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Abstract
Introduction: Commercial methods for HCV genotyping is 
challenged by the increased prevalence of untypable geno-
types in Pakistan. Objective: The aim of the current study 
was to perform nucleotide sequencing of 5′ UTR region for 
genotyping of viral isolates circulating in Peshawar, Paki-
stan. Methods: The total number of commercially untyp-
able samples were 94 in which 18 samples were sequenced 
for the characterization of 5′ UTR region. Post-sequencing 
analysis was performed for genotype identification (n = 18) 
and molecular phylogenetic analysis. Results: The current 
study reveals different genotypes, that is, 10/18 viral isolates 
were found to be genotype 3a (55.55%), 3 isolates (geno-
type 3b, 16.66%), 2 isolates (genotype 6h/6g, 11.11%), 2 
(6g/d, 11.11%), and 1 sample (genotype 1c, 5.55%). In addi-
tion, genotype 3a is the dominant representative of HCV cir-
culating in Pakistan and has been increasing across the 

country. Conclusion: The current study also reveals that 
genotype 6 (2 were genotype 6h/6g and 2 were 6g/d) is also 
circulating in Pakistan and not restricted to South China and 
Hong Kong. © 2020 S. Karger AG, Basel

Introduction

Viral hepatitis infection is a major causative agent of 
chronic and acute liver diseases worldwide. In Pakistan, 
hepatitis C is one of the major health threats and approx-
imately infecting 6% of the population [1]. The chronic 
infection has high risk of developing other liver complica-
tions, that is, hepatosteatosis, hepatocellular carcinoma, 
liver fibrosis, and liver cirrhosis [1]. HCV is an enveloped 
virus with a positive-sense RNA molecule of approxi-
mately 9.6 kb and is classified into the Hepacivirus genus 
within the Flaviviridae family of viruses [2, 3].

HCV isolates exhibit significant genetic heterogeneity 
globally. Previously, 7 genotypes (genotype 1–7) of HCV 
have been identified, which differ by 31–33% at the nu-
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cleotide and deduced amino acid level over the complete 
genome. Moreover, there are several subtypes (a, b, c, 
etc.) which differ by 20–25% on the nucleotide level and 
inferred amino acid level from one another [4]. Recently, 
HCV genotype 8 has been reported in India in 4 patients 
[5]. Genotypes 1, 2, and 3 appear to have a worldwide dis-
tribution, and 1a and 1b are the most common genotype 
in the Europe [6] and the USA [7]. Genotype 3 is more 
prevalent in South Asia (Afghanistan, Pakistan, Bangla-
desh, India, and Nepal). In Pakistan, 3a is the leading gen-
otype (60.3%) followed by 2a and untypable genotypes 
[8].

Strain or genotype-specific antiviral treatment of pa-
tients requires accurate HCV genotyping. Efficacy of an-
tiviral drugs does not remain the same against all geno-
types of HCV; it varies from 1 genotype to another. It 
has been observed that sustained virological response to 
interferon plus ribavirin combination therapy was 
87.5% in patients infected with HCV-3 genotype. On the 
other hand, sustained virological response to the same 
therapy was reported as 24.3% in patients with HCV-1 
genotype [9]. Advanced methods for viral genotyping 
are by using the direct sequencing of specific amplified 
genome fragments of the virus (i.e., 5′ UTR, core, E1, 
and NS5B regions) [10–12]. Commercial genotyping as-
says that target the 5′ UTR are widely used by clinical 
laboratories for assessing the different HCV genotypes 
[13]. However, in Pakistan mostly conventional meth-
ods are being used for this purpose. These methods de-
tect genetic variation (in terms of size of amplified prod-
uct) on agarose gel, and a great ratio (up to 16.5 to >30%) 
of samples remains untypable during routine diagnos-
tics. Presence of such large number of untypable sam-
ples needs nucleotide sequence-based studies. The cur-
rent study was performed to identify the genotypes and 
subtypes of untypable samples on the sequence-based 
phylogenetic analysis of 5′ UTR region that will be help-
ful in diagnosis, epidemiology, and prescribing therapy 
for patients.

