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Abstract
Background: Information regarding hepatitis C virus genotypes and subtypes circulating in
Pakistan and various risk factors for their transmission are not known well. The specific objective
of this study was to find out the frequency of various HCV genotypes present in well-characterized
Pakistani HCV isolates and their possible routes of transmission.
Methods: A total of 3351 serum samples were tested by type-specific genotyping assay. Out of
3351 HCV RNA positive patients, 2039 were males and 1312 were females. As regard as genotyped
samples, 2165 belonged to Punjab region, 823 belonged to N.W.F.P., 239 to Sindh and 124 patients
were from Balochistan.
Results: Out of the total 3351 tested serum samples, type-specific PCR fragments were observed
in 3150 (94.00%) serum samples. The distribution of genotypes of the typeable samples as
determined by this assay, was as follows: 1664 (49.05%) genotype 3a; 592 (17.66%) genotype 3b;
280 (8.35%) genotype 1a; 252 (7.52%) genotype 2a; 101 (3.01%) genotype 1b; 50 (1.49%) with
genotype 4; 25 (0.75%) with 3c; 27 (0.80%) genotype 2b; 6 (0.18%) with subtype 5a; 5 (0.15%)
genotype 1c; 4 (0.12%) with subtype 6a; 3 (0.09%) genotype 2c; and 161 (4.80%) patients were
infected with mixed infection. Two hundred and one (5.99%) serum samples were found
untypeable by the present genotyping system. More than 86% and 72% patients with genotypes 3a
and 3b respectively had received multiple injections in past. For genotypes 1a and 1b the route of
transmission was major/minor surgery along with unknown reasons. Majority of the cases with type
2a, 2b and indeterminate genotypes were sporadic. Mixed infections were common in thalassaemic
patients.
Conclusion: The most common HCV genotype in Pakistan is type 3a. Regional difference in
genotypes was observed only in Balochistan province of Pakistan. More than 70% of the cases were
acquired in hospitals through reuse of needles/syringes and major/minor surgery that is very
common in this country.
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Background
Hepatitis C virus (HCV) infection is one of the most
important Flaviviridae infections with significant clinical
problems throughout the world in humans and it is
responsible for the second most common cause of viral
hepatitis [1]. To date at least six major genotypes of HCV,
each having multiple subtypes, have been identified
worldwide [2]. The different genotypes are relevant to epidemiology, vaccine development, and clinical management of chronic HCV infection [3]. Furthermore, the HCV
genotype is the strongest predictive parameter for sustained virological response [4]. This clinical relevance of
HCV genotyping attracted attention from studies that
reported an influence of HCV genotypes on the clinical
course of disease and response to interferon therapy, as
patients with different HCV genotypes respond differently
to alpha interferon [5]. Firm evidence has been established that patients with type 2 and type 3 HCV infections
are more likely to have a sustained response to therapy
than patients with type 1 HCV infections [6]. Rates of sustained virological response to combination therapy in
patients infected with HCV-2/3 and HCV-1 genotypes are
65% and 30%, respectively [7,8]. Therefore the patient
genotype should be taken into consideration when prescribing interferon standard therapy.
HCV genotypes 1, 2, and 3 appear to have a worldwide
distribution and their relative prevalence varies from one
geographic area to another. HCV subtypes 1a and 1b are
the most common genotypes in the United States [4].
These subtypes also are predominant in Europe [9-11].
The predominant subtype reported from Japan is subtype
1b that is responsible for up to 73% of cases of HCV infection [12]. HCV subtypes 2a and 2b are relatively common
in North America, Europe, and Japan and subtype 2c is
found commonly in northern Italy. HCV genotype 4
appears to be prevalent in North Africa and the Middle
East [13,14], and genotypes 5 and 6 seem to be confined
to South Africa and Hong Kong, respectively [15,16]. HCV
genotypes 7, 8, and 9 have been identified only in Vietnamese patients [17], and genotypes 10 and 11 were identified in patients from Indonesia [18]. There has been
disagreement about the number of genotypes into which
HCV isolates should be classified. Investigators have proposed that genotypes 7 through 11 should be regarded as
variants of the same group and classified as a single genotype, type 6 [19,20].
From Pakistan few studies are available on the distribution of various hepatitis C virus genotypes based on small
sample sizes [13,21,22]. No study is available on geographic variation in the prevalence of various HCV genotypes and various routes of transmission for different
genotypes from Pakistan. Therefore, this study was initiated to determine the frequency distribution of various
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HCV genotypes and subtypes present in different geographical regions of Pakistan and to determine various
risk factors for its transmission.

