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To assess associations between the timing of hepatitis B virus (HBV) immunization relative to human immuno-
deficiency virus (HIV) diagnosis and vaccine effectiveness, US Military HIV Natural History Study cohort partici-
pants without HBV infection at the time of HIV diagnosis were grouped by vaccination status, retrospectively
followed from HIV diagnosis for incident HBV infection, and compared using Cox proportional hazards models.
A positive vaccine response was defined as hepatitis B surface antibody level >10 IU/L. Of 1,877 participants
enrolled between 1989 and 2008, 441 (23%) were vaccinated prior to HIV diagnosis. Eighty percent of those who
received vaccine doses only before HIV diagnosis had a positive vaccine response, compared with 66% of those
who received doses both before and after HIV and 41% of those who received doses only after HIV (P < 0.01 for
both compared with persons vaccinated before HIV only). Compared with the unvaccinated, persons vaccinated
only before HIV had reduced risk of HBV infection after HIV diagnosis (hazard ratio = 0.38, 95% confidence
interval: 0.20, 0.75). No reduction in HBV infection risk was observed for other vaccination groups. These data
suggest that completion of the vaccine series prior to HIV infection may be the optimal strategy for preventing this

significant comorbid infection in HIV-infected persons.

hepatitis B vaccines; hepatitis B virus; HIV; immunization; vaccination

Abbreviations: AIDS, acquired immunodeficiency syndrome; anti-HBs, antibody to hepatitis B surface antigen; Cl, confidence
interval; HAART, highly active antiretroviral therapy; HBcAb, antibody to hepatitis B core antigen; HBsAg, hepatitis B surface
antigen; HBV, hepatitis B virus; HIV, human immunodeficiency virus; HR, hazard ratio; NV, not vaccinated; VA, vaccinated after;

VB, vaccinated before; VBA, vaccinated before and after.

The burden of hepatitis B virus (HBV) infection in human
immunodeficiency virus (HIV)-infected persons is substan-
tial, with as many as 10% of unvaccinated persons being
chronically coinfected with HBV (1-4). Compared with
persons who are HBV-positive but HIV-negative, coinfected
persons generally have increased rates of cirrhosis and liver-
related mortality (5-8). Therefore, prevention of HBV in-
fection in persons with HIV is extremely important, and one
of the potential means of accomplishing this is vaccination,
as recommended by guidelines (9-11).

Preexposure vaccination of adults at high risk of contract-
ing HBV infection was initially recommended in the United

84

States in 1982 (12). Since that time, the Advisory Commit-
tee on Immunization Practices has revised US HBV vacci-
nation guidelines to include universal vaccination of infants
(13) and, more recently, all persons under 19 years of age
(10). Similar vaccination recommendations exist in many
other countries (14). Recent data have shown an improve-
ment in HBV vaccination coverage in the United States
(15), and it is therefore expected that growing numbers of
HIV-infected persons will have a history of receiving HBV
immunization prior to HIV infection.

Previous cohort investigations have evaluated the associ-
ation between HBV vaccination and risk of HBV infection
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in HIV-infected persons (1, 2, 16). Kellerman et al. (2) re-
ported a reduced risk of acute HBV infection in persons with
a history of receiving at least 1 dose of HBV vaccine, but no
distinction was made regarding the timing of HBV vaccina-
tion in relation to HIV infection. We previously reported that
HBYV vaccine effectiveness may be low when the vaccine is
given after HIV infection, because of a number of factors,
including low rates of vaccine response (16). In a cross-
sectional study from Taiwan, HIV-infected persons born
after implementation of a childhood HBV immunization
program had a lower prevalence of HBV infection than
those born prior to program initiation (17). However, this
study used birth year as a surrogate for receiving HBV
vaccination and was conducted in an area of high HBV
endemicity where the majority of HBV exposures occur
years before HIV infection. In non-HIV-infected persons,
immunity to HBV infection following vaccination appears
to be long-lived (18), but whether HBV vaccine-induced
protection persists following HIV infection has not been
thoroughly investigated.

