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ABSTRACT

Background: Limited data are available on hepatitis C virus (HCV) infection in persons
who inject drugs (PWID) in South Korea. The present study aimed to investigate the
seroprevalence of HCV antibodies, risk factors for HCV seropositivity, and HCV treatment
status in PWID between January 2012 and May 2022.

Methods: We retrospectively reviewed the medical records of 418 drug users who underwent
HCV antibody testing in three hospitals caring for 90% of known PWID in South Korea, of
whom 373 were PWID.

Results: The HCV seroprevalence was 39.7% (148/373) in PWID vs. 6.7% (3/45) in non-
injection drug users (P < 0.001). Age > 40 years, hospital type (58.2% in the prison hospital
vs. 34.0% in the private hospital), and enrollment year (68.2% in 2012-2014 vs. 30.0%

in 2021-2022) were independently associated with HCV seropositivity. Among the HCV-
seropositive PWID, 90.5% (134/148) were diagnosed with HCV infection; however, only
6.8% (10/148) received HCV treatment. The hepatitis B virus surface antigen and human
immunodeficiency virus antibody positivity were 4.0% (14/352) and 1.9% (6/317) in tested
PWID, respectively.

Conclusion: The HCV seroprevalence in PWID was 39.7% with a very low treatment rate,
which prompts active measures to test and treat PWID for HCV infection in South Korea.

Keywords: Hepatitis C Virus; People Who Inject Drugs; Seroepidemiologic Studies;
Hepatitis B Virus Infection

INTRODUCTION

Hepatitis C virus (HCV) infection is a major cause of liver-related mortality and liver
transplantation because of liver cirrhosis and liver cancer.! After the development
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of highly effective direct-acting antiviral (DAA) agents for HCV, the World Health
Organization declared targets for global HCV elimination by 2030 of < 5 new annual HCV
infections/100,000 persons and < 2 new annual HCV infections/100 persons who inject drugs
(PWID), or an 80% reduction in the prevalence of HCV viremia from the 2015 baseline.23
Because HCV is parenterally transmitted between people, PWID are at high risk of HCV
infection by sharing injection syringes or injection/inhalation tools. Therefore, testing and
treating HCV among PWID are top priorities for HCV elimination.

In South Korea, PWID are considered criminals because drug use is illegal, and only the
number of drug offenders who are caught is reported, which almost doubled from 2010 to
2020.4 Considering the far greater proportion of PWID who have not been charged with a
drug offense, the increase in drug use is a threat to HCV elimination. However, there are no
data on the epidemiology and treatment status of HCV infection among PWID, except for one
study showing an HCV seroprevalence of 48.4% in 318 PWID during 2007-2010.5

Currently, medical institutions that treat PWID are limited in South Korea, and approximately
90% of the care for diagnosed PWID is provided in only three hospitals: Bugok National
Hospital, Incheon Chamsarang Hospital, and the National Forensic Hospital. Thus, this
study aimed to retrospectively investigate HCV seroprevalence, factors related to HCV
positivity, and treatment status among PWID between January 2012 and May 2022 in these
three hospitals in South Korea.

METHODS

Study design, patients, and data collection

We conducted a retrospective, multicenter, cross-sectional study. Bugok National Hospital
(hospital A) is a national psychiatric hospital caring for PWID with psychiatric illnesses;
Incheon Chamsarang Hospital (hospital B) is a private specialized clinic providing psychiatric
services for PWID; and the National Forensic Hospital (hospital C) is a national prison
hospital that cares for PWID who have committed other crimes. PWID (> 19 years) who
visited the three hospitals and underwent HCV testing from 2012 to 2022 were enrolled,
regardless of their hepatitis B virus (HBV) and human immunodeficiency virus (HIV)
infection status. Hospital A, B, and C routinely performed anti-HCV testing since 2015, 2021,
and 2012, respectively.

