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Epidemiological Shift in Hepatitis C Genotypes in Northern
Anatolia

Kuzey Anadolu’da Hepatit C Genotiplerinin Epidemiyolojik Degisimi

® Tugce Unalan-Altintop!, ® Mustafa Arslan2, ® Sabri Engin Altintop3, ® Pelin Onarer?,
@ Fikriye Milletli-Sezgin4

TAmasya University, Sabuncuoglu Serefeddin Training and Research Hospital, Clinic of Medical Microbiology, Amasya, Turkey
2Amasya University Faculty of Medicine, Department of Infectious Diseases and Clinical Microbiology, Amasya, Turkey
3Suluova State Hospital, Clinic of Internal Medicine, Amasya, Turkey

4Amasya University Faculty of Medicine, Department of Medical Microbiology, Amasya, Turkey

ABSTRACT

Objectives: Hepatitis C virus (HCV) infection is an important
public health issue with large genetic diversity. Although treatment
differences for genotypes have vanished with the discovery of
novel drugs, genotyping enables the prediction of clinical outcomes
and prevents the spread of HCV in the community by identifying
risk factors. The aim of this study was to assess the genotypic
changes of HCV in Northern Anatolia, Amasya, Turkey.

Materials and Methods: A total of 180 HCV-positive patients were
included in the study between 2015 and 2022. HCV genotypes
were investigated using real time polymerase chain reaction.
Demographic data were obtained from medical records.

Results: There was a decrease in the overall incidence of HCV
after 2016. A decrease in genotypes 1 and 1b and an increase
in genotype 3 were recorded over time. The only patient with
genotype 4 detected in 2016 was an immigrant from Syria. The
mean age of patients with genotype 1 was 55.95 and genotype 3
was 28.75. There were slightly more male patients in the genotype
3 group and more female patients in the genotype 1. After a year
of treatment with the new regimens, all of the patients achieved
viral clearance except two.

Conclusion: Despite genotype 1b's continued dominance, our
research showed that there was a shift in the distribution and
frequency of HCV in our region, primarily due to emigration. The
new treatment regimens decreased the number of patients and
improved treatment success.

Keywords: Hepatitis C, genotype, epidemiology
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Amag: Hepatit C virist (HCV) enfeksiyonu, genis genetik cesitlilige
sahip 6nemli bir halk saghgi sorunudur. Yeni pan-genotipik ilaglarin
kesfiyle, genotipler icin tedavi farkliliklari ortadan kalkmis olsa
da, genotiplendirme, hastalarin klinik seyirlerinin tahmini ve risk
faktorlerine yonelik etkin onlemlerin alinmasi acisindan énemini
korumaktadir. Bu calismanin amaci, Kuzey Anadoluda yer alan
Amasya ilinde HCV'nin genotipik degisimlerini degerlendirmektir.
Gereg ve Yontemler: 2015-2022 yillari arasinda toplam 180 HCV
ile pozitif hasta calismaya dahil edildi. HCV genotipleri gercek
zamanl polimeraz zincir reaksiyonu ile arastirildi. Demografik
veriler tibbi kayitlardan elde edildi.

Bulgular: 2016 yilindan sonra genel HCV insidansinda azalma
gdzlendi. Zaman icinde genotip 1 ve 1b'de azalma ve genotip 3'te
artis kaydedildi. 2016 yilinda gorilen tek genotip 4 hastasi Suriye
kokenliydi. Genotip 1 hastalarinin yas ortalamasi 55,95, genotip
3 ise 28,75 idi. Genotip 3 grubunda erkek hasta sayisi, genotip 1
grubunda ise kadin hasta sayisi fazlaydi. Yeni tedavi protokolleri ile
iki hasta haricinde tim hastalarda viral klirens gozlendi.

Sonug: Genotip 1b ilimizdeki hakimiyetini strdirmesine ragmen,
HCV sikliginda ve genotiplerin dagiliminda, oncelikle go¢ nedenli
degisimler oldugunu gdéstermistir. Yeni tedavi rejimleri hasta
sayisini azaltirken, tedavi basarisini artirmistir.

Anahtar Kelimeler: Hepatit C, genotip, epidemiyoloji
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Introduction

Hepatitis C virus (HCV) infection is a serious public health
problem that leads to liver cirrhosis, which carries a 1-56% annual
risk of hepatocellular cancer, with an estimated 80 (64-103) million
viremic people worldwide (1). In our country, the prevalence of HCV
infection is estimated to be 1-1.9 percent (2). HCV has a significant
genetic diversity including seven virus genotypes (1-7) in addition to
subtypes (a, b, ¢, etc.) and quasi-species (3). Genotypes 1a, 1b, 2,
3, and 4 cause the majority of infections, whereas genotypes 5, 6,
and 7 are less common or limited to specific geographic locations
(4). In studies conducted in our country, the predominant HCV
genotype was 1b (5,6).

Chronic HCV infection was treated with pegylated interferon
plus ribavirin and first-generation protease inhibitors depending
on the HCV genotype of the patient (7). However, the need for
genotype determination for treatment strategies has disappeared
with the advent of novel pangenotypic direct-acting agents (DAAs)
(8). Nevertheless, genotype determination remains important
for epidemiological purposes because it can be influenced by
migratory patterns and changes in infection routes (9,10,11).
Although genotype 1b was widely spread throughout the world
after World War I, genotypes 3 and 4 were spreading with an
increasing trend due to intravenous drug use and migratory
movements (12,13,14). In addition, patients with genotypes 1 and
3 are at risk of hepatocellular cancer development, and they need
to be followed up more closely (15,16).

The aim of this study was to determine the molecular
epidemiological profile of the HCV in the Northern Anatolian region
of Amasya, Turkey, and to establish the changes that occurred over
time. In addition, the clinical follow-ups and treatment responses of
all HCV-positive patients were analyzed.

Materials and Methods

A total of 180 chronic Hepatitis C patients who were anti-
HCV and HCV-RNA positive and who were tested in Amasya
University, Sabuncuoglu Serefeddin Research and Training Hospital
Medical Microbiology Laboratories between January 2015-May
2022 were enrolled in this study The anti-HCV assay was
performed using a chemiluminescent microparticle immunoassay
(Abbott, USA). HCV-RNA and genotypes were determined using
real-time PCR according to the manufacturer's recommendations
(Anatolia Geneworks, Turkey). The demographic data of the
patients were reviewed retrospectively using medical records.
This study was approved by the Ethics Committee of Amasya
University Non-interventional Clinical Studies (approval number: 81,
date: 07.07.2022).

Results

Of the 180 chronic HCV patients, 106 (568.89%) were female
and 74 (41.11%) were male. The mean age of the patients was
63.95+16.43. While most patients were in the 61 and over age
range (Nn=106; 58.89%), 15 (8.33%) patients were in the 15-30
age group, 12 (6.67%) patients were in the 31-45 age group, and
31 (17.22%) patients were in the 46-60 age range. Of the 180
chronic HCV patients, 106 (58.89%) were female and 74 (41.11%)

were male. During 2015-2022, 93.33% of the patients were in
genotype 1 (88.69% were genotype 1b), 1.67% were in genotype
2, 4.44% were in genotype 3, and 0.06% were in genotype 4. The
genotype distribution according to years is presented in Figure 1.
The female-to-male proportion of genotypes was as follows: 7 to
12 for genotype 1a, 97 to 52 for genotype 1b, 0 to 3 for genotype
2, 1 to 7 for genotype 3, and only 1 female for genotype 4
(Figure 2). There were 2 immigrants from Syria; one has genotype
1b and the other 4. The mean age of genotypes was as follows:
55.95 for 1a, 67.62 for 1b, 34.33 for 2, 28.75 for 3, and 40 for 4.

Out of the 180 patients, 71 were initiated on ombitasvir,
paritaprevir, ritonavir, and dasabuvir; 37 received sofosbuvir and
ledipasvir; 18 received glecaprevir and pibrentasvir, sofosbuvir and
ribavirin. 50 were not followed up in our center, and two were not
treated due to advanced age. Before treatment, the mean viral
load was 1487780 international unit (IU)/mL, then decreased to
61408 IU/mL in one month. After 12 months of treatment, all
patients were HCV-negative by PCR, except for two. One patient
had recurrence after ombitasvir, paritaprevir, ritonavir, and dasabuvir
treatment but was successfully treated with glecaprevir and
pibrentasvir, and the other could not be treated with sofosbuvir
and ribavirin. Thirty-five of the patients had previously used ribavirin
and pegylated interferon but were nonresponsive to treatment.
Fifty-two of the patients had cirrhosis, 4 had type 1a, 46 had type
1b, 1 had type 2, and 1 had type 3. Two patients had hepatocellular
carcinoma, who had type 1b HCV.

60
50
40 m Genotype 1a
m Genotype 1b
30
m Genotype 2
20 Genotype 3
I m Genotype 4
10 |
0 ,L_rI_.T-!_FLLL_I_hlﬁ
2015 2016 2017 2018 2019 2020 2021 2022
Figure 1. HCV genotype distribution according to age
HCV: Hepatitis C virus
Genotype 4
Genotype 3
Genotype 2
Genotype 1
0 20 40 60 80 100 120

m Male mFemale

Figure 2. HCV genotype distribution according to gender
HCV: Hepatitis C virus
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Discussion

Our research demonstrated an increase in genotypes 3 and 4
in our region. In a previous report from Amasya, during the 2010-
2014 years, 96.34% of the patients were genotype 1 (69.51%
were genotype 1b), 2.44% were genotype 2, and 1.22% were
genotype 3 (17). However, during the 2015-2022 years, we found
that 93.33% of the patients were genotype 1 (88.69% were
genotype 1b), 1.67% were genotype 2, 4.44% were genotype
3, and 0.06% were genotype 4. The only patient with genotype
4 was an immigrant from Syria. According to a Syrian study,
genotype 4 infections are more common in eastern Syria, whereas
genotype 5 infections are more common in northern regions close
to Turkey (18). Due to migration movements from the Middle
East and Africa, genotype 4 has become more prevalent and is
most prevalent in Central Africa and the Middle East (4). Turkey's
genotype 4 distribution does not exhibit substantial regional
variation, with a range of 0.5-3.4%, with Kayseri (32%) having
the highest prevalence (19,20). A study from Izmir demonstrated
that approximately one-third of patients with genotype 4 were of
Syrian origin (21). In our study, no genotype 4 was detected until
one patient of Syrian origin was found to have genotype 4 in 2016.

In addition, a decreasing trend was observed in HCV positivity,
especially after 2016. This result is also comparable with national
and global reports of HCV (22,23,24). The discovery of novel
agents, advent of disinfection and sterilization practices, and
improved awareness of risk factors among the community can all
cause the decline in HCV prevalence (22). The DAAs have had a
high rate of treatment success in Turkey during the past ten years
because of their potent antiviral activity, which can block a variety
of targets involved in the life cycle of HCV (25). Since medications
have become more widely available, more patients are receiving
DAA treatment worldwide, particularly in low- and middle-income
countries (26). In our study population, all patients except two had
achieved complete viral clearance after 12 months of treatment.

Age-based genotype distributions may differ depending on the
social structure of the community and the incidence of risk factors
in that community among different age groups. According to Niu et
al. (27), genotypes 1 and 2 were more prevalent in patients aged
40-60 years, but genotype 3 cases were more common in younger
patients. Different studies have demonstrated that genotype 1
patients are older than 45 years old (28,29,30). In Turkey, patients
with genotype 1 are typically aged 50-60 years (31,32,33). The
mean ages of patients with genotypes 1, 2, and 4 in a study from
Maras were comparable to those in the abovementioned studies.
However, genotype 3 patients had a mean age of 26.4 (34). In our
study, patients with genotype 1 had a mean age of 67.92 years,
and those with genotype 3 had a mean age of 28.75 years, which
is concordant with global and national data.

The genotype distribution may differ according to sex. Janahi et
al. (35) found that male cases of all genotypes were more common
than female case. However, genotype 3 had the lowest prevalence
in female patients. Similarly, Bouacida et al. (36) reported that
the prevalence of male cases was greater across all genotypes.
genotypes 1b and 2 were more prevalent in women, according
to Kartashev et al. (28), whereas genotypes 1a, 3, and 4 were
more prevalent in men. Our study also demonstrated that female

patients had a higher proportion of genotype 1b patients; however,
male patients were of genotype 3.

