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Abstract

Objectives: Hepatitis C virus (HCV), which has no protective vaccine, is a common cause of chronic hepatitis, which is a severe
public health threat. There are differences in nucleotide and amino acid sequences in different regions of the HCV genome. As a
result of these differences, HCV has been shown to have at least seven major genotypes and many subtypes. In Turkey, the preva-
lence of genotype 1 is between 51.7% and 97.1%, the highest rate among all genotypes, while subtype 1b is the genotype with the
highest rate. It is important to detect mixed genotype infection reliably as it causes treatment failure. This study aims to reveal the
distribution of the HCV genotypes in our hospital in Istanbul over the years and to contribute to the epidemiological data of Turkey.
Methods: For this purpose, 385 patient samples sent to Sisli Hamidiye Etfal Training and Research Hospital, Clinical Microbiology
Laboratory for HCV genotype determination between January 2016 and June 2019 were evaluated retrospectively. Anti-HCV was
screened by enzyme immunoassay and confirmation was performed by Line immunoassay. HCV genotyping assays targeting
highly conserved 5'UTR and most variable region NS5B regions were used.

Results: The most common genotype was genotype 1 (81.3%) with 313 cases and subtypes 1a and 1b were detected at the rates
of 10.9% and 67.8%, respectively. In addition, genotype 3, 2, 4, 5 were detected at the rates of 8.8%, 3.4%, 2.9%, 0.8%, respectively
and mixed genotype was found in 2.9% of cases. Although genotype 5 is seen in South Africa, it is found in the Middle East region,
albeit at a low rate. In our study, it was observed that genotype 5 was detected in different years from patients of Syrian origin.
Conclusion: In this study, genotype 1 was the most common genotype with a rate of 81.3% and subtype 1b was 67.8%, in accor-
dance with the literature. However, genotypes 3, 2, 4 and 5 were also present at low rates. It is important to monitor these rare
genotypes since some of them are dominant in surrounding countries. In addition, 2.9% of HCV mixed genotype was detected
and this should be considered concerning management of HCV infection.
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Hepatitis C virus (HCV) is one of the major causes of family. The virion consists of an icosahedral capsid encap-
chronic hepatitis that has been affecting the entire  sulated by a lipid membrane envelope that is 55-65 nm
world since it was first identified by Choo et al.in 1989.HCV  in diameter.[" Positive-sense, single-stranded, 9.6 kb long
is classified within the Hepacivirus genus of the Flaviviridae  RNA genome of HCV encodes structural and non-structural
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proteins. Structural proteins of the virus are core (C) and
envelope proteins (E1 and E2). Non-structural proteins in-
volved in viral replication in the host cell are proteins, such
as protease (NS2, NS3, NS4A), helicase (NS3), RNA-depen-
dent RNA polymerase (NS5B).2

HCV is a causative agent of chronic hepatitis commonly
found worldwide, infecting more than 170 million people
and posing a severe public health threat, especially since
there is no protective vaccine.® * In Turkey, it is estimated
that about 1 million people are infected with HCV® The
virus is usually transmitted through blood transfusion, sur-
gical and dental procedures, intravenous drug use, and sex-
ual intercourse.” According to the World Health Organiza-
tion data, 3% of the world’s population is infected with HCV,
mostly in developed countries. Although it generally causes
asymptomatic infection, the development of chronic hep-
atitis (85%), cirrhosis (20%) and hepatocellular carcinoma
(1-4%) is important concerning mortality and morbidity.®

