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SUMMARY
Objective: Hepatitis C virus (HCV) genotyping is an important part of pre-treatment diagnostic algorithms as it guides the choice of therapeutic 

regimens. The aim of this study was to analyse the distribution of HCV genotypes in patients with chronic hepatitis C from Croatia in the period 
2008–2015. 

Methods: The study enrolled 3,655 anti-HCV positive patients with available results of HCV genotyping from the three largest national HCV 
genotyping laboratories. 

Results: The majority of HCV-infected individuals enrolled in the study were male (70.7%). Analysis of age distribution in a subset of 2,164 
individuals showed a mean age of 40.9 years (SD 11.77 years). Croatian patients were mostly infected with HCV genotype 1 (56.6%), followed 
by genotype 3 (37.3%), genotype 4 (4.2%) and genotype 2 (1.8%). Genotype 1 subtyping in a subset of 1,488 patients showed 54% (803/1,488) 
of 1b infections and 46% (685/1,488) of 1a infections. Percentages of genotype 1 were the highest in Central/Northwestern and Eastern Croatia 
and the lowest in the Central/Southern Adriatic Region. Genotype 3 was most frequently found in the Central/Southern Adriatic Region (49.1%) 
but represented only 17.5% of infections in Eastern Croatia (p < 0.001). 

Conclusions: The results of this nine-year retrospective analysis on the distribution of HCV genotypes and subtypes in 3,655 HCV-infected 
individuals from Croatia showed that the majority of infections can be attributed to genotypes 1 and 3 with absence of major changes in the mo-
lecular epidemiology of the two most frequent HCV genotypes infection in Croatia in the past 20 years.
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INTRODUCTION

Infection with hepatitis C virus (HCV) is associated with de-
velopment of liver disease, cirrhosis and hepatocellular carcinoma 
in a substantial proportion of chronically-infected individuals 
(1). According to the European Centre for Disease Prevention 
and Control (ECDC), in 2013 a total of 32,512 cases of hepatitis 
C were reported in 26 European Union and European Economic 
Area (EU/ EEA) Member States, a crude rate of 9.9 per 100,000 
population (2). 

HCV is currently classified into 7 genotypes that comprise 67 
confirmed subtypes, 20 provisionally assigned subtypes, and 21 
unassigned subtypes (3). Additionally, 9 different recombinant 
forms of HCV have been described so far. 

Gower et al. reviewed global HCV genotype distribution 
by analysing 2,320 studies from 98 countries and showed that 
genotype 1 accounted for 46% of HCV infections among adults 
worldwide (22% attributed to subtype 1b) (4). The estimated 
distribution of other genotypes was genotype 3 (22%), genotype 
2 (13%), genotype 4 (13%), genotype 6 (2%), and genotype 5 

(1%), whereas 3% of infections corresponded to unknown or 
recombinant genotypes. 

Distribution of HCV genotypes and subtypes is associated with 
the mode of transmission and it exhibits significant geographic 
variations on a regional and country level. In Europe, subtype 1b 
and genotypes 2 are usually associated with blood transfusion and 
unsafe medical procedures whereas subtype 1a and genotype 3 
(including subtype 3a) are most commonly found in people who 
inject drugs, however, many exceptions exist, particularly on a 
country level (5). Genotype 1 and 3 infections predominate in 
Europe with subtype 1b being the most frequently found sub-
type in many Central, Western and Eastern European countries 
with prevalence between 27.2 and 92.6% (4, 5). However, equal 
prevalence of subtypes 1a and 1b as well as the predominance of 
subtype 1a was reported for some countries. The prevalence of 
genotype 4 infections is rising due to the patterns of immigration 
from non-European areas whereas subtype 2c and genotype 5 
infections are limited to country or local epidemics (5). 

HCV genotyping is an important part of pre-treatment diagnos-
tic algorithms as it guides the choice of therapeutic regimen. Addi-
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tionally, in the era of interferon-free therapy accurate subtyping of 
HCV genotype 1 (subtype 1a versus 1b) is increasingly important 
particularly considering HCV resistance to NS5A inhibitors in 
selected therapeutic regimens (6). The American Association for 
the Study of Liver Diseases (AASLD) guidelines recommend 
baseline testing for the presence of NS5A resistance-associated 
substitutions prior to elbasvir/grazoprevir treatment in patients 
infected with HCV subtype 1a (7).   

