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Abstract
Background. The development of direct acting antivirals (DAAs) has spurred a revolution in treatment of patients 
with chronic hepatitis C. However, there are cases showing no response to treatment. In 5% of cases, the viral 
breakthrough is most likely caused by DAA resistance mutations in the hepatitis C virus genome.
The purpose of the study is to detect drug resistance mutations of hepatitis C virus in patients with DAA treatment 
failure.  
Materials and methods. The study was performed on plasma samples from 3 patients diagnosed with chronic 
hepatitis C virus infection and demonstrating DAA virological treatment failure. All isolates had genotype 1b. Drug 
resistance mutations were detected by using direct sequencing of NS3, NS5A, and NS5B genome regions. The 
detection technique was developed at the Pasteur Research Institute of Epidemiology and Microbiology. 
Results. Drug resistance mutations were detected in all cases. By using the Geno2pheno [hcv] 0.92 tool, 
nucleotide substitutions were detected in different viral genome regions and presumably caused resistance or 
decreased sensitivity to antivirals both present and absent in the sofosbuvir + daclatasvir combination therapy. 
Antiviral treatment failure in patients with chronic hepatitis C is caused by drug resistance mutations. 
Conclusions. The developed technique is efficient for detection of drug resistance mutations in NS3, NS5A, and 
NS5B regions in cases of virological failure of DAA treatment.
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Introduction
The hepatitis C virus (HCV) is a leading cause of 

chronic liver disease1. Acute hepatitis develops approxi-
mately in 20% of cases after initial infection with HCV; 
around 15–45% of patients spontaneously clear the virus 
within 6 months of infection without treatment [1]. 

Absence of treatment and progression of the 
chronic process lead to replacement of the healthy liver 
tissue with fibrous tissue, to distortion of the parenchy-
ma architecture, and, eventually, to liver fibrosis and 
cirrhosis in 25–30 years. Once the disease has pro-
gressed to the state of cirrhosis, the risk of developing 
hepatocellular carcinoma over a year is 1–5% [2].

 Historically, combination therapy with pegylated 
interferon (weekly subcutaneous injections) and ribavi-
rin (daily orally) during 24-48 weeks was the standard 
treatment of chronic hepatitis C (CHC). This treatment 
produced a sustained virological response (SVR) — 
a PCR undetectable viral load during the treatment, 
12 weeks (SVR12) and 24 weeks (SVR24) after the 
treatment — in more than 50% of patients with HCV 
genotype 1 after the 12-month treatment and in more 
than 80% of patients with HCV genotypes 2 and 3 after 
the 6-month treatment [3]. 

1  WHO. Hepatitis C. Key facts. Available at: http://www.who.int/
news-room/fact-sheets/detail/hepatitis-c
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Аннотация
Актуальность. Появление препаратов прямого противовирусного действия (ПППД) стало большим до-
стижением в лечении пациентов с хроническим гепатитом С. Однако выявляются случаи отсутствия отве-
та на лечение. В 5% случаев наиболее вероятной причиной вирусологического прорыва являются мута-
ции устойчивости к ПППД в геноме вируса гепатита С.
Цель работы — выявить мутации лекарственной устойчивости вируса гепатита С у пациентов с неэффек-
тивной терапией ПППД. 
Материалы и методы. Материалом исследования служили образцы плазмы крови 3 пациентов с под-
твержденным диагнозом хронического гепатита С с вирусологической неэффективностью терапии ПППД. 
Генотип всех изолятов — 1b. Применяли метод определения мутаций лекарственной устойчивости на 
основе прямого секвенирования генов NS3, NS5A, NS5B, разработанный в НИИЭМ им. Пастера. 
Результаты. Мутации лекарственной устойчивости были выявлены во всех случаях. Согласно базе дан-
ных Geno2pheno [hcv] 0.92, нуклеотидные замены были определены в разных генах вируса и, предпо-
ложительно, обусловливали устойчивость или снижение чувствительности в отношении препаратов, как 
входящих в состав комбинированной терапии софосбувир + даклатасвир, так и отсутствующих в ней. 
Неэффективность терапии противовирусными препаратами у пациентов с хроническим гепатитом С обус­
ловлена мутациями лекарственной устойчивости. 
Выводы. Разработанный метод позволяет выявлять мутации лекарственной устойчивости в генах NS3, 
NS5A, NS5B при вирусологической неэффективности терапии ПППД.