Therefore, to assess the potential impact of HBV immu-
nization of HIV-negative adolescents and high-risk adults
upon the risk of HBV infection occurring after HIV diagno-
sis, we evaluated the associations between the timing of
HBV immunization relative to HIV diagnosis, vaccine re-
sponses, and risk of HBV infection after HIV diagnosis in
the US Military HIV Natural History Study cohort. Records
of vaccination prior to HIV diagnosis are available for par-
ticipants in this study because of their receipt of health care
in the military health system.

MATERIALS AND METHODS
Study cohort

The US Military HIV Natural History Study is an ongo-
ing, continuous-enrollment observational cohort of HIV-
infected Department of Defense beneficiaries followed at
7 participating military medical centers in the United States.
The study has been previously described (16). All adult De-
partment of Defense beneficiaries with a diagnosis of HIV
infection followed at a participating site with the ability to
provide consent are eligible for participation. Approval for
this research was obtained from the institutional review
board at each participating site.

Participant selection and definitions

HBYV screening became uniform in the US Military HIV
Natural History Study in 1989. The median number of HBV
screens per participant was 5, and the median interval be-
tween HBV screens was 7 months (16). All study partici-
pants enrolled between 1989 and May 2008 with
a documented date of HIV seropositivity and without
HBYV infection at the time of HIV diagnosis (defined as
nonreactive initial tests for both hepatitis B surface antigen
(HBsAg) and total antibody to hepatitis B core antigen
(HBcAb) after HIV diagnosis) were included in the current
analysis. HBV DNA testing results were not assessed for the
current investigation. Similar to previous investigations,
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vaccination was defined as receipt of at least 1 dose of
HBYV vaccine (16), and HBV infection was defined as re-
active results for 2 of the following 3 tests on 1 occasion:
HBsAg, HBcAb, and hepatitis B surface antibody; or re-
activity for HBcAb or HBsAg on at least 2 separate occa-
sions (1, 19). Chronic HBV infection was defined as HBsAg
reactivity on 2 or more separate occasions at least 6 months
apart. Highly active antiretroviral therapy (HAART) was
defined as a combination of at least 3 antiretroviral agents
(16). The presence of an acquired immunodeficiency syn-
drome (AIDS)-defining illness was determined using 1993
Centers for Disease Control and Prevention criteria (20),
with the exception of an isolated CD4 cell count less than
200 cells/pL.

Design and statistical methods

Eligible participants were initially classified into one of 4
exclusive groups on the basis of their vaccination history:
those who received vaccine only prior to HIV diagnosis (the
vaccinated-before (VB) group), those who received vaccine
both before and after HIV diagnosis (the vaccinated-before-
and-after (VBA) group), those who received vaccine only
after HIV diagnosis (the vaccinated-after (VA) group), and
those who did not receive vaccine during study follow-up
(the not-vaccinated (NV) group). Descriptive statistics for
the 4 vaccination groups are summarized in Table 1. Median
values and interquartile ranges are presented and were com-
pared using Wilcoxon tests. Differences in proportions were
compared with %> and Fisher’s exact tests. The numbers of
events, person-years at risk, and rates of HBV infection (per
100 person-years of follow-up) were calculated overall and
for the 4 vaccination groups.

Cox proportional hazards models were used to evaluate
the association of vaccination status with HBV infection
following HIV diagnosis in 2 different models defined a
priori. In model 1, eligible participants with any history of
vaccination prior to HIV diagnosis (VB + VBA groups)
were compared with those without receipt of vaccination
prior to HIV diagnosis (VA + NV groups) without any
adjustment for vaccination after HIV diagnosis. In model
2, vaccination status was considered with 3 mutually exclu-
sive time-updated indicators (VB, VBA, and VA), with the
reference group being persons who were not vaccinated. In
both models, analyses were performed with and without
adjustment for other covariates. The multivariate models
were also stratified by era of HIV diagnosis (prior to 1996
or 1996-2008) and further adjusted for year of HIV diag-
nosis. Covariates which could change during follow-up
(HIV RNA level, CD4 cell count, history of a sexually trans-
mitted infection or AIDS event, and use of antiretroviral
therapy) were considered as time-updated covariates. For
all analyses, the censoring date for persons with no HBV
infection was the latest of the last recorded study visit or the
date of the most recent HBV screening panel. The latest
censoring date for this study was July 2008.