Methods
Source of Clinical Samples
All the serum samples were received along with specifically designed data sheets at Division of Molecular Virology & Molecular Diagnostics, Centre for Applied
Molecular Biology, Lahore from 121 tertiary collection
centers situated in different cities/towns of all the four
provinces of Pakistan such as North West Frontier Province (NWFP), Punjab, Sindh and Balochistan for the
detection of HCV during the course of this study. Pakistan
is situated in the western part of the Indian subcontinent,
with Afghanistan and Iran on the west, India on the east,
and the Arabian Sea on the south. Pakistan is the sixth
most populous country in the world. Pakistan is a federation of four provinces (described above), a capital territory and federally administered tribal areas. The total land
area is estimated at 803,940 square kilometers. Estimated
(2007) population of the country is 169,270,617. Serum
samples from chronic HCV carriers showing HCV RNA
positivity with all the required information representing
the four provinces of Pakistan were included in the study.
The N.W.F.P was represented by cities/towns of Peshawar,
Mardan, Malakand, Dir, Swat, DI Khan and Bunnu
(number of isolates [n] = 823); the Punjab was represented by Lahore, Gujranwala, Mandi Bahauddin, Multan, Sarghoda, Jehlum, Sialkot, Rawalpindi, Rahim Yar
Khan and Faisalabad (n = 2165); the Sindh was represented by Karachi, Hydarabad, Khair Pur, Nawab Shah,
Dadu and Mirpur Khas (n = 239); and Balochistan was
represented by Quetta, Ziarat and Sibbi (n = 124). The isolates from NWFP, Punjab, Sindh, or Balochistan were designated as NP, PP, SP, or BP, respectively, to identify the
origin of the samples. A written informed consent was
taken from patients and the data sheet contained demographic of patients, possible route of transmission, area,
and estimated time of infection and complete address of
the patients with telephone numbers. The study was
approved by the ethics committee of the Institute.
HCV RNA Detection and quantitative PCR
Nested reverse transcriptase (RT) PCR was carried out for
the qualitative detection of HCV RNA using primers corresponding to 5'NCR primers as described previously
[23]. Briefly, RNA was extracted from 100 μl serum samples using Gentra (Puregene, Minneapolis, MN 55441
USA) RNA isolation kit according to the protocol
described in the kit. Moloney murine leukemia virus
(MMLV) reverse transcriptase enzyme (RTEs) (Invitrogen,
Corp., California USA) was used for reverse transcription
of HCV 5'NCR with outer antisense primer. First-round
and nested PCRs were carried out with Taq polymerase
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(Invitrogen, Corp., California USA), and the specific HCV
PCR bands were visualized on 2% agarose gel. Quantification of HCV RNA was performed for PCR positive sera
with SmartCycler II Real-time PCR (Cepheid, Sunnyvale,
Calif. USA). The SmartCycler II system is a PCR system by
which amplification and detection are accomplished concurrently with TaqMan technology (Applied Biosystems,
Foster City, Calif) using fluorescent probes to detect
amplification after each replicating cycle. This assay has
lower and upper detection limits of 5.0 × 102 and 5.0 ×
107 IU/mL, respectively. Specimens yielding values above
the upper limit were routinely diluted 100-fold and
retested and obtained values were multiplied by this dilution factor to obtain the actual HCV RNA concentration in
international units per mL.
HCV Genotyping
HCV genotyping was carried out using type-specific HCV
genotyping method as described previously in detail [24].
Briefly, about 50 ng of HCV RNA was reverse transcribed
to cDNA using 100 U of M-MLV RTEs at 37°C for 50 minutes. Two μl of synthesized cDNA was used for PCR
amplification of 470-bp region from HCV 5'NCR plus
core region by first round PCR amplification. As there
were 12 different HCV types that we tried to detect, so the
type-specific primers were divided into two groups on the
basis of differences in the sizes of the different bands, so
that no genotype-specific bands are of same size in the
same group on agarose gel. Therefore, two second-round
PCRs were performed for each first round PCR sample,
one with primer mix A and the other with mix B in a volume of 20 μl with nested PCR primers. Mix-A contained
primers for genotypes 1a, 1b, 1c, 3a, 3c and 4 and Mix-B
included the 2a, 2c, 3b, 5a, and 6a primers. The second
round PCR product was electrophoresed on a 2% agarose
gel to separate type-specific fragment. Stained the gel with
ethidium bromide and evaluated under UV transilluminator. A 100-bp DNA ladder (Invitrogen, Corp., California, USA) was run in each gel as DNA size marker and the
HCV genotype for each sample was determined by identifying the HCV genotype-specific PCR band.
Sequencing of 5'NCR
The 5'UTR region of all the 201 untypable isolates were
sequenced in both directions and sequences that were
obtained for the first time were submitted to GenBank
data base. The Accession Numbers provided for our nucleotide sequences by the GeneBank are from EF173931 to
EF174030.
Statistical analysis
The data was analyzed and the summary statistic was carried out by a statistical package, SPSS version 10.0 for window. The results for all variables were given in the form of
rates (%). Chi Square and Fisher's Exact tests were used for

http://www.biomedcentral.com/1471-2334/8/69

categorical variables that measured association among
categorical variables. All data are presented as mean values or number of patients. P-values less than 0.05 were
considered significant.

