Serial changes of hepatitis C core antigen levels
in people who inject drugs in Haiphong, Northern
Vietnam
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Abstract

Hepatitis C virus (HCV) infection is one of the major global health problems, particularly for people
who inject drugs (PWID). This study aimed to investigate the spontaneous clearance rate of HCV and
associated factors with the clearance among PWID using an HCV core antigen (HCV-cAg) test. Blood
samples were collected from 311 male PWID concentrated in a rehabilitation center in Haiphong,
Vietnam, every 6 months for up to 18 months from 2007, and analyzed serologically and genetically. Of
the 311, 240 (77.2%) were positive for anti-HCV antibody (HCV-Ab), and 219 (70.4%) for HCV-cAg,
though three HCV-cAg positives were negative for HCV-Ab. Of the 219, 52.5% were co-infected with
human immunodeficiency virus (HIV). The most prevalent HCV genotype was genotype 1 (45.7%),
followed by genotypes 6 (40.6%), and 3 (7.6%). Spontaneous clearance of HCV-cAg was observed in
12 (5.5%) of 219 PWID during the observation period, and the clearance rate was 6.5 per 100 person-
years (95% confidence interval, 3.5-11.3). HCV-cAg level was marginally higher in PWID co-infected
with HIV than those without HIV (p = 0.054) and lower in PWID with HCV genotype 3 than those with
other genotypes (p < 0.001). Only low HCV-cAg level at baseline was associated with HCV clearance
(p <0.001). HCV-cAg level correlated with the HCV-RNA load in plasma at baseline (Rho = 0.55, p <
0.001). Low HCV-cAg level at baseline could be a predictor of HCV clearance. HCV-cAg test could be
applicable for HCV screening and used for monitoring plasma HCV load.
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Introduction

Chronic hepatitis C (CHC) due to hepatitis C
virus (HCV) is one of the major global public health
problems. Approximately 71 million individuals
had CHC, with 399,000 related deaths in 2015".
Among the people with CHC, around 20% progress
to cirrhosis after 20 years of infection, and
approximately 1-3% of the people with cirrhosis
progress to hepatocellular carcinoma annually” ®.

The elimination of viral hepatitis as a public
health threat by 2030: reductions in new infections

SHM3E6H1H%2f, $H34E6H 24 H<H

by 90% and mortality by 65% from 2015 to 2030,
was endorsed as a global target by the World Health
Assembly in 2016". The main intervention to
achieve this goal is to increase the number of
individuals who are tested and treated for CHC. The
guideline of the World Health Organization (WHO)
has recommended diagnosing HCV infection by
screening with anti-HCV antibody (Ab) test and
confirmation with a qualitative or quantitative
HCV-RNA”. The high costs of HCV confirmation
tests using molecular techniques and new direct-
acting antivirals treatment are the key barriers to

Abbreviations: CHC, Chronic hepatitis C; IQR, Interquartile range; HBV, Hepatitis B virus; HCV, Hepatitis C
virus; HCV-Ab, HCV antibody; HCV-cAg, HCV core antigen; HIV, Human immunodeficiency virus; HR, Hazard
ratio; NS5B, Nonstructural protein 5B; PWID, People who inject drugs; 5UTR, 5 untranslated region
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expand the access to test and treatment for HCV.
Therefore, HCV core Antigen (HCV-cAg) tests with
cost-effectiveness and simple technique requirement
might be practically applicable worldwide,
especially in resource-limited settings®”.

There is a high prevalence of HCV infection
among PWID, particularly in low-income and middle-
income countries'”'". We previously reported that
among the 760 male PWID who participated in the
epidemiological survey on HCV, HIV, and HBV in
Haiphong, Northern Vietnam'>', HCV prevalence
in PWID was significantly decreased from 2007
(62.1%) to 2008 (42.7%) and rebounded to 58.4%
in 2012". Thus, PWID have a high risk of ongoing
HCV transmission, however, they are limited to
approach HCV testing services due to stigma and
finance in resource-limited settings'®"”.

