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Abstract
Objectives: We sought to determine the rate of response to hepatitis B (HBV) vaccination among HIV-infected adults
in Vietnam.
Methods: We retrospectively abstracted data from a cohort of HIV-infected adults who had received HBV vaccine at an
HIV clinic in Hanoi. We examined demographic, clinical and laboratory factors for associations with development of a
protective antibody (Ab) response following vaccination (defined as ‘responders’ with anti-HBs >10 IU/L).
Results: Out of 302 HIV-infected patients who completed the vaccine series and follow-up serology testing, 189 (62.6%)
had a positive protective Ab response. Female patients had a higher response rate compared to male patients (71.4% vs
56.8%, P=0.01). Among responders, mean CD4 T cell count was 309 cells/μL as compared to 204 cells/μL in non-responders
(P<0.0001). On multivariable analysis, CD4 T cell count prior to vaccination was the only factor independently associated
with a positive Ab response. Compared to patients with a count less than 100 cells/μL, those with a CD4 T cell count
between 100 and 200 cells/μL were 20% more likely to be responders (relative risk [RR] 1.20, 95% confidence interval
[CI] 0.77–1.87), those with a CD4 T cell count between 200 and 300 cells/μL were 61% more likely to be responders
(RR 1.61, 95% CI 1.05–2.45), and those with a CD4 T cell count greater than 300 cells/μL were 89% more likely to be
responders (RR 1.89, 95% CI 1.26–2.83).
Conclusions: We found that the CD4 T cell count at the time of vaccination to be the sole predictor of response to
HBV vaccination among HIV-infected Vietnamese adults. Our findings highlight the importance of vaccinating HIV-infected
adults prior to advanced immunosuppression.
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Introduction
Chronic hepatitis B virus (HBV) infection is the most common cause
of chronic liver disease and liver-related deaths worldwide [1].
Globally, more than 240 million people have chronic liver infection
and there are more than 780,000 HBV-related deaths per year
[2]. Due to shared routes of transmission, HBV and HIV coinfection is common. Worldwide, approximately 10% of HIVinfected individuals are co-infected with chronic HBV [1,3].
Compared with HBV-infected patients without HIV infection,
patients with HIV-HBV co-infection have accelerated liver disease,
higher rates of cirrhosis and liver cancer, and increased liver-related
mortality [4]. Liver disease is a leading cause of death among
HIV-infected patients in the United States [5].
The majority people with HIV-HBV co-infection live in low- and
middle-income countries in Africa and Asia where the prevalence
of both HIV and chronic HBV is disproportionally high [1,3].
Vietnam, a country of more than 90 million people, has one of
the highest burdens of chronic HBV in the world. HBV is highly
endemic in Vietnam, with a prevalence of chronic HBV of 10–20%,
making it one of the leading causes of morbidity and mortality
among the Vietnamese population [6]. Although vaccination
against HBV has recently been included in Vietnam‘s national
immunisation schedule, most HIV-infected adults have never been
vaccinated. Of the estimated 280,000 people living with HIV in
Vietnam, approximately 15% have chronic HBV infection [7].
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Prevention of HBV infection through the administration of vaccine
to non-immune individuals is an important component of the care
of HIV-infected individuals. Vaccination against HBV is highly
effective in healthy adults with response rates of greater than 90%
[8], but HIV-infected individuals have significantly lower rates of
vaccine response (range 18–71%) [9]. Clinical factors associated
with a lower vaccine response rate have included older age
[10–13], male gender [14,15], HCV-positivity [16,17], lack of ART
use [14,15,18], low nadir CD4 T cell counts [13,19] and high HIV
RNA levels [13,15,19–22]. In addition, some studies have found
CD4 T cell count at the time of vaccination to be associated with
vaccine response [10,12,15,18,19,21], but this has not been a
consistent finding across all studies.
With few exceptions [12,18,23], the majority of data on the
effectiveness of HBV vaccination in HIV-infected individuals
comes from high-income countries with low HBV prevalence.
Vietnam‘s HIV epidemic has been largely driven by injection
drug use and, as a result, co-infection with chronic hepatitis C
(HCV) is also common. None the less, vaccination against HBV
is not routinely offered to non-immune HIV-infected adults. As
