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Abstract

Background & aims

There is a considerable burden of hepatitis C in Europe related to the lack of prompt diagno-

sis. We aimed to estimate the prevalence and related risk factors of HCV infections by the

stages of liver fibrosis, using non-invasive methods, to understand testing needs in Poland.

Methods

A cross-sectional study was conducted in 2012–2016 adopting a stratified random sampling

of primary health care units followed by systematic sampling of patients within each unit.

Study participants filled a questionnaire and donated blood for laboratory HCV testing. Addi-

tionally, the results of liver function tests and platelet count were collected to calculate APRI

and FIB-4 scores. Cases were classified according to the level of fibrosis: ‘significant fibro-

sis’ (APRI�0.7 or FIB4�1.45) and ‘no significant fibrosis’ (APRI<0.7 and FIB4<1.45).

Results

Of 21 875 study participants, 102 were HCV-RNA positive. Prevalence of HCV infections

and significant fibrosis was estimated at 0.47% (95% CI 0.38% - 0.57%) and 0.12% (0.08%

- 0.17%), respectively. Cases with significant fibrosis accounted for 51.6% (33.4%-69.9%)

in men and 34.4% (17.3%-51.4%) in women. There was no correlation between the HCV

prevalence and age. Blood transfusion prior to 1992 strongly predicted significant fibrosis as

did the history of injecting drug use (IDU) and ever having an HCV-infected sexual partner in

men and caesarean sections in women. Factors associated with HCV infection without sig-

nificant fibrosis were tattooing in men and younger age in women. We acknowledge limited
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possibility to study the associations between IDU and ever having HCV-infected sexual part-

ner, given small sample sizes for these exposures.

Conclusions

As no clear birth cohort affected by HCV could be identified, risk factor-based screening in

the general population should be considered, taking into account the association between

the increased risk of liver fibrosis and the history of transfusion prior to 1992 and caesarean

sections.

Introduction

Hepatitis C is considered to be one of the most important public health problems related to

the infectious diseases worldwide. Severe complications and mortality of this disease generate

high economic and societal costs [1,2].

Simultaneously, there is a unique opportunity to avoid the unfavourable outcomes of this

condition, including liver cirrhosis and hepatocellular carcinoma, with the advent of new

potent therapies [3]. Current therapeutic regimens allow for a successful treatment of hepatitis

C cases even with advanced liver fibrosis which previously constituted a contraindication to

interferon-based therapies [4,5]. Furthermore, although treatment is currently recommended

for all patients with chronic HCV infection, patients with significant liver fibrosis are priori-

tized according to the European guidelines [6].

In all cases, the success of therapeutic programmes in curbing the epidemic heavily relies

on the effectiveness of case detection. Recently, a substantial effort was undertaken to under-

stand the epidemiology of hepatitis C in order to design and implement appropriate screening

programmes [7,8]. Different scenarios were evaluated for cost–effectiveness ranging from tar-

geted screening of high risk groups (e.g. people who inject drugs, PWID) to population-based

screening of birth cohorts [9]. The example of the USA shows that screening of appropriate

birth cohorts in addition to risk factor-based screening may be effective in detecting the major-

ity of chronic infections without a substantial increase of the costs [10]. Of importance, a rela-

tively small birth cohort could be identified which comprises over 75% of chronic HCV

infections in the USA, i.e. people born in 1945–1965 (‘baby boomers’).

Substantial prevalence of hepatitis C was also confirmed in several studies conducted in

Poland [11–14]. However, risk factors for viraemic prevalence were not established. Moreover,

the distribution of HCV-related fibrosis in prevalent cases is not known. This could affect

short-term predictions of the burden of this disease.

The objective of our study was to estimate the prevalence of HCV infections and the pro-

portion of people with HCV-related fibrosis, using non-invasive methods. Furthermore, we

aimed at identifying risk factors associated with higher HCV prevalence and more advanced

fibrosis stage as to inform public health authorities of the groups in which rapid improvement

of the detection rate is needed.

Materials and methods

Study design

We conducted a cross-sectional study in the general population in Poland. The sampling

frame was defined as the population registered in the primary health care units. At the time of

Hepatitis C prevalence by the liver fibrosis stage in Poland

PLOS ONE | https://doi.org/10.1371/journal.pone.0185055 September 20, 2017 2 / 14

programszwajcarski.gov.pl/) and the Minister of

Health of the Republic of Poland (http://www.mz.

gov.pl/). The funder had no role in study design,

data collection and analysis, decision to publish, or

preparation of the manuscript.