Through a retrospective review of the medical records, following data were collected: age, sex,
year of anti-HCV testing; anti-HCV, HBV surface antigen (HBsAg), and anti-HIV test results;
complete blood count (white blood cells, hemoglobin, platelets); aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and alkaline phosphatase (ALP) levels; type of drug
used, and history of HCV diagnosis and treatment. The fibrosis-4 (FIB-4) scores and the AST-
to-platelet ratio index (APRI) were calculated using the original formulas.67

Statistical analyses

Descriptive statistics were used in this study. Patient characteristics were compared using
the y? test or Fisher’s exact test for categorical variables and the Mann-Whitney test or
independent #-test for continuous variables. Differences in the HCV seroprevalence between
subgroups were compared using the y? test or Fisher’s exact test.
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Univariable and multivariable logistic regression analyses were performed to identify factors
associated with HCV seropositivity. Variables with P < 0.2 in the univariable analysis were
used in the multivariable analysis. All statistical analyses were performed using SPSS (version
27.0; IBM Corp., Armonk, NY, USA) and R statistical programming environment (version
4.3.0; R Development Core Team, Vienna, Austria, http://www.R-project.org), with P < 0.05
indicating statistical significance.

Ethics statement

The data were collected and transmitted to Seoul National University Bundang Hospital
(SNUBH) in encrypted form so that no personal information could be identified during the
analysis. This study was approved by the Institutional Review Board of SNUBH (No. B-2203-
744-109). The requirement for informed consent was waived because of the retrospective
study design.

RESULTS

Demographics and clinical characteristics of the Korean PWID

A total of 418 drug users, including PWID (n = 373) and non-injection drug users (n = 45) who
used drugs such as cannabinoids or other inhalants, were tested for HCV between 2012 and
2022 (Fig.1). The PWID had a median age of 45 years and 93.8% (350/373) were male. The
most commonly used type of drug was amphetamines, including methamphetamine and
phentermine, which were used by 97.3% of the PWID. The baseline clinical characteristics of
PWID according to the hospital where they were treated, are summarized in Table 1. PWID of
the private hospital B enrolled mostly in 2021 and 2022, and were younger, with more female
patients, a lower proportion of amphetamine users, and a higher proportion of mixed use

Among drug users from January 2012 and May 2022
at 3 hospitals in charge of treating PWID in Korea

Patients had anti-HCV test result (N = 418)

|
v v

PWID Non-injection drug users
(n=2373) (n =45)
Anti-HCV (+) Anti-HCV (-) Anti-HCV (+) Anti-HCV (-)
(n =148, 39.7%) (n = 295, 60.3%) (n =3, 6.7%) (n = 42, 93.3%)
l ]
Y
Previously diagnosed Have not been diagnosed Previously diagnosed Previously diagnosed
with hepatitis C with hepatitis C before with hepatitis C with hepatitis C
(n=134) (n=14) (n=4) (n=3)
17 v l 1

Treated Not treated Treated Treated Not treated
(n=10) (n=124) (n=9) (n=0) (n=3)

Fig. 1. Prevalence of anti-HCV and treatment history of HCV among drug users in South Korea.
HCV = hepatitis C virus, PWID = persons who inject drugs.
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Table 1. Demographics and anti-HCV prevalence of overall persons who inject drugs according to hospital

