a lower distribution of 3a as 
compared to the previous studies. However, this difference 
is non significant, and can be regarded as consistent with all 
the studies conducted previously. According to the present 
study, genotype 3a is the most frequent subtype in NWFP 
population (P=0.000 2), which may render them prone to 
steatosis, followed by other liver complications with greater 
frequency than the rest of the world. Intravenous drug users 
and re-use of syringes make a significant contribution 
in the spread of HCV (P=0.037). Other risk factors are 
not significantly involved while sexual transmission is 
significantly low (P=0.032). 
   Two undetectable (untypable) samples were further tested 
by a different genotyping system reported by Idrees[27] but 
no band was observed in either sample. The presence of 
untypable samples in previous reports from Pakistan and in 
our study indicates neither the genotyping methods of Ohno 
et al nor Idrees are able to detect these genotypes or some 
novel genotypes are present in Pakistan. So the cloning and 
sequencing of these samples would be very useful to solve 
this mystery and to help health care workers to prescribe 
appropriate therapy for patients with untypable genotypes. 
Our next goal is to determine the genetic sequence of the 
untypable HCV region, so the reasons for untypable samples 
can be established.
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   Genotypes 3a and 3b are the common genotypes in NWFP 
with slight differences from other provinces of Pakistan. In 
NWFP, 3a is less frequent while 3b is more frequent than 
other provinces of Pakistan. Genotypes 1a, 1b, 2a and 2b 
are also present in the population, while genotypes 4, 5, 
and 6 were not found in any sample. There is considerable 
variation in the prevalence of different genotypes and 
subtypes in 5 areas of NWFP. There is little awareness 
about the various modes of transmission of HCV among the 
population. Re-use of syringes and intravenous drug users 
contribute significantly to HCV transmission (P=0.037). A 
predominant number of them are considering interferon 
treatment as a vaccination strategy for hepatitis B and C.
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