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Abstract

Objectives

The study aimed to describe the seroprevalence of hepatitis A virus (HAV) in HIV-positive
adult patients in Taiwan between 2012 and 2016 and to examine the evolution of HAV sero-
prevalence between 2004—2007 and 2012—2016.

Methods

Clinical information and data of anti-HAV antibody results were collected from 2,860 antire-
troviral-naive HIV-positive Taiwanese aged 18 years or older who initiated combination anti-
retroviral therapy at 11 hospitals around Taiwan between 2012 and 2016 (2012—2016
cohort). A multivariate logistic regression model was applied to identify independent vari-
ables associated with HAV seropositivity. Comparisons of HAV seroprevalences and asso-
ciated clinical characteristics were made between this 2012—-2016 cohort and a previous
cohort of 1580 HIV-positive patients in 2004-2007 (2004—2007 cohort).
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Results

Of the 2,860 HIV-positive patients between 2012 and 2016, the overall HAV seropositivity
rate was 21.2% (605/2860), which was independently associated with an older age (ad-
justed odds ratio [AOR], per 1-year increase, 1.13; 95% confidence interval [95% CI], 1.11—
1.15) and co-infection with hepatitis B virus (AOR 1.44; 95% ClI, 1.08—1.93). Residence in
southern Taiwan (AOR 0.49; 95% Cl, 0.34—-0.72) was inversely associated with HAV sero-
positivity. The overall HAV seroprevalence in the 2012-2016 cohort was significantly lower
than that in the 2004—2007 cohort (21.2% vs 60.9%, p<0.01). The decreases of HAV sero-
positivity rate were observed in nearly every age-matched group, which suggested the
cohort effect on HAV seroepidemiology. However, among individuals aged 25 years or
younger, the HAV seropositivity rate increased from 3.8% (2/52) in the 2004—2007 cohort to
8.5% (50/587) in the 2012—2016 cohort, with 95.4% (560/587) being MSM in this age group
of the latter cohort.

Conclusions

HAV seroprevalence has decreased with time among HIV-positive adults in Taiwan. The
cohort effect has increased the number of young HIV-positive patients that are susceptible to
HAV infection in a country without nationwide childhood vaccination program against HAV.

Introduction

Hepatitis A virus (HAV) is transmitted through the fecal-oral route either by direct contact
with an infectious person or by ingestion of contaminated food or water [1]. According to the
World Health Organization (WHO) estimation, HAV infection caused 3.7 million illnesses
and 28,000 deaths in 2010 with differences observed in regions of different endemicities
around the world [2]. In the developing countries in Asia, Africa, Central and South Americas,
and Oceania, most HAV infections occur in childhood and the seroprevalence before teenage
ranges from 63% to 94% [3, 4]. In contrast, the overall HAV seroprevalence is less than 15%
among the adolescents in the North America, Europe, and Australia [5].

The correlation between the HIV and HAV infection varies according to the local HIV and
HAYV epidemiology [6]. In the countries of high HAV endemicity, no significant difference of
HAYV seroprevalence was observed between HIV-positive and HIV-negative individuals [7]. In
contrast, HIV-positive patients usually have a higher HAV seroprevalence than their HIV-neg-
ative counterparts in the developed countries of low HAV endemicity [8, 9]. Certain sexual
behaviors associated with risk groups for HIV transmission may also increase the risk for
HAV transmission, including oral-anal sex [10] and percutaneous exposure to contaminated
illicit drugs or injecting equipment [11]. Those risky behaviors may facilitate the emergence of
acute hepatitis A outbreaks in countries of low HAV endemicity because of an increasing
number of susceptible hosts. For example, injecting drug users (IDUs) in countries with better
health and hygiene conditions usually have higher HAV seroprevalence than the general popu-
lation [12-15], and acute HAV infection among IDUs may be associated with a higher fatality
rate due to co-infections with hepatitis B virus (HBV) or hepatitis C virus (HCV) [11]. On the
other hand, outbreaks of acute HAV infection among men who have sex with men (MSM)
emerged in recent years across several European countries and the UK [16-18]. The outbreaks
were linked to risky sexual contacts and increased international travel and susceptible hosts,
especially in young adults with low adherence to recommended HAV vaccination [6, 17].
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Taiwan used to be endemic for HAV infection; seroepidemiologic studies in the 1980s
revealed that more than 90% of Taiwanese became HAV-seropositive by the age of 20 years
and the rates increased with age [19-21]. With the improvement of sanitation and hygiene and
implementation of vaccination program for children in counties of high endemicity for HAV
infection, HAV seroprevalence has significantly declined and less than 10% of teenagers were
positive for anti-HAV antibodies in 1998 [22]. Among the HIV-positive patients, a study by
Sun et al between 2004 and 2007, when an outbreak of HIV infection was occurring among
IDUs in Taiwan, revealed a higher HAV seroprevalence (60.9%) among HIV-positive patients
than HIV-negative individuals seeking health check-ups (48.0%); and injection drug use and
age were identified as the independent factors associated with HAV seropositivity [9].

However, the HIV epidemic has significantly changed in recent years in Taiwan. The pro-
portion of IDUs among the newly diagnosed HIV-positive patients declined rapidly with the
successful, sustained implementation of harm reduction program since 2004-2005 [23-25];
instead, the number of young HIV-positive MSM increased steadily and MSM has again
become the major risk group for HIV transmission. The increasing number of susceptible host
who have a low adherence to the recommendations of HAV vaccination has laid the fertile
ground for an outbreak of acute hepatitis A to occur in Taiwan in June 2015 [26-28]. Further-
more, the outbreak strain in Taiwan appeared to be genetically linked to the strain that caused
the recent outbreak of acute hepatitis A in Europe [17].

In this study, we aimed to examine the evolution of HAV seroepidemiology and identify
the associated factors with HAV infection among HIV-positive Taiwanese patients in recent
years to help inform the HAV vaccination policy.

Patients and methods
Study setting and population

This retrospective cohort study was conducted at 11 major designated hospitals for HIV care
around Taiwan, where HIV care including combination antiretroviral therapy (cART) and
monitoring of CD4 and plasma HIV RNA load (PVL) has been provided free-of-charge [29].
Between 1 June, 2012 and 31 May, 2016, all patients who were aged 18 years or greater and ini-
tiated cCART were included in this study (2012-2016 cohort). A case record form was used to
collect information on the demographic and clinical characteristics of the patients at baseline
and during follow-up, which included birth date, sex, route of HIV transmission, serologies of
viral hepatitis and syphilis, CD4, and PVL. Patients were divided into four risk groups accord-
ing to the routes of HIV transmission including MSM, IDUs, heterosexual contact, and
unknown status. The study was approved by the Research Ethics Committee of National Tai-
wan University Hospital [201003112R] and Far Eastern Memorial Hospital [105040-F], Medi-
cal Ethics and Institutional Review Board of Taoyuan General Hospital [TYGH103011], and
Institutional Review Boards of Tri-Service General Hospital [1-105-05-057], National Taiwan
University Hospital Hsin-Chu Branch [105-017-F], Taichung Veterans General Hospital
[CF16114B], Chung Shan Medical University Hospital [CS14034], Changhua Christian Hos-
pital [160408], Chia-Yi Christian Hospital [105034], National Cheng Kung University Hos-
pital [B-BR-105-038], and Chi Mei Medical Center [10505-002]. The informed consent was
waived.