Conclusion

Our research revealed that despite genotype 1b’s continuous
dominance, our region’s HCV genotype distribution and prevalence
are shifting, mostly as a result of migration. Total viral clearance was
achieved in all patients, except two patients who received the new
treatment protocols after 12 months. Treatment and prevention
choices may be improved by tracking the epidemiology of HCV
genotypes.
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ABSTRACT

Objectives: Human immunodeficiency virus (HIV) infection
remains a global health concern. As individuals infected with HIV
struggle with the complexities of their condition, the coexistence
of additional pathogens can significantly alter the course of the
disease. This study aimed to determine the prevalence of hepatitis
C virus (HCV) and human pegivirus type 1 (HPgV-1) co-infection
in patients with HIV-1 infection using an in-house developed
multiplex real-time reverse transcriptase-polymerase chain
reaction (RT-gPCR) assay.

Materials and Methods: This cross-sectional study included 113
HIV-1-positive patients. The HIV-1 load was evaluated using the
Artus HI Virus-1 RG RT-PCR Kit in serum samples. Subsequent
to the assessment of optimal annealing temperature, primer-
probe concentration, analytical sensitivity, and endpoint sensitivity,
selected primer-probe sets for HCV, HPgV-1, and ribonuclease P
were recruited to identify co-infections.

Results: Of the 113 HIV-1-positive individuals, 24% were female
and 76% were male. Interestingly, 74% of the patients had no
history of addiction. Optimization of the in-house developed RT-

0z

Amag: Insan immin yetmezlik virGst (HIV) enfeksiyonu kiresel
bir saglik sorunu olmaya devam etmektedir. HIV ile enfekte kisiler,
durumlarinin karmasikligiyla micadele ederken, ek patojenlerin bir
arada bulunmasi, hastaligin seyrini 6nemli dlclide degistirebilir. Bu
calisma, in-house gelistirilen multipleks kantitatif gercek zamanli
polimeraz zincir reaksiyonu testi (RT-gPCR) kullanilarak HIV-1 ile
enfekte hastalarda hepatit C virsi (HCV) ve insan pegivirls tip
1 (HPgV-1) ko-enfeksiyonlarinin prevalansini incelemeyi amacladi.
Gerec ve Yontemler: Bu kesitsel calismaya 113 HIV-1-pozitif hasta
dahil edilmistir. HIV-1 ytki serum érneklerinde Artus HI Virus-1 RG
RT-PCR Kiti kullanilarak degerlendirildi. Optimum tavlama sicakligi,
primer-prob konsantrasyonu, analitik hassasiyet ve uc¢ nokta
hassasiyetinin degerlendiriimesinin ardindan, ortak enfeksiyonlari
tanimlamak icin HCV, HPgV-1 ve ribonukleaz P icin secilen primer-
prob setleri kullanild.

Bulgular: HIV-1 pozitif olan 113 kisiden %24'G kadin, %76'sI
erkekti. llginctir ki hastalarin %74 inde bagmlilik éykisi yoktu.
In-house gelistirilen RT-gPCR testinin optimizasyonu, kabul edilebilir
bir verimlilik ve 287 kopya/uL tespit sinir ile dogrusal bir dinamik
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gPCR test revealed an acceptable efficiency and a linear dynamic
range with a limit of detection of 287 copy/uL. HCV was detected
in five patients (4.43%), whereas no HPgV-1 was detected.
Conclusion: More than 74% of the participants had no history
of addiction, which may explain the differences in the reported
prevalence of HCV/HIV co-infection worldwide and in Iran. Findings
of the present study are consistent with the prevalence reported
for the general population (4%). In the present study, HPgV-1 was
not detected in the collected samples, which is consistent with
reports from Iran (a range of 0-26%).

Keywords: HIV, HCV, HPgV-1, viral load, RT-gPCR

aralik ortaya cikardi. Bes hastada (%4,43) HCV saptanirken, HPgV-
1 saptanmadi.

Sonug: Katilimcilarin %74'Unden fazlasinin bagimlilik gecmisi
olmadigindan, bu durum dinyadan ve Iran’dan bildirilen HCV/
HIV ko-enfeksiyonu prevalansindaki farkliliklari aciklayabilir. Bu
calismanin bulgulari genel nifus igin bildirilen yayginlk (%4) ile
tutarlidir. Bu galismada, Iran’dan gelen raporlarla tutarli olarak (%0-
26 araligi) toplanan érneklerde HPgV-1 tespit edilmemistir.
Anahtar Kelimeler: HIV, HCV, HPgV-1, viral yik, RT-gPCR

Introduction

Human immunodeficiency virus (HIV) infection remains a
global health concern, challenging scientists from all aspects of
virology, immunology, molecular biology, medicine, pharmacology,
and socioeconomic fields are challenging. First identified in the
early 1980s, despite remarkable efforts in research and medical
interventions, the HIV pandemic has continued, and no promising
short-term or long-term solutions are expected in the near future
(1). As a lentivirus belonging to the Retroviridae family, HIV primarily
targets macrophages and CD4+ T cells of the immune system,
progressively compromising the immune system'’s ability to
develop an effective response against infections and malignancies.
From the initial acute infection to the chronic stages and, potentially,
the development of acquired immunodeficiency syndrome, the
disease spectrum poses diverse challenges to affected individuals
and healthcare providers. The most outstanding progress in disease
management has been the advent of antiretroviral therapy, which
has transformed HIV infection from a notorious incurable infectious
disease into a manageable chronic condition with an approximate
normal life expectancy (2).

The dynamic interplay between HIV and co-infections
has been a critical aspect in understanding the multifaceted
nature of the disease and its impact on affected individuals.
Co-infections introduce a mixture of challenges that involve the
already compromised immune system of HIV-infected patients.
As individuals infected with HIV struggle with the complexities of
their condition, the coexistence of additional pathogens, such as
bacteria, viruses, and parasites, can significantly alter the course
of disease progression, treatment outcomes, and overall health.
Understanding the interplay between HIV and these co-pathogens
is critical not only for comprehensive patient care but also for
developing effective prevention and treatment strategies (3).

The coexistence of HIV and hepatitis C virus (HCV) in a
patient represents a more complicated medical intersection. As a
member of the hepacivirus genus from the Flaviviridae family, HCV
is a small spherical enveloped virus that contains positive-sense
single-stranded genomic RNA. The virus has a specific tropism for
hepatocytes, and its replication and pathogenesis may lead to liver
dysfunction, fibrosis, cirrhosis, and even hepatocellular carcinoma
(HCC). Although the advent of direct-acting antiviral agents has
revolutionized HCV treatment and has offered new hope for
improved outcomes in this complex population, understanding
the specific challenges posed by HCV in the context of HIV-

infected individuals requires a comprehensive exploration of the
clinical manifestations, treatment paradigms, and intertwined
epidemiology (4). HIV and HCV. both blood-borne pathogens,
share common routes of transmission, creating a substantial
overlap in the populations affected by these viruses. The synergy
between these two viruses not only puts more pressure on the
immune system but also increases the risk of severe liver disease
progression to cirrhosis and/or HCC (5,6).

High coinfection rates have also been reported for human
pegivirus type 1 (HPgV-1) in patients with HIV and HCV infection.
This member of the pegivirus genus within the Flaviviridae family
has similar virion and genomic characteristics as HCV. The virus can
induce persistent infection that is not associated with hepatitis or
other obvious clinical symptoms or diseases in healthy individuals
(7). Several studies have indicated that persistent infection with
HPgV-1 is associated with slower disease progression in not
only HIV-infected patients but also other viral infections (8,9). The
beneficial effect of persistent HPgV-1 infection may be associated
with the inhibition or reduction of abnormal/excessive immune
activation, especially in T lymphocytes (8). Understanding the
interplay between HPgV-1 and HIV via the same transmission
route also requires comprehensive investigations of the disease
course, treatment outcomes, and molecular epidemiology.

Therefore, the aim of the present study was to determine the
prevalence of HCV and HPgV-1 co-infection in patients with HIV-1
infection using an in-house developed multiplex real-time reverse
transcriptase-polymerase chain reaction (RT-gPCR) assay. HCV
co-infection was found in less than 5% of the samples, whereas
no HPgV1 positivity was identified in this group.

Materials and Methods

Study Population

This cross-sectional study included 113 HIV-1-positive patients
who were referred to the Reference Laboratory of the Iran
University of Medical Sciences, Tehran. The study was approved
by the Research Ethics Committee of the Faculty of Medicine at
the Iran University of Medical Sciences (approval number: IR.IUMS.
FMD.REC.1401.5617, date: 21.01.2023). A consent form was
signed by all participants or their legal representative.
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Sample Collection

Five microliters of fresh blood were collected from each
HIV-1-positive  individual in anti-coagulant tri-potassium
ethylenediaminetetraacetic acid-containing tubes. Samples were
centrifuged at 7000 g for 10 min, and the serum was stored at
20 °C until use.

Nucleic Acid Extraction

HIV-RNA was extracted from serum samples using a Zybio
Semi-Automatic Nucleic Acid Extraction Kit (Zybio, Shenzhen,
China) according to the manufacturer’s instructions. Two hundred
microliters of the serum samples were extracted, and RNA was
eluted into a volume of ~b0 pL. The extracted RNA was stored at
80 °C until further analysis.

HIV Load Assessment

The HIV-1 RNA load was detected using the Artus HI virus-
1 RG RT-PCR Kit (Qiagen, Hilden, Germany) according to the
manufacturer’'s instructions. Briefly, RT-PCR was performed on
10 pL extracted nucleic acid in a 25 pL reaction volume. The
following thermal profile was programed for Rotor gene Q (Qiagen;
Germany) software: first hold for reverse transcription at 50 °C for
30 min, second hold for DNA polymerase activation at 95 °C for 15
min and 50 amplification cycles of 30 s at 95 °C, 60 s at 50°C and
30sat72°C.

Assessment of the Multiplex Assay

Primer-Probe Sets

Primer-probe sequences for the detection of HCV were
adapted from Chen et al. (10), for the detection of HPgV-1 was
adapted from Schlueter et al. (11) and for the internal control
ribonuclease P (RNase P) was adapted from our previous study
(12). Selected primer-probe sets (Table 1) were further validated
by a Basic Local alignment search tool analysis for analytical
specificity (in Silico testing) and the OligoAnalyser Tool (Integrated
DNA Technologies; USA) for secondary structures and primer
dimer formation.

Annealing Temperature Optimization

To determine the most appropriate annealing temperature,
a gradient test was performed for each primer set over a
temperature range of 55 °C-62 °C. The reaction mixture contained
10 pL of SYBR green master mix (Ampligon; Denmark), 1 pL of

each forward and reverse primer (10 nM), and 6 uL of distilled
water. Two microliters of the control plasmid were added to each
reaction, resulting in a final volume of 20 pL. The following thermal
profile was applied on a QlAquant real-time PCR thermal cycler: 10
min at 95 °C and 40 amplification cycles of both 15 s at 95 °C and
45 s at 5562 °C. Data acquisition was programed for the green
channel [fluorescein amidite (FAM)] at the end of each annealing/
extension step. The results were analyzed for lower Cq, higher
signal-to-noise ratio, normal amplification plot, and the absence of
unintended PCR amplicons (through a melt curve analysis at the
end of the ampilification cycles).

Optimization of Primer-Probe Concentration

For each primer-probe set, a concentration matrix test with
500, 250, and 125 nM concentrations of each primer and 500,
400, 300, 200, and 100 nM concentrations of each probe were
investigated for lower Cq, higher signal-to-noise ratio, and normal
amplification plots. The test was performed by 5 pL of 4X capital
1-step RT quantitative reverse transcription PCR (qRT-PCR) probe
master mix (biotechrabbit, Germany), 1 pyL RTase with RNase
inhibitor (RT-RI), 1 pL of each primer dilution, 1 pL of probe dilution,
and 9 pL of distilled water. Two microliters of the control plasmid
were added to each reaction, resulting in a final volume of 20 pL.
Duplicate reactions were performed in a QlAquant real-time PCR
thermal cycler with the following cycling conditions: 10 min at
95 °C and 40 cycles of both 15 s at 95 °C and 45 s at 55 °C. At
the end of the annealing/extension step, data acquisition was
programed on channel green (FAM), orange [carboxy-X-rhodamine
(ROX)], and red [cyanine 5 (Cy-5)].

Analytical Sensitivity (Efficiency, Linearity) and Endpoint Sensitivity
Limit of Detection (LOD)

Eight dilutions of the synthesized control plasmid were tested
in quadruplicate over two runs to determine the efficiency, linearity,
and LOD (13). The slope of the log-linear portion of the calibration
curve was used to assess the amplification efficiency. The highest
to lowest quantifiable copy numbers were analyzed for the linear
dynamic range. The test LOD was defined as success in at least
three out of four amplification reactions with the lowest dilution of
the control plasmid.

