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genome of 30–60 nm (1). 70% of HCV-positive pa-
tients are at risk of developing the virus into a chronic 
form, and 15–30% of patients in the chronic patient 
group are at risk of developing cirrhosis and liver can-
cer on average1. HCV infections are generally known 
to be transmitted in developing countries with poor 
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ABSTRACT
Aim: Hepatitis C virus (HCV) is a virus with many genotypes and 
subtypes that can cause cirrhosis, liver failure, and cancer world-
wide. Countries must also identify their genotypes and subtypes 
to determine the treatment process for HCV infections. This study 
aimed to determine the HCV genotype among 71 patients who 
visited Kafkas University Hospital and tested positive for anti-HCV 
via macro-ELISA over three years.

Material and Method: 71 samples collected from patients ad-
mitted to our hospital and identified as anti-HCV positive using 
the ELISA method were included in our study. The 5’untranslated 
region (5’UTR) region of HCV was amplified and sequenced by 
PCR. 5’-ctgtgaggaactactgtctt-3’ and 5’-atactcgaggtgcacggtctac-
gagacct-3’ primers were used for 5’UTR region. Sequence reac-
tions were conducted on an ABI Prism 3130xl DNA sequencer, 
and sequence analysis was performed. The resulting sequence 
was screened in HCV Databank to detect genotype.

Results: The HCV genotype distribution of 56 samples was as follows: 
27 (48%) patients were male and 29 (51%) were female. Genotype1a, 
6 (8.5%); Genotype1b, 40 (71%); Genotype3a, 7 (12%); Genotype4, 3 
(6%). According to our results, Type1b, the most common species in 
Türkiye, was also found to be the highest in our city.

Conclusion: We hope this study provides the regional distribution 
of the procedures to be followed in the formation of treatments for 
HCV-positive patients in Türkiye since it is the first study to deter-
mine HCV genotype in our region.

Keywords: HCV; genotype; subtypes; sequence analysis; polymerase chain 
reaction

Introduction
HCV virus is an RNA virus that can cause disease 
in acute and chronic form, encoding ten proteins 
(5’-C-E1-E2-p7-NS2-NS3-NS4A-NS4B-NS5A-
NS5B-3’) in the Flaviviridae family, hepacivirus genus, 
with a single strand, positive sense RNA enveloped 

ÖZET
Amaç: Hepatit C virüsü (HCV), dünya çapında siroz, karaciğer yet-
mezliği ve kansere neden olabilen birçok genotip ve alt tipi olan 
bir virüstür. HCV enfeksiyonlarının tedavi sürecini belirlemek için 
ülkelerin HCV genotiplerini ve alt tiplerini belirlemeleri de önemlidir. 
Bu çalışmada üç yıldır Kafkas Üniversitesi Hastanesi’ne gelen ve 
makro-ELISA’da anti-HCV pozitif bulunan 71 hastada HCV genoti-
pini belirlemeyi amaçladık.

Materyal ve Metot: Hastanemize başvuran ve ELISA yöntemi ile 
anti-HCV pozitif saptanan hastalardan alınan 71 örnek çalışmamı-
za dâhil edildi. HCV genomunun 5’çevrilmemiş bölgesi (5’UTR) 
bölgesi, PCR ile amplifiye edildi ve sekanslandı. 5’UTR bölgesi 
için 5’-ctgtgaggaactactgtctt-3’ ve 5’-atactcgaggtgcacggtctacga-
gacct-3’ primerleri kullanıldı. Sekans reaksiyonları, bir ABI Prism 
3130xl DNA sekanslayıcı üzerinde gerçekleştirildi ve sekans analizi 
yapıldı. Ortaya çıkan sekans, genotipi tespit etmek için HCV Veri 
Bankasında tarandı.

Bulgular: Elli altı örneğin HCV genotip dağılımı şu şekildeydi; 
Hastaların 27’si (%48) erkek, 29’u (%51) kadındı. Genotip la, altı 
(%8,5); Genotip 1b, kırk (%71); Genotip 3a, yedi (%12); Genotip 4, 
üç (%6). Türkiye’de en yaygın tür olan Type1b, sonuçlarımıza göre 
ilimizde de en yüksek tür olarak bulundu.

Sonuç: HCV genotipini belirlemeye yönelik ilk çalışma olması ne-
deniyle bölgemizin Türkiye’de HCV pozitif hastalara uygulanacak 
tedavilerin oluşturulmasında izlenecek prosedürlerin bölgesel da-
ğılımına katkı sağlayacağını umuyoruz.

