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Abstract
AIM: To investigate the prevalence of hepatitis C virus 
(HCV) genotypes and their association with possible 
transmission routes in the general population of Lahore, 
as the data exclusively related to this city is limited.

METHODS: Complete data regarding patient’s history, 
possible route of infection and biochemical tests was 
collected from the public hospital for 1364 patients. 
SPSS version 16 windows software was used for data 
analysis by univariate and multivariate techniques. 

RESULTS: Age range ≤ 40 years showed high preva-
lence of HCV infection. HCV genotype 3a was domi-

nant (55.9%), followed by 1a (23.6%), 4a (12.5%), 
3b (3.2%), untypable (2.5%), 4b (1.2%) and mixed 
type (1.2%). Blood transfusion, dental surgery and 
barber shops were the main risk factors for HCV trans-
mission. Genotype prevalence was independent of age 
(P  = 0.971) and gender (P  = 0.122) while risk factors 
showed a significant association with age (P  = 0.000) 
and genotypes (P  = 0.000). We observed an indepen-
dent association of risk factors and genotype 3a, while 
patients with genotype 1 and 4 were mostly infected 
due to dental surgery blood transfusion and barber 
shops. Risk factors of intravenous drug use and sexual 
exposure were exclusively found in ≤ 40 years age 
group.

CONCLUSION: An increase in genotypes 1a and 4a 
suggest migration of people, possibly from Balochistan 
and the northern war-zone area. Government should 
focus on public education regarding infection routes. 
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INTRODUCTION
Hepatitis C virus (HCV) is a major cause of  liver asso-
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ciated diseases all over the world. An estimated 3% of  
the world’s populations are chronically infected by HCV 
which is the main cause of  liver fibrosis, cirrhosis and 
hepatocellular carcinoma (HCC) in a substantial num-
ber of  patients[1,2]. It is an enveloped virus with a single-
stranded, positive sense non-segmented RNA genome 
of  approximately 9.6 kb that encodes a poly-protein of  
approximately 3000 amino acids[3]. To date, at least six 
major genotypes of  HCV, each having multiple subtypes, 
have been identified worldwide[4]. The different geno-
types are relevant to epidemiology, vaccine development, 
and clinical management of  chronic HCV infection[5].

Genotype distribution has been identified in three dif-
ferent patterns[6]. One pattern is genetic diversity, in geo-
graphically different areas like West Africa with 1 and 2[7], 
Central Africa with type 4[8], and Asia with type 3 and 6[9]. 
The second distribution pattern involves subtypes in spe-
cific risk groups e.g. intravenous drug use (IVDU), where 
the subtype 3a is more common[10]. The third pattern of  
genotype distribution is the circulation of  a single subtype 
in particular areas such as in Egypt with 4a and South 
Africa with subtype 5a[11]. Recently, a shift in genotype dis-
tribution, mostly comprising an increase of  the prevalence 
of  the genotypes 3a, 1a and 4, and decrease of  prevalence 
of  other genotypes has been seen in many countries like 
Serbia, Germany, France and Greece[12-15].

Almost 10 million people in Pakistan are living with 
HCV. The most prevalent genotype in Pakistan is 3a fol-
lowed by 3b and 1a[16]. Few studies are available on the 
distribution of  various HCV genotypes in individual cities 
of  Pakistan[17,18]. Unfortunately, there is no national data 
collection system for evaluation of  infection routes and 
their correlation with genotypes or patients’ demographic 
data[19]. Lahore is the second largest metropolitan city of  
Pakistan with more than 7 million population[20]. Data 
exclusively related to HCV genotype-specific prevalence 
and route of  infection in this city is limited. Although, 
Ijaz et al[18] showed a high prevalence of  HCV 3a geno-
type (n = 80, 51.61%) followed by 3b (n = 43, 27.74%), 
1b (n = 21, 13.54%), untypable (n = 5, 3.22%), mix 3a1b (n 
= 4, 2.58%), 3a1a (n = 1, 0.64%) and 3b1a (n = 1, 0.64%) 
in the population of  Lahore city, their study utilized a 
small population size (n = 155) without any association to 
the mode of  transmission[18]. 