HAYV vaccination was not included in routine vaccination schedule for toddlers in Taiwan.
Since 1995, HAV vaccination was only provided to children in 30 indigenous townships and
19 non-indigenous townships in order to control HAV infection in counties of high endemici-
ties of HAV infection in Taiwan. However, the vaccination program covered only 2% of the
total population in Taiwan. The study sites participating in this study did not include hospitals
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located in those townships that were covered by the HAV vaccination program. It was only
until one year after the onset of the recent outbreak of acute hepatitis A that Taiwan Centers
for Disease Control (CDC) started to implement free-of-charge 1-dose HAV vaccination pro-
gram in October 2016 that aimed to target those testing negative for anti-HAV antibody who
were aged 40 years or less, those who had close contacts with individuals receiving the diagno-
sis of acute hepatitis A, and those who had sexually transmitted infections.

A previous retrospective cohort study conducted at two designated hospitals for HIV care
by Sun et al was compared to examine the evolution of HAV seroprevalence among HIV-posi-
tive patients in Taiwan [9]. The previous cohort study was performed between 2004 and 2007
(2004-2007 cohort), which included 1580 HIV-positive persons seeking HIV care and 2581
HIV-negative controls seeking health check-up at the National Taiwan University Hospital,
Taipei (northern Taiwan) and National Taiwan University Hospital Yun-Lin Branch (central
Taiwan). In this 2004-2007 cohort, the HIV-positive patients included 658 (41.6%) MSM, 304
(19.2%) heterosexuals, and 577 (36.5%) IDU.

Laboratory investigations

Testing for anti-HIV antibodies, Western blot for confirmation of HIV infection, CD4 count
and PVL and antibodies for HBV and HCV were performed by each participating hospital
with the use of certified diagnostic kits [29]. Data on baseline CD4 count and PVL, and base-
line anti-HAV antibody, anti-HCV antibody, hepatitis B surface antigen (HBsAg), anti-
hepatitis B surface antibody (anti-HBs antibody), anti-hepatitis B core antibody (anti-HBc
antibody), and the rapid plasma reagin (RPR) for syphilis were collected locally at each partici-
pating hospital, which were then pooled and analyzed at the National Taiwan University Hos-
pital, Taipei. HBV infection was defined as patients to have positive result of either HBsAg or
anti-HBc antibody or both.

Statistical analysis

All statistical analyses were performed with the use of SPSS software version 20.0 (SPSS Inc.,
Chicago, IL, USA). Categorical variables were compared using the Chi-square or Fisher’s exact
test, whereas non-categorical variables were compared using the Mann-Whitney U-test. The
variables with p-value <0.2 in univariate analysis were allowed to enter into multiple logistic
regression model. A multiple logistic regression model was built to identify independent vari-
ables associated with anti-HAV seropositivity. All tests were two tailed and a p-value of <0.05
was considered significant.

Results

In the 2012-2016 cohort, a total of 2,860 HIV-positive patients were included for analysis,
which included 2,229 (77.9%) MSM, 437 (15.3%) IDUs, 166 (5.8%) heterosexuals, and 28
(1.0%) others (Table 1). MSM (mean age, 30.5 + 7.7 years) were significantly younger than het-
erosexuals (40.0 £ 12.5 years) and IDUs (41.8 + 7.7 years) (both comparisons, p<0.001). With
regard to specific age groups, 54.9% of MSM were aged less than 30 years, while only 24.1% of
heterosexuals and 2.8% of IDUs were aged less than 30 years (both comparisons, p<0.001).
The overall HAV seroprevalence was 21.2% and the rate was significantly lower among MSM
(16.7%) than heterosexuals (37.3%) and IDU (37.1%) (both comparisons, p<0.001). In our
study, most of the included patients lived in northern Taiwan (70.4%), and the composition of
risk groups for HIV infection, including MSM, heterosexuals and IDUs, was different across
the different regions in Taiwan. For example, less MSM (154/316, 48.7%) and more IDUs
(123/316, 38.9%) were included in central Taiwan than northern Taiwan (MSM, 81.8% [1647/
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Table 1. Demographic and clinical characteristics of HIV-positive patients with different routes of HIV transmission, 2012-2016.

All HIV-positive Men who have sex with Heterosexuals | Injecting drug users

persons men
Number, n = 2860 2229 166 437
Male sex, n (%) 2730 (95.5) 2229 (100) 107 (64.5) 368 (84.2)
Age, mean + SD, years?® 32.9+9.3 30.5+7.7 40.0+£12,5° 41.8+7.7°
Age group, years?
18-20, n (%) 78 (2.7) 75 (3.4) 3(1.8) 0(0.0)
21-25 509 (17.8) 485 (21.8) 16 (9.6) 2(0.5)
26-30 696 (24.3) 661 (29.7) 21(12.7) 10 (2.3)
31-35 606 (21.2) 497 (22.3) 29 (17.5) 75(17.2)
36-40 382 (13.4) 229 (10.3) 24 (14.5) 124 (28.4)
41-45 255 (8.9) 153 (6.9) 12(7.2) 88 (20.1)
46-50 173 (6.0) 84 (3.8) 24 (14.5) 64 (14.6)
51-55 86 (3.0) 25(1.1) 14 (8.4) 46 (10.5)
56-60 55(1.9) 15(0.7) 11 (6.6) 26 (5.9)
>60 20(0.7) 5(0.2) 12(7.2) 2(0.5)
Residence in Taiwan?, n (%)
Northern 2013 (70.4) 1647 (73.9) 75 (45.2) 276 (63.2)
Central 316 (11.0) 154 (6.9) 29 (17.5) 123 (28.1)
Southern 531 (18.6) 428 (19.2) 62 (37.3) 38 (8.7)
Cohort
Diagnosed before 2015/5/31 2118 (74.1) 1642 (73.7) 128 (77.1) 327 (74.8)
Diagnosed after 2015/6/1 742 (25.9) 587 (26.3) 38 (22.9) 110 (25.2)
Median CD4,? (range), cells/pl 272 (0-2217) 275 (0-2217) 216 (1-1085)° 287 (0-917)
Median plasma HIV RNA load,? (range), log10, copies/ 4.8(1.3-7.6) 4.8 (1.43-7.6) 4.7 (1.6-6.6) 4.4 (1.3-6.7)°
ml
Positive anti-HAV antibody, n (%) 605 (21.2) 372 (16.7) 62 (37.3)° 162 (37.1)°
Positive HBsAg, n/N® (%) 309/2851 (10.8) 200/2221 (9.0) 24/165 (14.5)° 82/437 (18.8)°
Positive anti-HBs antibody, n/NP (%) 1083/2051 (52.8) 927/1720 (53.9) 64/135 (47.4) 86/179 (48.0)

Positive anti-HBc antibody, n/N® (%)
Positive anti-HCV antibody, n/N® (%)

603/1937 (31.1)
511/2849 (17.9)

430/1629 (26.4)
78/2219 (3.5)

50/123 (40.7)°
20/166 (12.0)°

119/170 (70.0)°
412/436 (94.5)°

Abbreviations: anti-HAV, anti-hepatitis A virus; anti-HBs, anti-hepatitis B surface; anti-HBc, anti-hepatitis B core; anti-HCV, anti-hepatitis C virus; HBsAg,

hepatitis B surface antigen

3 p<0.001 for comparisons among men who have sex with men (MSM), heterosexuals, and injecting drug users (IDUs); between MSM and heterosexuals;
between MSM and IDUs; and between heterosexuals and IDUs.

® n/N = number of patients with positive test results/number of patients with test results.

¢ Compared with MSM, p<0.05.

https://doi.org/10.1371/journal.pone.0186338.t001

2013]; and IDUs, 13.7% [276/2013]) and southern Taiwan (MSM, 80.6% [428/531]; and IDUs

7.1% [38/531]) (both comparisons, p<0.001, Table 1).

