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Introduction

Abstract

Identification of Hepatitis C Virus (HCV) genotypes and viral load are
considered critical factors for the selection of the appropriate antiviral
treatment regimens. In Greece, it is estimated that approximately 0.8% to
1.8% of the general population has been chronically infected with HCV. We
aimed to evaluate the HCV genotype distribution trends and viral load levels
in Greece from 2004 to 2019, according to gender and age, and to estimate
the association of HCV genotypes with the viral load. A total of 6,824 serum
samples from chronic HCV patients (4,614 males; average age of 47 + 14.2),
were assayed for HCV RNA and HCV genotyping. HCV genotype 3 was the
most prevalent (42.4%) followed by genotype 1 (37.4%), genotype 4 (13.5%),
genotype 2 (6.2%) and genotype 5 (0.3%). Genotype 6 was detected only in
one Asian immigrant in 2012. The predominant subtypes were 3a (41.3%) and
1b (23.4%). HCV genotype distribution differed significantly (p < 0.001) between
genders, with genotype 1 being more frequent in females, whereas genotype
3 was more common in males. The highest percentage of HCV infections was
at the age-group 40-59 (44.8% of 6,097) and the lowest one at the age-group
< 18 (0.6% of 6,097). Genotype 3 was highly represented in younger patients
(19-39 age- group), while genotype 1 was more common in older ones (> 60
age-group). The distribution pattern of HCV genotypes during the 16-year-
period study revealed a decreasing trend in the proportion of genotype 3 and a
gradually increasing trend of genotype 1. HCV viral load was significantly lower
(p < 0.001) in genotype 4 compared to genotypes 1, 2 and 3. Moreover, it was
associated with gender, with elevated viral load in male individuals, and was
positively correlated with age.
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global incidence of HCV infection to a negligible amount of less than
0.9 million chronic cases by the year 2030 [8].

The Hepatitis C Virus (HCV) infection is a global health problem

with an estimated prevalence rate of 1.1 % (range 0.9-1.4%) in the
general population, corresponding to approximately 1.4% when
considering those over 15 years of age [1]. The virus can cause
both acute and chronic hepatitis. Acute HCV infection is usually
asymptomatic or causes mild to moderate acute hepatitis, but it
progresses to chronicity in the majority of cases. Chronic HCV
infection can result in serious, even life-threatening health problems
like cirrhosis, Hepatocellular Carcinoma (HCC), non-Hodgkin’s
lymphomas, mixed cryoglobulinemia and liver-related death [2-
4]. Until recently, end-stage liver disease caused by chronic HCV
infection is one of the most common reasons for liver transplantation
in developed countries [5,6]. According to the World Health
Organization (WHO), 58 million people have chronic HCV infection,
with about 1.5 million infections occurring per year. In 2019,
approximately 290,000 people died from HCV infection, mostly from
cirrhosis and HCC [7]. The ultimate goal of the WHO is to reduce the

Greece has made significant efforts towards HCV elimination
over the recent years. The Hellenic National Plan for Hepatitis C
is in alignment with the WHO goal to achieve eradication of HCV
infection by 2030 [9]. Epidemiological studies in Greece demonstrate
that the current prevalence of HCV chronically infected patients in
the general population is estimated to range from 0.8% to 1.8% and
between 1% to 1.9% in high-risk patient groups [9-11]. These data
suggest that approximately 134,000 adults in the general population
have chronic hepatitis C [9].