Multiplex RT-gPCR

Multiplex RT-gPCR reaction mixture was prepared by
including 6.25 plL of 4x capital 1-step gRT-PCR probe master mix

Table 1. Sequences of the primer-probe sets used for target detection
F GCCTTGTGGTACTGCCTGAT
HCV 5-UTR bp 62 R TGCACGGTCTACGAGAC
P FAM-CCGGGGCACTCGCAAGCACCC-BHQ1
F CGGCCAAAAGGTGGTGGATG
HPgV-1 5-NCR bp 186 R ACGACGAGCCTGACGTCGG
P ROX-TGGTAGCCACTATAGGTGGGTC-BHQ2
F AGATTTGGACCTGCGAGCG
Internal control RNase P bp 65 R GAGCGGCTGTCTCCACAAGT
P Cy5-TTCTGACCTGAAGGCTCTGCGCG-BHQ2
HCV: Hepatitis C virus, HPgV-1: Human pegivirus type 1, RNase P: Ribonuclease P 5'UTR : 5" untranslated region, 5-NCR: 5' Non-coding region
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(biotechrabbit, Germany), 1.25 uL RT-RI, 6 pL of 1:4:1 primer-probe
mixture (HCV: HPgV-1: RNase-P), and 1.5 pL of distilled water. Ten
microliters of the extracted RNA were added to each reaction,
resulting in a final volume of 25 pL. A temperature profile of
50 °C for 30 min, 95 °C for 10 min, and 40 amplification cycles of
15 sat 95 °C and 45 s at 55 °C was programed for the Rotorgene Q
real-time PCR machine. Data acquisition was performed at the end
of the annealing/extension step on channel green (FAM) for HCV,
orange (ROX) for HPgV-1, and red (Cy-5) for RNAse-P

Statistical Analysis

SPSS version 22.0 (IBM SPSS Statistics, Chicago, IL, USA) was
used for all statistical analyses. To compare proportions, Fisher's
exact test was applied. For variables with normal distribution and
variables without normal distribution, the independent t-test and
Mann-Whitney U test was selected, respectively, to compare
means/medians between groups. A p-value of less than 0.05 was
considered statistically significant.

Results

Patients Characteristics

Of the 113 HIV-1-positive individuals, 24% were female and
76% were male. The mean (+ standard deviation) age of the
participants was 41.38 (+10.14) in women and 44.51 (x12.25) in
men. The majority of patients (~40%) were in the age group of
31-40 vyears, followed by the age group of 41-60 years (~27%).
Approximately 74% of patients had no history of addiction. Most
patients (82.3%) had a viral load of 500,000 international unit/mL.
The characteristics of the participants are summarized in Table 2.

Multiplex Test Performance Evaluation

The optimum annealing temperature of the primers was
selected at 55 °C by analyzing the performance of the primers
using a gradient PCR assay. The combination of forward primer,
reverse primer, and probe ratio was chosen as 500:500:500 nM for
all targets, and the ratio of primer-probe mixture in the multiplex test
was chosen as 1:4:1 for HCV, HPgV-1, and RNase P respectively.

Table 2. Characteristics of patients with HIV-1 infection in this study
Variables Female Male Total p-value
Number of patients 27 (24.1%) 86 (75.9%) 113
Age = SD 41.38 (+10.14) 44.51 (£12.25) 43.73 (£11.74) N.S
Age groups (years)
0-20 1(50%) 1 (50%) 2 (1.8%)
21-30 2 (50%) 2 (50%) 4 (3.5%)
31-40 15 (32.6%) 31(77.4%) 46 (40.7%) N.S
41-50 6 (20%) 24 (80%) 30 (26.6%)
51-60 2 (10%) 18 (90%) 20 (17.7%)
>60 2 (18%) 9 (82%) 11 (9.7%)
Education level
llliterate 2 (33.3%) 4 (66.7%) 6 (5.3%)
Elementary school | 2 (15.4%) 11 (84.6%) 13 (11.5%)
Middle school 9 (31%) 20 (69%) 29 (25.7%) N.S
High school 10 (32.3%) 21 (67.7%) 31(27.4%)
University 7 (20.6%) 27 (79.4%) 34 (30.1%)
Marital status
Permanent 15 (25.4%) 34 (74.6%) 59 (52.2%)
Single 2 (5.3%) 36 (94.7%) 38 (33.6%) N.S
Divorced 6 (50%) 6 (50%) 12 (10.6%)
Temporary 4 (100%) 0 (0%) 4 (3.6%)
Addiction
No 24 (28.6%) 60 (71.4%) 84 (74.3%)
Yes 5 (20%) 20 (80%) 25 (22.1%) N.S
Unknown 0 (0%) 4 (100%) 4 (3.6%)
:ﬁ;::_‘;’?:':::f(‘::;;':’)atme"t’ 154933 (0-1315665) | 1329137 (0-26464483) | 1035586 (0-26464483) | N.S
:ﬁ;?:\:_‘:?:';::‘(’:a:;:;me"t) 322 (0-3751) 381 (0-3862) 366 (0-3862) N.S
CD4 count (cells/mm?) 470.31 (316.98) 367.26 (+289.31) 396.17 (£297.22) N.S
HIV-1: Human immunodeficiency virus type-1, SD: Standard deviation, |U: International unit, N.S: Not significant
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The results revealed an acceptable efficiency and a linear dynamic
range for all targets (HCV: R?=0.98 and E=0.99, HPgV-1: R?=0.97
and E=1.04, RNase-P: R?=0.98 and E=1). Moreover, a scrutiny of
the test LOD showed that this multiplex RT-gPCR assay is capable
to detect 287 copy/uL of the target in each reaction.

Prevalence of HCV and HPgV-1 Co-Infection

Of the 113 HIV-1-positive samples, HCV was detected in five
patients (4.43%). In the present study, HPgV-1 was not detected
in HIV-1 infected individuals.

Discussion

HIV infection continues to pose many challenges to physicians,
pharmacists, psychologists, politicians, and researchers. The virus
has perfectly adapted to its host to ensure its persistence in the
human population. In addition to all complexities of the virus-host
interactions per se, co-infections add another level of difficult-to-
manage conditions for patients and their physicians (14). In the
present study, the prevalence of HCV and HPgV-1 co-infection
was investigated in HIV-1-infected individuals using an in-house
developed RT-gPCR. The results revealed co-infection with HCV in
less than 5% of the patients, whereas HPgV-1 was not detected in
the sample population.

In a study performed by Zahra et al. (15), they reported
60-80% frequency of HCV infection in HIV-1 infected patients in
four different cities of Pakistan. Their sample population included
only male patients with a history of intravenous drug use (IDU).
Schmidbauer et al. (16) also reported a prevalence of 11.1% for HCV
co-infection among patients with HIV-1 infection in Austria. More
than 63% of the study population were either IDUs or men who
have sex with men (16). Teimoori et al. (17) also reported 58.7%
positivity for HCV/HIV coinfection in Ahvaz, Iran. They reported
that the most common route of transmission (99.1%) among
their patients was IDU, and 97.8% of the subjects had a history of
imprisonment. In the present study, samples were collected from
patients referred to counseling centers for behavioral diseases.
Since more than 74% of the patients in this study had no history of
addiction (including IDU) or same-sex experience, this may explain
the differences in the reported prevalence of 4.43% for HCV/HIV
co-infection. Accordingly, the prevalence of HCV/HIV co-infection
was consistent with that reported for general population samples
by Platt et al. (18) (4%). In a systematic review and meta-analysis,
Bagheri Amiri et al. (19) reported a zero prevalence of HCV/HIV
co-infection in both the general population and healthcare workers,
whereas 10.95% was reported for IDUs in Iran.

In an attempt to assess HPgV-1 prevalence in HIV-1-infected
patients, de Miranda et al. (20) reported 17% positivity by
performing conventional nested PCR. They also showed that HPgV-
1 is associated with lower HIV-1 loads and higher CD4 counts. By
recruiting a similar methodology, Alcalde et al. (21) reported a
prevalence of 30% for HPgV-1/HIV co-infection and similar effects
on viral load and CD4 count. Likewise, Li et al. (22) reported a
prevalence of 9% for infection by these two viruses. Moreover, a
prevalence of 2.3% was reported in healthy blood donors. In studies
conducted in Iran, a range of 0-26% were reported for co-infection

of HPgV-1 and HIV (23,24,25). In the present study, HPgV-1 was
not detected in the samples. Considering the prevalence of HCV in
the present study, which was approximately similar to that of the
general population, it is plausible to expect an HPgV-1 prevalence
close to that of healthy blood donors or the general population.
On the other hand, the analytical sensitivity of 287 copy/uL for the
in-house developed RT-gPCR assay may explain the inability of the
test to detect HPgV-1. Another matter of concern is the type of
samples used. Because growing evidence supports the presence/
replication of hepatitis viruses as well as HPgV-1 in peripheral blood
mononuclear cells (PBMCs) (8,9,26,27,28,29,30), the prevalence
reported in the current study could be different if PBMCs had been
subjected to nucleic acid extraction and RT-gPCR assay. However,
further studies are required to validate this hypothesis.

Study Limitations

The present study had some limitations. Due to the scarcity
of available financial support, the results were not re-checked
using commercial kits. Therefore, no data is available for confirmed
HPgV1-positive samples tested using this assay, and the power
of this test for virus detection in clinical specimens is a matter of
concern. Despite several reports on the high prevalence of HPgV-
1 in HIV-infected patients, no positive samples were detected in
the present study. An extensive literature review revealed that the
prevalence of HPgV-1 is profoundly dependent on the characteristics
of the studied population (21,22,23,24,25). The prevalence was
highest among IDUs and lowest among the normal population.
Evaluation of the demographic and epidemiological characteristics
of the individuals who participated in this project revealed that
the sample population resembled the general population, despite
being infected with HIV-1. Therefore, the finding was explained
based on this characteristic. Moreover, the LOD of the in-house
developed test is another matter of concern that could be a reason
for not finding HPgV-1-positive cases.

This article aims to highlight the current state of knowledge
regarding the effects of coinfection on HIV-infected patients
and to elucidate the intricate relationships between multiple
infectious agents and the immune system. The intricate interplay of
these viruses raises pivotal questions about optimal management
strategies, potential synergies or antagonisms in their pathogenesis,
and broader public health implications.

Conclusion

Evaluation of co-infections in the context of HIV infection
is necessary for better patient management. Although most
infectious agents exacerbate the condition, agents such as HPgV-
1, may be beneficial for the host to combat other pathogens.
However, more studies are required to support this hypothesis.
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Potential Drug-Drug Interactions Between Oral Antiviral
Agents Used for Hepatitis B Treatment and Concomitant
Systemic Medications

Hepatit B Tedavisinde Kullanilan Oral Antiviral Ajanlar ve Es Zamanli Kullanilan llaclar
Arasindaki Potansiyel llac-llac Etkilesimleri

©® Nurten Nur Aydin, ® Murat Aydin

University of Health Sciences Turkey, Erzurum Regional Training and Research Hospital, Clinic of Infectious Diseases and Clinical Microbiology, Erzurum,
Turkey

ABSTRACT

Objectives: Antiviral therapy planning for hepatitis B (HB) requires
consideration of drug interactions. The aim of this study was to
evaluate the potential drug-drug interactions (pDDls) between oral
antiviral drugs and concomitant medications for hepatitis.
Materials and Methods: HB patients who received oral antiviral
therapy in our clinic were included. ldentified pDDls were
categorized as level 1 (weak potential interaction), level 2 (potential
interaction), or level 3 (contraindicated) according to the University
of Liverpool Hepatitis Drug Interaction Database.

Results: Of the 205 patients included in the study, 112 (54.6%)
received tenofovir disoproxil fumarate (TDF), 65 (31.7%)
received entecavir (ETV), and 28 (13.7%) received tenofovir
alafenamide fumarate (TAF). Patients receiving TDF, ETV, and TAF
received 135, 119, and 52 concomitant systemic medications,
respectively. Twenty-level 2 and two level 1 interactions were
observed, but no level 3 interactions. Potential DDIs were
observed in 12.6% of patients receiving TDFE 3.4% receiving
ETV. and 1.9% receiving TAE The most common pDDls were
observed with non-steroidal anti-inflammatory drugs (noted in
12 occurrens and all with TDF).

0z

Amagc: Hepatit B'ye (HB) yonelik antiviral tedavi planlandiginda,
ilac etkilesimlerinin dikkate alinmasi gerekmektedir. Bu calismanin
amaci, HB tedavisinde kullanilan oral antiviral ilaglarin, es zamanli
kullanilan diger ilaglarla potansiyel ilag-ilac etkilesimlerini (pllE)
degerlendirmektir.

Gereg ve Yontemler: Klinigimizde HB tedavisi icin oral antiviral
ilag kullanan hastalar calismaya dahil edildi. Belirlenen pllE'ler,
Liverpool Universitesi Hepatit llag Etkilesimi Veri Tabani'na gore
seviye 1 (zayif potansiyel etkilesim), seviye 2 (potansiyel etkilesim)
veya seviye 3 (kontrendike) olarak kategorize edildi.

