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Abstract

In preparation for the National Hepatitis C Elimination Program in the country of Georgia, a
nationwide household-based hepatitis C virus (HCV) seroprevalence survey was conducted
in 2015. Data were used to estimate HCV genotype distribution and better understand
potential sex-specific risk factors that contribute to HCV transmission. HCV genotype distri-
bution by sex and reported risk factors were calculated. We used explanatory logistic
regression models stratified by sex to identify behavioral and healthcare-related risk factors
for HCV seropositivity, and predictive logistic regression models to identify additional vari-
ables that could help predict the presence of infection. Factors associated with HCV sero-
positivity in explanatory models included, among males, history of injection drug use (IDU)
(aOR =22.4,95% Cl =12.7, 39.8) and receiving a blood transfusion (aOR = 3.6, 95% Cl =
1.4, 8.8), and among females, history of receiving a blood transfusion (aOR = 4.0, 95% Cl
2.1,7.7), kidney dialysis (aOR = 7.3 95% CI 1.5, 35.3) and surgery (aOR=1.9,95% CI 1.1,
3.2). The male-specific predictive model additionally identified age, urban residence, and
history of incarceration as factors predictive of seropositivity and were used to create a
male-specific exposure index (Area under the curve [AUC] = 0.84). The female-specific pre-
dictive model had insufficient discriminatory performance to support creating an exposure
index (AUC = 0.61). The most prevalent HCV genotype (GT) nationally was GT1b (40.5%),
followed by GT3 (34.7%) and GT2 (23.6%). Risk factors for HCV seropositivity and distribu-
tion of HCV genotypes in Georgia vary substantially by sex. The HCV exposure index devel-
oped for males could be used to inform targeted testing programs.
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Introduction

The World Health Organization (WHO) estimates that in 2015, 71 million people globally were
living with hepatitis C virus (HCV) infection and 400,000 died as a consequence of HCV infec-
tion [1, 2]. HCV ribonucleic acid (RNA) can be detected in blood and body fluids including
saliva, tears, and semen, but transmission occurs primarily via infected blood or blood-derived
body fluids [3-8]. The most common mode of transmission in industrialized countries is shar-
ing needles for injection drug use (IDU) [4, 9, 10]. However, in low and middle-income coun-
tries the leading factors contributing to transmission are nosocomial exposures resulting from
poor infection control practices and contaminated blood transfusions [4, 9, 11, 12]. Community
exposures such as barbering and tattooing have also been reported as risk factors for HCV infec-
tion in some countries [13-15]. Perinatal transmission from mother to child can occur, and sex-
ual transmission, primarily among men who have sex with men, has been documented [16-18].

HCYV has wide genetic heterogeneity, with seven major genotypes (GT) and 67 subtypes
[19]. The most common genotype globally is GT1, which accounts for 44-46% of all HCV
infections, followed by GT3 (22-25%) and GT4 (13-15%) [2, 20]. Prevalence of each genotype
varies geographically, as well as by different population subgroups. In Central and Eastern
Europe, GT1 accounts for more than 60% of all HCV infections, and GT3 is most prevalent
among people who inject drugs [2, 21-23].

The country of Georgia is a middle-income Eastern European country with a high burden
of hepatitis C. In a nationally representative seroprevalence survey conducted in 2015, 7.7% of
the general population tested positive for HCV antibody (anti-HCV), indicating a past or cur-
rent HCV infection, and 5.4% were living with chronic HCV infection [24]. In 2015, Georgia
launched a nationwide hepatitis C elimination program, aiming to reduce the prevalence of
HCYV infection by 90% through universal access to screening, care, and treatment [25-27].

In our previous analysis of data from the 2015 seroprevalence survey [24], data from males
and females were analyzed together, and history of IDU and blood transfusion were the only
exposures independently associated with HCV seropositivity. However, because only half of
seropositive survey participants reported one of these risk factors, Georgian Ministry of Health
officials concluded that a targeted HCV testing strategy based on acknowledged IDU and
blood transfusion history alone would not identify the large proportion of individuals who did
not have or disclose these risk factors. Therefore, we analyzed the 2015 seroprevalence survey
data to identify sex-specific risk factors for HCV infection and the HCV genotype distribution
in Georgia, and to develop a prediction tool to better inform HCV testing strategies.

Materials and methods
Study population and data collection

Our analysis uses data from a nationally representative, household-based seroprevalence sur-
vey conducted in Georgia in 2015. The survey provided an estimate of national hepatitis C
prevalence and risk factors associated with infection. The survey used a stratified, multi-stage
cluster design with a target sample size of 7,000 adults aged >18 years. Data were collected on
socio-demographic characteristics, medical history, behavioral exposures, and potential hepa-
titis C risk factors. Phlebotomists collected a 10 mL blood sample from each participant. Fur-
ther details regarding sample design and data collection have been described previously [24].

Laboratory methodology

Laboratory procedures from the seroprevalence survey have been previously described [24].
Briefly, blood samples were tested for anti-HCV antibodies using an enzyme-immunoassay,
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anti-HCV positive samples were then tested for HCV RNA to determine active infection
(Sacace™ HCV Real-TM Qual, Sacace Biotechnologies, Srl, Italy) and RNA-positive samples
were tested for HCV genotype. Genotyping was performed using commercial kit—HCV Real-
TM Genotype from Sacace. This Real Time PCR Kit was dedicated for qualitative detection
and differentiation of hepatitis C virus (HCV) genotypes la, 1b, 2, 3, 4. Analytical sensitivity
provided in the instruction was 500 IU/ml. Laboratory staff from the US Centers for Disease
Control and Prevention (CDC) monitored protocols and processes for quality assurance and
quality control.

Statistical analysis

Statistical analyses for this study were performed using SAS 9.4 (Cary, North Carolina, USA).
Seroprevalence survey data were weighted based on probability of selection at cluster, house-
hold, and individual levels using 2014 census data, and analyses used complex survey proce-
dures accounting for stratification, clustering, and unequal sample weights (SAS procedures
SURVEYFREQ and SURVEYLOGISTIC). The HCV genotype distribution was calculated for
the overall population, as well as by sex, age and reported risk factors. Weighted anti-HCV
prevalence estimates, as well as unadjusted odds ratios and 95% confidence intervals (CI) were
calculated for males and females separately. Descriptive analysis of the distribution of self-
reported risk factors was calculated separately among males and females. History of IDU was
included in this descriptive analysis for both males and females because it is a well-known risk
factor for HCV infection regardless of sex, but it was not retained in the female-specific multi-
variable analysis due to small cell size.

We conducted two separate multivariable analyses using logistic regression models—
explanatory and predictive regression models stratified by sex. In the explanatory logistic
regression models, we estimated sex-specific associations between HCV seropositivity and
self-reported behavioral and healthcare-related exposures that could be causally associated
with HCV infection. Exposure variables were included in the regression models based on exist-
ing literature and results of unadjusted analyses. Potential confounders were identified by
reviewing the existing literature and using directed acyclic graphs (DAGs) [28]. Collinearity
was assessed in the final sex-specific models using condition indices and variance decomposi-
tion proportions [29]. Adjusted odds ratios and 95% Cls are presented.