Anahtar kelimeler: HCV; genotip; alt tipler; sekans analizi; polimeraz zincir 
reaksiyonu
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sanitation conditions by intravenous drug use, non-
sterile blood transfusion, unprotected sexual inter-
course, and even rarely mother-to-baby transplacental 
or mother-to-child transmission (MTCT) invasive 
interventions during childbirth2. Almost 1.75 mil-
lion new cases are encountered every year, according 
to WHO’s report published in 2015. It is known that 
approximately 1.25 million of these patients are at risk 
of the chronic form of HCV. There are also around 
360.000 cases of cirrhosis and cancer considering the 
rates3. It is known that the number of HCV-related 
liver diseases varies according to country. At the same 
time, HCV is expected to decrease or disappear in 
the next 15–20 years, considering the current situa-
tion. Although these data indicate a general decrease 
in HCV infection, especially in Western Europe, a re-
cent modelization has estimated how the numbers of 
HCV– mortality will increase in the following decades.

According to this model, in the period 2013–2030, the 
number of decompensated cirrhosis, the prevalence of 
HCC in the general population, and the liver-related 
morbidity rate will increase in Europe by 80 %, 75 %, 
and 65 %, respectively4.

The creation of the treatment protocol for the virus 
depends on the detection of genotypes, especially 
in terms of countries since DAA (interferon and/or 
ribavirin with the new direct-acting antiviral thera-
pies) used in its treatment depends on the genotype 
of HCV, for this reason5. Today, 30%-35% of HCV 
nucleotides have eight different genotypes (G1, G2, 
G3, G4, G5, G6, G7, G8) and again <15% difference 
in terms of nucleotides; 67 of them have known, 20 
investigated subtypes4,6,7. The gold standard for geno-
typing is whole-genome analysis. Still, since 5’UTR, 
NS3, NS5A, NS5B, and core antigen tests are new-
generation tests, they are very expensive8. Genotypes 
1a, 1b, 2a, and 3a, referred to as “epidemic subtypes” in 
the worldwide distribution of HCV, are also common 
in developing South Africa, South Asia, Africa, and 
Southeast Asia. Genotype 7 was first detected in a per-
son who migrated from Africa to Canada. Genotype 
8 was first reported in India9. Epidemiological stud-
ies have shown that the genotype of the virus in blood 
donors also changes according to geographical areas10. 
For example, Genotype 1 is more common worldwide 
than Genotype 2, whereas Genotype 3 is more com-
mon in South Asia, Australia, and Iran; Genotype 4 
is in Central Asia and northern Africa. Genotype 
5a is the most common species in South Africa, and 

Genotype 6a is the most common species in Hong 
Kong and Vietnam; Genotype 1b is the most common 
species in South and Northern Europe in South and 
Eastern Europe; Genotype 1a is the most common spe-
cies in North America and Europe10,11. There is a gradu-
al increase in the number of Genotype 3 and Genotype 
4. In contrast, Genotype 1b is the most common geno-
type when Türkiye’s data is examined in some studies2. 
This study, conducted for the first time in Türkiye, 
aims to compare the results of genotype determination 
and sequence analysis in serum samples of patients ad-
mitted to our hospital for any reason and diagnosed 
with HCV-positivity with Türkiye and the world data.

Materials and Methods

Patient Samples, Genotyping, and Sequencing

Plasma samples of 71 patients who were found to be an-
ti-HCV positive with Biomerieux (France) Architect 
1000 device by macro-ELISA method from the patient 
blood sent to Kafkas University Medical Microbiology 
Laboratory for routine examinations were stored at 
-80°C in our study. It was performed in an HCV RNA 
EZ1 advanced (Qiagen, Germany) automated extrac-
tion device using the EZ1 Virus Mini Kit v2.0 (Qiagen, 
Germany). The extracts obtained were amplified using 
5’NCR, and the core gene region was amplified using 
5’-ctgtgaggaactactgtctt-3’and 5’-atactcgaggtgcacggtc-
tacgagacct-3’primers with HCV RNA Rt-quantitative 
2.0 (NLM, Italy) kit in Rotorgene 6000 real-time poly-
merase chain reaction (Rt-PCR) (Qiagen, Germany) 
device. Sequence reactions were conducted on an ABI 
Prism 3130xl DNA sequencer in the remaining 56 pa-
tients, and sequence analysis software was performed 
with version 5.4 (Applied Biosystems, Foster City, CA, 
USA). Fifteen patients were observed to be negative. 
The resulting sequence was screened in the Hepatitis C 
Virus Databank to detect HCV genotype13.

This study was carried out with the approval of 
the Kafkas University Faculty of Medicine Ethics 
Committee (Date: 30.01.2019 and Decision no: 
80576354–050–99/47).