HCV clearance occurs in 27.9% to 36.1% of
infected people within 6 to 12 months after initial
infection in general population'®. HCV genotype 1
infection, female sex, host genetics, broad and
strong immune response, and less HCV viral
diversity are reportedly the predictors of HCV
clearance”¥". In studies mainly conducted in
Australia and the United States, the clearance rate
among PWID was about 25% by 12 months'”.

The present study aimed to investigate the
spontaneous clearance of HCV infection and its
associated factors among PWID, who were
concentrated in a rehabilitation center with limited
risks of acquiring HCV in Haiphong, Vietnam, and
usefulness of the HCV core antigen test in
diagnosis and monitoring of HCV infection.

Materials and Methods
I .Subjects and sampling period

Previously, we conducted epidemiological
surveys on HCV, HIV, and HBV infections among
760 male PWID who were concentrated in a
rehabilitation center in Haiphong, northern Vietnam
from 2007 to 20129, Of the 760, 311 agreed to
join this prospective observational study. Their blood
samples were collected every 6 months from 2007
for up to 18 months: at baseline (M0), at month 6"
(M6), at M12, and at M18. No participants in this
study had been treated for HIV and HCV infection.

Il . Serological tests

At MO, plasma samples were tested for anti-
HCV-Ab by HCV PHA (Abbott Japan, Tokyo,
Japan), HCV-cAg by ARCHITECT HCV Ag
(Abbott Japan, Tokyo, Japan) or Lumispot Eiken
HCV Antigen (Eiken Chemical, Tokyo, Japan),
hepatitis B virus (HBV) surface antigen (HBsAg)
by DAINA SCREEN HBsAg II (Abbott Japan,
Tokyo, Japan), and anti-HIV-Ab by DAINA
SCREEN HIV 1/2 (Alere Medical Co., Ltd., Tokyo,
Japan), according to the manufacturers’ instructions.
The HCV-cAg was quantified at MO, M6, M12, and
M18. The detection limit of HCV-cAg in plasma is
0.48 log fmol/L.

I . HCV Genotyping

HCYV genotyping was done as previously
described'?. Briefly, HCV-RNA was extracted
from 100 ul of HCV-cAg positive plasma using
SMITEST EX-R&D (Genome Science Laboratories,
Fukushima, Japan), and reverse-transcribed (RT)
with random primers to cDNA synthesis using the
First-Strand ¢cDNA synthesis kit (Invitrogen,
Carlsbad, CA) according to the manufacturer’s
instructions. The NS5B gene was amplified by
nested polymerase chain reaction (PCR) with the
primers hep31b/32 and hep33b/34b in the first and
second rounds, respectively'¥*”. The S’'UTR-Core
gene was amplified by nested PCR with the primers
KY80/C0751R and hep21b/C0727R in the first and
second rounds, respectively'”?". PCR products were
visualized by ethidium bromide staining of samples
electrophoresed on an agarose gel. Population
sequencing and/or clonal sequencing, if necessary,
of the PCR products was done. The primers used
for the sequencing were hep33/hep34 and hep21b/
CO0727R for the NS5B and the 5’UTR-Core regions,
respectively. The PCR products were cloned into a
vector using the TOPO TA cloning kit (Invitrogen,
Carlsbad, CA) for clonal sequence determination.
The sequences were aligned with the sequences
retrieved from the HCV sequences database
(GenBank/EMBL/DDBYJ) using ClustalW, followed
by subsequent visual inspection and manual
modification. Phylogenetic trees for the NS5B and
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5’UTR-Core regions were constructed and
visualized to determine their genotypes. Dual
infection was defined when the sequences of
different genotypes were detected in one sample.

IV . Measurement of HCV-RNA load

HCV-RNA load was measured by Amplicor
HCV Monitor version 2.0 (Roche Diagnostics,
Tokyo, Japan). Of the 219 HCV-cAg positive
samples collected at MO, 87 were randomly
selected to measure the plasma HCV-RNA load.

