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Abstract Background: Single dose hepatitis A virus (HAV) vaccine had been proven its effi-
cacy in immunocompetent but not immunocompromised hosts. We aim to investigate the
effectiveness of one dose versus 2 doses HAV vaccine among people living with HIV (PLHIV).
Method: We conducted a 1:1 single center retrospective caseecontrol study for PLHIV in
Northern Taiwan. Case patients were those who received single dose HAV vaccine and controls
were those who completed standard 2 doses HAV vaccine. Nationwide campaign of single dose
HAV vaccine had been practiced for high risk population including PLHIV and those who had
newly diagnosed sexually transmitted diseases.
Results: During February 2016 and December 2017, 90 cases received single dose HAV vaccine
provided while the other 90 age-matched controls received 2 doses vaccine were enrolled. We
found more injection drug users (22.22% vs. 1.11%, p < 0.0001), more co-infection with viral
hepatitis C (28.89% vs. 5.56%, p < 0.0001), and history of syphilis infection (56.67% VS 30%,
p Z 0.0003) in single dose group than 2 doses group. Seroconversion rate at one year was
significantly higher in 2 doses group (97.78% vs 56.67%, p < 0.0001). Among single dose group,
people with hepatitis B or C virus co-infection (HBV: p Z 0.02, aOR: 0.03, 95% CI: 0.002e0.55;
HCV: p Z 0.002, aOR: 0.22, 95% CI: 0.08e0.58) were less likely to achieve seropositivity, while
those who had higher CD4 count at baseline and one year, had better response to vaccine.
tio; cART, combination antiretroviral therapy; CD4, cluster of differentiation 4; CI, confidence in-
nce immunoassay; HAV, hepatitis A virus; HBV, hepatitis B virus; HCV, hepatitis C virus; IDU, injection
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Conclusion: Two doses HAV vaccine is necessary among PLHIV to achieve sustained serore-
sponse rather than single dose.
Copyright ª 2020, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Viral hepatitis A, the most common acute hepatitis world-
wide infected mainly from food-borne, is found to be a co-
infection in people with human immunodeficiency virus
(HIV) infection, especially among men who have sex with
men (MSM) based on their potential sexual transmitted
characteristic during oral-anal sex.1e7 Low prevalence of
hepatitis A immunity among young adults is seen in many
developed countries.2,3,7e10 Viral hepatitis A within
outbreak was more fatal with fulminant hepatitis and pro-
longed viremia in MSM, lower CD4, and higher HIV viral load
HIV-infected patients.1,3,11 Vaccine coverage helps to pre-
vent hepatitis A and decrease its severity.6,12

Single dose HAV vaccine had been proven its efficacy in
short-term and over 5 years effectiveness in immunocom-
petent hosts.13e16 Unfortunately, HIVeinfected patients
have poorer responses to viral hepatitis A vaccines and
carried higher long-term seroreversion rate.17e20 Vaccine
became less effective in HIV-infected individuals with
obesity, high body weight, high plasma viral load, older
age, and hepatitis C co-infection.1,5,13,17,18,21e31 In addi-
tion, to use direct acting agents as effective treatment to
HCV treatment in Taiwan can be reimbursed by national
health insurance since January 2017 with limited indica-
tion.32 Immunization regimens may require revision in these
group.17,27 How many doses should be provided to people
living with HIV (PLHIV) remained unknown. Previous studies
reported two doses may be more effective than single
one,20,24 while others showed the effectiveness of two
doses similar with three doses.3,17,19,22,33

There were several outbreaks in people living with HIV in
Europe, American, and Asia.9,11,34 A serious outbreak also
occurred among MSM in Taiwan during 2015 and 2016.12,35

Therefore, a nationwide vaccination campaign was initi-
ated since September 2015 for disease control. The
campaign provided single dose of HAV vaccine to subjects
with HIV-infection or those who had newly diagnosed
sexually transmitted diseases according to the evidence
provided by the study of immunocompetent subjects, while
the second dose of HAV vaccine was not supplied.13e16

However, whether single dose HAV vaccine is adequate to
provide protection in the situation of outbreak of hepatitis
A among HIV-infected patients still lacked evidence.