In the original seroprevalence survey analysis, 46.7% of anti-HCV positive participants
reported neither of the two risk factors identified in regression models as independent risk fac-
tors for hepatitis C (history of IDU or blood transfusion) [24]. To create a more sensitive
screening tool to inform targeted HCV testing efforts, we built sex-specific predictive logistic
regression models to identify additional variables that can predict seropositivity, even if they
are not causally associated with the infection. Predictive regression models included risk fac-
tors identified in the explanatory regression models described above, as well as additional
behavioral and socio-demographic variables associated with seropositivity in the unadjusted
analysis (Table 1). Age variable in predictive models was dichotomized with cut-point selected
based on age and sex-specific prevalence trends from the previously reported analysis [24].
Final variable selection was performed manually, using a 60% subset of the data from the 2015
seroprevalence survey (training set). We removed variables from the initial models if they did
not provide stable estimates (e.g. due to low numbers). Next, we removed variables that were
not significantly associated with seropositivity in the predictive model (significance level a =
.05) and if their removal did not change the model’s discriminatory performance, measured by
area under the receiver operating characteristic curves (AUC). Final predictive models were
validated using the remaining 40% of serosurvey data (validation set).
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Table 1. Descriptive statistics and results of unadjusted and adjusted analyses of anti-HCV risk factors, stratified by sex, Georgia HCV serosurvey, 2015.

Characteristic Males Females
Total Anti-HCV positive | Unadjusted OR | aORi Total Anti-HCV positive | Unadjusted OR | aOR%
(n=2,339)t (n=288) (95% CI) (95% CI) | (n=3,671)t (n=145) (95% CI) (95% CI)
n | Weighted % n | Weighted %
(95% CI) (95% CI)
Geography
Urban 1,249 208 15.8 (12.4, 2.3(1.6,3.3) 1,906 82 | 42(2.7,5.6) 1.2 (0.8,2.0)
19.1)
Rural 1,090 80 | 7.7(5.8,9.6) 1 1,765 63 | 3.4(2.3,44) 1
Ever injected drugs
Yes 202 148 67.0 (57.1, 28.8(17.5, 47.6) 224 3 2 45.2 (0.0, 21.2(1.7,271.1)¢
77.0) (12.7, 100.0)
39.8)
No 2,123 140 | 6.6(5.1,8.1) 1 1 3,639 143 | 3.8(2.9,4.6) 1
Ever incarcerated
Yes 224 96 43.2 (33.5, 8.0(5.2,12.2) 12 2 | 7.9(0.0,20.1) 2.2(0.4,11.8)
53.0)
No 2,109 192 | 8.7(7.0,10.4) 1 3,648 143 | 3.8(2.9,4.7) 1
Have any tattoos
Yes 586 103 17.3 (12.5, 1.8 (1.2,2.6) 40 1 1.1 (0.0,3.2) 0.3 (0.04, 2.05)
22.0)
No 1,749 185 | 10.4 (8.3, 12.5) 1 3,623 144 | 3.9(2.9,4.8) 1
Have any piercings
Yes 5 0 0 - 2,708 98 | 3.9(2.7,5.0) 1.1 (0.6, 1.8)
No 2,330 288 12.2 (10.1, - 954 47 | 3.7(2.2,5.2) 1
14.3)
Ever received a blood
transfusion
Yes 156 37 30.8 (19.1, 3.7(2.2,6.2) 3.6(14, 291 32 | 14.0(6.8,21.2) 5.3(2.8,10.1) 4.0 (2.1,
42.4) 8.8) 7.7)
No 2,180 251 | 10.8 (9.0, 12.6) 1 3,374 113 | 3.0(2.3,3.7) 1 1
Ever received kidney
dialysis
Yes 6 1 | 14.3(0.0,41.8) 1.2(0.1,11.6) 11 2 | 37.8(0.0,78.6) | 15.8(2.8,88.1) 7.3 (1.5,
35.3)
No 2,327 287 | 12.1(10.1, 1 3,645 143 | 3.7(2.8,4.6) 1
14.2)
Frequency of dental
cleanings
Twice per year 68 9 | 26.6(9.4,43.8) 2.9(1.2,7.0) 125 4.0 (0.1,7.9) 1.0 (0.4, 2.5)
Once per year 170 22 | 13.2(4.8,21.7) 1.2 (0.6, 2.6) 308 2.1(0.0,4.9) 0.5 (0.1, 1.8)
Less frequently than 387 61 | 11.5(7.5,15.6) 1.0 (0.7, 1.6) 721 23 | 3.6(1.4,5.8) 0.9 (0.4,1.7)
once per year
Never 1,692 194 | 11.2(9.2,13.2) 1 2,481 110 | 4.1(3.1,5.2) 1
Ever had surgery
Yes 1,150 146 | 13.0 (9.7, 16.3) 1.2(0.8,1.7) 2,358 110 | 4.8(3.5,6.1) 2.4(1.4,3.9) 1.9(1.1,
3.2)
No 1,184 142 | 11.2(8.7,13.8) 1 1,298 34 | 2.1(1.2,3.0) 1 1
Ever had a manicure or
pedicure in a salon
Yes 37 6 | 19.7(2.4,36.9) 1.8 (0.6, 5.3) 916 40 | 4.1(2.0,6.2) 1.1 (0.6, 2.1)
No 2,299 282 11.9(9.9,13.9) 1 2,749 105 | 3.7(2.7,4.8) 1
(Continued)
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Table 1. (Continued)

Characteristic Males Females
Total Anti-HCV positive | Unadjusted OR aOR% Total Anti-HCV positive | Unadjusted OR aOR%
(n=2,339)F (n = 288) (95% CI) (95% CI) | (n=3,671)t (n = 145) (95% CI) (95% CI)
n | Weighted % n | Weighted %
(95% CI) (95% CI)
Typically shave in
barber or salon$
Yes 319 48 | 14.4(8.6,20.3) | 1.3(0.8,2.1)
No 2,017 240 | 11.8 (9.6, 13.9) 1 - - -
Number of lifetime sex
partners
>2 968 126 | 11.8(8.7,14.9) | 3.1(1.4,6.7) 23 3 |16.3(0.0,35.3) | 5.0(1.3,20.0)
<2 400 16 | 4.1(1.4,6.8) 1 3,620 141 | 3.7(04, 4.6) 1

Abbreviations: HCV = Hepatitis C virus, CI = Confidence Interval, aOR = Adjusted Odds Ratio.

" Individual cells under each variable might not sum up to total due to the missing values not included in the table.

* Adjusted models included all variables reported in this column, in addition to control variables (age, geography (urban vs rural) and history of incarceration).
$ Only men were asked this question.

9 IDU was not included in the multivariable model for females due to the small number of females reporting IDU.

https://doi.org/10.1371/journal.pone.0262935.t001

We used the variables in the final male-specific predictive model to create a male-specific
exposure index that can be applied to individuals to predict their likelihood of being infected
with HCV. To create the male-specific exposure index, we assigned a risk score to each variable
in the final predictive model using the following formula: parameter estimate from final pre-
dictive model multiplied by 5 and rounded to the nearest whole number (Fig 1). To test the
discriminatory performance of the exposure index, we then assigned each male serosurvey
participant a cumulative risk score based on reported risk factors and demographics, and ran
an additional male-specific logistic regression model with the risk score as the only predictor
variable and HCV infection status as the outcome variable. We also calculated the distribution
of risk scores across male seroprevalence survey participants. The discriminatory performance
of the female-specific predictive model was not high enough to create a female-specific expo-
sure index.