One of the important features of HCV is its ability to create
genetic diversity through interactions it enters in the host
cell. This feature leads to its chronicity in the presence of im-
mune response and the development of resistance against
antiviral drugs.”! There are differences in nucleotide and
amino acid sequences in different regions of the HCV ge-
nome.” HCV genotypes display the sequence divergence
at 30%-35% of nucleotide sequence while different HCV
subtypes of a genotype differ by at least 15% of the nucleo-
tide sequence." ¥ Studies have shown that HCV has at least
seven major genotypes and many subtypes.®! Genotype 7
was first reported in a Central African immigrant in Canada.
I ater, a few more genotype 7 were reported in Central Af-
rica.'"¥ It is also important to detect mixed infections safely
since they can cause treatment failure.® Determining the
geographic distribution of HCV genotypes is critical in the
development of rational therapy protocols.®! Although the
rate and distribution of HCV genotypes differ regionally,
1a, 1b, 2a, 2b, 3a, and 3b are genotypes that are commonly
found.' The most common genotype worldwide is gen-
otype 1 and the most common subtype is subtype 1b." ¢
When we look at its distribution around the world, geno-
type 1 is in North and South America, the genotype 2 is in
East Asia, genotype 3 is in Asia and Europe, especially in In-
dia and Pakistan, the genotype 4 is in the Middle East and
North Africa, genotype 6 is in Southeast Asia and genotype
5 is found in South Africa, although rare.'? The most com-
mon genotype in our country is subtype 1b, and different
genotype rates are observed in different regions.

This study aims to determine the HCV genotypes in our
hospital in Istanbul, which is an important tourism center,
where population mobility is intense, and to reveal the dis-

tribution by years. Our results will contribute to the epide-
miological data of Turkey.

Methods

Three hundred eighty-five patient samples which were
sent to Sisli Hamidiye Etfal Training and Research Hospital
Clinical Microbiology Laboratory between January 2016
and June 2019 for genotype assay in anti-HCV (+) patients
were tested.

Anti-HCV (Elecsys Anti-HCV I, Roche Diagnostics, Germa-
ny) was studied using Enzyme Immunoassay (EIA) meth-
od for serological diagnosis. When the reactive results
were rerun with the same test kit and reactive results were
obtained, the confirmation study was performed with
Line Immunoassay (INNO-LIA HCV Score, Innogenetics,
Belgium). Samples confirmed by LIA were considered as
anti-HCV positive.

Genotype assay was performed using HCV-TS test kit (AB
Analitica, Italy) between January-June 2016, Abbott Re-
alTime HCV Genotype Il (Abbott Diagnostics, Germany)
between June 2016-February 2017, and Bosphore HCV
genotyping kit v3 (Anatolia Geneworks, Turkey) between
February 2017-June 2019. In the EU Analitica system, gen-
otype assay is performed with reverse line blot and reverse
transcription of 5’UTR (untranslated regions) region. In the
Abbott RealTime HCV Genotype Il system, genotype assay
is performed by hybridization of 5'UTR regions and amplifi-
cation of NS5B regions. Genotype assay is performed using
Montania 4896 Anatolia Bosphore HCV genotyping kit v3
using the amplification and fluorescence detection meth-
od of the HCV genome 5’NS5B region.

Statistical Analysis

SPSS 15.0 for Windows program was used for statistical
analysis. Descriptive statistics were given as number and
percentage for categorical variables, mean, standard de-
viation, minimum, maximum for numerical variables. The
rates in the groups were compared by Chi-Square Analysis
and Bonferroni correction was applied. The statistical alpha
significance level was considered as p<0.05.

Results

In this study, 385 patients, of which 145 (37.7%) were
males and 240 (62.3%) were females, were included. The
ages of cases were between 10-91, while the average age
was 56.72+17.0. When we evaluated the cases according
to age groups, the majority of the patients were in the
adult group, i.e., the group under 20 constituted 1.6% of
the total HCV genotypes, and the group over 20 constitut-
ed 98.4% of all patients.
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In our study, genotype 1 was the most prevalent HCV gen-
otype with a rate of 81.3% (313), followed by genotype 3
at 8.8% (34), genotype 2 at 3.4% (13), genotype 4 at 2.9%
(11), genotype 5 at 0.8% (3). Among patients with genotype
1, subtype 1b was the predominant subtype with a rate of
67.8% (261), followed by subtype 1a at 10.9% (42). While
374 cases yielded only one HCV genotype result, 11 cases
(2.9%) were determined as mixed genotypes.

There was a statistically significant difference in genotype
distribution according to gender. Subtypela and geno-
type 3 were higher in males while subtypelb was higher
in females (p=0.002). Genotype distribution by gender is
giveninTable 1.