To consider the impact of potential vaccination selection
bias, propensity score methods (21, 22) were used as sensi-
tivity analyses for both models 1 and 2. Each participant was
assigned a propensity score estimated with a logistic
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Table 1. Characteristics of Participants at Human Immunodeficiency Virus Diagnosis and During Follow-up, by Hepatitis B Virus Vaccination Group, US Military HIV Natural History Study,

1989-2008
Vaccination Group Relative to HIV Diagnosis
Characteristic No. of Total Bef d After Onl Not Vaccinated P
Participants n = 1,877 — efore an er Only Ot Vaccinate Value®
P ( ) Before Only (n = 262) After (n = 179) (n = 879) (n = 557)
Median age®, years (IQR) 1,877 27.2 (23.3-33.0) 28.4 (23.2-34.9) 27.7 (23.5-33.0) 27.2 (23.5-33.4) 26.7 (23.1-32.5) 0.35
HIV diagnosis before 1996, % 1,877 47 26 25 49 62 <0.001
Male gender, % 1,877 88 94 94 87 84 <0.001
Race/ethnicity, % 1,877 0.12
Caucasian 44 45 48 45 39
African-American 43 44 42 41 47
Other 13 11 10 14 14
Branch of service®, % 1,877 <0.01
Army 28 32 21 24 34
Navy 34 37 34 40 24
Air Force 26 24 30 24 30
Other/civilian 12 7 15 13 11
Median body mass 974 24.8 (22.6-27.1) 25.4 (23.1-28.0) 25.1 (23.0-27.2) 24.8 (22.6-27.0) 24.4 (22.1-27.0) 0.04
index™° (IQR)
Median CD4 cell count®, 1,703 494 (347-651) 486 (362—647) 482 (376—636) 500 (363-648) 498 (313-659) 0.62
cells/uL (IQR)
Median HIV RNA load®, 1,140 4.4 (3.7-4.9) 4.4 (3.6-4.8) 4.3 (3.7-4.8) 4.4 (3.7-4.9) 4.3 (3.6-4.9) 0.44
logqo copies/mL (IQR)
AIDS-defining illness®, % 1,877 1 2 1 1 2 0.24
Prior sexually transmitted 1,877
infection®, %
Any 22 20 25 21 23 0.51
Gonorrhea 12 8 14 12 13 0.18
Chlamydia 8 9 10 8 8 0.78
Herpes 3 5 3 2 3 0.16
Syphilis 4 3 4 3 4 0.46
Positive for antibodies to 1,298 2 2 1 2 3 0.40
hepatitis C virus®, %
Initiation of HAART 1,877 54 52 65 68 30 < 0.001
during follow-up, %
At least 3 doses of 1,320
HBV vaccine, %
Before HIV diagnosis 62 419
Ever 62 90 58
Median time from first 1,320 36.9 (18.6 to 75.2) 21.6 (5.9 to 58.7)° —4.7 (—16.0 to —1.5)
HBV vaccine dose
to HIV diagnosis,
months (IQR)
Total person-years of follow-up 1,877 10,202 1,129 1,035 6,112 1,926
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regression model assessing the probability of receiving
at least 1 dose of HBV vaccine prior to HIV diagnosis
given baseline characteristics, including age, gender, race/
ethnicity, year of HIV diagnosis, branch of military service,
previous sexually transmitted infection and AIDS events,
and CD4 cell count. Five equal-sized propensity score
subclasses were formed on the basis of rank order of the pro-
pensity scores. In each of the 5 propensity score subclasses,
the percentage of participants vaccinated prior to HIV diag-
nosis ranged from 7% to 39%. Cox proportional hazards
models were then stratified by propensity score subclass.

