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Background. In studies from high-income countries, human immunodeficiency virus type 1 (HIV-1)–infected
persons have diminished responses to hepatitis B virus (HBV) vaccination, compared with HIV-1–uninfected
persons, but data from other settings are limited.

Methods. We compared the immune response to HBV vaccination among HIV-1–infected and HIV-1–unin-
fected Kenyan adults and assessed the response of HIV-1–infected initial nonresponders to revaccination with a
standard HBV vaccine series.

Results. Of 603 participants, 310 (51.4%) were HIV-1–infected, for whom the median CD4+ T-cell count was
557 cells/μL (interquartile range, 428–725 cells/μL); none were receiving antiretroviral therapy. Nonresponse to HBV
vaccine was higher among HIV-1–infected participants, compared with HIV-1–uninfected participants (35.8% vs
14.3%; odds ratio, 3.33; P < .001). Of 102 HIV-1–infected initial nonresponders, 88 (86.3%) responded to revaccina-
tion, for an overall response, including to revaccination, of 94.9%. Among HIV-1–infected individuals, lower CD4+

T-cell counts and male sex were independent predictors of nonresponse to initial vaccination, and lower body mass
index, higher plasma HIV-1 RNA levels, and longer time to revaccination predicted nonresponse to revaccination.

Conclusions. Kenyan adults had similar HBV vaccination responses as persons from high-income countries.
Timely revaccination of HIV-1–infected nonresponders increased response to the vaccine to 95%.
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Africa, in addition to bearing the greatest human immu-
nodeficiency virus type 1 (HIV-1) disease burden glob-
ally, has high endemicity for hepatitis B virus (HBV)
infection [1]. Of the 360 million people infected with
HBV worldwide, 50 million live in Africa [2]. Owing to
shared routes of transmission and high prevalence of
both infections, coinfection with HIV-1 and HBV is
common [3], with a prevalence of 6%–20% in the region
[3–5]. HIV-1/HBV coinfection is associated with signifi-
cant morbidity, including cirrhosis and hepatocellular

carcinoma. Preventing HBV infection, particularly in
HIV-1–infected persons, is of public health importance.

HBV vaccination of people living with HIV-1 is a
cornerstone of HBV prevention. HIV-1–infected
persons, however, have diminished vaccine responses,
including to HBV vaccine [6, 7]. In studies from the
United States, >90% of healthy HIV-1–uninfected
persons developed an immune response to HBV vacci-
nation, compared with 20%–70% of HIV-1–infected
persons [8]. Poor response to HBV vaccination in
HIV-1–infected persons has been associated with high
HIV-1 load [9] and low CD4+ T-cell count [6, 7].
Other predictors of nonresponse include older age,
male sex, obesity, smoking, and alcohol use [8].
Several studies have demonstrated that the immune re-
sponse to HBV vaccine among HIV-1–infected chil-
dren and adults may be improved by using high
vaccine doses, giving additional doses, or using immu-
nomodulatory agents [10–16].
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The World Health Organization (WHO) recommends that
HIV-1–infected adults who do not respond to the primary
vaccine series should be revaccinated with 3 doses of either
the standard or double-strength vaccine series [1]. The US Ad-
visory Committee on Immunization Practices recommends re-
vaccination of HIV-1–infected nonresponders but adds that
data are limited on the effectiveness of modified vaccination
schedules or dosing [17].

While investigators have studied responses to HBV vaccina-
tion in HIV-1 infection in North American, European, and
Asian populations, to our knowledge no study has explored the
serological response to HBV vaccine among HIV-1–infected
African adults. In addition, there are insufficient data to
provide definite guidelines for revaccinating African HIV-1–
infected persons who do not respond to an initial vaccine
series. To address these knowledge gaps, we compared the
immune response to HBV vaccination among HIV-1–infected
and HIV-1–uninfected individuals and assessed factors associ-
ated with nonresponse. We also assessed the serological re-
sponse to revaccination, using a repeat standard dose series,
among HIV-1–infected individuals who did not develop an
antibody response to the initial vaccine series.

