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Abstract
AIM: To investigate the prevalence of hepatitis C virus 
(HCV) genotypes in Serbia and Montenegro and their 
influence on some clinical characteristics in patients with 
chronic HCV infection.

METHODS: A total of 164 patients was investigated. 
Complete history, route of infection, assessment of al-
cohol consumption, an abdominal ultrasound, standard 
biochemical tests and liver biopsy were done. Gene se-
quencing of 5’ NTR type-specific PCR or commercial kits 
was performed for HCV genotyping and subtyping. The 
SPSS for Windows (version 10.0) was used for univariate 
regression analysis with further multivariate analysis. 

RESULTS: The genotypes 1, 2, 3, 4, 1b3a and 1b4 were 
present in 57.9%, 3.7%, 23.2%, 6.7%, 6.7% and 1.8% 
of the patients, respectively. The genotype 1 (mainly the 
subtype 1b) was found to be independent of age in sub-
jects older than 40 years, high viral load, more severe 
necro-inflammatory activity, advanced stage of fibrosis, 
and absence of intravenous drug abuse. The genotype 
3a was associated with intravenous drug abuse and the 
age below 40. Multivariate analysis demonstrated age 
over 40 and intravenous drug abuse as the positive pre-
dictive factors for the genotypes 1b and 3a, respectively. 

CONCLUSION: In Serbia and Montenegro, the geno-
types 1b and 3a predominate in patients with chronic 
HCV infection. The subtype 1b is characteristic of older 
patients, while the genotype 3a is common in drug abus-
ers. Association of the subtype 1b with advanced liver 

disease, higher viral load and histological activity sug-
gests earlier infection with this genotype and eventually 
its increased pathogenicity.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Analys is of  genome of  hepat i t i s C v i r us (HCV) 
isolates from around the world has shown substantial 
heterogeneity of  nucleotide sequences and has identified at 
least six genotypes[1,2]. The prevalence of  HCV genotypes 
mostly depends on geographic location and for that 
reason, the genotype identification is crucially important 
in epidemiological investigation[3]. However, it is thought 
that HCV genotypes may influence some diversity in liver 
disease presentation, its outcome and response to antiviral 
treatment[4]. 

The aim of  our study was to determine the HCV 
genotype prevalence in this area of  the Southeast part of  
the Balkan and to evaluate the genotype distribution and 
its association with some clinical characteristics in patients 
with chronic HCV infection.

MATERIALS AND METHODS
Subjects
We retrospectively studied 164 patients with chronic HCV 
infection that had been selected for antiviral treatment. 
Patients were hospitalized in the Institute for Infectious 
and Tropical Diseases, Department for Viral Hepatitis, 
from January 1, 2005 to March 31, 2006. Patients with 
decompensated liver cirrhosis, hepatocellular carcinoma 
(HCC), co-infection with hepatitis B virus (HBV) and 
human immunodeficiency virus (HIV) were excluded 



from the study. Complete history with possible route of  
infection, physical examination, assessment of  alcohol 
consumption, an abdominal ultrasound and standard 
biochemical liver functional tests were taken in investigated 
patients. Alanine aminotransferase (ALT) values were 
measured at presentation. Percutaneous liver biopsy was 
performed in all patients. The hepatic pathology expert 
assessed histological grades (activity) and stages (fibrosis) 
with Masson’s trichrome stained tissue specimens, using 
the Ischak scoring system[5]. In the whole cohort of  
patients, there were 98 males and 66 females, aged from 
16-65 years (mean, 41 ± 12). 

Viral investigations
For detection of  sera specific antibodies to HCV and HIV 
(anti-HCV, anti-HIV) and surface HBV antigen (HBsAg), 
commercial kits were used (Ortho EIA; BioRad, ELISA). 
Quantification of  the viral genome (HCV RNA) in sera 
was done by the amplification method (Amplicor Roche 
Monitor) and expressed in copies/mL (dividing factor 
in IU/mL is 2.7). Gene sequencing of  5’ NTR type-
specific PCR or commercial kits (InnoLipa, Innogenetics, 
Genotyping Linear Array hepatitis C virus test, Roche 
Diagnostics) was performed for HCV genotyping and 
subtyping.