Results
Demographic of patients
Figure 1 shows the study enrolment of patients and exclusion criteria. During the course of this study, total of 5723
anti-HCV positive sera were received from all the four
provinces of the country. Out of these 3735 samples were
found positive by HCV qualitative PCR. After HCV RNA
quantification, 384 samples were excluded from the study
due to low viral load (<500 IU/ml) and 3351 serum samples with viral load >500 IU/ml were tested by type-specific genotyping assay. Out of 3351 patients, 2039 were
males and 1312 were females. Total of 2165 genotyped
patients belonged to Punjab region, 823 patients to
N.W.F.P., 239 to Sindh and 124 patients were from Balochistan. All serum samples tested were HCV-RNA positive
with enough viral load and could thus be genotyped by
genotype-specific PCR assay.
Distribution of HCV genotypes in the study population
Table 1 shows the distribution of HCV genotypes in the
study population. Out of the total 3351 tested serum samples, type-specific PCR fragments were observed in 3150
(94.00%) serum samples. The distribution of genotypes
of the typeable samples as determined by this assay, was
as follows: 1664 (49.05%) were genotype 3a; 592
(17.66%) genotype 3b; 280 (8.35%) genotype 1a; 252
(7.52%) genotype 2a; 101 (3.01%) genotype 1b; 50
(1.49%) genotype 4; 25 (0.75%) 3c; 27 (0.80%) genotype
2b; 6 (0.18%) subtype 5a; 5 (0.15%) genotype 1c; 4
(0.12%) subtype 6a; 3 (0.09%) genotype 2c; and 161
(4.80%) patients were infected with mixed infection. Two
hundred and one (5.99%) serum samples were found
untypable by the present genotyping system. Six genotypes i.e. 1c, 2c, 3c, 4, 5a and 6a were isolated for the first
time from Pakistan in the course of the present study. The
5'UTR region of all the 201 untypable isolates were
sequenced in both directions and sequences that were
obtained for the first time were submitted to GenBank
data base. The Accession Numbers provided for our nucleotide sequences by the GeneBank are from EF173931 to
EF174030.
HCV genotypes in male and female patients
The distributions of HCV genotypes were similar in male
and female patients.
Frequency of HCV genotypes in different geographical
regions
Frequency of HCV genotypes were examined by individual Provinces shown in table 2. Among the genotypes
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Total 5723 anti-HCV positive sera samples of
patients with chronic HCV were tested by HCV
Qualitative PCR

1988 sera were excluded from the study
because they were negative by HCV
RNA PCR and failed to meet inclusion
criteria

3735 sera were further tested by Real-time PCR
for HCV RNA quantification

384 sera were excluded from the study
due to low viral load (<500 IU/ml) that
may not be enough to be genotyped

3351sera were further tested by genotyping method for the determination
of frequency distribution

Total 2165
genotyped
patients
belonged to
Punjab
i

Total
823
genotyped
patients
belonged to
N.W.F.P
i

Total
239
genotyped
patients
belonged to
Sindh region

Total
124
genotyped
patients
belonged to
Balochistan
i

Figureenrollment
Study
1
of patients
Study enrollment of patients. For study enrollments the patients were required to have chronic HCV with positive antiHCV ELISA. The patients were also required to have detectable HCV RNA by qualitative RT-PCR and viral load >500 IU/ml
and belonged to any of the four provinces of Pakistan

determined from 2165 Punjabi patients, 7.94% (n = 172)
belonged to genotype 1a, 2.72% (n = 59) genotype 1b,
0.18% (n = 4) genotype 1c, 6.46% (n = 140) genotype 2a,
0.69% (n = 18) genotype 2b, 0.09% (n = 2) genotype 2c,
52.10% (n = 1128) genotype 3a, 16.53% (n = 358) genotype 3b, 0.64% (n = 14) genotype 3c, 1.15% (n = 25) genotype 4, 0.23% (n = 5) genotype 5a, 0.05% (n = 1)
genotype 6a, and 4.34% (n = 101) were dual genotypes.

From NWFP 823 cases were grouped after genotyping as
follows: subtype 1a in 54 (6.56%); 1b in 21 (2.55%); 2a
in 63 (7.65%); 2b in 7 (0.85%); 2c in 1 (0.12%); 3a in
397 (48.23%); 3b in 157 (19.07%); 3c in 7 (0.85%), genotype 4 in 19 (2.30%), 5a in 1 patient (0.12%); 6a in 3
(0.36%); mixed in 42 (5.10%) and untypeable in 51
(6.19%) patients. In Sindh genotype 3a was predominant
in being found in 95 (39.74%) of samples followed by 3b
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Table 1: Frequency distribution of HCV genotypes and subtypes
in the studied population (n = 3351)

HCV Genotype

HCVγ Subtype

No. of Isolates

Percentage

1

1a
1b
1c
2a
2b
2c
3a
3b
3c
4
5a
6a

280
101
5
252
27
3
1644
592
25
50
06
04
161
201
3351

8.35
03.01
0.15
07.52
00.80
00.09
49.05
17.66
0.75
01.49
00.18
00.12
04.80
05.99
100

2

3

4
5
6
Mixedα
Undeterminedβ
Total
αMixed,

two genotypes in one patients such as 3a+1a, 3a+3b etc.
as the genotype assay was unable to assign type and
these may be new subtypes.
γHCV, hepatitis C virus.
βUndetermined,

(26.35%), 2a (9.62%), 1a (9.2%), 1b (3.76%), 3c
(1.25%) and genotype 4 (0.41%). Twelve (5.02%) mixed
genotypes were also isolated from this area and 10
(4.18%) samples were found untypeable. Among patients
from Balochistan, genotypes 1a (25.8%) was the most
prevalent followed by 2a (20.96%), 3a (19.35%), and 3b
(11.29%); 1b (9.67%); 2b (10.8%); genotype 4 (4.03%);
1c (0.80%) and 3c (0.80%). Six (4.83%) of the isolates
were found with dual infection and 2 (1.61%) were
untypeable.