Materials and Methods

Patient’s Samples
HCV-infected serum samples were collected from Abaseen Re-

search and Reference Laboratory, and different public sector hos-
pitals (Khyber Teaching Hospital, Hayatabad Medical Complex, 
and Lady Reading Hospital), Peshawar, Khyber Pakhtunkhwa 
(KP), Pakistan. The samples were collected with the detailed 
(signed) consent from the patients. The designed proforma/ques-
tionnaire contains all information (such as name, age, gender, 
transmission route, and place of living). Males and females both 
were included in this study. A total of 332 samples were included 
for the proposed research.

Study Design
This study was designed to amplify 5′ UTR region of untyp-

able HCV isolates and then sequenced the amplified product. 
For this purpose, PCR amplification of 5′ UTR region was per-
formed after performing Ohno’s genotyping method. Evolu-
tionary analysis of the resultant 5′ UTR product after sequencing 
was performed.

Inclusion Criteria
Only samples that were positive for HCV-RNA by PCR and 

that were untypable upon Ohno’s genotyping were included in the 
present study.

Exclusion Criteria
Those samples that were successfully genotyped with Ohno’s 

method were excluded from the study. Lack of required informa-
tion, small sera samples, patients having coinfection with other 
hepatitis viruses, and patients previously treated (antiviral thera-
py) for HCV were excluded from the study.

Primers for Qualitative PCR Amplification
The qualitative PCR for HCV was done utilizing the method 

and primers already described by Ohno et al. [14] with little mod-
ification. The details of the primers used in the current study are 
listed in Table 1.

Viral RNA Extraction, Reversed Transcription, and HCV  
5′ UTR Amplification
HCV-RNA was extracted from 150 μL serum using (FAVOR-

GEN Viral nucleic acid extraction kit: Catalog No. FAVNK 001-2) 
according to the manufacturer protocol and resultant HCV-RNA 
was stored at −70°C. 10 µL RNA was used for cDNA synthesis with 
outer antisense primer (10 pmol/μL) using Moloney murine leu-

Table 1. Primers used for HCV qualitative detection targeting 5′ UTR region

S/No. Primer code Primer sequence (5′–3′) Primer 
length

Nucleotide 
position

1 Outer sense CTGTGAGGAACTACTGTCTT 20 45–64
2 Outer antisense ATACTCGAGGTGCACGGTCTACGAGACCT 29 349–320
3 Inner sense TTCACGCAGAAAGCGTCTAG 20 63–82
4 Inner antisense CACTCTCGAGCACCCTATCAGGCAGT 26 313–288
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kemia virus reverse transcriptase enzyme (M-MLV RTase, Invit-
rogen). Nested PCR amplification protocols were employed for 
qualitative detection of HCV. For detection, the products were 
electrophoresed on 2% TAE agarose gel.

Genotyping
HCV genotypes 1–6 were identified using specific primers for 

core region of HCV as described previously by Ohno et al. [14].

Interpretation of Untypable HCV 5′ UTR Partial Nucleotide 
Sequence
For sequence analysis, amplified product of the 5′ UTR region 

of 20 selected isolates was purified with gel extraction kit (VIVAN-
TIS) and was used as templates for sequencing in the Big-Dye Ter-
minator cycle sequencing ready extraction kit (Applied Biosys-
tems). Sequencing was done on ABI PRISM 3100 Genetic Ana-
lyzer (Applied Biosystem Inc., 850 Lincoln Center Drive, Foster 
City, CA, USA). Out of the total 20 untypable HCV genotype, 18 
samples were successfully sequenced. To determine the HCV gen-
otype of untypable, all the sequences were then assessed using  
NCBI-BLASTN’s software (online version).

Phylogenetic Analysis
Phylogenetic analysis of untypable HCV isolates was per-

formed with MEGA-6 software [15]. Neighbor-joining method 
was used to assess evolutionary history of the isolates [16]. The 
analysis involved 18 sequences from the current study and 115 ref-
erence sequences from GenBank.