For the subset of persons with available data on antibody
to hepatitis B surface antigen (anti-HBs) following vaccina-
tion, response to HBV vaccine was categorized by anti-HBs
status within 1 year after HIV diagnosis for the VB group
and within 1 year of the last vaccine dose for the VBA and
VA groups. A positive vaccine response was defined as anti-
HBs level >10 TU/L (23). For this subset of participants, the
proportions with HBV infection and chronic HBV infection
were compared across the 3 HBV vaccination groups by
vaccine response status with y tests and Fisher’s exact tests.

To determine HBV vaccination coverage prior to HIV
diagnosis, the yearly cross-sectional prevalence of HBV
vaccination prior to HIV diagnosis was calculated by de-
termining the proportion of study participants diagnosed
with HIV in a particular year with documentation of HBV
vaccination prior to HIV diagnosis. Changes in vaccine cov-
erage over time were examined using the Cochran-Armitage
test for trend. Results were calculated as hazard ratios and
rates with 95% confidence intervals. Significance was de-
fined as P < 0.05, and all P values were 2-sided. All anal-
yses were conducted using SAS, version 9.2 (SAS Institute
Inc., Cary, North Carolina).

RESULTS

Of the 1,877 participants who met the inclusion criteria,
441 (23%) had documented receipt of 1 or more doses of
HBYV vaccine prior to HIV diagnosis (262 in the VB group
and 179 in the VBA group), and 1,436 (77%) had no history
of HBV vaccination at the time of HIV diagnosis (879 in the
VA group and 557 in the NV group) (Table 1). The median
age at HIV diagnosis did not vary by vaccination group. The
proportions of persons with an HIV diagnosis before 1996
were significantly higher in the VA and NV groups than in
the VB group.

Overall, 186 (10%) participants developed HBV infection
during 10,202 person-years of observation (median, 4.4
years; interquartile range, 1.8-7.7), resulting in an overall
HBYV infection rate of 1.82 (95% confidence interval (CI):
1.56, 2.09) per 100 person-years (Table 1). Of the 4 vacci-
nation groups, the highest rate was observed in the NV
group (4.05 per 100 person-years; 95% CI: 3.15, 4.95),
whereas the lowest rate was observed in the VB group
(1.06 per 100 person-years; 95% CI: 0.46, 1.66).

Number of doses and vaccine response

In the VB and VBA groups, the proportions of partici-
pants receiving >3 doses of vaccine prior to HIV diagnosis
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Figure 1. Percentage of hepatitis B virus (HBV)-vaccinated participants with a vaccine response of hepatitis B surface antibody level >10 IU/L, by

vaccination group, overall (left panel; number of participants by group: VB, n = 230; VBA, n = 137; VA, n = 646) and for the subset of persons
receiving 3 or more doses of vaccine (right panel; number of participants by group: VB, n = 150; VBA, n = 123; VA, n = 386), US Military HIV
Natural History Study, 1989-2008. VA, vaccinated after (vaccinated only after human immunodeficiency virus (HIV) diagnosis); VB, vaccinated
before (vaccinated only before HIV diagnosis); VBA, vaccinated before and after (vaccinated before and after HIV diagnosis). Bars, 95% confi-

dence interval.

were 62% and 41%, respectively (P < 0.001) (Table 1).
However, including doses given after HIV diagnosis, 90%
of the VBA group ultimately received >3 doses of vaccine
(P < 0.001 compared with 62% for the VB group). The
median time from first vaccine dose to HIV diagnosis was
36.9 months (interquartile range, 18.6-75.2) for the VB
group as compared with 21.6 months (interquartile range,
5.9-58.7) for the VBA group (P < 0.001). Vaccine re-
sponses were known for 230 (88%), 137 (77%), and 646
(73%) participants from the VB, VBA, and VA groups, re-
spectively. The proportion of those responding to vaccine
was significantly higher for the VB group (80% overall and

82% for the subset receiving >3 doses) than for any other
vaccinated group (Figure 1).