For co-infections with other viral hepatitis, MSM had statistically significantly lower sero-
positive rates of HBsAg (9.0%) and anti-HBc antibody (26.4%) than heterosexuals and IDUs,
and higher percentages of positive anti-HBs antibodies than non-MSM groups (53.9% vs
47.7%, p = 0.053). In contrast, IDUs had the highest rate of HCV seropositivity (94.5%), com-
pared with heterosexuals (12.0%) and MSM (3.5%) (Table 1).

In the univariate analysis (Table 2), factors associated with anti-HAV positivity in the
2012-2016 cohort included an older age, female sex, higher PVL, residence in regions other
than southern Taiwan, non-MSM, HBV infection as indicated by presence of either HBsAg,
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Table 2. Factors associated with positive anti-HAV antibody in the 2012-2016 cohort.

Anti-HAV antibody Univariate Multivariate
Negative(n = 2255) | Positive(n = 605) OR 95% ClI p OR 95% CI P

Age, mean + SD, years 31.1+£8.0 39.3+10.8 - - <0.01 1.13 1.11-1.15 | <0.01
Male sex, n (%) 2171 (96.3) 559 (92.4) 0.47 |0.32-0.68 | <0.01 0.59 0.28-1.23 | 0.29
CD4, mean + SD, cells/pl 287.1+£188.0 277.6 £199.5 - - 0.28 - - -
Plasma HIV RNA load, mean + SD, logo copies/ml 4.8+0.8 47+0.8 - - 0.01 0.95 0.83-1.09 | 0.46
Residence in Taiwan, n (%) <0.01

Northern 1579 (70.0) 434 (71.7) Referent Referent

Central 216 (9.6) 100 (16.5) 1.68 | 1.30-2.18 | <0.01 0.75 0.48-1.16 | 0.19

Southern 460 (20.4) 71(11.7) 0.56 | 0.43-0.74 | <0.01 0.49 0.34-0.72 | <0.01
Risk group, n (%) <0.01

MSM 1857 (82.3) 372 (61.5) Referent Referent

Heterosexuals 104 (4.6) 62 (10.2) 2.94 |2.35-3.68 | <0.01 1.49 0.83-2.66 | 0.18

IDUs 275 (12.2) 162 (26.8) 2.98 |2.13-4.15|<0.01 1.44 0.75-2.75 | 0.27

Others 19 (0.8) 9(1.5) 2.37 |1.06-5.27 | 0.03 | 2.861 |0.76-10.85| 0.12

HBV infection®, n (%)
Anti-HBs-positive, n (%)
Anti-HCV-positive, n (%)
RPR-positive, n (%)

427/1559 (27.4) 220/371 (59.3) 3.86 |3.05-4.89  <0.01 1.44 1.08-1.93 | 0.01
864/1652 (52.3) 219/399 (54.9) 1.11 0.89-1.38 | 0.35 - - -
325/2249 (14.5) 186/600 (31.0) 2.66 |2.16-3.28 <0.01| 1.523 | 0.90-2.59 | 0.12
404/1622 (24.9) 87/391 (22.3) 0.86 |0.66-1.12| 0.27 - - -

Abbreviations: 95% Cl, 95% confidence interval; anti-HAV, anti-hepatitis A virus; anti-HBs, anti-hepatitis B surface; anti-HBc, anti-hepatitis B core; anti-
HCV, anti-hepatitis C virus; HBsAg, hepatitis B surface antigen; IDUs, injecting drug users; MSM, men who have sex with men; OR, odds ratio; RPR, rapid

plasma reagin; SD, standard deviation.

3HBV infection indicates presence of either HBsAg, anti-HBc or both.

https://doi.org/10.1371/journal.pone.0186338.t002

anti-HBc or both) and HCV infection (Table 2, all p<0.05). No correlation was found between
the results of anti-HBs antibody and RPR with anti-HAV positivity.

In the multivariate analysis (Table 2), an older age (adjusted odds ratio [AOR], per 1-year
increase, 1.13; 95% confidence interval [95% CI], 1.11-1.15) and HBV infection (AOR 1.40;
95% CI, 1.03-1.90) were independently associated with HAV seropositivity. On the other
hand, residents in southern Taiwan were less likely to have positive anti-HAV antibody than
those in northern Taiwan (AOR 0.49; 95% CI, 0.34-0.72). To explore the association between
HAV seropositivity and HBV infection, we performed a subgroup analysis by dividing our
cohort into two groups including the sexually-transmitted group (heterosexuals and MSMs)
(S1 Table) and the percutaneous exposure (IDUs) group (S2 Table). In the multivariate analy-
sis, the statistically significant association between HAV and HBV infection was still noted in
the sexually-transmitted group (AOR 1.38; 95% CI, 1.06-1.78), but not in the percutaneous
exposure group (AOR 1.43; 95% CI, 0.62-3.30).

We further examined the impact of geographic region and risk group for HIV transmission
on the HAV seroprevalence in different age groups. We found that patients in central Taiwan
after the age of 40-45 years and those in northern Taiwan before the age of 30-35 years had
higher HAV seroprevalence than the other two regions (Fig 1). HAV seroprevalence among
IDUs in central and southern Taiwan was 48.7% and 52.6%, respectively, which was signifi-
cantly higher than that of northern Taiwan (29.7%). Heterosexuals in central Taiwan had
higher HAV seroprevalence (55.2%) than those in northern Taiwan (34.7%) and southern Tai-
wan (32.3%). Conversely, MSM in northern Taiwan (19.6%) had the highest HAV seropreva-
lence followed by those in central Taiwan (12.3%) and those in southern Taiwan (7.2%). The
higher HAV seroprevalence in the young cohort in northern Taiwan was attributed to higher
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Fig 1. Comparisons of hepatitis A virus seroprevalence according to different regions in Taiwan.
https://doi.org/10.1371/journal.pone.0186338.9001

HAYV seroprevalence among MSM (S1 Fig). In contrast, the higher HAV seroprevalence in
central Taiwan was related to higher HAV seropositivity among the older IDUs and heterosex-
uals (52 and S3 Figs).

In order to investigate the evolution of HAV seroprevalence, we compared the current
2012-2016 cohort to the 2004-2007 cohort [9]. HIV-positive patients in the 2012-2016 cohort
were significantly younger than those in the 2004-2007 cohort (mean age, 32.9 vs. 40.7 years,
p<0.05). The proportion of patients aged less than 25 years increased from 3.3% (52/1580) in
the 2004-2007 cohort to 20.5% (587/2860) in the 2012-2016 cohort. Most (95.4%, 560/587) of
the young patients in the 2012-2016 cohort were MSM (Table 1). In contrast, the proportion
of IDUs declined from 36.5% (577/1580) in the 2004-2007 cohort to 15.3% (437/2860) in the
2012-2016 cohort.

