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Abstract: 
Background: Hepatitis C Virus has been characterized into seven major genotypes and multiple subtypes which 
display variable distribution across the globe. Accurate identification of Hepatitis C Virus genotypes prior to 
initiating antiviral therapy plays a vital role in the management of chronic Hepatitis C Virus infected patients. 
Diverse genotypes of Hepatitis C Virus differ with respect to treatment response, nature as well as duration of 
therapy. Due to treatment associated side effects and high costs, Hepatitis C Virus genotype determination 
especially among non-responders is required to help these patients in selection of appropriate antiviral therapy. 
Objectives: The aim of this study was to find out the frequency of HCV genotypes among non-responders to 
combination therapy. 
Patients and Methods: This descriptive study was carried out at Institute of Basic Medical Sciences, Khyber 
Medical University Peshawar from January 2016 to June 2016 after institutional ethical approval. Serum samples 
were collected from 110 chronic HV infected patients who failed to respond to either Conventional or Pegylated 
Interferon therapy. Identification of HCV genotype was performed using two sets of newly designed primers in a 
modified type specific nested PCR based genotyping assay. Agarose gel electrophoresis was carried out for 
identification of genotype specific PCR product.  
Results: Among 110 actively infected samples, majority (53.4%) of the infections were attributed to HCV 
genotype 3a. Among other subtypes, HCV 1b (17.1%) and 1a (9.4%) genotypes were predominantly observed. 
HCV 3b, 2a and 2b accounted for infection in 8.2%, 5.4% and 3.3% of the patients respectively. Mixed infections 
with more than one type in a single specimen were found in 2.1% of the isolates, while 1.1% of the samples 
remained untypeable. 
Conclusion: The current study reports a high frequency of Hepatitis C Virus 3a among studied isolates. Emerging 
resistance against antiviral therapy might be attributed to HCV 1b, 1a and other subtypes observed among non-
responders. 
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Introduction 
Hepatitis C Virus(HCV) commonly causes cirrhosis 
and liver cancer.1 In Pakistan, significant mortality and 
morbidity has been reported mainly due to 
complications of end stage liver diseases.2 HCV is 
known to have marked genetic heterogeneity, due to 
RNA dependent RNA polymerase (RdRp) which lacks 

proofreading ability thereby resulting in rapidly 
evolution in its genome.3,4 In each cell infected, the 
calculated  rate of mutation for HCV is 1.2 × 10-4 
substitutions per site.5Due to high nucleotide 
substitution rate, HCV genome has been classified into 
seven different genotypes and a series of subtypes.6 
These viral types and subtypes show differing 
distribution in different geographic regions.7 Accurate 
knowledge of regional distribution of circulating HCV 
genotypes in our community is imperative for future 
research into vaccine development, correct 
formulation of healthcare policies and allocating 
resources accordingly. Currently, the clinical 
management of HCV is dependent on HCV genotype 
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which is the strongest predictive parameter of 
Sustained Virological Response (SVR).8Although 
considerable research has been conducted as far as the 
management of chronic HCV infection is concerned; 
the optimum treatment is not yet established. 
Recently, the development of Direct Acting Antivirals 
(DAAs) has significantly improved treatment 
outcomes for patients with HCV infection.9 A careful 
investigation of previous studies from Pakistan 
regarding response to conventional INF/RBV 
combination therapy showed variable response rates 
ranging from 50-70%.10,11Peg-INF based therapies 
showed better outcomes with SVR rates reaching 80% 
and with DAAs an SVR of 93% has been 
reported.12,13In the present study we attempted to 
determine the distribution of HCV genotypes among 
non-responders. Identification of HCV genotype 
before or at least soon after initiating antiviral therapy 
will help in proper management of chronic HCV 
infected patients in terms of selection of appropriate 
antiviral therapy, prevention of various treatment 
related side effects and cost of therapy.   
 

Patients and Methods 
The present descriptive study was conducted from 
January 2016 to June 2016 after approval by the ethical 
review committee at Institute of Basic Medical 
Sciences, Khyber Medical University (IBMS, KMU), 
Peshawar. Both male and female patients who turned 
out to be non-responders after 24 weeks of therapy 
with Conventional or Pegylated Interferon were 
included in the present study. Serum samples were 
collected using a non-probability consecutive 
sampling technique from 110 chronic HCV infected 
patients after taking their consent. Patients with 
detectable viral RNA at 24 weeks of therapy were 
defined as Non-Responders (NRs).  
Initially cDNA was synthesized by reverse 
transcription Polymerase Chain Reaction (PCR) using 
M-MuLV reverse transcriptase enzyme (Thermo 
Fisher scientific, USA). Isolated cDNA was used in 
two rounds of a Qualitative nested PCR based 
genotyping assay using newly designed primers from 
recently evolved HCV sequences that were submitted 
to various genome repositories. The amplified DNA 
fragments were separated using 2% agarose gel 
(Thermo Fisher Scientific, USA)at 110 volts for 40 
minutes. A 50-bp DNA ladder (Thermo Fisher 
Scientific, USA) was kept as DNA size marker for 
identification of genotype specific PCR product and 
observed under UV transilluminator. 