Ключевые слова: вирус гепатита С, мутации лекарственной устойчивости, препараты прямого про-
тивовирусного действия 
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The successful treatment strategy resulting in 
complete eradication of the virus can be limited both 
due to the presence of the therapeutically challenging 
HCV genotype and due to other factors. Such com-
mon side effects as flu-like, asthenic vegetative, and 
neurological syndromes, weight loss, leukopenia, 
and thrombocytopenia can lead to dosage reduction, 
speci fic medication therapy, and even to premature 
treatment termination. Higher treatment rates have 
been demonstrated by young people, female patients, 
Caucasians, and patients with a low HCV viral load 
in blood plasma and low levels of preexisting fibro-
sis [4]. Patients with clinically apparent liver cirrhosis 
demonstrated a successful response to interferon and 
ribavirin treatment in 21.5% of all cases and in 11.3% 
of cases with HCV genotype 1, thus proving low ef-
ficiency of treatment for the above cohort of patients 
[5]. Non-responding patients were recommended to 
switch to long-term interferon monotherapy, which 
decreased serum aminotransferase levels, though it 
did not eradicate the virus [6].

The advent of direct acting antivirals (DAAs) has 
revolutionized treatment of CHC patients. Interferon- 
free therapy has significantly increased SVR rates 
(over 90%), reduced the treatment duration (to 12 
weeks), reduced the number of side effects (headaches 
and fatigue were most common among them), and per-
mitted more convenient dosage regimens (once daily  
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orally)2. Novel antivirals have demonstrated their effi-
ciency in treatment of patients with liver cirrhosis and 
other complications, resulting in high SVR rates, which 
were difficult to achieve with the previous regimens [7].

 The HCV genome encodes 4 structural proteins 
(core, E1, E2, P7) and 6 non-structural proteins (NS2, 
NS3, NS4A, NS4B, NS5A, NS5B) [8, 9]. Unlike inter-
feron agents indirectly affecting replication and devel-
opment of viral particles, DAAs directly target the virus 
and disrupt its life cycle.

Currently, there are 4 groups of antivirals targeting 
3 viral non-structural proteins: NS3 protease inhibitors, 
NS5A replication complex inhibitors, NS5B RNA-poly-
merase nucleotide and non-nucleotide inhibitors [10]. In 
2011, telaprevir and boceprevir, NS3 protease inhibitors, 
became the first approved DAAs [11]. Triple therapy 
with pegylated interferon, ribavirin and NS3 protease in-
hibitor improved treatment efficiency by 25% when ad-
ministered to treatment-naïve patients with HCV geno-
type 1. At the same time, patients with liver cirrhosis and 
non-responders showed rather low SVR rates [12].

In Russia, therapeutic agents from all four groups 
of inhibitors are used in clinical practice. A combina-
tion of antivirals is the main strategy in treatment of 
CHC patients [13]. 

Pangenotypic sofosbuvir-based regimens are cur-
rently representing the main treatment options [14]. 
These regimens are most efficient for patients with 
HCV genotypes 1, 2 and 3, which are most typical of 
Russia3. In the meantime, some of the patients (around 
5%) do not respond antiviral therapy. Failures can be 
associated with the phenomenon of virus resistance 
to antivirals [15]. According to some sources, 83% of 
treatment failure cases were characterized by a single or 
multiple resistance mutations found in genomic regions 
encoding DAA targeted proteins [16, 17].

The virus resistance is associated with nucleotide 
substitutions occurring randomly in HCV NS3, NS5A, 
NS5B regions during each replication cycle. Some sub-
stitutions prevent antiviral molecules from binding to 
their protein targets, thus making the virus resistant to 

2 State Register of Medicines. Full prescribing information for sime-
previr. Available at: http://grls.rosminzdrav.ru/Grls_View_v2.as-
px?routingGuid=17e9ef63-ea93-4c5a-8cc3-0e83bead0b61&t; 
State Register of Medicines. Full prescribing information for narl-
aprevir. Available at: http://grls.rosminzdrav.ru/Grls_View_v2.as-
px?routingGuid=f60ec227-9db2-4c73-9b6a-fd1694cf11d6&t; 
State Register of Medicines. Full prescribing information for 
daclatasvir. Available at: http://grls.rosminzdrav.ru/Grls_View_
v2.aspx?routingGuid=de1dd06c-e526-4e30-b8d8-794c2ade02f9
&t; State Register of Medicines. Full prescribing information for 
sofosbuvir. Available at: http://grls.rosminzdrav.ru/Grls_View_
v2.aspx?routingGuid=354729ed-4d65-4c32-9af1-4799a7104d-
2c&t