Although the HAV seroprevalence increased with age in both cohorts, the overall HAV
seroprevalence of the 2012-2016 cohort (21.5%) was significantly lower than that of the 2004-
2007 cohort (60.9%, p<0.05). Two diverse trends, however, were observed for the evolution of
age-specific seroprevalence. Patients aged less than 25 years had a higher HAV seroprevalence
in the 2012-2016 cohort than those in the 2004-2007 cohort; in the rest of specific age groups, a
parallel decline of HAV seroprevalence was observed from the 2004-2007 cohort to the 2012-
2016 cohort (all comparisons between the age-matched groups, p<0.001, Fig 2). For subgroup
analysis of patients in different risk groups for HIV transmission, two different trends of HAV
seroprevalence were also found in MSM and heterosexuals (S4 and S5 Figs). There were only 2
HIV-positive IDUs aged less than 25 years in the 2012-2016 cohort and the number was too
small for comparison (S6 Fig). When the 2012-2016 cohort was divided into two groups includ-
ing those before or after the recent outbreak of acute hepatitis A in mid-2015, a higher HAV
seroprevalence was found among the individuals aged 30 years or younger who were included
after June 2015 (Fig 3). Different from the findings in the 2004-2007 cohort [9], young MSM
was the most at-risk population for HAV infection in the recent outbreak in Taiwan.
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Fig 2. Comparisons of hepatitis A virus seroprevalence according to age-specific groups between the 2004—2007 cohort and the
2012-2016 cohort.

https://doi.org/10.1371/journal.pone.0186338.g002

Comparing the HAV seroprevalence by year of birth may provide a more precise descrip-
tion of the cohort effect (Table 3). Persons born before 1980 who were included in the 2012~
2016 cohort had a lower HAV seroprevalence than those in the 2004-2007 cohort. However,

=0-2012-May 2015  ==@=June 2015-2016
100

90
80
70
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40
30
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Seroprevalence (%)

=20 21-25 26-30 31-35 36-40 4145 46-50 51-55  56-60 > 60

Age (year)

Fig 3. Comparisons of hepatitis A virus seroprevalence according to age-specific groups in the 2012-2016 cohort
during the non-epidemic (2012—May 2015) and epidemic (June 2015-2016) period.

https://doi.org/10.1371/journal.pone.0186338.9g003

PLOS ONE | https://doi.org/10.1371/journal.pone.0186338 October 16, 2017 8/15


https://doi.org/10.1371/journal.pone.0186338.g002
https://doi.org/10.1371/journal.pone.0186338.g003
https://doi.org/10.1371/journal.pone.0186338

o @
@ ’ PLOS | ONE HAYV seroepidemiology and HIV infection

Table 3. Comparisons of hepatitis A seroprevalence by age and birth year between the 2004—2007 cohort and the 2012-2016 cohort.

Study cohort Sun et al.[9] Current study

(2004-2007 cohort) (2012-2016 cohort)
Overall
Age, years Year of birth Case/total Rate, % Year of birth Case/total Rate, %
18-20 After 1988 0/1 0 After 1996 6/35 171
20-28 1980-1988 11/159 6.9 1988-1996 75/786 9.5
28-36 1972-1980 182/460 39.6 1980-1988 141/1027 13.7
36-44 1964-1972 334/483 69.2 1972-1980 153/580 26.4
44-52 1956-1964 240/272 88.2 1964—-1972 133/279 47.7
52-60 1948-1956 108/116 93.1 1956-1964 73/123 59.3
60-68 1940-1948 53/54 98.1 1948-1956 18/23 78.3
>68 Before 1940 34/35 97.1 Before 1948 6/7 85.7
Men who have sex with men
18-20 years After 1988 0/0 - After 1996 6/31 19.4
20-28 1980-1988 2/46 4.3 1988-1996 71/753 9.4
28-36 1972-1980 41/186 22.0 1980-1988 114/898 12.7
36-44 1964-1972 121/217 55.8 1972-1980 82/357 23.0
44-52 1956-1964 85/106 80.2 1964—-1972 71/149 47.7
52-60 1948-1956 28/30 93.3 1956-1964 21/33 63.6
60-68 1940-1948 8/8 100 1948-1956 6/7 85.7
>68 Before 1940 4/4 100 Before 1948 11 100

https://doi.org/10.1371/journal.pone.0186338.t003

the HAV seroprevalence increased in patients born between 1980 and 1988 from 6.9% (11/
159) in the 2004-2007 cohort to 13.7% (141/1027) in the 2012-2016 cohort. Moreover, the
proportion of HIV-positive patients born after 1988 had significantly increased and most of
the young HIV-positive patients were MSM (784/821, 95.5%) and their HAV seroprevalence
was 9.9% (81/821) (Table 3).

Discussion

The present study demonstrated the evolution of HAV seroprevalence due to cohort effect
related to the changes of HIV epidemiology in Taiwan. There were two diverse trends of HAV
seroprevalence between specific age groups of HIV-positive patients in Taiwan. We observed a
parallel decline of HAV seropositivity in each age-matched group older than 25 years between
the two cohorts with an interval of 8 years (Fig 2). However, in the young cohort (less than 25
years) mainly consisting of MSM, HAV seroprevalence increased than before. The findings
may demonstrate the impact of the changing HIV epidemiology on HAV seroepidemiology in
Taiwan in recent years [23, 24], when the average age of individuals acquiring HIV has been
decreasing and MSM account for the majority of the patients newly diagnosed with HIV
infection.

Taiwan used to be endemic for HAV infection before 1980s [30]. HAV seroprevalence was
81.3% in the age group 20 to 24 years in 1979 in Taipei area and nearly 100% among subjects
in southern Taiwan in 1981 [19-21]. With the improvement of sanitation, people born after
1982 had significant declines of HAV seroprevalence [30]; only 0.96% (2/209) among individ-
uals born between 1984 and 1985 tested positive for anti-HAV antibodies in the adolescents
[31]. The cohort effect was also observed in the HIV-positive patients. In this study, we found
that the age of 50% HAYV seropositivity among HIV-positive patients had shifted from 35-40
years to 45-50 years between the two cohorts with 8 years apart (Fig 2). The decreasing
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immunity against HAV has created a huge number of susceptible host to acquisition of HAV,
especially in the young cohort. As a result, the surveillance data from Taiwan CDC revealed
that the majority of the HIV-positive patients acquiring acute hepatitis A in the recent out-
break since June 2015 were men aged between 18 and 39 years who contracted HIV through
unsafe sex [32].

Although HAYV infection is a vaccine-preventable disease, cases of acute hepatitis A con-
tinue to occur worldwide because of low awareness of and adherence to HAV vaccination [27,
33]. A recent outbreak of acute hepatitis A in the Netherlands between July 2016 and February
2017 was linked to an international event to celebrate equality rights of the lesbian, gay, bisex-
ual and transgender community called “EuroPride” that took place in Amsterdam in 2016
[17]. According to the phylogenic analysis of HAV sequencing, the EuroPride strain RIV-
M-HAV16-090 was 99.57% identical to the previous strain submitted by Japan in 2001 and the
strain responsible for the recent outbreak of acute hepatitis A in Taiwan [34, 35]. In addition,
the strain also caused several HAV outbreaks in the United Kingdom, Germany, Italy, and
Spain since late 2016. The worldwide outbreaks have two features in common: all of the
affected countries were of low endemicity for HAV infection, and most of the patients in the
outbreaks were young MSM [16-18]. The international travel and unprotected sexual contacts
among MSM populations, including oral-anal sex or digital-anal sex, might have played an
important role in the transmission of HAV.

In our 2012-2016 cohort, the association between injecting drug use and higher HAV prev-
alence was no longer observed. In Taiwan, with the implementation of harm reduction pro-
gram since 2004-2005 [25, 36] comes with the significant decreases of IDUs acquiring HIV in
recent years. The IDUs accounted for 15.3% of all HIV-positive patients in the 2012-2016
cohort, which was significantly lower than that (36.5%) in the 2004-2007 cohort [9]; moreover,
the HAV seroprevalence among IDUs also decreased from 62.0% to 37.1% despite the average
age increased from 35.7 years to 41.8 years. We postulate that the harm reduction program
that included expanded access to counseling, screening, clean needles and syringes, and meth-
adone maintenance treatment [25] might have not only changed the HIV epidemiology but
decreased HAV transmission among IDUs in Taiwan.