Bulgular: Calismaya dahil edilen 205 hastanin 112'si (%54,6)
tenofovir disoproksil fumarat (TDF), 65'i (%31,7) ETV ve 28'i
(%13,7) tenofovir alafenamid fumarat (TAF) almaktaydi. TDF ETV
ve TAF alan hastalar sirasiyla 135, 119 ve 52 eszamanli sistemik
ilac almaktaydi. Yirmi adet seviye 2 etkilesim ve iki adet seviye
1 etkilesim gdzlenmis, ancak seviye 3 etkilesim goézlenmemistir.
TDF alan hastalarin %12,6'sinda, ETV alan hastalarin %3,4'tinde
ve TAF alan hastalarin %1,9'unda pllE gdzlenmistir. En yaygin
pliE'leri non-steroidal anti-enflamatuvar ilaglarla gézlenmistir (12
kez ve hepsi TDF ile).
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Conclusion: The combination of antivirals used for chronic HB
treatment with systemic drugs can lead to pDDls, especially with
TDF All patients with HB should be screened for pDDI.
Keywords: Drug interactions, hepatitis B, tenofovir, entecavir, oral
antivirals

Introduction

Hepatitis B (HB) continues to be a major public health problem
worldwide (1). This condition can result in severe outcomes, including
liver damage, cirrhosis, and liver cancer (1). Effective treatment and
control of HB virus (HBV) infection are essential for preventing the
spread of the disease and reducing complications (2). Oral antiviral
drugs that inhibit HBV replication play a crucial role in the treatment of
patients with this virus. Tenofovir disoproxil fumarate (TDF), entecavir
(ETV), and tenofovir alafenamide fumarate (TAF) are used for this
purpose. These drugs help patients obtain the treatment they need to
stop disease progression and limit liver damage (3).

Patients with HBV often have other health problems and
may need to take more than one medication. This leads to the
risk of potential drug-drug interactions (pDDIs) resulting from the
combination of different drugs. Drug interactions can occur through
pharmacodynamic and pharmacokinetic mechanisms, each with
different clinical implications. Pharmacokinetic interactions can
alter the absorption, distribution, metabolism, or excretion of drugs,
resulting in changes in plasma drug levels and therapeutic efficacy
(4). On the other hand, pharmacodynamic interactions can influence
the action of drugs at their target sites, potentially worsening
side effects or worsening therapeutic outcomes. For example,
concomitant use of certain medications with TDF is associated
with increased renal toxicity, which is a significant problem in
patients requiring multiple medications (5). Understanding these
interactions is crucial for optimizing treatment strategies and
minimizing side effects in patients with HB infection.

Studies examining the interaction of TDFE ETV, and TAF with
other systemic drugs in patients with HB are limited. This study
aimed to investigate the pDDlIs between oral antiviral drugs used
for the treatment of HB and other concomitant systemic drugs.

Materials and Methods

The study was conducted as a retrospective, observational
study. Between 01.07.2022-01.10.2022, patients over the age of
18 who applied to the infectious diseases outpatient clinic of our
hospital and were receiving antivirals (TDF ETV, TAF) were included
in the study.

The potential interactions between antivirals and other systemic
drugs used concomitantly were investigated. The University
of Liverpool Hepatitis Drug Interaction Database (available on
www.hep-druginteractions.org) was used to identify pDDlIs,
which were categorized as level 1 (potential weak interaction),
level 2 (potential interaction), or level 3 (contraindicated) (6).

Other concurrent medications and comorbid conditions were
recorded. These data were obtained from follow-up forms of
patients attending the infectious diseases outpatient clinic who
were taking antivirals.

Sonug: HB ilaclarinin sistemik ilaglarla kombinasyonu, 6zellikle
TDF ile olmak tizere, pliE'lerine yol agabilir. Tim HB hastalari pliE
acisindan taranmalidir.

Anahtar Kelimeler: [lac etkilesimleri, hepatit B, tenofovir, entekavir,
oral antiviraller

The study was approved by the Erzurum Regional Training
and Research Hospital (decision no.: E-37732058-514.99, date:
06.06.2022) and was conducted in accordance with the principles
of the Declaration of Helsinki.

Statistical Analysis

The IBM SPSS 23.0 (IBM SPSS Statistics for Windows
Version 23.0, Armonk, NY: IBM Corp., USA) statistical package
program was used for data analysis. For categorical variables,
descriptive statistics include numbers (n) and percentages (%);
for numerical variables, descriptive statistics include means and
standard deviations (SD). The chi-square test was used to analyze
categorical variables in the independent groups. The Shapiro-Wilk
W test and the Kolmogorov-Smirnov test were used to assess
the normal distribution of continuous variables. WWhen comparing
two independent groups, the Student t-test was used for variables
that followed a normal distribution, and the Mann-\Whitney U test
was used for variables that did not follow a normal distribution. The
significance level was set at p<0.05.

Results

In total, 205 patients were evaluated. Among the included
patients, 115 (56.1%) were male and 90 (43.9%) were female.
The mean age of the patients was 50.2+13.3 years. Comorbidities
were present in 109 patients (563.2%). Among them, 56 had
hypertension, 29 had diabetes mellitus, 28 had peptic ulcer or
gastritis, 26 had cardiovascular disease, 11 had chronic obstructive
pulmonary disease, and 41 had other conditions. In addition to
antivirals for HB, 124 patients (60.5%) were taking concomitant
drugs. The mean number of concomitant drugs used was
1.49+1.64 per patient (Table 1).

Eighty-one (39.5%) patients were not taking any medication
other than their antivirals. Thirty-seven and 37 patients were using
one and two additional drugs. Twenty-five patients were using 3
additional drugs, and 14 were using four additional drugs. Data on
the number of additional medication use are presented in Figure 1.

No pDDlIs with antivirals were detected in 185 (90.2%)
patients. Twenty patients had pDDIs with antivirals. A comparison
of patients with and without pDDIs is presented in Table 1. No
significant differences were found between the two groups in
terms of age, gender, and number of comorbid diseases (Table 1).
The mean number of additional medications was 2.40+1.35 for
the PDDlIs group and 1.39+1.64 for the non-PDDI group, and the
difference was statistically significant (p=0.001).

Among the patients, 112 (54.6%) were on TDFE 65 (31.7%)
were on ETV, and 28 (13.7%) were on TAF Fifty-eight (51.8%) of
the patients receiving TDF, 47 (72.3%) of the patients receiving ETV,
and 19 (67.9%) of the patients receiving TAF were concurrently
using other systemic medications. There were 135 additional drug
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use cases in patients on TDF 119 in patients on ETV, and 52 in
patients on TAF In patients receiving TDF 15 (11.1%) of 135 drugs
had a level 2 interaction, and two (1.5%) had a level 1 interaction.
A level 2 interaction was found with four of the 119 drugs (3.4%)
in patients receiving ETV and one of the 52 drugs (3.4%) in patients
receiving TAE No pDDls were found in 87.4% of patients receiving
TDFE 96.6% of patients receiving ETV, and 98.1% of patients
receiving TAF (Table 2).

Drug interactions were most commonly observed with
nonsteroidal anti-inflamsmatory drugs (NSAIDs) in patients receiving
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Figure 1. Patients taking drugs other than antivirals

TDF (noted in 12 occurrences). Among the NSAIDs, the most
common drug interaction was with dexketoprofen (noted in
6 occurrences). The drugs that interacted with antivirals are
presented in Table 3.

Discussion

Our findings showed that a significant proportion of patients
included in the study received additional systemic medications.
This result demonstrates that patients with HB often have multiple
health problems and therefore may need to take more than one
medication. This polypharmacy carries the risk of pDDlIs. Although
this study had a limited amount of patient data on pDDls, the
significance of these interactions is worth noting. This study
revealed a higher risk of pDDls, particularly in patients receiving
TDFE This result suggests that patients taking TDF should be
monitored more carefully and should receive special attention for
drug combinations.

Patients with HB may have various comorbidities, including liver
cirrhosis, liver cancer, renal dysfunction, cardiovascular disease, and
diabetes mellitus (7,8). Previous studies have shown that patients
with HB can have several comorbidities, often resulting in the use
of multiple drugs (9,10,11). In our study, more than half of the
patients (53.2%) had comorbidities. Furthermore, most patients
(60.5%) were taking additional medications other than antivirals
for HB.

Table 1. Demographic data of patients and pDDls

Total No pDDI pDDIs p-value
Male, n (%) 115 (56.1%) 103 (55.7%) 12 (60.0%) 0.894
Female, n (%) 90 (43.9%) 82 (44.3%) 8 (40.0%) )
Mean age = SD 50.2+13.3 49.9+13.3 53.1£13.3 0.312
Comorbidity, n (%)
Hypertension 56 (27.3%) 49 (26.5%) 7 (35.0%) 0.584
Diabetes mellitus 29 (14.1%) 25 (13.5%) 4 (20.0%) 0.496
Peptic ulcer/gastritis 28 (13.7%) 27 (14.6%) 1(5.0%) 0.322
CVD 26 (12.7%) 22 (11.9%) 4 (20.0%) 0.293
COPD 11 (5.4%) 10 (5.4%) 1(5.0%) 1.000
Others 41 (19.7%) 36 (19.5%) 5 (25.0%) 0.560
Number of
Comorbiditiea e 0.94+1.08 0.92+1.08 1.10+1.07 0.371
Number of additional drugs, | ; 4q 4 g4 1.39:1.64 2.40+1.35 0.001
mean = SD*

*Number of drugs other than antivirals
COPD: Chronic obstructive pulmonary disease, CVD: Cardiovascular disease, pDDI: Potential drug-drug interaction, SD: Standard deviation

Table 2. pDDlIs of antivirals with other drugs
HB Patients using Number of No Level 1 Level 2 Level 3 Total number of
druas additional drugs, | additional interaction, pDDIS, pDDis, pDDls, pDDis,
9 n (%) drugs n (%) n (%) n (%) n n (%)
TDE n=112 58 (51.8%) {85 118 (87.4%) 2 (1.5%) 15 (11.1%) 0 17 (12.6%)
ETV, n=65 47 (72.3%) 119 115 (96.6%) 0 4 (3.4%) 0 4 (3.4%)
TAF, n=28 19 (67.9%) 52 51 (98.1%) 0 1(1.9%) 0 1(1.9%)
HB: Hepatitis B, ETV: Entecavir, pDDIs: Potential drug-drug interactions, TAF: Tenofovir alafenamide fumarate, TDF: Tenofovir disoproxil fumarate
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Table 3. Drugs with pDDlIs with antivirals

Drugs with pDDIs Number of patients Level of pDDIs Possible outcome

TDF

NSAIDS* 12 Level 2 Increased renal toxicity

Valsartan 2 Level 2 Increase in the concentration of both drugs
Furosemide 1 Level 1 Decreased renal absorption of TDF
Amiodarone 1 Level 2 Increased absorption of TDF

Tacrolimus 1 Level 1 Increased renal toxicity

ETV

Furosemide Level 2 Increase in ETV concentration

Methotrexate 1 Level 2 Change in the concentration of both drugs
Captopril 1 Level 2 Increase in ETV concentration

TAF

Amiodarone 1 Level 2 Increase in TAF concentration

*Acetylsalicyclic acid was used by one patient, dexketoprofen by six patients, diclofenac by two patients, ibuprofen by one patient, indometacin by one patient
pDDls: Potential drug-drug interactions, TDF: Tenofovir disoproxil fumarate, NSAIDS: Nonsteroidal anti-inflammatory drugs, ETV: Entecavir, TAF: Tenofovir alafenamide
fumarate

ETV, TDF, and TAF are important antiviral agents used to treat
chronic HB. These drugs effectively suppress viral replication
(12). In our study, we analyzed the pDDIs of these medications
and other systemic drugs used concomitantly by patients. Drug
interactions may occur with antiviral agents used for HB treatment
due to various mechanisms. For example, tenofovir is a substrate
of the P-glycoprotein (P-gp) transporter and increases its interaction
potential with other drugs that are excreted via renal P-gp pathways,
whereas ETV interacts with renal transporters such as hOAT1
and hCNT2, which can inhibit the uptake of other drugs (13,14).
Neither tenofovir nor ETV interact significantly with the cytochrome
P450 system, which is advantageous because it minimizes the
risk of metabolic interactions with other systemic drugs (15).
Such mechanistic insights help us understand the potential
pharmacokinetic and pharmacodynamic interactions that may occur
with these agents. Potential DDIs with antivirals were identified
in 9.8% of patients in our study. This was significantly associated
with the number of other drugs used (p=0.001). This suggests
that the use of additional medications for HB treatment should be
carefully considered. A study of drug interactions in patients with
viral hepatitis found that 44% of 69 patients with HB had DDIs (16).
The higher incidence of pDDIs in comparison with our study can
be explained by the fact that the study was conducted on patients
who were hospitalized, and all drugs used by these patients were
assessed for pDDIs. However, our study only included outpatients,
and we only assessed antivirals and other systemic drugs for
interactions.