3 WHO. Guidelines for the care and treatment of persons diag-
nosed with chronic hepatitis C virus infection 2018. Key facts. 
Available at: https://www.who.int/hepatitis/publications/hepati-
tis-c-guidelines-2018/

the antiviral agent. Such substitutions are known as re-
sistance-associated substitutions. Most of such mutations 
in the genome interfere with the ability of the wild-type 
virus to survive and reproduce under normal conditions; 
however, in DAA therapy, mutant strains have an ad-
vantage over the wild-type virus [18]. Detection of such 
mutations in patients who failed the treatment and in 
treatment-naïve patients is of critical importance.

 At the moment, Russia and European countries 
do not have any routine test to detect DAA resistance 
mutations in HCV. Nevertheless, it is being developed 
in many countries, including Russia [19]. According to 
the EASL Recommendations for Treatment of Hepati-
tis C (2018), physicians who have easy access to reli-
able resistance tests can use these results to guide their 
decisions and select the further treatment strategies 
both for initial treatment and after relapse [15]. 

The purpose of the study is to detect drug resis-
tance mutations in HCV patients who failed DAA treat-
ment. 

Materials and methods 
The study was performed on plasma samples from 

3 CHC patients who failed to respond the combination 
treatment with sofosbuvir + daclatasvir. The samples 
were provided by the Clinic of Infectious Diseases at 
the Kirov Military Medical Academy (St. Petersburg, 
Russia) and the hospital of the Krasnoyarsk Scientific 
Center of the Siberian Branch of the Russian Academy 
of Sciences in 2018. All the patients demonstrated viro-
logical treatment failure. 

This study was performed at the HIV Infection Im-
munology and Virology Laboratory of the Pasteur Re-
search Institute of Epidemiology and Microbiology in 
2018–2019. The study was approved by the local  ethics 
committee. All the patients gave written informed con-
sent to participate in the study. 

Biochemical values, METAVIR-scored fibrosis 
stage, viral loads and virus genotyping were assessed 
for all the patients. The data are shown in the Table. 

Following the EASL Recommendations, all the 
patients were administered combination treatment with 
sofosbuvir, 400 mg + daclatasvir, 60 mg, 1 tablet taken 
once a day after a meal [15]. 

The treatment efficiency as well as SVR12 and 
SVR24 rates were assessed by measuring the viral load 
12 and 24 weeks after the beginning of treatment. High-
ly sensitive tests did not detect any viral load in patient 
1 during the screening performed 12 weeks after the 
start of antiviral therapy. The screening after 24 weeks 
showed a viral load of 1.1 × 106 copies/mL. During 
the screening performed 12 weeks after the beginning 
of treatment of patients 2 and 3, the viral load was  
3.2 × 105 and 4.2 × 105 copies/mL, respectively.

The first analytical stage included assessment of 
the viral load and identification of the virus genotype 
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by using AmpliSens HCV-monitor-FL and AmpliSens 
HCV-genotype-FL reagent kits, respectively. The RNA 
was isolated from blood plasma by using the RIBO-prep 
kit for extraction of RNA/DNA from clinical materials 
(Central Research Institute of Epidemiology, Moscow).

The next stage included a reverse transcription 
reaction with the REVERTA-L reagent kit for cDNA 
synthesis from an RNA template (Central Research In-
stitute of Epidemiology, Moscow).

Genotype-specific primers were used to obtain se-
quences of three viral regions with resistance-associa-
ted mutations: NS3, NS5A, and NS5B. The amplification 
products were purified and analyzed for the fragment 
size and concentration. The ABI Prism 3500 genetic 
analyzer (Applied Biosystems) was used to identify 
nucleotide sequences. The primary analysis of the ob-
tained consensus nucleotide sequences was completed 
by using the NCBI BLAST program against the nucle-
otide sequences available in the international GenBank 
database. The fragments of NS3, NS5A, NS5B regions 
were assessed for presence of nucleotide substitutions 
causing drug resistance mutations; the assessment was 
performed with the Geno2pheno [resistance] 3.4 inter-
pretation system4.