History of IDU

e |f Yes: add 8 >

e |f Yes: add 4 >
EXPOSURE
SCORE:
e |f Yes: add 4 \

; / 0-21

o If >30: add 4 >

Urban residence e |fYes:add 1 >

History of blood
transfusion

NN

History of
incarceration

!

Age

I

Fig 1. Calculation of HCV exposure score for males. Note: Exposure score points were assigned to each variable in
the final predictive model using the following formula: parameter estimate from final predictive model multiplied by 5
and rounded to the nearest whole number. Abbreviations: HCV = hepatitis C virus, IDU = Injection drug use.

https://doi.org/10.1371/journal.pone.0262935.g001
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Ethics

Ethical approval was obtained from the Georgian National Center for Disease Control and
Public Health Institutional Review Board. CDC’s Human Subjects Research Office determined
this survey to be a routine public health activity for public health surveillance, therefore judged
to not involve human subjects research and the need for consent was waived. The study did
not involve minors.

Results
Risk factors for anti-HCV positivity

Descriptive analysis of the study population and weighted estimates of nationwide hepatitis C
prevalence were reported previously [24]. To summarize briefly, the final sample with available
HCYV antibody testing results (n = 6010) included a total of 2,339 (39%) males, with a weighted
national HCV seroprevalence of 12.1% (95% CI: 10.2, 14.3; n = 288), and 3,671 (61%) females,
with a weighted national HCV seroprevalence of 3.8% (95% CI: 3.0, 4.9; n = 145) [24]. A total
of 311 survey participants were found HCV-RNA positive, 218 of them among males
(weighted prevalence 9.0%) and 93 among females (weighted prevalence 2.2%).

In our current analysis, prevalence of anti-HCV among males was highest among those
who reported history of IDU (67.0%), history of incarceration (43.2%), history of receiving a
blood transfusion (30.8%), dental cleaning twice per year (26.6%), having any tattoo (17.3%),
and those living in urban areas (15.8%) (Table 1). Among females, anti-HCV prevalence was
highest among those reporting history of receiving a blood transfusion (14.0%) and history of
surgery (4.8%) (Table 1). Due to the small numbers of females reporting history of IDU
(n = 3), history of incarceration (n = 12), tattoos (n = 40), ever receiving kidney dialysis
(n = 11), or having more than two lifetime sex partners (n = 23), and even smaller numbers of
seropositive females with these reported risk factors, it was not possible to reliably estimate
prevalence of anti-HCV among women reporting these risk factors.

In explanatory multivariable logistic regression models stratified by sex and adjusted for
age, incarceration history and urban geography, two exposures were independent risk factors
for anti-HCV positivity among males: history of IDU (aOR = 22.4, 95% CI: 12.7, 39.8) and his-
tory of receiving a blood transfusion (aOR = 3.6, 95% CI: 1.4, 8.8), similar to the results from
the overall population. Among females, independent risk factors for anti-HCV positivity were
history of receiving a blood transfusion (aOR = 4.0, 95% CI: 2.1, 7.7) and history of surgery
(aOR = 1.9, 95% CI: 1.1, 3.2). History of receiving kidney dialysis was also strongly associated
with anti-HCV positivity among females (aOR = 7.3, 95% CI: 1.5, 35.3); however, due to the
small number of females reporting this risk factor (n = 11), the estimate is imprecise. History
of IDU was not included in the female-specific model due to insufficient statistical power
(only 3 females reported history of IDU) (Table 1).

Among anti-HCV positive participants, 61.6% of males and 84.3% of females reported at
least one of the risk factors found to be independently associated with seropositivity in the sex-
specific explanatory multivariable models. Among anti-HCV positive males, 50.9% reported
history of IDU, and 16.9% reported history of blood transfusion, including 6.2% who reported
both of those risk factors; among anti-HCV positive females, 2.4% reported history of IDU,
27.6% reported receiving a blood transfusion, and 80% reported history of surgery, including
25.7% who reported a combination of these factors (Fig 2).

Self-reported risk factors varied by age in both males and females. History of IDU was most
commonly reported by anti-HCV positive males in age categories below 50 (55.2%, 54.7% and
64.9%, in age groups 18-29, 30-39 and 40-49, respectively. S1 Fig in S1 Appendix). The
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(2’3'22, 6.2%
m IDU only m Blood transfusion only Multiple risk factors m None
2.0% 2:3%

EE:EIZ; 25.7%

m IDU only | m Blood transfusion only  m Surgery only Multiple risk factors  ® None

Fig 2. Percent of anti-HCV+ participants self-reporting hepatitis C risk factors, stratified by sex, Georgia HCV serosurvey, 2015. Note: History of
surgery was only explored as risk factor of interest among females. History of IDU was not included in the female-specific multivariable models of risk
factor analysis due to low numbers, but is retained in descriptive analyses since it is a known risk factor regardless of sex. Abbreviations: HCV = hepatitis
C virus, Anti-HCV = antibodies against hepatitis C virus, IDU = Injection drug use.

https://doi.org/10.1371/journal.pone.0262935.9002

proportion of anti-HCV positive males who did not report one of the male-specific risk factors
for HCV seropositivity (history of IDU or blood transfusion) was higher in age groups above
50, comprising 45.5% among males aged 50-59 and 55.6% among males aged >60. Among
anti-HCV positive females, the highest proportion of participants reporting no history of any
risk factors for HCV seropositivity (IDU, blood transfusion and surgery), were aged >60
(21%). However, in the 50-59 age group, only 6% of females reported none of the three major
risk factors. (S2 Fig in S1 Appendix).

Genotype distribution

HCV genotype testing was performed on samples from the 310 RNA-positive serosurvey par-
ticipants. The most prevalent genotype nationally was GT1b (40.5%), followed by GT3
(34.7%), GT2 (23.6%) and GT1a (0.6%). Five participants (0.7%) had indeterminate genotype
results and were removed from further analysis (Table 2).

Genotype distribution varied by sex and reported risk factors, with GT3 the most common
genotype among males (39.8%) and among participants of both sexes reporting history of IDU
(39.4%). GT1b was most prevalent among females (62.5%) and among participants of both
sexes reporting history of receiving a blood transfusion (46.2%). Among participants reporting
no sex-specific risk factors for seropositivity, GT3 was the most common among males
(41.9%), and GT1b was most common among females (93.6%). Genotype distribution also
varied by age group, with GT1b accounting for almost three-quarters of all RNA-positive par-
ticipants above age 60, and GT3 accounting for a larger percentage of infections in younger
age groups (Table 2).

Predictive model and exposure index

The final predictive model used to inform the male-specific exposure index included history of
IDU, history of blood transfusion, history of incarceration, urban vs rural residence, and a
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Table 2. HCV genotype distribution by sex and reported risk factors, Georgia HCV serosurvey, 2015.

