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Direct-acting Antiviral Therapy for Mixed Genotype Chronic
Hepatitis C Infection

Miks Genotip ile Enfekte Kronik Hepatit C Hastalarinda Direkt Etkili Antiviral Tedavi
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ABSTRACT

Objectives: Literature data concerning the outcomes of direct acting
antiviral (DAA) therapy in mixed genotype hepatitis C virus (HCV)
infections are very limited, and the incidence of mixed HCV infection
in Turkey is unknown. The aim of this study was to investigate the
prevalence of mixed genotype chronic HCV infection, risk factors
related to mode of transmission and outcomes of DAA therapy in
these patients.

Materials and Methods: Patients with two different HCV
genotypes identified in the same blood sample during a 20-month
period were analyzed retrospectively in terms of treatment received,
adherence and response to treatment and risk factors related to
mode of transmission.

Results: During the study period, mix genotypes were detected in
21 (4.2%) out of 495 patients with chronic HCV infection. Fifteen
patients (71%) had a history of intravenous drug use. Eleven
patients who received DAA treatment was HCV-RNA negative at
the end of treatment.

Conclusion: According to our findings, infection with different HCV
genotypes is possible in patients with repeated HCV exposure,
such as intravenous drug users, but mixed HCV infection can be
successfully treated with DAA therapy. In addition, our study may
be noteworthy for also including mixed genotypes in the HCV
epidemiological shift in our region.
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Amag: Miks genotip hepatit C virus (HCV) enfeksiyonlarinin direkt
etkili antiviral (DEA) ilaclar ile tedavi sonuglarina iliskin cok az literattr
verisi bulunmaktadir. Tlrkiye'de miks HCV enfeksiyonu gorlilime
sikligr bilinmemektedir. Bu galismada, miks genotip ile enfekte kronik
hepatit C hasta prevalansinin, bu hastalardaki bulas yoluna iliskin
risk faktorlerinin ve DEA ilaclar ile tedavi sonuglarinin incelenmesi
amacladi.

Gerec ve Yontemler: Yirmi aylik calisma periyodunda, ayni kan
orneginde iki farkll HCV genotipi saptanan hastalar, aldiklari tedavi
protokolleri, tedaviye uyumlari ve tedaviye yanitlari, bulas yoluna
iliskin risk faktorleri acilarindan retrospektif olarak incelendi.
Bulgular: Calisma periyodu icinde genotip tayini yapilan 495
hastadan 21'i (%4,2) iki farkl HCV genotipi ile enfekteydi. Bu
hastalarin 15'inde (%71) damar ici madde kullanimi dykisU vardi.
DEA tedavi alan 11 hastada tedavi sonu HCV-RNA negatif bulundu.
Sonug: Bulgularimiza gére, damar ici madde kullanimi gibi HCV'ye
tekrarlayan maruziyet durumlarinda iki farkli HCV genotipi ile
enfeksiyon olasidi, miks HCV enfeksiyonu DEA ile basarili bir
sekilde tedavi edilebilir Ayrica calismamiz, bolgemizdeki HCV
epidemiyolojisindeki degisime miks genotiplerin de dahil edilmesi
acisindan dikkat gekici olabilir.

Anahtar Kelimeler: Hepatitis C virus, HCV genotip, miks genotip,
direkt etkili antiviraller, damar ici madde kullanimi
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Introduction

Chronic hepatitis C virus (HCV) infection is a major cause
of chronic liver disease. An estimated 71 million people are
infected with HCV worldwide (1). In Turkey, the seroprevalence
of HCV infection is reported to be 1% (2). Seven genotypes and
67 subgenotypes of HCV have been described to date (3). The
distributions of HCV genotypes and subgenotypes vary according
to geographical location and mode of transmission. Genotypes
1, 2, and 3 are common globally, while genotypes 4, 5, and 6 are
seen in certain geographical locations (4). Genotype 1b is the most
common, both globally and in Turkey (4,5).

Because sufficient protective immunity does not develop
following primary infection, reinfection is possible upon repeated
exposure to HCV after the infection is eliminated either
spontaneously or with treatment. Similarly, an individual may be
infected with more than one genotype as a result of repeated
exposure to HCV. Mixed HCV infection is used to describe patients
infected with two or more different HCV genotypes simultaneously
(6). Risk groups for repeated exposure to HCV and mixed HCV
infection include intravenous drug users (IVDUs), hemodialysis
patients, and patients needing frequent transfusion of blood and
blood products, such as those with hemophilia (6,7).