METHODS

Study Design and Population
This prospective interventional study was conducted among
HIV-1–infected and HIV-1–uninfected men and women at-
tending a research clinic in Thika, Kenya. All participants
were concurrently enrolled in the Partners PrEP Study, a
phase III, multisite, randomized, double-blind, placebo-
controlled trial of daily oral tenofovir-based preexposure pro-
phylaxis (PrEP) for the prevention of HIV-1 acquisition. For
that clinical trial, all participants were members of heterosexu-
al HIV-1–serodiscordant couples (ie, couples in which one
member was HIV-1 seropositive and the other seronegative).
The trial design, eligibility criteria, and participant characteris-
tics are described elsewhere [18]. In brief, at the time of enroll-
ment, HIV-1–infected partners did not meet immunologic
and clinical criteria for antiretroviral treatment (ART) initia-
tion but were referred for ART during follow-up if they
became eligible according to the national guidelines. HIV-1–
uninfected partners were healthy, with normal renal, liver, and
hematologic function at enrollment and were assigned to daily
oral tenofovir treatment, emtricitabine/tenofovir treatment, or
placebo. All participants were followed prospectively for a
maximum of 36 months.

Procedures
As part of screening procedures for the Partners PrEP Study,
all potential trial participants were assessed for HBV by use of
HBV surface antigen (HBsAg; Murex Abbot Murex, Dartford,

United Kingdom) and HBV surface antibody (HBsAb; Murex
Abbot Murex) assays, and enrollees who were susceptible to
HBV (ie, negative for HBsAg and negative for HBsAb) were
offered vaccination. Participants who accepted vaccination re-
ceived 3 doses of 20 μg of recombinant HBsAg (Euvax B [LG
Life Sciences, Seoul, Korea], Revacc B [Bharat Biotech Interna-
tional, India], or Shanvac B [Shantha Biotech, India], depend-
ing on supplier availability) at 0, 1 to 3, and 6 months. For the
present study, those who were susceptible to HBV infection,
completed the vaccination series on schedule, and had an
archived blood sample collected 6 months after completion of
vaccine series were assessed. Immune response to HBV
vaccine was measured by development of protective levels of
HBsAb in serum, using the DiaSorin LIAISON anti-HBs II
assay (DiaSorin, Saluggia, Italy). The testing was conducted at
a research laboratory in Nairobi that participated in an exter-
nal quality assurance program for testing related to HBV and
HIV-1. Samples were tested in a batched fashion on archived
frozen specimens collected at a scheduled clinical trial visit 6
months after the vaccine series was completed. Antibody titers
were reported as dichotomous response/nonresponse, with
titers <10 mIU/mL considered nonresponse.

HIV-1–infected participants who had a nonresponse to this
initial vaccination were offered revaccination, using a 3-dose
schedule at 0, 1, and 6 months of 20 μg of recombinant HBV
surface antigen. Blood samples to assess antibody response
were collected 4 weeks after the first and last dose. Participants
who had developed protective antibodies at the time of the
blood sample collection 4 weeks after the first dose did not
receive the third revaccination dose.

Sociodemographic, behavioral, clinical, and laboratory data
were collected in standard case report forms. Body mass index
(BMI), calculated as the weight in kilograms divided by the
height in meters squared, was categorized using the following
WHO categories: underweight, <18.5; normal, 18.5–24.9; over-
weight, 25–29.9; and obese, ≥30.0 [19].

Among HIV-1–infected participants, plasma HIV-1 RNA
concentrations were quantified on samples collected at the
time of clinical trial enrollment in batch testing at the Univer-
sity of Washington, using the Abbott Real-Time HIV-1 RNA
assay, with a limit of quantification of 80 copies/mL. CD4+

T-cell counts were assessed every 6 months, using the BD
FACSCount (BD Biosciences).

The institutional review boards of the University of Wash-
ington and Kenyatta National Hospital approved the study.
Participants provided written informed consent.

Statistical Analysis
The outcome variable was nonresponse to HBV vaccination,
as measured by lack of development of protective levels of
HBsAb. Binomial exact confidence intervals (CIs) were com-
puted for the proportions of nonresponse.
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We used logistic regression methods to assess the relation-
ship between demographic, behavioral, and clinical character-
istics and nonresponse to initial HBV vaccination and
revaccination. Variables evaluated included age, sex, education,
income, alcohol use, BMI, hormonal contraceptive use, WHO
HIV-1 clinical stage, CD4+ T-cell count, HIV-1 plasma RNA
concentration, and clinical trial randomization arm; for those
undergoing revaccination, data on smoking, ART use, and
time to revaccination were also collected and analyzed. Multi-
variate logistic regression models were fitted to determine in-
dependent predictors of nonresponsiveness to HBV vaccine.
Overall nonresponse among the HIV-1–infected persons was
analyzed by Kaplan-Meier methods.