Results
By using direct sequencing, we obtained satisfac-

tory 800, 750 and 600 bp nucleotide sequences of target 
NS3, NS5A, NS5B genes for all 3 samples.

Phylogenetic relationships between the studied 
samples collected from CHC patients in Russia and the 
reference sequences from the international GenBank 
database are shown in the Figure. For the purpose of 
comparison, we used HCV nucleotide sequences of 
genotypes 1a, 1b, and 3a.

4 Geno2pheno [hcv] 0.92.  
Available at: https://hcv.geno2pheno.org/index.php

The dendogram analysis suggests that sequences 
of HCV NS5B gene of three genotypes cluster separate-
ly from each other. All three samples with virological 
failure are distributed on the neighboring tree branches 
belonging to HCV nucleotide sequences of genotype 
1b, thus correlating with the genotypes previously iden-
tified with the help of the commercial test system. 

The analysis of drug resistance mutations in all 
the patients showed the following drug resistance mu-
tations:

• patient 1: the Y93H mutation in the NS5A region; 
the mutation caused virus resistance to daclatasvir 
included in the regimen and to elbasvir, ledipasvir, 
ombitasvir, velpatasvir not included in the regimen; 

• patient 2: the L31V mutation in the NS5A region 
resulted in decreased sensitivity to daclatasvir and 
ombitasvir; 

• patient 3: similar to patient 2, the L31V nucleotide 
substitution was detected in the NS5A region. In 
addition, L159F and Y56F mutations were detect-
ed in the NS5B and NS3 regions, respectively. The 
L159F nucleotide substitution causes a decrease 
in sensitivity to sofosbuvir. The Y56F nucleotide 
substitution in the NS3 region causes a decrease in 
sensitivity to grazoprevir. 
All the patients were administered combination 

treatment with glecaprevir (the NS3 inhibitor) + pibren-
tasvir (the NS5A inhibitor), as no resistance mutations 
to them were detected. Patients 2 and 3 reached SVR12 
and SVR24 by following the regimen. Patient 1 decided 
not to follow the recommendations and discontinue the 
treatment.

Discussion
Treatment of CHC with pegylated interferon and 

ribavirin is not a totally efficient method for eradication 
of the virus and it may cause a number of problems. 
The solution to some of them was found with the ad-

Patients data

Data Patient 1 Patient 2 Patient 3

Age, years 43 55 55

Sex Male Male Male

ALT, U/liter 190 66 131,1 

Total bilirubin, µmol/liter 29,5 5,9 7,7

Fibrosis stage (METAVIR) F1 F1 F2

Viral load before treatment, copies/ml 2,1 × 106 1,6 × 106 2,6 × 106

Genotype 1b 1b 1b

Treatment regimen SOF+DAC SOF+DAC SOF+DAC
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vent of direct-acting antivirals. Sofosbuvir is an inhibi-
tor of NS5B protein RNA-dependent RNA polymerase. 
In sofosbuvir-containing regimens, therapeutic efficacy 
is achieved in more than 95% of cases [20]. Sofosbu-
vir is characterized by pangenotypic, high antiviral ac-
tivity, thus being the best-choice medication for most 
patients. Daclatasvir is a direct-acting inhibitor of the 
HCV NS5A protein. The combination with sofosbuvir 
suppresses the viral replication by targeting two regions 
at a time, thus providing therapeutic efficacy in more 
than 90% of the patients [16].

DAA combination regimens including NS5A in-
hibitors are most relevant. According to the EASL Re-

commendations (2016), HCV resistance testing prior to 
treatment makes sense if the regimen includes NS5A 
inhibitors [21]. 

Despite the high barrier to resistance due to the 
combination of two antiviral agents, in all three ca-
ses, the treatment failure evidenced as detected viral 
RNA in the plasma during the treatment can indicate 
the deve loping dominance of the resistant strain over 
the wild-type virus during antiviral treatment and, con-
sequently, the occurring resistance to the administered 
regimen. It is quite possible that resistance mutations 
of the circulating HCV strain existed in these patients 
before the beginning of treatment, thus being a cause 

The phylogenetic analysis of nucleotide sequences of the HCV NS5B gene fragment from CHC patients in Russia  
as compared to the reference sequences available in the international GenBank database. 