Statistical Data were analyzed using Windows IBM 
Statistical Package for Social Sciences (SPSS) program, 
version 22.0 (IBM Inc., Chicago, Illinois, USA), and 
the results were presented as median values ± standard 
deviations (SD), number, and percentage. The chi-
square test was used to compare the groups; p<0.05 
was considered statistically significant.
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Discussion
HCV is a viral disease that has almost 71 million 
chronic patients worldwide and is rarely transmitted 
maternally by blood transfusion or non-sterile injec-
tion, causing liver diseases, cirrhosis, and hepatocellu-
lar carcinoma in some patients2,3.

Results
The HCV results of 56 samples were as follows: 27 
(48%) patients were male and 29 (51%) were female. 
Genotype 1a, 6 (8.5%); Genotype 1b, 40 (71%); 
Genotype 3a, 7 (12%); Genotype 4, 3 (6%). No other 
genotypes were found (Figure 1) (Table 1).

Figure 1. The results of four different sequence analyses were 1a, 1b, 3a, and 4, respectively.
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(NS) 5b-encoded RNA-dependent RNA polymerase 
enzyme found in the HCV genome is an enzyme with 
no proofreading mechanism. It is known that differ-
ent genotypes and subtypes of HCV emerge with 
mutations for this reason. There are thoughts that 
even diverse microbiota of the countries in this vari-
ety may be effective in the chronicity and mutation 
of HCV18. It aims to create new steps in treating this 
virus by sequence analysis of HCV with this differ-
ent genetic distribution among countries17. This indi-
cates that Genotype 1b in our province is positioned 
at the midpoint of the scale for 1b, ranging from 37% 
to 80% across the cities presented in Table 3, with a 
value of 71%. Even though the HCV genotype distri-
bution within the countries is so different, it is rela-
tively normal to see this diversity among the nations. 
According to our results, our genotype distribution is 
similar to some developing or developed countries, as 
shown in Table 2. This emphasizes the need for global 
genotyping studies and the development of treatment 
options17,18.

The dose and duration of administration of the 
drugs used in the treatment of HCV vary accord-
ing to genotype, acute or chronic occurrence of the 
disease, and the presence of cirrhosis. Clinical resis-
tance to sofosbuvir (SOF) and mericitabine (MCB), 

Almost 2–3% of the world’s population is known 
to be infected with HCV, totaling approximately 
130–170 million people. Studies have shown that the 
frequency of HCV is generally higher in the Middle 
East and African countries and less frequent in Europe 
and America, indicating that these rates may vary be-
tween <1% and >10% according to countries14. The 
prediction suggests that the situation might change 
based on country-specific conditions, social factors, 
accessibility to healthcare facilities, and various other 
epidemiological conditions, despite the World Health 
Organization’s set target to decrease the disease by 30% 
and fatalities by 10% for HCV by 2020 and to eradi-
cate the disease in nine countries by 203015.

These treatments cannot be applied sufficiently in devel-
oping countries due to the inability to diagnose the dis-
ease in the acute phase, the failure to perform genotype 
determination, limited treatment infrastructure, and 
high costs, even though HCV is one of the promising 
therapeutic interventions for clinicians16, Serological 
tests such as ELISA are the first recommended tests 
for detecting the disease. Nucleic acid tests (NAT) and 
HCV ribonucleic acid detection (RNA) are advised to 
confirm the disease. Aminotransferase/platelet ratio 
index (APRI) and FIB-4 tests are used to show hepatic 
fibrosis to detect liver damage17. The non-structural 

Table 1. Data from our study

Number(n) / Gender G1 G2 G3 G4 G5 G6

n: 56
M: 27(48%)
F: 29(51%)

1a; 6(8.5%)
1b; 40(71%)

 0 3a; 7(12%) 3(6%) 0 0

Table 2. HCV genotype distribution by countries

Country Year Method Genotype 1 Genotype 2 Genotype 3 Genotype 4 Genotype 5 Genotype 6