Results

A total of 322 patients were included, of which 52.5% 
(n = 169) were females and 47.5% (n = 153) males and 
were of different ages from 18 to 65. Seven individuals 
have subtype 1a, 21 have subtype 1b, 3 have subtype 2a, 
17 have subtype 2b, 129 have subtype 3a, 27 have subtype 
3b, and 22 have genotype 4. Rest of the 94 samples were 
untypable and just 3 individuals had mixed genotypes in-

1 2 3 4 5 6 7 8 9 10 11 12

Genotypes Subtypes Male Female Total Percentage

1 1a 7 0 7 2.2
1b 9 12 21 6.5

2 2a 3 0 3 0.9
2b 7 9 17 5.0

3 3a 57 72 129 40.1
3b 15 12 27 8.4

4 4 6 16 22 6.8

Untypable 46 48 94 29.2

Mix 3 0 3 0.9

Total 153 169 322 100

Age, 
years

Genotypes Untypable Mix Total Percentage

1a 1b 2a 2b 3a 3b 4

15–30 3 10 0 6 41 12 7 34 2 115 35.7
31–45 3 4 1 7 54 6 3 43 1 122 37.8
46–60 1 6 2 3 30 9 12 17 0 80 24.9

<60 0 1 0 0 4 0 0 0 0 5 1.6

Total 7 21 3 16 129 27 22 94 3 322 100

Table 2. Gender-wise distribution  
(n = 322)

Table 3. Age-wise diversity of HCV

Fig. 1. Agarose gel photograph showing HCV 5′ UTR amplified 
products. Lane 8 represents 100-bp DNA marker, Lanes 9 and 10 
showing positive control 251-bp specific fragments, and Lanes 1–7 
present positive samples HCV-specific bands of 251-bp.
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fection. Out of 94 untypable samples, 20 samples were 
selected for sequencing in which 18 samples were suc-
cessfully sequenced for the 5′ UTR region. The agarose 
gel picture representing 5′ UTR region bands of HCV is 
illustrated in Figure 1. The demographic characteristics 
of all the enrolled patients in the present study are given 
in Tables 2 and 3.

Evolutionary Analysis
The evolutionary analysis (Fig. 2) of the 18 sequences 

shows that HCV new subtypes are equally emerging in 
the country, like Pakistan. This analysis shows that among 
all the isolates, genotype 3a is abundant followed by 3b 
genotype. Out of 18 samples, 10 were genotype 3a, 3 were 
genotype 3b, 2 were genotype 6h/6g, 2 were 6g/d, and 
only one patient was 1c.

Discussion

Frequency of HCV infection in Pakistani population 
is significantly higher as compared to the neighboring 
countries like Iran, India, Afghanistan, Myanmar, and 
Nepal [17]. In Pakistan since the last 2 decades, combina-
tion treatment with interferon and ribavirin continues to 
be used widely in routine practice in HCV-infected pa-
tients [18]. HCV genotyping is very important for diag-
nosis and treatment of HCV-infected patients as standard 
HCV antiviral therapy depends on viral genotypes [19]. 
The aim of the current research work was sequencing of 
5′ UTR region of HCV-RNA from positive untypable 
samples belonging to different regions of Peshawar, Pak-
istan. This study will be helpful for molecular epidemiol-
ogy, serological diagnosis, vaccine/targeted therapies, 
disease progression, and treatment response.

In the present study, all the 322 samples were geno-
typed, out of which 94 samples were tested untypable 
HCV variants. 5′ UTR region of 20 untypable samples 
(randomly selected among 94 untypable samples) was 
amplified and sequenced. The 18 samples were classified 
based on phylogenetic analysis of the 5′ UTR regions. Se-
quencing-based genotyping showed that 72% of the total 
18 samples of the current study were genotype 3 (55.55% 
3a and 16.66% 3b), 22.22% were genotype 6 (11.11% were 
6h/6g, and 11.11% were 6g/d), and 5.55% were 1c. Our 