a result, there are no data about the effectiveness of HBV
vaccination in this population. In light of this, we conducted a
retrospective cohort study among HIV-infected patients
who had received HBV vaccination at a single site in Hanoi,
Vietnam. We aimed to determine the percentage of Vietnamese
HIV-infected patients who developed a protective Ab response
(‘responder’) to a standard-dose HBV vaccination schedule and
to determine the demographic, clinical and laboratory factors
associated with the likelihood of the development of a protective
Ab response.
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Methods
We evaluated a pilot of HBV vaccination among a cohort of
HIV-infected adult patients enrolled in the HIV outpatient clinic
(OPC) at Bach Mai Hospital (BMH) in Hanoi, Vietnam. BMH is a
large (1400 beds) national-level referral hospital providing the
highest level of care for patients in the north of Vietnam. The OPC
at BMH is a public clinic providing HIV care and treatment to more
than 1000 HIV-positive adults. Standard of care at public OPCs
across Vietnam includes testing of HBV surface antigen (HBsAg),
Ab to HCV, haemoglobin, creatinine, and ALT during the initial
evaluation. CD4 T cell count is performed at baseline and every
6 months. At the time of this study, patients were eligible for
antiretroviral therapy (ART) if their CD4 T cell count was <350
cells/μL or at the WHO clinical stage III or IV.
According to the clinic vaccination protocol, patients who tested
negative for HBsAg were tested for HBV surface Ab (anti-HBs).
Patients testing negative for both HBsAg and anti-HBs were
offered vaccination with HBV vaccine (Engerix-B, GlaxoSmithKline)
at a dose of 20 μg. A subset of patients also received testing for
HBV core Ab (anti-HBc). All patients, except those testing positive
for anti-HBc, received a three-dose series at 0, 4 and 24 weeks.
Patients who tested positive for anti-HBc received a single vaccine
dose, followed by titres 4 weeks later. If the anti-HBs titre was
≥10 IU/L 4 weeks after the initial dose, no further vaccine was
administered. Vaccination was offered regardless of CD4 cell count
or ART use.
We retrospectively abstracted data from all patients enrolled in
the BMH OPC who tested negative for HBsAg and anti-HBs at
the time of the study. Only patients who completed the required
number of vaccine doses according to the clinic protocol and
had follow-up quantitative anti-HBs testing at least 2 weeks
after their last vaccine dose were included in the final analysis.
The study‘s primary outcome measure was a protective Ab
response to HBV vaccination defined as an anti-HBs titre
>10 IU/L at least 2 weeks after receipt of one or three vaccine
doses according to the vaccine protocol [24]. We examined
demographic, clinical and laboratory factors for associations
with development of a protective Ab response. These factors
included age, gender, risk factor for HIV infection (injection
drug use, men who have sex with men (MSM), heterosexual
transmission), WHO clinical stage, HCV Ab status, use of ART,
ALT, nadir CD4 T cell count, the most recent CD4 T cell count,
and HIV viral load measured prior to the first vaccine dose.
Nadir CD4 T cell count was defined as the lowest count
documented in the medical record prior to the date of the first
vaccine dose. Patients were considered to be on ART if the
documented ART start date was before the date of the first
vaccine dose. HIV viral suppression was defined as having an
undetectable HIV viral load or having a viral load <48 copies/mL.
We used Student‘s t test or nonparametric Wilcoxon to compare
continuous variables and chi-square or Fisher‘s exact test for
categorical variables. From these univariate analyses, variables that
were statistically significant at 0.10 were selected for the
multivariable model. Multivariable modelling using generalised
linear model with log link and binary error was used to assess the
association between demographic and clinical factors and the
probability of the development of a protective Ab response. All
statistical calculations were performed using Stata software, version
8.2 (Stata, College Station, TX, USA). The study was approved
by the Institutional Review Boards (IRB) of Beth Israel Deaconess
Medical Center (Boston, USA), Bach Mai Hospital (Hanoi,
Vietnam), and the US Centers for Disease Control and Prevention
(Atlanta, USA).
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Table 1. Baseline characteristics of 302 HIV-infected patients who
received hepatitis B vaccination and follow-up quantitative
anti-HBs testing
Characteristic
Age, mean years±SD