Croatia is a small Southeastern European country with a popu-
lation of more than 4.2 million inhabitants (8). The prevalence 
of anti-HCV in Croatia is low in many patient groups: 0.5% in 
pregnant women, 0.9% in persons tested as part of diagnostics 
prior to surgery or in vitro fertilization procedures, and 0.1% in 
voluntary blood donors (5, 9, 10). Higher seroprevalence can be 
found in sex workers and their clients (4.0%), persons with other 
sexually-transmitted infections (8.5%), and men who have sex 
with men (2.9%), but the highest burden of disease can be attri-
buted to intravenous drug users (seroprevalence ranges between 
30–65%) (5, 11, 12). Treatment of chronic hepatitis C (CHC) 
based on direct-acting antivirals (DAA) has been available in 
Croatia since 2015. As of May 2018, interferon-free (IFN-free) 
treatment options in Croatia include all antivirals approved by 
the European Medicines Agency except fixed combination of 
sofosbuvir, velpatasvir and voxilaprevir. According to the 10-
year retrospective study of 1,163 anti-HCV positive adults in the 
period between 1996–2005 conducted in the Croatian Reference 
Centre for Viral Hepatitis, the majority of HCV infections in 
Croatia can be attributed to genotypes 1 (58.8%) and 3 (35.6%), 
whereas genotypes 2 (2.2%) and 4 (3.4%) were rare (13). A total 
of 37.4% infections corresponded to subtype 1b with only 13.1% 
of infections with subtype 1a.

The aim of this study was to analyse the distribution of HCV 
genotype in CHC patients in Croatia in the period 2008–2015 col-
lected from the three largest national HCV genotyping laboratories 
and to investigate possible regional differences in the prevalence 
of HCV genotypes in different counties within the country. 

MATERIALS AND METHODS

Patients
The study enrolled 3,655 anti-HCV positive patients with 

detectable HCV RNA tested in three largest HCV genotyping 
laboratories in Croatia: the Croatian Reference Centre for Diag-
nostics and Treatment of Viral Hepatitis at the University Hospital 
for Infectious Diseases (UHID) in Zagreb (n = 1,269 patients), 
Croatian Institute of Transfusion Medicine (CITM) in Zagreb 
(n = 1,415 patients), and University Hospital Centre (UHC) in Split 
(n = 971 patients). HCV genotyping in all patients was performed 
at admission to clinical care. The first available patient’s HCV 
RNA positive sample was used for genotyping. Patient’s data 
collected from the three testing sites included age, gender, HCV 
genotype and/or subtype and county of origin. 

Regional Distribution of HCV Genotypes
The analysis of regional differences in the distribution of HCV 

genotypes/subtypes was based on combining results from 21 coun-

ties into four geographic regions: Central/Northwestern Region 
(n = 1,830 individuals; 8 counties), Eastern Region (n = 183; 5 
counties), Northern Adriatic and Lika Region (n = 235; 3 counties), 
and Central/Southern Adriatic Region (n = 1,285; 4 counties).  

Molecular Diagnostics 
In UHID, HCV RNA was quantified by using COBAS Am-

pliPrep/COBAS TaqMan HCV test (Roche Diagnostic Systems, 
Branchburg, USA) in the period 2008–2009 and by using Abbott 
RealTime HCV test (Abbott Molecular Inc., Des Plaines, IL, USA) 
in the period 2010–2015. 

HCV RNA quantification in CITM was performed by using 
COBAS AmpliPrep/COBAS TaqMan HCV test (Roche Molecular 
Systems Inc., Branchburg, NJ, USA). 

In UHC, COBAS Amplicor Hepatitis C Virus Test, version 2.0 
(Roche Diagnostics) was used for qualitative detection of HCV 
RNA while COBAS TaqMan HCV test version 2.0 (Roche Molec-
ular Systems Inc., USA) was used for HCV RNA quantification. 