The HCV is an RNA virus, member of the Flaviviridae family,
characterized by high genetic variability [12]. On the basis of
phylogenetic analysis, there are 8 major genotypes (HCV 1-8), which
comprise over 86 confirmed different subtypes of HCV [13-15]. HCV
genotypes and subtypes information plays an important role in the
pre-treatment evaluation of patients, as it is considered crucial for
the selection of appropriate treatment regimens [13,16,17]. Despite
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HCV genotypes, HCV viral load assessment is an important tool
particularly useful before initiating antiviral therapy, counting as a
surrogate marker of antiviral response. The management of patients
with HCV infection has changed substantially with the introduction
of the highly effective oral Direct-Acting Antiviral Agents (DAAs),
providing eradication rates higher than 95% [7], including
populations that have been difficult to treat in the past [18,19].
Although pangenotypic DAAs have revolutionized HCV treatments,
their high cost remains a major barrier to access in many countries
[20]. So far, unless pangenotypic DAAs are made widely available,
the initiation of a standard HCV treatment needs the determination
of HCV genotype and subtype and the measurement of viral load
level in order to improve treatment outcomes [13,16,17]. Moreover,
HCV genotyping is essential for the evaluation of regional/national
epidemiological status, as HCV genotypes are associated with the
different transmission routes of HCV infection and have different
geographical distribution [13]. However, the evidence of a correlation
between HCV genotype and viral load remains controversial [21-23].

The aim of this study was to analyze the distribution pattern of
HCV genotypes in chronically infected patients in a large sample size
and over a sixteen-year period (2004-2019) according to gender and
age, and to address the association with HCV viral load.

Materials and Methods

A retrospective study was carried out on HCV-positive patients
who were successfully genotyped during the time period 2004-2019.
Serum samples were collected from confirmed chronic HCV patients
attending hospitals and clinical laboratories situated in different
cities, from different geographical regions of Greece (Table 1). We
tested HCV patients with long-term inflammation of the liver for at
least six months, with positive HCV antibody and positive HCV RNA
test. Written informed consent was requested from each patient at
collection centers. Samples were sent to the Diagnostic Department
at the Hellenic Pasteur Institute (HPI) at 2-8°C, if they were referred
from hospitals located in the Capital City of Greece (Athens) and its
metropolitan area or were shipped on dry ice when specimens were
coming from other geographical regions of the country. Specimens
were immediately stored at -80°C for further analysis at the Diagnostic

Department of the HPL

HCV RNA Load Determinations

Quantitation of HCV RNA was performed using the COBAS’
AmpliPrep/COBAS" TagMan HCV Quantitative Test, v.2.0
platform (Roche Molecular Systems, Branchburg, NJ), following the
manufacturer’s specifications. During this long period, appropriate
negative and positive control samples were included in each assay to
ensure the comparability of the results.

HCV Genotype Identification

HCV RNA was extracted from patient’s serum using the QlAamp
Viral RNA Mini kit (QIAGEN, GmbH, Germany) and cDNA was
synthesized and amplified using the Versant’ HCV Amplification 2.0
kit LiPA (Siemens, Healthcare Diagnostics). HCV genotyping was
performed using the Versant' HCV Genotype 2.0 LiPA assay, a fully
automated system (Siemens, Healthcare Diagnostics), designed for
the use in reverse transcription and simultaneous amplification of the
highly conserved 5’ untranslated region (5UTR) and the core region
of the HCV genome following the manufacture’s specifications.

Statistical Analysis

Statistical analysis of the data was performed with GraphPad
Prism 9.0 package (GraphPad Software, Inc., San Diego, CA). Chi-
squared test was performed to find statistically significant differences
in each genotype frequency among the populations of the different
age groups and genders. Spearman’s correlation coefficient was
implemented to assess the significance of the correlation between
HCV viral load and age (continuous parameter). Mann-Whitney U
test (non-parametric) was performed to analyze differences in viral
load levels among genders for each genotype and subtype.

Regarding the age, comparison of HCV viral titters was performed
with the non-parametric Kruskal-Wallis test. Multiple comparisons
among age groups were carried out with the appropriate post-hoc
test (Dunn’s test). Results with a p value < 0.05 were considered as
statistically significant.