An association between HBV and HAV infection was noted among MSM and heterosexu-
als, but not IDUs in our multivariate analysis. In previous studies on MSM, several factors
such as the number of sexual partners, group sex, oral-anal and digital-rectal intercourse were
associated with both HAV and HBV infection [6, 37]. The findings in our subgroup analysis
also suggested the intimate contact such as sex exposure may increase both of the risks of HAV
and HBV transmission. While the factors such as poor personal hygiene, oral ingestion of fae-
cally-contaminated drugs and parenteral transmission have been identified to facilitate HAV
transmission among IDUs [38], HBV and HCV have higher infectivity through parenteral
routes than HAV. Most of our IDUs were born in the era without vaccination coverage [9, 37]
and the rate of HBV infection had been high regardless of the positive result of anti-HAV anti-
body (50.0%) or not (46.0%). Similar to previous study, as high as 94.5% of IDUs had HCV
infection in out cohort [9]. The high infection rates of HBV and HCV infection among the
IDUs may preclude us from identifying the association between HAV seropositivity and HCV
or HBV infection.

HAYV vaccination is the most effective strategy in preventing HAV infection [39, 40]. Many
countries including Israel, U.S.A., Argentina and Chile have introduced universal HAV vacci-
nation in routine childhood immunizations and have achieved great reduction of HAV infec-
tion in the general population [41-44]. Besides, the cost-effective analysis for universal
childhood HAYV vaccination also demonstrated both health and economic benefits [45-47].
The previous vaccination policy in Taiwan covered only 2% of the total population, however
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[48]. Given the fact that a mathematical model suggested an immune threshold of 70% to pre-
vent HAV outbreaks [49], Taiwan is at high risk of outbreaks of acute HAV infection because
of increasing numbers of susceptible hosts and frequency of international travel. The adher-
ence to recommendations of HAV vaccination was low among the HIV-positive MSM in
recent surveys [27, 28], and implementation of nationwide HAV vaccination program is
urgently needed to control and prevent the HAV outbreaks.

There are several limitations of our study. First, the included patients came from different
areas in these two cohorts used to examine the evolution of HAV seroprevalence. The present
2012-2016 cohort included HIV-positive patients from 11 designated hospitals for HIV care
around Taiwan while the previous 2004-2007 cohort included patients from only two hospitals
located in northern and central Taiwan. To minimize the interference of geographic variation
on the HAV seroprevalence, we performed a sensitivity analysis by comparing only patients
from northern and central Taiwan. The evolution of HAV seroprevalence was still noted (S7
Fig). Second, the information on personal hygiene, living environment, socioeconomic status,
sexual behaviors, and illicit drug-taking behavior was lacking in our study. Those factors may
confound the findings of changing HAV prevalence. Third, we were not able to collect the
history of HAV vaccination in this retrospective study. Some of our patients might have been
vaccinated and presence of anti-HAV antibody could not be used to differentiate natural infec-
tion from vaccination, though a recent survey suggested that the rate of HAV vaccination was
low before the recent outbreak of acute hepatitis A among MSM in Taiwan [27].

In conclusion, the HAV seroepidemiology in HIV-positive patients is changing in Taiwan.
The cohort effect has created a huge number of susceptible host to HAV infection, which may
have contributed to the outbreak of acute hepatitis A among young HIV-positive MSM in Tai-
wan in recent years. Information, education and communication to increase the HAV vaccina-
tion coverage are urgently needed among the susceptible individuals.

Supporting information

S1 Fig. Comparisons of hepatitis A virus seroprevalence among men who have sex with
men (MSM) according to geographic regions in Taiwan.
(TIF)

S2 Fig. Comparisons of hepatitis A virus seroprevalence among injecting drug users
(IDUs) according to geographic regions in Taiwan.
(TIF)

S3 Fig. Comparisons of hepatitis A virus seroprevalence among heterosexuals according to
geographic regions in Taiwan.
(TIF)

$4 Fig. Comparisons of hepatitis A virus seroprevalence according to age-specific groups
among men who have sex with men between the 2004-2007 cohort and the 2012-2016
cohort.

(TIF)

S5 Fig. Comparisons of hepatitis A virus seroprevalence according to age-specific groups
among heterosexuals between the 2004-2007 cohort and the 2012-2016 cohort.
(TIF)

S6 Fig. Comparisons of hepatitis A virus seroprevalence according to age-specific groups
among injecting drug users between the 2004-2007 cohort and the 2012-2016 cohort.
(TIF)

PLOS ONE | https://doi.org/10.1371/journal.pone.0186338 October 16, 2017 11/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0186338.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0186338.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0186338.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0186338.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0186338.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0186338.s006
https://doi.org/10.1371/journal.pone.0186338

@° PLOS | ONE

HAV seroepidemiology and HIV infection

S7 Fig. Sensitivity analysis of comparing hepatitis A seroprevalence according to age-spe-
cific groups between the 2004-2007 cohort and the 2012-2016 cohort including only
patients from northern and central Taiwan.

(TIF)

S1 Table. Factors associated with positive anti-HAV antibody among men who have sex
with men (MSM) and heterosexuals.
(DOCX)

S2 Table. Factors associated with positive anti-HAV antibody among injecting drug users
(IDUs).
(DOCX)

$3 Table. Comparisons of hepatitis A virus seroprevalence by age and birth year among
heterosexuals in the two cohorts.
(DOCX)

S4 Table. Comparison of hepatitis A virus seroprevalence by age and birth year among
injecting drug users (IDUs) in the two cohorts.
(DOCX)

S1 Data. The minimal data set of the patients in this study.
(XLSX)

Acknowledgments

The authors also thank all study members participating in the Taiwan HIV Study Group:
Hsin-Yun Sun, Sui-Yuan Chang, Pei-Ying Wu, Jun-Yu Zhang, Hsi-Yen Chang, Wen-Chun
Liu, Yi-Ching Su, and Chien-Ching Hung, National Taiwan University Hospital, Taipei;
Ning-Chi Wang and Te-Yu Lin, Tri-Service General Hospital and National Defense Medical
Center, Taipei; Kuan-Yin Lin, National Taiwan University Hospital Jin-Shan Branch, New
Taipei City; Chia-Jui Yang and Mao-Song Tsai, Far Eastern Memorial Hospital, New Taipei
City; Yi-Chieh Lee, Lotung Poh-Ai Hospital, Lo-Hsu Foundation, I-Lan; Chien-Yu Cheng and
Shu-Hsing Cheng, Tao-Yuan General Hospital, Ministry of Health and Welfare, Tao-Yuan;
Yu-Shan Huang, National Taiwan University Hospital Hsin-Chu Branch, Hsin-Chu; Yuan-Ti
Lee and Chia-Chun Lin, Chung Shan Medical University Hospital, Taichung; Shih-Ping Lin,
Chia-Yin Hsieh, and Hsiu-Wen Wang, Taichung Veterans General Hospital, Taichung; Mao-
Wang Ho, China Medical University Hospital, Taichung; Chung-Eng Liu and Yu-Lin Lee,
Changhua Christian Hospital, Changhua; Yi-Chien Lee, Ditmanson Medical Foundation
Chia-Yi Christian Hospital, Chia-Yi; Hung-Jen Tang and Huei-Chun Ku, Chi Mei Medical
Center, Tainan; Chia-Wen Li, Nan-Yao Lee, and Wen-Chien Ko, National Cheng Kung Uni-
versity Hospital, Tainan; Po-Liang Lu and Yen-Hsu Chen, Kaohsiung Medical University Hos-
pital, Kaohsiung; Hsi-Hsun Lin, E-Da Hospital, Kaohsiung; Wen-Chi Huang and Chen-
Hsiang Lee, Kaohsiung Chang Gung Memorial Hospital, Kaohsiung; Tun-Chieh Chen, Kaoh-
siung Municipal Ta-Tung Hospital, Kaohsiung.