V . Statistical analysis

Statistical analyses were performed by SPSS
version 25. Mann-Whitney U test and Kruskal-
Wallis test with Dunn-Bonferroni post hoc methods
were used to compare two and more than two
different groups, respectively. The Wilcoxon signed-
ranks test was used to evaluate the changes of HCV-
cAg levels. Spearman’s rank correlation coefficient
was calculated to assess the correlation between the
levels of HCV-cAg and HCV-RNA load. To identify
the factors associated with the HCV-cAg clearance
including age, HIV and/or HBV co-infection, HCV
genotypes, and HCV-cAg level at M0, we performed
Cox proportional hazards analyses with a backward
stepwise model. Variables with P < 0.20 in
univariable analysis were considered as potential
independent factors in the multivariable analysis. P
values <0.05 were considered statistically significant.

VI . Ethical consideration

The study protocol was reviewed and approved
by the ethical committees of Hanoi Medical
University (No. IRB00003121) in Vietnam and
Kanazawa University in Japan. All subjects
provided oral or written informed consents.

Results

I. Characteristics of the study subjects at M0

Three hundred and eleven PWID [all male;
median age, 34 years; interquartile range (IQR),

30-40] were followed every 6 months for up to 18
months. The median observation period was 6
months (IQR, 6-12). Of the 311 PWID, 240 (77.2%)
were positive for HCV-Ab and 219 (70.4%) were
positive for HCV-cAg (Figure 1). Among the 240
HCV-Ab-positive people, 216 (90%) were positive
for HCV-cAg. Three cases whose HCV-Ab was
negative were positive for HCV-cAg at M0.

Among the 219 HCV-cAg positive people, 16
(7.3%) were co-infected with HBV, and 115 (52.5%)
with HIV, though 10 (4.6%) were co-infected with
both HBV and HIV.

HCV genotypes based on 5’UTR-Core and NS5B
regions were successfully analyzed for 197 samples.
Most prevalent genotypes were genotype 1 (45.7%;
la, n = 49; 1b, n = 41) followed by genotype 6
(40.6%; 6a, n = 59; 6e, n = 19; 6h, n = 2), genotype
3 (7.6%; 3a,n=2; 3b, n =13), and genotype 2 (1.0%;
n = 2). 5.1% were found to be dual genotype
infections (n = 10; 1a/6a, n = 6; 6a/6e, n = 2; la/6e,
n=1;6d/6e,n=1).

II. Level of HCV-cAg and its related factors at
Mo

The median plasma HCV-cAg level of the 219
PWID at MO was 3.7 log fmol/L (IQR 2.9-4.0). The
HCV-cAg level was marginally higher in the PWID
infected with HIV (median, 3.7; IQR, 3.1-4.1) than
those without HIV (3.6; IQR 2.5-4.0; p = 0.054).
The HCV-cAg level was significantly lower in the
PWID infected with genotype 3 (2.9; IQR, 2.0-3.3)
than those with genotype 1 (3.7; IQR 3.1-4.0; p =
0.01), genotype 6 (3.8; IQR 3.0-4.1; p = 0.006), and
unknown genotypes (3.8; IQR 2.9-4.2; p = 0.03)
(Table 1).

ITI. Spontaneous clearance of HCV and its
related factors

Comparing with the plasma HCV-cAg level at
MO, the level was significantly lower at M6 (3.6;
IQR, 3.0-4.0, vs. MO: 3.7; IQR; 3.1-4.1; n = 131,
$<0.001), at M12 (3.2; IQR, 2.4-3.7, vs. MO: 3.4;
IQR, 2.6-3.9; n =76, p <0.001), and at M18 (3.4;
IQR 2.5-3.7, vs. MO: 3.8; IQR, 3.2-4.1; n =38, p
<0.001) (Figure 2).
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Fig.1. Flow chart of study population over the observational period.
PWID: People who inject drugs; HCV: hepatitis C virus; HCV-cAg: HCV core antigen; Ab: antibody; HCV-Ab: anti-HCV antibody.
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Fig.2. The change of the plasma HCV core antigen levels during the observational period. (A) Box plots of pair samples between
MO and M6, n = 131; (B) Box plots of pair samples between M0 and M12, n = 76; (C) Box plots of pair samples between M0 and
M18, n = 38. Pvalues < 0.05 are statistically significant, based on Wilcoxon signed-ranks test.
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Table 1. Comparison of the level of HCV core Ag stratified by factors

