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Background/aim: Hepatitis C virus (HCV) genotype 1 was found to be dominant in Turkey. In this study, HCV genotypes were
examined in the Adana and Antakya regions of Turkey.

Materials and methods: The study consisted of 639 HCV-RNA-positive patients with chronic HCV infection in Adana (214 males
and 101 females) and Antakya (139 males and 185 females) in Turkey. Real time-polymerase chain reaction was used for genotype
determination.

Results: In Antakya, it was determined that the percentages of genotypes of type 1a (0.31%), 1b (86.73%), 2 (9.26%), 3 (0.93%), and
4 (2.78%) were compatible with the nationwide results seen in Turkey. In Adana, the percentages of genotypes of type 1a (3.49%), 1b
(55.24%), 2 (14.60%), 3 (26.03%), and 4 (0.63%) were found to be different. This difference was mainly due to the infection rates in
males: genotype 1b was significantly lower (42.5% versus 82.2%, P < 0.001) in men in Adana, but genotype 2 (17.8% versus 7.9%, P =
0.021) and genotype 3 (34.6% versus 7.9%, P < 0.001) were significantly higher in men than in women in Adana.

Conclusion: Rates of genotypes 2 and 3 were unexpectedly high in Adana compared to other parts of Turkey.
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1. Introduction

Hepatitis C virus (HCV) infection is a serious global
public health problem, with approximately 180 million
people chronically infected with hepatitis C worldwide
(1). HCV is a frequent cause of chronic liver disease,
including cirrhosis and hepatocellular carcinoma (2).
RNA transcription errors that occur during replication of
the virus play an important role in chronicity. Differences
in the genetic sequence resulting from these errors create
genotypes of HCV. HCV is classified into 6 genotypes
and a large number of subtypes based on their genomic
sequences (3). Genotypes 1-3 have worldwide distribution.
Genotype 1 is predominant in northern Europe and North
America, and in southern and eastern Europe and Japan.
Genotype 2 is less frequently represented than type 1.
Genotype 3 is endemic in Southeast Asia and is variably
distributed in different countries. Genotype 4 is principally

found in the Middle East, Egypt, and central Africa (4). In
Turkey, genotype 1b has been found to be dominant.

Determination of the genotype of HCV is an important
parameter that determines the duration and response of
antiviral therapy in patients with chronic hepatitis C.
Thus, determination of genotype is considered to be cost-
effective (5). In this study, HCV genotypes were examined
in the Adana and Antakya regions of Turkey.

2. Materials and methods

2.1. Patients

Between December 2010 and December 2012, 639 HCV-
RNA-positive patients, who were admitted to Adana
Numune Training and Research Hospital, Adana Cukurova
State Hospital, or the Faculty of Medicine of Hatay
Mustafa Kemal University (all within southern Turkey),
were included in this study. The study was approved by
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the institutional review board and was conducted in
accordance with the provisions of the Declaration of
Helsinki and good clinical practice guidelines.

2.2. Viral RNA extraction

Viral RNA was extracted from serum samples using a
QIAGEN Viral RNA Kit (Milan, Italy) according to the
manufacturer’s instructions.

2.3. Real-time quantitative PCR

HCV-RNA load was determined by quantitative real-time
PCR. Quantification of HCV-RNA load in serum samples
was performed using the QIAGEN Artus HCV RG RT-
PCR Kit (QIAGEN). An aliquot of 20 uL of purified
sample isolated from the serum was used for amplification
in a total reaction volume of 50 pL. The amplification
reaction for each sample and standard was performed in
duplicate. Amplification cycling was performed using the
Rotor-Gene 6000 device (QIAGEN). Data analysis was
performed with the Rotor-Gene software according to the
manufacturer’s instructions.

2.4. Pyrosequencing

Two PCRs were generated for each sample by amplifying
2 different regions of the HCV genome using a One-Step
RT-PCR Kit (QIAGEN). PCR-1 and PCR-2 products
of approximately 240 bp and 180 bp in length were
obtained. PCR products were immobilized on Streptavidin
Sepharose (GE) beads. HCV genotypes were determined
by pyrosequencing assay using HCV genotype sequencing
primers (PyroMark Q24, QIAGEN). Four sequencing
primers were used. Aliquots of 2.5 pL of each sequencing
primer were added to the immobilized PCR products.
For pyrosequencing, the single-stranded PCR amplicon
that served as a template was hybridized with sequencing
primers and the reaction was started by addition of one
of the nucleotides as standard pyrosequencing. Analysis
of sequences was performed using the PyroMark Q24
software (QIAGEN). Genotypes were classified according
to Simmonds et al. (6).

2.5. Statistics

Analyses were calculated with SPSS 18.0.0 for Windows.
Student’s t-test was used to assess the significance of
genotype rates.

