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The majority of people infected with hepatitis C virus
(HCV) are unaware of their infection. Assessment of
the prevalence of HCV infection in the general popula-
tion and in key populations at increased risk is needed
for evidence-based testing policies. Our objectives
were to estimate the prevalence of antibodies to HCV
(anti-HCV), the prevalence of HCV viraemia (HCV RNA),
and to describe HCV genotype distribution among
pregnant women in Slovenia. Unlinked anonymous
testing was performed on residual sera obtained from
31,849 pregnant women for routine syphilis screening
during 1999, 2003, 2009, and 2013. Anti-HCV reactive
specimens were tested for HCV RNA and HCV geno-
types were determined. Annual prevalence of anti-HCV
ranged between 0.09% (95% confidence interval (Cl):
0.03-0.18) in 2009 and 0.21% (95% Cl: 0.12-0.34) in
2003 and HCV RNA positivity between 0.06% (95%
Cl: 0.02-0.14) in 2009 and 0.14% (95% Cl: 0.07-0.25)
in 2003. We observed no statistically significant dif-
ferences in anti-HCV or HCV RNA prevalence between
age groups (<20, 20-29 and =3o0years) in any year
and no trend in time. Of 29 HCV active infections, 19
were with genotype 1 and 10 with genotype 3. HCV
infection among pregnant women was rare suggest-
ing a low burden in the Slovenian general population.
Antenatal screening for HCV in Slovenia could not be
recommended.

Introduction

Hepatitis C virus (HCV) is among the most common
blood-borne viruses [1]. In ca 75% to 85% of cases of
infection, HCV persists as a chronic infection and one
third of chronically infected individuals is predicted to
develop liver cirrhosis or hepatocellular carcinoma [2].
Although treatment success has substantially improved
in recent years [3,4], most infected people are unaware
of their infection and/or do not have access to treat-
ment [5]. According to estimates published in 2013, by
2005, more than 185 million people around the world
were infected with HCV, of whom 350,000 die annually
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[1]. The prevalence of antibodies to HCV (anti-HCV) in
central Europe was estimated to be 2.4% (>2.9 million
people infected), in eastern Europe 2.9% (>6.2 mil-
lion people infected) and in western Europe 2.4% (>10
million people infected) [1]. Compared with other geo-
graphical areas in the world these figures indicate a
moderate prevalence (1.5%-3.5%) [1]. A recent review
of available data from Europe indicated a wide varia-
tion in HCV infection prevalence between countries,
ranging from 0.1% to 6.0% [6]. The lowest HCV preva-
lence (=0.5%) estimates were from Scandinavian coun-
tries and the Netherlands, and the highest (25%) from
Romania [7-10].

As HCV shows great diversity in prevalence in differ-
ent parts of the world, the 2010 World Health Assembly
resolution urged Member States to generate reliable
information as a foundation for building prevention and
control measures that match the local epidemiologi-
cal profile and health system capacities [11]. In 1998,
the United States (US) Centers for Disease Control and
Prevention had already recommended routine HCV test-
ing for several population groups at increased risk for
HCV, based on HCV risk factors ascertainment, but not
for pregnant women and the general population [12].
In 2012, once per lifetime HCV testing for adults born
between 1945 and 1965 without prior ascertainment of
HCV risk factors was added as a recommendation since
the prevalence of anti-HCV among the US population
born during these years was estimated to be 3.25%
(95% confidence interval (Cl): 2.80-3.76) and persons
born during these years accounted for approximately
three quarters of all chronic HCV infections among
adults [13].

In 2014, the World Health Organisation (WHO) recom-
mended to offer anti-HCV testing to individuals who are
part of a population with high HCV prevalence or who
have a history of HCV risk exposure or behaviour, and
suggested that nucleic acid testing for the detection of



FIGURE

Sentinel sites involved in collection of residual sera
specimens from pregnant women that were used to test for
antibodies to hepatitis C virus?, Slovenia, 1999-2013 (n=7)
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2 Sera used in this study to test for antibodies to hepatitis C
virus had been originally collected for syphilis screening and
subsequently systematically sampled for unlinked anonymous
human immunodeficiency virus prevalence monitoring for
surveillance purposes.

HCV RNA be used following a positive HCV serological
test to establish the diagnosis of chronic HCV infection
as part of the assessment for starting treatment [14].
WHO identified the following populations at increased
risk for HCV: persons who inject drugs, recipients of
infected blood products or invasive procedures in
healthcare facilities with inadequate infection control
practices, children born to mothers infected with HCV,
people with sexual partners who are HCV-infected, per-
sons with human immunodeficiency virus (HIV) infec-
tion, in particular men who have sex with men, people
who have used intranasal drugs, and people who
have had tattoos or piercings. National testing poli-
cies based on the best assessment of the prevalence
of HCV infection in the general population and in key
populations at increased risk are needed for evidence-
based HCV control policy [14].