Factors n Median (IQR) log fmol/L p- value* B value™
Total 219 3.7 (2.9-4.0)
Age
<34 years 115 3.7 (2.9-4.1) 0.80
>34 years 104 3.7 (2.9-4.0)
HIV infection
Negative 104 3.6 (2.5-4.0) 0.054
Positive 115 3.7 (3.1-4.1)
HBYV infection
Negative 203 3.7 (2.9-4.0) 0.52
Positive 16 3.7 (2.8—4.1)
HCV-Ab
Negative 3 4.0 (0.9-) 0.81
Positive 216 3.7 (2.9-4.0)
HCV genotypes 0.02
HCV genotype 3 15 2.9 (2.0-3.3)
HCV genotype 1 90 3.7 (3.1-4.0) 0.01
HCV genotype 2 2 3.12.3-) 1.00
HCV genotype 6 80 3.8 (3.0-4.1) 0.006
HCYV dual genotypes 10 3.7 (2.7-3.9) 1.00
Unknown 22 3.8 (2.9-4.2) 0.03

IQR, interquartile range; HIV, human immunodeficiency virus; HBV, hepatitis B virus; HCV, hepatitis C virus. *p-values
in bold are statistically significant, based on the Mann-Whitney U test and Kruskal-Wallis test with Dunn-Bonferroni
post hoc methods. ** The pair-wise comparison of the level of HCV-cAg between genotype 3 and the genotype listed
in the column of factors. The other genotype pairs showed no significant difference.

During the follow-up period, the HCV-cAg
became undetected in 12 PWID (5.5%) (Table 2,
Figure 1). The clearance rate was 6.5 per 100 person-
years [95% confidence interval (95% CI), 3.5-11.3].

Cox proportional hazards analyses showed that
the HCV-cAg level at MO was the only factor
associated with the HCV-cAg clearance (hazard
ratio = 0.26; 95% CI, 0.15-0.45; p <0.001), whereas
age, HIV or HBV infectious status, and HCV
genotype were not (all p > 0.05; Table 3).

VI. Correlation between the level of HCV-cAg
and HCV-RNA load

Plasma HCV-cAg level in 87 PWID randomly
selected from the 219 at MO was significantly
correlated with their HCV-RNA load (Rho = 0.55;
» <0.001) (Figure 3).

Discussion

In this study, we investigated the change in
plasma HCV-cAg level, the rate of spontaneous
HCV-cAg clearance, and the factors associated
with the clearance among Vietnamese PWID with
a maximum of 18-month follow-up. We found that
the rate of HCV-cAg clearance in PWID was 6.5
per 100 person-years (95%CI, 3.5-11.3); the HCV-
cAg level was marginally higher in PWID
co-infected with HIV than those without HIV (p =
0.054) and significantly lower in PWID infected
with HCV genotype 3 than those with other
genotypes (p < 0.001); however, only low HCV-
cAg level at baseline was associated with the HCV
clearance. These findings suggest that the low
HCV-cAg level at baseline could be a predictor of
HCV clearance.
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Table 2. The 12 cases whose HCV core Ag became undetectable (spontaneous viral clearance)
D MO M6 M12 M18 MO
HCV-cAg HCV-cAg HCV-cAg HCV-cAg HCV-Ab HIV-Ab

PWID 1 0.9 <0.48 + -
PWID 2 1.51 <0.48 + +
PWID 3 1.56 <0.48 + -
PWID 4 0.9 <0.48 - -
PWID 5 1.25 <0.48 + -
PWID 6 1.01 <0.48 + -
PWID 7 1.49 <0.48 + +
PWID 8 1.16 <0.48 + -
PWID 9 1.17 <0.48 + -
PWID 10 2.7 <0.48 + +
PWID 11 4.31 4.19 <0.48 + +
PWID 12 3.98 4.16 <0.48 + -

HCV, hepatitis C virus; HCV-cAg, HCV core antigen (log fmol/L); HCV-Ab, anti-HCV antibody; HIV-Ab, anti-human
immunodeficiency virus antibody; MO, the first time of blood samples collected; M6, after 6 months from MO; M12,
after 12 months from MO0; M 18, after 18 months from MO.