Ethical Statement

All study procedures were carried out in accordance with the

Genotype 5 (0.3%)
Genotype 6 (0,01%)

Genotype 4 (13.5%)

Genotype 3 (42.4%)

Mixed genotypes (0.3%)

Figure 1: Relative distribution of HCV genotypes and their subtypes among 6,824 patients during a 16-year period (2004-2019) in Greek population.
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declaration of Helsinki (18" World Medical Association Assembly),
its subsequent amendments, the Greek regulations and guidelines,

Table 2. HCV genotype frequencies (%) according to gender in 6,611
chronic HCV patients. The total population of each gender was set to 100%.

as well as the Good Clinical Practice guidelines (GCP) as defined by HCV genotype Gender
the International Conference of Harmonization. The study was also Male Female p value’
approved by the local ethics committees of participating hospitals. h % n %
Results Genotype 1 1485 322 | 962 482 | <0.0001
Descriptive Characteristics of the Patient Populations subtype 1a 757 | 164 | 236 | 118 | <0.0001
A total of 6,824 serum samples were successfully genotyped subtype 10 728 | 158 | 726 | 366 | <0.0001
and sub typed during the indicated study period 2004-2019. The |Genotype 2 259 56 150 7.5 0.0039
characteristics of the studied population including gender, age, year  |Genotype 3 2230 @ 483 599 30.0 <0.0001
of genotyping and residence are depicted in (Table 1). Of the total subtype 3a 2184 473 582 204 | <0.0001
HCYV infected patients, 4,614 were males with a Male to Female (M/F)
ratio of 2.3, whereas their mean age was 47 + 14.2 years (range 2-85 other subtypes 3 46 10 r 09 0.6730
years). The average annual number of HCV cases analyzed herein, | Genotype 4 617 134 272 13.6 0.8164
Table 1: Characteristics of the patients’ population under study. Genotype 5 8 0.2 10 05 0.0368
Number of cases | Percentage
Variable n =6,824 % Genotype 6 - - 1 i -
Gender Mixed genotypes 15 0.3 3 0.2 0.3193
Male 4,614 67.6 Total 4,614 69.8 1,997 30.2
EFemale 1,997 29.3 *p values were calculated by chi-squared analysis to compare the frequency of
each genotype among gender populations, taking into account the number of
Unknown 213 31 the infected patients with a specific genotype and the infected ones with all other
Age (years) genotypes.
<18 37 05 was 340.5 (range 214-853). The highest percentage of HCV cases was
10.39 2,464 361 found in Athens and Metropolitan area (61.7%, 4,210/6,824), a region
with a population of 3.8 million, representing one third of the total
4059 2134 401 population of Greece. HCV infected patients were categorized into
>60 862 12.6 4 age groups: minors (< 18 years of age), younger (19-39 age group),
Unknown 727 10.7 middle age (40-59 age group) and senior patients (> 60 years of age).
Year of genotyping "I}]:e mzjccl)lrity of HCV infected pa:itients belonged tolthe younger and
t i 36.1% 40.1%, ti .
2004 255 a7 e middle age groups ( b an o, respectively)
2005 214 31 HCV Genotype Distribution
2006 275 4.0 The distribution of HCV genotypes/subtypes in the study
2007 257 52 population is depicted in (Figure 1). Genotype 3 was the most
’ prevalent (n=2,893, 42.4%), followed by genotype 1 (n=2,551, 37.4%),
2008 301 4.4 genotype 4 (n=922, 13.5%), genotype 2 (n=421, 6.2%) and genotype
2009 324 4.7 5 (n=18, 0.3%). One case of genotype 6 (0.01%) was detected in 2012
2010 247 36 from an Asian immigrant. Regarding the HCV subtypes, genotype
»011 380 57 1b (n=1,595, 23.4%) was more frequently observed than genotype
: la (n=956, 14%). Genotype 3a was found in 41.3% (n=2,821) of
2012 530 8 the cases, while 72 patients were infected with genotypes 3b, 3¢ and
2013 523 7.7 3k. Among the examined individuals, 18 patients were classified
2014 529 78 with mixed genotype infections corresponding to 0.3% of the total
2015 701 103 sample population. Mixed infections consisted of two different HCV
g genotypes; genotypes 1 and 3 (n=9, 50%), genotypes 1 and 2 (n=3,
2016 774 113 16.7%), genotypes 2 and 3 (n=3, 16.7%), genotypes 3 and 4 (n=2,
2017 853 12.5 11.1%) and genotypes 2 and 4 (n=1, 5.5%).
2018 294 43 Determination of the distribution frequency of HCV genotypes
2019 258 3.8 according to the year of collection showed a predominance of
Residence (Region/Province) genotypes 1 and 3, with significant fluctuation throughout the study
Athens and Metropolitan area 4210 617 period (Figure 2). Regarding genotype 1, a considerable increase was
Rea Northern G 1577 031 observed from 32.2% in 2004 to 43.5% in 2014 (p < 0.0024), followed
egions of Northern Greece ' ' by a significant decrease from 40.2% in 2015 to 28.9% in 2018 (p <
Regions of Western/Central Greece 331 4.9 0.0025). This was accompanied by a parallel decrease in genotype 3
Greek islands (Rhode, Crete, Chios) 706 10.3 from 47.8% to 36.7%, in period 2004-2014 (p < 0.0031), followed by
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Figure 2: HCV genotypes distribution pattern from 2004 to 2019 in Greece. The total population of patients for each year was set to 100%. Data presented as
XY dot plot with fitted connecting line. Each dot represents the percentage of each genotype incidence in the specific year.
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Figure 3: Association of gender with HCV genotype frequency. Data are presented as bar graphs. Same-colored bars refer to each genotype incidence in