HBV events by group and vaccine response

Of the 186 HBV infections, 39 (21%) were subsequently
classified as chronic infections (2/12 (17%) in the VB group,
2/16 (13%) in the VBA group, 18/80 (23%) in the VA group,
and 17/78 (22%) in the NV group (P = 0.89)). Of the 538
vaccine responders in the VB, VBA, and VA groups, 29
(5%) developed HBV, as compared with 66 (14%) of the
475 nonresponders (P < 0.001) (Table 2). Of participants

Table 2. Distribution of Hepatitis B Virus Infections by Vaccine Response and Vaccination Group Among Persons Tested for Antibody to
Hepatitis B Surface Antigen, US Military HIV Natural History Study, 1989-2008

Anti-HBs Level < 10 IU/L

HBV Infection HBV Vaccination

Anti-HBs Level > 10 IU/L

Group Group® No. of No. With % With HBV No. of No. With % With P Value®
Participants HBV Infection Infection Participants HBV Infection HBYV Infection
All HBV infections  Before only 47 6 12.8 183 6 3.3 0.009
Before and after 46 7 15.2 91 7 7.7 0.17
After only 382 53 13.9 264 16 6.1 0.002
Total 475 66 13.9 538 29 5.4 <0.001
Chronic HBV Total 475 20 4.2 538 1 0.2 <0.001°
infections

Abbreviations: anti-HBs, antibody to hepatitis B surface antigen; HBV, hepatitis B virus; HIV, human immunodeficiency virus.

2 Relative to HIV diagnosis.
b Determined by %2 test unless otherwise noted.
° Determined by Fisher's exact test.

Am J Epidemiol 2011;173:84-93
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with a positive response, only 1 (0.2%) developed chronic
HBYV infection, as compared with 20 (4%) nonresponders
(P < 0.001). The person developing chronic HBV after hav-
ing a documented response to vaccination was an African-
American male who received 2 HBV vaccine injections,
both prior to HIV infection. His last HBV vaccination was
in 1990; he was diagnosed with HIV infection 47 months
later at age 33.5 years, and was positive for anti-HBs but
negative for HBsAg and HBcAb. Twenty-seven months af-
ter HIV diagnosis, he tested positive for HBsAg and later
met criteria for chronic HBV. His CD4 cell count prior to
HBYV diagnosis was 279 cells/puL; no HIV RNA level was
available.

Risk of HBV infection

Comparing the combined VB and VBA groups with the
combined NV and VA groups, HBV vaccination prior to
HIV diagnosis was associated with reduced risk of HBV
following HIV diagnosis (unadjusted hazard ratio (HR) =
0.65, 95% CI: 0.43, 0.97), although the association did
not reach statistical significance in multivariate model 1
(HR = 0.68, 95% CI: 0.45, 1.04) (Table 3). However, from
unadjusted and multivariate analyses with time-updated
vaccination categories, only vaccination before HIV diag-
nosis was associated with reduced risk of HBV infection
following HIV diagnosis in comparison with no vaccination.
In multivariate model 2, persons vaccinated only before
HIV diagnosis had a 62% reduced risk of HBV infection
following HIV diagnosis (HR = 0.38, 95% CI: 0.20, 0.75).
Neither those vaccinated before and after HIV diagnosis
(HR = 1.08, 95% CI: 0.61, 1.92) nor those vaccinated only
after HIV diagnosis (HR = 0.87, 95% CI: 0.62, 1.23) had
reduced risk of HBV infection. HIV RNA load was not
included in either multivariate model 1 or multivariate
model 2, since 18% of our study population was censored
prior to 1996, when testing for HIV RNA became widely
available.

Because of the significant difference in the number of
vaccine doses prior to HIV diagnosis between the VB and
VBA groups, we evaluated risk of HBV infection by number
of vaccine doses in these 2 groups combined. In this subset,
risks of HBV infection following HIV diagnosis were sim-
ilar among those who received >3 doses of HBV vaccine
prior to HIV diagnosis and those who received <3 doses
(HR = 0.75, 95% CI: 0.35, 1.58). However, the statistical
power of this comparison was limited, since there were only
28 HBV infections in these 441 participants.