A statistically significant difference was found in genotype
distribution by age groups; subtype 1a was significantly
higher in 0-20 age group, while subtype 1b was higher in all
age groups over 20 (p<0.001). Genotype distribution by age
group is given in Table 2.

When the distribution over the years is evaluated, subtype
1b has been detected at the highest rate for all years. Mixed
genotype was detected only in 2018 and 2019, and accord-
ingly, a statistically significant difference was observed in
genotype distribution rates by years (p<0.0083). Genotype
distribution by years is given in Table 3.

Discussion

HCV poses a severe health problem all over the world for
several reasons, such as high chronicity rate, inducing se-
vere liver diseases, and having no effective vaccine.'"

Depending on the immunological conditions, the infection
can be cleared naturally in 20 to 45% of patients infected
with HCV, usually in the first six months after exposure.® '

Table 1. Genotype distribution by gender
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The diagnosis is made by serological tests aimed to detect
antibodies against recombinant antigens; anti-HCV may
not be detected in patients with chronic renal failure and
immune deficiency. If there is evidence of chronic liver dis-
ease in these patients, the diagnosis is made by displaying
genetic material. Detection of HCV RNA and determination
of genotype are crucial for early detection and treatment of
chronic HCV infection.' Identification of HCV genotypes
has importance in antiviral treatment, dose adjustment of
antiviral agents, determining the duration of treatment,
following the response to the treatment, and predicting
the patient prognosis.™

Direct-acting antivirals (DAA) have significantly increased
the treatment success of chronic HCV infection. Sustained
virological response (SVR) defined as aviremia 12 weeks
after the end of treatment."® With the combination of
pegylated interferon (IFN)-alpha and ribavirin used in the
past, the rates of SVR were observed to be quite low.!"”!
With dual treatment, the rates of SVR are between 75-90%
in genotypes 2 and 3 and 20-50% in genotypes 1 and 4.
With the development of new combination DAA regimes
approved by the FDA in late 2014, over 90% cure rates are
provided for most patients. Genotype data and, in some
cases, the presence of a subtype constitute a very import-
ant part of determining the most appropriate DAA selec-
tion and duration of treatment.!'¥ Regional determination
of genotypes is important for establishing epidemiology
and treatment protocols.

Various studies have been conducted in our region and our
country demonstrating the distribution of HCV genotypes
(Table 4). Genotype 1 accounts for 46% of all HCV infec-
tions in the world.M It has also been reported that the vast
majority of HCV infection in Turkey is caused by genotype 1

Gender
Total Male Female
n % n % n % P

Genotype

1a 42 10.9 27 18.6 15 6.3 <0.001

1b 261 67.8 83 57.2 178 74.2 0.001

1 10 2.6 2 14 8 33 0.331

2 13 34 2.8 9 38 0.774

3 34 8.8 20 13.8 14 58 0.008

4 11 29 4 2.8 7 29 1.000

5 3 0.8 1 0.7 2 0.8 1.000

6 - - - - - -

Mixt 1M 29 4 2.8 7 29 1.000
Total 385 145 240
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Table 2. Genotype distribution by age group