Prevalence of HCV mixed-genotype infections
Table 3 shows the prevalence of HCV mixed-genotype
infections determined by this system in different populations across Pakistan. Total 161 HCV isolates were found
having two genotypes. Of these 101 belonged to Punjab
region, 42 to N.W.F.P., 12 to Sindh region and 6 to Balochistan region. More than half of the total HCV samples
with mixed infection were infected with HCV genotypes
3a and 3b (49.68%) followed by 3a + 1a (11.18%). The
overall rate of HCV mixed-genotype infections in patients
with chronic hepatitis C was 6.98%, which was significantly lower than that in the thalassaemic patients (P <
0.001).
Possible risk factors for infection transmission in various
genotypes
Various possible risk factors responsible for infection
transmission with each HCV genotypes are given in table
4. Over all the probable modes of transmission observed
were: 61.45% due to multiple use of needles/syringes;
10.62% due to major/minor surgery/dental procedures;
4.26% due to blood transfusion and blood products;
3.90% due to sharing razors during shaving or circumcision by barbers, piercing instruments, nail clipers, tooth
brushes/Siwaks; in less than 1% due to needle stick, from
infected mother to baby and sexual transmission. For
20.35% subjects the mode of transmission was unclear as
no possible routes were observed at the time of survey and
they were still sporadic.

Discussion
Data so obtained from different parts of the world have
focused on the increasing interest of HCV genotyping by
mass screening as it is useful for the solution of epidemi-

Table 2: Prevalence of HCV genotypes in different geographical regions of Pakistan (N = 3351).

Genotype

Subtype

Isolated from Punjab

Isolated from NWFP

Isolated from Sindh

Isolated from Balochistan

P value <

1

1a
1b
1c
2a
2b
2c
3a
3b
3c
4
5a
6a
Mixedα
Undeterminedβ

172 (7.94%)
59 (2.72%)
04 (0.18%)
140 (6.46%)
18 (0.69%)
02 (0.09%)
1128 (52.10%)
358 (16.53%)
14 (0.64%)
25 (1.15%)
5 (0.23%)
1 (0.05%)
101 (4.34%)
138 (6.37%)

54 (6.56%)
21 (2.55%)
0
63 (7.65%)
7 (0.85%)
01 (0.12%)
397 (48.23%)
157 (19.07%)
07 (0.85%)
19 (2.30%)
1 (0.12%)
3 (0.36%)
42 (5.10%)
51 (6.19%)

22 (9.20%)
9 (3.76%)
0
23 (9.62%)
1 (0.41%)
0
95 (39.74%)
63 26.35%)
03 (1.25%)
1 (0.41%)
0
0
12 (5.02%)
10 (4.18%)

32 (25.80%)
12 (9.67%)
01 (0.80%)
26 (20.96%)
1 (0.80%)
0
24 (19.35%)
14 11.29%)
01 (0.80%)
5 (4.03%)
0
0
6 (4.83%)
02 (1.61%)

0.01
0.05
0.01
0.01
0.01
NS
NS
NS

2165

823

239

124

3351

2

3

4
5
6

Total
αMixed,

two genotypes in one patients such as 3a+1a, 3a+3b etc.
as the genotype assay was unable to assign type and these may be new subtypes.

βUndetermined,
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Table 3: Prevalence of HCV mixed genotypes in Pakistan (n = 161).

HCV isolate with Mixed
genotypes

Isolated from Punjab Isolated from N.W.F.P Isolated from Sindh Isolated from Balochistan N

3a + 3b
3a + 1a
3a + 1b
3a +2a
1a + 1b
1a + 3b
3a + 1c
2a + 1b
3b + 2a
3a + 2b
1a + 4
3a + 4
2a + 1a
3a + 6a

56
10
5
5
5
4
3
4
3
2
0
1
1
1

16
5
4
2
3
2
3
1
1
1
2
1
1
0

4
2
0
2
1
1
1
0
0
0
1
0
0
0

4
1
1
0
0
0
0
0
0
0
0
0
0
0

80
18
10
09
09
07
07
05
04
03
03
02
02
01

Total

101

42

12

6

161

N.W.F.P, North West Frontier Province; HCV, hepatitis C virus

ological questions and development of vaccines against
HCV. Furthermore it has been shown to be beneficial to
facilitate therapeutic decisions and strategies [25-27]. It
has been demonstrated that the severity of the disease, its
progression and response to therapy may vary according
to the genotype [10,28].

genotypes of HCV present in Pakistan and various risks for
possible transmission were observed. All serum samples
tested were HCV-RNA positive by PCR and could thus be
genotyped. However, genotype-specific PCR products
were seen in about 94% serum samples by this molecular
biology-based system that is an excellent percent of the
sample size. The data of the present study correspond well
to previous studies, in which genotypes or serotypes were
determined from other regions of the world [29-31]. The
presence of various HCV genotypes such as 1a, 1b, 2a, 3a,
and 3b reported in this study have also been reported in
the earlier studies with predominated genotype 3 in Paki-

Substantial regional differences appear to exist in the distribution of HCV genotypes. Thus knowledge on the distribution of various genotypes in our country is essential
for its prognostic implications in chronic hepatitis C
infection. In the present study the frequency of various