The aim of  the present study was to determine the 
frequency distribution of  HCV genotypes, various risk 
factors prevalence with genotypes and age for its trans-
mission in Lahore. 

MATERIALS AND METHODS
Patients
Patients in this study were from Jinnah Hospital, Lahore, 
which is the only public facility that has HCV patient’s 
testing service and is the 2nd largest hospital in the area. 
Therefore, patients visiting at this hospital can be regarded 
as representative of  general population of  the Lahore city. 
The data and samples were collected from March 2007 
to September 2009 from the Department of  Pathology, 

Jinnah Hospital, Lahore, Pakistan and data analysis was 
performed in collaboration with National Centre of  Ex-
cellence in Molecular Biology, University of  the Punjab, 
Lahore, Pakistan. In total 1364 adult patients (18-75 years) 
who were HCV RNA-positive based on HCV antibody 
(anti-HCV)-positive results were included in this study. A 
written informed consent was obtained from patients. A 
complete history with possible route and estimated time 
of  infection, standard biochemical liver function tests and 
patient’s contact information were collected. This study 
was approved by the Institutional ethics committee.

Viral investigations
HCV detection and genotyping was performed at the 
Department of  Pathology, Jinnah Hospital, Lahore, 
Pakistan. RNA was extracted from 140 μL of  serum 
samples using QIAamp viral RNA extraction kit (Qiagen, 
USA) according to the manufacturer’s protocol. cDNA 
was synthesized using Moloney murine leukemia virus 
(MmLV) followed by polymerase chain reaction (PCR) 
using primers derived from the 5’UTR non-coding re-
gion of  HCV genome described by Chan et al[21]. For 
HCV RNA quantification, Qiagen HCV RG RT-PCR as-
say was used. Quantification was carried out with 10 μL 
of  the extracted RNA on Rotor-gene Real-Time PCR 
machine (USA) using fluorescent probes to detect ampli-
fication after each replicating cycle as described by man-
ufacturer protocol. The lower limit of  detection for this 
assay is 1000 IU/mL HCV and genotyping was carried 
out using Invader HCV genotyping assay (Third wave 
technology, USA). Briefly, 100 ng of  the HCV RNA was 
reverse transcribed to cDNA using 200 units of  MmLV 
(Invitrogen, USA). From the amplified product, 2 μL 
were taken and the genotyping assay was performed for 
12 different HCV types. 

Statistical analysis
Data was analyzed using a statistical package SPSS ver-
sion 16 for windows. The data is presented as mean and 
standard deviations, and categorical variables in absolute 
numbers and percentages. Student t-test and chi-square 
tests were applied to evaluate differences in proportions. 
A P value < 0.05 was considered significant. A multivari-
ate analysis was used to identify variables associated within 
different genotypes. Bonferroni, Gabriel and LSD tests 
were performed to evaluate whether significant variables 
in the univariate analysis could predict differences among 
genotypes.

RESULTS
Age and gender specific prevalence of HCV
Of  1364 patients, 656 were male while 708 were female, 
with a median age of  36.8 ± 10.3 years (range 18-75 
years). The age of  infected patients was taken as a cat-
egorical as well as a continuous variable. Patients were 
divided in two age groups i.e. ≤ 40 years and > 40 years. 
Distribution of  patients’ gender in age groups is given in 
Table 1. It is clear from Table 1 that people of  age group 
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≤ 40 years (n = 931, 68.3%) were more affected with 
HCV in comparison to those in the older age group (> 
40 years, n = 433, 31.7%).