Population group Weighted percentage of each genotypet
GTla(n=3) GT1b (n=132) GT2 (n=73) GT3 (n=97)
Overall (N = 310) % 0.6% 40.5% 23.6% 34.7%
18-29 (n =13) 0.0% 48.1% 1.4% 50.4%
30-39 (n=72) 1.7% 37.4% 19.6% 41.3%
40-49 (n = 96) 0.0% 28.9% 23.3% 47.7%
50-59 (n = 61) 0.9% 38.9% 37.1% 23.0%
60+ (n =63) 0.0% 74.9% 23.6% 1.5%
Males (n = 216) 0.7% 34.9% 24.5% 39.8%
Reported history of IDU (n = 110) 1.0% 28.9% 30.2% 39.9%
Reported history of blood transfusion (n = 27) 0.0% 45.2% 8.6% 46.2%
No reported risk factors (n = 88) S 0.5% 37.4% 20.2% 41.9%
18-29 (n=9) 0.0% 51.3% 2.0% 46.7%
30-39 (n = 58) 2.0% 33.2% 23.2% 41.6%
40-49 (n = 82) 0.0% 25.1% 24.4% 50.5%
50-59 (n = 40) 1.4% 43.0% 24.1% 31.5%
60+ (n =27) 0.0% 60.6% 38.1% 1.2%
Females (n = 89) 0.0% 62.5% 20.9% 16.6%
Reported history of Blood transfusion (n = 18) 0.0% 49.1% 43.8% 7.0%
Reported history of surgery (n = 66) 0.0% 54.0% 25.3% 20.7%
No reported risk factors (n = 18)* 0.0% 93.6% 0.0% 6.4%
18-29 (n=4) 0.0% 39.7% 0.0% 60.3%
30-39 (n = 14) 0.0% 60.2% 0.0% 39.8%
40-49 (n = 14) 0.0% 65.8% 13.3% 21.0%
50-59 (n = 21) 0.0% 30.5% 63.6% 5.9%
60+ (n = 36) 0.0% 92.9% 5.3% 1.8%

Abbreviations: HCV = Hepatitis C virus, GT = genotype, IDU = injection drug use.

" Percentages within each category might not sum up to 100% due to the rounding error.

N = 310 includes 5 participants with indeterminate genotype result, but they are excluded from further calculations of group-specific percentages;
® Did not report history of IDU or blood transfusion;

7 Did not report history of IDU, surgery or blood transfusion. Only two females reported history of IDU, one with GT1b and another with GT3.

https://doi.org/10.1371/journal.pone.0262935.t1002

binary age variable dichotomized at 30 years (Table 3). The model was built using randomly
selected 60% of the male subset of the serosurvey data (n = 1,490) and validated on the remain-
ing 40% (n = 938). This model showed high discriminatory performance, with AUC = 0.84 in
the training dataset (S3a Fig in S1 Appendix) and AUC = 0.85 in the validation dataset. Adding
other exposure variables such as ever having a tattoo, piercing, surgery, and typically being

Table 3. Final HCV predictive model for males, parameter estimates and score assigned.

Variable Parameter Estimate Standard error P-value Score assigned in exposure index
Ever received blood transfusion 0.75 0.22 <.01 4
Ever receiving injection drug use 1.55 0.19 <.01 8
Urban residence 0.29 0.14 .03 1
Ever incarcerated 0.85 0.18 <.01 4
Age >30 0.84 0.36 .02 4

https://doi.org/10.1371/journal.pone.0262935.t003
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shaved in a barber shop or beauty salon did not improve the discriminatory performance of
the model.

The male-specific exposure index included the same variables as the final predictive model.
When the index was applied to the serosurvey data, male participants’ risk scores ranged from
0 to 21 (Fig 1). Among male participants overall, risk scores clustered toward the low end of
the distribution. HCV seroprevalence increased by exposure score and ranged from 1.1%
among males with an exposure score of 0 or 1 and reached 100% among males with the highest
score (Table 4). In the male-only logistic regression model with the exposure index as the sin-
gle predictor variable, the index showed high discriminatory performance, with AUC = 0.84,
matching the results from the predictive models.

The female-specific predictive model was built using 60% of the female subset of the sero-
survey data (n = 2368). We were unable to identify any other variables that could help predict
HCV seropositivity in addition to significant risk factors from the explanatory model (history
of blood transfusion and surgery). The final model that included only these two risk factor var-
iables had low discriminatory performance (AUC = 0.61). The inclusion of other variables
(e.g., history of dialysis, urban vs. rural geography and age) did not increase the model’s dis-
criminatory performance substantially, with maximum AUC of 0.65 (S3b Fig in S1 Appendix).
The discriminatory performance of the female model was insufficient to validate it and create
a meaningful exposure index for females.

Discussion

In this analysis of Georgia’s first nationwide HCV seroprevalence survey, we found that HCV
transmission among males is likely driven by IDU, while blood transfusion, history of surgery
and/or other unidentified risk factors account for a larger proportion of infections among
females. We also found that HCV genotype distribution in Georgia varies by sex, age, and self-
reported risk factors. In the overall population, genotypes 1b and 3 account for 40.5% and
34.7% of chronic HCV infections, respectively. GT1b was more common among females, per-
sons more likely infected via blood transfusion and persons over the age of 50, while GT3 was

Table 4. Proportions of anti-HCV positive participants in each of the exposure score categories among males,
Georgia HCV serosurvey, 2015.

Exposure scoret Total Number # Anti-HCV positive (weighted %)

0 153 1(1.1)

1 245 4(1.1)

4 778 27 (3.1)
5 725 67 (7.7)
8 107 20 (25.0)
9 131 24 (24.3)
12 30 15 (44.4)
13 81 52 (54.4)
16 20 16 (83.1)
17 62 56 (89.0)
20 2 1(71.7)
21 5 5(100.0)

Total 2,339 288

T Exposure scores with 0 participants are not included in the table.
Abbreviations: HCV = Hepatitis C virus, Anti-HCV = antibodies against hepatitis C virus.

https://doi.org/10.1371/journal.pone.0262935.t1004
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more common among males, persons more likely infected through IDU, and younger age
groups.

These sex- and age-based differences in genotype, combined with differences in our sex-
specific predictive models, suggest that hepatitis C risk factors may substantially differ by sex
and age. The strong association between history of injection drug use and anti-HCV positivity
in males, combined with the high prevalence of reported IDU among younger males, high-
lights the importance of targeting hepatitis C prevention and testing programs to people who
inject drugs. Receiving a blood transfusion was strongly associated with having anti-HCV anti-
bodies in both males and females, suggesting the need to improve quality control mechanisms
in the national blood safety program. Even though universal HCV antibody screening of blood
donations in Georgia started in 1997, our previous analysis found that receiving a blood trans-
fusion after 1997 was still associated with high anti-HCV prevalence, suggesting the need for
further improvements in blood safety [24]. However, a recent analysis of blood transfusion
programs in Georgia showed positive trends in blood safety since 2015, suggestive of collateral
benefit from a national hepatitis C elimination program [30].

History of surgery as a single risk factor or in combination with other factors was reported
by a larger proportion of seropositive females (80%) than males (53%) and was associated with
anti-HCV positivity only among females. Additional data would be needed to determine the
reason for this difference. One dynamic that should be explored is potential exposure to HCV
during childbirth by caesarean section (C-section), through an associated blood transfusion
that the patient may not recall. The proportion of births involving C-section in Georgia
increased markedly during the past several decades, from 3.8% of all births in 1990 to 36.7% in
2012 [31]. Underreporting of blood transfusions during C-section due to incomplete recall
could potentially account for the elevated risk associated with surgery only present among
females.