Table 4: Possible route of transmission of various HCV genotypes (N = 3351).
HCV

Possible Mode of Transmission

HCV Subtype(N)

Multiple use of needles/
syringes (%)

Major/minor surgery,
dentil procedures (%)

Blood and blood
products (%)

Sharing razors, piercing
instruments, Nail clippers,
tooth brushes (%)

Sporadic (%)

1a (280)
1b (101)
1c (05)
2a (252)
2b (27)
2c (03)
3a (1644)
3b (592)
3c (25)
4 (50)
5a (6)
6a (4)
Mixed (161)
Undetermined (201)

30 (10.71)
11 (10.89)
43 (17.06)
2 (7.4)
1421 (86.43)
427 (72.12)
3 (12)
11 (22)
5 (83.33)
4 (100)
31 (19.25)
51 (25.37)

101 (36.07)
38 (37.62)
18 (7.14)
2 (7.4)
1 (33.33)
88 (5.35)
43 (7.26)
5 (20)
19 (38)
1 (16.66)
9 (5.59)
31 (15.42)

6 (2.14)
2 (1.98)
1 (20)
09 (3.57)
1 (3.7)
13 (0.79)
5 (0.84)
3 (12)
13 (26)
85 (52.79)
5 (2.48)

2 (0.71)
6 (5.94)
1 (20)
51 (20.23)
16 (59.25)
2 (66.66)
12 (0.72)
2 (0.33)
9 (36)
1 (2)
25 (15.52)
4 (1.99)

141 (50.35)
44 (43.56)
3 (60)
131 (51.98)
6 (22.22)
110 (6.69)
115 (19.42)
5 (20)
6 (12)
11 (6.83)
110 (54.72)

Total

2039 (61.45)

356 (10.62)

143 (4.26)

131 (3.90)

682 (20.35)

αMixed, two genotypes in one patients such as 3a+1a, 3a+3b etc.
βUndetermined, as the genotype assay was unable to assign type and

these may be new subtypes.
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stan [21,22]. Though these studies were done with lower
sample sizes, the reported genotypes frequencies are the
same as observed in the present study. Additionally six
more genotypes such as 1c, 2c, 3c, 4, 5a and 6a were isolated for the first time ever from this country in the present
study. The frequency of genotype distribution in the
present study also seems to be quite similar to that
reported from other South Asian countries such as Nepal
[17] and India [32,33] where genotype 3 was found as the
predominant genotype but different from those in Japan
[34], Thailand [35], Vietnam, USA and Western Europe
[36] where genotype 1 is the most prevalent HCV genotype.
When the results of the present study on HCV genotypes
were compared to the genotyping results obtained in
other studies from Pakistan [21,22], it was observed that
the frequency of genotype 1 is increasing in this country
without any increase in the frequency of genotype 3. It
seems that in coming 15–20 years the current most prevalent genotype 3a will be replaced by less common genotype 1 (a or b). If this actually happens here in Pakistan, it
will complicate more the present situation of HCV that is
a big health problem in this country. Recently replacement of one HCV genotype (type 1b) by another (type 2)
has been reported from Venezuela that took only 10 years
time for this displacement [36]. We also suggest confirming this observation by conducting other studies on HCV
genotypes. Another interesting finding of the study is the
isolation of genotype 4 for the first time from Pakistan
although this genotype is believed to be absent from Pakistan [22]. HCV genotype 4 is prevalent in the Middle East
and Central Africa; however, our patients did not have a
history of visit to these areas of the world. Genotype 4 has
been reported to be frequently associated with cirrhosis
and a poor response to interferon [37,38]. Like Pakistan,
HCV genotype 4 is also rare in the United Sates and there
are few published data regarding response to therapy in
patients with HCV genotype 4 infections in Pakistan and
United States [39]. None of the genotype 4 having patient
has history of visit to Middle-East.
In order to discern if there are any regional differences in
HCV genotype distribution in Pakistan, the distribution
for this population was examine by individual Provinces.
No regional difference with respect to HCV genotype distribution was seen in the Provinces of Punjab, N.W.F.P
and Sindh where the most prevalent genotype is 3a followed by 3b. But a clear difference was observed in the
Province of Balochistan where the predominant genotype
found was 1a followed by 2a and 3a. Balochistan shares a
long boarder with Iran in the west where genotype 1 is the
predominant genotype in the region [40]. It is quite possible that genotype 1 may enter to Pakistan from Iran
through local persons who cross boarder for jobs and
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trade. HCV genotypes distribution described in this study