Table 3. Potential predictors of HCV-cAg clearance

Predi Clearance Unadjusted HR i Adjusted HR i
redictors (n) n (%) (95% CI) p-value (95% CI) p-value
Age

<34 years (115) 54.3)

>34 years (104) 7 (6.7) 1.60 (0.51-5.05) 0.42
HIV infection

Negative (104) 8 (7.7)

Positive (115) 4 (3.5) 0.30 (0.09-1.03) 0.056 - -
HBYV infection

Negative (203) 10 (4.9)

Positive (16) 2 (12.5) 2.01 (0.45-9.46) 0.35
HCV genotypes 0.74

HCV genotype 3 (15) 2 (13.3)

HCV genotype 1 (90) 4 (4.4) 0.36 (0.07-1.96) 0.24

HCV genotype 2 (2) 0 (0) 0.00 (0.00-) 0.99

HCV genotype 6 (80) 3(3.8) 0.28 (0.05-1.69) 0.17

HCYV dual genotype (10) 1(10) 0.84 (0.08-9.29) 0.89

Unknown (22) 2(9.1) 0.65 (0.09-4.69) 0.67
HCV-cAg level at MO 12 (5.5) 0.26 (0.15-0.45) <0.001 0.26 (0.15-0.45) <0.001

(log fmol/L) (219)

HR, hazard ratio, HIV, human immunodeficiency virus; HBV, hepatitis B virus; HCV, hepatitis C virus; HCV-cAg, HCV
core antigen. The predictors with p < 0.2 in the univariable analysis were included in the multivariable analysis of the

Cox proportional hazards model with a backward stepwise method. p-values in bold are statistically significant.
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HCV-cAg log (fmol/L)
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Fig.3. Correlation between the level of plasma HCV core
antigen and the HCV-RNA load at MO, n = 87. The
coefficient (Rho) was 0.55, p < 0.001, based on Spearman’s

rank correlation analysis.

In the present study, we recruited the PWID
who stayed in a rehabilitation center in northern
Vietnam. They were supposed to have no chance
of injecting drug and therefore had the least risk
for newly acquiring HCV infection. Thus, we truly
observed a “spontaneous” change of plasma HCV-
cAg in the Vietnamese PWID in this study.

Spontaneous HCV clearance was reportedly
observed in 27.9% to 36.1% of the general
population within 6 to 12 months after primary
infection'®, and in 25% of PWID in Australia and
the United States within 12 months post-infection'”.
In our study, however, of the 240 HCV-AD positive
PWID at baseline, only 24 (10.0%) had cleared
HCV-cAg by the recruitment, and the clearance rate
among the 219 HCV-cAg positives was 6.5 per 100
person-years (95%CI, 3.5-11.3) with a maximum
of 18-month follow-up. Thus, in the PWID in
Vietnam, the spontaneous HCV clearance rate was
much lower than those previously reported. HCV
infection was more likely to persist, though we did
not know when they got infected with HCV, except
three who were negative for HCV-Ab and positive
for HCV-cAg were presumed to have been recently
infected with HCV.

The rate of HCV clearance in HIV co-infected
individuals has been reported to be lower than that

of HCV mono-infected individuals'®*”. In this study,
52.5% of the PWID with HCV (n = 219) were
co-infected with HIV and had marginally higher
plasma HCV-cAg level (p = 0.054) and marginally
lower HCV clearance rate (p = 0.056) than those
without HIV. Thus, the lower clearance rate of HCV
in the Vietnamese PWID might be partially due to
the high prevalence of co-infection with HIV.

It has been reported that the people dually
infected with HCV and HIV had twice and 6-times
higher risks of development of cirrhosis and end-
stage liver disease, respectively, than those with HCV
mono-infection””**. In addition, we previously
reported that current approaches to control and
prevent HIV infection, such as expansion of harm
reduction programs for PWID, may be insufficient
to reduce the prevalence of HCV in Vietnam'”.
Considering these, it is recommended that PWID
start HCV treatment without delay to eliminate HCV
infection in Vietnam.