Genotype distribution
Based on weighted analysis of  patients infected with 
HCV genotypes 1, 3, 4, mix (4a5a) and untypable geno-
types, the most commonly detected genotype in the 
study was genotype 3 (n = 806, 59.1%), with predomi-
nant subtype 3a (n = 763, 55.9%) and 3b (n = 43, 3.2%). 
Genotype 1 (n = 322, 23.6%,) was exclusively consisted 
of  the subtype 1a, while genotype 4 (n = 186, 13.7%) 
comprised of  the subtypes a (n = 170, 12.5%) and b (n = 
16, 1.2%). Mixed inter-genotype 4a5a (n = 16, 1.2%) and 
untypable (n = 34, 2.5%) genotypes were also detected 
in 50 (3.66%) patients. The frequency distribution of  
genotypes revealed that patients of  the age group ≤ 40 
years were more affected with genotype 1a (71%)  and 
4a (68%) as compared to patients with the age group > 
40 years. However, univariate analysis (Table 2) revealed 

that prevalence of  genotype subtypes within age groups 
(P = 0.971) and gender (P = 0.122) of  the patients were 
not statistically significant. Figure 1 illustrated the geno-
type distribution pattern in each gender of  patients while 
Table 3 showed the prevalence of  different genotype 
subtypes in different age groups. 

Risk assessment for HCV infection 
The possible routes of  infection were determined by de-
tailed questionnaire. Out of  1364 patients, the possible 
risk factors for 1183 (86.7%) patients were established, 
while 13.3% (n = 181) were unaware of  their possible 
route of  infection. The major route of  HCV infection 
among patients resides within Lahore city was dental sur-
gery (33.5%), followed by blood transfusion (22.6%), bar-
ber shops (12.4%), road accidents (8.4%), sexual exposure 
(5.9%) and IVDU (3.73%). Statistical analysis illustrated 
in Table 4 showed that risk factors were dependent on age 
(P = 0.000) and genotype (P = 0.000) and independent of  
gender (P = 0.950).

Age-specific distribution of the risk factors
The frequency distribution of  different risk factors within 
age groups is illustrated in Table 5. Dental surgery was 
the cause of  HCV infection in 458 of  the 1364 patients 
(33.6%), and was found more frequently among patients 
≤ 40 years (71%) than patients with age > 40 years. Infec-
tion due to blood transfusion, road accidents and barber 
shops was also prevalent in patients ≤ 40 years of  age 
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Table 1  Patient data according to age and gender

Parameters Age groups

≤ 40 yr > 40 yr
(n  = 931, 68.3%) (n  = 433, 31.7%)

Gender
Male (n = 656) 468 (50.2%) 188 (43.3%)
Female (n = 708) 463 (49.8%) 245 (56.7%)

Age (yr)
mean ± SD (36.8 ± 10.3) 37.77 ± 10.65 46.8 ±  12.38
Age range (18-75) 18-40 41-75

Table 2  Univariate logistic analysis of genotypes involved in 
hepatitis C virus infection according to age and gender

Variables Type Ⅲ sum of squares υ Mean square F  value P  value 

Sex 150.641 1 150.641 2.396 0.122
Age groups     0.084 1     0.084 0.001 0.971

Table 3  Hepatitis C virus genotype subtypes prevalence in 
age groups

Genotype subtypes Computation Age groups

≤ 40 yr > 40 yr

1a Count 230   92
% within age groups          24.7%          21.2%

3a Count 507 256
% within age groups          54.5%          59.1%

3b Count   32   11
% within age groups            3.4%            2.5%

4a Count 116   54
% within age groups          12.5%          12.5%

4b Count   13      3
% within age groups            1.4%             0.7%

4&5 Count   11      5
% within age groups            1.2%            1.2%

Untypable genotype Count   22   12
% within age groups            2.4%            2.8%
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Figure 1  Frequency distribution of different genotypes in gender of patients. 
The prevalence of hepatitis C virus genotypes in gender was non-significant.