The samples collected from patients failing DAA treatment and examined in this study are marked with triangles.  
The bootstrap value is ≥ 60%.
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of their non-response to the antiviral treatment. For 
patients 2 and 3, it is reasonable to assume that viral 
strains with DAA resistance mutations circulated be-
fore the treatment, thus explaining the non-response 
to the antiviral therapy and failure to achieve SVR12 
rates. On the contrary, as SVR12 was achieved in pa-
tient 1, it can be assumed that the resistant HCV strain 
dominated over the wild type during the treatment. 
However, there is a risk of reinfection of this patient 
with another viral strain. Thus, when performed be-
fore the treatment, the sequencing of HCV genes, in 
which nucleotide substitutions are associated with 
DAA resistance, makes it possible to detect mutations 
to therapeutic agents planned for administration. The 
analysis of nucleotide sequen ces helps avoid adminis-
tration of inadequate regimens for patients, thus being 
of importance for a health care facility or individual 
patients with no need to change the regimen. Further-
more, the HCV sequencing prior to treatment helps as-
sess the phylogenetic relatedness of viral strains in case 
of a viral breakthrough, thus making it possible to dif-
ferentiate between on-treatment reinfection and disease 
relapse. 

HCV strains harboring Y93H polymorphism de-
tected in patient 1 are associated with a high resistance 
level and are found in NS5A-inhibitor treatment-naïve 
patients [22]. Strains with this mutation can persist for a 
long time even after the DAA treatment is discontinued. 
Moreover, the above nucleotide substitution causes in-
creased production of DAA resistant viruses, though it 
is associated with higher sensitivity to protease inhi-
bitors. Thus, the detailed profile of HCV variants with 
the Y93H polymorphism is required for making an op-
timum choice of treatment strategy for CHC patients. 

The treatment failure with first-line antivirals 
should be followed by the second-line pangenotypic 
DAA regimen. Russia has registered elbasvir,5 ledipas-
vir,6 ombitasvir,7 and velpatasvir,8 which are included 
in combination pangenotypic therapy [22]. The Y93H 
nucleotide substitution leads to cross-resistance to the 
above antivirals. Thus, some mutations leading to drug 
cross-resistance can cause failure of treatment of CHC 

5 State Register of Medicines. Full prescribing information for elb-
asvir. Available at: https://grls.rosminzdrav.ru/Grls_View_v2.as-
px?routingGuid=4d2cce52-e4e9-4349-acc8-73f0c84d52c3&t

6 State Register of Medicines. Full prescribing information for ledi-
pasvir. Available at: https://grls.rosminzdrav.ru/Grls_View_v2.as-
px?routingGuid=74291100-1f06-4e05-9c49-a8ff0356170e&t

7 State Register of Medicines. Full prescribing information for om-
bitasvir. Available at: https://grls.rosminzdrav.ru/Grls_View_v2.as-
px?routingGuid=ad5159a1-91c1-42ec-aec6-e65d4e5313dd&t

8 State Register of Medicines. Full prescribing information for 
velpatasvir. Available at: https://grls.rosminzdrav.ru/Grls_View_
v2.aspx?routingGuid=c9275dea-5954-42ea-97c1-cd9ae05ccf-
be&t

patients when both the first-line therapy and alternative 
DAA treatment options are administered. In this case, 
the pressing problems are those of pharmacoeconomic 
nature, as there can be need to change between multiple 
regimens and there can be complications resulting from 
absence of positive effect of the antivirals. 

In patients 2 and 3, the L31V single nucleotide 
substitution in the NS5A region decreases sensitivity 
to some inhibitors. However, the combination of L31V 
and Q54L mutations can enhance sensitivity to other 
DAAs [23]. 

 In clinical study P7977-2025, 16 (26%) out of 61 
patients showed no response to the sofosbuvir + ribavi-
rin treatment after the liver transplantation. Six (37.5%) 
patients out of 16 did not achieve the SVR12 rate and, 
importantly, had C316N amino acid substitution detec-
ted in the virus. The other 45 (74%) patients achieved 
SVR12 and had no C316N substitution [24]. In clinical 
study NEUTRINO, 4 (6%) patients out of 66 had HCV 
isolates with C316N mutation before the treatment. 
Among them, 50% of the patient did not respond the so-
fosbuvir + ribavirin treatment. In the above study, 85% 
of patients with HCV strain without C316N mutation 
achieved SVR12 [20, 25]. Therefore, post-transplanta-
tion patients who need DAA treatment should be tested 
for HCV resistance to DAAs to eliminate both the risk 
of a viral breakthrough during the treatment and the risk 
of non-response to the treatment. 