Screening for current HCV infection is important
to eliminate HCV infection. The HCV-AD test is
commonly used as a screening test for HCV
infection, then confirmation is done by an HCV-RNA
test”. In this study, three cases were negative for
HCV-AD but positive for HCV-cAg at baseline. Thus,
using HCV-cAg test could prevent missing of the
cases in the early stage of HCV infection. These
findings indicate the usefulness of the HCV-cAg
test as a screening for HCV infection. Additionally,
the level of HCV-cAg was significantly correlated
with HCV-RNA load (Rho = 0.55, p < 0.001) as
previously reported”>”. The application of a cost-
effective, easy to perform, and reproducible plasma
HCV-cAg test could be considered as an alternative
test for screening and monitoring of current HCV
infection, especially in resource-limited settings.

The most prevalent HCV genotypes were
genotypes 1 and 6, followed by genotype 3 among
the PWID in northern Vietnam. The plasma HCV-
cAg level was significantly lower in the PWID
infected with genotype 3 than those infected with
other genotypes. This finding is consistent with
previous reports that patients infected with genotype
3 had lower levels of HCV-RNA load and HCV-Ag
than those infected with other genotypes, particularly
genotype 1 and 6*¥*”. However, it has also been
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reported that the viral polymorphisms identified at
the amino acid residues of 48 and 49 in the core
protein of genotype 3 might affect HCV-cAg
serological results®”. Therefore, HCV-cAg tests
should be applied with caution in the regions where
genotype 3 is endemic.

This study had some limitations. First, the
information of the timing when they got infected
with HCV was not available in this study. Therefore,
it was not possible to know the precise duration of
HCV infection between the timing of acquisition
and clearance of the virus in the study participants.
Secondly, we could not recruit all the participants at
once, nor followed them every 6 months for up to18
months. Thirdly, no clinical data of the participants,
such as data on liver function and liver fibrosis tests,
was available.

Conclusions

In the present study, we prospectively monitored
plasma HCV-cAg among PWID in Haiphong,
Vietnam for the maximum of 18 months. Although
the HCV-cAg level decreased during the study
periods, the spontaneous clearance in the HCV-
infected PWID was relatively low. Low HCV-cAg
level at baseline could be a predictor of HCV
clearance. HCV-cAg test could be applicable for
HCV screening and used for monitoring plasma
HCV load, particularly in resource-limited settings.

Acknowledge

The authors are grateful to the participants of
this study. The authors acknowledge the advice
and support from Dr. C. H. Nguyen, Dr. V. T. Tran,
Ms. C. T. T. Phan, and Dr. T. V. Pham in Haiphong
Medical University, Vietham and Ms. K. Matsushita,
Mrs. R. Kibaya, Dr. H.T.T. Hoang, and Dr. R.-W.
Lihana of the department of Viral Infection and
International Health, Graduate School of Medical
Science, Kanazawa University, Japan.

Reference

1) WHO. Global hepatitis report. Geneva: WHO, 2017. Available
from: http://apps.who.int/iris/bitstream/10665/255016/1/

9789241565455-eng. pdfPua=1 (accessed Jun 05, 2021).

2) Hajarizadeh B, Grebely J, Dore GJ. Epidemiology and
natural history of HCV infection. Nat Rev Gastroenterol Hepatol
10; 553-562, 2013

3) Rosen HR. Chronic Hepatitis C Infection. N Engl ] Med 364,
2429-2438, 2011

4) Erman A, Krahn MD, Hansen T, Wong ], Bielecki JM, Feld
JJ, Wong WWL, Grootendorst P, Thein HH. Estimation of fibrosis
progression rates for chronic hepatitis C: A systematic review
and meta-analysis update. BMJ Open 9; 027491, 2019

5) WHO guidelines. Guidelines for the care and treatment of
persons diagnosed with chronic hepatitis C virus infection.
Geneva: WHO 15, 2018. Available from: https://apps.who.int/
iris/bitstream/handle/10665/273174/9789241550345-eng.
pdffua=1 (accessed Jun 05, 2021).