Genotype

Age 1a 1b 1 2 4 5 6 Mixt Total
0-20

n 3 1 - - 1 - - 1 6

% 50.0 16.7 - - 16.7 - - 16.7 100
21-30

n 5 11 - - 1 - - 1 21

% 238 524 - - 143 4.8 - - 4.8 100
31-40

n 4 33 2 1 - - - 1 52

% 7.7 63.5 3.8 1.9 21.2 - - - 1.9 100
41-50

n 18 24 - 1 1 - - 4 56

% 32.1 429 - 1.8 14.3 1.8 - - 7.1 100
51-60

n 6 47 1 2 3 1 - 1 66

% 9.1 71.2 1.5 3.0 7.6 4.5 1.5 - 1.5 100
61-70

n 6 72 2 6 4 2 - 1 98

% 6.1 73.5 2.0 6.1 4.1 2.0 - 1.0 100
71-

n - 73 5 3 1 - - 2 86

% - 84.9 5.8 35 1.2 - - 23 100
Total

n 42 261 10 13 1 3 - 11 385

% 10.9 67.8 2.6 34 8.8 29 0.8 - 29 100
Table 3. Genotype distribution by years

2016 2017 2018 2019
n % n % n % n %

Genotype 1 147 87.5 73 77.6 66 75.0 27 77.1

la 19 11.3 9 9.6 10 1.4 4 1.4

1b 118 70.2 64 68.1 56 63.6 23 65.7

1 10 6 - - - - - -
Genotype 2 5 3 6 6.4 1 1.1 1 2.9
Genotype 3 1 6.5 1 1.7 12 13.6
Genotype 4 3 1.8 4 43 3 34 1 29
Genotype 5 2 1.2 - - 1 1.1 - -
Mixt - - - - 5 5.7 6 17.1
Total 168 100 94 100 88 100 35 100

and its prevalence ranges from 51.7% to 97.1%.2% 28 Similar
to other data in our country, genotype 1 was found as the
most common genotype in the present study, with a rate of
81.3%. Subtype 1b is the most prevalent genotype in Tur-
key, with prevalence ranging from 97.4% to 52.7%.2" 22 |n
our study, subtype 1b was detected as the most common
subtype with a rate of 67.8%. In a study conducted by Selek

et al. in Istanbul in 2015-2016, genotypes 1, 2, and 3 were
identified and the subtype 1b ratio was reported as 67%.
M In another study from the Istanbul region covering the
years 2013-2016, Karabulut et al. identified genotypes 1, 2,
3, 4, and reported subtype 1b at the rate of 38.8%.% In our
study, unlike other researches in the Istanbul region, geno-
type 5 and mixed genotypes were detected.
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Table 4. Some of the HCV genotype studies conducted in different centers in our country

Genotype (%)
Research Date Province n 1a 1b 1 2 3 4 5 6 Mixt
Abacioglu et al.l"¥! 1995 izmir 89 19.1 753 - 34 - 2.2 - - -
Yarkin et al.l"” 2000 Adana 72 14.5 82.2 - 33 - - - - -
Ozacar et al."® 2001 izmir 170 10 81.2 - 24 0.6 1.2 - - 4.7
Bozdayi et al.™ 2004 Ankara 365 11 84 - 1 1 - - -
Altuglu et al.?® 2008 izmir 345 9.9 87.2 - 0.9 14 0.6
Aktas et al.l?" 2010 Zonguldak 44 2.6 97.4 -
Gokahmetoglu et al.?? 2011 Kayseri 146 34 52.7 5.5 2.7 - 35.6 - - -
Tezcan et al.? 2013 Mersin 236 1.7 84.7 5.9 2.1 42 0.8 0.4
Kayman et al.?4 2012 Kayseri 375 2.4 57.6 2.4 32 1 32 - - 14
Saglik et al.? 2014 Antalya 422 14.7 63.3 54 3.5 1.1 1.6 - - -
Cetin Duran et al.l%! 2016 Adana 119 12.6 58.8 7.6 16.8 34 0.8
Tiryaki et al.™ 2018 Aydin 182 18.1 69.2 2.2 1.7 7.2 1.7
Cirit et al.?” 2019 Sanhurfa 312 5.4 54.8 9.2 14.1 3.8 10.3 1.6 - 0.6
This research 2019 istanbul 385 10.9 67.8 2.6 34 8.8 29 0.8 2.9

HCV: Hepatitis C virus.