Author Contributions
Conceptualization: Yu-Lin Lee, Yuan-Ti Lee, Chun-Eng Liu, Chien-Ching Hung.

PLOS ONE | https://doi.org/10.1371/journal.pone.0186338 October 16, 2017 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0186338.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0186338.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0186338.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0186338.s010
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0186338.s011
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0186338.s012
https://doi.org/10.1371/journal.pone.0186338

@° PLOS | ONE

HAV seroepidemiology and HIV infection

Data curation: Yu-Lin Lee, Kuan-Yin Lin, Chien-Yu Cheng, Chia-Wen Li, Chia-Jui Yang,
Mao-Song Tsai, Hung-Jen Tang, Te-Yu Lin, Ning-Chi Wang, Yi-Chien Lee, Shih-Ping Lin,
Yu-Shan Huang, Hsin-Yun Sun, Jun-Yu Zhang, Wen-Chien Ko, Shu-Hsing Cheng.

Formal analysis: Yu-Lin Lee, Kuan-Yin Lin.
Funding acquisition: Chien-Ching Hung.
Methodology: Yu-Lin Lee, Chien-Ching Hung.
Supervision: Yuan-Ti Lee, Chun-Eng Liu.
Writing - original draft: Yu-Lin Lee.

Writing - review & editing: Kuan-Yin Lin, Shu-Hsing Cheng, Yuan-Ti Lee, Chun-Eng Liu,
Chien-Ching Hung.

References

1. Cuthbert JA. Hepatitis A: old and new. Clin Microbiol Rev. 2001; 14(1):38-58. https://doi.org/10.1128/
CMR.14.1.38-58.2001 PMID: 11148002

2. Havelaar AH, Kirk MD, Torgerson PR, Gibb HJ, Hald T, Lake RJ, et al. World Health Organization
Global Estimates and Regional Comparisons of the Burden of Foodborne Disease in 2010. PLoS Med.
2015; 12(12):e1001923. doi: 10.1371/journal.pmed.1001923. eCollection 2015 Dec. PMID: 26633896

3. Jacobsen KH, Koopman JS. Declining hepatitis A seroprevalence: a global review and analysis. Epide-
miol Infect. 2004; 132(6):1005—22. PMID: 15635957

4. Neffatti H, Lebraud P, Hottelet C, Gharbi J, Challouf T, Roque-Afonso AM. Southern Tunisia: A still high
endemicity area for hepatitis A. PLoS One. 2017; 12(4):e0175887. doi: 10.1371/journal.pone.0175887.
eCollection 2017. PMID: 28426700

5. WuD, Guo CY. Epidemiology and prevention of hepatitis A in travelers. J Travel Med. 2013; 20(6):394—
9. doi: 10.1111/jtm.12058. Epub 2013 Jul 29. PMID: 24165384

6. LinKY, ChenGJ, Lee YL, Huang YC, Cheng A, Sun HY, et al. Hepatitis A virus infection and hepatitis A
vaccination in human immunodeficiency virus-positive patients: A review. World J Gastroenterology.
2017; 23(20):3589-606.

7. Fainboim H, Gonzalez J, Fassio E, Martinez A, Otegui L, Eposto M, et al. Prevalence of hepatitis viruses
in an anti-human immunodeficiency virus-positive population from Argentina. A multicentre study. J
Viral Hepat. 1999; 6(1):53-7. PMID: 10847130

8. NandwaniR, Caswell S, Boag F, Lawrence AG, Coleman JC. Hepatitis A seroprevalence in homosex-
ual and heterosexual men. Genitourin Med. 1994; 70(5):325-8. PMID: 8001944

9. SunHY, Kung HC, Ho YC, Chien YF, Chen MY, Sheng WH, et al. Seroprevalence of hepatitis A virus
infection in persons with HIV infection in Taiwan: implications for hepatitis A vaccination. Int J Infect Dis.
2009; 13(5):€199-205. doi: 10.1016/}.ijid.2008.12.009. Epub 9 Feb 8. PMID: 19208490

10. Ishida T, Nakamura T, Ajisawa A, Negishi M, Kashiyama T, Takechi A, et al. Outbreak of hepatitis A
virus infection among HIV-1 seropositive men who had sex with men. Jpn J Infect Dis. 1999; 52(3):131—
2. PMID: 10507997

11. SpadaE, Genovese D, Tosti ME, Mariano A, Cuccuini M, Proietti L, et al. An outbreak of hepatitis A
virus infection with a high case-fatality rate among injecting drug users. J Hepatol. 2005; 43(6):958—64.
Epub 2005 Jul 11. https://doi.org/10.1016/j.jhep.2005.06.012 PMID: 16143420

12. Villano SA, Nelson KE, Vlahov D, Purcell RH, Saah AJ, Thomas DL. Hepatitis A among homosexual
men and injection drug users: more evidence for vaccination. Clin Infect Dis. 1997; 25(3):726-8. PMID:
9314468

13. Collier MG, Drobeniuc J, Cuevas-Mota J, Garfein RS, Kamili S, Teshale EH. Hepatitis A and B among
young persons who inject drugs—vaccination, past, and present infection. Vaccine. 2015; 33
(24):2808-12. doi: 10.1016/j.vaccine.2015.04.019. Epub Apr 15. PMID: 25889161

14. LugoboniF, Pajusco B, Albiero A, Quaglio G. Hepatitis A Virus among Drug Users and the Role of Vac-
cination: A Review. Front Psychiatry. 2011; 2:79. doi: 10.3389/fpsyt.2011.00079. eCollection 2011.
PMID: 22347865

15. Syed NA, Hearing SD, Shaw IS, Probert CS, Brooklyn TN, Caul EO, et al. Outbreak of hepatitis A in the
injecting drug user and homeless populations in Bristol: control by a targeted vaccination programme

PLOS ONE | https://doi.org/10.1371/journal.pone.0186338 October 16, 2017 13/15


https://doi.org/10.1128/CMR.14.1.38-58.2001
https://doi.org/10.1128/CMR.14.1.38-58.2001
http://www.ncbi.nlm.nih.gov/pubmed/11148002
https://doi.org/10.1371/journal.pmed.1001923
http://www.ncbi.nlm.nih.gov/pubmed/26633896
http://www.ncbi.nlm.nih.gov/pubmed/15635957
https://doi.org/10.1371/journal.pone.0175887
http://www.ncbi.nlm.nih.gov/pubmed/28426700
https://doi.org/10.1111/jtm.12058
http://www.ncbi.nlm.nih.gov/pubmed/24165384
http://www.ncbi.nlm.nih.gov/pubmed/10847130
http://www.ncbi.nlm.nih.gov/pubmed/8001944
https://doi.org/10.1016/j.ijid.2008.12.009
http://www.ncbi.nlm.nih.gov/pubmed/19208490
http://www.ncbi.nlm.nih.gov/pubmed/10507997
https://doi.org/10.1016/j.jhep.2005.06.012
http://www.ncbi.nlm.nih.gov/pubmed/16143420
http://www.ncbi.nlm.nih.gov/pubmed/9314468
https://doi.org/10.1016/j.vaccine.2015.04.019
http://www.ncbi.nlm.nih.gov/pubmed/25889161
https://doi.org/10.3389/fpsyt.2011.00079
http://www.ncbi.nlm.nih.gov/pubmed/22347865
https://doi.org/10.1371/journal.pone.0186338

@° PLOS | ONE

HAV seroepidemiology and HIV infection

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

and possible parenteral transmission. Eur J Gastroenterol Hepatol. 2003; 15(8):901-6. PMID:
12867801

Beebeejaun K, Degala S, Balogun K, Simms |, Woodhall SC, Heinsbroek E, et al. Outbreak of hepatitis
A associated with men who have sex with men (MSM), England, July 2016 to January 2017. Euro Sur-
veill. 2017; 22(5).(pii):30454. doi: 10.2807/1560-7917.ES.2017.22.5.