In our study, pDDIs were observed to be more frequent,
particularly in patients receiving TDFE The interaction between
tenofovir and other systemic drugs has not been well investigated.
In a case report, virological reactivation occurred in a patient
with chronic HB during TDF treatment, and it was thought that
this may be related to drug interactions. After discontinuation of
antidepressant drugs (venlafaxine, paroxetine and zolpidem), a
good response to TDF treatment was observed during follow-
up (17). In a study evaluating the coadministration of TDF with
etravirine and lamivudine, no significant drug-drug interaction was
observed (18). In another study, the drug interaction between TDF

and didanosine was investigated, and it was emphasized that the
dose of didanosine should be reduced due to drug interaction in
concomitant use (19).

The most common pDDI was caused by concomitant use
of TDF and NSAIDs. In a retrospective analysis of HIV-positive
patients receiving antiretroviral therapy with and without TDF, it
was found that 14.6% of patients receiving TDF developed acute
kidney injury after the initiation of NSAIDs (diclofenac), but no
acute kidney injury occurred in patients receiving a drug regimen
without TDF (5). A case report describes the development of
biopsy-proven acute tubular necrosis occurring 5 days after the
initiation of NSAIDs (diclofenac) in an HIV-positive patient receiving
TDF treatment (20). In another case report, proximal tubular
dysfunction was documented in an HIV-positive patient receiving
TDF treatment, occurring 2 weeks after the initiation of ibuprofen
therapy (21). Complete recovery of renal function occurred within
a week of stopping ibuprofen and continuing TDFE In our study,
pDDIs with TDF were commonly associated with impaired renal
function. The concomitant use of TDF-NSAIDs should be avoided
because of the risk of acute renal failure. If both drugs are used
concomitantly, it is important to monitor patients closely for renal
dysfunction.

The rate of PDDIs in patients receiving ETV was 3.4% in
this study. A previous study investigating the potential of ETV to
interact with renal solute carriers (SLC) in vitro showed that ETV
interacts with these transporters, but these interactions occur
with low affinity (14). This study showed that the potential of ETV
to cause nephrotoxicity and DDIs were significantly lower than
that of adefovir, tenofovir, and cidofovir. It was also stated in the
package insert that ETV does not affect the CYP enzyme system
and is not likely to interact with drugs affected by the CYP system
(22). In a study examining the pharmacology/pharmacokinetics and
therapeutic efficacy of ETV in patients with chronic HBV infection,
pDDls associated with the use of ETV were also reviewed, and
it was stated that the potential for drug interaction with ETV
was minimal (23). The study stated that drugs that inhibit tubular
secretion of drugs (e.g., probenecid) may increase the serum
concentration of ETV. In our study, serum concentrations of ETV-
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associated pDDls may increase or serum concentrations of both
drugs may be altered.

The only pDDI observed in patients receiving TAF was
associated with concomitant amiodarone use in our study. The
concomitant use of both drugs was not investigated. As a P-gp
substrate, TAF is expected to exhibit increased absorption when
used in combination with P-gp inhibitors, such as amiodarone,
leading to a higher systemic concentration (6).

Study Limitations

This study has some limitations. The drug interactions observed
in this study are potential interactions; therefore, there are no data
on actual interactions. For the assessment of pDDls, only the
University of Liverpool Hepatitis Drug Interaction Database was
used. Further research can be conducted by combining different
databases. Larger sample sizes and longer follow-up periods are
needed to comprehensively study drug interactions.

Conclusion

In conclusion, this study highlighted the significance
of pDDlIs during the treatment of HB. This study provides
important information for clinicians to guide treatment
regimens for patients with HB and select appropriate drug
combinations. It is important that treatment plans for patients
with HB take into account interactions with other medicines
and that patients are monitored regularly. This approach can
potentially optimize treatment responses and contribute to the
management of HB infection. Further research is needed to
improve the treatment of HB infection and reduce the risk of
developing pDDls.
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Bir Universite Hastanesinde Kronik Hepatit C Hastalanindaki HCV Genotip Dagilimi

© Burak Ezer?, ® Enes Kasapoglu2, ® Alperen Ceylan3, ® Mehmet Ozdemir3

1Beyhekim Training and Research Hospital, Clinic of Medical Microbiology, Konya, Turkey
2Cumra District Health Directorate, Konya Provincial Health Directorate, Konya, Turkey
3Necmettin Erbakan University Medicine Faculty, Depertmant of Medical Microbiology, Konya, Turkey

ABSTRACT

Objectives: Hepatitis C virus (HCV) infection is a public health
issue of great importance. HCV genotyping helps in monitoring
prognosis, selecting appropriate antiviral drugs, monitoring side
effects, and deciding on treatment duration. The aim of this study
was to determine the HCV genotypes in our hospital to reveal their
distribution over time and to contribute to epidemiological data by
evaluating the relationship between HCV genotypes and viral load.
Materials and Methods: Serum samples from 144 patients
diagnosed with chronic hepatitis C between January 01, 2019 and
December 31, 2023 were included in this study. HCV-RNA loads
were determined using a Bosphore quantification kit (Anatolia,
Turkey) via a Montania 4896 thermal cycler (Anatolia, Turkey). HCV
genotypes were detected using the Bio-Rad CFX96 system with
the Diagnotech HCV genotyping quantitative polymerase chain
reaction kit targeting the 5'NS5B region.

Results: The most frequently detected genotypes in our hospital
were genotypes 1b (34.7%, genotype 3 with 32.6% and genotype
1 with 15.3%). The lower mean age of genotype 3 patients was
statistically significant compared with the ages of patients with
genotypes 4 and genotype 1b (p<0.001). It was found to be
statistically significant that the median viral load of patients with
genotype 1 was lower than that of patients with genotype 1b and
genotype 3 (p=0.046). The higher frequency of genotype 4 among
foreign nationals was statistically significant (p=0.034).
Conclusion: HCV genotypes vary between regions based on
geographical location, migration, socioeconomic level, and drug

0z

Amag: Hepatit C virlisi (HCV) enfeksiyonu onemli bir halk
sagligi sorunudur. HCV genotiplendirilmesi hastalik prognozunun
izlenmesinde, uygun antiviral ilaclarin secilmesinde, yan etkilerin
takip edilmesinde ve tedavi slresine karar verilmesinde yardimci
olmaktadir. Bu calismanin amaci, hastanemizdeki HCV genotip
dagilimini ortaya koymak ve HCV genotipleri ile viral yik arasindaki
iliskiyi degerlendirerek epidemiyolojik verilere katki saglamaktir.
Gerec ve Yontemler: Bu calismaya 1 Ocak 2019-31 Aralik 2023
tarihleri arasinda kronik hepatit C tanili 144 hastanin serumlari
dahil edilmistir. Hastalarin HCV-RNA viral yikleri, Montania
4896 1sI dongl cihazi (Anatolia, Turkiye) araciligiyla Bosphore
(Anatolia, Turkiye) kantitifikasyon kiti kullanilarak tespit edilmistir.
HCV genotipleri, 5'NS5B bdlgesini hedefleyen Diagnotech HCV
genotipleme kantitatif polimeraz zincir reaksiyonu kiti ile Bio-Rad
CFX96 cihazi kullanilarak tespit edilmistir.

Bulgular: Hastanemizde en sik tespit edilen genotipler; genotip 1b
(%34,7, genotip 3 %32,6 ve genotip 1 %15,3) olmustur. Genotip 3
hastalarinin yas ortalamasinin genotip 4 ve genotip 1b hastalarinin
yas ortalamasindan daha dusulk olmasi istatistiksel olarak anlamli
bulunmustur (p<0,001). Genotip 1'e sahip hastalarin ortalama
viral yuklnln genotip 1b ve genotip 3'e sahip hastalardan daha
dustk olmasi istatistiksel olarak anlamli bulunmustur (p=0,046).
Yabanci uyruklular arasinda genotip 4 sikliginin daha ylksek olmasi
istatistiksel olarak anlamli bulunmustur (p=0,034).

Sonug: HCV genotipleri cografi konum, gdg¢, sosyoekonomik
dlzey ve ilag kullanimina bagl olarak bolgeler arasinda farklilik

Cite this article as: Ezer B, Kasapoglu E, Ceylan A, Ozdemir M. Genotype distribution of HCV in patients with chronic hepatitis C in a university hospital. Viral

Hepat J. 2024;30(3):65-69

Address for Correspondence: Burak Ezer, MD, Beyhekim Training and Research Hospital, Clinic of Medical Microbiology, Konya, Turkey
E-mail: drburakezer@gmail.com ORCID ID: orcid.org/0000-0003-1217-2080
Received: 14.08.2024 Accepted: 13.12.2024 Publication Date: 30.12.2024

@029

Copyright® 2024 The Author. Published by Galenos Publishing House on behalf of the Viral Hepatitis Society.
This is an open access article under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.


https://orcid.org/0000-0003-1217-2080
https://orcid.org/0000-0002-2504-0274
https://orcid.org/0000-0003-2039-0707
https://orcid.org/0000-0002-9316-771X

Ezer et al.

66 Genotype Distribution of HCV

use. Therefore, molecular studies on this issue are important for
appropriate antiviral drug treatment and duration.

Keywords: Chronic viral hepatitis C, genotype, epidemiology

Introduction

Hepatitis C virus (HCV) infection may cause acute and chronic
HCV infections and lead to complications, such as liver failure,
cirrhosis, and hepatocellular carcinoma, with high mortality and
morbidity (1). HCV infection is a major health problem worldwide,
and approximately 85% of acute HCV infections progress to
chronic HCV infection. The World Health Organization reports that
approximately 58 million people worldwide are affected by chronic
HCV infection, and approximately 1,5 million people become
infected with HCV each year (2,3). In Turkey, approximately 1 million
people are infected with HCV.

HCV is usually transmitted through sexual intercourse,
intravenous drug use, blood transfusion, and surgical and dental
procedures (4). The most important characteristic of HCV infection
is that it can cause chronic HCV infection and become resistant
to antiviral drugs as a result of mutations in host cells (5).
Different HCV genotypes exist due to differences in nucleotide
sequences among regions of the HCV genome (6). The nucleotide
sequences of HCV genotypes differ by 30-35%, and there is at
least a 15% difference between the nucleotide sequences of the
subgroups of HCV genotypes (5,7). The main factors affecting
HCV genotype distribution are socioeconomic level, geographical
location, migration, and intravenous drug use.

The most common HCV genotype worldwide is genotype
1 with a rate of 46-49%, followed by genotype 3 at 22% (8,9).
When the distribution in the world is analyzed; genotype 1 is
more common in North and South America, genotype 2 in East
Asia, genotype 3 in Asia and Europe, genotype 4 in the Middle
East and North Africa, genotype 5 in South Africa, and genotype
6 in Southeast Asia (10). HCV genotyping helps in monitoring
prognosis, selecting appropriate antiviral drugs, monitoring side
effects, and deciding on the treatment duration (11).

The aim of this study was to determine the HCV genotypes
in our hospital, monitor their distribution over the years, and
contribute to the epidemiological data by revealing the relationship
between HCV genotypes and viral load.

Materials and Methods

Serum samples taken from 144 patients diagnosed with
chronic HCV infection between January 01, 2019 and December
31, 2023 were included in this study. HCV-RNA levels were
determined using a Bosphore quantification kit (Anatolia, Turkey)
via a Montania 4896 thermal cycler (Anatolia, Turkey). Results
are expressed as International units per milliliter (IU/mL). HCV
genotypes were detected on a Bio-Rad CFX96 PCR thermal cycler
(California, USA) using a Diagnotech HCV genotyping gPCR kit
(Diagnotech, Turkey) targeting the 5'NS5B region.

gostermektedir. Bu nedenle, bu konudaki molektler calismalar
uygun antiviral ilag tedavisi ve slresi icin 6Gnemlidir.

Anahtar Kelimeler: Kronik viral hepatit C, genotip, epidemiyoloji

This retrospective study was approved by the Ethics
Committee on Non-Medicine and Non-Medical Device Research
of Necmettin Erbakan University (decision number: 2024/4963,
date: 17.05.2024).