Competing interests: The authors declare no

conflict of interest regarding the subject matter of

this manuscript.

https://doi.org/10.1371/journal.pone.0185055
https://www.programszwajcarski.gov.pl/
http://www.mz.gov.pl/
http://www.mz.gov.pl/


the study, the coverage of primary health care was estimated at about 84% (Annual Report of

the National Health Fund 2014, http://www.nfz.gov.pl/zarzadzenia-prezesa/uchwaly-rady-nfz/

). Participants were selected using multi-stage sampling strategy. Firstly, a random sample of

primary health care units stratified by region was drawn from the primary health care unit

database. This database was derived from the Register of Health Care Centres maintained by

the Centre for Health Information Systems, containing both public and non-public units.

Units from 10 out of 16 provinces were sampled and 45 units (3 to 6 per province) agreed to

participate in the study. In each unit, a systematic sample was drawn from the register of

patients, according to the number of potential participants declared by the unit personnel.

Patients were contacted by phone, post or face-to-face. Detailed information of the sampling

and recruitment procedure was specified in [15].

Inclusion criteria for patients were: at least 18 years of age, not being currently on treatment

for hepatitis C and signed written informed consent. One of the contacted individuals was

excluded because of being treated for HCV infection. The overall response rate was 85%.

Each study participant was asked to fill an anonymous questionnaire and donate blood for

laboratory testing for HCV. The questionnaire was self-completed. The participants, however,

were encouraged to discuss particular questions with the general practitioner during the visit

and update answers if appropriate. Laboratory results and questionnaires were processed sepa-

rately and linked by an ID code in the central database.

In case of positive HCV-RNA result, the patient was asked to attend a follow-up visit to

undergo additional tests and receive referral to a specialist. Additional information was col-

lected at this stage including the results of liver function tests and platelet count.

The process of data collection lasted from March 2013 to April 2016. The protocol was

approved by the Ethics Committee at the National Institute of Public Health–National Insti-

tute of Hygiene in Warsaw (NIPH-NIH).

Questionnaire

The questionnaire was developed at the Department of Epidemiology of the NIPH-NIH. It

was subject to a pilot study in a selected primary health care unit in Warsaw. The questionnaire

included the questions on demographics, general medical history (e.g. comorbidities, prior

testing for HCV), medical and non-medical exposures (e.g. drug use, beauty procedures

including tattoos, home or sexual contact with a known HCV case, history of arrest, history of

alcohol addiction treatment). The original questionnaire in Polish and the English translation

are available as S1 File and S2 File, respectively.

Laboratory methods

Blood samples collected from the participants were processed at the local laboratories accord-

ing to a uniform algorithm (centrifugation at least 2000 RPM for 10 minutes, aliquoting into 2

tubes and freezing at max. -20˚C). Frozen blood samples were transported to the Department

of Virology of the NIPH-NIH at two-week intervals at most.

All serum samples were initially tested using electro-chemiluminescence immunoassay

(ECLIA) (Anti-HCV II, Cobas e 411, Roche). Samples that were repeatedly reactive were sub-

ject to polymerase chain reaction (PCR) for HCV-RNA (artus1RG RT-PCR Kit, Qiagen).

Testing was performed according to the manufacturer’s instructions.

Statistical analysis

Definition of the outcome variable. The patients were classified as infected according to

the HCV-RNA result. ‘Significant fibrosis’ was assigned to individuals who had high scores in
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APRI (aminotransferase–platelet ration index) or FIB4 indices. The individuals with low

scores were classified as ‘no significant fibrosis’.

APRI is calculated using the following formula: APRI = (AST [U/L]/Upper limit of normal

AST [U/L])/ PLT[109/L].

FIB4 is calculated as follows: FIB4 = (age[years]xAST[U/L])/(PLT[109/L]x (ALT[U/L])0.5).

Based on the available literature, we used the following cut-offs for significant fibrosis:

APRI�0.7 [16,17] and FIB4�1.45 [18]. In a recent meta-analysis, APRI score of above 0.7 had

a sensitivity of 77% and the specificity of 72% to detect significant fibrosis defined as META-

VIR, Batts and Ludwig, or Scheuer stages F2 through F4 or Ishak and colleagues stages F3

through F6 [17]. Using the 1.45 cut-off for FIB4 allowed this test to have a sensitivity of 70%

and specificity of 73.7% to detect significant fibrosis (Ishak F3 –F6)[18].

Approach to missing data. The proportion of missing data in the questionnaires was rela-

tively low. However, the results of platelet count and liver function tests were collected during

follow-up visit and, consequently, they were not available for all patients. Having assumed that

missing information is not related to the actual value of the parameter (missing at random),

we applied multiple imputations of the values taking into account the exposures considered in

the substantial model as well as chronic conditions described in the literature to be associated

with either platelet count or AST or ALT levels. Fully conditional specification (chained equa-

tions) technique [19] was used to create the imputations using normal regression model to the

platelet count and natural logarithm transform of AST and ALT levels. Other parameters were

modelled using logistic regression. Ten pseudo-complete datasets were created and the Rubin’s

rules were used for combined inference [20].