Variables Overall (N = 373) Hospital A (n =178) Hospital B (n = 97) Hospital C (n = 98) Pvalue
Age, yr 45 (38-51) 44 (39-50) 41 (30-49) 48 (42-54) <0.001
Age group <0.001
10-20s 35 (9.4) 11 (6.2) 23 (23.7) 1(1.0)
30s 72 (19.3) 34 (19.1) 29 (22.7) 16 (16.3)
40s 153 (41.0) 88 (49.4) 28 (28.9) 37(37.8)
50s 98 (26.3) 36 (20.2) 21 (21.6) 41 (41.8)
60s or above 15 (4.0) 9(5.1) 3(3.1) 3(3.1)
Male sex 350 (93.8) 176 (98.9) 76 (78.4) 98 (100.0) <0.001
Type of drug?
Amphetamine 363 (97.3) 178 (100.0) 88 (90.7) 100 (100.0) <0.001
Opioid, pain killer 7 (1.9) 0 (0.0) 7(7.2) 0 (0.0) <0.001
Sleeping pill, tranquilizer 10 (2.7) 0 (0.0) 10 (10.3) 0 (0.0) <0.001
Cocaine, heroin 10 (2.7) 0(0.0) 10 (10.3) 0(0.0) <0.001
Hallucinogen 23 (6.2) 0(0.0) 23 (23.7) 0 (0.0) <0.001
Cannabinoids 34(9.1) 0 (0.0) 34(35.1) 0 (0.0) <0.001
Inhalant 5(1.3) 0 (0.0) 5(5.9) 0 (0.0) 0.001
Year of enrollment <0.001
2012-2014 29 (5.9) 0(0.0) 1(1.0) 21 (21.4)
2015-2017 76 (20.4) 48(27.0) 0(0.0) 28 (28.6)
2018-2020 145 (38.9) 101 (56.7) 2(2.1) 49 (42.9)
2021-2022 130 (34.9) 29 (16.3) 94 (96.9) 7(7.1)
Anti-HCV antibody <0.001
Positive 148 (39.7) 58 (32.6) 33 (34.0) 57 (58.2)
Negative 295 (60.3) 120 (67.4) 64 (66.0) 41 (41.8)
Previous diagnosis of HCV 0.052
Yes 138 (37.0) 57 (32.0) 36 (37.1) 45 (45.9)
No 291 (59.9) 111 (62.4) 57 (58.8) 53 (54.1)
Unaware 14 (3.8) 10 (5.6) 4(4.1) 0(0.0)
Previous treatment of HCV <0.001
Yes 12 (3.2) 0(0.0) 10 (10.3) 2 (2.0)
No 260 (69.7) 111 (62.4) 61 (62.9) 88 (89.8)
Unaware 101 (27.1) 67 (37.6) 26 (26.8) 8(8.2)

Data are provided in median (interquartile range) or number (%o).
HCV = hepatitis C virus.
2Multiple responses are possible.

of cannabinoids, hallucinogens, or other drugs, compared to the psychiatric hospital A and
the prison hospital C. The clinical characteristics of PWID and non-injection drug users are
compared in Supplementary Table 1.

Seroprevalence of HCV among PWID and treatment status

The overall seroprevalence of HCV among PWID was 39.7% (148/373), with the highest
prevalence (58.2%) in the prison hospital C (Table 1, Fig. 2D), but was similar between male
and female PWID (Fig. 2A). HCV seropositivity increased with age and was 2.9%, 13.9%,
46.4%, 59.2%, and 53.3% in those aged 10-29, 30-39, 40-49, 50-59, and 60 years or older,
respectively (P < 0.001). There was a gradual decrease during the study period (from 68.2% in
the 2012-2014 group to 30.0% in the 2021-2022 group; P= 0.004) (Fig. 2B and C). The HCV
seroprevalence in PWID (n = 373) was significantly higher than that in non-injection drug
users (n =45) (39.7% vs. 6.7%; P < 0.001) (Figs. 1 and 3A, Supplementary Table 1).

Of the 148 HCV-seropositive PWID, 90.5% (134/148) had previously been diagnosed with chronic
hepatitis C; however, only 10 (6.8%) had received treatment for HCV infection (Fig. 1). Compared
with the untreated PWID, a high proportion of the treated PWID were aged < 40 years and
attended the private hospital B (Supplementary Table 2). Of the 225 HCV-seronegative PWID,
four had been diagnosed with hepatitis C, and two had received HCV treatment. They may

https://jkms.org https://doi.org/10.3346/jkms.2023.38.e357 4/10
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Fig. 2. Prevalence of anti-HCV by stratification: sex, age, year of enrollment, and hospital.
HCV = hepatitis C virus.

>

HCV B HBV C HIV

100 100 - 100 -
***P < 0.001 P> 0.999 P> 0.999

80 80 80

60 60 60

40 40 - 40 -

20 - 20 -
4.0 2.2 1.9 0
0 - 0 __—_—_ 0 - :
PWID Non-injection PWID Non-injection PWID Non-injection
drug users drug users drug users

(n=418) (n=397) (n=360)

20

Anti-HCV prevalence, %
w
[
~
HBsAg prevalence, %
Anti-HIV prevalence, %

Fig. 3. Prevalence of antibody to HCV, HBV, and HIV: PWID vs. non-injection drug users.
HCV = hepatitis C virus, HBV = hepatitis B virus, HIV = human immunodeficiency virus, PWID = persons who inject drugs, HBsAg = hepatitis B virus surface antigen.

have been treated in the acute phase of HCV infection or reverted to HCV seronegative after
infection in the distant past or due to treatment, although recall bias could not be excluded.