Using propensity scoring methods for multivariate model
2, results were similar. Vaccination before HIV diagnosis
(HR = 0.38, 95% CI: 0.19, 0.75) was again associated with
reduced HBV risk, while vaccination both before and after
HIV diagnosis (HR = 1.09, 95% CI: 0.61, 1.96) and vacci-
nation only after HIV diagnosis (HR = 0.86, 95% CI: 0.61,
1.23) produced no reduction in HBV infection risk as com-
pared with no vaccination. To remove potential confounding
from HAART use, an additional sensitivity analysis was
performed with censoring at January 1, 1996, when HAART
became available. The results from multivariate model 2
were again similar: Vaccination only before HIV diagnosis

Am J Epidemiol 2011;173:84-93

(HR = 0.35, 95% CI: 0.13, 0.96) was associated with re-
duced HBV infection risk, while vaccination both before
and after HIV diagnosis (HR = 0.25, 95% CI: 0.03, 1.81)
and only after HIV diagnosis (HR = 0.84, 95% CI: 0.54,
1.31) were not.

Vaccination coverage

Figure 2 depicts the proportions of participants with
documented receipt of HBV vaccine prior to HIV diagno-
sis by year. The proportion of persons receiving at least 1
dose and the subset receiving at least 3 doses both in-
creased significantly from 1989 to 2008 (for both, P for
trend < 0.0001). In 2007 (the most recent calendar year
with complete data), 40% of those diagnosed with HIV
and concurrently negative for HBV infection received >1
dose of HBV vaccine prior to HIV diagnosis, and 30%
received >3 doses.

DISCUSSION

Although uncertainty exists regarding the optimal preven-
tion approach for HBV among persons with HIV infection
(1), we found that HBV vaccination prior to HIV diagnosis
was associated with a 62% reduced risk of HBV infection
following HIV diagnosis in comparison with no HBV vac-
cination. Other factors associated with HBV infection were
similar to those reported previously (1). However, our re-
sults also suggest that completion of the 3-dose series prior
to HIV infection is an important determinant of vaccine-
associated protection, since the only group with signifi-
cantly reduced HBV infection risk (the VB group) was also
the group with the highest percentages of both positive vac-
cine responses and vaccine series completion prior to HIV
infection. Therefore, these results suggest that the timing of
HBYV vaccination relative to HIV diagnosis is an important
determinant of vaccine effectiveness, and that vaccination of
HIV-negative persons may be a key component of HBV
prevention in those with HIV.

Neither persons vaccinated before and after HIV diagno-
sis (the VBA group) nor persons vaccinated only after HIV
diagnosis (the VA group) demonstrated reduced risk of HBV
infection following HIV diagnosis. While the VBA group
was similar with regard to demographic characteristics and
date of HIV diagnosis to those who were vaccinated only
before HIV diagnosis (the VB group), persons in the VBA
group had a shorter time from first HBV vaccination to HIV
infection than the VB group. This may partially explain why
significantly fewer persons in the VBA group were able to
complete the full 3-dose vaccine series prior to HIV infec-
tion. Ultimately, 90% of the participants in the VBA group
did complete the vaccination series by receiving additional
doses after HIV diagnosis; yet despite having this high rate
of vaccine series completion, the vaccine response rate was
only 66% for the VBA group. Because the VBA group was
relatively small, we also cannot rule out the possibility that
the current analysis lacked power to detect the protection
these persons may have received from vaccination. The VA
group had the lowest rate of vaccine response, although
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Table 3. Unadjusted and Multivariate Risks of Hepatitis B Virus (HBV) Infection According to Timing of HBV Vaccination and Time of Human
Immunodeficiency Virus (HIV) Diagnosis, US Military HIV Natural History Study, 1989-2008