In addition to drug resistance-associated muta-
tions, one polymorphic variant was detected in the NS3 
gene in patient 1, while patients 2 and 3 had 6 and 7, 
respectively. It should be noted that the F147S mutation 
was detected in all 3 cases, while S7A, A66G, K87A, 
and F147S mutations were detected in 2 out of 3 cases.

6 polymorphic variants were detected in the NS5B 
gene in patient 1, while patients 2 and 3 had 6 and 3 
polymorphic variants, respectively. S231N and R254K 
mutations were detected in 2 out of 3 cases. 

7 polymorphic variants were detected in the NS5A 
gene in patient 1, while patients 2 and 3 had 15 and 
12 polymorphic variants, respectively. Notably, K6R, 
S17T, L34V, and K44R mutations were detected in all 
3 cases, while T64S, V164A, V174T, and L183V muta-
tions were detected in 2 out of 3 patients. 

High genetic polymorphism is typical of all 
RNA-viruses, including HCV. Yet, the phenomenon of 
frequently occurring polymorphic variants needs fur-
ther study, as such variants can cause both decreased 
sensitivity and decreased resistance to antivirals. The 
analysis of natural polymorphic patterns is highly im-
portant, as these patterns can potentially function as 
drug resistance mutations of the virus. With develop-
ment of novel antivirals and novel regimens, attention 
should be given to frequently occurring nucleotide sub-
stitutions, which previously were not associated with 
resistance as drug resistance mutations. Statistical data 
on DAA treatment are being continuously updated and 
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it is quite possible that a weaker response or non-re-
sponse to existing antivirals can be caused by the muta-
tions that are still not associated with drug resistance or 
by new mutations.

Although sofosbuvir-containing regimens are 
characterized by a high barrier to genetic resistance, 
treatment failures are still reported as caused by drug 
resistance mutations in one or several regions of the 
virus. The lack of routine HCV tests for resistance to 
antiviral agents not only aggravates the problem of 
optimum regimen selection, but also involves phar-
macoeconomic aspects when other regimens have be 
administered after failed treatment with first-line anti-
virals. Such clinical cases emphasize the importance of 
the test for resistance to administered antivirals in case 
of a viral breakthrough and virological failure as well as 
before the administration of treatment. 

The level of resistance to antivirals depends on 
several factors: The genetic barrier to drug resistance; 
the type of nucleotide substitution in the viral genome; 
the occurrence rate of the resistance-associated substi-
tution in the virus population; existing combinations of 
nucleotide substitutions, which are present in the virus 
population. These factors can significantly increase the 
resistance to some treatment methods [26]. The high 
mutation rate and the speed of replication of RNA-con-
taining viruses underlie the genetic diversity of the virus 
pool persisting in an individual. Therefore, mutations, 
including drug resistance-associated mutations, can be 
spontaneously generated in any patient. Thus, the pool 
of closely related virus variants known as quasispecies 

can contain a small population of drug-resistant vari-
ants before the beginning of antiviral treatment [27]. 

The Sanger sequencing method is efficient in de-
tecting a major virus variant (a quasispecies), which 
prevails in the virus population of the studied clinical 
sample, though it does not detect minor genomes of 
drug-resistant quasispecies present in the sample and ac-
counting for less than 15% of the total virus pool, while 
the next-generation sequencing provides highly reliable 
identification of minor mutations accounting for 1–2% 
of the population, helps assess the occurrence rate for 
each mutation in the virus population, and evaluates the 
possibility of several mutations combined in one viral 
genome. This sequencing method can be important for 
treatment efficiency and for treatment strategies [28]. 
Nevertheless, direct sequencing is more affordable and 
economically feasible, especially when working with 
individual patients in the population where the level of 
drug resistance of the virus to antiviral agents is low. 

Sequencing of viral genome regions will not only 
provide data on exiting resistance mutations, but also 
will be important for analyzing epidemiological situa-
tions in and outside the country through identification 
of virus genotypes and subgenotypes as well as through 
the phylogenetic analysis [29]. 

Conclusion 
The development of a universal test for detecting 

DAA resistance in HCV is of high importance both for 
administration of treatment and for any changes in the 
treatment, if required.  
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