Statistical Analysis

The data obtained were analyzed using Statistical Package for
Social Sciences 21.0 package program. In descriptive analyses,
frequency data were presented as number (n) and percentage (%),
whereas numerical data were presented as median (minimum-
maximum). The conformity of numerical data to the normal
distribution was analyzed by visual (histogram) and analytical
methods (Kolmogorov-Smirnov test). For numerical variables that
were found not to conform to normal distribution, the Kruskal-
Wallis test was used to compare more than two independent
groups. Post-hoc Mann-Whitney U test and Bonferroni correction
were performed for pairwise comparisons between groups with
statistically significant differences. The chi-square (¥?) test and
Fisher's exact test were used to compare categorical variables
(statistical significance p<0.05).

Results

Of the patients whose results were included in the study,
66.7% were male and 95.8% were Turkish nationals. Of the
samples, 34.7% were obtained in 2019, 20.1% in 2021, 18.1%
in 2022, 16% in 2020, and 11.1% in 2023. The most frequently
detected genotypes were type 1b (34.7%), type 3 (32.6%) and
type 1 (15.3%) (Table 1).

The median age of the patients included in the study was
determined as 40.00 (29.00-71.00). The median viral load of the
patients was determined as 190000 (12500-1519366.50) (Table 2).

When the median ages of the patients were compared
according to the detected HCV genotypes, a statistically significant
difference was observed (p<0.001). In the post-hoc analyses, the
difference was attributed to the median age of patients infected
with type 3 being lower than that of patients infected with type 4
and type 1b (Table 3).

A statistically significant difference was observed when
comparing the median viral loads of patients according to the HCV
genotypes detected in patients (p=0.046).

In the post-hoc analyses, the difference was attributed to the
median viral loads of patients with type 1 being lower than those
of patients with type 1b and type 3 (Table 4).

There was a statistically significant difference between the
years in which the disease was detected according to HCV
genotypes (p<0.001). In post-hoc analyses, a lesser number of
cases were found in individuals with type 1 genotype in 2019,
whereas a greater number of cases were found in 2022 and 2023.
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Table 1. Distribution of gender, year, nationality, and genotype Table 4. Comparison of viral loads according to genotypes
n % ‘ n ‘ Median (Q1-Q3) p-value
Gender Genotype
Male 96 66.7 Type 1 22 | 22.000,00 (535,00-255.000,00)
Female 48 33.3 Typela |7 | 390.000,00 (11.085,00-1.800.000,00)
Year Type 1b | 50 | 426.204,00 (17.440,00-2.281.547,00)
2019 50 34.7 Type2 |7 | 480.000,00 (100.000,00-2.700.000,00)
2020 23 16.0 T 3 47 | 200.000 (21.000,00-1.882.634,00) ‘%
2021 29 20.1 YES 4 v
2022 26 18.1 Type 4 5 120.000,00 (7.725,00-7.733.381,50)
2023 19 n Mixed 16 | 65,000,00 (5.325,00-1.565.894,50)
Nationality infection
T”rki,Sh i 938 modes of transmission, and the absence of effective vaccines
Foreidy P 42 (12). Diagnosis of HCV infection is based on the detection of HCV-
Genotype specific antibodies using enzyme-linked immunosorbent assay
Type 1 22 15.3 (ELISA). If the ELISA result is positive; HCV viral core antigen or viral
Type 1a 7 4.9 genomic RNA (HCV-RNA) must be tested to confirm the diagnosis.
REZ ;b 30 227 In 80-90% of patients, anti-HCV antibodies become positive six
Type 3 47 3.2.6 to twelve weeks after exposure (13). The identification of HCV
Type 4 5 35 genotypes is important for adjusting the dosage of antiviral agents,
Type 1+ Type 1b 2 1.4 determining the duration of treatment, monitoring treatment
Type 1b + Type 3 1 0.7 response, and predicting patient prognosis (7,14). Various studies
Type 2 + Type 3 2 1.4 were conducted to investigate the frequency of HCV genotypes
Type 4 + Type 3 1 0.7 in our region and country (Table 6). It has been reported that the
majority of HCV infection in Turkey is caused by genotype 1, and
Table 2. Age and viral load its prevalence varies between 57.1% and 97.1% 15). The most
. Minimum- common subtype in Turkey is genotype 1b, with a prevalence of
Median (Q1-03) maximum 52.7%-97.4% (16,17).
Age 40.00 (29.00-71.00) 18.00-94.00 In our study, as in previous data, the most frequent genotype
Viral load | 190.000 (12.500-1.519.366,50) | 10,00-48.100.000,00 was genotype 1 at a rate of 54.9%, and the most common subtype
was genotype 1b at a rate of 34.7%. When the relationship
Table 3. Comparison of patient age according to genotype between age ?”d genotype was analyzed, the Iowgr age of
‘ n ‘ Median (Q1-Q3) p-value genptype 3 pan.e.nts Compareq with genotype jb pa‘ue'nts was
GonoliEl statistically S|gnln°|cantl. Accordlng to the data in the ||t§r§ture,
the ages of patients infected with genotype 1 were statistically
Type'l 22 | 30.50 (24.75-64.25) significantly higher compared with those infected with other
Type 1a i/ 41.00 (32.00-71.00) genotypes. (18,19). In various studies conducted in Turkey, no
Type 1b 50 | 67.50 (58.00-79.00) statistically significant relationship was found between HCV-RNA
Type 2 7 | 40.00(31.00-77.00) | <0.001 load and genotype (15,20).
Type 3 47 | 30.00 (27.00-36.00) In our study, the low viral loads of patients infected with
Type 4 57.00 (47.00-77.50) genotype 1 were statistically significant compared with those
Mixed infectici 59.00 (31.25-73.00) infected with genotypes 1b and 3. We believe that the coronavirus

In post-hoc analyses, the number of individuals infected with the
type 1 genotype was lower in 2019 but was higher in 2022 and
2023. A statistically significant difference was found between
the nationalities of the patients based on the HCV genotypes, a
statistically significant difference was found (p=0.034). In post-hoc
analyses, the rate of infection with genotype 4 was lower in Turkish
patients, whereas the rate was higher in foreign patients (Table 5).

Discussion

Hepatitis C infection is a significant public health issue due to
its high rate of chronicity, potential for severe liver diseases, various

disease 2019 pandemic may lead to variations in the viral
loads of infections caused by different HCV genotypes, and the
increase in strains that cannot be subtypes may also be related
to the pandemic. Different results have been reported in studies
investigating genotype distribution and gender association. VWhile
some studies have found that genotype 1b is more commonly
observed in women and genotype 3 in men, other studies
have established that there is no statistical significance between
genotype and gender (4,21,22). In a study examining the HCV
genotype distribution in Syria between 2004 and 2006, the most
frequently detected genotype was 4, with a rate of 59% (23). In
various studies conducted in Turkey, the frequency of genotype
4 has been reported as 0-11%. In these studies, it was stated
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Table 5. Comparison of gender, year, and nationality according to genotype

Type 1 Type 1a Type 1b Type 2 Type 3 Type 4 Mixed p-value

Gender
Male 17 (77.3%) 5 (71.4%) 25 (50.0%) 5 (71.4%) 37 (78.7%) 4 (80.0%) 3 (50.0%) 0.059
Female 5 (22.7%) 2 (28.6%) 25 (50.0%) 2 (21.3%) 10 (21.3%) 1(20.0%) 3 (50.0%) '
Year
2019 0 (0.0%) 1(14.3%) 25 (50.0%) 2 (28.6%) 17 (36.2%) 3 (60.0%) 2 (33.3%)
2020 0 (0.0%) 1(14.3%) 9 (18.0%) 1(14.3%) 10 (21.3%) 1(20.0%) 1(16.7%)
2021 2 (9.1%) 0 (0.0%) 9 (18.0%) 1(14.3%) 15 (31.9%) 1(20.0%) 1(16.7%) <0.001
2022 10 (45.5%) 3(6.0%) 3(6.0%) 3(42.9%) 5(10.6%) 0 (0.0%) 2 (33.3%)
2023 10 (45.5%) 2 (28.6%) 4 (8.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Nationality
Turkish 21 (95.5%) 7 (100.0%) 50 (100.0%) 7 (100.0%) 44 (93.6%) 3(60.0%) 6 (100.0%) 0.034
Foreign 1(4.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 3 (6.4%) 2 (40.0%) 0 (0.0%) '

that the frequency of genotype 4 was rapidly increasing in our Study Limitations

country because of migration as a result of the war in Syria and
that its surveillance was important because genotype 4 was more
resistant to treatment (23,24). In our study, we detected genotype
4 at a rate of 3.5%, similar to the literature data.

Treatment may fail in patients infected with mixed genotypes.
In various studies conducted in our country, the prevalence of
mixed genotype has been reported as 0-8.6% (7,25,26).

In our study, the mixed genotype rate was 4.2%, which was
in line with the literature. In a study conducted in our hospital in
2019, the most common genotype was genotype 1b at a rate of
58.9%, and it was observed that there was no change in the most
dominant genotype in our hospital (18).

The retrospective nature of our study is one of the limitations
due to the inability to identify risk factors and modes of transmission.

Conclusion

In conclusion, the detection of HCV genotypes is important
in determining appropriate antiviral therapy, its duration, and
monitoring prognosis. Because the genotype distribution in Turkey
varies by region, more molecular epidemiological studies on HCV
genotypes are required.

Table 6. Percentage of genotype distribution (%) in some studies conducted in Turkey within the last five years

Study Year ?enotype fl.-‘-:notype ?:notype genotype genotype fenotype ;‘-enotype genotype Mixed
Kuru et al. (23) 2020 | - 4.2 85.8 0.6 3 11 - - -
Sari et al. (26) 2020 | 12.3 12.5 53.7 5.3 11.8 3.6 0.4 - -
Agca et al. (27) 2021 | 5.8 6.1 72.8 2 9.2 25 0.1 - 1.5
Ozkaya et al. (28) 2021 | 3.4 3.7 82.8 1.8 6.7 0.9 - - 0.6
Alacam et al. (29) 2022 | 2.6 {1352 56.2 6.7 14 8.8 1.3 0.2 8.6
Arici et al. (30) 2022 | 7.5 10.6 59.3 2.6 15.3 2.1 - - 2.6
Bozlak et al. (11) 2023 | - 8.5 71 12 12 (3a) 6 - - -
Cint et al. (31) 2023 | 51.5 - - 1.3 21.4 20 4.6 - 1.23
Our Study 2024 | 15.3 4.9 34.7 4.9 32.6 315 - - 4.2
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ABSTRACT

Objectives: Direct-acting antivirals (DAA) improve clinical
outcomes in chronic hepatitis C (CHC). Data about the long-term
outcomes of patients with CHC treated with DAAs in Turkey. We
aimed to analyze the characteristics and outcomes of patients with
CHC who attended the 3-year follow-up visit after completing DAA
therapy and to present their implications for clinical management
and public health.

Materials and Methods: This single-center, single-arm,
retrospective study included adult CHC patients treated with DAA
+ ribavirin and attended the year 3 follow-up visit after completing
treatment. Data on patient characteristics, laboratory parameters,
recurrent/relapsing hepatitis C virus (HCV) infection, cirrhosis, and
hepatocellular carcinoma (HCC) were collected from the hospital
medical records and descriptively analyzed.

Results: Sixty-eight patients (565.9% women), including 15
patients (22.1%) of foreign origin, were included in the study.
Forty-six patients (67.6%) had a known route of HCV transmission,
and 27 (58.7%) were infected through blood transfusion and/or
surgical intervention. Most participants (57.4%) were infected
with HCV genotype (GT) 1b: all patients of European origin with
GT1b, two-thirds of Syrian participants with GT4, and half of Asians
with GT3. Three patients had cirrhosis (4.4%; all compensated)
at baseline. No patient developed relapse, reinfection, cirrhosis,
decompensation, or HCC.

Conclusion: Sustained virologic response, absence of new cases
of cirrhosis, decompensation, or HCC during follow-up support the

0z

Amag: Direkt etkili antiviraller (DAA), kronik hepatit C (KHC)
tedavi sonugclari iyilestirmistir. TUrkiye'de DAA'larla tedavi edilen
KHC hastalarinin uzun doénem takibine iliskin veriler sinirhdir.
DAA tedavisini tamamladiktan sonra 3. yil takibine gelen KHC
hastalarinin 6zelliklerini ve sonugclarini analiz etmeyi ve bunlarin
tedavi yonetimine ve halk sagligina etkilerini sunmayi amacladik.
Gerec ve Yontemler: Bu tek merkezli, tek kollu, retrospektif
calismaya DAA = ribavirin ile tedavi edilen ve tedavi tamamlandiktan
sonra 3. yil takibine gelen yetiskin KHC hastalari dahil edildi.
Hastalarin ozellikleri, laboratuvar parametreleri, niks veya yeni
gelisen hepatit C virlist (HCV) enfeksiyonu, siroz ve hepatoselller
karsinom (HCC) gelisimi verileri hastane tibbi kayitlarindan
toplanmis ve tanimlayici olarak analiz edilmistir.