Table 4  Univariate logistic analysis of risk factors involved 
in hepatitis C virus infection according to age, gender and 
genotypes

Variables Type Ⅲ sum of squares υ Mean square F  value P  value

Sex     0.014 1     0.014   0.004 0.950
Age 131.744 1 131.744 38.219 0.000
Genotype 457.878 6   76.313 22.139 0.000
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(71.6%, 66.4% and 56.2%, respectively). Infection due to 
sexual exposure and IVDU was only observed among pa-
tients ≤ 40 years age. Our data revealed that infection due 
to dental surgery was more prevalent in both age groups 
(age group ≤ 40 years, 34.9%, n = 325; age group > 40 
years, 30.7%, n = 133). The second most prevalent infec-
tion route in age groups was blood transfusion (age group 
≤ 40 years, 23.8%, n = 222; age group > 40 years, 20.3%, 
n = 88), followed by barber shops (age group ≤ 40 years, 
10.2%, n = 95; age group > 40 years, 17.1%, n = 74) and 
road accidents (age group ≤ 40 years, 8.3%, n = 77; age 
group > 40 years, 9.0%, n = 39). Multivariate analysis 
showed a significant association of  IVDU (P = 0.000) and 
sexual exposure (P = 0.000) with age ≤ 40 years (Table 5)  
whereas route of  infection due to dental surgery, blood 

transfusion, barber shops and road accidents was inde-
pendent of  age groups. Route of  infection due to sexual 
exposure (n = 79, 8.5%) and IVDU (n = 51, 5.5%) was 
only observed in patients ≤ 40 years. 

Prevalence of genotypes within risk factors
As risk factors showed a significant association with geno-
types, the frequency distribution of  various genotypes 
within risk groups (Table 6) revealed that subtypes 3a 
(65.2%) and 1a (16.5%) were found more frequently than 
subtypes 3b (4.2%), 4a (7.4%), 4b (1.3%), mixed (1.3%) 
and untypable (4.2%) in patients with a past history of  
blood transfusion. Moreover, subtypes 3a (62.2%), 1a 
(18.6%) and 4a (13.5%) were observed more frequently 
than subtypes 3b (2.8%), 4b (1.1%), mixed (0.9%) and un-
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Table 5  Distribution and multivariate analysis of risk factors in age groups

Risk factors Computation Age groups 95% CI P  value

≤ 40 yr > 40 yr Lower Upper

Blood transfusion Count 222   88 2.077 4.467 0.039
% within age groups          23.8%          20.3%

IVDU Count   51      0 6.414 × 109 6.414 × 109 0.000
% within age groups            5.5%            0.0%

Sexual exposure Count   79      0 9.014 × 109 9.014 × 109 0.000
% within age groups            8.5%            0.0%

Dental surgery Count 325 133 2.068 4.209 0.610
% within age groups         34.9%          30.7%

Road accidents Count   77   39 1.551 2.090 0.148
% within age groups            8.3%            9.0%

Barber shops Count   95   74 1.016 2.363 0.042
% within age groups          10.2%          17.1%

IVDU: Intravenous drug use.

Table 6  Hepatitis C virus genotype prevalence within risk factors in Lahore - March 2007 - September 2009 (n  = 1364)  n (%)

Groups Total No. 1a 3a 3b 4a 4b Mix Untypable

BT   310 51 (16.5) 202 (65.2) 13 (4.2) 23 (7.4) 4 (1.3) 4 (1.3) 13 (4.2)
≤ 40 yr   222 39 (17.6) 131 (59.0) 10 (4.5) 22 (9.9) 3 (1.4) 4 (1.8) 13 (5.9)
> 40 yr     88 12 (13.6)   71 (80.7)   3 (3.4)   1 (1.1) 1 (1.1) 0 (0.0) 0 (0.0)