Hence, we aim to compare the evolutional change of
antibody titer and the effectiveness at 48 weeks of one
dose versus 2 doses HAV vaccine among PLHIV during the
outbreak of acute hepatitis A in Taiwan.
Methods

In Taiwan, an outbreak of acute viral hepatitis A among
MSM was detected between June 2015 and December
2017. National Vaccination Campaign was launched
immediately for disease control since September 2015.
Far Eastern Memorial Hospital is a medical center in
Northern Taiwan, contains 1000 beds, and it offers care
to more than 1100 HIV-infected individuals with annually
increased around 130 new-diagnosed HIV-infected pa-
tients. Based on launched vaccination policy in Taiwan,
both HAVRIX 1440 enzyme-linked immunosorbent assay
units (GlaxoSmithKline, Biologicals, Rixensart, Belgium)
and VAQTA 50 units (Merck and Co., Inc., West Point,
PA) were provided in Taiwan. With previous documen-
tation, both vaccines had similar efficacy and safety
even switching to each other as booster dose.5,30,31,36 In
our hospital, almost all patients received VAQTA with
this new policy and those who received HARVRIX were
excluded.

During 2016 to 2018, according to the vaccination
campaign, we checked every encountering HIV patient’s
serum HAV IgG as baseline, and followed their antibody
titers 1, 4, and 12 weeks after the first injection of HAV
vaccine and then every 24 weeks. The second dose HAV
vaccine was not provided by the campaign and the
patients will receive the second dose HAV vaccine if
they can afford the expense at 24 weeks apart from the
first dose. Their baseline biochemistry, CD4 count, HIV
viral load, and markers for HBV and HCV were also
collected retrospectively. HIV viral suppression was
defined as less than 50 copies/ml. This retrospective
study was approved by the Institutional Review Boards
of Far Eastern Memorial Hospital with approval number
105040-F.
Laboratory investigations

The determinations of plasma HIV-RNA load, CD4 lympho-
cyte count, and serological tests for syphilis, and hepatitis
A, B, and C were performed using certified commercial test
kits. Anti-HAV antibodies were determined by Cobas Anti-
HAV (Roche, Mannheim Germany), a quantitative electro-
chemiluminescence immunoassay (ECLIA) with a cut-off
value of 20 IU/L and a detection range of 3e60 IU/L.
Detection limits of the test kits for plasma HIV-RNA load
were 20 copies/mL.
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Statistical analysis

Statistical analyses were performed using Medcalc software
(MedCalc - version 19.3.1). Non-categorical variables were
compared using the ANOVA, and categorical variables were
compared using Chi square. In the caseecontrol study,
variables with P < 0.05 were entered into Logistic regres-
sion model with mean to identify factors associated with
HAV seroconversion and determine the adjusted odds ratio
(aOR) of each variable. Variables with a P value < 0.05 were
deemed statistically significant throughout the analyses.
Results

From February 2016 to December 2017, total 688 HIV-
positive individuals were encountered while 508 patients
received two doses and 180 patients received single dose
HAV vaccine. Individuals with missing data, female sex,
heterosexual, lost to follow up, received different brand of
vaccine, or unexpected booster dose were excluded from
this study (Fig. 1). There were 90 HIV-infected patients who
Figure 1. Diagram of patients who re
received single dose HAV vaccine while the other 333 sub-
jects received 2 doses HAV vaccine were finally enrolled.
The control group was chosen by age-adjusted among the
333 subjects who received 2 doses. The baseline charac-
teristics were demonstrated in Table 1.

The enrolled HIV-infected subjects were transmitted
mainly by MSM (88.33%) while the other 11.67% were in-
jection drug users (IDU). The mean age of overall popula-
tion was 32.63 years old, and 92.78% of them received
combination antiretroviral therapy (cART). Moreover, the
average baseline CD4 cell count was 629.48 cells/uL. In the
single dose group, the percentage of history of syphilis
infection (56.67% vs. 30%, p Z 0.0003), IDU (22.22% vs.
1.11%, p Z 0.0001), and HCV co-infection (28.89% vs.
5.56%, p < 0.0001) were higher than 2 doses group. Other
factors such as mean CD4 cell count, antiretroviral status,
or viral suppression when initiating vaccination showed no
significant difference.

Fig. 2a demonstrates the effectiveness of one dose and 2
doses HAV vaccine for up to 2 years follow up. After the first
dose of vaccination, the seroconversion rate was numeri-
cally higher in 2 doses group than one dose group at 4 weeks
ceived one dose vs. 2 doses group.



Table 1 Baseline characteristics of people living with HIV received one dose vs. 2 doses groups.