an increase from 34.4% to 43.8%, in period 2015-2018 (p < 0.0083).
Genotypes 2 and 4, which represented the fourth and the third
largest groups, respectively, seemed to be equally distributed without
significant variations during the 16-year study period (Figure 2).

Frequency of HCV Genotypes According to Gender and
Age

We next aimed to elucidate the association of the gender with
the genotype frequency in 6,611 HCV-RNA positive samples,
corresponding to a sub-population of patients whose gender was
reported. The distribution of HCV genotypes in both genders is
depicted in (Table 2 and Figure 3). The predominant genotype among
male individuals was genotype 3 (48.3%), followed by genotype
1 (32.2%), genotype 4 (13.4%) and genotype 2 (5.6%) (Figure 3).
However, among females, the most frequent genotype was genotype
1 (48.2%) followed by genotype 3 (30%), genotype 4 (13.6%) and
genotype 2 (7.5%). Statistically significant differences were observed
in the frequency of genotypes 1, 2, 3 and 5 between men and women.
Genotypes 1 and 5 were more frequent in women (y’=152.12; p <
0.0001, x*=4.361; p = 0.0368, respectively), while genotypes 2 and
3 were more common in men (¥’=8.33; p = 0.0039, ¥’=190.67; p <
0.0001, respectively) (Table 2). No significant differences in the
frequency of the genders were observed for genotype 4 and mixed

genotypes (y°=0.05; p = 0.8164 and y°=0.99; p = 0.3193, respectively)
(Table 2).

In addition to gender, we examined whether age is associated
with the genotype incidence in 6,097 patient samples. Age data
reported in our study are contained in (Table 3). HCV genotypes
distribution varied significantly among age groups as presented in
(Figure 4). Genotype 1 was dominant in the senior group (> 60 years),
while genotype 3 prevailed the other patient groups (< 18, 19-39 and
40-59 years). Genotype 2 was more frequently observed in the minor
age group, while genotype 4 was more common in older patients (age
> 40 years). Most of the patients infected with genotype 5 were in the
senior age group.