Multivariate analysis of factors associated with HCV infection. We used logistic regres-

sion to study the association between demographic factors, medical and non-medical expo-

sures and HCV infection and multinomial regression model to study the association between

these factors and ‘no significant fibrosis’ and ‘significant fibrosis’ versus the baseline category

‘no active infection’. Due to the differential risk of HCV elimination and prognosis of disease

progression in men and women, the model was developed separately for men and women. Ini-

tially, the effects significant in univariable analysis were considered. Backward selection was

applied to achieve the final model. The analysis was performed using STATA (StataCorp. 2013.

Stata: Release 13. Statistical Software. College Station, TX: StataCorp LP).

Results

In total, 21 875 individuals were included in the study. Presence of HCV-RNA was confirmed

in 102 cases. The information necessary to calculate ARPI and FIB4 scores was available for 63

cases. A total of 36 (57.1%) and 14 (22.2%) cases were classified both by APRI and FIB4 scores

as having low and high probability of significant fibrosis, respectively (Fig 1). These two indi-

ces were discrepant in 13 cases (20.6%), that, according to our procedure, were assigned to the

significant fibrosis group.

A total of 14 295 (65.3%) women and 7 580 (34.7%) men were included in the study. The

median age of the participants was 49.5 years (IQR 36–60), 50.2 years (IQR 36.4–60.5) in men

and 49.1 years (IQR 35.8–59.7) in women. The distributions of socio-demographic factors,

medical and non-medical factors in all participants, the infected individuals and those with the

indication of significant fibrosis are given in Table 1. Of note, blood transfusion prior to 1992

was recorded in 5.4% of all participants, 16.7% of infected individuals and 25.9% of those with

significant fibrosis. Similarly, 0.3% of the participants, 4.9% of infected individuals and 3.7% of

those with significant fibrosis reported history of injecting drug use. A total of 0.4%, 3.9% and

3.7% marked contacts with an HCV-infected sexual partner, respectively. Tattooing was
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reported by 5.7% of participants and 12.7% of infected individuals. Notably, tattooing was

reported by 10.2% of people aged 18–44 (873 of 8,605 individuals who provided a valid

answer) and 3.2% (374/11,789) of those aged 45 or older. Out of all women, 17.4% confirmed

prior caesarean section as compared to 35.3% of HCV-infected women.

Having imputed missing data, the overall prevalence of HCV-RNA was 0.47% (95% CI

0.38% - 0.57%) and the prevalence of significant fibrosis was 0.12% (0.08% - 0.17%). The cases

with significant fibrosis accounted for 42.9% (30.3%-55.4%) of all infections, 51.6% (33.4%-

69.9%) in men and 34.4% (17.3%-51.4%) in women.

Both the prevalence of active infections and significant fibrosis were higher in men com-

pared to women (0.67%, 95% CI 0.51% - 0.88% vs 0.36%, 95% CI 0.27%-0.47% and 0.21%, 95%

CI 0.11%-0.32% vs 0.08%, 95% CI 0.03%-0.12%, respectively). The prevalence of significant

fibrosis increased with age, but the differences in HCV prevalence were not significant (Fig 2).

Initially, we studied all factors in the multivariable regression models, which in univariable

analysis predicted either HCV infection in general, ‘no significant fibrosis’ infection or ‘signifi-

cant fibrosis’ infection either in men or women at the level of 0.1. Due to the low number of

cases (or no cases) in some categories, respective odds ratios were not possible to calculate. In

the multivariable model, we retained factors with p-values<0.1.

In both men and women, HCV infection was associated with blood transfusion prior to

1992 (adjusted odds ratio, AOR 4.6, 95% CI 1.83–11.59 and 3.5, 95%CI 1.7–7.21, respectively)

Fig 1. Comparison of APRI and FIB4 scores in HCV-RNA positive individuals. The vertical and horizontal lines indicate the cut-

off points for significant fibrosis for APRI and FIB4 scores, respectively. Two cut-off points are presented: APRI�0.7 and FIB4�1.45

(high sensitivity and low specificity) and APRI�1.5 and FIB4�3.25 (low sensitivity and high specificity).

https://doi.org/10.1371/journal.pone.0185055.g001
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Table 1. Characteristics of the study population, HCV-infected individuals and individuals with indication of significant liver fibrosis.