Sixteen percent of anti-HCV positive females and 38% of anti-HCV positive males did not
report history of any of the sex-specific risk factors found to be independently associated with
HCV seropositivity. However, the sex-specific genotype distribution among anti-HCV positive
participants who did not report risk factors was similar to that among participants who did
report risk factors, indicating that participants may have either chosen not to disclose stigma-
tizing risk factors (such as IDU), and/or were unable to recall risk-associated events that
occurred earlier in life. Underreporting is particularly likely among people who inject drugs,
due to historically strict enforcement of laws against drug use in Georgia that were still in place
at the time of survey fieldwork [32]. The finding that the proportion of anti-HCV positive
males and females who did not report sex-specific risk factors was higher in older age catego-
ries supports potential recall bias. It is also possible that other healthcare and community expo-
sures, such as dental procedures, tattoos and piercings could contribute to HCV transmission
and we either did not include them in the survey or did not have enough statistical power to
identify them as significant risk factors (Table 1).

This study was the first nationwide HCV seroprevalence survey in Georgia, making it chal-
lenging to observe the temporal trends in HCV genotype distribution or risk factor profiles in
Georgia. However, our findings are mostly comparable to the previous study in the capital city
Thilisi, conducted in 2001-2002. The previous study also found GT1b to be the most common
genotype (59%), followed by the GT3 (27%) [33]. In terms of the risk factor distribution, previ-
ous study reported much higher proportion of HCV seropositive individuals reporting history
of IDU (85%) [34]. This difference could be explained by the fact that IDU behavior is mostly
concentrated in the urban area, where the previous study was based.

Our findings have several important implications for the Georgian hepatitis C elimination
program, as well as for other countries aiming to scale up their HCV screening and treatment
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programs. First, we found that in the general population, GT1 and GT3 account for a similar
proportion of chronic HCV infected cases, followed closely by GT2. Therefore, pangenotypic
treatment regimens recently introduced through the Georgian hepatitis C elimination pro-
gram will likely have a positive impact on program performance and further increase treat-
ment success rates [35, 36].

Second, our original analysis of the seroprevalence survey data (analyzing data from males
and females together) found that approximately one-half of all seropositive respondents (38%
of males and 70% of females) did not report either of the two risk factors associated with HCV
infection (IDU or blood transfusion) [24]. The addition of the sex-specific explanatory models
presented here identified two additional independent risk factors specific to females (history of
surgery and dialysis) that reduced the number of seropositive females without a reported risk
factor to 16%. However, due to the low number of HCV seropositive study participants report-
ing history of dialysis (n = 2), the effect estimate is imprecise (aOR = 7.3, 95% CI: 1.5, 35.3),
and the strength of this association should be interpreted with caution. No additional behav-
ioral or healthcare-related risk factors were identified in this analysis for males and 38% of
seropositive males still did not have a reported risk factor, suggesting that screening programs
cannot rely solely on targeting self-identified high-risk populations to identify HCV infections
and eliminate hepatitis C. General population and/or age-targeted screening activities will also
be necessary to achieve sufficient screening coverage to reach Georgia’s hepatitis C elimination
goal of identifying at least 90% of HCV-infected individuals by 2030 [27]. However, in addi-
tion to the screening programs in general population, maintaining the targeted interventions
in the high-risk groups are necessary. For example, scaling up harm reduction services, hepati-
tis C testing and treatment for people who inject drugs will be essential. Georgia made substan-
tial progress in this direction and initiated integration of hepatitis C treatment at harm
reduction centers and among people receiving methadone substitution therapy [37, 38].

Third, in the absence of resources to support universal screening, such as in other low and
middle-income countries with hepatitis C epidemiology similar to Georgia, an exposure index
that incorporates demographic characteristics as well as behavioral risk factors associated with
HCV infection could be used to target testing efforts. Screening based on exposure score could
help prioritize testing efforts in groups most likely to be infected. However, our exposure
index had good discriminatory performance only among males, leaving universal screening as
the only option for identifying HCV-infected females who do not report risk factors. Further
study is warranted to determine whether there are additional hepatitis C risk factors dispro-
portionately affecting women, and also to test different approaches to asking women about
their risk factor history to improve reporting (e.g. including questions about more detailed his-
tory of surgical procedures, such as C-section, in the survey questionnaire).

Our study has several limitations. First, the cross-sectional study design does not allow us
to make causal claims regarding risk factors that may have occurred anytime during partici-
pants’ lifetimes. Second, risk factor information was self-reported by participants and therefore
subject to bias, including recall and social desirability biases. These potential biases may be one
explanation for the 16% of female and 38% of male participants who did not report risk factors.
Third, the study population did not include people experiencing incarceration or homeless-
ness during the study period, groups both known to be at higher risk of HCV infection [39].
Therefore, our findings may not represent risk factors or genotype distribution in these sub-
populations. Fourth, the exposure index we created would need to be externally validated
using additional data sources if implemented in countries with different epidemiologic charac-
teristics of HCV infection. Fifth, the small number of female participants reporting history of
injection drug use, incarceration, tattoos, and kidney dialysis does not allow us to reliably esti-
mate the HCV seroprevalence in women with the history of these risk factors.
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In conclusion, our analysis confirms that to prevent further HCV transmission in Georgia,
it is essential to scale up prevention interventions targeted to people who inject drugs and to
improve quality control in blood donation services. In addition, the exposure index presented
here may allow for further targeted testing that could increase efficiency and cost-effectiveness.
The original analysis of these data demonstrated that, due to the high proportion of partici-
pants without reported risk factors, risk-based screening alone will not be sufficient to reach
Georgia’s goal to identify at least 90% of individuals with chronic HCV infection by 2030 [24].
The exposure index in this follow-on analysis offers a tool to help expand screening efforts to
support hepatitis C elimination in Georgia and could be used in other countries with similar
populations and risk factor profiles. However, to optimize testing, further studies may be
needed to better understand potential exposures and/or to identify the most effective interview
methods to improve disclosure of risk factors, particularly among females.

Supporting information

S1 Appendix.
(DOCX)

Acknowledgments

Disclaimer: The findings and conclusions in this report are those of the authors and do not
necessarily reflect the official position of the Centers for Disease Control and Prevention, or
the authors’ affiliated institutions.

Author Contributions

Conceptualization: Davit Baliashvili, Francisco Averhoff, Ana Kasradze, Giorgi Kuchukhidze,
Amiran Gambkrelidze, Paata Imnadze, Gvantsa Chanturia, Nazibrola Chitadze, Curtis Blan-
ton, Jan Drobeniuc, Juliette Morgan, Lies] M. Hagan.

Data curation: Davit Baliashvili, Ana Kasradze, Stephanie J. Salyer, Giorgi Kuchukhidze,
Paata Imnadze, Maia Alkhazashvili, Gvantsa Chanturia, Nazibrola Chitadze, Roena
Sukhiashvili, Curtis Blanton, Jan Drobeniuc, Juliette Morgan, Liesl M. Hagan.

Formal analysis: Davit Baliashvili, Curtis Blanton, Jan Drobeniuc, Liesl M. Hagan.

Funding acquisition: Francisco Averhoff, Stephanie J. Salyer, Amiran Gamkrelidze, Paata
Imnadze, Juliette Morgan.

Investigation: Davit Baliashvili, Stephanie J. Salyer, Giorgi Kuchukhidze, Amiran Gamkre-
lidze, Paata Imnadze, Maia Alkhazashvili, Gvantsa Chanturia, Nazibrola Chitadze, Roena
Sukhiashvili, Curtis Blanton, Jan Drobeniuc, Lies] M. Hagan.