IVDU     51 12 (23.5)   34 (66.7)   0 (0.0)   4 (7.8) 0 (0.0) 0 (0.0) 1 (2.0)
≤ 40 yr     51 12 (23.5)   34 (66.7)   0 (0.0)   4 (7.8) 0 (0.0) 0 (0.0) 1 (2.0)
> 40 yr 0 (0.0) 0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

SE     79 14 (17.7)   53 (67.1)   0 (0.0)   10 (12.7) 1 (1.3) 0 (0.0) 1 (1.3)
≤ 40 yr     79 14 (17.7)   53 (67.1)   0 (0.0)   10 (12.7) 1 (1.3) 0 (0.0) 1 (1.3)
> 40 yr 0 (0.0) 0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

DS   458 85 (18.6) 285 (62.2) 13 (2.8)   62 (13.5) 5 (1.1) 4 (0.9) 4 (0.9)
≤ 40 yr   325 69 (21.2) 173 (53.2) 13 (4.0)   58 (17.8) 5 (1.5) 3 (0.9) 4 (1.2)
> 40 yr   133 16 (12.0) 112 (84.2)   0 (0.0)   4 (3.0) 0 (0.0) 1 (0.8) 0 (0.0)

RA   116 30 (25.9)   68 (58.6)   4 (3.4) 11 (9.5) 1 (0.9) 1 (0.9) 1 (0.9)
≤ 40 yr     77 30 (39.0)   46 (59.7)   0 (0.0)   0 (0.0) 0 (0.0) 0 (0.0) 1 (1.3)
> 40 yr     39 0 (0.0)   22 (56.4)     4 (10.3)   11 (28.2) 1 (2.6) 1 (2.6) 0 (0.0)

BS   169 45 (26.6)   88 (52.1)   7 (4.1)   19 (11.2) 1 (0.6) 5 (3.0) 4 (2.4)
≤ 40 yr     95 19 (20.0)   64 (67.4)   7 (7.4)   0 (0.0) 0 (0.0) 3 (3.2) 2 (2.1)
> 40 yr     74 26 (35.1)   24 (32.4)   0 (0.0)   19 (25.7) 1 (1.4) 2 (2.7) 2 (2.7)

UN   181 85 (47.0)   33 (18.2)   6 (3.3)   41 (22.7) 4 (2.2) 2 (1.1) 10 (5.5)
≤ 40 yr     82 47 (57.3)   6 (7.3)   2 (2.4)   22 (26.8) 4 (4.9) 1 (1.2)   0 (0.0)
> 40 yr     99 38 (38.4)   27 (27.3)   4 (4.0)   19 (19.2) 0 (0.0) 1 (1.0)   10 (10.1)

Total 1364 322 (23.6) 763 (55.9) 43 (3.2) 170 (12.5) 16 (1.2) 16 (1.2) 34 (2.5)

BT: Blood transfusion; IVDU: Intravenous drug use; SE: Sexual exposure; DS: Dental surgery; RA: Road accidents; BS: Barber shops; UN: Unknown reasons.
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typable (0.9%) in patients infected due to dental surgery. 
In patients infected through barber shops and road acci-
dents, genotype 3a (52.1% and 58.6%) and 1a (26.6% and 
25.9%) were more prevalent than subtypes 3b (4.1% and 
3.4%), 4a (11.2% and 9.5%), 4b (0.6% and 0.9%), mixed 
(3.0% and 0.9%) and untypable (2.4% and 0.9%) respec-
tively. Patients with history of  IVDU were mainly infected 
with genotype 3a (66.7%) and 1a (23.5%), while infection 
due to sexual exposure was predominantly genotype 3a 
(67.1%) followed by 1a (17.7%) and 4a (12.7%). These 
findings indicated that genotype subtype 3a is significantly 
dominant among all risk groups followed by 1a and 4a. 
Moreover our results revealed that the genotype with the 
highest frequency for risk factors is genotype 3a, the high-
est being in patients with a history of  sexual exposure (53, 
67.1%) followed by IVDU (34, 66.7%) and blood transfu-
sion (65.2%). The second most frequent genotype was 1a 
with the highest frequency in patients possibly infected 
from barber shops (26.6%), subsequently; genotype 4a 
was the most frequent in patients experienced the dental 
surgery (13.5%). Patients (n = 5) with mixed (4a5a) and 
untypable genotypes (n = 13) were under risk due to bar-
ber shops and blood transfusion respectively. 