Total HCV-RNA positive Significant fibrosis

No. Col % No. Col % No. Col %

Sex

Women 14295 65.3 51 50.0 11 40.7

Men 7580 34.7 51 50.0 16 59.3

Age mean/median, IQR (years) 48.5/ 49.5,30–60 47/ 47.6, 33.2–59.1 53.7 / 52.4, 44–69.0

Residence

Rural 10353 47.3 39 38.2 12 44.4

Urban 11522 52.7 63 61.8 15 55.6

Transfusion prior to 1992

No 20231 92.5 85 83.3 20 74.1

Yes 1171 5.4 17 16.7 7 25.9

N.A. 473 2.2 0 0.0 0 0.0

Dental procedure

No 3184 14.6 12 11.8 5 18.5

Yes 16998 77.7 81 79.4 19 70.4

N.A. 1693 7.7 9 8.8 3 11.1

Biopsy

No 15442 70.6 70 68.6 21 77.8

Yes 3166 14.5 21 20.6 4 14.8

N.A. 3267 14.9 11 10.8 2 7.4

Caesarean section

No 9574 67.0 29 56.9 6 54.5

Yes 2486 17.4 18 35.3 4 36.4

N.A. 2235 15.6 4 7.8 1 9.1

Total 14295 100.0 51 100.0 11 100.0

Major surgery

No 10628 48.6 52 51.0 13 48.1

Yes 8511 38.9 39 38.2 12 44.4

N.A. 2736 12.5 11 10.8 2 7.4

Tattoos

No 19147 87.5 86 84.3 25 92.6

Yes 1247 5.7 13 12.7 2 7.4

N.A. 1481 6.8 3 2.9 0 0.0

Treatment for alcohol addiction

No 21282 97.3 95 93.1 26 96.3

Yes 265 1.2 4 3.9 1 3.7

N.A. 328 1.5 3 2.9 0 0.0

Intranasal or injecting drug use

No 21000 96.0 93 91.2 26 96.3

Only intranasal 180 0.8 2 2.0 0 0

Injecting 61 0.3 5 4.9 1 3.7

N.A. 634 2.9 2 2.0 0 0.0

HCV diagnosed in householder

No 20874 95.4 98 96.1 26 96.3

Yes 615 2.8 4 3.9 1 3.7

N.A. 386 1.8 0 0.0 0 0.0

HCV-infected sexual partner

(Continued )
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and ever having an HCV-infected sexual partner (AOR 7.26, 95% CI 1.59–33.25 and 9.88, 2.3–

42.51) (Table 2). In addition, caesarean sections predicted HCV infection in women (AOR for

�2 caesarean sections vs none 3.4, 95% CI 1.68–6.89) and injecting drug use (AOR 10.09, 95%

CI 3.08–33.04), having a tattoo (AOR 2.58, 95% CI 1.28–5.2) and a history of biopsy (AOR

3.72, 95% CI 1.93–7.19) in men.

The only risk factor significantly associated with significant fibrosis in women was the

number of caesarean sections, AOR for two or more vs none 5.6 (95% CI 1.3–24). Transfusion

prior to 1992 was only borderline significant in women in multivariable analysis, although

strongly predicted significant fibrosis in univariable analysis (OR 4.9, 95% CI 1.3–18.5)

(Table 3).

Table 1. (Continued)

Total HCV-RNA positive Significant fibrosis

No. Col % No. Col % No. Col %

No 21482 98.2 98 96.1 26 96.3

Yes 94 0.4 4 3.9 1 3.7

N.A. 299 1.4 0 0.0 0 0.0

Total 21875 100.0 102 100.0 27 100.0

https://doi.org/10.1371/journal.pone.0185055.t001

Fig 2. Prevalence of HCV-RNA and prevalence of significant fibrosis defined by APRI�0.7 and FIB4�1.45 by sex and age group.

https://doi.org/10.1371/journal.pone.0185055.g002
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Having a tattoo (AOR 4.6, 95% CI 1.6–13.9), history of injecting drugs (AOR 8.6, 95% CI 1.0–

74.0) and history of having an HCV-infected sexual partner (AOR 9.6 95% CI 1.2–79.3) were sig-

nificantly associated with ‘no significant fibrosis’ in men in multivariable analysis. On the other

hand, the history of transfusion prior to 1992 (AOR 12.1, 95% CI 3.7–39.9), and ever having an

HCV-infected sexual partner (AOR 11.6, 95% CI 1.4–98.4) predicted significant fibrosis, while

history of ever injecting drugs was borderline significant (AOR 8.2, 95% CI 0.9–73.8) (Table 3).

Discussion

We confirmed a substantial HCV prevalence in Poland with a moderate fraction of HCV

infection-related fibrosis assessed by non-invasive methods. Factors which predicted HCV

infection with significant liver fibrosis differed from those associated with infection with low

fibrosis, although the number of individuals with significant fibrosis was small, limiting

detailed analysis. Furthermore, these factors differed between men and women. These findings

may be of assistance while designing testing strategies and evaluating the short and long-term

effects of these strategies on reducing the burden of HCV infection.

We found that HCV prevalence is similar across all age groups in both adult men and

women. This is in contrast to e.g. USA and France, where it is accumulated in specific birth

Table 2. Univariate and multivariate associations between predictive factors and HCV infection by sex.