Variation of HCV Viral Load among Different Genotypes

Viral load quantification was carried out in 5,737 HCV positive
serum samples. Univariate analysis was performed to analyze the
relation between viral load and HCV genotypes. No significant
differences in the viral load levels were found among genotypes 1,
2 and 3 (p = 0.6048) (Figure 5). In contrast, when viral titers for
genotype 4 were compared to the ones for genotypes 1, 2 and 3, there
was a significant difference (p < 0.0001). The medians of viral load
in patients infected with genotypes 1, 2, 3 or 4 were 7.7 x 10° IU/ml,
8.3 x 10° IU/ml, 7.1 x 10° IU/ml and 5.4 x 10° IU/mL, respectively.
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Figure 4: HCV genotypes dominance among age groups. Data are presented as bar graphs. Same- colored bars refer to each genotype incidence in each age
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Figure 5: Comparison of HCV viral load among genotypes. Data are
presented as box plots. The central line corresponds to the median value
of its group; box edges, the 25th to 75th centiles and whiskers represent the
range of values excluding outliners. p value was calculated using the non-
para- metric Kruskal-Wallis test. **p = 0.0017, ***p = 0.0001, ****p < 0.0001.

Regarding genotype 5, viral load levels for only 14 samples were
available (median= 1.3 x 10° IU/mL). Therefore, this genotype was
not included in the viral load comparison.

As HCV genotypes 1 and 3 accounted for 80.2% of HCV
infections, we compared viral load distribution in the 16-year
period between these two dominant groups of genotypes. Viral load
distribution was classified into 8 categories based on each viral load
levels (Figure 6, Table 4). According to our data, we observed that
the frequency of patients having a viral load higher than 3 x 10° IU/
ml was greater among patients infected with genotype 3 compared to
genotype 1 (Figure 6).

Association of HCV Viral Load Levels with Gender and
Age

A relation between viral load and patient’s gender was detected.

80
70
80 +
50 Genotype 1

—e—Genotype 3
30 1

frequency (%)
&
L

20 4

HCV genotypes 1and 3

10 4

1 2 3 4 5 [ 7 8
Viral load range

Figure 6: HCV genotype dominance among viral load ranges. Data
presented as XY dot plot with fitted connecting line. Each dot represents the

percentage of each genotype incidence in the specific viral load category.

In 5,580 samples, a sub-population of the total samples with reported
HCV viral load and gender, approximately 69.1% (3,856 patients)
were male and they had significantly higher viral loads than females
(median values male 8.1 x 10° IU/ml versus female 5.3 x 10° IU/ml, p
< 0.0001). More precisely, we observed enhanced levels of HCV viral
load in male individuals compared to female ones for genotypes 1 (p
=0.0002), 3 (p < 0.0001) and 4 (p = 0.0448) (Figure 7).

Then, we aimed to elucidate the possibility of patients’ age to
be related with HCV viral titer. For this purpose, we analyzed 5,109
patients’ samples, whose age and viral load levels were reported. For
all genotypes we observed a relation between age and HCV viral
load as shown in (Figure 8). More specifically, for genotypes 1, 3
and 4 the viral load levels were elevated in the middle age and senior
patient groups (40-59, > 60 years), whereas for genotype 2 there was
no statistically significant alteration among the age groups (Figure
8). Moreover, when examining the subtypes of genotype 1, 1a and
1b, separately, we observed that the difference in the viral load of
the senior (> 60 years) compared to the younger (19-39) patients
was more intense for subtype 1b versus la (Supplementary data).
In consistence, when age was analyzed as a continuous parameter,
a positive correlation between HCV viral load and age was detected
for genotypes 1 (r=0.2252, p < 0.0001), 3 (r=0.1883, p < 0.0001) and
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Table 3: HCV genotype frequencies according to age groups in 6,097 chronic HCV patients. The total population of each age group was set to 100%.