3. Results
Location, sex, and age characteristics of 639 HCV-RNA-
positive patients are shown in Table 1. Of the patients, 214

were male and 101 were female in Adana; 139 were male
and 185 were female in Antakya. The mean ages were 47.2 +
19 years in Adana and 57.1 £ 13.2 years in Antakya.

Genotype distributions of the patients in Adana and
Antakya are shown in Table 2. Distributions of genotypes
were different in Antakya and Adana. Genotype 1b was
found to be dominant and genotype 2 the second most
common type in Antakya. In Adana, genotype 1b was also
the most common type, but the incidence was very low.
Surprisingly, genotype 3 was the second most common type
in Adana, and genotype 2 was ranked third.

In order to understand the reason for these differences
between the regions of Antakya and Adana, the genotypes
of the patients were also compared by sex. Genotypes 1 and
2 were seen in men and women at the same rate in Antakya.
Only genotypes 3 and 4 were found just slightly more often
in males (P < 0.05) (Table 3).

In contrast, distributions of genotypes of the patients in
Adana according to sex were different. In Adana, the rate of
genotype 1b was found to be lower (42.52%) in males than
in females (P < 0.001). The rate of genotype 3 was also very
high (34.58%) in males (P < 0.001). Genotype 2 was ranked
third, and again it occurred at a higher rate in males (Table
4).

The rates of genotypes 1a, 1b, 2, and 4 in the females
of Adana were similar to those in the females of Antakya.
The rate of genotype 3 was found to be higher in women
in Adana than in women in Antakya (P < 0.001) (Table 5).

4. Discussion

HCV genotypes are important determinants in the
treatment protocols in the treatment of chronic hepatitis
C. In addition, changes in the distribution of genotypes
are important because they may show interregional
transmission according to migration or drug use. In the
previous studies within Turkey, genotype 1b has been found
to be dominant (Table 6). However, the rates of genotypes
other than genotype 1b vary compared to those of Turkey
overall. Genotype 1a was the most common in Izmir (7,8),
Ankara (9-11), Diyarbakar (12), and Afyon (13). Genotypes
2 and 3 were the least commonly seen genotypes in Turkey.
Genotype 2 was found to be relatively common in Gaziantep
(14), and genotype 3 was found to be relatively common in
Istanbul (15). Genotype 4 has been reported at low rates in
many Turkish cities, but very high rates of genotype 4 were
observed in Kayseri in recent studies (16,17).

Table 1. Region, sex, and age of 639 HCV-RNA-positive patients.

Region n Male, n (%)  Female,n (%) Age, mean + SD (min-max)
Adana 315 214 (67.9) 101 (32.1) 47.2 +19.0 (18-82)
Antakya 324 139 (42.9) 185 (57.1) 57.1 £13.2 (20-86)
Total 639 353 (55.2) 286 (44.8) 52.2 +17.0 (18-86)
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Table 2. Genotype distributions of the patients in Adana and
Antakya.

Table 4. Genotype distributions of the patients in Adana
according to sex.

Total Antakya Adana Male Female

(n=639) (n=324) (n=315) (n=214) (n=101)
Genotype 1a,n (%) 12 (1.9) 1(0.31) 11 (3.49) Genotype 1a, n (%) 9 (4.21) 2(1.98)
Genotype 1b,n (%)  455(71.2) 281 (86.73) 174 (55.24) Genotype 1b, n (%) 91 (42.52) 83 (82.18)
Genotype2,n (%)  76(11.9)  30(9.26) 46 (14.60) Genotype 2, n (%) 38 (17.76) 8 (7.92)
Genotype 3, n (%) 85(13.3)  3(0.93) 82 (26.03) Genotype 3, n (%) 74 (34.58) 8(7.92)
Genotype 4, n (%) 11 (1.7) 9(2.78) 2(0.63) Genotype 4, n (%) 2(0.93) 0 (0.00)

Table 3. Genotype distributions of the patients in Antakya
according to sex.

Male Female

(n=139) (n=185)
Genotype 1a, n (%) 1(0.72) 0 (0.00)
Genotype 1b, n (%) 117 (84.17) 164 (88.65)
Genotype 2, n (%) 10 (7.19) 20 (10.81)
Genotype 3, n (%) 3(2.16) 0 (0.00)
Genotype 4, n (%) 8 (5.76) 1(0.54)

Our study was conducted in 2 major cities. Distributions
of genotypes in Antakya were consistent with the overall
distributions in Turkey. The only exception is that the rate of
genotype 2 was found to be higher compared to the overall
national rate, but it was similar to the rate in Gaziantep
(14). This is likely because Antakya and Gaziantep are
geographically close to each other. On the other hand,
rates of genotypes 2 and 3 were found to be significantly
higher in Adana. These results are very different from the

results of Yarkin and Hafta (18), who reported the rates
of genotypes la, 1b, and 2 as 14.5%, 82.2%, and 3.3% in
Adana, respectively. They found no relationship between
genotype and sex.