The HBsAg and HIV seropositivity were 4.0% (14/338) and 1.9% (6/317) in tested PWID,

respectively (Table 1), which were similar to the prevalence in the non-injection drug users, in
contrast to the significantly higher HCV seroprevalence in PWID (Fig. 3).
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Clinical characteristics associated with HCV seropositivity in PWID

The characteristics of the HCV-seropositive and -seronegative PWID are summarized in Table 2.
The HCV-seropositive PWID were older, with lower platelet counts; higher serum levels of
AST, ALT, and ALP; and higher noninvasive fibrosis scores, such as APRI and FIB-4 scores,
than the HCV-seronegative group. Factors associated with anti-HCV positivity in PWID were
older age, earlier enrollment year, attending the prison hospital, and a higher FIB-4 score,

suggesting a higher proportion of advanced liver fibrosis. In the multivariable analysis, age
> 40 years, enrollment in 20122014, attending the prison hospital, and a higher FIB-4 score

were independently associated with anti-HCV positivity (Table 3).

DISCUSSION

This study is the largest recent study of hepatitis C in PWID by enrolling PWID from

three representative centers caring for 90% of known PWID in South Korea. The HCV
seroprevalence was 39.7% in PWID, which was significantly higher than that in non-

injection drug users (6.7%). The prevalence of HCV seropositivity increased with age, and
decreased over time. Factors associated with HCV seropositivity were older age, earlier year
of enrollment, attending the prison hospital, and a higher FIB-4 score. Additionally, 93.2% of

HCV-seropositive PWID were not treated.

Table 2. Comparison of characteristics between anti-HCV-positive and anti-HCV-negative persons who inject drugs groups

Variables Overall (N = 373) Anti-HCV (+) (n = 148, 39.7%) Anti-HCV (=) (n = 225, 60.3%) Pvalue
Age, yr 45 (38-51) 48 (44-54) 49 (34-49) <0.001
Sex 0.248

Male 350 (93.8) 142 (95.9) 208 (92.4)

Female 23 (6.2) 6(4.1) 17 (7.6)
WBC, x 10°/uL 6,908 + 2,217 6,689 + 2,365 7,050+ 2,110 0.132
Hb, g/dL 14.5+ 1.5 14.7 £ 1.3 14.3+1.6 0.036
Platelet, x 10°/uL 247.9+73.5 224.1+73.8 263.3+69.3 <0.001
Platelet < 150 x 10°/uL 30/359 (8.4) 20/141 (14.2) 10/218 (4.6) 0.003
AST, IU/L 31.3+24.6 38.8+29.8 26.4+19.1 <0.001
ALT, IU/L 38.5+37.2 48.3 +47.5 32.2+27.0 <0.001
ALT abnormality? 134/364 (36.8) 68/143 (47.6) 66/221 (29.9) 0.001
ALP, IU/L 70.4 +22.2 74.7 + 24.8 67.0+19.4 0.021
Bilirubin, mg/dL 0.67 = 0.57 0.74+0.78 0.62+0.39 0.063
Albumin, g/dL 4.33+0.44 4.31+0.46 4.35+0.44 0.428
APRI score (n = 359) <0.001

<0.5 299 (83.3) 100 (70.9) 199 (91.3)

>0.5 60 (16.7) 41(29.1) 19 (8.7)
FIB-4 score (n = 359) <0.001

<1.45 297 (82.7) 97 (68.8) 200 (91.7)

1.45-3.25 47 (13.1) 31(22.0) 16 (7.3)

>3.95 15 (4.9) 13(9.2) 2 (0.9)
HBsAg 0.172

Negative 338(90.6) 129 (87.9) 209 (92.9)

Positive 14 (3.8) 8(5.4) 6(2.7)

Missing 21 (5.6) 11 (7.4) 10 (4.4)
Anti-HIV antibody 0.121

Negative 311 (83.4) 127 (85.8) 184 (81.8)

Positive 6(1.6) 0 (0.0) 6(2.7)

Missing 56 (15.0) 21 (14.2) 35 (15.6)

Data are provided in median (interquartile range), number (%), or mean + standard deviation.