Bulgular: Calismaya 15'i (%22,1) yabanci kokenli olmak Uzere
68 hasta (%55,9'u kadin) dahil edildi. Kirk alti hastada (%67,6)
HCV'nin bulasma yolu biliniyordu ve bunlarin 27'si (%58,7) kan
transflizyonu ve/veya cerrahi midahale yoluyla enfekte olmustu.
Katilimeilarin ¢ogu (%57,4) HCV genotip (GT) 1b ile enfekteydi:
Avrupa kokenli hastalarin tima GT 1b, Suriyeli katilimcilarin Ggcte
ikisi GT 4 ve Asyalilarin yarisi GT 3 ile enfekteydi. Baslangicta ¢
hastada siroz vardi (%4,4; hepsi kompanse sirozdu). Hicbir hastada
niks, yeniden enfeksiyon, siroz, dekompansasyon veya HCC
gelismedi.

Sonug: Kalici virolojik yanit, takip sirasinda yeni siroz,
dekompansasyon veya HCC vakalarinin gortlmemesi DAA'larin
uzun vadeli klinik etkinligini desteklemektedir. Hepatit C 6nleme
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long-term clinical effectiveness of DAAs. Hepatitis C Prevention
and Control strategies should include post-treatment follow-up of
patients at high risk of progression, HCC, recurrence, and relapse,
and individuals who could potentially spread the infection.
Keywords: Hepatitis C, hepatocellular carcinoma, cirrhosis, death,
sustained virologic response

Introduction

Chronic hepatitis C (CHC) affects millions of people worldwide
and predisposes individuals to clinical conditions with significant
morbidity and mortality, such as liver cirrhosis and hepatocellular
carcinoma (HCC) (1).

To eliminate hepatitis C as a public health threat by 2030, the
World Health Organization (WHQO) aims to reduce new hepatitis
C infections by 75% (from 20 to 5 per 100,000) and associated
deaths by 60% (from 5 to 2 per 100,000) between 2020 and 2030
(2). Given that there is not yet an effective hepatitis C virus (HCV)
vaccine and acute hepatitis C silently progresses to chronicity in
70% of cases, it is crucial to identify and effectively treat patients
with CHC to achieve these targets (1,2).

The introduction of direct-acting antivirals (DAAs) in the 2010s
marked a major milestone in the treatment of CHC (3). The oral
route of administration, short duration of treatment (8-12 weeks
in most cases), specific mechanisms of action targeting proteins
essential for HCV replication, availability of pangenotypic regimens,
achievement of better clinical outcomes with an acceptable
safety and tolerability profile are the key advantages of DAAs over
pegylated interferon-ribavirin therapy, which was the standard of
care for hepatitis C in the 2000s (3,4).

Sustained virological response (SVR) rates exceed 95% with
current DAA regimens and are above 85% even in challenging
clinical conditions such as decompensated cirrhosis and HCC
(5,6,7,8,9,10). The achievement of SVR is considered cure in
patients with non-cirrhosis (5,6) and independently predicts reduced
mortality, decompensation, HCC occurrence, and recurrence in
CHC (11).

The European Association for the Study of the Liver (EASL) and
the American Association for the Study of the Liver Diseases: The
Infectious Diseases Society of America recommends regular post-
treatment follow-up, even if SVR is achieved, for individuals with
liver cirrhosis or predisposition to liver disease (obesity, diabetes
mellitus and excessive alcohol intake) and those with ongoing risk
behaviors for HCV reinfection and transmission, such as people
who inject drugs (PWIDs) and men who have sex with men
(MSMs) (5,6).

To eliminate hepatitis C, the 5-year National Viral Hepatitis
Prevention and Control Program was created by the Turkish
Ministry of Health in 2018, and in the same year, a road map for
hepatitis C was developed in cooperation with the Viral Hepatitis
Society and the Turkish Association for the Study of the Liver
(12,13,14).

In Turkey, the first DAA therapy for CHC was approved in 2015,
and DAAs have been reimbursed by the Social Security Institution
since June 2016 (15). Real-life studies from Turkey have reported

ve kontrol stratejileri, ilerleme, HCC, niks ve yeniden enfeksiyon
riski ylUksek olan hastalarin ve enfeksiyonu yayma potansiyeli olan
kisilerin tedavi sonrasi takibini icermelidir.

Anahtar Kelimeler: Hepatit C, hepatoselller karsinom, siroz,
6lim, kalicr virolojik yanit

SVR12/24 rates of 85% to 100% with various DAA regimens in
CHC, but data on long-term follow-up are limited (16,17,18,19,20,
21,22,23,24,25).

This article presents a descriptive analysis of the characteristics
and clinical outcomes of patients with CHC who were followed-up
for 3 years after completing DAA therapy and their implications for
clinical management and public health.

Materials and Methods

This real-world study was based on a retrospective review
of hospital medical records of patients treated for chronic HCV
infection at the Infectious Diseases Clinic of the Haseki Training and
Research Hospital between June 1, 2016 and January 31, 2020.
The inclusion criteria were age 218 years, treatment with DAA +
ribavirin, adherence to the treatment regimen, and attendance at
the follow-up visit 3 years after the completion of DAA treatment.

Information on patients’ demographics [age, sex, body mass
index (BMI), country of origin], comorbidities (diabetes mellitus,
hypertension, heart disease, chronic renal failure, thyroid disease,
cirrhosis, and co-infection with [hepatitis B virus (HBV)/human
immunodeficiency virus (HIV)], HCV genotypes (GT), hepatitis
activity index (HAI), and fibrosis (F) score before DAA treatment
(if a liver biopsy was made), route of HCV transmission, and
DAA regimens were recorded. In addition, data on HCV-RNA,
blood counts [leukocytes, erythrocytes and platelets (PLT)],
coagulation, prothrombin time, international normalized ratio, and
blood biochemistry [urea, creatining, alanine aminotransferase,
aspartate aminotransferase, alkaline phosphatase, gamma-glutamy!
transferase, total protein, albumin, total bilirubin, alpha-fetoprotein
(AFP)] at the onset of DAA therapy and at post-treatment weeks 12
and years 3 were collected.

The study was approved by the Ethics Committee of Clinical
Research Ethics Committee of Haseki Training and Research
Hospital, University of Health Sciences Turkey (decision no: 105-
2021, date: 27.10.2021) and conducted in accordance with The
Declaration of Helsinki.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics
version 25 (SPSS Inc., Chicago, IL, USA). Continuous variables were
expressed as means and standard deviations, categorical variables
as numbers and percentages, and non-normally distributed variables
as median (minimum-maximum) values. The normality of the data
was checked using the Kolmogorov-Smirnov or Shapiro-Wilk
tests. The Friedman and Wilcoxon tests were used to compare
continuous variables. Results were assessed on a bilateral basis at
a 95% confidence level, with a significance level of <0.05.
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Results

At the time of analysis, 77 out of the 143 patients treated with
DAAs for CHC had at least 3 years since treatment completion. The
study included 68 (55.9% women) patients who attended year 3

Table 1. Patients’ characteristics

o/ )%
Characteristics (n=68) n (%)* or
mean = SD
Female 38 (55.9)
Sex
Male 30 (44.1)
Age, years 52+15
N Trkiye 53 (77.9)
Country of origin
Others** 15 (22.1)
26.9+5.1
BMI, kg/m?
Obese (>30 kg/m?) 20 (29.4)
Inactive carrier 2 (2.9)
HBV Chronic hepatitis 2(2.9)
Immune (natural infection) 11 (16.2)
Anti-HIV (+) 2(2.9)
1 54 (79.4)
Subtype 1a 12 (17.6)
Subtype 1b 39 (57.4)
HCV genotype Subtype not determined 3(4.4)
8 8(11.8)
4 5(7.4)
15) 1(1.5)
Cirrhosis Compensated (Child-Pugh A) 3(4.4)
43 (63.2)
Liver biopsy Hepatic activity index 6.2+2.2
Fibrosis score 1.7+£1.0
Transfusion 11 (16.2)
Surgery 8(11.8)
Surgery + transfusion 8(11.8)
IV drug use 6 (8.8)
Route of . -
transmission Other medical intervention 4 (5.9)
Intrafamilial 4 (5.9)
Dental procedure 3(4.4)
Sexual relation*** 2(2.9)
Not known 22 (32.4)
Hypertension 16 (23.5)
Diabetes mellitus 12 (17.6)
Comorbidities Renal disease**** 6 (8.8)
Cardiac disease 6 (8.8)
Thyroid disease 6 (8.8)

*presented as % in the total study population

**Syria (n=6), Turkmenistan (n=2), Afghanistan (n=1), Azerbaijan (n=1), China
(n=1), Uzbekistan (n=1), Ukraine (n=1), Moldova (n=1), Romania (n=1)
***includes 1 man having sex with men

****5 patients on hemodialysis

BMI: Body mass index, HBV: Hepatitis C virus, HBsAg: Hepatitis B surface
antigen, HCV: Hepatitis C virus, HIV: Human immunodeficiency virus, IV:
Intravenous, SD: Standard deviation

visits after the end of DAA therapy. The remaining nine patients
died: two due to a heart attack and the third due to postoperative
bleeding. The exact causes of death were not available for six
patients, but none of these patients had cirrhosis or HCC at the last
follow-up, and the deaths were not related to CHC complications.
Table 1 presents the key demographic and clinical characteristics of
the study population.

HCV GT1 was detected in 79.4% (n=54) of patients, the
majority of whom (n=39; accounting for 57.4% of the whole
study population) were infected with subtype 1b. The study
population included 15 foreign nationals (22.1%), six from Syria
and Asia, and three from Eastern Europe. Four out of six patients
from Syria (66.7%) were infected with GT4, and the other two
patients (33.3%) were infected with GT1a. Asian patients were
equally infected with GT1b and GT3. All patients from Europe were
infected with GT1b.

Two-thirds of the patients (67.6%; n=46) had a known route
of HCV transmission, and 27 (58.7%) were infected through
blood transfusion and/or surgical intervention. Seven foreign
nationals (46.7%) and two Turkish patients (3.8%) reported
HCV transmission through surgery or transfusion outside Turkey:
Ukraine (n=1), Bulgaria (n=1), Uzbekistan (n=1), Turkmenistan
(n=1), and Syria (n=5).

IV drug users (n=6) were equally infected with HCV GT1
and GT3. There were four patients (5.9%) co-infected with HBV
(inactive carrier/chronic), two of whom were already on treatment
at the time of onset of DAA therapy.

A liver biopsy was performed in 63.2% (n=43) of the study
participants before starting DAAs. The mean HAI and F score
in these patients were 6.2+2.2 and 1.7+1.0, respectively. Three
patients (4.4%) had cirrhosis (all Child-Pugh A); none of them
progressed during follow-up.

Overall, 39 patients (57.4%) had at least one comorbid
condition. Hypertension was the most common comorbidity
(23.5%; n=16) followed by diabetes mellitus (17.6%; n=12).

Table 2 summarizes the key treatment characteristics of
the study. Overall, 23.5% (n=16) of patients were treatment-
experienced, and relapse was the main reason for switching to
DAAs in these patients (93.8%; n=15). The antiviral regimen used
before DAAs in all patients except one was pegylated interferon
plus ribavirin. Paritaprevir/ritonavir/ombitasvir-dasabuvir was the
most frequently used (44.1%) DAA regimen.

The median serum viral load was 4500000 (31.880-41.100.000)
IU/mL at baseline, which was significantly reduced and became
undetectable at the first month of DAA treatment. All patients
achieved SVR12, and the response was maintained at post-DAA
year 3. The results of serial laboratory assessments at baseline and
post-treatment assessment time-points are shown in Table 3. Liver
function tests improved significantly compared with baseline at
both 12 weeks and 3 years after treatment. There were no clinically
significant changes in other laboratory parameters.

Discussion

In this retrospective study evaluating the clinical outcomes
of patients with CHC over a 3-year period after completing
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DAA therapy, virologic response was maintained in all patients,
regardless of GT and treatment regimen. No new cirrhosis cases
occurred during follow-up, and no patient developed relapse,
reinfection, decompensated cirrhosis, or HCC.