does not present modification by gender, and the distribution of HCV genotypes was similar both in male and
female HCV patients with no significant difference seen
for various genotypes in male and female patients (P <
0.05). The results of the present study indicate that HCV
genotype distribution varies with age. It has already been
reported that HCV genotype distribution varies with age
in both male and female patients [41]. Subtypes 1a and
1b were found most prevalent among older patients,
whereas subtype 2a/2b and 3a/3b were mainly found
among younger ones.
Some studies suggest that different types of HCV may be
associated with different transmission routes. In the
present study majority of the patients seem to have more
than one route of transmission however we took the most
probable one for data analysis. In Pakistan genotype 3a is
the most prevalent genotype and more than 86% patients
with genotype 3a received multiple injections. It is quite
possible that this type was spread in Pakistan by doctors,
vaccination teams and other medical persons using nondisposable syringe before 1990 when one syringe was
used for injections to all attended patients. This type of
practice is still there in the rural areas of the country. This
observation is supported by a study where subtype 3a
appeared to be prevalent among injection drug users and
it is believed that it was introduced into North America
and the United Kingdom with the widespread use of heroin in the 1960s [42]. Further, it has also been reported
that HCV genotype 3a is particularly prevalent in intravenous drug abusers in Europe and the United States [43].
For genotype 1a and 1b, the probable causes of transmission observed in the present study were major/minor surgeries and dental procedures. This is in agreement with a
study from Hungry where majority of the cases with genotype 1 has a history of hospitalization for major/minor
surgery, dental procedures and shaving by barbers. In contrast in one study, 95% of all patients with genotype 1
were infected with subtype 1b and majority of those
patients had received transfusions of blood and/or blood
products [30]. Genotype 2a was more frequently seen
(>50%) in case with history of no apparent causes of
transmission. Mode of transmission was not clear for
more than half of patients with untypable genotypes.
Type 4 is uncommon in this country and its route of transmissions were surgeries (38%) followed by reuse of
syringes (22%). As expected, the prevalence of HCV
mixed-genotype infections was high (52.79%) in thalassaemic patients who had received multiple blood transfusions.
It appears that more than 70% of the cases were acquired
in hospitals or other medical facilities because a large
number of subjects (61.45%) received therapeutic injec-
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tions and surgeries (10.62%) from the clinics of local general practitioners in both government and private
hospitals. It has already been reported that Pakistan has
one of the highest frequencies of injections in the world
and the average number of injections per person per year
is more than 9 injections (44–45). Further been reported
in the same studies that 49% of patients receive injections
at their first outpatient visit where in addition to the
unnecessary use of injections, safe injection practices are
not followed. Furthermore, previous vaccination have
also been alleged to ignore safe injection practices that
was largely received at the public health-care facilities
including the use of used syringes [44,45]. As shown in
the present study and also reported in previous other studies [44,45] subjects who received more injections were
more likely to be infected with HCV and these non-sterile
syringes or needles may be the source of HCV infections.
According to a survey conducted by Ministry of Health, in
Pakistan more than 72% therapeutic injections and 50%
immunization injections in public health-care facilities
are unsafe and potentially dangerous [46]. In these studies
it is further shown that the use of multiple-dose vials is
common in many government and private sector hospitals of Pakistan that is the major risk factor for the transmission of HCV infection [44-46] especially genotype 3a.