Number of
patients (%)
36.0±8.2

Gender
Male
Female

183 (60.6)
119 (39.4)

Risk factor for HIV
Injection drug use
Sexual transmission
Injection drug use & sexual transmission
Other

48 (15.9)
180 (59.6)
47 (15.6)
27 (8.9)

WHO clinical stage
Stage 1 and 2
Stage 3 and 4

274 (90.7)
28 (9.3)

Hepatitis B core antibody status (n=161)
Positive
Negative

98 (60.9)
63 (39.1)

Hepatitis C antibody status
Positive
Negative

120 (39.7)
182 (60.3)

ALT, IU/mL, mean±SD (n=293)

57.1±208.4

Receipt of ART prior to vaccination
No
Yes

53 (17.6)
249 (82.5)

Duration of ART prior to vaccination (median days
[IQR])

327 (1–2898)

Nadir CD4 T cell count (mean cells/μL±SD) (n=299) 167.5±156.0
CD4 T cell count prior to vaccination (mean cells/
μL±SD) (n=301)
Plasma HIV RNA closest to first vaccine dose,
copies/mL (n=217)
<48
≥48

269.7±184.1

94 (43.3)
123 (56.7)

Results
Of the 880 patients registered at the OPC at the time of data
collection, 124 (14.1%) tested positive for HBsAg and 756 (85.9%)
tested HBsAg negative. Of the 756 HBsAg-negative patients, 589
were tested for anti-HBs and 349 (59.3%) tested negative. Of
318 patients who received the first dose of vaccine, 302 (95%)
completed the vaccine series and follow-up testing according to
the protocol and were therefore included in the final analysis. The
time between the last vaccine dose and follow-up quantitative
anti-HBs testing ranged from 14 to 245 days. The most common
reason for non-completion of the vaccine protocol was that
patients were no longer retained in care at the OPC.
Baseline characteristics of study subjects are shown in Table 1.
Mean age was 36 years (range 16–75 years). Most patients, 183
(60.6%), were male, and 95 (31.5%) had a reported history of
injection drug use. Testing for anti-HBc was available for 161
patients and 98 (60.9%) tested positive. HCV Ab was positive in
120 (39.7%) patients. The majority of patients, 249 (82.5%), were
on ART at the time of the first vaccine dose with a median duration
of ART use before vaccination of 327 days (range 1 to 2898 days).
The mean CD4 T cell count prior to the first and third vaccine
dose was 269.7 cells/μL and 336.3 cells/μL, respectively. Of those
who had a plasma HIV viral load test prior to the first vaccine dose,
94/217 (43.3%) had a plasma HIV RNA <48 copies/mL. Plasma
HIV RNA was <1000 copies/mL in 131 (60.4%), between 1000
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Table 2. Characteristics of hepatitis B vaccine responders and
non-responders
Characteristics

Results of testing
for anti-HBs
Negative
(n=113)

Positive
(n=189)

n (%)

n (%)

P-value

Age, mean years±SD

36.5±6.9

35.8±8.8

0.418

Female gender

34 (30.9)

85 (44.9)

0.010

41 (39.4)

54 (30.9)

0.144

100 (88.5) 149 (78.8)

0.033

History of intravenous drug use
Receipt of ART
WHO clinical stage 1 or 2

95 (84.1) 179 (94.7) <0.001

Hepatitis B core antibody
positive

33 (58.9)

Hepatitis C antibody positive

52 (46.0)

68 (36.0)

0.084

7 (6.4)

24 (13.0)

0.081

Nadir CD4 T cell count <100
cells/μL

61 (54.0)

75 (40.3)

0.021

CD4 T cell count prior to
vaccination <200 cells/μL

67 (59.3)

52 (27.7) <0.0001

Plasma HIV RNA closest to first
vaccine dose <48 copies/mL

36 (45.0)

58 (42.3)

ALT ≥100 IU/mL

65 (61.9)

0.712

0.702

Table 3. Multivariable analysis of factors associated with response
to hepatitis B vaccination
Risk factor