Years of age n (%)

HCV genotype <18 19-39 40-59 > 60 unknown p value*
Genotype 1 9 (24.3) 763 (31.0) 980 (35.8) 514 (58.9) 285 (39.7) <0.0001
subtype 1a 2 (5.4) 387 (15.7) 352 (12.9) 68 (7.8) 129 (18.0) <0.0001
subtype 1b 7 (18.9) 344 (14.0) 584 (21.4) 435 (49.9) 149 (20.8) <0.0001

other subtypes 1 - 32 (1.3) 44 (1.6) 11 1.3) 7 (1.0) -
Genotype 2 6 (16.2) 123 (5.0) 152 (5.6) 100 (11.5) 40 (5.6) <0.0001
Genotype 3 18 (48.6) 1,325 (53.8) 1,136 (41.6) 125 (14.3) 289 (40.3) <0.0001
subtype 3a 17 | (45.9) 1,293 (52.5) 1,105 (40.4) 123 (14.1) 283 (39.5) <0.0001
other subtypes 3 1 2.7) 32 (1.3) 31 1.1) 2 (0.2) 6 (0.8) -
Genotype 4 3 (8.1) 240 9.7) 459 (16.8) 118 (13.5) 102 (14.2) <0.0001
Genotype 5 - 1 (0.04) 2 (0.1) 15 .7) - -
Genotype 6 - 1 (0.04) - = - R
Mixed genotypes 1 2.7) 11 (0.4) 5 0.2) - 1 (0.1) -
Total (n=6,824) 37 (0.5) 2,464 (36.1) 2,734 (40.1) 872 (12.8) 717 (10.5)

*p values were calculated by chi-squared analysis to compare the populations of each genotype within the different age groups.
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Figure 7: Comparison of HCV viral load levels among gender per genotype. Data are represented as box plots. The central line corresponds for the median
value of each group; box edges, the 25" to 75" centiles and whiskers represent the range of values excluding outliners. p values were calculated using the non-
parametric Man Whitney U test. * p = 0.0448, ***p = 0.0002, ****p < 0.0001.
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Table 4: HCV genotypes 1 and 3 frequency (%) within 8 different viral load
ranges. The total population of infected patients with both genotypes was set to
100% for each viral load range.

Viral load (v) zones Genotype 1 (%) Genotype 3 (%) n
1 v < 5x10° 45.6 54.4 2,229
2 5x10° < v < 1x10° 51.7 48.3 838
3 1x10° < v < 2x10° 51.6 48.4 821
4 2x10°< v < 3x10° 54.6 455 429
5 3x10°< v < 4x10° 41.7 58.3 283
6 4x10°%< v < 5x10° 46.6 53.4 189
7 5x10°< v < 1 x107 39.5 60.5 423
8 v > 1x107 24.8 75.2 206

4 (r=0.1937, p < 0.0001) (Figure 9). On the contrary, there was no
significant correlation between viral load and age for genotype 2
(r=0.0114, p = 0.8383).

Discussion

The introduction of highly effective and well tolerated
pangenotypic DAAs has greatly increased HCV treatment options
[24]. However, pangenotypic regimens may not be used in several

countries due to their high-cost and country-specific negotiations.
Thus, HCV genotyping remains an essential tool for the control and
therapeutic management of HCV infection, while it is mandatory
for the evaluation of regional/national epidemiological status. In this
context, we monitored the distribution patterns of circulating HCV
genotypes and the viral load levels, and associated them with gender
and age, for a 16-year period in Greece.

The HCV genotype that infects a patient depends on the route of
transmission of the virus [9,18]. Until 1980s the main route of HCV
transmission was via blood transfusions, long-term hemodialysis,
and medical surgeries as a result of poor infection control practices,
resulting in the dominance of genotype 1 and more precisely of
subtype 1b. Since 1990, the significant increase of intravenous drug-
users population, combined with the increased blood transfusion
safety and the improvement of healthcare conditions in Europe,
including Greece (1992 was the year of compulsory anti-HCV blood
and blood products screening in our country), led to the increase
of genotype 3 prevalence [9,10,18,25-28]. The predominance of
genotype 3 has also been favored by the low effectiveness of its
treatment with first generation DAAs protease inhibitors [29], as
well as the migration towards Europe of people from countries
where genotype 3 is endemic, such as India and Pakistan [30,31].
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Figure 9: Correlation of HCV viral load levels with age per genotype. Data are represented as XY scatter plot and fitted linear regression lines. Spearman’s