Methodology: Davit Baliashvili, Francisco Averhoff, Ana Kasradze, Stephanie J. Salyer, Giorgi
Kuchukhidze, Paata Imnadze, Maia Alkhazashvili, Gvantsa Chanturia, Nazibrola Chitadze,
Roena Sukhiashvili, Curtis Blanton, Jan Drobeniuc, Juliette Morgan, Liesl M. Hagan.

Project administration: Francisco Averhoff, Ana Kasradze, Stephanie J. Salyer, Giorgi Kuchu-
khidze, Amiran Gamkrelidze, Paata Imnadze, Maia Alkhazashvili, Gvantsa Chanturia,
Nazibrola Chitadze, Juliette Morgan, Liesl M. Hagan.

Resources: Francisco Averhoff, Ana Kasradze, Amiran Gamkrelidze, Maia Alkhazashvili,
Gvantsa Chanturia, Nazibrola Chitadze, Roena Sukhiashvili, Jan Drobeniuc, Juliette Mor-
gan, Lies] M. Hagan.

PLOS ONE | https://doi.org/10.1371/journal.pone.0262935 January 21, 2022 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262935.s001
https://doi.org/10.1371/journal.pone.0262935

PLOS ONE

Hepatitis C genotypes and risk factors

Software: Davit Baliashvili, Giorgi Kuchukhidze, Curtis Blanton, Liesl M. Hagan.

Supervision: Francisco Averhoff, Ana Kasradze, Stephanie J. Salyer, Giorgi Kuchukhidze,
Amiran Gamkrelidze, Paata Imnadze, Maia Alkhazashvili, Gvantsa Chanturia, Nazibrola
Chitadze, Roena Sukhiashvili, Jan Drobeniuc, Juliette Morgan, Liesl M. Hagan.

Validation: Davit Baliashvili, Maia Alkhazashvili, Gvantsa Chanturia, Nazibrola Chitadze,
Roena Sukhiashvili, Jan Drobeniuc, Liesl M. Hagan.

Visualization: Davit Baliashvili, Lies] M. Hagan.
Writing - original draft: Davit Baliashvili, Lies] M. Hagan.

Writing - review & editing: Davit Baliashvili, Francisco Averhoff, Ana Kasradze, Stephanie J.
Salyer, Giorgi Kuchukhidze, Amiran Gamkrelidze, Paata Imnadze, Maia Alkhazashvili,
Gvantsa Chanturia, Roena Sukhiashvili, Curtis Blanton, Jan Drobeniuc, Juliette Morgan,
Liesl M. Hagan.

References
1. World Health Organization. Global hepatitis report 2017. Geneva: 2017 April 2017. Report No.

2. Global prevalence and genotype distribution of hepatitis C virus infection in 2015: a modelling study.
The lancet Gastroenterology & hepatology. 2017; 2(3):161-76. Epub 2017/04/14. https://doi.org/10.
1016/52468-1253(16)30181-9 PMID: 28404132.

3. Webster DP, Klenerman P, Dusheiko GM. Hepatitis C. Lancet. 2015; 385(9973):1124—35. Epub 2015/
02/18. https://doi.org/10.1016/S0140-6736(14)62401-6 PMID: 25687730.

4. LeeMH, YangHI, Yuan, L’ltalien G, Chen CJ. Epidemiology and natural history of hepatitis C virus
infection. World journal of gastroenterology. 2014; 20(28):9270-80. Epub 2014/07/30. https://doi.org/
10.3748/wjg.v20.i28.9270 PMID: 25071320.

5. Ferreiro MC, Dios PD, Scully C. Transmission of hepatitis C virus by saliva? Oral Dis. 2005; 11(4):230—
5. Epub 2005/06/30. https://doi.org/10.1111/1.1601-0825.2005.01076.x PMID: 15984954.

6. FeuchtHH, Polywka S, Zollner B, Laufs R. Greater amount of HCV-RNA in tears compared to blood.
Microbiol Immunol. 1994; 38(2):157-8. Epub 1994/01/01. https://doi.org/10.1111/.1348-0421.1994.
tb01758.x PMID: 8041303

7. Bradshaw D, Lamoury F, Catlett B, Applegate TL, McAllister J, Dore GJ, et al. A comparison of seminal
hepatitis C virus (HCV) RNA levels during recent and chronic HCV infection in HIV-infected and HIV-
uninfected individuals. J Infect Dis. 2015; 211(5):736—43. Epub 2014/10/09. https://doi.org/10.1093/
infdis/jiu550 PMID: 25293369.

8. Atas M, Karatepe Hashas AS, Demircan S, Sariguzel FM, Baskan B, Yuvaci |, et al. The Investigation of
HCV RNA in Tear Fluid and Aqueous Humor in Patients with Anti-HCV Antibody Positive Who Under-
went Cataract Surgery. Ocul Immunol Inflamm. 2016; 24(3):297-301. Epub 2014/12/17. https://doi.org/
10.3109/09273948.2014.985386 PMID: 25495483.

9. Thursz M, Fontanet A. HCV transmission in industrialized countries and resource-constrained areas.
Nat Rev Gastroenterol Hepatol. 2014; 11(1):28-35. Epub 2013/10/02. https://doi.org/10.1038/nrgastro.
2013.179 PMID: 24080775.

10. De Angelis D, Sweeting M, Ades A, Hickman M, Hope V, Ramsay M. An evidence synthesis approach
to estimating Hepatitis C prevalence in England and Wales. Stat Methods Med Res. 2009; 18(4):361—
79. Epub 2008/11/28. https://doi.org/10.1177/0962280208094691 PMID: 19036917.

11. Reker C, Islam KM. Risk factors associated with high prevalence rates of hepatitis C infection in Egypt.
Int J Infect Dis. 2014; 25:104—6. Epub 2014/05/29. https://doi.org/10.1016/j.ijid.2014.02.003 PMID:
24865321.

12. Yildirim B, Tahan V, Ozaras R, Aytekin H, Mert A, Tabak F, et al. Hepatitis C virus risk factors in the
Turkish community. Dig Dis Sci. 2005; 50(12):2352—5. Epub 2006/01/18. https://doi.org/10.1007/
510620-005-3061-3 PMID: 16416188.

13. AhmedF, Irving WL, Anwar M, Myles P, Neal KR. Prevalence and risk factors for hepatitis C virus infec-
tion in Kech District, Balochistan, Pakistan: most infections remain unexplained. A cross-sectional
study. Epidemiology and infection. 2012; 140(4):716—23. Epub 2011/06/16. https://doi.org/10.1017/
S0950268811001087 PMID: 21672295.