Dose 1 dose (n Z 90) 2 doses (n Z 90) p-value

Age (mean � SD) 33.26 (�7.06) 31.99 (�6.6) 0.22
Men, n (%) 90 (100%) 90 (100%) e

HIV transmission Risk, n (%) <0.0001
MSM 70 (77.78%) 89 (98.89%)
IDU 20 (22.22%) 1 (1.11%)

HBsAg (þ), n (%) 9 (10%) 8 (8.89%) 0.8
Anti-HCV (þ), n (%) 26 (28.89%) 5 (5.56%) <0.0001
History of Syphilis, n (%) 51 (56.67%) 27 (30%) 0.0003
CD4 (cells/mL) at vaccination, mean (range) 610.09 (21e1607) 648.86 (231e1473) 0.34
CD4 (cells/mL) >200 at vaccination, n (%) 86 (95.56%) 90 (100%) 0.044
CD4 (cells/mL) at 48 weeks, mean (range) 655.81 (3e1554) 725.52 (286e1229) 0.09
CD4 (cells/mL) >200 at 48 weeks, n (%) 84 (93.33%) 90 (100%) 0.013
PVL (copies/ml) at vaccination, mean (range) 4076.48 (20e96400) 3118.55 (20e63500) 0.628
Suppressed PVL (<50 copies/ml) at vaccination, n (%) 65 (72.22%) 71 (78.89%) 0.2994
PVL (copies/ml) at 48 weeks, mean (range) 3791.87 (20e129000) 133.63 (20e9920) 0.074
Suppressed PVL (<50 copies/ml) at 48 weeks, n (%) 78 (86.67%) 88 (97.78%) 0.0055
Use cART at vaccination, n (%) 86 (96.56%) 81 (90.0%) 0.15
Use cART at 24 weeks, n (%) 77 (85.56%) 89 (98.89%) 0.0009

HIV: Human immunodeficiency virus; HBV: hepatitis B virus; HCV: hepatitis C virus; MSM: men who have sex with men; IDU: injection drug
users; CD4: cluster of differentiation 4; PVL: plasma viral load; cART: combination antiretroviral therapy.
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without statistically significance (77.78% vs. 67.14%,
pZ 0.14) and 24 weeks (84.88% vs. 64.2%, pZ 0.0027) with
significant difference. However, in contrast to decreased
seroconversion rate of one dose group at 48 weeks and 96
weeks, the effectiveness of 2 doses group was kept
increasing after the second dose of vaccine (Table 2. 48
weeks: 97.78% vs 56.67%, p < 0.0001, aOR: 33.65, 95% CI:
7.80e145.21; 96 weeks: 95.4% vs 42.86%, p < 0.0001, aOR:
27.67, 95% CI: 9.21e83.13).

The evolutional change of anti-HAV IgG was demon-
strated in Fig. 2b. Along with the different rates of sero-
conversion mentioned in Fig. 2a, the mean anti-HAV-IgG
titer decreased after 24 weeks without booster dose
(p < 0.001). Booster dose of HAV vaccine significantly help
to maintain long-term seroconversion rate according to
logistic regression (p Z 0.0027).

In addition, compared to IDU group, MSM had better
seroresponse in single dose group (aOR: 5.75, 95% CI:
1.86e17.73, p Z 0.002) and all patients (aOR: 12.79, 95%
CI: 4.54e36.03, p < 0.0001). Meanwhile, HBV and HCV
coinfection were both associated with less seroresponse
among single dose group (HBV: aOR: 0.03, 95% CI:
0.002e0.55, p Z 0.02; HCV: aOR: 0.22, 95% CI: 0.08e0.58,
p Z 0.002) and all patients (HBV: aOR: 0.22, 95% CI:
0.08e0.61, p Z 0.004; HCV: aOR: 0.13, 95% CI: 0.06e0.31,
p < 0.0001) at one year. However, in 2 doses group, none
of the above findings presented (Table 2). Regardless of
one dose or 2 doses vaccination, higher CD4 level at
vaccination and at one year, with sustained cART use at 24
weeks and with HIV viral suppression at one year were
associated with higher seroconversion rate. (CD4 at
vaccination: p Z 0.0369; CD4 at one year: p Z 0.0005;
cART use at 6 months: aOR: 3.88, 95% CI: 1.28e11.82,
p Z 0.017; Undetected Plasma viral load at one year:
aOR: 3.88, 95% CI: 1.28e11.82, p Z 0.017) However, in
the model of multivariate logistic regression
demonstrated in Table 3, we found that standard 2 doses
vaccination (aOR: 17.64, 95% CI: 2.7e115.11, p Z 0.0027),
MSM (aOR: 7.28, 95% CI: 1.28e41.31, p Z 0.025) and
without HBV coinfection (positive HBsAg, aOR: 0.065, 95%
CI: 0.009e0.48, p Z 0.007) were independent factors to
be associated with seroresponse at 1 year.
Discussion