In consistence with the above, our data showed that in Greece, for
the period 2004-2019 in a high number of samples (6,824), the two
dominant HCV genotypes were 1 and 3, followed by genotypes 2 and
4, with percentages of 37.4%, 42.4%, 6.2% and 13.5% of total cases,
respectively. Genotype 3 dominated during the 12 of the 16-years-
study (periods 2004-2011 and 2016-2019), while genotype 1 was
more frequently observed from 2012-2015. The increase of genotype
3 prevalence and the simultaneous reduction of genotype 1 was also
observed in the study of Gioula et al. [27], which was performed in
a smaller number of HCV positive patients mainly from Northern
Greece. Our data are quite different from other reported European
studies where genotype 1 is the predominant genotype followed by
genotype 3 [32]. The incidence of genotype 5 in our study population
was low (0.3%) corroborating that this genotype is of a rare occurrence
in Greece and is mainly reported on the island of Rhodes, in South-
Eastern Greece [33].

Among genders, we found a higher proportion of males, with an
M/F ratio of 2.3. This finding agrees with already published studies
from European and South Asian countries [31,34,35]. In the reported
study from Sindhi (Pakistan) [31], 1,471 patients’ samples from
six cities in Sindhi were tested, and significant gender-dependent
differences in infection frequency were found, by ~5-fold higher levels
in male individuals as compared to female ones. Furthermore, based
on our findings, significant alterations were observed between men
and women in the frequency of genotypes 1, 2 and 3. The dominant
HCV genotype in men was genotype 3, followed by genotype 1
(48.3%, 32.2% of total male individuals, respectively). Accordingly,
in a study from Hazara (Pakistan), dominance of genotype 3 was
noticed in men, followed by genotype 1 and 2 [36]. This was also
observed in other studies from Greece [18,26]. On the other hand, in
our cohort, genotype 1 was the predominant one in women, followed

by genotype 3 (47.3%, 30% of total female individuals, respectively).
The same observations were obtained by other also studies in Greece,
concluding of genotype 1 dominance in women [10,18,26,27].

Concerning the association of HCV genotypes with the age, we
noted that genotype 3 was the most frequent one in minor (< 18
years), younger (19-39) and middle age (40-59) groups, which agrees
with already published studies around the world [26,31,37]. These
results can be attributed to extended intravenous drug use, as well as
to the higher tendency for tattooing and piercing, in these age groups
[38]. On the contrary, in our cohort, genotype 1, mainly subtype 1b,
dominated in the oldest age group (> 60 years). This is expected due
to higher frequency of blood transfusions and medical surgeries in
this age range [37,38], or could be a long-term effect of the past HCV
outbreak in Central and Southern Europe, which was transfusion-
related [39]. The dominance of genotype 1, and more precisely of the
subtype 1b in older people, has been also supported by other studies
for Greek patients [18,26].