Results 
Among 110 chronic HCV infected patients included in 
the present study 47 (43%) were female and 63 (57%)  
were male patients. Mean age of all the patients were 
47 ± 9.5 (Mean ± SD). About 76 (69%) of the patients 
have a viral load of >800000 IU/ml, while only 34 
(31%) patients have a viral load of <800000 IU/ml. 
Mean Alanine aminotransferase levels observed were 
63 ± 10.3(Mean ± SD). 
Gel electrograph of amplified PCR product is shown 
in Figure 1. HCV genotype 3a was the most frequently 
observed type present in 59 (53.4%) of the isolates. 
Among other subtypes, a high percentage of HCV 1b 
18 (17.1%) and 1a 11 (9.4%) genotypes were observed. 
HCV 3b, 2a and 2b accounted for infection in (8.2%), 6 
(5.4%) and 4 (3.3%) of the patients respectively. Mixed 
infection with more than one type in a single specimen 
were found in 2 (2.1%) of the isolates, while 1 (1.1%) of 
the samples remained not untypeable. Distribution of 
HCV genotypes among non-responders is illustrated 
in Figure 2. 

 
Figure 1: Gel electrograph of HCV PCR amplimer for 
detection of active HCV infection using qualitative 
PCR. Lane M shows 50 bps DNA ladder; Lane 1-3: 
Positive samples; Lane 4: Negative sample; Lane N: 
Negative control; Lane P: Positive control 

 
Figure 2: Represents the distribution of HCV 
genotypes among chronic HCV infected patients with 
non-response to antiviral therapy 
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Discussion 
Epidemiological pattern of HCV genotypes has been 
reported to change over times due to a variety of 
reasons.14,15  HCV genotypes demonstrates not only 
diverse distribution patterns but influences 
management strategies including type of therapy 
administered, duration of therapy and response rates. 
The present study was conducted to identify HCV 
genotypes among patients with non-response to 
combination therapy. Consistent with earlier reports 
from Peshawar and Pakistan we observed that HCV 
3a was the most abundant genotype circulating among 
chronic HCV infected patients.16 HCV 3a is also the 
most frequently encountered genotype in the 
neighboring countries like China, India and Iran.7,17,18 

High prevalence of HCV 3a in the neighboring 
countries points towards the possible transmission 
routes. Authentic data on HCV genotypes distribution 
in Afghanistan and the Tribal region of Pakistan is 
lacking because of poor law and order situation.  A 
careful analysis of previous studies from Pakistan 
indicates that the percent prevalence of HCV 3a has 
dropped over times in this region and is being 
replaced by other HCV types including HCV 1b and 
HCV 1a infections. HCV 1b and 1a were observed in 
17.1% and 9.4% of the non-responder isolates 
respectively. High frequency of these genotypes could 
be an important consideration in predicting response 
to antiviral therapy. A number of studies from Khyber 
Pakhtunkhwa (KP) and other provinces of Pakistan 
reported genotype 3b to be the second frequent 
genotype after 3a.19,20In another study from the Punjab 
province and KP province, HCV genotype 1a was 
claimed to be the emerging type as compared to HCV 
1b in the present study.15,21 This difference could be 
explained by the estimated high mutation rate of 1.2 X 
10-4substitutions per in each infected cell. Due to rapid 
genetic evolution, it is more likely that type-specific 
assays developed more than a decade and a half ago 
may not efficiently and specifically amplify various 
types and subtypes of HCV. The results for various 
types in this work have been validated by the use of 
new type specific primers which were designed using 
the recently evolved HCV sequences which indicates 
that the spectrum of HCV genotype distribution 
among non-responders in Peshawar might be a 
contributing factor in therapeutic failure. Possible risk 
factors for transmission of HCV in KP have been 
reported as intravenous drug abuse, transfusion of 
blood and blood products, contaminated needles and 
syringes, surgeries and dental extractions.20  In 

Pakistan, lack of awareness programs at the public 
level and unsatisfactory health conditions with 
paucity of essentials for screening and sterilization 
and immigration of people, all have affected the 
epidemiology of HCV recently.21 HCV genotype 1b is 
reported to be the predominant genotype in Japan.22 
Genotype 1b has been correlated not only with a poor 
response to therapy but with a high probability of 
developing cirrhosis and carcinoma of the Liver.23 This 
rising prevalence of genotype 1b together with HCV 
3b, 2a and 2b in Peshawar will further complicate 
HCV management due to poor response against the 
low cost of combination therapy for these resistant 
subtypes. SVR to INF and RBV therapy in patients 
infected with HCV genotype-2/3 and HCVgenotype-1 
genotypes are 80% and 40%, respectively.24 In KP, 
identification of genotype before introducing therapy 
is not carried out routinely and the common practice is 
to switch over NRs to long term combination therapy 
utilizing either qualitative or quantitativedetection of 
HCV RNA.25Patients infected with less responsive 
genotypes circulating among general population 
might experience therapy resistance as well.Mixed 
infection with more than one type in a single specimen 
were found in 2.1% of the isolates, while 1.1% of the 
samples remained untypeable. Mixed infections with a 
maximum of four different types in a single specimen 
was earlier being observed in viral strains from other 
countries like Iran, India, China, Egypt and Serbia 
including Pakistan. Possible risk factors responsible 
for causing mixed infections included reused syringes 
and razors at Barber shops, major and minor surgeries 
and multiple blood transfusions.26 This might have 
resulted in repeated exposure to multiple HCV strains. 
Conclusion: HCV genotype 3a still represents the 
major type present in Peshawar. Non-response to 
antiviral therapy could be attributed to emergence of 
HCV genotypes other than 3a or genetic mutations in 
circulating HCV 3a strains. 
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