Due to under-ascertainment and under-reporting,
Slovenian HCV surveillance data, which are based on
mandatory reporting of new hepatitis C diagnoses, do
not provide a full picture of the epidemiology of HCV
infection [15]. In Slovenia, we have some anti-HCV
prevalence estimates for groups at higher risk (haemo-
dialysis patients, people who inject drugs, HIV infected
individuals) and data about the distribution of HCV
genotypes among patients with HCV infection [16-20].
During the period from 2009 to 2013, the prevalence of

anti-HCV among confidentially tested people who inject
drugs entering or re-entering treatment within the net-
work of Centres for the Prevention and Treatment of
[llicit Drug Addiction ranged from the lowest 21.5% in
2010 to the highest 31.3% in 2013. These values were
relatively low in comparison to a number of other coun-
tries in Europe where the prevalence among people
who injected drugs during the period from 2011 to 2012
varied from 19% to 84%, with seven of the 11 coun-
tries with national data reporting a prevalence exceed-
ing 50% (Austria, Cyprus, Greece, Latvia, Norway,
Portugal, Turkey) [21]. We also have data about anti-
HCV prevalence among blood donors for the period
from 2001 to 2010 with an average of 0.0067% anti-
HCV positive donations [22]. By 2013, we had neither
reliable data about past and/or active HCV infection
prevalence among pregnant women and in the general
population nor about possible trends over time.

To complement available information on the preva-
lence of HCV infection in different population groups
in Slovenia, our objectives were to estimate the preva-
lence of anti-HCV, the prevalence of HCV viraemia (HCV
RNA), and to describe HCV genotype and subtype dis-
tribution among pregnant women in Slovenia for years
1999, 2003, 2009, and 2013. In addition, we wanted to
explore whether there were any differences in anti-HCV
and HCV RNA prevalence between different age groups
of pregnant women in any of these years and possible
changes in anti-HCV and HCV RNA prevalence through
time.

Methods

Samples

In Slovenia, syphilis screening for pregnant women
is universal. For this study, 31,849 sera stored at the
National Institute of Public Health that were obtained
from pregnant women for syphilis screening pur-
poses and were systematically sampled for unlinked
anonymous testing for HIV surveillance purposes dur-
ing 1999, 2003, 2009, and 2013 were included. The
sampling strategy for unlinked anonymous testing of
pregnant women for HIV surveillance purposes was
described previously [23,24]. Briefly, residual sera from
specimens obtained from pregnant women for syphilis
screening were continuously and consecutively sam-
pled in eight participating laboratories. The eight lab-
oratories were located at seven different sites across
Slovenia, whereby one site comprised two laboratories
(Figure). The second inclusion of specimens obtained
from the same women during the same calendar year
was prevented by keeping a separate list of identify-
ing information on women whose sera had already
been included into the sample during a particular year,
which was checked before storing any new specimen.
All specimens were labelled only with the information
about the laboratory where samples were collected,
sampling period (calendar year), and age group of the
pregnant woman (<20, 20-24, 25-29, and 230years)
from whom the serum specimen had been obtained
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for syphilis screening. They were frozen and stored at
-20°C until testing [23].

Laboratory testing strategy

All 31,849 specimens were initially tested for the pres-
ence of anti-HCV in pools of 12 specimens by using
Ortho HCV Version 3.0 ELISA Test system. Individual
specimens from screen reactive pools were retested
with the same test. To identify pregnant women with
active hepatitis C infection all screen repeatedly anti-
HCV reactive specimens were further tested for the
presence of HCV RNA by reverse transcriptase poly-
merase chain reaction (RT-PCR)-based COBAS Amplicor
HCV 2.0 (Roche Molecular Systems, Branchburg, NJ,
US) test. Anti-HCV screen positive pregnant women
with measurable HCV RNA were considered as actively
infected with hepatitis C. Anti-HCV screen positive
pregnant women without measurable HCV RNA were
further tested with Hepatitis C Virus Encoded Antigen
CHIRON RIBA HCV 3.0 Strip Immunoblot Assay (Chiron
Corporation, Emeryville, US) to distinguish pregnant
women with false positive anti-HCV screen test (nega-
tive with Immunoblot Assay) from those who sponta-
neously cleared hepatitis C in the past (positive with
Immunoblot Assay). In all HCV RNA positive specimens,
HCV genotype was determined with InnoLiPa HCV 2.0
test (Innogenetics, Zwijndrecht, Belgium).

Analyses

Statistical analyses were performed using STATA pack-
age version 10.0 (Stata Statistical Software: release
10.0 College Station. TX: Stata Corporation). We esti-
mated the overall and annual prevalence of anti-HCV
and HCV RNA together with 95% Cls, overall and accord-
ing to age groups of pregnant women. Chi-squared test
was used to assess the differences between the preva-
lence of anti-HCV and HCV RNA in pregnant women of
different ages for respective calendar years and for the
differences between different calendar years.