http://www.biomedcentral.com/1471-2334/8/69

References
1.

2.
3.
4.

5.
6.

7.

8.

9.

Conclusion
The predominant HCV genotype in Pakistan is type 3a followed by 3b and 1a. Six HCV genotypes such as 1c, 2c and
3c, 4, 5a and 6a were isolated for the first time from Pakistan during the study. The frequency of genotype 1 was
observed to be increasing in this country without any
increase in the frequency of genotype 3 that may be very
dangerous in coming 15–20 years. Regional difference in
genotypes was observed only in Balochistan province of
Pakistan. More than 70% of the cases in Pakistan are hospitals acquired.

10.
11.
12.
13.

14.

Competing interests
The author declares that they have no competing interests.
15.

Authors' contributions
SR conceived of the study, participated in its design and
coordination and gave a critical view of manuscript writing. MI collected epidemiological data and analyzed the
data statistically. MI carried out the molecular genotyping
assays. All the authors have read and approved the final
manuscript.

Acknowledgements
We thank all the tertiary collection points and subjects for their cooperation in the study. This project was partially supported by Ministry of Science
& Technology, Government of Pakistan.

16.

17.

18.

19.

Leiveven J: Pegasys/RBV Improves Fibrosis in Responders,
relapsers & Nonresponders with Advanced Fibrosis. 55th
Annual Meeting of the American Association for the Study of Liver Disease:
2004 October 29 – November 2: Boston, MA, USA .
Zein NN, Persing DH: Hepatitis C Genotypes: current trends
and future implications. Mayo Clin Proc 1996, 71:458-462.
Liew M, Erali M, Page S, Hillyard D, Wittwer C: Hepatitis C Genotyping by Denaturing High-Performance Liquid Chromatography. J Clin Microbiol 2004, 42(1):158-163.
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, 125:634-639.
Trepo C: Seminar on hepatitis C. European Commission Public Health Unit
1994.
Dusheiko G, Schmilovitz H, Brown D, McOmish F, Yap PL, Simmonds
P: Hepatitis C virus genotypes: an investigation of type-specific differences in geographic origin and disease. Hepatology
1996, 19:13-18.
McHutchison JG, Gordon SC, Schiff ER, Shiffman ML, Lee WM, Rustgi
VK, Goodman ZD: Interferon alfa-2b alone or in combination
with ribavirin as initial treatment for chronic hepatitis C.
Hepatitis Interventional Therapy Group. N Engl J Med 1998,
339:1485-1492.
Poynard T, Marcellin P, Lee SS, Niederau C, Minuk GS, Ideo G, Bain
V: Randomised trial of interferon alpha2b plus ribavirin for 48
weeks or for 24 weeks versus interferon alpha2b plus placebo for 48 weeks for treatment of chronic infection with
hepatitis C virus. In Lancet Volume 352. International Hepatitis
Interventional Therapy Group (IHIT); 1998:1426-1432.
McOmish F, Yap PIL, Dow BC, Follett EAC, Seed C, Keller AJ, Cobain
TJ, Krusius T, Kolho E, Naukkarinen R, Lin C, Lai C, Leong S,
Medgyesi GA, Heéjjas M, Kiyokawa H, Fukada K, Cuypers T, Saeed
AA, Al-Rasheed AM, Lin M, Simmonds P: Geographic distribution
of hepatitis C virus genotypes in blood donors: an international collaborative survey. J Clin Microbiol 1994, 32:884-92.
Dusheiko G, Main J, Thomas H: Ribavirin treatment for patients
with chronic hepatitis C: results of a placebo-controlled
study. J Hepatol 1994, 25(5):591-8.
Nousbaum JB, Pol S, Nalpas B, Landais P, Berthelot P, Brechot C, the
Collaborative Study Group: Hepatitis C virus type 1b (II) infection in France and Italy. Ann Intern Med 1995, 122:161-168.
Takada NS, Takase S, Takada A, Date T: Differences in the hepatitis C virus genotypes in different countries. J Hepatol 1993,
17:277-283.
Abdulkarim AS, Zein NN, Germer JJ, Kolbert CP, Kabbani L, Krajnik
KL, Hola A, Agha MN, Tourogman M, Persing DH: Hepatitis C
virus genotypes and hepatitis G virus in hemodialysis
patients from Syria: identification of two novel hepatitis C
virus subtypes. Am J Trop Med Hyg 1998, 59:571-576.
Chamberlain RW, Adams N, Saeed AA, Simmonds P, Elliot RM:
Complete nucleotide sequence of a type 4 hepatitis C virus
variant, the predominantgenotype in the Middle East. J Gen
Virol 1997, 78:1341-1347.
Simmonds P, Holmes EC, Cha TA, Chan SW, McOmish F, Irvine B,
Beall E, Yap PL, Kolberg J, Urdea MS: Classification of hepatitis C
virus into six major genotypes and a series of subtypes by
phylogenetic analysis of the NS-5 region. J Gen Virol 1993,
74:2391-9.
Cha TA, Kolberg J, Irvine B, Stempien M, Beall E, Yano M, Choo QL,
Houghton M, Kuo G, Han JH, Urdea MS: Use of a signature nucleotide sequence of hepatitis C virus for detection of viral RNA
in human serum and plasma. J Clin Microbiol 1992, 29:2528-2534.
Tokita H, Shrestha SM, Okamoto H, Sakamoto M, Horikita M, Iizuka
H, Shrestha S, Miyakawa Y, Mayumi M: Hepatitis C virus variants
from Nepal with novel genotypes and their classification into
the third major group. J Gen Virol 1994, 75:931-936.
Tokita H, Okamoto H, Iizuka H, Kishimoto H, Tsuda F, Lesmana LA,
Miyakawa Y, Mayumi M: Hepatitis C virus variants from Jakarta,
Indonesia classifiable into novel genotypes in the second (2e
and 2f), tenth (10a) and eleventh (11a) genetic groups. J Gen
Virol 1996, 77:293-301.
deLamballerie X, Charrel RN, Attoui H, De Micco P: Classification
of hepatitis C virus variants in six major types based on analysis of the envelope 1 and nonstructural 5B genome regions

Page 8 of 9
(page number not for citation purposes)

BMC Infectious Diseases 2008, 8:69

20.

21.
22.
23.
24.
25.

26.

27.

28.
29.

30.

31.
32.

33.
34.
35.

36.
37.
38.
39.
40.