All tests of  association between the genotypes and 
other parameters were based preferentially on data for the 
genotypes 1, 3 and 1b3a because only a few patients (less 
than 5%) had the genotypes 2 and 1b4. Histological scores 
of  activity and fibrosis, viral load, and ALT values were 
separately divided into two categorical groups in order to 
evaluate the possible difference in pathogenicity of  the 
genotypes. Activity scores combined necro-inflammatory 
lesions, periportal necrosis and lobular necrosis were 
graded as scores ≤ 2 (absent-mild) and scores ≥ 3 
(moderate-severe). Fibrosis scores were divided into scores 
≤ 3 (absent-moderate) and ≥ 4-6 (severe -cirrhosis). 
Viral load of  HCV RNA was determined as high ≥ 2 × 
106 copies/mL. Values of  ALT were determined high if  
they were 2.5 × and 5 × higher than normal values (≤ 41 
IU/mL).

Statistical analysis
The electronic database organized in the Statistical Package 
for Social Science (SPSS) for Windows (version 10.0) was 

used. The results are expressed as means ± SD or as per-
centages. Parametric (Mann-Whitney test, Kruskal-Wallis 
test) and non-parametric tests (chi-square test, Fisher’s ex-
act test) and the Spearman correlation test were performed 
to identify significantly different variables that entered into 
univariate logistical regression analysis with further mul-
tivariate analysis. The level of  significance was set at P < 
0.05 and in the case of  multiple testing at P < 0.01. Data is 
presented with 95% confidence levels. 

RESULTS
Genotype distribution
The most commonly detected genotype in the whole 
cohort was genotype 1 (57.9%), with the predominant 
subtype 1b (54.9%). The subtype 1a was detected in one 
patient (0.6%) only. Genotype 3 was comprised exclusively 
of  the subtype 3a, while genotype 2 comprised the sub-
types a, b and c. Mixed inter- genotype infection, such as 
1b3a and 1b4 were detected in 13 (8.54%) patients, while 
mixed intra-genotype infection (1ab) was detected in two 
(1.2%) patients (Figure 1).

Association of the genotypes and demographic and 
behavioral data 
Statistical analysis did not show a difference in the fre-
quency distribution of  genotypes according to gender of  
the patients. The age of  the patients was analyzed as a con-
tinuous and a categorical variable (< 40 and ≥ 40 years). 
Result of  ages of  the patients in detail is presented in Table 1. 
Significant statistical difference was found between ages of  
the patients depending on the genotypes (χ2 = 23.474; r = 
3; P < 0.001). Patients with genotype 1 (44.31 ± 12) were 
older than patients with genotypes 3, 4 and 1b3a (37.18 ± 
10.02 versus 32 ± 12.59 versus 31 ± 8.73, P < 0.01, P < 
0.01 and P < 0.001, respectively). In the whole cohort, ap-
proximately a half  of  the patients (52%) were aged ≥ 40 
years. Analyzing the genotypes according to ages over ≥ 
40, differences in frequency distribution were found for 
genotypes 1, 3 and 1b3a (33 versus 25 versus 9, P < 0.01, P 
< 0.05 and P < 0.05, respectively). 
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Figure 1  Distribution of HCV genotypes in patients with chronic HCV infection. 11: 
96.7% subtype 1b, 1.1% subtype 1a, 2.2% non-determined subtypes.

Table 1  Age of patients with chronic hepatitis C infection 
according to genotypes 

Genotype  n Mean ± SD (yr) Range (yr)           

11   95   44 ± 12 21-65
2     6   36 ± 13 22-51
3   38   37 ± 10 23-62
4   11   32 ± 13 16-55
1b3a   11 31 ± 9 18-48
1b4     3   42 ± 11 33-54
Total 164   41 ± 12 16-65

1Including 1b, 1a, 1ab and two non-determined subtypes.
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Result of  univariate logistic analysis of  all three 
genotypes according to age ≥ 40 years is presented in 
Table 2. Univariate analysis demonstrated independent 
association of  age ≥ 40 years and all three genotypes: 
1 (mainly subtype 1b), 3a and 1b3a. Further multivariate 
analysis revealed only the age ≥ 40 years as the positive 
predictive factor for the genotype 1 [P < 0.001, Exp (B) = 
3.757; 1.952-7.232].

Data about alcohol consumption were available from 
161 patients, 30 of  them admitted moderate or heavy 
alcohol abuse (30 g/d or more). There was no statistically 
significant difference of  the frequency distribution of  the 
genotypes according to moderate and/or heavy alcohol 
consumption.