When the Middle East region, is considered, HCV has a
very high prevalence with 4.7%.5% Egypt is the country
with the highest HCV prevalence (14.7%) in the world.!'?
In a meta-analysis by Ghaderi-Zefrehi et al., examining
the studies investigating the distribution of HCV gen-
otypes in the Middle East countries, it is reported that
genotype 1 is the most common in Bahrain, Iran, Israel,
Lebanon and the United Arab Emirates (36.59%, 56.66%,
68.02%, 34.93%, 41.36%, respectively). The most com-
mon genotype in Syria, Iraq, and Egypt is genotype 4, de-
tected with the ratios of 57.36%, 60.26%, and 86.22%, re-
spectively, and genotype 1 is the second most common
in these countries.B It is reported that genotype 4 orig-
inated mainly from Central Africa and spread from there
to North Africa. Besides, there were also opinions stating
that it might be related to population movements during
World War 11.1% In an HCV genotype study examining the
years 2004-2006 in Syria, genotype 1 was determined as
28.5%, genotype 2 as 0.8%, genotype 3 as 1.8%, geno-
type 4 as 59% and genotype 5 as 10%.5% In our study,
genotype 4 was found at a rate of 2.9%. The follow-up
of genotype 4 is important because it is a common gen-
otype in neighboring countries, and it is more resistant
and has a longer duration of treatment. The rate of geno-
type 5 was found at 0.8%. Although genotype 5 is mostly
found in South Africa, there are studies reporting that it
has been detected at certain rates in Syria, and all three
the cases in our study were from Syria.

Mixed genotype HCV infection may develop in 25% of
those infected via blood transfusion or intravenous drug

use.ls! Detection of mixed genotype infection is important
as it can cause treatment failures.® Although HCV geno-
type detection methods are reliable, none of these tests
are sufficient to detect mixed infections. If the genotype
test method used in the patient with mixed genotype
only detects the dominant genotype, since the treatment
will be specific to this genotype, this may lead to geno-
type change and treatment failure. Although there is no
clear recommendation in the guidelines, it is reported that
pan-genotypic treatment can be used as a precaution.’¥!
In studies conducted, the rate of mixed genotype HCV in-
fection was 1.6% in Poland, 5.5% in Pakistan, 7.1% in Brazil,
0.9% in France, 1.1% in Russia.®' In a study covering the vast
majority of Europe, the prevalence of mixed genotype HCV
infection was 0.7% with data from 33 countries between
2000-2015.24 In a study conducted by Kiilah et al.®! cover-
ing 23 centers in Turkey, the rate of mixed genotype HCV
infection was found as 1.3%. In studies conducted in dif-
ferent regions of Turkey, it is seen that the ratio of mixed
genotype has reached up to 5.1%.1"% 3% In our study, HCV
mixed genotype rate was 2.9%.

It is reported in different studies that HCV genotype rates
vary according to genders. In some studies, subtypes 1a
and 1b were higher in female patients,® while in some
studies, subtype 1b was higher in female patients, sub-
type 1a and genotype 3 in male patients.! 23 In our study,
subtype 1b was higher in female patients, and subtype 1a
and genotype 3 were higher in male patients. No signifi-
cant difference was observed between genders for other
genotypes (Table 1).
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The prevalence of HCV in children is 54% in low-income
countries, 28% in low-middle-income countries, 21% in
high-middle-income countries, and 4% in high-income
countries."? In our study, the total HCV genotype rate
was 1.6% in the group under 20 years of age. While the
most common genotype in this age group was detect-
ed as subtype 1a, the most common genotype in groups
above 20 years was the subtype 1b. In studies conducted,
it is seen that the average age for genotype 1b is above
50.5 21 |In our data, the average age for genotype 1b is
59.9 and 73.6% of the cases (192/261) were over 50 years
old (Table 2).

When the genotype changes by years were evaluated, a
statistically significant difference was found only in mixed
genotypes. No significant change was found among oth-
er genotypes. When we examine the change of subtype
1b over the years, it is seen that it varies between 63.6%
and 70.2%. Although the total of genotype 1 showed in-
creasing and decreasing rates over the years, it was found
to vary between 75% and 87.5%. Two of the three cases
with genotype 5 detected in 2016 and one in 2018. Mixed
genotypes were detected only in 2018 and 2019 (Table 3).