HCV = hepatitis C virus, WBC = whole blood cell, Hb = hemoglobin, AST = aspartate aminotransferase, ALT = alanine aminotransferase, ALP = alkaline phosphatase,
APRI = aspartate aminotransferase-to-platelet ratio index, FIB-4 = fibrosis-4, HBsAg = hepatitis B surface antigen, HIV = human immunodeficiency virus.
Reference ranges were ALT > 34 |U/L for male and > 30 IU/L for female.
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Table 3. Factors associated with anti-hepatitis C virus positivity among persons who inject drugs

Variables Univariable analysis Multivariable analysis
OR (95% CI) P value OR (95% ClI) P value
Age group
10-29 Reference Reference
30-39 4.87 (0.59-40.19) 0.141 5.31 (0.59-47.45) 0.135
40-49 28.41 (3.78-213.20) 0.001 36.45 (4.21-315.34) 0.001
50-59 47.76 (6.26-364.38) <0.001 53.98 (6.04-482.17) <0.001
> 60 37.71 (4.04-351.83) 0.001 43.97 (3.85-486.22) 0.002
Female sex (vs. male) 0.50 (0.18-1.40) 0.186 3.04 (0.72-12.78) 0.129
Year of enrollment
2012-2014 5.29 (1.98-14.13) <0.001 5.80 (1.33-25.29) 0.019
2015-2017 2.00 (1.09-3.65) 0.024 2.39(0.84-6.81) 0.101
2018-2020 1.69 (1.00-2.83) 0.049 1.61 (0.61-4.26) 0.340
2021-2022 Reference Reference
Hospital
A Reference Reference
B 0.94 (0.54-1.65) 0.839 2.62 (0.89-7.72) 0.080
© 2.88 (1.73-4.79) <0.001 2.08 (1.12-3.88) 0.021
FIB-4 score
<1.45 Reference Reference
1.45-3.25 3.99 (2.08-7.65) <0.001 2.14 (1.05-4.34) 0.036
>3.95 13.40 (2.97-60.57) <0.001 10.97 (2.14-56.29) 0.004

Cases with missing values (n = 14) were omitted in this table.
OR = odds ratio, CI = confidence interval, FIB-4 = fibrosis-4.

According to a modelling study that included 88 countries, the global prevalence of chronic
HCYV infection in PWID was 34.5% in 2017.8 In terms of the population attributable fraction
of the contribution of injection drug use to HCV transmission, if the increased risk of HCV
transmission among PWID was removed, approximately 43% of incident HCV infections
would be prevented from 2018 to 2030. In the modelling study, the population attributable
fraction due to injection drug use was higher in high-income countries (79%) than in low-
and middle-income countries (38%), where HCV transmission is driven by other factors such
as unsterile medical injections or community risks, including tattooing and body piercings.8
However, the study did not include South Korea because of the lack of data on PWID.

In this study, the HCV seroprevalence in Korean PWID was 39.7%, which is consistent with
the global prevalence range, although the prevalence of HCV viremia in the PWID population
is unknown. Considering that the HCV seroprevalence in the general population of South
Korea was reported to be 0.6% in 2015-2019,9 the HCV seroprevalence in PWID is 57 times
higher than that in the general population, confirming that PWID is a high-risk population
that should be targeted by HCV elimination programs. According to a previous study, the
HCYV seroprevalence of 318 PWID during 2007-2010 (89% male, mean age 42 years) was
48.4%, with a viremic proportion among the HCV-seropositive PWID of 98.1%.5

This study showed a gradual decrease in HCV seroprevalence according to the enrollment
year. Improved education and awareness that HIV and HCV can be transmitted through
syringe sharing during drug use may have contributed to the decline in anti-HCV
seropositivity. In addition, as the recent intravenous (IV) drug purchase is made through
social network service, it is expected that IV drug administration will be done by individuals
or small groups more than before. Lastly, in 2021-2022, group IV drug overuse at nightlife
facilities may have decreased due to social gathering restrictions during the coronavirus
disease pandemic.
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The HCV seroprevalence in PWID increased with age. This may be related to an increased
number of injections with age. Moreover, HCV seroprevalence in the general population

also increased with age (0.2-0.26%, 0.23-0.31%, 0.4—0.6%, 0.65-0.9%, and > 1% in

the 20-29-years, 30-39-years, 40-49-years, 50-59 years, and > 60-years age groups,
respectively).912 It is shown that the HCV seroprevalence was more than 100 times higher in
young PWID than in the general population. This raises concern regarding the future HCV
epidemiology in South Korea because the number of known Korean drug abusers increased
from 9,732 in 2010 to 18,050 in 2020, and 50% of drug offenders were aged 20-39 years, with
arapid increase in the number aged < 20 years.4