With the direct-acting antiviral (DAA) drugs currently used in the
treatment of chronic HCV infection, genotyping remains critical for
selecting an appropriate treatment protocol and duration, as it was
for earlier interferon-based therapies.

Data concerning the outcomes of DAA therapy in mixed HCV
infections are very limited (8,9). In this study, we investigated the
prevalence of mixed genotype chronic HCV infection, risk factors
related to mode of transmission, and outcomes of DAA therapy in
these patients.

Materials and Methods

Over a 20-month period from June 2016 and February 2018,
HCV genotype analysis was performed for 495 patients diagnosed
with chronic hepatitis C infection. Genotyping was done using the
HCV Genotype Plus Real-TM kit (Sacace Biotechnologies Caserta,
[taly) in the first 14 months and Abbott RealTime HCV genotip 2
kit (USA) in the last 6 months. Patients with two different HCV
genotypes identified in the same blood sample were analyzed
retrospectively in terms of treatment received, adherence and
response to treatment, and risk factors related to mode of
transmission. The study was approved by the Ethics Committee of
Adana City Training and Research Hospital (approval number: 276,
date: 08.29.2018).

Statistical Analysis

Statistical analyses were done using SPSS version 20.0 (SPSS
Inc., Chicago, IL, USA). Descriptive statistical methods were used.
Findings were expressed in percent, mean, and standard deviation
as appropriate.

Table 1. Treatment protocols and outcomes of the patients

Patient No Age (Year) Gender (M/F) Genotype HCV-RNA (IU/mL) Fibrosis Treatment SVR IVDU"
1 79 F 1b+3 79448 6 S/L 24w Negative No
2 22 M 1a+3 341415 2 S-R 24w Negative Yes
3 39 M 1b+4 2118231 2 PROD-R 12w Negative No
4 24 M 1b+4 460617 2 PROD-R 12w Negative Yes
5 28 M 2+3 130461 2 S-R 24w Negative Yes
6 22 M 1b+4 69329 NA# NA NA Yes
7 46 M 1b+4 14008882 NA NA NA No
8 25 M 1b+4 11114825 1 NA NA Yes
9 22 M 1b+4 10896696 2 NA NA No
10 31 M Ta+3 18662 NA NA NA Yes
1 49 M 3+4 2828190 1 S/L-R 12w Negative No
12 26 M Ta+2b 741039 2 S/L-R 12w Negative Yes
13 26 M 2+3 25584 NA NA NA Yes
14 32 F 2+4 93060 1 S/L-R 12w Negative No
15 25 E 3+4 1011756 2 NA NA Yes
16 29 M 1b+3 568124 NA NA NA Yes
17 27 M 2+3 152231 3 S-R 24w Negative Yes
18 26 M 2+3 816 1 NA NA Yes
19 28 M 2+3 8119 1 S-R 24w Negative Yes
20 28 M 1b+4 536827 2 PROD-R 12w Negative Yes
21 31 M 2+3 3928824 2 NA NA Yes
HCV: hepatitis C virls, SVR*: Sustained virological response, IVDU*: Intravenous drug user, NA*: Not-available (Lost to follow- up), S-R: Sofosbuvir + Ribavirin, S/L:
Sofosbuvir-Ledipasvir, S/L-R: Sofosbuvir-Ledipasvir + Ribavirin, PROD-R: Ombitasvir/Paritaprevir/Ritonavir + Dasabuvir + Ribavirin, M: Male, F: Female
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Results

Of the 495 patients that underwent genotyping during the
study period, 21 (4.2%) were infected with two different HCV
genotypes. Eighteen (85%) of those patients were males and
the mean was 31.7+£12.71 (22-79) years. Transmission-related
risk factors included VDU in 15 (71%) patients, posttraumatic
multiple blood transfusions in 1 patient, and 2 of the patients were
immigrants from Syria. Genotype 1b-4 (7 patients) and genotype
2-3 (6 patients) were the most frequent genotype combinations.
Of the 21 patients with mixed HCV infection, 10 were not under
follow-up and had not received treatment. Eleven patients who
received DAAs completed treatment and tested negative for HCV-
RNA at post-treatment. Following treatment, 6 patients attended
follow-up for varying periods (2-9 month). The HCV-RNA values
of these patients remained negative during follow-up. Treatment
protocols and outcomes of the patients are given in Table 1.

