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Abstract: Due to the increasing number of infections related to injecting drug use, both the pattern of hepatitis C virus (HCV) transmission, and
the circulating genotypes in Europe have changed. As there are little available data in this respect for Romania, the aim of our study was
a preliminary analysis of the distribution of HCV genotypes circulating among injecting drug users (IDUs). Of the 45 IDUs evaluated
(86.7% men, mean age - 27.6 + 3.7 years, mean age at first drug use - 17.5 = 3.9 years), 88.9% presented anti-HCV antibodies,
with higher rates in those with an injecting history of more than 10 years; 57.8% of the subjects had detectable HCV viral load. Only
6.7% had markers of chronic hepatitis B infection, and none had anti-HIV antibodies. While HCV subtype 1b is still prevalent (in 50%
of the viraemic subjects), other subtypes begin to emerge, especially in younger patients (1a - in 23.1%, 4 - in 11.5%, 3a—in 7.7% of
the cases). These data indicate the possibility of major shifts in the distribution of the dominant subtype, underlining the need for close
surveillance of HCV infections in IDUs, who can act as a bridging group toward the general population.
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1. Introduction

In Europe, according to national estimates, 8.8 million
people (1.3% of the total population) are HCV infected
[1]. In 2008, 29,927 confirmed cases of hepatitis C virus
(HCV) infections were reported by the 27 EU and EEA/
EFTA Member States, giving an overall notification rate
of 8.97 per 100 000 population [2]. The most commonly
affected age group is that of 25-44 years-old, with twice
as many males infected compared to females. Injecting
drug use accounts for 30% to 60% of all reported HCV
cases in Europe, being the main risk factor in North-
ern European countries, and emerging as dominant in
Southern European ones, where it replaces the iatro-
genic transmission recorded 30 years ago [3].
According to a recent report from the European Mon-
itoring Centre for Drugs and Drug Addiction (EMCDDA),

HCV antibody levels among national samples of inject-
ing drug users (IDUs) vary from around 18% to 95%,
with half of the countries reporting levels in excess of
40%, and only three countries - Bulgaria, Czech Repub-
lic, Slovenia - reporting a HCV prevalence of under 25%
[4].

In Romania, results of a recent nationwide cross-
sectional survey documented a 3.23% prevalence of
anti-HCV in the general population [5]. Although during
the last years drug use has increased significantly in
Romania, only a limited amount of data about the preva-
lence of blood borne infectious diseases in IDUs is avail-
able at national level. In 2008, according to the National
Anti-drug Agency (NAA), 16,800 injecting drug users
were reported in Bucharest (0.9% of the city population).
About one third of all IDUs were less than 25 years old,
opioids were the most utilized drugs, and frequent use
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of non sterile injecting equipment was common practice
[6].

In 2009 an omnibus-type survey at the national level,
reported by NAA and EMDCCA, regarding the attitudes
and lifestyle of highschool students indicate a lifetime
prevalence of illicit drug use of 10.7% among 12" grad-
ers, with a regional extension outside the capital city [6].
A routine monitoring for the prevalence of drug related
infectious diseases, reported by United Nations Office
on Drugs and Crime (UNODC), showed HCV infec-
tion values over the European average (83% in 2009)
among drug users from Romania [7].

Worldwide, HCV genotypes 1b and 2, associated
with blood transfusions or nosocomial transmission are
being replaced by 1a, 3/3a and 4, that are commonly
found in injecting drug use related infections [8]. Roma-
nian patients with chronic hepatitis C enrolled in sev-
eral clinical studies were found to be almost exclusively
infected with genotype 1 (subtype 1b in 93.46% of the
patients from the ACHIEVE study, and genotype 1 -
without subtype identification - in 99.13% of patients in
ENMS study [9]. As there are little or no available data
in this respect for IDUs, we developed a pilot study on
the circulating HCV genotypes distribution and on the
seroprevalence of other blood borne viral infections.

2. Materials, methods, and statistical
analysis

2.1. Patients

Plasma samples were collected from 45 subjects with
a history of intravenous drug use attending a methadone
substitution program in one of the Centers for Integrated
Assistance for Addicts in Bucharest, during September
2008 — March 2009. At enroliment, all subjects were ad-
ministered a standardized questionnaire, that contained
socio-demographic characteristics (age, gender, educa-
tion), data about the drug consumption (drug exposure
time, age at first drug use), and other potential risk fac-
tors for HCV/HBV/HIV infections. Informed consent was
obtained from all participants. The study was approved
by the Bioethics Committee of the Stefan S. Nicolau In-
stitute of Virology.