Unadjusted Model Multivariate Model 1? Multivariate Model 2°
Characteristic
HR 95% CI P Value HR 95% CI P Value HR 95% CI P Value
Age at HIV diagnosis, 0.75 0.61, 0.93 0.01 0.82 0.66, 1.02 0.08 0.83 0.67, 1.03 0.10
per 10-year increase
Gender
Female 1 Referent 1 Referent 1 Referent
Male 712 2.64,19.16 <0.001 7.97 2.95,21.52 <0.001 8.04 2.98,21.72 <0.001
Race/ethnicity
Caucasian 1 Referent 1 Referent 1 Referent
African-American 1.37 1.01,1.85 0.04 1.38 1.01, 1.89 0.04 1.39 1.02, 1.90 0.04
Other 0.73 0.41,1.29 0.28 0.74 0.42, 1.33 0.31 0.76 0.43, 1.35 0.35
Branch of service
Army 1 Referent
Navy 1.21 0.84,1.74 0.30
Air Force 1.07 0.72, 1.60 0.74
Other/civilian 0.89 0.51,1.57 0.69
Body mass index®, 0.95 0.89, 1.01 0.10
per 1-unit increase
CD#4 cell count®, 0.95 0.90, 1.01 0.09 0.98 0.92, 1.04 0.45 0.98 0.92, 1.04 0.48
per 100-cells/uL increase
HIV RNA load®, per 0.5-log+o 1.73 1.28,2.35 <0.001
copies/mL increase
AIDS-defining illness®
No 1 Referent
Yes 0.64 0.30, 1.36 0.35
Prior sexually
transmitted infection®
None 1 Referent
Any 1.34 1.00, 1.80 0.05
Gonorrhea 1.20 0.84,1.73 0.32
Chlamydia 1.39 0.93, 2.08 0.11
Herpes 0.82 0.45, 1.47 0.50
Syphilis 1.73 1.14, 2.60 0.01 1.47¢ 0.96, 2.24 0.07 1.45¢ 0.95, 2.21 0.09
Positive for antibodies
to hepatitis C virus®
No 1 Referent
Yes 0.74 0.24, 2.33 0.61
HAART use®
None 1 Referent 1 Referent 1 Referent
HAART 0.27 0.18, 0.41 <0.001 0.38 0.24, 0.60 <0.001 0.38 0.24, 0.61 <0.001
HBV vaccination before
HIV diagnosis
Yes (VB + VBA) 0.65 0.43, 0.97 0.03 0.68 0.45, 1.04 0.08
No (VA + NV) 1 Referent 1 Referent
HBV vaccination group®®
VB 0.50 0.27,0.93 0.03 0.38 0.20, 0.75 0.005
VBA 1.28 0.73, 2.27 0.39 1.08 0.61, 1.92 0.80
VA 0.91 0.65, 1.28 0.59 0.87 0.62, 1.23 0.44
NV 1 Referent 1 Referent

Abbreviations: AIDS, acquired immunodeficiency syndrome; Cl, confidence interval; HAART, highly active antiretroviral therapy; HBV, hepatitis B virus; HIV, human
immunodeficiency virus; HR, hazard ratio; NV, not vaccinated; VA, vaccinated after; VB, vaccinated before; VBA, vaccinated before and after.

2 In the final multivariate models, results were stratified by era of HIV diagnosis and further adjusted for year of HIV diagnosis.

® Weight (kg)/height (m)2.

° Time-updated covariate.

9 Compared with not having syphilis.

° Relative to HIV diagnosis.
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Figure 2. Percentage of participants with hepatitis B virus (HBV) vaccination prior to human immunodeficiency virus (HIV) diagnosis, by year,
for those known to be serologically negative for HBV infection at the time of HIV diagnosis (by % test for trend, P < 0.0001 for both >1 vaccination
and >3 vaccinations). The median number of participants diagnosed per year was 91 (interquartile range, 80—109). Bars, 95% confidence interval.

a previous analysis showed that persons vaccinated after
HIV diagnosis who develop a vaccine response appear to
have reduced risk of infection (18).