Genotypes and route of infection
The possible route of  infection was recognized in 98 
(59.7%) patients. Among these patients, patients who 
had a history of  intravenous drug use (IVDU), received 
blood transfusion, had accidental inoculation and/or were 
undergoing chronic hemodialysis, and healthcare workers, 
were found in 45.9%, 32.6%, 15.3% and 6.1%, respectively. 
Statistical analysis showed significant differences in 
frequency of  genotypes 1 and genotype 3 and IVDU (19/95 
vs 17/38, P < 0.05 and P < 0.05, respectively). Result 
of  univariate logistic analysis of  the genotypes 1 and 
genotype 3a and IVDU is presented in Table 3. Univariate 
analysis demonstrated independent association of  the 
IVDU and the genotypes 1 (96.7% subtype 1b) and 3a. 
Further multivariate analysis revealed IVDU as the positive 
predictive factor for the genotype 3a [P < 0.01, Exp (B) = 
2.833; 318-6.089]. 

Genotypes and histological findings
Fibrosis score was assessed in all patients. Score from ≤ 
3 and ≥ 4 had 60% and 40% of  the patients, respectively. 
Significant difference was found in the distribution of  
genotype 1 and fibrosis score ≥ 4 (45 vs 21, P < 0.05). 
Further univariate logistic analysis showed a fibrosis score 
≥ 4 being independent of  genotype 1 [P < 0.05, Exp (B) 
= 2.056; 1.072-3.938]. Histological activity was assessed in 
161 patients and scores of  ≤ 2, and ≥ 3 were established 
in 93.1% and 6.8% of  patients, respectively. Statistical 
analysis of  frequency in HCV genotype distribution 
according to activity score ≥ 3 showed a significant 
difference in frequency of  genotype 1 and other genotypes 
and histological activity (92 vs 69, P < 0.05), and also the 
positive correlation between these two variables (P < 

0.05). But further univariate logistic analysis did not show 
independent association of  genotype 1 and histological 
activity score ≥ 3. 

Genotypes and biochemical activity
Values of  ALT varied from 11 IU/L to 292 IU/L (mean, 
80 ± 53). ALT values 2.5 × and 5 × higher than normal 
value (102.5 IU/mL; 205 IU/mL) had 22.6% and 3.6% 
of  the patients, respectively. No significant difference was 
found in the frequency of  genotype distribution and the 
value of  ALT 2.5 × higher than normal value.

Genotypes and viral load
Viral load was quantified in 126 sera samples. The level 
of  HCV RNA varied from 2000 copies/mL to 31 333 575 
copies/mL (mean, 1 694 690 ± 3 284 562). Out of  all 
patients, 27 (21%) had a high level of  HCV RNA. 
Statistically significant difference in frequency of  high 
HCV RNA was found for genotype 1 (96.7% subtype 
1b) and other genotypes (23/57 vs 4/42, P < 0.05). A 
positive correlation was found between genotype 1 and 
high viral load (P < 0.05), as the univariate logistic analysis 
also revealed genotype 1 in independent association with 
high level of  HCV RNA [P< 0.05, Exp (B) = 3.819, 
1.339-10.89]. 

Finally, multivariate logistic regression analysis was 
calculated for genotypes 1 and 3a resulting in significance 
using univariate analysis. The result of  multivariate 
logistic analysis for genotype 1 is presented in Table 4. 
The result of  multivariate logistic analysis for genotype 
3a is presented in Table 5. Accordingly, genotype 1 was 
demonstrated as significant for the age ≥ 40 years [P= 
0.000, Exp (B) = 3.747, 1.952-7.232] whilst the genotype 
3a was demonstrated as significant for IVDU [P= 0.008, 
Exp (B) = 2.833, 1.318-6.089].

Table 2  Univariate logistic regression analysis of HCV 
genotypes according to age equal/older than 40 years

Genotype Significance Exp (B) Lower-Upper1

12 0.000 3.757 1.952-7.232
33 0.015 0.390 0.183-0.832
1b3a 0.036 0.187 0.039-0.896

195.0% CI for EXP (B); 2Including subtypes 1b (94.74%), 1a (1.05%), intra-
genotype variant 1ab (2.1%), and non-determined subtypes (2.1%); 33b 
subtype.