results show that 3a is the most dominant genotype in KP. 
The current study indicates predominance of genotype 3a 
in Pakistan (55.55% 3a) and this phenomenon has also 
been observed previously in multiple studies[20–22]. 
Genotype 6 and 1c subtype were not previously reported 
from KP province Pakistan. Presence of 1c subtype in this 
study is may be due to immigration of peoples from geno-
type 1 endemic countries. In our study, 4 samples were 
reported to be genotype 6 (2 were 6h/6g and 2 were 6g/d). 
Genotype 6 has been found restricted to South China [23], 
southern Taiwan, and Hong Kong [24]. Peoples of Paki-
stan and China are very close, and they visit frequently for 
different purposes mostly for trade, education, etc. The 
visits of peoples to each country may be possible reason 
for emergence of genotype 6 in Pakistani population. This 
leads to variation in HCV epidemiological pattern espe-
cially in areas with high rate of immigration/traveling.

HCV genotype is a prerequisite for pan-genotypic 
treatment, and HCV possesses a high genetic diversity 
due to nucleotide substitutions which were considered 
the main reason for inter-genotype variations [25, 26]. 
This shuffling genotype trend can change the epidemio-
logical pattern of the viral infection and could result in 
appearance of untypable viral isolates (by existing geno-
typing techniques) in Pakistan.

To eradicate HCV infection in Pakistan, the issue of 
untypable genotypes needs to be addressed by sequenc-
ing-based genotype approach and molecular cloning 
techniques to meet the limitations of old diagnostic assays 
and possibly prevent HCV infection.

Conclusions

Pakistan is a country where more than one genotypes 
of HCV are present, and previous studies showed that 
genotype 3a is the most common genotype in Pakistani 
population. Direct sequence analysis of 5′ UTR region of 
untypable HCV isolates reveals that this technique is an 
effective approach of viral genotyping as compare to oth-
er genotyping assays, that is, hybridization or restriction 
analysis because this technique provides more detailed 
sequence information. Although direct sequencing meth-
od is not an efficient method for identifying mixed geno-
types, phylogenetic analysis of untypable HCV isolates 
shows that new HCV subtypes are emerging in Pakistan. 
Our results reveal that 5 new subtypes (i.e., 2 were geno-
type 6h/6g, 2 were 6g/d, and 1 sample was 1c) emerged in 
country that may be spread from other regions. We sug-
gest large-scale study to find new ways dealing with un-

Fig. 2. Phylogenetic tree based on current study sequences (indi-
cated by red boxes) as well as reference sequences representing all 
HCV genotypes retrieved from the NCBI database. The reference 
sequences are shown with their accession numbers.
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typable HCV isolates as it is serious health issue because 
without genotype identification, the treatment of HCV is 
very challenging.

Statement of Ethics

This study does not involve any human or animal object. Only 
serum samples were obtained from patients infected with HCV. 
Informed written consent was obtained from the patients (or their 
guardians in case of infants).

Conflict of Interest Statement

The authors declare that they have no competing interests.

Funding Sources

This study is partially supported from funds provided by 
TWAS (Ref. No. 17-278 RG/PHA/AS_C – FR3240300076).

Author Contributions

I.R. and M.A. conceived the study. U.G., S.B., and I.R. per-
formed the experimental work. A.K., S.U., L.A., and U.G. drafted 
the manuscript. M.A., I.R., and L.A. revised the manuscript. All the 
authors read and approved the manuscript.

References

 1 Bartenschlager R, Penin F, Lohmann V, An-
dré P. Assembly of infectious hepatitis C virus 
particles. Trends Microbiol. 2011; 19(2): 95–
103.

 2 Moradpour D, Penin F, Rice CM. Replication 
of hepatitis C virus. Nat Rev Microbiol. 2007; 

5(6): 453.
 3 Moradpour D, Penin F. Hepatitis C virus pro-

teins:  from structure to function. Hepatitis C 
virus:  from molecular virology to antiviral 
therapy. Springer;  2013. p. 113–42.