Freidl GS, Sonder GJ, Bovee LP, Friesema IH, van Rijckevorsel GG, Ruijs WL, et al. Hepatitis A out-
break among men who have sex with men (MSM) predominantly linked with the EuroPride, the Nether-
lands, July 2016 to February 2017. Euro Surveill. 2017; 22(8).(pii):30468. doi: 10.2807/1560-7917.ES.
2017.22.8.

Werber D, Michaelis K, Hausner M, Sissolak D, Wenzel J, Bitzegeio J, et al. Ongoing outbreaks of hep-
atitis A among men who have sex with men (MSM), Berlin, November 2016 to January 2017—linked to
other German cities and European countries. Euro Surveill. 2017; 22(5).(pii):30457. doi: 10.2807/1560-
7917.ES.2017.22.5.

Hwang LY, Beasley RP, Yang CS, Hsu LC, Chen KP. Incidence of hepatitis A virus infection in children
in Taipei, Taiwan. Intervirology. 1983; 20(2—3):149-54. PMID: 6313545

Sung JL, Chen DS, Yu JU, Wang TH, Lay MY, Wang CY, et al. Hepatitis A virus infection in Taiwan. A
hospital-based study. Trop Geogr Med. 1980; 32(4):324-8. PMID: 6259786

Wu JS, Chen CH, Chiang YH, Lee YC, Lee MH, Ko YC, et al. Hepatitis A virus infection in Taiwan. Tai-
wan Yi Xue Hui Za Zhi. 1980; 79(8):694-9. PMID: 6934257

Wang SM, Liu CC, Huang YS, Yang YJ, Lei HY. Change in hepatitis A virus seroepidemiology in south-
ern Taiwan: a large percentage of the population lack protective antibody. J Med Virol. 2001; 64
(2):104-8. PMID: 11360241

Chen KT, Chang HL, Chen CT, Chen YA. The changing face of the HIV epidemic in Taiwan: a new chal-
lenge for public health policy strategies. AIDS Patient Care STDS. 2009; 23(3):195-201. https://doi.org/
10.1089/apc.2008.0047 PMID: 19866537

Hsieh YH, Lin PC. Current Trends and Future Projection of HIV/AIDS Epidemic in Taiwan: A Modeling
Analysis. Curr HIV Res. 2016; 14(2):138—47. PMID: 26487305

Chen JS. Harm reduction policy in Taiwan: toward a comprehensive understanding of its making and
effects. Harm Reduct J. 2016; 13:11. https://doi.org/10.1186/s12954-016-0101-6 PMID: 27044357

Tseng YT, Sun HY, Chang SY, Wu CH, Liu WC, Wu PY, et al. Seroprevalence of hepatitis virus infec-
tion in men who have sex with men aged 18—40 years in Taiwan. J Formos Med Assoc. 2012; 111
(8):431-8. doi: 10.1016/j.jfma.2011.06.022. Epub 2 Mar 8. PMID: 22939661

Chen GJ, Lin KY, Sun HY, Sheng WH, Hsieh SM, Huang YC, et al. Incidence of acute hepatitis A
among HIV-positive patients during an outbreak among MSM in Taiwan: Impact of HAV vaccination.
Liver Int. 2017; 8(10):13468.

Chen GJ, Lin KY, Hung CC, Chang SC. Hepatitis A outbreak among men who have sex with menin a
country of low endemicity of hepatitis A infection. J Infect Dis. 2017;15(10).

Wu PY, Cheng CY, Liu CE, Lee YC, Yang CJ, Tsai MS, et al. Multicenter study of skin rashes and hepa-
totoxicity in antiretroviral-naive HIV-positive patients receiving non-nucleoside reverse-transcriptase
inhibitor plus nucleoside reverse-transcriptase inhibitors in Taiwan. PLoS One. 2017; 12(2):e0171596.
doi: 10.1371/journal.pone.0171596. eCollection 2017. PMID: 28222098

Su SB, Lin CY, Sheu MJ, Kan WC, Wang HY, Guo HR. Decrease in seroprevalence of hepatitis A after
the implementation of nationwide disposable tableware use in Taiwan. BMC Public Health. 2010;
10:719. https://doi.org/10.1186/1471-2458-10-719 PMID: 21092247

Chen JY, Chiang JC, Lu SN, Hung SF, Kao JT, Yen YH, et al. Changing prevalence of anti-hepatitis A
virus in adolescents in a rural township in Taiwan. Chang Gung Med J. 2010; 33(3):321-6. PMID:
20584510

Centers for Disease Control, R.O.C (Taiwan). Press release. Available from: http://www.cdc.gov.tw/
english/info.aspx?treeid=bc2d4e89b154059b&nowtreeid=ee0a2987cfba3222&tid=
557BA6C13262600C. 2016. Cited 7 July 2017.

Liu SJ, Sharapov U, Klevens M. Patient awareness of need for hepatitis a vaccination (prophylaxis)
before international travel. J Travel Med. 2015; 22(3):174-8. doi: 10.1111/jtm.12186. Epub 2015 Jan
24. PMID: 25619557

Hsieh Y-J, Huang AS, Chiu C-M, Chou Y-M, Yang C-H. A Vaccination Program to Control an Outbreak
of Acute Hepatitis A among MSM in Taiwan, 2016. World Academy of Science, Engineering and Tech-
nology. 2017; 4(2).

Ishii K, Kiyohara T, Yoshizaki S, Kawabata K, Kanayama A, Yahata Y, et al. Epidemiological and
genetic analysis of a 2014 outbreak of hepatitis A in Japan. Vaccine. 2015; 33(45):6029-36. doi: 10.
1016/j.vaccine.2015.04.061. Epub May 6. PMID: 25957664