Table 3  Univariate logistic regression analysis of HCV genotypes 
according to patients with a history of intravenous drug abuse

Genotype Significance Exp (B) Lower-Upper1

12 0.013 0.413 0.205-0.833
33 0.008 2.833 1.318-6.089

195.0% CI for EXP (B); 2Including subtypes 1b (96.7%), 1a (1.1%), intra-
genotype variant 1ab (1.2%), and non-determined subtypes (2.2%); 33b 
subtype.

Table 4  Multivariate logistic analysis of HCV genotype 1 
according to age, high HCV RNA, fibrosis score and intravenous 
drug use (IVDU)

Variable Significance EXP (B) Lower-Upper1

≥ 40 yr 0.000 3.747 1.952-7.232
High RNA 0.012 3.819 1.339-10.89
Fibrosis score ≥ 4 0.030 2.413 1.072-3.938
IVDU 0.013 0.413 0.205-0.833

195.0% CI for EXP (B).
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DISCUSSION
The predominating genotype in our study is the genotype 
1 (57.9%), mostly the subtype 1b. The genotype 3a is the 
second most common genotype encountered in 23.2%. 
The prevalence of  HCV genotypes in our investigation is 
mainly similar to reports of  the HCV genotype distribution 
in other parts of  Europe[6-10]. Our current results also 
confirm findings from Serbia previously published[11,12]. 
The difference between our result and results from some 
other European investigators suggests the lower prevalence 
of  the subtype 1a in our cohort that we detected only 
in one patient. Also, the reported prevalence by other 
investigators of  the genotype 2 particularly in advanced 
liver disease was more common than we found in our 
study[13,14]. However, comparison of  the prevalence of  
genotypes between our results and results of  other reports 
also depends on the time of  these investigations. In the 
last decade, a shift in genotype distribution is obvious 
in many countries, mostly comprising an increase of  the 
prevalence of  the genotypes 3a, 1a and 4, and a decrease 
of  the prevalence of  genotypes 1b and 2[8,10,14]. The route 
of  HCV transmission mainly causes this epidemiological 
change in genotype distribution whereas the intravenous 
drug abuse associated with genotype 3a and 1a has become 
nowadays the major risk factor of  HCV infection[9,10,14-17]. 
In our investigation, only one patient with genotype 
1a cannot confirm this epidemiological shift in IVDU 
patients of  this genotype. 

Evaluating the association of  the genotypes and 
demographic data of  the patients, we did not find 
differences in genotype distribution and gender of  the 
patients or alcohol abuse. According to these results, we 
cannot point out female hormones or moderate to heavy 
alcohol abuse as participating factors in different disease 
presentation in association with the genotypes. Conversely, 
investigation of  ages of  the patients indicates that older 
age is strongly associated with the distribution of  the 
genotypes. We found that the genotype 1 was the most 
common genotype in older patients, while the genotypes 
3a, 4 and 1b3a characterized younger patients. Although all 
three genotypes are independent risk factors for ages over 
40, genotype 1 for the age over 40 and genotypes 3a and 
1b3a for the patients younger than 40, only the genotype 
1 has the predictive importance. According to this finding, 
we can assume that infection with genotype 1 in this 
part of  Balkan occurred earlier in the past than infection 
with other genotypes, subtypes and mixed inter-genotype 
infections, e.g., 4, 3a and 1b3a. 

Early investigations from the USA did not find 
an association between HCV genotypes and mode 
of  transmission[18]. However, the investigators from 
Europe reported that patients with a history of  blood 
transfusion were mostly infected with genotype 1b while 
intravenous drug abusers were infected with genotype 
3a[7,9,10,15-17,19,20]. Our results show that the genotype 3a 
is the most important predictive factor for IVDU that 
is in concordance with these reports. Although we did 
not confirm correlation of  genotype 1b with a mode of  
HCV transmission, the presence of  this genotype as the 

independent negative risk factor for IVDU may suggest 
other routes of  infection. Additionally, it is possible 
that relatively high prevalence of  mixed inter-genotype 
infection of  1b3a and 1b4 (8.5%) in our patients can 
suggest repeated infection in the same persons, although 
we did not find any association between these genotypes 
and mode of  HCV transmission. Moreover, according 
to our study, genotype 1 (mostly subtype 1b) is the most 
common genotype in patients with advanced HCV-related 
liver disease (fibrosis score equal/higher than 4). We can 
assume that this association between subtype 1b and more 
progressive disease is paradigmatic for earlier infection with 
this subtype in comparison with the subtype 3a and mixed 
infection with 1b3a. Some previous reports also suggested 
that subtype 1b is associated with a more advanced stage 
of  liver disease[19,21,22]. Concerning this problem, we must 
underscore that our cohort was a select group of  patients 
preparing for antiviral treatment. Because of  that, patients 
with end stage liver disease and HCC were excluded from 
the study. There is a probability that inclusion of  these 
patients may give a more convincing association between 
the genotypes and the stage of  the HCV-related disease. 