Univariable Multivariable*

OR 95% CI p-value AOR 95% CI p-value

WOMEN

Age (per each additional year) 0.99 0.98 1.01 0.479 0.99 0.97 1.01 0.216

Transfusion prior to 1992 (yes vs no) 3.58 1.83 6.99 <0.001 3.5 1.7 7.21 0.001

Having a tattoo (yes vs no) 0.78 0.19 3.23 0.735

Ever using intranasal or injecting drugs (yes vs no) 7.21 1.72 30.19 0.007

Ever injecting drugs (yes vs no) 9.91 1.32 74.25 0.026

Biopsy (yes vs no) 0.72 0.31 1.67 0.448

HCV positive partner (yes vs no) 9.8 2.33 41.25 0.002 9.88 2.3 42.51 0.002

Dental procedure (yes vs no) 1.09 0.5 2.41 0.825

Perinatal procedures (yes vs no) 0.79 0.45 1.4 0.426

Alcohol addiction (yes vs no) 4.61 0.63 33.93 0.133

HCV positive household contact (yes vs no) 1.25 0.3 5.17 0.754

One caesarean section vs none 1.46 0.66 3.24 0.353 1.24 0.55 2.78 0.609

Two or more caesarean sections vs none 4.03 2.02 8.03 <0.001 3.4 1.68 6.89 0.001

MEN

Age (per each additional year) 0.99 0.98 1.01 0.459 0.99 0.97 1.01 0.172

Transfusion prior to 1992 (yes vs no) 5.52 2.32 13.12 <0.001 4.6 1.83 11.59 0.001

Having a tattoo (yes vs no) 3.19 1.63 6.26 0.001 2.58 1.28 5.2 0.008

Ever using intranasal or injecting drugs (yes vs no) 5.1 2 13.01 0.001

Ever injecting drugs (yes vs no) 21.87 7.38 64.84 <0.001 10.09 3.08 33.04 <0.0001

Biopsy (yes vs no) 3.74 2.01 6.99 <0.001 3.72 1.93 7.19 <0.0001

HCV positive partner (yes vs no) 8.92 2.08 38.17 0.003 7.26 1.59 33.25 0.011

Dental procedure (yes vs no) 1.39 0.56 3.49 0.479

Alcohol addiction (yes vs no) 2.23 0.69 7.23 0.18

Ever having an HCV positive household contact (yes vs no) 1.73 0.42 7.19 0.448

*Combined estimates of logistic regression on 10 imputed datasets.

https://doi.org/10.1371/journal.pone.0185055.t002
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cohorts [10,21]. Consequently, birth cohort screening strategy, introduced in these countries,

may not be effective in Poland. Other strategies, including targeted testing, may prove to be

more appropriate in terms of case detection and cost-effectiveness.

We found a moderate proportion of cases with significant liver fibrosis. The indication of

significant fibrosis was present in 51.6% and 34.4% of HCV-infected men and women, respec-

tively. Only a few studies report the prevalence of hepatitis C by liver fibrosis stage or its distri-

bution in a population based study. Klevens and colleagues reported that over 20% of

infections could be associated with significant fibrosis in the USA [22]. Another study con-

firmed that the average prevalence of intermediate-to-high risk of fibrosis (FIB4�1.45) was

51%, but it increased with time [23]. Bailey and colleagues, who evaluated liver fibrosis in

HIV/HCV co-infected pregnant women, found no significant/advanced fibrosis in 47.4% par-

ticipants by APRI and 74.9% by FIB4 [24]. There are no prior data which could be used to ana-

lyse trends in this respect in Poland. Our findings may, however, indicate substantial burden

of HCV-related fibrosis.

Significant fibrosis, including compensated cirrhosis, is associated with an increased risk of

progression to hepatocellular carcinoma or decompensation. In the study by Xu and col-

leagues, the proportion of disease progression within 5 years reached 19.6% for F3 and 37.2%

for F4 stages compared to 2.3% in case of F0-1 stages [25]. These unfavourable short-term out-

comes could be prevented if cases with significant fibrosis were efficiently detected and treated,

leading to immediate reduction in the rates of decompensated cirrhosis or cancer [26]. What

follows, if the screening programme is designed in a way to maximise the yield of cases with

advanced fibrosis, the savings resulting from the prevention of these outcomes could be

achieved in a relatively short time. Prompt savings could be in turn allocated for improved pre-

vention, screening and treatment of hepatitis C cases.

The risk factors associated with ‘no-significant’ fibrosis differed from those predicting

infections with significant fibrosis. These differences may reflect the natural history of the epi-

demic, in particular the factors predicting significant fibrosis may be associated with histori-

cally important sources of HCV transmission whereas those associated with less fibrosis with

more current transmission patterns.