Two doses of HAV vaccination provided more protective and
sustained benefit according to the trend of antibody titer
evolution. We also found that PLHIV without HBV and HCV
coinfection had better seroconversion rate, while those
who had higher CD4 level and adhered to cART also showed
better response to vaccine.

HAV vaccine belongs to travel medicine in Taiwan, and it
was not regular introduced to general population. It was
also defined as alternative beyond routine vaccine schedule
in Western countries, and health insurance or the public
health budget is main reason for the coverage rate in many
countries, such as Greek.21,37,38

Both single dose inactivated or live attenuated hepatitis
A vaccine had been previously documented five-year anti-
body persistence in children without HIV infection.14e16 The
data showed seropositivity at one year for about 91.8%e
95.3% and maintained the efficacy up to 5 years for about
85.9e90.7%. However, the result of sustained response
cannot be applied generally to immunocompromised host
such as PLHIV. In our study population, although most of
them received cART at vaccination and achieved viral
suppression at 48 weeks, the antibody titer decayed earlier
after 24 weeks without second dose. Therefore, to com-
plete 2 doses HAV vaccination is required to maintain long-
term efficacy. In addition, the response to hepatitis A
vaccine is weakened earlier in HIV positive patients and



Figure 2. a. Evolution of seroconversion rates among one dose vs. 2 doses vaccination b. Evolution of ani-HAV IgG titers of one
dose vs. 2 doses vaccination.
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they should be tested for seroconversion after
vaccination.19

The known average seropositivity rate at 24 weeks after
first dose was 64%, which was similar to our result in single
dose group.3 Our patients in 2 doses group showed higher
seropositivity rate at 24 weeks, which may be resulted from
less IDU, HCV co-infection status, higher sustained cART
coverage at 24 weeks and better viral suppression rate at 48
weeks. Impaired seroconversion rate in HIV/HCV co-
infected people was found to be related to systemic
inflammation response. Serum IL-6, sCD14, sCD163, and
IP10 levels are elevated in people with chronic HCV and HIV
infection, while pre-vaccine elevation of plasma levels of
sCD14 was negatively associated with HAV antibody levels
at week 8 after vaccination.39

In contrast to single dose HAV vaccine, 2 doses had
higher seroconversion rates in HIV-positive individuals in
previous literature review.3,26 Our study also reported
evolutional change of antibody level, which was less dis-
cussed before. In contrast to seropositivity defined as anti-
HAV-IgG titer higher than 20 IU/ml, we described the
change of average anti-HAV-IgG titer which showed the
same trend as seropositivity. The decay of antibody titer
developed early after 24 weeks. It could be caused by lower



Table 2 Analysis of factors associated with anti-HAV IgG Seroconversion at one year.

1 Dose group
(n Z 90)

OR (CI) p-value 2 Doses group
(n Z 90)

OR (CI) p-value All (n Z 180) OR (CI) p-value

Seroconversion at
48wks, n (%)

51 (56.67%) 88 (97.78%) 139 (77.22%) 33.65 (7.8e145.21) <0.0001

HIV transmission Risk,
n (%)

5.75 (1.86e17.73) 0.002 11.67 (0.37e363.38) 0.16 12.79 (4.54e36.03) <0.0001

MSM 46 (65.71%) 87 (97.75%) 133 (83.65%)
IDU 5 (25%) 1 (100%) 6 (28.57%)

HBsAg (þ), n (%) 0 (0%) 0.03 (0.002e0.55) 0.02 8 (100%) 0.53 (0.023e11.93) 0.69 8 (47.1%) 0.22 (0.08e0.61) 0.004
Anti-HCV (þ), n (%) 8 (30.77%) 0.22 (0.08e0.58) 0.002 5 (100%) 0.33 (0.01e7.74) 0.49 13 (41.94%) 0.13 (0.06e0.31) <0.0001
History of Syphilis, n