In our study, in the females of Adana, the rate of
genotype 3 was significantly higher than in Antakya, even
though the rate of genotype 2 was similar to the rate found
in Antakya.

The rate of genotype 1b, which was 42.52% in males
in Adana, was the lowest rate detected so far in Turkey.
Moreover, the rates of genotypes 2 and 3, which were
17.76% and 34.58% in males in Adana, respectively, were
the highest rates detected so far in Turkey.

In conclusion, the distribution of HCV genotypes
differed in neighboring cities. In Adana, the rate of
genotype 1 was found to be low, and the rates of genotypes
2 and 3 were unexpectedly high in men compared to other
parts of Turkey. Further analytical studies are needed to
uncover the origin of HCV genotypes 2 and 3 as seen in
these patients.

Table 5. Genotype comparison of males and females in Adana and Antakya.

Adana, Antakya, p Adana, Antakya, p
female (n =101) female (n = 185) male (n =214) male (n = 139)
Genotype la, n (%) 2(1.98) 0 (0.00) 0.055 9 (4.21) 1(0.72) 0.054
Genotype 1b, n (%) 83 (82.18) 164 (88.65) 0.128 91 (42.52) 117 (84.17) 0.000%*
Genotype 2, n (%) 8 (7.92) 20 (10.81) 0.434 38 (17.76) 10 (7.19) 0.005
Genotype 3, n (%) 8 (7.92) 0 (0.00) 0.000** 74 (34.58) 3(2.16) 0.000**
Genotype 4, n (%) 0 (0.00) 1(0.54) 0.461 2(0.93) 8 (5.76) 0.008

*: Student’s t-test, **: P < 0.001.
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Table 6. HCV genotype determinations made at different centers in Turkey.

Genotype %
Study Year Centers n 1 la 1b 2 3 4 Mixed X**

) %) () (B (%) (B (%) (%)
Abacioglu et al. (7) 1995 Izmir 89 - 19.1 753 34 - 2.2 - -
Erensoy et al. (8) 2002 Izmir 50 - 30 60 - - - - 10
Bozdayi et al. (9) 2002 Ankara 36 - 222 778 - - - - -
Bozdayi et al. (10) 2004 Ankara 365 - 11 84 3 1 1 - -
Selcuk et al. (11) 2006 Ankara 130 - 24.6 685 - - 7 - -
Cil et al. (12) 2007 Diyarbakir 22 - 227 727 - 4.5 - -
Kalayci et al. (13) 2010 Afyon 30 33 20 63.3 - - 133 - -
Karsligil et al. (14) 2011 Gaziantep 51 - 9.8 784 7.8 2 2 - -
Kigtikoztas et al. (15) 2010 Istanbul 115 - 1.9 769 3.8 9.6 7.6 - -
Gokahmetoglu et al. (16) 2011 Kayseri 146 5.5 34 528 2.7 - 356 - -
Kayman et al. (17) 2012 Kayseri 375 24 2.4 576 3.2 1 32 1.4 -
Yarkin and Hafta (18) 2000 Adana 62 - 145 822 33 - - - -
Sonmez et al. (19) 1996 Malatya 59 - - 69.5 - - - 5.1 25.4
Yalcin et al. (20) 1999 Diyarbakar 28 - - 100 - - - - -
Ozacar et al. (21) 2001 Izmir 170 - 10 812 24 0.6 1.2 4.7 -
Altindis et al. (22) 2006 N. Cyprus 53 - 5.7 9224 19 - - - -
Gokahmetoglu et al. (23) 2007 Kayseri 57 - 3.5 96.5 - - - - -
Ural et al. (24) 2007 Konya 80 - - 100 - - - - -
Altuglu et al. (25) 2008 Izmir 345 - 9.9 872 0.9 1.4 0.6 - -
Sanlidag et al. (26) 2009 Manisa 100 - 2 90 2 - 5 - 1
Ciftci et al. (27) 2009 Afyon 34 912 - - - - 88 - -
Ozbek et al. (28) 2009 Diyarbakir 74 4.1 - 878 2.7 5.4 - - -
Aktas et al. (29) 2010 Zonguldak 39 - 2.6 974 - - - - -
Celik et al. (30) 2010 Sivas 178 - 9 88.2 1.1 1.7 - - -

. Antakya 324 - 0.3 86.7 9.3 0.9 2.8 - -
This study 2013 Adana 315 - 35 552 146 260 06 - -
**X = Genotype could not be determined.
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