2.2. Markers of viral infections

All samples were initially tested for total antibodies
against hepatitis B core antigen (anti-HBc Ab), hepatitis
B surface antigen (HBs Ag), antibodies against hepatitis
C virus (anti-HCV Ab), against human immunodeficiency
virus (anti-HIV Ab), and against human T cell leukemia

virus | and Il (anti-HTLV | & Il Ab). Sera negative for HB-
sAg were tested for anti-HBs antibodies. Sera positive
for HBsAg and/or anti-HBc antibodies were tested for
markers of active HBV replication - hepatitis Be antigen
(HBeAg) and HBV DNA. All serological markers were
tested by third generation commercial EIA (DIA PRO Di-
agnostic, Bioprobes, Italy).

Detection of hepatitis B viral DNA was done using
a commercial kit for quantitative in vitro nucleic acid am-
plification (Cobas AMPLICOR HBV Monitor test, Roche,
Germany) with a linear range between 300 and 2x10°
copies/mL, and a lower limit of detection of 300 HBV
DNA copies/mL. Sera positive for anti-HCV antibodies,
with signal-to-cut-off ratios lower than 3 (S/C0O<3.0)
were confirmed by recombinant immunobloting assay
(DECISCAN HCV PLUS, BIO-RAD, France) in accor-
dance with WHO recommendation. HCV viral load was
determined by quantitative RT-PCR (Cobas Amplicor
HCV Monitor, vers 2.0, Roche, Germany) - with a linear
range between 600 - 700 000 IU/mL, and a lower detec-
tion limit of 600 1U/mL.

HCV genotyping was performed using a reverse hy-
bridization line probe assay (VERSANT™ HCV Geno-
type 2.0 Assay, Siemens, Germany), according to the
manufacturer instructions. Briefly, RNA extraction using
a Qiagen kit was followed by RT-PCR for 5’UTR and core
HCV regions, using co-amplification with two pairs of
biotinylated primers to produce two distinct biotinylated
DNA fragments of 240 and 270 base pairs, representing
the above mentioned HCV genomic regions. The ampli-
cons were hybridized to oligonucleotide probes specific
to different HCV genotypes and subtypes, immobilized
to a nitrocellulose strip; detection was done using an al-
kaline phosphatase labeled streptavidin conjugate and
a BCIP/NBT chromogen substrate.

2.3. Statistical analysis

For statistical determination we used Fisher Exact test
(for analyzing contingency tables), Mann-Whitney test
(to compare two mean values), and Kruskal — Wallis test
(to compare mean values of viral load in different HCV
genotypes infections), from GraphPad InStat 3 Program;
p value < 0.05 was considered statistically significant.

3. Results

3.1. Patients’ characteristics

The male/female ratio in the studied group was 6.5,
mean age was 27.6 + 3.7 years (range, 20 — 38 ys.);
31.1% of the subjects were younger than 25 years. Half
of the participants graduated high-school, but were pres-
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ently unemployed; most of them (95.5%) came from an
urban area. The mean estimated duration of drug use
was 9.8 + 3.5 years (range 1 — 18 ys.); only one subject
began injecting drugs recently (<1 year), and 20% of the
subjects used drugs before 15 years of age; 31.1% re-
ported sharing injecting drug equipment frequently. No
notable gender differences in respect to demographic
characteristics and history of drug abuse were recorded.
11.2% of the subjects were married; only 8.9% report-
ed being involved in a steady sexual relationship with
just one partner in the last year. 48.9% reported having
sexual intercourses with more then 10 occasional part-
ners during their lifetime; the mean number of sexual
partners was 10.52 + 8.2 (range 1-50), and 13.3% were
diagnosed with a sexual transmitted disease in the past.
None of the study subjects had received blood transfu-
sion or organ transplant. Other risk factors independent-
ly associated with parenteral transmitted infections were
reported: tattoos (in 57.8% of cases), multiple invasive
dental interventions (in 55.6% of cases), body-piercing
(in 31.1% of cases), and surgery (in 26.7% of cases).

3.2. Serological markers of blood borne viral
diseases

55.6% of the studied subjects had total anti-HBc anti-
bodies as a marker of past or present hepatitis B infec-
tion, with similar prevalence rates recorded among IDUs
with different durations of injecting history (Table 1), and
a slightly lower prevalence of infection in younger pa-
tients (Table 2). 6.7% of the subjects were chronic HB-
sAg carriers and HBeAg positive; 8.9% were HBV DNA
positive - one patient had occult hepatitis B (defined as
presence of HBV DNA and the absence of HBsAg an-
tigen in plasma). 68% of the previously HBV infected
subjects had serologic profiles suggestive for viral clear-
ance (anti-HBc + anti-HBs antibodies; mean value of
anti-HBs titer= 8.3 + 59.5 mUI/mL).