 4 Smith DB, Bukh J, Kuiken C, Muerhoff AS, 
Rice CM, Stapleton JT, et al. Expanded clas-
sification of hepatitis C virus into 7 genotypes 
and 67 subtypes:  updated criteria and geno-
type assignment web resource. Hepatology. 
2014; 59(1): 318–27.

 5 Borgia SM, Hedskog C, Parhy B, Hyland RH, 
Stamm LM, Brainard DM, et al. Identification 
of a novel hepatitis C virus genotype from 
Punjab, India:  expanding classification of 
hepatitis C virus into 8 genotypes. J Infect Dis. 
2018; 218(11): 1722–9.

 6 Nousbaum J-B, Pol S, Nalpas B, Landais P, 
Berthelot P, Brechot C. Hepatitis C virus type 
1b (II) infection in France and Italy. Ann In-
tern Med. 1995; 122(3): 161–8.

 7 Zein NN, Rakela J, Krawitt EL, Reddy KR, 
Tominaga T, Persing DH. Hepatitis C virus 
genotypes in the United States:  epidemiology, 
pathogenicity, and response to interferon 
therapy. Ann Intern Med. 1996; 125(8): 634–9.

 8 Umer M, Iqbal M. Hepatitis C virus preva-
lence and genotype distribution in Pakistan:  
comprehensive review of recent data. World J 
Gastroenterol. 2016; 22(4): 1684.

 9 Ali M, Afzal S, Zia A, Hassan A, Khalil AT, 
Ovais M, et al. A systematic review of treat-
ment response rates in Pakistani hepatitis C 
virus patients;  current prospects and future 
challenges. Medicine. 2016; 95(50): e5327.

10 Bullock GC, Bruns DE, Haverstick DM. Hep-
atitis C genotype determination by melting 
curve analysis with a single set of fluorescence 
resonance energy transfer probes. Clin Chem. 
2002; 48(12): 2147–54.

11 Anderson JC, Simonetti J, Fisher DG, Wil-
liams J, Yamamura Y, Rodriguez N, et al. 
Comparison of different HCV viral load and 
genotyping assays. J Clin Virol. 2003; 28(1): 

27–37.
12 Yousaf MZ, Idrees M, Saleem Z, Rehman IU, 

Ali M. Expression of core antigen of HCV 
genotype 3a and its evaluation as screening 
agent for HCV infection in Pakistan. Virol J. 
2011; 8(1): 364–7.

13 Zafar A, Imran M, Zahoor S, Shah ZH, Ali M, 
Afzal MS. Prevalence and treatment of untyp-
able HCV variants in different districts of 
Punjab, Pakistan. Viral Immunol. 2018; 31(6): 

426–432.
14 Ohno O, Mizokami M, Wu RR, Saleh MG, 

Ohba K, Orito E, et al. New hepatitis C virus 
(HCV) genotyping system that allows for 
identification of HCV genotypes 1a, 1b, 2a, 
2b, 3a, 3b, 4, 5a, and 6a. J Clin Microbiol. 1997; 

35(1): 201–7.
15 Tamura K, Stecher G, Peterson D, Filipski A, 

Kumar S. MEGA6:  molecular evolutionary 
genetics analysis version 6.0. Mol Biol Evol. 
2013; 30(12): 2725–9.

16 Saitou N, Nei M. The neighbor-joining meth-
od:  a new method for reconstructing phyloge-
netic trees. Mol Biol Evol. 1987; 4(4): 406–25.

17 Umar M, Bushra HT, Ahmad M, Data A, Ah-
mad M, Khurram M, et al. Hepatitis C in Pak-
istan:  a review of available data. Hepat Mon. 
2010; 10(3): 205.

18 Khokhar N. Effectiveness of 48 weeks inter-
feron alfa-2b in combination with ribavirin as 
initial treatment of chronic hepatitis. J Ayub 
Med Coll Abbottabad. 2002; 14(3): 5–8.