However, our result of  the associat ion of  the 
HCV genotype 1 with a high level of  HCV RNA and 
higher histological activity suggests possible increased 
pathogenicity of  this particular genotype. Although many 
authors did not confirm this association, some of  them 
suggested similar findings as we did[13,18,19,23]. We must 
remember again that our study was a cross-sectional and 
retrospective investigation, and that the factor of  time 
was not taken into account. In any case, our findings that 
genotype 1b is characterized with a higher level of  RNA, 
in correlation with increased necro-inflammatory changes 
in the liver than other genotypes, although lack of  an  
increase in biochemical activity could not be ignored as a 
possible indicator for increased pathogenicity of  subtype 
1b. Certainly, association between genotypes and the level 
of  HCV RNA and necro-inflammatory activity may need 
to be investigated in future studies.

Finally, we can conclude that genotype 1, particularly 
the subtype 1b in older patients with chronic HCV 
infection, predominates in this geographic Southeast 
part of  the Balkan. The second common prevalence of  
genotype 3, subtype 3a in younger patients, suggests the 
increased number of  IVDU as the main mode of  HCV 
transmission. The role of  subtype 1b that correlates 
with high viral load and higher histological activity could 
indicate potentially more pathogenicity of  this subtype 
with consequences such as longer persistence and more 
aggressive influence in disease outcome that requires 
careful analysis in prospective setting.

Table 5  Multivariate logistic regression analysis of HCV 
genotype 3 according to age and intravenous drug use (IVDU)

Variable Significance Exp (B) Lower-Upper1

Age ≥ 40 yr 0.015 0.390 0.183-0.832
IVDU 0.008 2.833 1.318-6.089

195.0% CI for EXP (B).
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COMMENTS
Background
Hepatitis C virus (HCV) represents a cause of chronic liver disease that may 
progress to cirrhosis with serious consequences. Analysis of the HCV genome 
demonstrated its high heterogeneity and identified at least six different genotypes 
divided into several subtypes that have epidemiological and clinical importance. 

Research frontiers
Important areas in investigation of HCV-related chronic liver diseases are 
identifying infected persons, recognize the route of its transmission, evaluation of 
the stage of the disease, use of antiviral therapy and prevention measures.

Innovations and breakthroughs
Prevalence of different HCV genotypes and subtypes and their influence on some 
clinical characteristics in the Southern part of the Balkan was investigated in 
164 patients with chronic hepatitis C. The most common genotype is 1 (57.9%), 
mainly subtype 1b. Genotype 3 (3a) is the second most common genotype, 
whilst genotypes 1a and 2 are less common than in other European countries. 
Genotypes 1 and 3a were found as predicting factors for older age and IVDU, 
respectively. 

Application
Actual epidemiologic study of HCV genotypes in specific areas is present in the 
article. Additionally, different genotypes were related to age, gender, alcohol 
abuse, route of transmission, biochemical activity, histological findings and viral 
load. Eventual shifts in the correlation data will be recognized in the future.

Terminology
HCV is a distinct member of the family Flaviviridae and placed into a separate 
genus, named Hepacivirus. Genotypes and subtypes of HCV represent its 
extensive genetic heterogeneity. Genotypes depend mainly on the geographic 
location and are classified into six main groups, designated as genotypes 1 to 6, 
with further subdivision within each genotype (a, b, c, etc.). It has been reported 
that genotypes differ in the severity of the liver disease they cause, baseline of 
serum RNA levels, response to antiviral treatment and route of transmission. 

Peer review
This article is an essentially confirmatory paper of the previously published 
observation on the genotype distribution in Serbia, particularly the confirmation of 
an unusual high prevalence of mixed genotype infection (about 8%-9% in the two 
papers). The finding of higher HCV RNA levels in genotype 1b is contradicted in 
most literature and the claim that genotype 1b had higher pathogenicity cannot be 
substantiated, unless in a prospective setting.
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