Association of HCV risk factors with age and genotype
In patients infected due to blood transfusion, genotype 3a 
was more prevalent in age group > 40 years (80.7%) than 
≤ 40 years (59%), while genotype 4a was more prevalent  
in age group ≤ 40 years (9.9%) than > 40 years (1.1%) 
(Table 6). The same prevalence order was observed in 
patients infected due to dental surgery where genotypes 
1a (21.2%) and 4a (17.8%) were more prevalent in the age 
group ≤ 40 years than the age group > 40 years (12.0% 
and 3.0%, respectively) and genotype 3a was predominant 
in the age group > 40 years (84.2%) than the age group ≤ 
40 years (53.2%). In patients infected due to barber shops, 
the prevalence of  genotype 1a was higher in the age group 
> 40 years (35.1%) than the age group ≤ 40 years (20.0%), 
while genotype 3a was most prevalent in age group ≤ 
40 years (67.4%) compared with age group > 40 years 
(32.4%).

DISCUSSION
HCV is an important cause of  chronic liver disease and 
cirrhosis in Pakistan and accounts for significant morbid-
ity and mortality. It is estimated that about 6% (10 million) 
of  the Pakistani population is infected with HCV[19]. In the 
present study, we analyzed the relationship between distri-
bution of  HCV genotypes and mode of  transmission of  
infection in different age groups and gender. Our results 
showed a non-significant prevalence of  HCV distribu-
tion in gender and age which are in accordance to studies 
carried out by other groups who observed no relation be-
tween age, gender and HCV distribution[22,23]. When results 
were further analyzed keeping age as a categorical variable, 
people ≤ 40 years of  age were more affected with HCV 
in comparison to those > 40 years of  age in Lahore. These 

results are in conflict with previous data from Muhammad 
et al[24] in 2005 showing that the prevalence of  HCV in 
Pakistan is greater in old age, however, our results agreed 
with the findings of  Ali et al[25] that HCV prevalence ob-
served was highest among an age group of  13-50 years 
and similar findings were observed by Shah et al[26]. This 
could be due to an increasing awareness and early diagno-
sis of  HCV in urban area communities in Pakistan. 

HCV shows considerable sequence diversity and se-
quence comparisons in different parts of  the genome. 
This has led to the classification of  the virus into a series 
of  genotypes that show distinct geographical distribution 
across the world[27]. Genotyping is important because it 
provides information as to strain variation and potential 
association with disease severity and a guide about treat-
ment duration and outcomes[28]. Our finding indicating 
a high prevalence of  genotype 3a (55.9%) in Lahore city 
is consistent with others describing HCV 3a prevalence 
in Pakistan[17,18], however, an increased prevalence of  
genotype 1a and 4a (23.6% and 12.5%) found in our 
study is significantly higher than the previously reported 
HCV prevalence for these genotypes. Idress et al[17] in 
2008 showed that the prevalence of  HCV infection due 
to genotype 4 and 1 is increasing without an increase in 
the frequency of  genotype 3 in various areas of  Pakistan 
mainly NWFP (1a, 6.56% and 4, 2.30%) and Balochistan 
(1a, 25.80% and 4, 4.03%). They claimed the appearance 
of  genotype 4 in Pakistan for the first time with 1.15% 
prevalence in the Punjab area which includes Lahore city. 
A shift in genotype distribution, mostly comprising an 
increase in the prevalence of  the genotypes 3a, 1a and 
4, and decrease in prevalence of  other genotypes, is also 
found in many countries largely due to migration[12,23]. 
Our results indicated an increased prevalence of  geno-
type 4 and 1 in Lahore city may suggest a recent migra-
tion of  people, possibly from Balochistan and northern 
areas (active terrorist war-zone area). Although there is 
evidence of  increasing population size for Lahore, re-
cent reports highlighting migration data to the city of  
Lahore are not available[29]. These results suggest a possi-
ble disaster in HCV management for Pakistan in coming 
years due to poor response against current therapy for 
genotypes 4 and 1. Furthermore, genotype 4 is reported 
to be associated with liver cirrhosis[30], therefore, it may 
potentially lead to an increased risk of  liver cirrhosis 
in Pakistan. The absence of  genotype 1b, 2a and 2b in 
our study indicates that these are rarely present in our 
population. A similar frequency distribution pattern of  
genotypes in neighboring countries like India and Iran 
has been observed where genotype 3 is most prevalent 
and genotype 2 is very rare[22,31]. 