6) El-Serag HB. Epidemiology of Viral Hepatitis and
Hepatocellular Carcinoma. Gastroenterology 142; 1264-1273, 2012
7) The World Health Organisation. Guidelines on Hepatitis B
and C Testing. Geneva: WHO 66, 1-170, 2017. Available from:
http://apps.who.int/iris/bitstream/10665/254621/1/
9789241549981- eng.pdf?ua=1%0Ahttp://www.ncbi.nlm.nih.gov/
pubmed/28742301%0Ahttp://www.ncbi.nlm.nih.gov/pubmed/
28742301 (accessed Jun 05, 2021).

8) Rockstroh JK, Feld JJ, Chevaliez S, Cheng K, Wedemeyer H,
Sarrazin C, Maasoumy B, Herman C, Hackett J, Cohen DE,
Dawson GJ, Cloherty G, Pawlotsky JM. HCV core antigen as an
alternate test to HCV RNA for assessment of virologic responses
to all-oral, interferon-free treatment in HCV genotype 1 infected
patients. J Virol Methods 245; 14-18, 2017

9) Fourati S, Feld JJ, Chevaliez S, Luhmann N. Approaches for
simplified HCV diagnostic algorithms. J Int AIDS Soc 21; 25058,
2018

10) Degenhardt L, Peacock A, Colledge S, Leung J, Grebely ],
Vickerman P, Stone J, Cunningham EB, Trickey A, Dumchev K,
Lynskey M, Griffiths P, Mattick RP, Hickman M, Larney S.
Global prevalence of injecting drug use and sociodemographic
characteristics and prevalence of HIV, HBV, and HCV in people
who inject drugs: a multistage systematic review. Lancet Glob
Heal 5; €1192-¢1207, 2017

11) Grebely J, Larney S, Peacock A, Colledge S, Leung J,
Hickman M, Vickerman P, Blach S, Cunningham E, Lynskey M,
Stone ], Trickey A, Razavi H, Richard P, Farrell M, Dore GJ,
Degenhardt L. Global, regional, and country-level estimates of
hepatitis C infection among people who have recently injected
drugs 114; 150-166, 2019

12) Ishizaki A, Cuong NH, Thuc P Van, Trung NV, Saijoh K,
Kageyama S, Ishigaki K, Tanuma J, Oka S, Ichimura H. Profile of
HIV type 1 infection and genotypic resistance mutations to
antiretroviral drugs in treatment-naive HIV type l-infected
individuals in Hai Phong, Viet Nam. AIDS Res Hum Retroviruses
25; 175-182, 2009



102 Quynh Thi Nguyen

13) Nguyen CH, Ishizaki A, Chung PTT, Hoang HT, Nguyen TV,
Tanimoto T, Lihana R, Matsushita K, Bi X, Pham T Van, Ichimura
H. Prevalence of HBV infection among different HIV-risk groups
in Hai Phong, Vietnam. ] Med Virol 83; 399-404, 2011

14) Tanimoto T, Nguyen HC, Ishizaki A, Chung PTT, Hoang TTH,
Nguyen VT, Kageyama S, Oka S, Pham VT, Ichimura H. Multiple
routes of hepatitis C virus transmission among injection drug users
in Hai Phong, Northern Vietnam. ] Med Virol 82; 1355-1363, 2010
15) Ishizaki A, Tran VT, Nguyen CH, Tanimoto T, Hoang HTT,
Pham HV, Phan CTT, Bi X, Van Pham T, Ichimura H. Discrepancies
in prevalence trends for HIV, hepatitis B virus, and hepatitis C
virus in Haiphong, Vietnam from 2007 to 2012. PLoS One 12;
€0179616, 2017

16) Zeremski M, Zibbell JE, Martinez AD, Kritz S, Smith BD,
Talal AH. Hepatitis C virus control among persons who inject
drugs requires overcoming barriers to care. World J
Gastroenterol 19; 7846-7851, 2013

17) Grebely J, Dore GJ, Morin S, Rockstroh JK, Klein MB.
Elimination of HCV as a public health concern among people
who inject drugs by 2030 - What will it take to get there? J Int
AIDS Soc 20; 22146, 2017