Among the three hospitals in this study, the HCV seroprevalence in the prison hospital was
higher than that of the other two hospitals, and 21/22 of the patients enrolled from 2012

to 2014 were enrolled at the prison hospital. PWID have high rates of incarceration due to
the illegality of drug use and high frequency of drug-related crimes, leading to a high HCV
infection rate among prisoners.13:14 This finding suggests that prisons may be an effective
target for HCV elimination in South Korea.

In the present study, 6.8% of PWID with positive anti-HCV results had a history of HCV
treatment. Patients under the age of 40 years, recently registered, or from the private
hospital, were more likely to have been treated. The higher rate of treatment in young people
is promising but needs to be raised further considering their activity and transmission
potential. Although PWID enrolled in 2020-2022 and those attending the private hospital

B were also more likely to have been treated, there may be confounding because most of the
PWID at the private hospital were enrolled in 2021 or 2022. Young (aged < 40 years), recently
enrolled, private hospital patients have a high awareness of HCV and are highly motivated
for HCV treatment. Since DAA with short treatment duration and high efficacy was recently
introduced, it is necessary to establish a customized micro-elimination strategy considering
the situation of PWID in Korea. Education and publicity about curable hepatitis C is needed
for PWID and program managers. It is urgent to support treatment expenses for the
economically vulnerable class among PWID.

In the present study, non-PWID drug users showed 6.8% of anti-HCV positivity which is
higher than that in general population in South Korea (0.5-0.6%).9 Similar to this study,
previous studies showed 4.2-17.0% of anti-HCV positivity in non-PWID drug users, and the
anti-HCV positivity decreased over time.1517 Non-PWID drug users who consume illicit drugs
often share paraphernalia used to snort and/or smoke the substance, and HCV RNA has been
detected in pipes, nasal secretions, and snorting apparatuses.16

A care cascade analysis of the 2015 health checkup population aged 20 years or older in

South Korea (n = 268,422) showed that among 1,359 HCV-seropositive people, HCV RNA
testing was performed in 60% and 10.9% were cured with interferon-based treatment.10 In a
prospective multicenter HCV cohort study conducted in South Korea, the treatment rate was
56.1% during 20152017 after DAA became available.18 In 2019, the treatment rate of patients
with newly diagnosed HCV viremia was 58.1%.9 Moreover, recent studies have shown that the
treatment uptake and sustained virologic response rate of DAA did not differ between PWID
and non-PWID with chronic HCV infection.19,20 Therefore, the treatment of HCV infection in
PWID should be scaled-up urgently in South Korea.
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This study has several limitations. First, this study is a retrospective nature and it was not
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possible to collect data for the same period year by hospital. Therefore caution is needed to
interpret anti-HCV positivity rates over time. However, positive rate of anti-HCV showed a
trend of decreasing over time in hospital A and C, respectively. Second, because the data were
collected from psychiatric hospitals, HCV RNA testing and abdominal ultrasound results
were not available. Therefore, the prevalence of HCV viremia and the severity of liver disease
could not be evaluated. Third, this was a cross-sectional study using data at the time patients
were registered as PWID at each hospital and tested for HCV antibodies, and there was no
follow-up information on whether they received HCV treatment later. Lastly, owing to the
retrospective nature of this study, the known diagnosis and treatment rate of HCV estimated
from chart review may not accurately reflect current values. However, this is the only available
source of data for the evaluation of HCV seroprevalence in Korean PWID, covering the three
hospitals responsible for approximately 90% of PWID care in South Korea.

In conclusion, the HCV seroprevalence in PWID was 39.7%, and most patients with positive
HCV serology were not treated. Therefore, prospective studies of HCV epidemiology and
active measures for HCV elimination in PWID are urgently needed in South Korea.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Comparison of characteristics between PWID and non-injection drug users

Click here to view

Supplementary Table 2
Comparison of clinical characteristics of anti-HCV (+) PWID according to treatment status

Click here to view
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