PLOS ONE | https://doi.org/10.1371/journal.pone.0262935 January 21, 2022 13/15


https://doi.org/10.1016/S2468-1253%2816%2930181-9
https://doi.org/10.1016/S2468-1253%2816%2930181-9
http://www.ncbi.nlm.nih.gov/pubmed/28404132
https://doi.org/10.1016/S0140-6736%2814%2962401-6
http://www.ncbi.nlm.nih.gov/pubmed/25687730
https://doi.org/10.3748/wjg.v20.i28.9270
https://doi.org/10.3748/wjg.v20.i28.9270
http://www.ncbi.nlm.nih.gov/pubmed/25071320
https://doi.org/10.1111/j.1601-0825.2005.01076.x
http://www.ncbi.nlm.nih.gov/pubmed/15984954
https://doi.org/10.1111/j.1348-0421.1994.tb01758.x
https://doi.org/10.1111/j.1348-0421.1994.tb01758.x
http://www.ncbi.nlm.nih.gov/pubmed/8041303
https://doi.org/10.1093/infdis/jiu550
https://doi.org/10.1093/infdis/jiu550
http://www.ncbi.nlm.nih.gov/pubmed/25293369
https://doi.org/10.3109/09273948.2014.985386
https://doi.org/10.3109/09273948.2014.985386
http://www.ncbi.nlm.nih.gov/pubmed/25495483
https://doi.org/10.1038/nrgastro.2013.179
https://doi.org/10.1038/nrgastro.2013.179
http://www.ncbi.nlm.nih.gov/pubmed/24080775
https://doi.org/10.1177/0962280208094691
http://www.ncbi.nlm.nih.gov/pubmed/19036917
https://doi.org/10.1016/j.ijid.2014.02.003
http://www.ncbi.nlm.nih.gov/pubmed/24865321
https://doi.org/10.1007/s10620-005-3061-3
https://doi.org/10.1007/s10620-005-3061-3
http://www.ncbi.nlm.nih.gov/pubmed/16416188
https://doi.org/10.1017/S0950268811001087
https://doi.org/10.1017/S0950268811001087
http://www.ncbi.nlm.nih.gov/pubmed/21672295
https://doi.org/10.1371/journal.pone.0262935

PLOS ONE

Hepatitis C genotypes and risk factors

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.
30.

31.

32.

Janjua NZ, Hamza HB, Islam M, Tirmizi SF, Siddiqui A, Jafri W, et al. Health care risk factors among
women and personal behaviours among men explain the high prevalence of hepatitis C virus infection
in Karachi, Pakistan. J Viral Hepat. 2010; 17(5):317-26. Epub 2009/12/17. https://doi.org/10.1111/j.
1365-2893.2009.01230.x PMID: 20002559.

Trickey A, May MT, Davies C, Qureshi H, Hamid S, Mahmood H, et al. Importance and Contribution of
Community, Social, and Healthcare Risk Factors for Hepatitis C Infection in Pakistan. Am J Trop Med
Hyg. 2017; 97(6):1920-8. Epub 2017/11/17. https://doi.org/10.4269/ajtmh.17-0019 PMID: 29141707.

Benova L, Mohamoud YA, Calvert C, Abu-Raddad LJ. Vertical transmission of hepatitis C virus: sys-
tematic review and meta-analysis. Clin Infect Dis. 2014; 59(6):765—73. Epub 2014/06/15. https://doi.
org/10.1093/cid/ciu447 PMID: 24928290.

Terrault NA, Dodge JL, Murphy EL, Tavis JE, Kiss A, Levin TR, et al. Sexual transmission of hepatitis C
virus among monogamous heterosexual couples: the HCV partners study. Hepatology. 2013; 57
(3):881-9. Epub 2012/11/24. https://doi.org/10.1002/hep.26164 PMID: 23175457.

Chan DP, Sun HY, Wong HT, Lee SS, Hung CC. Sexually acquired hepatitis C virus infection: a review.
Int J Infect Dis. 2016; 49:47-58. Epub 2016/06/09. https://doi.org/10.1016/j.ijid.2016.05.030 PMID:
27270138.

Smith DB, Bukh J, Kuiken C, Muerhoff AS, Rice CM, Stapleton JT, et al. Expanded classification of hep-
atitis C virus into 7 genotypes and 67 subtypes: updated criteria and genotype assignment web
resource. Hepatology. 2014; 59(1):318-27. Epub 2013/10/12. https://doi.org/10.1002/hep.26744
PMID: 24115039.

Gower E, Estes C, Blach S, Razavi-Shearer K, Razavi H. Global epidemiology and genotype distribu-
tion of the hepatitis C virus infection. J Hepatol. 2014; 61(1 Suppl):S45-57. Epub 2014/08/03. https://
doi.org/10.1016/j.jhep.2014.07.027 PMID: 25086286.

Petruzziello A, Marigliano S, Loquercio G, Cacciapuoti C. Hepatitis C virus (HCV) genotypes distribu-
tion: an epidemiological up-date in Europe. Infectious agents and cancer. 2016; 11:53. Epub 2016/10/
19. https://doi.org/10.1186/s13027-016-0099-0 PMID: 27752280.

Kartashev V, Doring M, Nieto L, Coletta E, Kaiser R, Sierra S. New findings in HCV genotype distribu-
tion in selected West European, Russian and Israeli regions. Journal of clinical virology: the official pub-
lication of the Pan American Society for Clinical Virology. 2016; 81:82—9. Epub 2016/07/02. https://doi.
org/10.1016/j.jcv.2016.05.010 PMID: 27367545.

Roman F, Hawotte K, Struck D, Ternes AM, Servais JY, Arendt V, et al. Hepatitis C virus genotypes dis-
tribution and transmission risk factors in Luxembourg from 1991 to 2006. World journal of gastroenterol-
ogy. 2008; 14(8):1237-43. Epub 2008/02/27. https://doi.org/10.3748/wjg.14.1237 PMID: 18300350.

Hagan LM, Kasradze A, Salyer SJ, Gamkrelidze A, Alkhazashvili M, Chanturia G, et al. Hepatitis C
prevalence and risk factors in Georgia, 2015: setting a baseline for elimination. BMC Public Health.
2019; 19(8):480. https://doi.org/10.1186/s12889-019-6784-3 PMID: 32326913

Gvinjilia L, Nasrullah M, Sergeenko D, Tsertsvadze T, Kamkamidze G, Butsashvili M, et al. National
Progress Toward Hepatitis C Elimination—Georgia, 2015-2016. MMWR Morb Mortal Wkly Rep. 2016;
65(41):1132-5. Epub 2016/10/21. https://doi.org/10.15585/mmwr.mm6541a2 PMID: 27764081.

Nasrullah M, Sergeenko D, Gvinjilia L, Gamkrelidze A, Tsertsvadze T, Butsashvili M, et al. The Role of
Screening and Treatment in National Progress Toward Hepatitis C Elimination—Georgia, 2015-2016.
MMWR Morb Mortal Wkly Rep. 2017; 66(29):773-6. Epub 2017/07/28. https://doi.org/10.15585/mmwr.
mm6629a2 PMID: 28749925.

Mitruka K, Tsertsvadze T, Butsashvili M, Gamkrelidze A, Sabelashvili P, Adamia E, et al. Launch of a
Nationwide Hepatitis C Elimination Program—Georgia, April 2015. MMWR Morb Mortal Wkly Rep.
2015; 64(28):753-7. Epub 2015/07/24. https://doi.org/10.15585/mmwr.mm6428a2 PMID: 26203628.

Greenland S, Pearl J, Robins JM. Causal diagrams for epidemiologic research. Epidemiology. 1999; 10
(1):37-48. Epub 1999/01/15. PMID: 9888278.

Kleinbaum D, Klein M. Logistic Regression: A Self-Learning Text. 3rd ed: Springer; 2010.