Determination of HCV genotypes and subtypes in UHID and 
CITM was performed by using a standardised reverse hybridi-
sation assay Versant HCV genotype 2.0 Assay (LiPA, Siemens 
Healthcare Diagnostics, Tarrytown, USA) that allows determina-
tion of both HCV genotypes and subtypes. At the UHC testing 
site, HCV genotyping was performed by using LINEAR ARRAY 
Hepatitis C Virus genotyping test (Roche Molecular Systems 
Inc., USA) that detects HCV genotypes only (subtyping was not 
possible). 

Statistical Analysis
Statistical analysis was performed using SAS (version 6.12, 

SAS Institute, Cary, North Carolina, USA). D’Agostino-Pearson 
normality test was used to assess the normality of distribution. 
Normally distributed variables were described by mean ± stan-
dard deviation, while variables that were not normally distributed 
were shown as median and interquartile range. For parameters 
without normal distribution, test of significance between groups 
was performed using the Mann Whitney test or Kruskal-Wallis 
test. A p-value of < 0.05 was considered statistically significant. 

RESULTS

Demographic Data
The majority of HCV-infected individuals enrolled in the study 

were male (2,585/3,655; 70.7%) whereas 29.3% (1,070/3,655) 
individuals were females. Analysis of age distribution in a subset 
of 2,164 individuals showed a mean age of 40.9 years (SD 11.77 
years) (Table 2). 

Distribution of HCV Genotypes/Subtypes
Croatian patients were mostly infected with HCV genotype 

1 (2,070/3,655; 56.6%), followed by genotype 3 (1,361/3,655; 
37.3%), genotype 4 (154/3,655; 4.2%), and genotype 2 (67/3,655; 
1.8%). Co-infections were detected in two individuals only 
(Table 1). 
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Subtypes 1b and 1a were detected in 803 (22%) and 685 
(18.7%) of total number of patients, respectively. 

Due to the limitations of the genotyping assay used in one test-
ing site, subtyping information was available for 1,488 of 2,070 
patients infected with genotype 1. Subtype 1b was detected in 
54% (803/1,488) and subtype 1a in 46% (685/1,488) of patients 
with available HCV subtyping data. 

Subtypes 2b and 2a/2c were detected in 0.25% (9/3,655) and 
0.55% (20/3,655) of the total patient number whereas in 38/3,655 
(1%) subtyping of genotype 2 was not performed. 

Subtype 3a was detected in 854/3,655 (23.4%) patients whereas 
subtyping of genotype 3 was detected in 507/3,655 (13.9%) of 
patients.  

The dynamics of HCV genotype distribution in the period 
2008–2015, analysed in 2,240 HCV infected individuals from 
two centres (UHID and UHC) is shown in Figure 1. Percentages 
of genotype 1 were consistently higher compared to genotypes 
2–4 throughout the whole eight-year period.  

Regional Distribution of HCV Genotypes/Subtypes 
Analysis of data based on four geographic regions showed that 

individuals from Central/Northwestern Region were significantly 
older compared to those from Central/Southern Adriatic Region 
(mean 42.8 vs. 38.7 years of age, p < 0.001) (Table 2). Percentages 
of females included in the analysis in the four counties ranged 
between 23.6% and 33.5%. Significant differences in the gender 
distribution for the four counties were also found (p < 0.001) 
(Table 2). 

Significant regional differences in the distribution of HCV 
genotypes and subtypes were observed in the study (Table 2, 
Fig. 2). Percentages of genotype 1 were the highest in Central/
Northwestern and Eastern Croatia (64.7% and 65%, respectively) 
and the lowest in the Central/Southern Adriatic Region (45.8%, 
p < 0.001). Genotype 3 was most frequently found in the Central/