Relative risk
[95% CI]

P-value

Female gender

1.34 [0.78–2.32]

0.213

Receipt of ART

1.00 [0.83–1.21]

0.990

Clinical stage 1 or 2

1.23 [0.71–2.15]

0.461

CD4 cell count prior
to vaccination
<100 cells/μL
100–199 cells/μL
200–299 cells/μL
≥300 cells/μL

Referent
1.20 [0.77–1.87]
1.61 [1.05–2.45]
1.89 [1.26–2.83]

0.413
0.028
0.002

and 100,000 copies/mL in 39 (18%), and >100,000 copies/mL
in 47 (21.7%).
Overall, 189 (62.6%) patients had a positive Ab response to
vaccination after one or three doses. Female patients had a higher
response rate compared to male patients (71.4% vs 56.8%,
P=0.01). Among responders, mean CD4 T cell count prior to
vaccination was 309 cells/μL compared to 204 cells/μL in
non-responders (P<0.0001). By univariate analysis (Table 2), female
gender, ART use, clinical stage, nadir and current CD4 T cell count
were significantly associated with response to vaccine. History of
injection drug use, HCV Ab status, and plasma HIV RNA <48
copies/mL were not associated with vaccine response. Overall, 65
of the 98 anti-HBc-positive subjects (66.3%) responded to the
vaccine series, with 40.5% (36/89) responding after the first
vaccine dose (nine anti-HBc patients did not have quantitative
anti-HBs testing after the first immunisation).
In multivariable analysis (Table 3), CD4 T cell count prior to
vaccination was the only factor independently associated with a
positive Ab response. Compared to CD4 T cell count <100 cells/μL,
those with a CD4 T cell count between 100 and 200 cells/μL had
a relative risk (RR) of vaccine response of 1.20 (95% confidence
internal 0.77–1.87), those with a CD4 T cell count between 200

Patients with response to
vaccine
(%)
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Figure 1. Protective antibody response to hepatitis B vaccination by CD4 cell count
prior to vaccination (n=302)

and 300 cells/μL had an RR of 1.61 (1.05–2.45), and those with
a CD4 T cell >300 cells/μL had an RR of 1.89 (1.26–2.83). Figure 1
shows the percentage of vaccine responders stratified by CD4 T
cell count prior to vaccination.
When limiting the analysis to include only patients with follow-up
anti-HBs testing at least 4 weeks after the final vaccine dose
(n=280), the vaccine response rate was 62.5% and nearly identical
to that of the larger sample.