Ethical consent

Ethical consent to unlinked anonymous testing of preg-
nant women screened for syphilis for HIV surveillance
purposes (consent number 54/09/00) and ethical con-
sent for HCV unlinked anonymous testing of specimens
collected in 1999, 2003, 2009, and 2013 (consent num-
ber 86/04/13) were obtained from the Medical Ethics
Committee at the Ministry of Health in Slovenia.

Results

Among a total of 31,849 sera specimens tested, 41
were anti-HCV positive, corresponding to the pooled
prevalence estimate of anti-HCV of 0.13% (95% Cl:
0.09-0.17). The 41 positive samples originated from all
seven sentinel sites. Among 41 sera specimens posi-
tive for anti-HCV, 29 were positive for HCV RNA, cor-
responding to the pooled prevalence estimate of HCV
RNA of 0.09% (95% Cl: 0.06-0.13).

Annual prevalence estimates for anti-HCV ranged
between 0.09% (95% Cl: 0.03-0.18) in 2009 and
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0.21% (95% Cl: 0.12-0.34) in 2003 and for HCV RNA
positivity between 0.06% (95% Cl: 0.02-0.14) in 2009
and 0.14% (95% Cl: 0.07-0.25) in 2003 (Table). We
observed no statistically significant differences in anti-
HCV or HCV RNA prevalence between age groups (<20,
20-29 and =30years) in any calendar year and no trend
in time.

Among a total of 29 pregnant women positive for HCV
RNA, 19 were infected with genotype 1 (12 with subtype
1b, 3 with subtype 1a, while in 4 cases subtype could
not be determined) and 10 with genotype 3 (all subtype
3a). Infection with HCV genotypes 2, 4, 5 or 6 was not
detected.

Discussion
The prevalence of antibodies to HCV and HCV viraemia
among pregnant women in Slovenia was relatively low
and we have not identified any changes during this 15
years period.

In comparison to available data from other European
countries, our estimates of prevalence of anti-HCV
among pregnant women were more similar to published
prevalence estimates among pregnant women in some
western European countries (in the United Kingdom
(UK): 0.2%, April 1997—June 1998; in Amsterdam, the
Netherlands: 0.3%, 2003). Our estimates were however
lower than in some southern European countries (in
northern Greece: 1.9%, March 1996—February 1997; in
Bergamo, ltaly: 2.4%, January 1995—December 1998)
and eastern European countries (in Moldova: 2.3%,
1994) [25-29]. We should be cautious in comparing our
results with the published results of similar studies, as
different approaches were used for laboratory testing
and for sampling/enrolling pregnant women into the
studies (for example invitation to be voluntarily and
confidentially tested accompanied with HCV related
counselling in contrast to our unlinked anonymous
testing of sera specimens obtained from a sera bank,
which had been initially collected for syphilis screening
purposes).

Relatively low estimated anti-HCV and HCV RNA preva-
lence among pregnant women in Slovenia in compari-
son to many other European countries may correspond
to relatively low prevalence of anti-HCV among con-
fidentially tested people who inject drugs [21].
Although some researchers have reported that anti-
HCV prevalence among pregnant women increases with
age, we did not found a statistically significant asso-
ciation between age group and prevalence in our study

[25,30].

Only genotypes 1 and 3 were identified in our study
which is consistent with the results of another
Slovenian study in which chronic hepatitis C patients
were enrolled and 93.8% of patients had genotypes 1
and 3 [20]. The fact that we did not find any patients
with genotypes 4, 5 and 6, could be partly explained
by the observation that the introduction of genotype 4,



TABLE

Annual prevalence of antibodies to hepatitis C virus (HCV) and HCV viraemia among pregnant women, overall and by age
group, 1999, 2003, 2009, and 2013, Slovenia (n=31,849)