None of the investigated IDUs tested positive for the
presence of anti-HIV antibodies, and only one of them
tested positive for the presence of anti-HTLV 1&2 anti-
bodies. No notable gender differences in respect to dis-
tribution of the serological markers were recorded.

88.9% of the studied subjects had anti-HCV antibod-
ies. Although not reaching statistical significance, higher

Table 1. Serological markers of tested patients by the duration of drug use

Subjects History of drug use 0 - 9 ys. History of drug use >10ys.
Parameter p value
N=45 N=19 (M-16;F-3) N=26(M-23;F-3)
HCV infection rate 40 (88.9%) 16 (84.2%) 24 (92.3%) 0.64
Detectable HCV RNA 26 (57.8%) 11 (57.9%) 5 (57.7%) 1.00
Anti-HBc positive 25 (55.6%) 10 (52.6%) 5 (57.7%) 0.77
HBs Ag positive 3 (6.7%) 2 (10.5%) 1(3.8%) 0.56
Detectable HBV DNA 4 (8.9%) 2 (10.5%) 2 (7.7%) 1.00
Anti-HIV positive 0 0 0
Anti HTLV positive 1(2.2%) 1(5.3%) 0 0.42
Table 2. Characteristics of the patients by age group
20-25ys. 25-30ys. 30-40ys.
Age group p value
(N=14) (N=18) (N=13)
HCV infection rate
) ) 14 (100%) 13 (72.2%) 12 (92.3%) 0.49
(anti-HCV positive)
HBV coinfection rate
) N 6 (42.8%) 11 (61.1%) 8 (61.5%) 0.21
anti-HBc positive
HBsAg positive 1(7.1%) 2 (11.1%) 0 1.00
HBV DNA positive 1 (7.1%) 3 (16.7%) 0 0.61
Mean HCV viral load (IU/mL = SD) 2.1 =42x105 1.6 = 5.5x105 6.21 = 8.2x105 0.13
Mean estimated duration of drug use
8.4 +3.71 10.19 = 2.45 10.9 =35 0.14
(ys. = SD)
Sharing needles 5 (35.7%) 4 (22.2%) 5 (38.5%) 0.59
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HCV prevalence rates were recorded among subjects
with a drug use history of more than 10 years (92.3%
compared with 84.2% for those with shorter periods
of drug use — Table 1), as well as in younger subjects
(all subjects younger than 25 years were HCV posi-
tive vs. 80.6% of older ones — Table 2). No differences
were recorded between HCV/HBV co-infected and HCV
monoinfected IDUs in respect to demographic charac-
teristics (mean age 26.9 + 3.7 ys. vs. 26.6 + 3.7 ys.,
mean estimated duration of drug use 9.3 + 3.5 ys. vs.
10.9 £ 3.3 ys.), nor regarding the association with risk
factors.

3.3. HCV genotypes

Three HCV genotypes (1, 3 and 4) were identified in the
26 IDUs with detectable HCV viral load. In descending
order of prevalence, HCV subtype 1b was identified in
50% of cases (13/26), 1ain 23.1% (6/26), genotype 4 in
11.5% (3/26), and subtype 3a in 7.7% (2/26); in 2 cases
it was not possible to differentiate between subtypes 1a
and 1b.

None of the factors that we examined for an as-
sociation with higher rates of HCV infection reached
statistical significance for correlation with a particular
genotype (age at initiation of drug injection, being male,
longer duration of drug injecting, HBV co-infection rate),
most probably due to the small size of the study sample.
However, patients infected with HCV subtype 3a tend to
be younger than the rest (mean age 24.5 + 0.5 ys. vs.
27.5 + 2.8 ys. for subtype 1b, 27.6 + 3.7 ys. for subtype
1a, 27.8 + 3.6 ys. for genotype 4); also, we observed
that the mean viral load was higher in patients infected
with genotypes 1a and 1b (4.9x10¢ and 2.1x108 Ul/ml),
compared with those infected with genotypes 3a and 4
(1.3x10°% and 1.03x10° Ul/ml; p = 0.48).

57.8% of the subjects had detectable HCV viral
load; significantly higher viral loads were present in
HCV monoinfected vs. HCV/HBV co-infected subjects
(4.8x108 + 8.4x10° Ul/mL vs. 2.3x10° + 4.7 x 10° Ul/mL,
p =0.05). No significant association was found between
HCV viral load and duration of drug abuse (9.6 + 2.8 ys.
vs. 10 £ 3.4 ys., p=0.74 in those with low and high viral
load, respectively).