(%)
31 (60.78%) 1.47 (0.63e3.42) 0.37 25 (92.59%) 0.08 (0.004e1.73) 0.11 56 (71.79%) 0.58 (0.29e1.17) 0.13

CD4 (cells/mL) at
vaccination, mean

648.90 0.15 654.84 0.13 652.66 0.0369

CD4 (cells/mL) at
vaccination>200,
n (%)

50 (58.14%) 4.17 (0.42e41.7) 0.22 88 (97.78%) 138 (78.41%) 10.89 (1.1e107.75) 0.04

CD4 (cells/mL) at 48
weeks, mean

732.61 0.012 729.16 0.29 730.42 0.0005

CD4 (cells/mL) at 48
weeks > 200, n (%)

49 (58.33%) 2.8 (0.49e16.14) 0.25 88 (97.78%) 137 (78.74%) 7.41 (1.31e42.02) 0.024

PVL (copies/ml) at
vaccination, mean

4333.89 0.86 3188.97 0.666 3609.5 0.983

Suppressed PVL (<50
copies/ml) at
vaccination, n (%)

37 (56.92%) 1.04 (0.41e2.63) 0.94 69 (97.18%) 0.71 (0.03e15.47) 0.83 106 (77.94%) 1.18 (0.53e2.6) 0.69

PVL (copies/ml) at 48
weeks, mean

2788.33 0.575 136.21 0.877 1109.29 0.125

Suppressed PVL (<50
copies/ml) at 48
weeks, n (%)

46 (58.97%) 2.01 (0.59e6.91) 0.27 86 (97.73%) 6.92 (0.26e185.1) 0.25 132 (79.52%) 3.88 (1.28e11.82) 0.017

Use cART at
vaccination, n (%)

48 (55.81%) 0.42 (0.04e4.21) 0.46 79 (97.53%) 1.67 (0.07e37.53) 0.75 127 (76.05%) 0.27 (0.03e2.098) 0.21

Use cART at 24 weeks,
n (%)

45 (58.44%) 1.64 (0.50e5.34) 0.41 87 (97.75%) 11.67 (0.37e363.38) 0.16 132 (79.52%) 3.88 (1.28e11.82) 0.017

HIV: Human immunodeficiency virus; HBV: hepatitis B virus; HCV: hepatitis C virus; MSM: men who have sex with men; IDU: injection drug users; OR: odds ratio; CI: confidence interval;
CD4: cluster of differentiation 4; PVL: plasma viral load; cART: combination antiretroviral therapy.
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Table 3 Multivariate logistic regression analysis for fac-
tors associated with seroconversion at one year.

aOR (CI) p-value

2 doses vs. one dose 17.64 (2.7e115.11) 0.0027
HIV transmission Risk,

MSM
7.28 (1.28e41.31) 0.025

HBsAg (þ) 0.065 (0.009e0.48) 0.007
Anti-HCV (þ) 0.43 (0.099e1.84) 0.2531
History of Syphilis 0.35 (0.09e1.33) 0.1241
CD4 (cells/mL) at

vaccination
0.9997 (0.997e1.003) 0.8544

CD4 (cells/mL) at
vaccination >200

4.4 (0.27e71.92) 0.2989

CD4 (cells/mL) at 48
weeks

1.002 (0.999e1.005) 0.1956

CD4 (cells/mL) at 48
weeks > 200

1.39 (0.09e22.09) 0.8154

PVL (copies/ml) at
vaccination

1 (1.0000e1.0001) 0.4483

Suppressed PVL (<50
copies/ml) at
vaccination

1.05 (0.25e4.39) 0.9419

PVL (copies/ml) at 48
weeks

1 (1.0000e1.0000) 0.7594

Suppressed PVL (<50
copies/ml) at 48
weeks

1.83 (0.31e10.67) 0.5028

Use cART at vaccination 0.35 (0.02e6.2) 0.4703
Use cART at 24 weeks 2.38 (0.52e10.84) 0.263

Hosmer & Lemeshow test: Chi-squared: 5.6; DF: 8; Significance
level: P Z 0.69.
aOR: adjusted odds ratio; CI: confidence interval; CD4: cluster
of differentiation 4; HIV: Human immunodeficiency virus; HBV:
hepatitis B virus; HCV: hepatitis C virus; MSM: men who have sex
with men; IDU: injection drug users; PVL: plasma viral load;
cART: combination antiretroviral therapy.
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viral suppression rate of single dose group as mentioned by
the other study.21 However, in a short-term outbreak of
acute hepatitis A, a strategy targeting high risk group pro-
vided at least a period of protection for the outbreak
control of acute hepatitis A.12