HCV genotype/subtype
Patients

n %
Genotype 1 total 2,070 50.6
Genotype 1 582 15.9
Subtype 1b 803 22.0
Subtype 1a 685 18.7
Genotype 2 total 67 1.8
Genotype 2 38 1.0
Subtype 2b 9 0.25
Subtype 2a/2c 20 0.55
Genotype 3 total 1,361 37.3
Genotype 3 507 13.9
Subtype 3a 854 23.4
Genotype 4 total 154 4.2
Genotype 4 152 4.15
Subtype 4a/4c/4d 2 0.05
Subtypes 1a and 3a 2 0.05
Subtypes 1a and 5a 1 0.03
Total 3,655 *

Table 1. Distribution of HCV genotype and subtypes in Croatia,  
2007–2015 (N = 3,655)

*The sum of percentages does not equal 100 due to rounding

Central and  
Northwestern Region Eastern Region Northern Adriatic and 

Lika Region
Central and South-
ern Adriatic Region p-value

Age (years)  
Mean (SD)

42.8 (12.7)  
n = 1,197 not available not available 38.7 (10.0) 

n = 967 < 0.001

Gender
Females 613 (33.5%) 51 (27.9%) 74 (31.6%) 332 (23.6%) < 0.001  

(females vs. males)Males 1,217 (66.5%) 132 (72.1%) 161 (68.5%) 1,073 (76.3%)
HCV genotype

Genotype 1 1,184 (64.7%) 119 (65.0%) 126 (53.6%) 664 (45.8%) < 0.001
Genotype 2 34 (1.9%) 2 (1.1%) 15 (6.4%) 16 (1.1%) < 0.001
Genotype 3 554 (30.3%) 32 (17.5%) 84 (35.7%) 691 (49.1%) < 0.001
Genotype 4 58 (3.2%) 30 (16.4%) 10 (4.3%) 56 (4.0%) < 0.001

Table 2. Regional distribution of HCV genotypes/subtypes in HCV-infected individuals from Croatia (N = 3,655)

Fig. 1. Dynamics of HCV genotype distribution in 2,240 HCV-
infected individuals from two centres in Croatia (UHID and 
UHC) in the period 2008–2015.
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Southern Adriatic Region (49.1%) but represented only 17.5% 
of infections in Eastern Croatia (p < 0.001). Higher percentage of 
genotype 4 infections was found in Eastern Croatia compared to 
other regions (Table 2). 

Significantly higher percentages of genotype 2 (6.4%) were 
observed in Northern Adriatic and Lika Region compared to the 
other three regions (1.1 and 1.9%, respectively; p < 0.001). 

DISCUSSION

The results of this nine-year retrospective analysis on the dis-
tribution of HCV genotypes and subtypes in 3,655 HCV-infected 
individuals from Croatia showed that the majority of infections 
can be attributed to genotypes 1 and 3. 

The comparison of HCV genotypes 1 and 3 distribution 
previously described by our group (Vince et al.) in the period 
1996–2005 and the current study for the period 2007–2015 
(58.8% vs. 56.6% and 35.6% vs. 37.2%, respectively) shows the 
absence of major changes in the molecular epidemiology of the 
two most frequent HCV genotypes infection in Croatia in the 
past 20 years (13).  

Significant predominance of subtype 1b compared to subtype 
1a (37.4% vs. 13.1%) that was observed in the study by Vince et 
al. (13) was not confirmed in the current study. However, when 
comparing the two studies important methodological improve-
ments in HCV subtyping molecular tools should be taken into 
account. The results by Vince et al. were based on the use of 
first-generation line-probe molecular assay INNO-LiPA HCV 1.0 
that targeted 5’ non-coding region of HCV genome. Chevaliez et 
al. showed that INNO-LiPA HCV 1.0 failed to correctly identify 
HCV subtype 1a in 29.5% and subtype 1b in 8.7% of samples 
(14). Second generation assay INNO-LiPA HCV 2.0 that targets 5’ 
non-coding and core regions of HCV genome correctly classified 
97.5% of subtype 1a and 96.2% of subtype 1b strains (14). Since 
the subtyping data analysed in the current study was mainly based 
on the second-generation line-probe assay, direct comparison with 
Vince et al. was not possible (13). 