Previous trials have demonstrated the association be-
tween HBV vaccine response and reduced risk of HBV in-
fection, as well as improved response rates to HBV vaccine
with receipt of at least 3 doses in HIV-infected and unin-
fected adults (11, 23-25). In the present study, the highest
response rates were seen in persons receiving all vaccina-
tions before HIV diagnosis (the VB group), while the lowest
response rates were seen in those receiving vaccination only
after HIV diagnosis (the VA group). Persons who were in-
fected with HIV while completing the vaccine series (the
VBA group) had intermediate response rates. These re-
sponse rate differences are even more striking when consid-
ering the differential rate of vaccine series completion and
the fact that we were only able to assess vaccine responses
for the VB group at the time of HIV diagnosis (after re-
sponses may have waned for some), as opposed to within
1 year of last vaccination, as was done for the VBA and VA
groups. Therefore, HIV-associated immunodeficiency ap-
pears to significantly reduce the likelihood of responding
adequately to HBV vaccine and obtaining subsequent clin-
ical protection, even if HIV infection occurs prior to admin-
istration of the third dose. It is unclear whether additional or
higher doses of the vaccine provided after HIV infection
could overcome this detrimental effect. The importance of
the timing of the third dose of vaccine in relation to HIV
diagnosis is not surprising given that in HIV-negative per-
sons only the third dose elicits an anamnestic response when
using a typical immunization schedule with doses at 0, 1,
and 6 months. The anamnestic response produces high an-
tibody titers and is therefore the key determinant of efficacy
and the duration of protection (26).

The most recent data available for the United States sug-
gest that coverage rates for hepatitis B vaccination continue

Am J Epidemiol 2011;173:84-93

to increase, including rates for persons classified as high-
risk adolescents and adults (15). In recent publications, an
estimated 32% of US adults aged 18—49 years classified as
being at high risk of HBV infection reported having ever
received at least 3 doses of hepatitis B vaccine (45% had
ever received at least 1 dose) (15, 27). The results of the
present study also show significantly increased HBV vacci-
nation coverage of US military members prior to HIV di-
agnosis from 1989 through 2008. While vaccination
coverage is increasing, the observed coverage of 30%—
40% in the general and military populations in the United
States in recent years highlights the continued challenges
involved in identifying and providing vaccine to HIV-
negative adults at high risk of HBV infection. However, with
high vaccination coverage rates of infants and children and
with policies which provide hepatitis B immunization for
all new US military recruits since 2002, substantial increases
in HBV immunity in the general US adult population and
the US military are expected (28).

As a cohort investigation, the current study has limita-
tions. First, the HIV cohort analyzed in this study is different
from other large HIV cohorts in some respects, including
enrollment early after HIV infection due to routine military
HIV screening, open access to care and medications in the
military health system, and virtually no intravenous drug use
(29). However, these characteristics should only improve
delivery of HBV vaccine, and receipt of medical care in
the military health system allows for improved capture of
HBYV vaccination dates. In addition, HBV vaccination was
not randomized, and there may have been an indication bias
for vaccination. However, we adjusted for factors found to
be distributed significantly differently between vaccination
groups, and we used propensity score methods as sensitivity
analyses, which found similar results. Because most persons
in our cohort who received HAART received treatment with
HBV-active agents, we were unable to fully assess the
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independent effects of different HAART regimens on HBV
risk (1). HIV RNA levels, which are known to predict vac-
cine responses (23, 30), were unknown for many partici-
pants, and the vaccine dose was also unknown, although
these factors would only have affected vaccine responses
for the VA group. Finally, 2 of the vaccination groups (the
VB and VBA groups) were smaller and had fewer events.
The current study demonstrates the impact of HIV infec-
tion upon HBV vaccine-induced protection, and it suggests
that an effective vaccination approach among persons with
HIV is completing the HBV vaccination series before HIV
infection ever occurs. If efforts are successful, the anticipated
increase of population immunity against HBV due to current
vaccination practices may substantially decrease HBV pre-
valence in HIV-infected adults in the United States in the
coming years. However, if low rates of vaccination coverage
persist, especially in high-risk groups, HBV infection is
likely to continue to pose a significant threat to persons with
HIV infection. Those not completing the vaccine series prior
to HIV diagnosis may still benefit from vaccination, but
more effective vaccines or vaccination strategies or other
HBYV prevention strategies are needed for such persons.
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