Our study had several limitations. First of all, MSM and
IDU cases are not equally distributed among 2 groups, and
thus may result in unbalanced HCV carriers between two
groups.40 The difference could be attributed to poor so-
cioeconomic status among IDUs and thus the IDUs preferred
only to receive single dose HAV vaccine provided by the
nationwide campaign. Second, the control cases were
matched by age instead of immune status, thus single dose
group had less cART coverage rate at 24 weeks and lower
viral suppression rate at 48 weeks. It may indicate relative
impaired immunity among single dose group which may
potentially hinder the antibody response to vaccine. How-
ever, we found no significant association between serores-
ponse and mean CD4 cell count or CD4 cell count
>200 cells/mL at vaccination according to multivariate
analysis from our caseecontrol population or all population
(Table 3 and supplementary table 2). In addition, cases with
baseline suppressed viral load showed no significant dif-
ference could also indicate balanced immune function
among our caseecontrol population (Table 1). We also
matched another control group by “CD4>200 cells/mL and
CD4 <200 cells/mL” which demonstrated similar result of
seropositivity and average antibody titer trend as our study
(supplementary figure 2). The finding could be due to too
few cases with CD4 cell counts <200 cells/mL to demon-
strate relevant difference. Third, the record of body weight
was not complete that it was considered a factor to influ-
ence vaccine response and a clue for health status monitor.
Finally, our sample size is relatively small which could be a
bias.

In conclusion, we found 2 doses HAV vaccine are
necessary among PLHIV to achieve sustained seroresponse
at one year in the setting of HAV outbreak and the second
dose HAV vaccine can certainly boost the elevation of anti-
HAV IgG.

Declaration of Competing Interest

None.

Acknowledgments

This study was supported partially by National Taiwan
University Hospital and Far Eastern Memorial Hospital (108-
FTN14 and 109-FTN09).

References

1. Phung B-C, Launay O. Vaccination against viral hepatitis of HIV-
1 infected patients. Hum Vaccines Immunother 2012;8:554e9.

2. Klevens RM, Denniston MM, Jiles-Chapman RB, Murphy TV.
Decreasing immunity to hepatitis A virus infection among US
adults: findings from the national health and nutrition exami-
nation survey (NHANES), 1999e2012. Vaccine 2015;33:6192e8.

3. Lin K-Y, Chen G-J, Lee Y-L, Huang Y-C, Cheng A, Sun H-Y, et al.
Hepatitis A virus infection and hepatitis A vaccination in human
immunodeficiency virus-positive patients: a review. World J
Gastroenterol 2017;23:3589.

4. Hoover KW, Butler M, Workowski KA, Follansbee S, Gratzer B,
Hare CB, et al. Low rates of hepatitis screening and vaccination
of HIV-infected MSM in HIV clinics. Sex Transm Dis 2012;39:
349e53.

5. Lin KY, Hsieh SM, Sun HY, Lo YC, Sheng WH, Chuang YC, et al.
Serologic responses and effectiveness of hepatitis A vaccina-
tion among human immunodeficiency virusepositive in-
dividuals during the outbreak of acute hepatitis A. Hepatology
2018;68:22e31.

6. Sun H-Y, Kung H-C, Ho Y-C, Chien Y-F, Chen M-Y, Sheng W-H,
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:e199e205.

7. Tseng Y-T, Sun H-Y, Chang S-Y, Wu C-H, Liu W-C, Wu P-Y, et al.
Seroprevalence of hepatitis virus infection in men who have
sex with men aged 18e40 years in Taiwan. J Formos Med Assoc
2012;111:431e8.

8. Lee Y-L, Lin K-Y, Cheng C-Y, Li C-W, Yang C-J, Tsai M-S, et al.
Evolution of hepatitis A virus seroprevalence among HIV-
positive adults in Taiwan. PloS One 2017;12.

9. Bialek SR, Barry V, Bell BP, Valleroy LA, Behel S, MacKellar DA,
et al. Seroprevalence and correlates of hepatitis A among HIV-

http://refhub.elsevier.com/S1684-1182(20)30155-9/sref1
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref1
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref1
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref2
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref2
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref2
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref2
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref2
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref2
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref3
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref3
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref3
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref3
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref4
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref4
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref4
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref4
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref4
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref5
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref5
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref5
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref5
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref5
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref5
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref5
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref6
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref6
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref6
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref6
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref6
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref7
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref7
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref7
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref7
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref7
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref7
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref8
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref8
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref8
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref9
http://refhub.elsevier.com/S1684-1182(20)30155-9/sref9


HIV infection and HAV seroreversion 25
negative American men who have sex with men. Sex Health
2011;8:343e8.