Data were analyzed using Intercooled Stata, version 11.1.

RESULTS

The research site enrolled 495 HIV-1–serodiscordant couples
into the Partners PrEP Study. Of HIV-1–infected enrollees,
122 (24.7%) were immune to HBV infection (HbsAb level,
≥10 IU/mL), 19 (3.8%) had chronic hepatitis B (HBsAg posi-
tive), and 354 (71.5%) were susceptible to HBV infection. Of
the HIV-1–uninfected enrollees, 140 (28.3%) were immune to
hepatitis B, 355 (71.7%) were susceptible, and none had
chronic HBV infection, which was an exclusion criterion for
the clinical trial. Of the 19 HIV-1–uninfected partners of
HIV-1–infected participants who had chronic HBV infection,

12 (63.2%) were susceptible, and 7 (36.8%) were immune to
HBV infection.

A total of 603 HBV-susceptible participants completed the
vaccine regimen as scheduled and had a serum sample avail-
able for testing (Figure 1). Of these, 310 (51.4%) were HIV-1
infected, and 287 (47.6%) were male. The median age was 31
years (interquartile range [IQR], 26–38 years). For the HIV-1–
infected participants, the median CD4+ T-cell count was 557
cells/μL (IQR, 428–725 cells/μL; range, 254–1833 cells/μL),
and none had initiated ART at the beginning of the HBV vac-
cination series.

Response to HBV Vaccination
Six months after completing the standard HBV vaccination
series, 111 (35.8%) of 310 HIV-1–infected participants did not
have protective HBsAb titers, compared with 42 (14.3%) of
293 HIV-1–uninfected participants (odds ratio [OR] for non-
response, 3.33; 95% CI, 2.23–4.98; P < .001), translating to a
HBV vaccination response of 85.7% (95% CI, 81.1–89.5)
among those who were HIV-1–uninfected and 64.2% (95%
CI, 58.6–69.5) among those who were HIV-1–infected.

In multivariate analysis, among HIV-1–infected partici-
pants, sex and CD4+ T-cell counts were statistically signifi-
cantly associated with nonresponse (Table 1). Men were more
than twice as likely as women to be nonresponders (adjusted
OR, 2.37; P = .02). Compared with participants who had a
CD4+ T-cell count of >500 cells/μL at baseline, those with
CD4+ T-cell counts of 350–500 cells/μL (adjusted OR, 1.98;

Figure 1. Study participants and hepatitis B virus (HBV) vaccine immune response rates, by human immunodeficiency virus type 1 (HIV-1) status.
Participants who were susceptible to HBV infection at enrollment into the Partners PrEP Study, completed the vaccination schedule, and had an archived
blood sample collected 6 months after completion of the standard HBV vaccination series and their immune response rates, by HIV-1 status.
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Table 1. Correlates of Nonresponse to Initial Hepatitis B Virus Vaccination, by Human Immunodeficiency Virus Type 1 (HIV-1) Status

HIV-1 Uninfected (n = 293) HIV-1 Infected (n = 310)

Variable
Total,
No. (%)

Nonresponders,
No. (%) OR (95% CI) P

Total,
No. (%)

Nonresponders,
No. (%) OR (95% CI) P aOR (95% CI) P

Age, y

18–24 30 (10.24) 1 (3.33) Ref 67 (21.61) 23 (34.33) Ref
25–34 138 (47.10) 24 (17.39) 6.11 (.79–47.02) .08 154 (49.68) 51 (33.12) 0.95 (.52–1.74) .86 0.87 (.46–1.65) .67

35–44 91 (31.06) 11 (12.09) 3.99 (.49–32.26) .20 63 (20.32) 22 (34.92) 1.03 (.50–2.12) .94 0.67 (.29–1.57) .36

>45 34 (11.60) 6 (17.65) 6.21 (.70–54.96) .10 26 (8.39) 15 (57.69) 2.61 (1.03–6.59) .04 1.42 (.48–4.22) .53
Sex