19 Rehman IU, Idrees M, Ali M, Ali L, Butt S, 
Hussain A, et al. Hepatitis C virus genotype 3a 
with phylogenetically distinct origin is circu-
lating in Pakistan. Genet Vaccines Ther. 2011; 

9(1): 2.
20 Inamullah I, Idrees M, Ahmed H, Sajid-ul-

ghafoor M, Ali M, Ali L, et al. Hepatitis C virus 
genotypes circulating in district Swat of Khy-
ber Pakhtoonkhaw, Pakistan. Virol J. 2011; 

8(1): 16.
21 Afridi SQ, Zahid MN, Shabbir MZ, Hussain 

Z, Mukhtar N, Tipu MY, et al. Prevalence of 
HCV genotypes in district Mardan. Virol J. 
2013; 10(1): 90.

22 Saleha S, Kamal A, Ullah F, Khan N, Mah-
mood A, Khan S. Prevalence of hepatitis C vi-
rus genotypes in district Bannu, Khyber Pak-
htunkhwa, Pakistan. Hepat Res Treat. 2014; 

2014: 165826.
23 Ju W, Yang S, Feng S, Wang Q, Liu S, Xing H, 

et al. Hepatitis C virus genotype and subtype 
distribution in Chinese chronic hepatitis C 
patients:  nationwide spread of HCV geno-
types 3 and 6. Virol J. 2015; 12(1): 109.

24 Li CS, Chan PK, Tang JW. Molecular epide-
miology of hepatitis C genotype 6a from pa-
tients with chronic hepatitis C from Hong 
Kong. J Med Virol. 2009; 81(4): 628–33.

25 Ali M, Rehman IU, Idrees M. Emergence of 
genetically variant Hepatitis C virus popula-
tion in response to increased antiviral drug 
pressure, Pakistan. Virus Genes. 2014; 48(3): 

543–9.
26 Khan MA, Khan SA, Hamayun M, Ali M, 

Idrees M. Sequence variability of HCV 3a iso-
lates based on core gene in patients from La-
hore, Pakistan. Future Virolo. 2019; 14(10): 

641–53.

https://www.karger.com/Article/FullText/512133?ref=1#ref1
https://www.karger.com/Article/FullText/512133?ref=2#ref2
https://www.karger.com/Article/FullText/512133?ref=3#ref3
https://www.karger.com/Article/FullText/512133?ref=3#ref3
https://www.karger.com/Article/FullText/512133?ref=4#ref4
https://www.karger.com/Article/FullText/512133?ref=5#ref5
https://www.karger.com/Article/FullText/512133?ref=6#ref6
https://www.karger.com/Article/FullText/512133?ref=6#ref6
https://www.karger.com/Article/FullText/512133?ref=7#ref7
https://www.karger.com/Article/FullText/512133?ref=8#ref8
https://www.karger.com/Article/FullText/512133?ref=8#ref8
https://www.karger.com/Article/FullText/512133?ref=9#ref9
https://www.karger.com/Article/FullText/512133?ref=10#ref10
https://www.karger.com/Article/FullText/512133?ref=11#ref11
https://www.karger.com/Article/FullText/512133?ref=12#ref12
https://www.karger.com/Article/FullText/512133?ref=13#ref13
https://www.karger.com/Article/FullText/512133?ref=14#ref14
https://www.karger.com/Article/FullText/512133?ref=15#ref15
https://www.karger.com/Article/FullText/512133?ref=16#ref16
https://www.karger.com/Article/FullText/512133?ref=17#ref17
https://www.karger.com/Article/FullText/512133?ref=18#ref18
https://www.karger.com/Article/FullText/512133?ref=18#ref18
https://www.karger.com/Article/FullText/512133?ref=19#ref19
https://www.karger.com/Article/FullText/512133?ref=20#ref20
https://www.karger.com/Article/FullText/512133?ref=21#ref21
https://www.karger.com/Article/FullText/512133?ref=22#ref22
https://www.karger.com/Article/FullText/512133?ref=23#ref23
https://www.karger.com/Article/FullText/512133?ref=24#ref24
https://www.karger.com/Article/FullText/512133?ref=25#ref25
https://www.karger.com/Article/FullText/512133?ref=26#ref26

	startTableBody
	startTableBody
	StartZeile