As described earlier there is no national database for 
collection of  risk factors involved in HCV transmission, 
however, studies from different areas of  Pakistan revealed 
that IVDU due to excessive use of  unnecessary injections 
and reuse of  needles, dental surgery by using unhygienic 
practice and unsafe blood transfusion are the major causes 
of  HCV infection[19,32-35], while HCV transmission due to 

4325 September 14, 2010|Volume 16|Issue 34|WJG|www.wjgnet.com

Ahmad W et al . HCV genotypes and mode of transmission



sexual exposure and barber shaving was also reported in 
Pakistan[36,37]. Kuo et al[38] reported 93% HCV prevalence 
among IVDUs in Lahore. Although IVDU has been 
identified as a route of  infection in Lahore, it was not 
significant in our HCV population due to denial by a large 
number of  people. Our results indicate dental surgery to 
be a leading cause of  HCV transmission followed by un-
safe blood transfusion. Our results are also in agreement 
with the results from other countries reporting blood 
transfusion, unsafe injection, barber shops and dental in-
struments as the main routes of  HCV infection[39].

Data analysis for finding an association of  various 
HCV genotypes with possible routes of  transmission 
indicated blood transfusion and dental surgery to be 
the leading cause in all genotypes while infection due to 
IVDU and sexual exposure was predominant in geno-
type 1 and 3. In the present study, genotype 3 had a high 
prevalence in patients with a history of  blood transfu-
sion and IVDU, similar to USA and Europe[19,34] while 
genotype 1 was most prevalent in patients infected from 
barber shops. Genotype 4 has been reported to be related 
with different routes of  infection such as dental surgery, 
dialysis, barber shops[19,40] and we observed dental surgery 
as a major route of  infection in genotype 4 followed by 
sexual exposure. Barber shops and blood transfusion were 
observed as possible routes of  infection in mixed and 
untypable genotype, respectively. We observed a notable 
variation in the distribution of  HCV subtypes in different 
risk groups within age groups. As patients infected due to 
blood transfusion and dental surgery were more frequent 
(57%) than infection from other risk factors, genotype 
3a was more prevalent in the age group > 40 years, while 
genotype 1a and 4a were observed in the age group ≤ 40 
years. These findings conclude 3a is the original subtype 
present in Lahore while the others were introduced at a 
later date by an increase in population movements like mi-
gration and change in mode of  risk factors. A high preva-
lence of  genotype 1a and 4a in the age group ≤ 40 years 
can confirm this epidemiological shift in new generation.