The significant fibrosis was associated with blood transfusion prior to 1992, especially in

men (AOR 12.1, 95% CI 3.7–39.9). Routine screening for HCV (anti-HCV) was implemented

in 1992. Thus, transfusion prior to 1992 is an established risk factor of chronic hepatitis C in

Poland. Interestingly, although transfusion prior to 1992 was also associated with increased

odds of significant fibrosis in univariable analysis in women (OR 4.9, 95% CI 3.0–18.5), less

such effect was noted in the multivariable model. Blood transfusion prior to 1992 correlated

with the number of caesarean sections, which possibly reflects frequent blood loss requiring

transfusion, including occasionally massive transfusions (�8 units of RBC) following caesar-

ean sections [27,28]. Testing of women with a history of multiple caesarean sections, especially

prior to 1992, should be considered.

In our study, injecting drug use was associated with increased odds of both no-significant

fibrosis (AOR in men 8.6, 95% CI 1.0–74.0) and significant fibrosis (AOR in men 8.2, 95% CI

0.9–73.8) infections. High level of HIV co-infections (29%) among HCV-infected PWID was

previously observed [29]. HIV infection contributes to a faster fibrosis progression in HCV-

infected patients [30], re-iterating the need for efficient HCV screening in this group. The

association between HCV infection and the history of injecting drug use in women could not

be estimated due to the fact that the sample of women with a history of injecting drug use was

not large enough (29 cases, 1 infected).

Furthermore, we observed the association between HCV infection and the history of sexual

contacts with an HCV- infected person (AOR 9.88, 95%CI 2.3–42.51 in women and 7.26, 95%
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CI 1.59–33.25 in men). Although sexual transmission may not be as effective as other routes,

sexual contact with an infected partner and multiple partnerships have been repeatedly found

to correlate with higher HCV prevalence [31]. Interestingly, the history of having an HCV-

infected partner was associated with both ‘significant fibrosis’ (AOR 11.6, 95% CI 1.4–98.4)

and ‘no significant fibrosis’ infections (AOR 9.6, 95% CI 1.2–79.3) in men, possibly suggesting

ongoing transmission. Sexual contact is reported to be an efficient HCV transmission route in

men who have sex with men (MSM), in particular those infected with HIV [32]. The possibility

of ongoing HCV transmission among HIV-infected MSM should be investigated. Due to the

small sample of females who reported having an HCV-infected partner (59, 2 infected), the

analysis of this factor by fibrosis stage was not possible in this group.

We found that tattooing predicted HCV infection at less advanced stages in men (AOR 4.6,

95% CI 1.6–13.9). Of note, no association was found with more advanced disease, suggesting

that this may be an ongoing transmission route or possibly an indicator of other behaviours

currently still leading to transmission. In other countries tattooing was found as a risk factor of

HCV infection [33,34] although some studies reported no increased risk [33]. The risk was

mainly associated with having the tattoo made in non-professional settings including prisons

and appeared to decrease since 2000. The associations between tattooing and injecting or

snorting drug use were also underlined [33]. In our study, tattooing was present in 10.2% and

3.2% of those aged<44 and 45+, respectively. Recent emergence of this factor may explain

why it is associated only with ‘no fibrosis’ infections as these infections are likely of shorter

duration. Closer revision of the tattoo procedures should be implemented in order to eliminate

the risk of transmission of blood-borne infections through this procedure.

There are three main limitations in our study. Firstly, we relied on the approximate indica-

tors of the stage of HCV infections and our estimate of the stage distribution could be biased.

However, these indicators have been validated in many studies and their precision although

suboptimal at the clinical level tend to be sufficient for the purpose of epidemiological studies

offering a cheaper and logistically feasible alternative to other methods (9,12). We also note

that approximately 16% of the country population were not registered in the primary health

care and were therefore excluded from the study population. This may be particularly true

for marginalized populations such as problem PWID and undocumented migrants, in whom

the HCV prevalence is likely to be higher. Thus, the results are generalizable to the general

population settings and should be supplemented with targeted monitoring of the high risk

populations.

Finally, even though we did have sufficient power to estimate HCV infection prevalence by

demographic profile, it has to be acknowledged that our ability to determine the risk factors

for “significant fibrosis” and “non-significant fibrosis” infections was already restricted, as

evidenced by broad confidence intervals. We can report with some confidence the associa-

tions with relatively common HCV risk factors (e.g. transfusion prior to 1992, caesarean sec-

tion, tattooing), however, the sample size was not large enough to study rare risk factors such

as injecting drug use (reported by 0.3% of participants) and ever having an HCV-infected sex-

ual partner (reported by 0.4% of participants). Since these exposures were rare in our study,

we conclude they would not strongly affect the possible screening strategy in the general

population.

Conclusions

We showed that HCV infection is prevalent in adults across birth cohorts in Poland. Conse-

quently, it would be not feasible to implement birth cohort based screening. However, if

the targeted screening followed by the treatment of HCV cases detected were effectively
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implemented, especially based on the factors associated with significant fibrosis, we could

expect a substantial decrease in the morbidity and mortality rates within several years. Prior

research demonstrated effectiveness of targeted screening to identify individuals at a higher

risk of HCV infection in the general population [35,36]. Simple recommendations are more

likely to be effectuated at the primary care level [37], such as birth cohort screening, but also

screening targeted to a single group such as people with the history of injecting drug use [38].