10. Tseng SL, Hsieh YC, Huang YL, Huang YC, Hung YT, Huang YC.
Hepatitis A virus seroepidemiology of elementary school chil-
dren in New Taipei City in Taiwan. J Microbiol Immunol Infect
2016;49:743e8.

11. Boucher A, Meybeck A, Alidjinou K, Huleux T, Viget N, Baclet V,
et al. Clinical and virological features of acute hepatitis A
during an ongoing outbreak among men who have sex with men
in the North of France. Sex Transm Infect 2019;95:75e7.

12. Lin K-Y, Sun H-Y, Chen Y-H, Lo Y-C, Hsieh S-M, Sheng W-H, et al.
Effect of a hepatitis A vaccination campaign during a hepatitis
A outbreak in taiwan, 2015e2017: a modeling study. Clin Infect
Dis 2020;70:1742e9.

13. Jabłonowska E, Kuydowicz J. Durability of response to vacci-
nation against viral hepatitis A in HIV-infected patients: a 5-
year observation. Int J STD AIDS 2014;25:745e50.

14. Zhang Z, Zhu X, Hu Y, Liang M, Sun J, Song Y, et al. Five-year
antibody persistence in children after one dose of inactivated
or live attenuated hepatitis A vaccine. Hum Vaccines Immun-
other 2017;13:1314e9.

15. Mayorga O, Bühler S, Jaeger VK, Bally S, Hatz C, Frösner G,
et al. Single-dose hepatitis A immunization: 7.5-year observa-
tional pilot study in Nicaraguan children to assess protective
effectiveness and humoral immune memory response. J Infect
Dis 2016;214:1498e506.

16. Espul C, Cuello H, Lo Castro I, Bravo C, Thollot Y, Voznica J,
et al. Statistical modeling alongside observational data pre-
dicts long-term immunogenicity of one dose and two doses of
pediatric hepatitis A vaccine in the Mendoza province of
Argentina. Vaccine 2020;38:1715e22.

17. Weinberg A, Gona P, Nachman SA, Defechereux P, Yogev R,
Hughes W, et al. Antibody responses to hepatitis A virus vac-
cine in HIV-infected children with evidence of immunologic
reconstitution while receiving highly active antiretroviral
therapy. JID (J Infect Dis) 2006;193:302e11.

18. Jimenez HR, Hallit RR, DeBari VA, Slim J. Hepatitis A vaccine
response in HIV-infected patients: are TWINRIX� and HAVRIX�
interchangeable? Vaccine 2013;31:1328e33.

19. Fritzsche C, Bergmann L, Loebermann M, Glass A, Reisinger EC.
Immune response to hepatitis A vaccine in patients with HIV.
Vaccine 2019;37:2278e83.

20. Chen GJ, Sun HY, Lin KY, Cheng A, Huang YC, Hsieh SM, et al.
Serological responses to revaccination with hepatitis A virus
(HAV) vaccines among HIV-positive individuals whose anti-HAV
antibody waned after primary vaccination. Liver Int 2018;38:
1198e205.

21. Kourkounti S, Paparizos V, Leuow K, Paparizou E, Antoniou C.
Adherence to hepatitis A virus vaccination in HIV-infected men
who have sex with men. Int J STD AIDS 2015;26:852e6.

22. Tseng YT, Chang SY, Liu WC, Sun HY, Wu CH, Wu PY, et al.
Comparative effectiveness of two doses versus three doses of
hepatitis A vaccine in human immunodeficiency viruseinfected
and-uninfected men who have sex with men. Hepatology 2013;
57:1734e41.

23. Huang SH, Huang CH, Wang NC, Chen TC, Lee YT, Lin SP, et al.
Early seroreversion after 2 doses of hepatitis A vaccination in
human immunodeficiency virusepositive patients: incidence
and associated factors. Hepatology 2019;70:465e75.

24. Mena G, Garcı́a-Basteiro AL, Llupià A, Dı́ez C, Costa J, Gatell J-
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