Discussion
We have found that nearly 63% of patients in our cohort achieved
an anti-HBs titre >10 IU/L following standard dose HBV
vaccination. Our study is the first to assess HBV vaccination among
HIV-infected adults in Vietnam and the largest one performed in
Southeast Asia. Two small studies among Thai adults have reported
response rates of 46% (n=65) and 71.4% (n=28) [12,18]. The
vaccine response rate in our study is higher than in a number of
studies performed among HIV-infected adults in the United States
[10,13,20,22,25] and similar to that found in a more recent study
of HIV-infected Kenyan adults [23].
Pre-vaccination CD4 T cell count was independently associated
with vaccine responsiveness in our study. This is consistent with
multiple studies demonstrating an association between the CD4
T cell count at the time of vaccination and response to vaccine.
For example, in one of the above referenced Thai studies, vaccine
responders had a mean CD4 T cell count of 397 cells/μL compared
to 301 cells/μL among non-responders, and patients who had a
higher CD4 T cell count at vaccination developed higher levels
of anti-HBs antibodies after vaccination [12]. By contrast, some
studies have found that nadir CD4 T cell count and/or HIV viral
load are more important predictors of vaccine responsiveness. In
a study of 97 HIV-infected adults in the United States, nadir CD4
T cell count <200 cells/μL, rather than the current CD4 T cell
count, was independently associated with a lower vaccine response
rate [13].
Several studies have demonstrated a positive association between
HBV vaccine response rates and female gender. In a retrospective
study of more than 600 patients in the United States, female
gender was significantly associated with HBV vaccine response
rate (Odds ratio 1.99, 95% CI 1.15–3.45) [14]. In our study, we
found a trend towards higher vaccine response rates among women
compared to men but this did not reach statistical significance
on multivariate analysis.
We did not find an independent association between ART use or
HIV viral load and vaccine responsiveness. This is in contrast to
a number of studies in which ART use and/or viral load suppression
Response to HBV vaccination in Vietnam
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predicted response [13,14,19,22]. Additionally, although our study
population was notable for high rates of HCV Ab positivity and
prior injection drug use, we did not find a significant correlation
between either of these factors and response to vaccination. There
was, however, a non-significant trend toward decreased
responsiveness among patients with a positive anti-HCV Ab test.
The optimal timing to provide HBV vaccination in a patient who
presents with low CD4 T cell counts is still an area of controversy.
The United States guidelines on the prevention and treatment of
opportunistic infections in HIV-infected adults recommend
vaccinating HIV-infected patients before their CD4 cell counts
decline to <350 cells/μL. However, for patients presenting with
low CD4 T cell counts, vaccination should not be deferred until
the CD4 T cell count rises above 350 cells/μL because some
HIV-infected patients with CD4 T cell counts below 200 cells/μL
do respond to vaccination. Our findings support these
recommendations. The highest response rates (nearly 80%) were
seen in patients with CD4 T cell counts above 300 cells/μL at the
time of vaccination. However, more than 40% of patients with
CD4 T cell counts below 200 cells/μL achieved a protective Ab
response. Delaying vaccination to await immune reconstitution
could put patients at risk for never being immunised [19] and
acquiring HBV infection.
Whether HIV-infected patients with positive anti-HBc but negative
anti-HBs (isolated anti-HBc) require vaccination is not certain [17].
Isolated anti-HBc, in the absence of acute infection, may signify
one of three possible scenarios: (1) HBV exposure in the distant
past with loss of anti-HBs; (2) occult chronic HBV infection with
undetectable HBsAg; or (3) a false positive test result. In a highly
endemic area such as Vietnam, patients with isolated anti-HBc
most likely have had prior exposure to HBV and therefore may
not require vaccination [26]. However, in our study, testing positive
for anti-HBc was not associated with increased response to vaccine.
This finding supports the recommendation to vaccinate HIVinfected patients with isolated anti-HBc [16].
We have found a high rate of patient compliance with the vaccine
schedule, with 95% of patients completing vaccination and
follow-up anti-HBs testing. This is particularly notable because
of the high rates of injection drug use in the study population,
as injection drug users have been shown to have lower adherence
to vaccines [27]. HIV-infected patients in Vietnam on ART pick
up their ARV drugs each month at the OPCs. Since the majority
of patients in our study were taking ART at the time of vaccination,
the monthly ART pick-up most likely facilitated the administration
of HBV vaccine leading to high completion rates.
Our study has certain limitations. Due to the retrospective nature
of the study, we had to focus our analysis on laboratory results
routinely collected at HIV OPCs in Vietnam. Since testing for HBV
DNA was not available for most patients in our cohort, we could
not exclude occult HBV infection (presence of low levels of HBV
DNA with a negative HBsAg) as a potential cause of vaccine
unresponsiveness. Likewise, HCV RNA was not available so we
could not determine how many of the 120 patients with positive
HCV Abs had active chronic HCV infection. However, the majority
of HIV-infected patients with positive HCV Abs will be RNA
positive. Routine HIV viral load testing is not yet standard of care
in Vietnam and so levels were not available for more than 25%
of the cohort. It is possible that differences among patients with
and without viral load testing could have affected our ability to
show an association between an undetectable HIV viral load and
vaccine responsiveness.
In summary, we found that the CD4 T cell count at the time of
vaccination to be the sole predictor of response to HBV vaccination
among HIV-infected Vietnamese adults. These results highlight
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the importance of vaccinating HIV-infected adults prior to the
onset of advanced immunosuppression. In the context of Vietnam,
where the majority of HIV-infected adults still present to care with
advanced disease, vaccination should be offered regardless of the
CD4 T cell count with post-vaccination anti-HBs testing to confirm
response.
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