Discussion

The prevalence of mixed HCV infection varies with the patient
population and the sensitivity of the method used for genotyping.
In studies conducted in the general patient population in various
countries, the prevalence of mixed HCV infection ranges between
2.2%-7.3% (9-12). In a study in England on groups at risk of
repeated exposure to HCV, 9% of hemophilia patients were found
to have mixed HCV infection, while the ratio increased to 19%
among IVDUs (7). No data are available in Turkey regarding the
prevalence of mixed HCV infection in the general population or
in specific patient groups. In our study, the ratio of mixed HCV
infection was 4.2%. The fact that 71% of these patients had a
history of VDU may be a notable finding regarding the mode of
transmission of mixed HCV infection in our region. It has been
reported that using more sensitive genotyping methods can
reveal higher rates (14-39%) of mixed HCV infection in IVDUs
(6). Mixed HCV infection may develop as a result of coinfection
(infection with two different genotypes of HCV at the same time) or
superinfection (a different genotype of HCV is added to an existing
HCV infection) (13,14).

Although sequence analysis is considered the gold standard
in HCV genotyping, it is difficult and costly. Therefore, routine
diagnostic laboratories utilize the line probe assay method,
developed as a commercial kit based on reverse hybridization, or
real-time PCR-based methods using genotype-specific primers.
Some of these target only the 5'UTR region, while others target
the 5'UTR region as well as core or NS5B regions. Targeting
multiple regions is reported to increase the sensitivity of accurate
genotype and subgenotype identification (15). In our study, we
used commercial sets based on one-step, real-time PCR with
primers targeting 5'UTR in the first 14 months and 5'UTR and
NSBB in the last 6 months.

In many studies on mixed HCV infection, standard commercial
genotyping tests are accompanied by sequence analysis. It was
emphasized in these studies that standard genotyping methods
may effectively identify the dominant genotype, but may not
be able to detect minor genotypes that account for less than
20% of the viral population, thus underestimating the actual

prevalence of mixed HCV infection. Furthermore, after treatment
has successfully eliminated the dominant genotype, it may be
superseded by the minor genotype, which may be misinterpreted
as relapse/reinfection. Therefore, it is strongly recommended to
repeat genotyping in cases of failed treatment (6,10,12).

There are very limited data on the outcomes of DAA therapy
in mixed HCV infection (8,9). In a study conducted in Spain,
failed DAA therapy was reported in 2 of 6 patients with mixed
HCV genotypes (9). In our study, post-treatment HCV-RNA was
negative in 11 patients treated with DAA for mixed HCV infection.
Of these patients, those still under follow-up were found to have
sustained HCV-RNA negativity. Having only recently been licensed,
pangenotypic DAA drugs were not covered by medical insurance in
Turkey in the time period that we did our study. Treatment protocols
for our patients are determined according to the European
Association for the Study of the Liver 2016 guidelines and the
conditions of reimbursement in our country (16).

Epidemiological studies on HCV infection have demonstrated
changes in both patient demographic profile and genotypic
distribution in the last 20 years, with genotype 1 gradually being
replaced by genotype 3 with the increased use of safe blood and
blood products. This shift has been mainly attributed to VDU
becoming a significant mode of transmission (4,17). As in the rest
of the world, previous studies have reported similar changes in
HCV genotype distribution in Turkey, and it was also suggested that
VDU may be a factor in this shift (18,19).

On the other hand, in 2016 the World Health Organization called
for the eradication of HCV (20). HCV eradication seems to be an
attainable goal, given that DAA drugs are already in use. However,
IVDUs, who constitute a reservoir for HCV, are considered one of
the main barriers facing eradication programs (17,21). It has been
shown in modeling studies that DAA drugs in this patient group
can go beyond treating the infected person and break the chain of
transmission at the community level, thus minimizing new cases;
this phenomenon has been termed “treatment as prevention”.

Although DAA drugs are available and covered by insurance in
Turkey, all of the patients in our study with mixed HVC infection
who quit follow-up and remained untreated had a history of
IVDU, which indicates their unwillingness to receive treatment.
These untreated patients can potentially act as a mixed genotype
reservoir in the chain of infection. To the best of our knowledge,
this is the first study on mixed HCV infection in Turkey, and we
believe it contributes to the limited literature data concerning the
outcomes of DAA therapy in mixed HCV infection.

Study Limitations

Limitations of this study are that not all patients with mixed
HCV infection received treatment and long-term follow-up results
were not available for all of the treated patients. Also we conducted
a retrospective study of the records.

Conclusion

Our findings indicate that although mixed HCV infection can be
successfully treated with DAAs, making these drugs available is not
enough to prevent HVC infection. Public health policies should be
developed to motivate at-risk groups to receive treatment.
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