PLOS ONE | https://doi.org/10.1371/journal.pone.0186338 October 16, 2017 14/15


http://www.ncbi.nlm.nih.gov/pubmed/12867801
https://doi.org/10.2807/1560-7917.ES.2017.22.5
https://doi.org/10.2807/1560-7917.ES.2017.22.8
https://doi.org/10.2807/1560-7917.ES.2017.22.8
https://doi.org/10.2807/1560-7917.ES.2017.22.5
https://doi.org/10.2807/1560-7917.ES.2017.22.5
http://www.ncbi.nlm.nih.gov/pubmed/6313545
http://www.ncbi.nlm.nih.gov/pubmed/6259786
http://www.ncbi.nlm.nih.gov/pubmed/6934257
http://www.ncbi.nlm.nih.gov/pubmed/11360241
https://doi.org/10.1089/apc.2008.0047
https://doi.org/10.1089/apc.2008.0047
http://www.ncbi.nlm.nih.gov/pubmed/19866537
http://www.ncbi.nlm.nih.gov/pubmed/26487305
https://doi.org/10.1186/s12954-016-0101-6
http://www.ncbi.nlm.nih.gov/pubmed/27044357
https://doi.org/10.1016/j.jfma.2011.06.022
http://www.ncbi.nlm.nih.gov/pubmed/22939661
https://doi.org/10.1371/journal.pone.0171596
http://www.ncbi.nlm.nih.gov/pubmed/28222098
https://doi.org/10.1186/1471-2458-10-719
http://www.ncbi.nlm.nih.gov/pubmed/21092247
http://www.ncbi.nlm.nih.gov/pubmed/20584510
http://www.cdc.gov.tw/english/info.aspx?treeid=bc2d4e89b154059b&nowtreeid=ee0a2987cfba3222&tid=557BA6C13262600C
http://www.cdc.gov.tw/english/info.aspx?treeid=bc2d4e89b154059b&nowtreeid=ee0a2987cfba3222&tid=557BA6C13262600C
http://www.cdc.gov.tw/english/info.aspx?treeid=bc2d4e89b154059b&nowtreeid=ee0a2987cfba3222&tid=557BA6C13262600C
https://doi.org/10.1111/jtm.12186
http://www.ncbi.nlm.nih.gov/pubmed/25619557
https://doi.org/10.1016/j.vaccine.2015.04.061
https://doi.org/10.1016/j.vaccine.2015.04.061
http://www.ncbi.nlm.nih.gov/pubmed/25957664
https://doi.org/10.1371/journal.pone.0186338

@° PLOS | ONE

HAV seroepidemiology and HIV infection

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

Chen JS. Education as networking: Rethinking the success of the harm reduction policy of Taiwan.
Health (London). 2015; 19(3):280-93. doi: 10.1177/1363459314545697. Epub 2014 Aug 18. PMID:
25139870

Sun HY, Sheng WH, Tsai MS, Lee KY, Chang SY, Hung CC. Hepatitis B virus coinfection in human
immunodeficiency virus-infected patients: a review. World J Gastroenterol. 2014; 20(40):14598—-614.
doi: 10.3748/wjg.v20.i40.14598. PMID: 25356024

Stewart T, Crofts N. An outbreak of hepatitis A among homosexual men in Melbourne. Med J Aust.
1993; 158(8):519-21. PMID: 8387627

Song YJ, Lim J, Park WS, Sohn H, Lee MS, Shin DH, et al. Seropositivity among Korean Young Adults
Approximately 2 Years after a Single-Dose Vaccination against Hepatitis A Virus. PLoS One. 2015; 10
(11):e0142297. doi: 10.1371/journal.pone.0142297. eCollection 2015. PMID: 26540392

Kim KA, Lee A, Ki M, Jeong SH. Nationwide Seropositivity of Hepatitis A in Republic of Korea from 2005
to 2014, before and after the Outbreak Peak in 2009. PLoS One. 2017; 12(1):e0170432. doi: 10.1371/
journal.pone.0170432. eCollection 2017. PMID: 28099530

Wasley A, Samandari T, Bell BP. Incidence of hepatitis A in the United States in the era of vaccination.
JAMA. 2005; 294(2):194—-201. https://doi.org/10.1001/jama.294.2.194 PMID: 16014593

Quezada A, Baron-Papillon F, Coudeville L, Maggi L. Universal vaccination of children against hepatitis
A in Chile: a cost-effectiveness study. Rev Panam Salud Publica. 2008; 23(5):303-12. PMID:
18510790

Levine H, Kopel E, Anis E, Givon-Lavi N, Dagan R. The impact of a national routine immunisation pro-
gramme initiated in 1999 on Hepatitis A incidence in Israel, 1993 to 2012. Euro Surveill. 2015; 20(7):3—
10. PMID: 25719962

Mor Z, Srur S, Dagan R, Rishpon S. Hepatitis A disease following the implementation of universal vacci-
nation: who is at risk? J Viral Hepat. 2010; 17(4):293-7. doi: 10.1111/j.1365-2893.2009.01176.x. Epub
2009 Aug 18. PMID: 19691457

Zhuang GH, Pan XJ, Wang XL. A cost-effectiveness analysis of universal childhood hepatitis A vaccina-
tion in China. Vaccine. 2008; 26(35):4608—16. doi: 10.1016/j.vaccine.2008.05.086. Epub Jun 13. PMID:
18597903

Valenzuela MT, Jacobs RJ, Arteaga O, Navarrete MS, Meyerhoff AS, Innis BL. Cost-effectiveness of
universal childhood hepatitis A vaccination in Chile. Vaccine. 2005; 23(32):4110-9. Epub 2005 Apr 12.
https://doi.org/10.1016/j.vaccine.2005.03.021 PMID: 15964479

Lopez E, Debbag R, Coudeville L, Baron-Papillon F, Armoni J. The cost-effectiveness of universal vac-
cination of children against hepatitis A in Argentina: results of a dynamic health-economic analysis. J
Gastroenterol. 2007; 42(2):152—60. Epub 2007 Mar 12. https://doi.org/10.1007/s00535-006-1984-x
PMID: 17351805

Tsou TP, Liu CC, Huang JJ, Tsai KJ, Chang HF. Change in hepatitis A epidemiology after vaccinating
high risk children in Taiwan, 1995-2008. Vaccine. 2011; 29(16):2956—61. doi: 10.1016/j.vaccine.2011.
02.001. Epub Feb 15. PMID: 21329774

Regan DG, Wood JG, Benevent C, Ali H, Smith LW, Robertson PW, et al. Estimating the critical immu-
nity threshold for preventing hepatitis A outbreaks in men who have sex with men. Epidemiol Infect.
2016; 144(7):1528-37. doi: 10.1017/S0950268815002605. Epub 2015 Nov 13. PMID: 26566273

PLOS ONE | https://doi.org/10.1371/journal.pone.0186338 October 16, 2017 15/15


https://doi.org/10.1177/1363459314545697
http://www.ncbi.nlm.nih.gov/pubmed/25139870
https://doi.org/10.3748/wjg.v20.i40.14598
http://www.ncbi.nlm.nih.gov/pubmed/25356024
http://www.ncbi.nlm.nih.gov/pubmed/8387627
https://doi.org/10.1371/journal.pone.0142297
http://www.ncbi.nlm.nih.gov/pubmed/26540392
https://doi.org/10.1371/journal.pone.0170432
https://doi.org/10.1371/journal.pone.0170432
http://www.ncbi.nlm.nih.gov/pubmed/28099530
https://doi.org/10.1001/jama.294.2.194
http://www.ncbi.nlm.nih.gov/pubmed/16014593
http://www.ncbi.nlm.nih.gov/pubmed/18510790
http://www.ncbi.nlm.nih.gov/pubmed/25719962
https://doi.org/10.1111/j.1365-2893.2009.01176.x
http://www.ncbi.nlm.nih.gov/pubmed/19691457
https://doi.org/10.1016/j.vaccine.2008.05.086
http://www.ncbi.nlm.nih.gov/pubmed/18597903
https://doi.org/10.1016/j.vaccine.2005.03.021
http://www.ncbi.nlm.nih.gov/pubmed/15964479
https://doi.org/10.1007/s00535-006-1984-x
http://www.ncbi.nlm.nih.gov/pubmed/17351805
https://doi.org/10.1016/j.vaccine.2011.02.001
https://doi.org/10.1016/j.vaccine.2011.02.001
http://www.ncbi.nlm.nih.gov/pubmed/21329774
https://doi.org/10.1017/S0950268815002605
http://www.ncbi.nlm.nih.gov/pubmed/26566273
https://doi.org/10.1371/journal.pone.0186338