The observed HCV genotype prevalence fluctuations through
the years under study (2004-2019), and particularly for genotypes 1
and 3, could be attributed to the availability and accessibility to the
recommended treatments at each time period. More specifically,
during the years 2004-2010 and concerning a large part of the Greek
population presented in our study (n=1,973), combination regimens
of pegylated interferon-a (Peg-INF-a) with Ribavirin (RBV) were
more successful in patients with HCV genotypes 2 and 3 infections,
leading to higher Sustained Virological Response (SVR) rates (64.8%
and 72.9%, respectively), as compared to patients with genotypes 1
and 4 infections (37.6% and 37.1%, respectively) [40,41]. Between
2011 and 2015, triple therapies consisting of one first-generation pro-
tease inhibitor (boceprevir or telaprevir) + Peg-INF-a/RBV were
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available in the treatment of subjects with genotype 1. Unfortunately,
these regimens were moderately active for genotype 2 and appeared
to have very limited activity against genotype 3 [42]. The achieved
SVRI12, in a cohort of HCV genotype 1-infected and treatment-naive
patients, including individuals participating in the present study, was
56.6% and 62.9% for boceprevir in combination with Peg-INF-a-2a/
RBV and Peg-INF-a-2b/RBV, respectively, and 65.3% and 58.6% for
telaprevir in combination with Peg-INF-a-2a/RBV and Peg-INF-
a-2b/RBV, respectively [43]. The studied samples we collected after
2015 (n=2,880) concern patients from a cohort of HERACLIS Hellenic
Multicenter real-life clinical study, that received combination of two
DAAs (HCV polymerase inhibitor sofosbuvir and second generation
protease or HCV NS5A in- hibitors) + RBV. These combinations
showed significantly increased SVR and treatment completion
with estimated overall rates > 90%, with some heterogeneity within
genotypes [9,44,45]. More specifically for genotype 3, the combined
DA As treatment using sofosbuvir/velpatasvir + RBV achieved SVR12
in 94% of patients who completed treatment and 12 weeks post-
treatment follow-up.

Until todays, it is arguable whether certain HCV genotypes affect
HCV RNA levels. Specifically, studies have shown that patients
infected with genotype 1 had higher tendency to have greater viral
load than those infected with genotypes 2 and 3 [21]. Others though
failed to find any significant association [23]. Our data showed
significant differences in HCV RNA levels, only when comparing
genotypes 1, 2 and 3 with genotype 4. Additionally, when we grouped
viral loads in 8 major ranges for the two most frequently observed
genotypes, 1 and 3, we observed that people infected with genotype
3 had higher tendency to have viral titers greater than 3 x 10° IU/
ml, as compared to individuals infected with genotype 1. However,
when comparing the viral load levels of the total sample population
between these two genotypes, there was no significant difference. This
is possibly due to the limited number of samples in the higher viral
load ranges.

Concerning the gender, we detected elevated levels of HCV
RNA in male individuals in genotypes 1, 3 and 4. This result is in
accordance with an already published study, where higher levels of
HCYV viral load was observed in male individuals with age > 40 years
[46]. Additionally, we observed differences in the amounts of HCV
RNA concerning the age. Specifically, we detected higher HCV viral
titers in the older age groups (40-59, > 60) compared to the younger
ones (< 18, 19-39), which was also reflected in the positive correlation
of viral load with age for genotypes 1, 3 and 4 and could be attributed
to the extent of liver disease. The aforementioned findings regarding
the association of viral load with age agree with already published
studies around the world [47,48].

The advantage of this study over the previous ones conducted in
Greek patients is the significantly higher number of samples analyzed,
as well as the more extended sample collection period. On the other
hand, missing data regarding age, gender and viral load for a number
of patients was a limitation.

Conclusions

Herein, we report a large-scale study of HCV genotypes
distribution and viral load levels in Greece during a 16-year collection
period, and their association with gender and age. In conclusion, we

provided evidence for the predominance of genotype 3 during the vast
majority of the years under study, followed by genotype 1. Moreover,
our data highlighted an association of HCV genotype distribution
with gender and age. Genotype 1 was more frequent in females and in
patients with age > 60 years, whereas genotype 3 was more common
in males and in younger age groups. These data are possibly related
to the transmission route of the virus. Differences in viral titers were
clearly observed only for genotype 4, as compared to other genotypes.
Notably, viral load levels were also associated with gender, being
elevated in male individuals, and were positively correlated with age.

Finally, physicians should consider the results of the current
and other similar studies on the surveillance of circulating HCV
genotypes, as this is crucial for epidemiological analysis and for the
guidance of therapeutic decisions especially in those countries in
which the pangenotypic DAAs are not yet available or widely used.
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