Bloch EM, Kipiani E, Shadaker S, Alkhazashvili M, Gvinjilia L, Kuchuloria T, et al. Blood transfusion
safety in the country of Georgia: collateral benefit from a national hepatitis C elimination program.
Transfusion. n/a(n/a). https://doi.org/10.1111/trf.15815 PMID: 32542715

Betran AP, Ye J, Moller AB, Zhang J, Glllmezoglu AM, Torloni MR. The Increasing Trend in Caesarean
Section Rates: Global, Regional and National Estimates: 1990-2014. PloS one. 2016; 11(2). https://doi.
org/10.1371/journal.pone.0148343 PMID: 26849801.

Otiashvili D, Tabatadze M, Balanchivadze N, Kirtadze . Policing, massive street drug testing and poly-
substance use chaos in Georgia—a policy case study. Subst Abuse Treat Prev Policy. 2016; 11:4.
Epub 2016/01/17. https://doi.org/10.1186/s13011-016-0049-2 PMID: 26772817.

PLOS ONE | https://doi.org/10.1371/journal.pone.0262935 January 21, 2022 14/15


https://doi.org/10.1111/j.1365-2893.2009.01230.x
https://doi.org/10.1111/j.1365-2893.2009.01230.x
http://www.ncbi.nlm.nih.gov/pubmed/20002559
https://doi.org/10.4269/ajtmh.17-0019
http://www.ncbi.nlm.nih.gov/pubmed/29141707
https://doi.org/10.1093/cid/ciu447
https://doi.org/10.1093/cid/ciu447
http://www.ncbi.nlm.nih.gov/pubmed/24928290
https://doi.org/10.1002/hep.26164
http://www.ncbi.nlm.nih.gov/pubmed/23175457
https://doi.org/10.1016/j.ijid.2016.05.030
http://www.ncbi.nlm.nih.gov/pubmed/27270138
https://doi.org/10.1002/hep.26744
http://www.ncbi.nlm.nih.gov/pubmed/24115039
https://doi.org/10.1016/j.jhep.2014.07.027
https://doi.org/10.1016/j.jhep.2014.07.027
http://www.ncbi.nlm.nih.gov/pubmed/25086286
https://doi.org/10.1186/s13027-016-0099-0
http://www.ncbi.nlm.nih.gov/pubmed/27752280
https://doi.org/10.1016/j.jcv.2016.05.010
https://doi.org/10.1016/j.jcv.2016.05.010
http://www.ncbi.nlm.nih.gov/pubmed/27367545
https://doi.org/10.3748/wjg.14.1237
http://www.ncbi.nlm.nih.gov/pubmed/18300350
https://doi.org/10.1186/s12889-019-6784-3
http://www.ncbi.nlm.nih.gov/pubmed/32326913
https://doi.org/10.15585/mmwr.mm6541a2
http://www.ncbi.nlm.nih.gov/pubmed/27764081
https://doi.org/10.15585/mmwr.mm6629a2
https://doi.org/10.15585/mmwr.mm6629a2
http://www.ncbi.nlm.nih.gov/pubmed/28749925
https://doi.org/10.15585/mmwr.mm6428a2
http://www.ncbi.nlm.nih.gov/pubmed/26203628
http://www.ncbi.nlm.nih.gov/pubmed/9888278
https://doi.org/10.1111/trf.15815
http://www.ncbi.nlm.nih.gov/pubmed/32542715
https://doi.org/10.1371/journal.pone.0148343
https://doi.org/10.1371/journal.pone.0148343
http://www.ncbi.nlm.nih.gov/pubmed/26849801
https://doi.org/10.1186/s13011-016-0049-2
http://www.ncbi.nlm.nih.gov/pubmed/26772817
https://doi.org/10.1371/journal.pone.0262935

PLOS ONE

Hepatitis C genotypes and risk factors

33.

34.

35.

36.

37.

38.

39.

Sharvadze L, Nelson KE, Imnadze P, Karchava M, Tsertsvadze T. Prevalence of HCV and genotypes
distribution in general population of Georgia. Georgian medical news. 2008;(165):71-7. Epub 2009/01/
07. PMID: 19124921.

Stvilia K, Tsertsvadze T, Sharvadze L, Aladashvili M, del Rio C, Kuniholm MH, et al. Prevalence of hep-
atitis C, HIV, and risk behaviors for blood-borne infections: a population-based survey of the adult popu-
lation of T’bilisi, Republic of Georgia. J Urban Health. 2006; 83(2):289-98. Epub 2006/06/01. https://doi.
org/10.1007/s11524-006-9032-y PMID: 16736377.

Lee R, Kottilil S, Wilson E. Sofosbuvir/velpatasvir: a pangenotypic drug to simplify HCV therapy. Hepa-
tol Int. 2017; 11(2):161-70. Epub 2016/12/09. https://doi.org/10.1007/s12072-016-9776-8 PMID:
27928718.

Weisberg IS, Jacobson IM. A pangenotypic, single tablet regimen of sofosbuvir/velpatasvir for the treat-
ment of chronic hepatitis C infection. Expert Opin Pharmacother. 2017; 18(5):535—43. Epub 2017/01/
17. https://doi.org/10.1080/14656566.2017.1282459 PMID: 28092171.

Butsashvili M, Kamkamidze G, Kajaia M, Gvinjilia L, Kuchuloria T, Khonelidze I, et al. Integration of hep-
atitis C treatment at harm reduction centers in Georgia-Findings from a patient satisfaction survey. The
International journal on drug policy. 2020; 84:102893. Epub 20200731. https://doi.org/10.1016/j.
drugpo.2020.102893 PMID: 32739613.

Stvilia K, Vephkvadze N, Gamkrelidze A, Khonelidze |, Getia V, Tsereteli M, et al. Hepatitis C treatment
uptake among patients who have received methadone substitution treatment in the Republic of Geor-
gia. Public Health. 2021; 195:42-50. Epub 20210527. https://doi.org/10.1016/j.puhe.2021.03.017
PMID: 34051674.

Kuniholm MH, Mark J, Aladashvili M, Shubladze N, Khechinashvili G, Tsertsvadze T, et al. Risk factors
and algorithms to identify hepatitis C, hepatitis B, and HIV among Georgian tuberculosis patients. Int J
Infect Dis. 2008; 12(1):51-6. Epub 2007/07/24. https://doi.org/10.1016/}.ijid.2007.04.015 PMID:
17644020.

PLOS ONE | https://doi.org/10.1371/journal.pone.0262935 January 21, 2022 15/15


http://www.ncbi.nlm.nih.gov/pubmed/19124921
https://doi.org/10.1007/s11524-006-9032-y
https://doi.org/10.1007/s11524-006-9032-y
http://www.ncbi.nlm.nih.gov/pubmed/16736377
https://doi.org/10.1007/s12072-016-9776-8
http://www.ncbi.nlm.nih.gov/pubmed/27928718
https://doi.org/10.1080/14656566.2017.1282459
http://www.ncbi.nlm.nih.gov/pubmed/28092171
https://doi.org/10.1016/j.drugpo.2020.102893
https://doi.org/10.1016/j.drugpo.2020.102893
http://www.ncbi.nlm.nih.gov/pubmed/32739613
https://doi.org/10.1016/j.puhe.2021.03.017
http://www.ncbi.nlm.nih.gov/pubmed/34051674
https://doi.org/10.1016/j.ijid.2007.04.015
http://www.ncbi.nlm.nih.gov/pubmed/17644020
https://doi.org/10.1371/journal.pone.0262935