The absence of significant differences in the proportions of 
subtype 1a vs. 1b HCV infections in Croatia is also clinically 

relevant when evaluating diagnostic and treatment strategies as 
well as expected outcomes of CHC treatment with DAA on a 
national level. Registrations studies for various IFN-free regimens 
have shown lower sustained virological response (SVR) rates for 
subtype 1a versus subtype 1b infections in selected patient groups 
(6). Additionally, pre-treatment diagnostic assays recommended 
for subtype 1a infected individuals (for example analysis of 
primary NS5A resistance when considering elbasvir/grazoprevir 
treatment) should be considered as well (6, 7). Therefore, the 
ratio between subtype 1a and 1b infections needs to be carefully 
evaluated when considering national treatment strategies.       

Earlier analysis of regional differences in the distribution of 
HCV genotypes revealed similar percentages of subtypes 3a 
and 1b in the Split region while the majority of infections in the 
other regions were caused by subtype 1b (13). The results of the 
present study showed that genotype 1 infections predominate 
in the three geographic regions. However, in the Central and 
Southern Adriatic Region genotype 3 is more frequently found 
compared with genotype 1.  

The results of this study also confirmed the earlier observa-
tion of the moderate contribution of HCV genotypes 2 and 4 to 
the molecular epidemiology of HCV in Croatia (1.8% and 4.2%, 
respectively). However, the current study showed for the first time 
significantly higher percentages of genotype 4 infections in the 
Eastern Region and genotype 2 infections in the Northern Adriatic 
and Lika Region compared to other geographic regions in Croatia. 

Comparison of our results with the data on the molecular epi-
demiology of HCV infection in neighbouring countries showed 
similarities with the Slovenian cohort of HCV-infected patients. 
Seme et al. analysed 2,776 anti-HCV positive patients newly 
diagnosed in Slovenia over a 15-year period (1993–2007) and 
showed the predominance of genotype 1 infections (56%) fol-
lowed by genotypes 3, 2 and 4 (with a prevalence of 37.8%, 5%, 
and 1.2%, respectively) (15). 

A study on 164 persons with chronic hepatitis C from Serbia 
and Montenegro showed the high prevalence of genotype 1 
(57.9%) that could be attributed almost exclusively to subtype 1b 
infection (54.9%). Subtype 1a was detected in only one patient 
(0.6%) demonstrating an important difference in comparison with 
the Croatian data, probably due to the small number of studied 
patients (16). 

Similarly, a small study on the HCV genotype distribution in 
patients with CHC (n = 75) and HCV-infected first-time blood 
donors (n = 13) in Northwestern Bosnia and Herzegovina showed 
the predominance of subtype 1b infection (69.3% in CHC patients 
(17). 

In Hungary, subtype 1b is highly represented with estimates 
ranging between 54.4% to 85.5% (Cornberg et al.) (18). Contrary 
to the data from Croatia and Slovenia, a study on 118 HCV in-
fected patients from Hungary showed exceptionally high propor-
tion of genotype 1 infections (94.1%) with very low percentages 
of other genotypes (genotype 2 – 0.8%, genotype 3 – 3.4% and 
genotype 4 – 1.7%) (19). 

A study by Maracsio et al. from Southern Italy that included 
2,153 patients with CHC analysed in the period 2001–2011 
showed the predominance of subtype 1b followed by subtypes 
2a/2c, genotype 3 and 4 (20). The results of the study are consist-
ent with previous studies from various regions confirming the 
predominance of subtype 1b in Italy (1). Subtype 2c is commonly 

Fig. 2. Dynamics of proportion of particular HCV genotypes 
in 2,240 HCV-infected individuals from two centres in Croatia 
(UHID and UHC) in the period 2008–2015.
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found in the South of Italy whereas it is quite rare in Croatia and 
its neighbouring countries. 

These data clearly demonstrate a high degree of HCV molecu-
lar diversity on a national and regional level indicating the need 
for continuous surveillance of HCV molecular epidemiology. 

CONCLUSIONS

The results of this retrospective nine-year study show that 
the majority of HCV infection in Croatia can be attributed to 
genotypes 1 and 3 and that no major changes in the molecular 
epidemiology of HCV infection in the country have been observed 
for the past 20 years. 
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