China21 2011-2019 PCR 2.94% 1a, 
45.1% 1b

14.7% 2a 13.7% 3a - - 12.7% 6a

Czechia22,23 2001-2009 PCR 79% 1% 19.7% - - -

France24,25 1995-2005 PCR 57% 9.3% 20.8% 8.9% 2.7% 0.9%

Germany26,27 1996-2002 PCR 61.7% 6.9% 28% 3.2% - -

Greece28 2011 PCR 47% 8.3% 20.8% 8.9% 2.7% 0.2%

Hungary29 2010 PCR 94.1% 0.8% 3.4% 1.7% - -

Italy30 2002 PCR 62% 27% 7% 0.8% - 0.4%

Poland31 2008 PCR 57.5% 31.3% 4.8% - -

Norway32 2003 PCR 61.5% 1.5% 28% - -

Israel33 2010 PCR 70% 8% 20% 3% - -

S. Africa34 2020 PCR 21.8% - 15.4% 10.3% 60.3% -

Iranian35 2020 PCR 12.7% - 26% - 8% 8%

Georgia36 2014 PCR 45% 1.6% 50.3% - - -

Bulgaria37 2019 PCR 86.9% 0.9% 11.3% 0.9% - -
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HCV virus has eight main genotypes currently known 
due to its variable genome structure18. The difficulty in 
identifying these genotypes in each patient stands as a 
solid barrier to the eradication of the disease. Studies 
show that Genotype 1 and Genotype 3 are more com-
mon in these eight main genotypes, with a rate of 46% 
and 30%, respectively. In addition, Genotypes 4, 5, and 
6 are common in Egypt, the Middle East, and the cen-
tral region of Africa.

Genotypes 1a, 3a, and 1b are common in South Africa, 
Asia, and Iran20. In this case, our study data is more 
similar to the Middle East and the Far East from devel-
oping countries. Genotype distribution of HCV infec-
tion in countries is shown in Table 2.

Genotype 1b was high in many studies conducted in 
Türkiye, as in our study. A limited number of studies 

two of the medications used in the treatment, are 
associated with mutations in NS5B-S283 in some 
studies. The non-response rate was around 50% in 
Genotype 1. In contrast, the success rate of the com-
bination of pegylated interferon alfa and ribavirin 
used to treat HCV infection was approximately 80% 
in Genotypes 2 and 3. The response to combined 
treatment is around 35%, and treatment difficulties 
are mentioned in Genotype 4 patients. These stud-
ies also show the importance of genetic studies in 
the treatment and eradication stage. Treatment fail-
ure in the disease is mainly associated with decreased 
susceptibility to DAAs and resistance-associated 
substitutions (RAS), also known to be caused by the 
high cost of treatments. The fact that genotype and 
sequencing are of great importance in eradicating 
the disease is known about the subject17,19.

Table 3. HCV genotype distribution in Türkiye

Researcher Location Year Method Genotype 1 Genotype 2 Genotype 3 Genotype 4 Genotype 5 Genotype 6

Özbek E, et al.38 Diyarbakır 2009 Inno-Lipa 4.1%
87.8% 1b 

2.7% 2.7% 2.7% 3a - - -

Şanlıdağ T, et al.39 Manisa 2009 Real-Time  2% 1a
90% 1b

2% 2a 5% - -

Çelik C, et al.40 Sivas 2010 HCV-PM
BİO (LİPA)

8.9% 1a
88.2% 1b

1.2% 2a 1.7% - - -

Kalaycı R, et al.41 Afyon 2010 Sequence 
Analysis

20% 1a
63.3% 1b

- - 13.3% 4a - -

Aktaş E, et al.42 Zonguldak 2010 Versant HCV Gen. 
Assay

2.6% 1a
97.4% 1b

- - - - -

Karslıgil T, et al.43 Gaziantep 2011 Sequence 
Analysis

9.8% 1a
78.4% 1b

7.8% 2a 2% 3a - - -

Tezcan S, et al.44 Mersin 2012 Inno-Lipa 3.8%
1.7% 1a

84.7% 1b
2.1% 1a/1b

0.4%
1.3% 2b

4.2% 3a 0.8% 4a - 0.4%

Buruk CK, et al.45 Trabzon 2013 Real-Time 5.3% 1a
87.5% 1b

1.6% 4.9% 0.7% - -

Sağlık İ, et al.46 Antalya 2014 Real-Time 14.7% 1a
63.3% 1b

3.5% 11.1% 1.6% - -

Çalışkan A, et al.47 Kahramanmaraş 2015 Real-Time 51.7% 1.3% 46% 1% - -

Çetin Duran A, et al.48 Adana 2016 Real-Time 12.6% 1a
58.8% 1b

7.6% 16.8% 3.4% 0.8% -

Tüzüner U, et al.49 Central Anatolia 2018 Reverse 
hybridization

1.9%
3.1% 1a
3.5% 1b

0.8% 1a/1b

1.3%
1% 2b

0.6% 2a/2c

0.3%
2.9% 3a

1.7% 
0.2% 4a

0.2% 5a -

Karabulut N. et al.50 İstanbul 2018 Real-Time 6.3%
38.8% 1a
37.4% 1b

4.6% 10.7% 2.2% - -

Çetin Duran A. et al.51 Coastal Aegean 2019 Real-Time 36.9%
7.4% 1a

44.1% 1b

2.1% 5.3% 2.9% 0.3% -

Süntur et al.52 Adana 2020 Real-Time 1.3%
8% 1a

43.1% 1b

11.3% 28.6% 4.1% 0.8% -
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