Therefore, we recommend the adoption of fewer, but evidence based, indications for HCV

testing in the primary care units. A revision of such strategy after several years is warranted.
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7. Hahné SJ, Veldhuijzen IK, Wiessing L, Lim T-A, Salminen M, Laar M van de. Infection with hepatitis B

and C virus in Europe: a systematic review of prevalence and cost-effectiveness of screening. BMC

Infect Dis. 2013; 13. https://doi.org/10.1186/1471-2334-13-181 PMID: 23597411

8. Hope VD, Eramova I, Capurro D, Donoghoe MC. Prevalence and estimation of hepatitis B and C infec-

tions in the WHO European Region: a review of data focusing on the countries outside the European

Union and the European Free Trade Association. Epidemiol Infect. 2014; 142: 270–286. https://doi.org/

10.1017/S0950268813000940 PMID: 23714072

9. Coward S, Leggett L, Kaplan GG, Clement F. Cost-effectiveness of screening for hepatitis C virus: a

systematic review of economic evaluations. BMJ Open. 2016; 6: e011821. https://doi.org/10.1136/

bmjopen-2016-011821 PMID: 27601496

10. Smith BD, Morgan RL, Beckett GA, Falck-Ytter Y, Holtzman D, Teo C-G, et al. Recommendations for

the identification of chronic hepatitis C virus infection among persons born during 1945–1965. MMWR

Recomm Rep Morb Mortal Wkly Rep Recomm Rep. 2012; 61: 1–32.

11. Hartleb M, Gutkowski K, Zejda JE, Chudek J, Więcek A. Serological prevalence of hepatitis B virus and

hepatitis C virus infection in the elderly population: Polish nationwide survey—PolSenior. Eur J Gastro-

enterol Hepatol. 2012; 24: 1288–1295. https://doi.org/10.1097/MEG.0b013e328357632a PMID:

22864260

12. Godzik P, Kolakowska A, Madalinski K, Stepien M, Zielinski A, Goralewska A, et al. [Prevalence of anti-

HCV antibodies among adults in Poland—results of cross-sectional study in general population]. Przegl

Epidemiol. 2012; 66: 575–580. PMID: 23484383

13. Flisiak R, Halota W, Horban A, Juszczyk J, Pawlowska M, Simon K. Prevalence and risk factors of HCV

infection in Poland. Eur J Gastroenterol Hepatol. 2011; 23: 1213–1217. https://doi.org/10.1097/MEG.

0b013e32834d173c PMID: 22002000

14. Leźnicka M, Gierlotka K, Prycel T. The rationale behind screening programs for early detection of hepa-

titis C virus. Med Pr. 2014; https://doi.org/10.13075/mp.5893.00083

15. Parda N, StępieńM, Zakrzewska K, Madaliński K, Kołakowska A, Godzik P, et al. What affects

response rates in primary healthcare-based programmes? An analysis of individual and unit-related fac-

tors associated with increased odds of non-response based on HCV screening in the general population

in Poland. BMJ Open. 2016; 6: e013359. https://doi.org/10.1136/bmjopen-2016-013359 PMID:

27927665

16. Wai C. A simple noninvasive index can predict both significant fibrosis and cirrhosis in patients with

chronic hepatitis C. Hepatology. 2003; 38: 518–526. https://doi.org/10.1053/jhep.2003.50346 PMID:

12883497

17. Lin Z-H, Xin Y-N, Dong Q-J, Wang Q, Jiang X-J, Zhan S-H, et al. Performance of the aspartate amino-

transferase-to-platelet ratio index for the staging of hepatitis C-related fibrosis: An updated meta-analy-

sis. Hepatology. 2011; 53: 726–736. https://doi.org/10.1002/hep.24105 PMID: 21319189

18. Sterling RK, Lissen E, Clumeck N, Sola R, Correa MC, Montaner J, et al. Development of a simple non-

invasive index to predict significant fibrosis in patients with HIV/HCV coinfection. Hepatology. 2006; 43:

1317–1325. https://doi.org/10.1002/hep.21178 PMID: 16729309

19. van Buuren S. Multiple imputation of discrete and continuous data by fully conditional specification. Stat

Methods Med Res. 2007; 16: 219–242. https://doi.org/10.1177/0962280206074463 PMID: 17621469