i 1999 2003 2009 2013
in
CEIEI Anti-HCV % | HCV RNA % N Anti-HCV % | HCV RNA % N Anti-HCV % | HCV RNA % N Anti-HCV % | HCV RNA % N
(95% CI) (95% Cl) (95% ClI) (95% Cl) (95% CI) (95% Cl) (95% CI) (95% Cl)
<0 0.27 0.27 6 0.00 0.00 R 0.00 0.00 s 0.00 0.00 16
(0.01-1.51) | (0.01-1.51) 367 (0.00-1.41)* | (0.00-1.41)? 59 (0.00-2.72)? | (0.00-2.71)? 34 (0.00-2.16)? | (0.00-2.16)? 9
202 0.11 0.09 0.27 0.16 0.07 0.07 18 0.11 0.09 6
9 (0.04-0.25) | (0.02-0.22) 4573 (0.14-0.47) | (0.06-0.32) 4475 (0.01-0.21) | (0.01-0.21) 4155 (0.03-0.25) | (0.02-0.22) 4045
230 0.10 0.05 1,990 0.12 0.12 2,547 0.11 0.05 3,745 0.13 0.08 4,760
(0.01-0.36) | (0.00-0.28) (0.02-0.34) | (0.02-0.34) (0.03-0.27) | (0.01-0.19) (0.05-0.27) | (0.02-0.22)
0.12 0.09 0.21 0.14 0.09 0.06 0.11 0.08
Total (0.05-0.23) | (0.03-0.19) 6,930 (0.12-0.34) | (0.07-0.25) 7,281 (0.03-0.18) | (0.02-0.14) 8,064 (0.06-0.21) | (0.04-0.16) 9:574

Anti-HCV: antibodies to HCV; N: number of sera collected from pregnant women for syphilis serology screening subjected to unlinked
anonymous testing for anti-HCV or HCV RNA; Cl: confidence interval.

a2 One-sided, 97.5% confidence interval.

5 and 6 in European countries has been related mostly
to immigration from Africa and in Slovenia immigration
from Africa has been relatively low [20].

Since the available estimates of HCV infection among
pregnant women in Europe are generally relatively low,
only two countries (Norway and Spain) introduced
antenatal screening programs for hepatitis C [31], while
for example, in the UK, routine antenatal screening for
hepatitis C virus infection was decided against [25].

Our approach to obtain estimates of anti-HCV and
HCV RNA prevalence by unlinked anonymous testing
of rather large convenience samples of stored residual
sera specimens obtained from pregnant women for
syphilis screening in four calendar years spanning the
period from 1999 to 2013, has proven to be logistically
feasible. The strengths of such unlinked anonymous
monitoring are minimised participation bias, non-
invasive specimen collection and a very cost-efficient
approach to collecting substantial number of speci-
mens in laboratories. By repeating cross-sectional
studies using the same methodology over time, we
can monitor possible trends. As syphilis screening
in Slovenia is universal and the numbers of residual
sera tested corresponded to substantial proportions
of pregnancies in respective calendar years (equiva-
lent to 38% to 46% of deliveries), we believe that our
prevalence estimates reflect quite accurately the true
HCV prevalence among Slovenian pregnant women in
those years. Pregnant women cannot be assumed to be
representative of the general population. However, we
believe that the estimated level of HCV infection preva-
lence among pregnant women may fairly well reflect the
level of HCV infection prevalence in the Slovenian gen-
eral population of reproductive ages, as suggested by
others [32]. Other countries with constrained resources
may consider using similar, logistically relatively sim-
ple and rather cost-effective, approaches to obtain bet-
ter population HCV prevalence data.

Our study had several limitations. We tested residual
sera specimens from convenience and not probability
samples of pregnant women in Slovenia during the
respective years. We did not have information on addi-
tional risk behaviour for pregnant women (for example,
information on possible history of sharing injecting
equipment) and women whose sera specimens had
not been included into our samples may have been at
a different risk for HCV infection. Finally, we may have
slightly underestimated the prevalence of HCV RNA, as
only screen repeatedly anti-HCV reactive specimens
were tested for the presence of HCV RNA and not all
31,849 sera specimens. However, we believe that
because of very low anti-HCV prevalence and conse-
quent extremely low probability for a specimen to be
collected before seroconversion (recently infected per-
son who is still anti-HCV negative while already HCV
RNA positive), little, if any, loss of sensitivity for ascer-
tainment of HCV RNA positivity would result from our
testing algorithm. Thus we assumed that the estima-
tion of HCV viraemia prevalence by our laboratory test-
ing algorithm fairly well reflected the true prevalence
of HCV viraemia.

To conclude, our data represent the first reliable esti-
mates of the relatively low burden of hepatitis C among
pregnant women in Slovenia and suggest a relatively
low burden of hepatitis C in the Slovenian general
population. This suggests that the anti-HCV prevalence
estimate for central Europe (2.4%) published in 2013
[1] may have been an overestimation and should be
revised according to new information available. But it
should be noted, that considerable heterogeneity in
the HCV infection prevalence may exists among differ-
ent countries of central Europe. Based on our results,
opportunistic screening for HCV should not be recom-
mended for pregnant women or the general population
in Slovenia, however, voluntary HCV testing should
be offered when there is a history of risk exposure or
behaviour or a medical condition suggestive of HCV
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infection. Opportunistic screening for HCV should only
be targeted to groups at increased risk, such as people
who inject drugs, persons with HIV infection, in par-
ticular men who have sex with men, and other groups
at increased risk for HCV as defined by the WHO [14].
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