and complete polyprotein sequences. J Gen Virol 1997,
78:45-51.
Tokita H, Okamoto H, Iizuka H, Kishimoto J, Tsuda F, Miyakawa Y,
Mayumi M: The entire nucleotide sequences of three hepatitis
C virus isolates in genetic groups 7–9 and comparison with
those in the other eight genetic groups. J Gen Virol 1998,
79:1847-1857.
Idrees M: Detection of Six Serotypes of HCV in anti-HCV Positive Patients and rate of ALT/AST abnormalities. Pak J Microbiol 2001, 1(2):61-65.
Shah HA, Jafri WS, Malik I, Prescott L, Simmonds P: Hepatitis C
virus (HCV) genotypes and chronic liver disease in Pakistan.
J Gastroenterol Hepatol 1997, 12:758-761.
Idrees M: Common genotypes of hepatitis C virus present in
Pakistan. Pak J Med Res 2001, 40(2):46-49.
Idrees M: Development of an improved HCV Genotyping
Assay for the Detection of Common Genotypes and subtypes in Pakistan. J Virol Meth 2008, 150(1):50-56.
Poynard T, Bedossa P, Chevallier M, Matturin P, Lemonnier C, Trepo
C: A comparison of three Interferon alpha 2b regimens for
long terms treatment of chronic non A, non B hepatitis. N
Engl J Med 1995, 332:1457-62.
Davis GL, Esteban-Mur R, Rustgi V, Hoefs J, Gordon SC, Trepo C,
Shiffman ML, Zeuzem S, Craxì A, Ling MH, Alvrecht J: Interferon
alpha-2b alone or in combination with ribavirin for the treatment of relapse of chronic hepatitis C. N Engl J Med 1998,
339:1493-1499.
McHutchison JG, Poynard T, Davis GL, Esteban-Mur R, Harvey J, Ling
M, Cort S, Fraud JJ, Albrecht J, Dienstag J: Evaluation of hepatic
HCV RNA before and after treatment with interferon alfa 2b
or combined with ribavirin in chronic hepatitis. Hepatology
1999, 30(Suppl 2):363A.
Nausbaum JB, Pol S, Nalpas B, Landras P, Berthelot P, Brechot C:
Hepatitis C virus type 1b(II) infection in France and Italy. Ann
Intern Med 1995, 12:161-8.
McOmish F, Chan SW, Dow BC, Gillon J, Frame WD, Crawford RJ,
Yap PL, Follett EAC, Simmonds P: Detection of three types of
hepatitis C virus in blood donors: investigation of type specific differences in serologic reactivity and rate of alanine
aminotransferase abnormalities. Transfusion 1993, 33:7-13.
Jarvis LM, Ludlam CA, Ellender JA, Nemes L, Field SP, Song E, Chuansumrit A, Preston FE, Simmonds P: Investigation of the relative
infectivity and pathogenicity of different hepatitis C virus
genotypes in hemophiliacs. Blood 1996, 87:3007-11.
Pár A, Gervain J, Gógl A: Hepatitis C virus infection: pathogenesis, diagnosis and treatment. Scand J Gastroenterol Suppl 1998,
228:107-14.
Chowdhury A, Santra A, Chaudhuri S, Dhali GK, Chaudhuri S, Maity
SG, Naik TN, Bhattacharya SK, Mazumder DN: Hepatitis c virus
infection in the general population: a community-based
study in west bengal, india. Hepatology 2003, 37(4):802-9.
Singh B, Verma M, Verma K: Markers for transfusion-associated
hepatitis in north Indian blood donors: prevalence and
trends. Jpn J Infect Dis 2004, 57(2):49-51.
Shinji T, Kyaw Y, Gokan K, Tanaka Y, Ochi K: Analysis of HCV genotypes from blood donors shows three new HCV types 6 subgroups exist in Myanmar. Acta Med Okayama 2004, 58(3):135-42.
Tokita H, Okamoto H, Luengrojanakul P, Vareesangthip K, Chainuvati
T, Iizuka H, Tsuda F, Miyakawa Y, Mayumi M: Hepatitis C virus variants from Thailand classifiable into five novel genotypes in
the sixth (6b), seventh (7c, 7d) and ninth (9b, 9c) major
genetic groups. J Gen Virol 1995, 76:2329-2335.
Flor PH, Loureiro , Carmen LLic: Replacement of hepatitis C
virus genotype 1b by genotype 2 over a 10 year period in
Venezuela. J Clin Gastroenterl 2007, 41(5):518-520.
el-Zayadi A, Simmonds P, Dabbous H: Response to interferonalpha of Egyptian patients infected with hepatitis C virus
genotype 4. J Viral Hepat 1996, 3:261-64.
Xu LZ, Larzul D, Delaporte E: Hepatitis C virus genotype 4 is
highly prevalent in central Africa (Gabon). J Gen Virol 1994,
75:2393-98.
Lyra Andre C, Ramrakhiani Sunil, Bacon Bruce R, Di Bisceglie Adrian
M: Infection with Hepatitis C virus Genotype 4 in the United
States. J Clin Gastroenterol 2004, 38(1):68-71.
Kabir A, Alavian SM, Keyvani H: Distribution of hepatitis C virus
in patients infected by different sources and its correlation

http://www.biomedcentral.com/1471-2334/8/69

41.
42.

43.
44.
45.

46.

with clinical and virological parameters: A preliminary
study. Comparative Hepatology 2006, 5:4. doi:10.1186/1476-5926-5-4
Benani A, El-Turk J, Benjelloun S, Sekkat S, Nadifi S, Hda N, Benslimane A: HCV genotypes in Morocco. J Med Virol 1997,
52(4):396-8.
Pawlotsky JM, Dussaix E, Simmonds P, Prescott L, Pellet C, Lau-rentPuig P, Labonne C, Remire J, Darthuy F, Duval J, Buffet C, Etienne JP,
Dhumeaux D: Hepatitis C virus (HCV) genotype determination: genotyping versus serotyping. Hepatology 1995, 22:359A.
Pawlotsky JM, Bastie A, Pellet C: Significance of indeterminate
third-generation hepatitis C virus recombinant Immunoblot
assay. J Clin Microbiol 1996, 34:80-83.
Khan AJ: Unsafe injections and the transmission of hepatitis B
and C in a Periurban community in Pakistan. Bull World Health
Organ 2000, 78:956-963.
Jafri W, Jafri N, Yakoob J, Islam M, Tirmizi SFA, Jafar T: Hepatitis B
and C: prevalence and risk factors associated with seropositivity among children in Karachi, Pakistan. BMC Infect Dis 2006,
6:101.
Ministry of Health, Annual report, Director General Health,
2001–2002. Government of Pakistan 2002.

Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2334/8/69/prepub

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 9 of 9
(page number not for citation purposes)