Our results also revealed that the routes of  HCV trans-
mission were significantly associated with age groups  
while risk factors like dental surgery, blood transfusion 
and road accidents were evenly distributed in both age 
groups. Sexual exposure was reported in 79 patients and 
all of  them belonged to the age group ≤ 40 years. The 
major reason for infection due to sexual exposure was 
non-awareness of  people about sexually transmitted 
diseases and low use of  condoms[41]. However, sexual ac-
tivity cannot be applied as an independent risk factor as 
Tong et al[42] suggested low transmission of  HCV among 
spouses. Blood transfusion, the most commonly recog-
nized transmission mechanism of  HCV, showed a high 
prevalence (71.6%) for patients ≤ 40 years. This could 
be due to many reasons - mainly concealing HCV status 
of  donors from their relatives during blood donation and 
improper screening of  blood donors[43]. HCV prevalence 
due to barber shops was also significantly higher (56.2%) 
in patients ≤ 40 years. The possible reason could be due 

to the use of  inadequately sterilized instruments, reuse 
of  razors and other shaving kits and transfusion of  con-
taminated blood also seen by others in Pakistan[31,35-37]. 
The use of  illegal drugs by injection is rising especially 
in young people in Pakistan as the effect of  IDVU is 
more satisfying and intense[19,33]. Although the number 
of  patients with IDVU was small, 100% IVDU patients 
belonged to the age group ≤ 40 years. 

In conclusion, this study used a large HCV population 
for the first time and reported the HCV genotype-specific 
prevalence with age and possible risk factors associated 
with its transmission in Lahore city of  Pakistan. Genotype 
3 was predominant and patients infected with genotype 4 
are increasing along with genotype 1 due to possible inland 
migration in Pakistan. We observed a maximum prevalence 
for HCV in the age group ≤ 40 years (68.3%) with in-
volvement of  multiple routes of  infections. Infection due 
to sexual exposure and IVDU was exclusively linked to ≤ 
40 years age group. Our study revealed that at least 66% 
of  HCV infections are associated with the health-care sec-
tor as most of  the patients infected with HCV developed 
the infection as a result of  blood transfusion, dental sur-
gery and IVDU. For genotype 3, blood transfusion was the 
major infection route, while infection attributed to barber 
shops was associated with genotype 1. The most prevalent 
risk factor for genotype 4 was found to be dental surgery. 
This study also highlights future possible HCV disease 
complications due to an increase in genotypes 4 and 1 and 
also provides a basis for the government of  Pakistan to 
implement higher health standards. 
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COMMENTS
Background
Chronic hepatitis C virus (HCV) is one of the major causes of liver fibrosis, with 
distortion of the hepatic architecture and ultimate progression to cirrhosis. To date, 
at least six major genotypes of HCV, each having multiple subtypes, have been 
identified worldwide. The different genotypes are relevant to epidemiology, route of 
infection, vaccine development, and clinical management of chronic HCV infection. 
Research frontiers
In Pakistan, more than 10 million people are infected with chronic HCV. The 
exact data about the relationship between HCV genotypes, epidemiological fac-
tors and route of infection is limited.
Innovations and breakthroughs
The frequency distribution of different HCV genotypes and subtypes and 
their association with various risk factors in Lahore, the second largest city of 
Pakistan was investigated in 1364 patients with chronic HCV. The maximum 
prevalence of HCV was found in the age group ≤ 40 years (68.3%). Genotype 
3a was the predominant genotype followed by an increase in 1a and 4a as 
compared to previous reports suggesting a recent migration of people possibly 
from Balochistan and northern areas (active terrorist war-zone area). The main 
risk factors observed in patients infected with HCV were blood transfusion, den-
tal surgery and intravenous drug use. Blood transfusion and barber shops were 
the major infection route, in genotype 3a and 1a respectively. 
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Applications
This article reported the prevalence of HCV genotypes in Lahore city. Addition-
ally the relationship between different genotypes and subtypes with age, gender 
and different possible routes of infection was studied. Shifts in HCV genotype 
distribution needs to be paid more attention as genotype 1a and 4a are associ-
ated with severe cirrhosis. 
Peer review
This article describes the prevalence of HCV in Lahore population. It is a good 
work and should be accepted for publication.
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