18) Aisyah DN, Shallcross L, Hully AJ, O’Brien A, Hayward A.
Assessing hepatitis C spontaneous clearance and understanding
associated factors — A systematic review and meta-analysis. J Viral
Hepat 25; 680-698, 2018

19) Grebely J, Page K, Sacks-davis R, Loeff MS Van Der, Rice
TM, Bruneau J, Morris MD, Hajarizadeh B, Amin J, Cox AL, Kim
AY, Mcgovern BH, Schinkel J, Dore GJ, Prins M, Group 1. The
effects of female sex, viral genotype and IL28B genotype on
spontaneous clearance of acute hepatitis C virus infection.
Hepatology 59; 109-120, 2014

20) White PA, Zhai X, Carter I, Zhao Y, Rawlinson WD.
Simplified hepatitis C virus genotyping by heteroduplex mobility
analysis. J Clin Microbiol 38; 477-482, 2000

21) Kageyama S, Agdamag DM, Alesna ET, Leano PS, Heredia
AML, Abellanosa-Tac-An IP, Jereza LD, Tanimoto T, Yamamura J,
Ichimura H. A natural inter-genotypic (2b/1b) recombinant of
hepatitis C virus in the Philippines. ] Med Virol 78; 1423-1428, 2006
22) Soriano V, Mocroft A, Rockstroh J, Ledergerber B, Knysz B,

Chaplinskas S, Peters L, Karlsson A, Katlama C, Toro C, Kupfer
B, Vogel M, Lundgren J. Spontaneous viral clearance, viral load,
and genotype distribution of Hepatitis C Virus (HCV) in HIV-
infected patients with anti-HCV antibodies in Europe. J Infect Dis
198; 1337-1344, 2008

23) Graham CS, Baden LR, Yu E, Mrus JM, Carnie J, Heeren T,
Koziel M]. Influence of human immunodeficiency virus infection
on the course of hepatitis C virus infection: a meta-analysis. Clin
Infect Dis 33; 562-569, 2001

24) Joshi D, O’Grady ], Dieterich D, Gazzard B, Agarwal K.
Increasing burden of liver disease in patients with HIV infection.
Lancet 377; 1198-1209, 2011

25) Murayama A, Sugiyama N, Watashi K, Masaki T, Suzuki R,
Aizaki H, Mizuochi T, Wakita T, Kato T. Japanese reference panel
of blood specimens for evaluation of hepatitis C virus RNA and core
antigen quantitative assays. J Clin Microbiol 50; 1943-1949, 2012
26) Descamps V, Op De Beeck A, Plassart C, Brochot E,
Francois C, Helle F, Adler M, Bourgeois N, Degré D, Duverlie G,
Castelain S. Strong correlation between liver and serum levels of
hepatitis C virus core antigen and RNA in chronically infected
patients. J Clin Microbiol 50; 465-468, 2012

27) Wang Y, Jie W, Ling J, Yuanshuai H. HCV core antigen plays
an important role in the fight against HCV as an alternative to
HCV-RNA detection. J Clin Lab Anal 35; 23755, 2021

28) Garbuglia AR, Monachetti A, Galli C, Sabatini R, Ferreri ML,
Capobianchi MR, Bagnarelli P. HCV core antigen and HCV-RNA
in HIV/HCV co-infected patients with different HCV genotypes.
BMC Infect Dis 14; 222, 2014

29) Rong X, Lu L, Wang J, Xiong H, Huang ], Chen J, Huang K,
Xu R, Wang M, Zhang X, Guo T, Liu Y, Gao G, Fu Y, Nelson KE.
Correlation of Viral Loads with HCV Genotypes: Higher Levels of
Virus Were Revealed among Blood Donors Infected with 6a
Strains. PLoS One 7; €52467, 2012

30) Nguyen LT, Dunford L, Freitas I, Holder P, Nguyen LA,
O’Gorman J, Connell J, Carr M, Hall W, De Gascun C. Hepatitis
C virus core mutations associated with false-negative serological
results for genotype 3a core antigen. J Clin Microbiol 53; 2697-
2700, 2015