The long-term maintenance of a 100% virologic response
rate in the current study confirmed the suitability of SVR12 as

Table 2. Treatment characteristics
Characteristics (n=68) n (%)*
16 (23.5)
Prior treatment for HCV Peg - IFN + RBV 15 (22.1)
TVR + Peg - IFN + RBV | 1 (1.5)
Reason for switching to | Relapse 15 (93.8)
DAA Non-response 1(6.3)
PRoD 30 (44.1)
LDV/SOF 16 (23.5)
PRoD + RBV 9 (13.2)
| SOF + RBV 5 (7.4)
DAA regimen
GLE/PIB 3(4.4)
LDV/SOF + RBV 3 (4.4)
OMV/PTR/r + RBV 1(1.5)
SOF 1(1.5)
Duration of DAA therapy (weeks), mean = SD 13.4+4.9
*All patients were reported as n (%) unless otherwise specified
HCV: Hepatitis C virus, DAA: Direct acting antiviral, GLE: Glecaprevir, LDV:
Ledipasvir, OMV: Ombitasvir, PIB: Pibrentasvir, PRoD: Paritaprevir/ritonavir/
ombitasvir-dasabuvir, PTR: Paritaprevir, r: Ritonavir, RBV: Ribavirin, SD:
Standard deviation, SOF: Sofosbuvir, TVR: Telaprevir

a marker for predicting cure in CHC. Most studies have shown
that SVR12/24 rates are lower in patients with decompensated
cirrhosis or HCC (5,6,7,8,9,10). The achievement and maintenance
of virologic response in all patients in the current study may be
explained by the low proportion of patients with cirrhosis (4.4%; all
compensated) and the absence of patients with HCC in our patient
population. In a recent retrospective study in which all patients
without cirrhosis achieved SVR12, Ebik et al. (23) found a 94.1%
SVR rate in patients with cirrhosis, 53% of whom were classified
as Child-Pugh B and C. In contrast, there are real-life studies from
Turkey that reported that baseline cirrhotic status did not have a
significant impact on achieving SVR with DAA treatment despite
the inclusion of higher percentages of patients with cirrhosis
compared with our study (34% and 58%; 42% of whom were
decompensated in both studies) (18,19,20,21,22). Several factors,
including study population characteristics and treatment regimens,
are likely to play a role in the inconsistency of results on the
cirrhosis-SVR relationship in real-life studies.

Decompensation and HCC are important clinical outcomes
that determine prognosis in patients with CHC and cirrhosis. A
systematic review and meta-analysis of 39 studies evaluating
the impact of various DAA combinations on disease progression
revealed that the risks of decompensation, HCC occurrence,
and recurrence were significantly lower in patients with CHC
who achieved SVR than in those who did not (11). Furthermore,
estimates in another meta-analysis showed that despite
achieving SVR with IFN-free DAA regimens, the incidence of
HCC was approximately four-fold higher in patients with cirrhosis
than in those with F3 fibrosis (26). To date, few studies have
investigated the development of HCC in DAA users in Turkey

Table 3. Laboratory assessments throughout the observation period*

Laboratory Before starting DAA 12 week.s after 3 years a}fter
parameters therapy completing DAA | completing DAA p p1 p2 p3
therapy therapy
HCV-RNA (IU/mL) 450000 (31880-41100000) 0 0 <0.001 <0.001 1 <0.001
AST (U/L) 37 (11-190) 19 (7-194) 18 (9-102) <0.001 <0.001 0.002 <0.001
ALT (U/L) 37 (10-374) 14 (4-138) 14 (5-63) <0.001 <0.001 0.373 | <0.001
GGT (U/L) 35 (6-3023) 18 (7-1388) 19 (6-1021) <0.001 <0.001 0.127 <0.001
Total bilirubin (mg/dL) | 0.7 (0.2-1.8) 0.6 (0.2-1.6) 0.5 (0.2-1.9) <0.001 0.113 0.003 | <0.001
ALP (1U/L) 79 (44-286) 72 (45-157) 70 (32-238) 0.010 0.397 0.016 | 0.001
Albumin (g/dL) 4.2 (2.8-5.0) 4.2 (3.3- 4.8) 4.4 (3.3-5.1) <0.001 0.496 <0.001 | 0.004
AFP (ng/mL) 3.7 (1.1-24) 2.8 (1.1-9) 2.7 (0.9-7.8) <0.001 <0.001 0.004 | <0.001
Urea (mg/dL) 30 (10-171) 30 (11-210) 30 (9-195) 0.238 0.338 0.871 0.351
Creatinine (mg/dL) 0.6 (0.3-8.6) 0.6 (0.4-7.1) 0.7 (0.48-9.6) <0.001 0.911 <0.001 | 0.002
HCT (%) 41.0 (11.6-52.7) 40.8 (14.2-50.0) | 41.0 (27.0- 50.0) 0.169 0.117 0.730 | 0.128
WBC (x10%/mL) 6.96 (2.91-14.00) 6.78 (3.88-13.61) | 6.80 (1.30-13.50) <0.001 0.844 <0.001 | <0.001
PLT (x10%/mL) 226 (79-541) 246 (74- 483) 255 (88-1710) 0.087 0.135 0.708 | 0.013
PT (sec) 11.8 (10.5-46.7) 11.6 (9.8-17.1) 12 (8.5-33.4) 0.030 0.016 0.004 | 0.120
INR 0.9 (0.7-3.8) 0.9 (0.8-1.3) 1(0.7-2.8) <0.001 0.412 <0.001 | <0.001

*Values are presented as median (minimum-maximum)
p: Across the 3 time-points, p1: Before starting DAA therapy vs 12 weeks after completing DAA therapy, p2: 12 weeks after completing DAA therapy vs 3 years after
completing DAA therapy, p3: Before starting DAA therapy vs 3 years after completing DAA therapy
AFP: Alpha fetoprotein, ALP: Alkaline phosphatase, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, GGT: Gamma glutamyl transferase, HCT: Hematocrit,
HCV-RNA: Hepatitis C virus ribonucleic acid, INR: International normalized ratio, PLT: Platelet, PT: Prothrombin time, WBC: White blood cell
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(23,27). In a study evaluating the incidence of HCC in patients
who achieved SVR with DAAs, HCC occurred in 5.7% of
patients during a median follow-up of 29 months (6-66 months).
In that study, only Child-Pugh B and C patients developed HCC
(>six-fold more frequent in Child-Pugh C), and 40% of these
cases were recurrences (23). Similarly, HCC occurred in 5.6%
of patients during a median follow-up of 43+16.2 months (all
in patients with cirrhosis; information on decompensation not
reported) in a study investigating the biochemical determinants
of HCC development in CHC patients who achieved SVR24
with DAAs. The authors reported that serum AFP and albumin
levels before, at the end of, and 24 weeks after treatment, and
the PLT count at 24 weeks after treatment were predictors of
HCC development (27). The low percentage of patients with
cirrhosis compared with those studies (4.4% vs 47.6% and
33.5%) and the absence of patients classified as Child-Pugh B
or C may explain why we did not observe any HCC cases in our
study population. The mean fibrosis score of 43 patients (63.2%)
who underwent biopsy at baseline was 1.7+1.0. Since HCV-
RNA levels became undetectable after the first month of DAA
treatment and subsequent clinical, laboratory, and ultrasound
evaluations did not indicate progression, decompensation, or
HCC, no patient underwent liver biopsy during follow-up. Three
patients with compensated cirrhosis at baseline remained
clinically stable throughout the study period.

The findings on HCV GT distribution and transmission routes
in the present study are noteworthy as they may have implications
for the prevention and effective management of HCV infections in
Turkey. Consistent with global HCV data (28), the most common
HCV GT in our study population was GT1 (79.4%; 57.4% GT1b),
followed by GT3 (11.8%) and GT4 (7.4%). In a recent large-scale
study involving centers from different geographical regions of
Turkey, GT3 was the second most frequently encountered HCV
GT (3.6%) after GT1, while GT4 ranked fourth (1.3%) (29). GT3 is
the leading GT in South Asia and the second most common GT
in Central Asia, while GT4 is an “endemic” GT predominant in
Africa, accounting for 65% of HCV cases in North Africa and the
Middle East and 83% of those in Central Sub-Saharan Africa (28).
Consistent with our findings, realife studies in Turkey have shown
that GT3 and GT4 have become more prevalent in Turkey in recent
years (17,22,29,30,31,32,33). This can be explained, at least in
part, by increased migration to Turkey from countries where these
HCV subtypes are predominant (17,30,31), as shown by the latest
available national migration statistics (34). In the current study, both
GT3 (11.8%) and GT4 (7.4%) were more frequent than recently
reported data (29,30,31,32,33) except for a study from southern
Turkey, which reported a frequency of 28.6% for GT3 (17). Patients
of foreign nationality accounted for >20% of the study population
and were from Asia, the Middle East, and Central and Eastern
Europe. Syria was the most common foreign country (40%) and
two-thirds of Syrian patients were infected with GT4. Similarly,
in a recent large-scale study conducted in Southern Turkey, GT4
was the most common GT among Syrian refugees (48.8%), who
made up 7.8% of the study population (17). Some groups of foreign
origin, such as irregular migrants and asylum seekers, experience
problems in accessing treatment services. Hepatitis C poses a
significant threat to the prevention and control of infection (35).

In addition, there are barriers to treatment for those who have
acquired the infection in their home country. Overcoming these
problems is expected to contribute to reducing the prevalence of
hepatitis C in Turkey by improving treatment and follow-up rates.

PWIDs, a group with a high probability of being infected with
GT3 (17,36,37), accounted for 8.8% of our study population,
and half of them were infected with GT3. Consistent with our
findings, several studies reported GT3 as the most common GT
among PWIDs (17,36,37). Sangdl Yildinm et al. (36) reported that
GT3 was almost 9 times more prevalent in PWIDs than in non-
PWIDs. In another large-scale study conducted in Turkey, GT3
was detected in 61.5% of GT PWIDs (17). Consistently, GT3
was the most frequently detected GT among PWIDs receiving
substance abuse treatment in specialized centers in Turkey (37).
The clinical significance of GT3 is based on its association with
poorer prognosis due to high rates of hepatosteatosis, rapid
progression to cirrhosis, high rates of HCC (38), and increased risk
of treatment failure due to the inherent presence of resistance-
associated substitutions (RAS) to non-structural protein 5A (NS5A)
inhibitors (39). According to official data, injected drug use in Turkey
has increased in recent years (40). This may further increase the
prevalence of HCV GT3 infected people in the coming years.

The high-risk of re-infection in PWIDs and MSMs due to
ongoing high-risk behavior should also be considered in the follow-
up of patients who have cleared HCV. To reduce the risk of relapse,
recurrence, or transmission to healthy individuals, these individuals
should be carefully monitored even if SVR is achieved (5,6). In our
practice, we comprehensively inform PWIDs about harm reduction
and behavior change through constructive communication from the
start of treatment. After achieving SVR12, annual follow-ups with
HCV RNA testing are performed to ensure prompt and effective
management of the infection, if necessary, and to prevent further
spread of the virus.

Consistent with the findings of a national study investigating
the risk factors for HCV transmission (30), we observed that
surgical and other medical interventions, including blood
transfusions and dental procedures, were the main routes of
HCV transmission. Many patients in the present study had a
history of potential exposure to the virus before 1996 when
HCV screening became mandatory prior to blood donation and
medical/surgical interventions in Turkey. In addition, two-thirds of
the migrant patients reported HCV transmission through surgery
and/or blood transfusion before migrating to Turkey. These findings
emphasize the importance of taking measures to eliminate the
risks associated with unsafe medical practices. This is of particular
concern for patients with limited or no health insurance. It is of
great importance for individuals and public health to identify these
vulnerable individuals and ensure that they are appropriately treated
and followed up.

In this study, 24 patients (35.3%) had at least one condition
requiring post-treatment surveillance according to the EASL
guideline recommendations. The two most common conditions
were obesity and diabetes mellitus. In recent real-life studies in
Turkey, diabetes was reported in 19-40% of HCV-infected patients
(19,27). Referral of patients to relevant healthcare professionals
for effective diabetes management, including diet and exercise
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recommendations, is important and should not be ignored during
and after antiviral therapy to prevent future liver damage.

Study Limitations

The major limitations of this study are the small sample size
and retrospective design. The study population characteristics
did not allow a comparison between patients with and without
cirrhosis. Furthermore, the study was conducted at a single center,
which may have affected the generalizability of the findings.
However, our findings are valuable because, to our knowledge, this
is the first study in Turkey to report long-term follow-up outcomes
in patients who completed DAA therapy for CHC.

Conclusion

This study, examining the 3-year follow-up results after the end
of antiviral therapy, demonstrated the long-term benefit of DAA
therapy in terms of maintaining virological response and preventing
adverse outcomes in CHC. The follow-up strategy should consider
the sociodemographic and clinical characteristics of patients. To
achieve the WHQ's target of eliminating HCV as a public health
priority by 2030, it would be useful to expand the scope of the
National Viral Hepatitis Prevention and Control Program and the
HCV roadmap to include post-treatment follow-up of patients at risk
of progressive liver damage, HCC, relapse, and recurrent infection.
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