4. Discussion

In our study we found a very high prevalence of HCV
infection in IDUs from Romania (88.9%), with the up-
permost rates recorded among users with an injection
history of more than 10 years. This finding is in accor-
dance with recent reports from the Romanian National
Antidrug Agency, showing a direct correlation between

HCV prevalence and the duration of drug use [6]. As this
pattern is different from that reported in other regions
from Europe, where IDUs develop anti-HCV antibodies
rapidly after drugs’ initiation [10], it can offer a window of
opportunity for public health strategies directed to con-
trol HCV spreading.

The percentage of subjects sharing needles or sy-
ringes was relatively low (31.1%), a fact that may re-
flect the efficiency of the needle exchange services.
However, this data cannot be extrapolated to the whole
IDU population in Romania, as long as this type of harm
reduction intervention is provided only by NGOs and re-
main located mainly in the capital city Bucharest; in ad-
dition sales of injecting equipment through pharmacies
is not included in any national monitoring system [11].

Our results show the emergence of new HCV gen-
otypes (1a, 3a and 4) in intravenous drug users from
Romania, unreported in previous studies from general
population. Although in Europe there is a wide range
of circulating HCV genotypes, including 1b (the most
prevalent worldwide), 2 and 4a throughout the Mediter-
ranean area, during the last years genotypes 1a and 3a
are detected with increasing frequency.

In Western European countries the prevalence of
HCV genotype 1b decreased significantly a decade
ago. In France, the prevalence of genotype 1a and 3a
increased to 28.8% and 26.3%, respectively, in 2002
[12]. In Germany, there was an increase in the rate of
genotype 3 infection - from 33.6% in 2003 to 35.7% in
2005 [13], while in Italy in 2003 genotype 3 was found in
about 12% of chronic hepatitis C patients [14]. More re-
cently, studies from Eastern Europe reported high rates
of HCV genotype 3, mainly associated to injecting drug
use: 19.7% in Czech Republic [15], 31.3% in Poland
[16], 23.2% in Serbia & Montenegro [17], and 33.3%
in Bosnia & Herzegovina [18]. In Russia, genotype 1a
was prevalent in the general population; however, due
to emergent epidemics of HCV among drug injectors,
genotype 3a (56.9%) appears to have surpassed 1a
(11.9%) in younger people [19]. Two separate introduc-
tions of subtype 3a were reported in intravenous drug
users in Estonia, where both subtype 1a and 3a are
presently co-circulating in this community [20].

In our study, patients infected with subtype 3a are
younger than the rest, indicating the new introduction of
this subtype in Romania. Together with the high preva-
lence of subtype 1a in IDUs, this points out to the possi-
bility of a major shift in the distribution of circulating HCV
genotypes, with the expansion of viral strains with an-
terior low prevalence, but with more efficient transmis-
sion in selected risk groups. Successive HCV outbreaks
among IDUs can further facilitate the secondary spread
of these new genotypes in the general population. As
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long as several different subtypes are circulating, the
emergence of HCV recombinants cannot be ruled out.
This has been already described for HCV subtypes
1b/1a, as a crossover event which had taken place in
the NS5B protein [21], and for HCV subtypes 2k/1b by
homologous recombination during minus-strand synthe-
sis [22].

An interesting point is that almost half of the IDUs in
our study reported having more than 10 sexual partners,
and more than 10% were diagnosed with a sexual trans-
mitted disease in the past. Recently, the importance of
sexual transmission of HCV infection has been recon-
sidered, mainly in men who have sex with men [23,24].
High-risk sexual behaviors, traumatic sexual practices
and ulcerative sexual transmitted diseases are facili-
tating HCV transmission; consequently, introduction of
multiple HCV strains from injecting drug users in the
general population, via unsafe sex, is possible.

Our data show that the rate of HCV/HBV and HCV/
HIV co-infections in drug users are extremely low. Only
6.7% of the study subjects were HBsAg chronic carri-
ers, a finding sustained by the data released in 2010 by
NAA and EMDCCA, which show a stabilizing, low HBV
prevalence in IDUs during the last years - 10.3% in 2009
[6]. This is likely to be maintained, as HBV incidence in
children under 15 ys. decreased significantly (from 81 to
11 per 100,000 population and year) after the introduc-
tion in 1995 of HBV routine immunization for newborns
[25].

None of the investigated IDUs had antibodies against
HIV. This dichotomy in the prevalence of blood borne
viruses in IDU population can be attributed to several
reasons. The estimated probability of HCV transmission
per exposure to a contaminated syringe is 5 to 20 fold
higher than that of HIV, probably due to higher viral titer
and different range of susceptible cells, as have recently
been shown using a microculture assay [26]. Further-
more, there are host genetic factors that can influence
susceptibility to viral infections. A strong association was
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