Due to international travel, tourism, and trade, especially
in the past 50 years, migrations and mass human move-
ments have led to the emergence of an unlimited world
concept. Approximately 2.3% of the world’s population
is migrants, with about 740 million internal migrants and
232 million international migrants. When the presence of
informal immigrants is added to these figures, the number
is much higher. High migration rates to our country, from
regions where HCV is endemic, may cause differences in
the incidence of the disease and the genotype distribution
of HCV.I" Since Istanbul is one of the world’s travel centers
concerningtourism and an important city that receives ex-
ternal and internal migration, it is important to follow HCV
genotype changes and epidemiological data.

The limitation of our study is that the genotype distribu-
tion was prepared only with the patients’ data requested
by the clinician. This is likely to have been reflected in the
rates in our data.

As a result, subtype 1b was found most frequently in our
study. Considering the population mobility in our region,
the fact that genotype 4, which is common in the Mid-
dle East region, and genotype 5, which can be found in
the Middle East, in certain ratios, and mixed genotypes,
which can affect treatment decision-making processes,
have been identified revealing the necessity to continue
to carefully monitor genotype distributions and changes
in the future.

Disclosures

Ethics Committee Approval: This study has been approved by
the Sisli Hamidiye Etfal Training and Research Hospital Ethics
Committee, Resolution 2509.

Peer-review: Externally peer-reviewed.

Conflict of Interest: No conflict of interest is declared by the au-
thors.

Financial Disclosure: The authors declare that this study re-
ceived no financial support.

Authorship Contributions: Concept - M.E.B., M.O., B.B.; Design
- MEB, LT, H.Z.C, M.O,; Supervision - M.E.B,, H.Z.C,, B.B.; Mate-
rials - M.E.B., US.T,, AM., M.O,, B.B.; Data collection &/or process-
ing - M.E.B, US.T,, AM,, LT, HZ.C, B.B.; Analysis and/or interpre-
tation — M.E.B., M.O., B.B,; Literature search - M.E.B., US.T., AM.,
M.O.; Writing - M.E.B.,, US.T,, L.T,, H.Z.C, M.O,, B.B,; Critical review
- M.E.B,, M.O,, B.B.

References

1. Selek MB, Baylan O, Karagéz E, Ozyurt M. Changes in hepatitis C
virus genotype distribution in chronic hepatitis C infection pa-
tients. Indian J Med Microbiol 2018;36:416-21. [CrossRef]

2. FarciP.New insights into the HCV quasispecies and compartmen-
talization. Semin Liver Dis 2011;31:356-74. [CrossRef]

3. Kulah C, Altindis M, Akyar |, Gokahmetoglu S, Sayiner A, Kaleli
I, et al. The prevalence of mixed genotype infections in Turkish
patients with hepatitis C: a multicentered assessment. Clin Lab
2019;65. [CrossRef]

4. Erglinay K, Abacioglu H. Clinical impact of hepatitis C virus ge-
nomic variations. Mikrobiyol Bul 2015;49:625-35. [CrossRef]

5. Tiryaki, Cetin Duran A, Ozcolpan QO. Distribution of hepatitis C
virus genotypes in Aydin province. Viral Hepat J 2018;24:70-4.

6. Cizmeci Z. The distribution of hepatitis C virus genotypes in pa-
tients with chronic hepatitis C infection. Tirk Mikrobiyol Cem
Derg 2016;46:27-32. [CrossRef]

7. Sanlidag T, Akcali S, Ozbakkaloglu B, Ertekin D, Distribution of
hepatitis C virus genotypes in Manisa region, Turkey. Mikrobiyol
Bul 2009;43:613-8.

8. Smith DB, Bukh J, Kuiken C, Muerhoff AS, Rice CM, Stapleton JT,
et al. Expanded classification of hepatitis C virus into 7 genotypes
and 67 subtypes: updated criteria and genotype assignment web
resource. Hepatology 2014;59:318-27. [CrossRef]

9. Petruzziello A, Marigliano S, Loquercio G, Cozzolino A, Cacciapuo-
ti C. Global epidemiology of hepatitis C virus infection: An up-
date of the distribution and circulation of hepatitis C virus geno-
types. World J Gastroenterol 2016;22:7824-40. [CrossRef]