Hepatitis C prevalence by the liver fibrosis stage in Poland

PLOS ONE | https://doi.org/10.1371/journal.pone.0185055 September 20, 2017 13 / 14

https://doi.org/10.1111/jvh.12351
http://www.ncbi.nlm.nih.gov/pubmed/25560840
https://doi.org/10.1016/j.jhep.2006.05.013
http://www.ncbi.nlm.nih.gov/pubmed/16879891
https://doi.org/10.1111/jvh.12249
https://doi.org/10.1111/jvh.12249
http://www.ncbi.nlm.nih.gov/pubmed/24713006
https://doi.org/10.1016/j.jhep.2016.01.029
http://www.ncbi.nlm.nih.gov/pubmed/26829205
https://doi.org/10.1053/j.gastro.2015.10.013
http://www.ncbi.nlm.nih.gov/pubmed/26497081
https://doi.org/10.1016/j.jhep.2016.09.001
https://doi.org/10.1186/1471-2334-13-181
http://www.ncbi.nlm.nih.gov/pubmed/23597411
https://doi.org/10.1017/S0950268813000940
https://doi.org/10.1017/S0950268813000940
http://www.ncbi.nlm.nih.gov/pubmed/23714072
https://doi.org/10.1136/bmjopen-2016-011821
https://doi.org/10.1136/bmjopen-2016-011821
http://www.ncbi.nlm.nih.gov/pubmed/27601496
https://doi.org/10.1097/MEG.0b013e328357632a
http://www.ncbi.nlm.nih.gov/pubmed/22864260
http://www.ncbi.nlm.nih.gov/pubmed/23484383
https://doi.org/10.1097/MEG.0b013e32834d173c
https://doi.org/10.1097/MEG.0b013e32834d173c
http://www.ncbi.nlm.nih.gov/pubmed/22002000
https://doi.org/10.13075/mp.5893.00083
https://doi.org/10.1136/bmjopen-2016-013359
http://www.ncbi.nlm.nih.gov/pubmed/27927665
https://doi.org/10.1053/jhep.2003.50346
http://www.ncbi.nlm.nih.gov/pubmed/12883497
https://doi.org/10.1002/hep.24105
http://www.ncbi.nlm.nih.gov/pubmed/21319189
https://doi.org/10.1002/hep.21178
http://www.ncbi.nlm.nih.gov/pubmed/16729309
https://doi.org/10.1177/0962280206074463
http://www.ncbi.nlm.nih.gov/pubmed/17621469
https://doi.org/10.1371/journal.pone.0185055


20. Little RJA, Rubin DB. Statistical analysis with missing data. 2nd ed. Hoboken, N.J: Wiley; 2002.

21. Brouard C, Le Strat Y, Larsen C, Jauffret-Roustide M, Lot F, Pillonel J. The Undiagnosed Chronically-

Infected HCV Population in France. Implications for Expanded Testing Recommendations in 2014. Villa

E, editor. PLOS ONE. 2015; 10: e0126920. https://doi.org/10.1371/journal.pone.0126920 PMID:

25961575

22. Klevens RM, Canary L, Huang X, Denniston MM, Yeo AE, Pesano RL, et al. The Burden of Hepatitis C

Infection–Related Liver Fibrosis in the United States. Clin Infect Dis. 2016; 63: 1049–1055. https://doi.

org/10.1093/cid/ciw468 PMID: 27506688

23. Udompap P, Mannalithara A, Heo N-Y, Kim D, Kim WR. Increasing prevalence of cirrhosis among U.S.

adults aware or unaware of their chronic hepatitis C virus infection. J Hepatol. 2016; 64: 1027–1032.

https://doi.org/10.1016/j.jhep.2016.01.009 PMID: 26809112

24. Bailey H, Nizova N, Martsynovska V, Volokha A, Malyuta R, Cortina-Borja M, et al. HCV co-infection

and markers of liver injury and fibrosis among HIV-positive childbearing women in Ukraine: results from

a cohort study. BMC Infect Dis. 2016; 16: 755. https://doi.org/10.1186/s12879-016-2089-7 PMID:

27955711

25. Xu F, Moorman AC, Tong X, Gordon SC, Rupp LB, Lu M, et al. All-Cause Mortality and Progression

Risks to Hepatic Decompensation and Hepatocellular Carcinoma in Patients Infected With Hepatitis C

Virus. Clin Infect Dis. 2016; 62: 289–297. https://doi.org/10.1093/cid/civ860 PMID: 26417034

26. McEwan P, Ward T, Yuan Y, Kim R, L’Italien G. The impact of timing and prioritization on the cost-effec-

tiveness of birth cohort testing and treatment for hepatitis C virus in the United States. Hepatology.

2013; 58: 54–64. https://doi.org/10.1002/hep.26304 PMID: 23389841

27. Green L, Knight M, Seeney FM, Hopkinson C, Collins PW, Collis RE, et al. The epidemiology and out-

comes of women with postpartum haemorrhage requiring massive transfusion with eight or more units

of red cells: a national cross-sectional study. BJOG Int J Obstet Gynaecol. 2016; 123: 2164–2170.

https://doi.org/10.1111/1471-0528.13831 PMID: 26694742
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