10. Tsukiyama-Kohara K, Kohara M. Hepatitis C virus: viral quasispe-
cies and genotypes. Int J Mol Sci 2017;19:23. [CrossRef]

11. Cekin Y, Gur N, Cekin AH, Altuglu i, Sertéz RY. Investigation of
hepatitis C virus genotype distribution in patients with chronic
hepatitis C infections in Antalya Training and Research Hospital,
Turkey. Mikrobiyol Bul 2014;48:484-90. [CrossRef]


https://doi.org/10.4103/ijmm.IJMM_18_10
https://doi.org/10.1055/s-0031-1297925
https://doi.org/10.7754/Clin.Lab.2018.180824
https://doi.org/10.5578/mb.10245
https://doi.org/10.4274/vhd.2018.0019
https://doi.org/10.5222/TMCD.2016.027
https://doi.org/10.1002/hep.26744
https://doi.org/10.3748/wjg.v22.i34.7824
https://doi.org/10.3390/ijms19010023
https://doi.org/10.5578/mb.7288

92

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Gower E, Estes C, Blach S, Razavi-Shearer K, Razavi H. Global epi-
demiology and genotype distribution of the hepatitis C virus in-
fection. J Hepatol 2014;61:545-57. [CrossRef]

Wilson EM, Rosenthal ES, Kattakuzhy S, Tang L, Kottilil S. Clinical
laboratory testing in the era of directly acting antiviral therapies
for hepatitis C. Clin Microbiol Rev 2017;30:23-42. [CrossRef]

Gil T, Ozekinci T, Géral V, Altintas A. Hepatitis C virus genotypes in
the southeast region of Turkey. Turkiye Klinikleri Journal of Medi-
cal Sciences 2007;27:496-500.

Aktas O, Ozbek A, Aydin H, Ozkulekci MB. Distribution of HCV
genotypes in patients of with chronic hepatitis C in Eastern Ana-
tolia region. Viral Hepat J 2014;20:91-4. [CrossRef]

Abacioglu YH, Davidson F, Tuncer S, Yap PL, Ustacelebi S, Yulug
N, et al. The distribution of hepatitis C virus genotypes in Turkish
patients. J Viral Hepat 1995;2:297-301. [CrossRef]

Yarkin F, Hafta A. Kronik hepatit C enfeksiyonu olan hastalar-
da hepatit C virus genotiplerinin dagilimi. Viral Hepatit Derg
2000;3:164-7.

OzacarT, Altuglu i, Zeytinoglu A, Sayiner AA, Akarca U, Erensoy S,
et al. Distribution of HCV genotypes in chronic hepatitis C. Mikro-
biyol Bul 2001;35:451-8.

Bozdayi M, Aslan N, Bozdayi G, Tirkyillmaz AR, Sengezer T, Wend
U, et al. Molecular epidemiology of hepatitis B, C and D viruses in
Turkish patients. Archives of virology 2004;149:2115-29. [CrossRef]
Altuglu |, Soyler |, Ozacar T, Erensoy S. Distribution of hepatitis C
virus genotypes in patients with chronic hepatitis C infection in
Western Turkey. Int J Infect Dis 2008;12:239-44. [CrossRef]

Aktas E, Ogedey ED, Kiilah C, Begendik Comert F. Hepatitis C vi-
rus genotypes in a province of western Black-Sea region, Turkey.
Mikrobiyol Bul 2010;44:647-50.

Gokahmetoglu S, Atalay MA, Kiling A. Determination of the hep-
atitis C virus genotypes with ‘pyrosequencing’'method. Erciyes
Medical Journal 2011;33:99-102.

Tezcan S, Ulger M, Aslan G, Yaras S, Altintas E, Sezgin O, et al.
Mersin ilinde hepatit C virusu genotip dagihminin belirlenmesi.
Mikrobiyol Bul 2013;47:332-8. [CrossRef]

Kayman T, Karakiik¢t G, Karaman A, Gozltok F. Genotypic distri-
bution of hepatitis C virus infection in Kayseri region. Tuirk Mikro-
biyol Cem Derg 2012;42:21-6.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

The Medical Bulletin of Sisli Etfal Hospital

Saglik i, Mutlu D, Ongiit G, inan D, Ogiinc D, Can Sarinoglu et al.
Akdeniz Universitesi Hastanesinde kronik hepatit C enfeksiyonu
olan hastalarda hepatit C virus genotipleri: bes yillik sonuglarin
degerlendirilmesi. Mikrobiyol Bul 2014;48:429-37. [CrossRef]

Cetin Duran A, Kibar F, Cetiner S, Yaman A. Determination of hep-
atitis C virus genotype and HCV infection transmission routes in
Cukurova University Medical Faculty Hospital. Turk Hij Den Biyol
Derg 2017;74:201-10. [CrossRef]

Cirit OS, Mizrakh AU, Vurupalmaz Y, Giimiis HH, Ozturhan H,
Baris A. Genotyping distribution of hepatitis C virus in Sanlur-
fa province and effect of Syrian patients. Viral Hepatitis Journal
2019;25:62-6. [CrossRef]

Caliskan A, Kirisci O, Ozkaya E, Ozden S, Tumer S, Caglar S, et al H.
Distribution and predominance of genotype 3 in hepatitis C virus
carriers in the province of kahramanmaras, Turkey. Hepat Mon
2015;15:€25142. [CrossRef]

Karabulut N, Alacam S, Yolcu A, Onel M, Agacfidan A. Distribution
of hepatitis C virus genotypes in Istanbul, Turkey. Indian J Med
Microbiol 2018;36:192-6. [CrossRef]

Lavanchy D. Evolving epidemiology of hepatitis C virus. Clin Mi-
crobiol Infect 2011;17:107-15. [CrossRef]

Ghaderi-Zefrehi H, Gholami-Fesharaki M, Sharafi H, Sadeghi F,
Alavian SM. The distribution of hepatitis C virus genotypes in
Middle Eastern countries: a systematic review and meta-analysis.
Hepat Mon 2016;16:e40357. [CrossRef]

Antaki N, Haddad M, Kebbewar K, Abdelwahab J, Hamed O, Aaraj
R, et al; Syrian Working Group for the Study of Viral Hepatitis. The
unexpected discovery of a focus of hepatitis C virus genotype 5
in a Syrian province. Epidemiol Infect 2009;137:79-84. [CrossRef]
McNaughton AL, Thomson EC, Templeton K, Gunson RN, Leitch
EC. Mixed genotype hepatitis C infections and implications for
treatment. Hepatology 2014;59:1209. [CrossRef]

Petruzziello A, Marigliano S, Loquercio G, Cacciapuoti C. Hepati-
tis C virus (HCV) genotypes distribution: an epidemiological up-
date in Europe. Infect Agent Cancer 2016;11:53. [CrossRef]

Sénmez E, Tagsyaran MA, Kizilkaya N, Korkut H, Tombul Z, Akcam
ZC, et al. The distribution of hepatitis C virus (HCV) genotypes in
59 HCV infected patients: a multicenter study. Flora 1996;2:92-5.


https://doi.org/10.1016/j.jhep.2014.07.027
https://doi.org/10.1128/CMR.00037-16
https://doi.org/10.4274/vhd.41736
https://doi.org/10.1111/j.1365-2893.1995.tb00045.x
https://doi.org/10.1007/s00705-004-0363-2
https://doi.org/10.1016/j.ijid.2007.07.003
https://doi.org/10.5578/mb.4063
https://doi.org/10.5578/mb.7685
https://doi.org/10.5505/TurkHijyen.2017.24471
https://doi.org/10.4274/vhd.galenos.2019.2019.0012
https://doi.org/10.5812/hepatmon.15(4)2015.25142
https://doi.org/10.4103/ijmm.IJMM_17_381
https://doi.org/10.1111/j.1469-0691.2010.03432.x
https://doi.org/10.5812/hepatmon.40357
https://doi.org/10.1017/S095026880800054X
https://doi.org/10.1002/hep.26544
https://doi.org/10.1186/s13027-016-0099-0