Female 70 (23.89) 9 (12.86) Ref 246 (79.35) 78 (31.71) Ref

Male 223 (76.11) 33 (14.80) 1.18 (.53–2.60) .69 64 (20.65) 33 (51.56) 2.29 (1.31–4.01) .004 2.37 (1.17–4.77) .02
Education, y

None 5 (1.71) 1 (20.00) Ref 5 (1.61) 2 (40.00) Ref

1–8 161 (54.95) 16 (9.94) 0.44 (.05–4.19) .48 200 (64.52) 71 (36.50) 0.83 (.13–5.05) .84
9–12 100 (34.13) 20 (20.00) 1.00 (.11–9.44) 1.00 82 (26.45) 28 (34.15) 0.78 (.12–4.93) .79

>12 27 (9.22) 5 (18.52) 0.91 (.08–9.99) .94 23 (7.43) 10 (43.48) 1.15 (.16–8.27) .89

Monthly income
None 28 (0.10) 6 (21.43) Ref 112 (36.13) 43 (38.39) Ref

Any 265 (0.90) 36 (13.58) 0.58 (.22–1.52) .27 198 (63.87) 68 (34.34) 0.84 (.52–1.36) .48

Weekly alcoholic drinks
None 249 (84.98) 34 (13.65) Ref 290 (93.55) 101 (34.83) Ref

Any 44 (15.02) 8 (18.18) 1.41 (.60–3.28) .43 20 (6.45) 10 (50.00) 1.87 (.75–4.65) .18

Hormonal contraceptive use
(women only)

None 22 (31.43) 5 (22.73) Ref 83 (33.74) 31 (37.35) Ref

Any 48 (68.57) 4 (8.33) 0.31 (.07–1.29) .11 163 (66.26) 47 (28.83) 0.68 (.39–1.19) .18
BMIa

<18.5 48 (16.38) 8 (16.67) Ref 23 (7.42) 9 (39.13) Ref …

18.5–24.9 188 (64.16) 23 (12.23) 0.70 (.29–1.67) .42 198 (63.87) 75 (37.88) 0.95 (.39–2.99) .91 …

25.0–29.9 44 (15.02) 9 (20.45) 1.29 (.45–3.69) .64 69 (22.26) 22 (31.88) 0.73 (.27–1.94) .53 …

≥30.0 13 (4.44) 2 (15.38) 0.91 (.17–4.91) .91 20 (6.45) 5 (25.00) 0.52 (.14–1.93) .33 …

CD4+ T-cell count, cells/µL
>500 N/A N/A N/A N/A 190 (61.29) 55 (28.95) Ref

350–500 N/A N/A N/A N/A 82 (26.45) 38 (46.34) 2.12 (1.24–3.62) .01 1.98 (1.13–3.49) .02

<350 N/A N/A N/A N/A 38 (12.26) 18 (47.37) 2.21 (1.09–4.50) .03 2.02 (.96–4.27) .06
Plasma HIV-1 load, RNA copies/mL

<10 000 N/A N/A N/A N/A 203 (65.70) 63 (31.03) Ref
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P = .02) and 250–350 cells/µL (adjusted OR, 2.02; P = .06)
were 2-fold more likely not to respond to the vaccine. Only 5
participants initiated ART during the vaccination period; of
these, 3 did not respond to HBV vaccine. Among HIV-1–un-
infected participants, there were no statistically significant pre-
dictors of nonresponse in univariate analysis.

Response to Revaccination Among HIV-1–Infected Individuals
Of 111 HIV-1–infected subjects who did not respond to the
initial vaccine series, revaccination was initiated for 104 and
completed by 102 (Figure 2). The median age was 33 years
(IQR, 28–40 years), and 33 (31.7%) were male. A minority re-
ported use of alcohol (19 [18.3%]) or cigarettes (17 [16.3%]).
The median CD4+ T-cell count at the time of initiation of the
revaccination series was 459 cells/µL (IQR, 368–645 cells/µL),
and 31 (29.8%) of the participants were using ART. The
median time from the last dose of the initial vaccination series
to the first dose of the revaccination series was 20.0 months
(IQR, 12.1–24.2 months).

Following the first revaccination dose, 72 of 102 participants
(70.6%) developed a positive antibody response. An additional
16 participants developed a positive antibody response after
the third revaccination dose. Thus, of those who did not
respond to the first vaccination series, 86.3% (88 of 102) re-
sponded during the repeat series. The cumulative response to
initial and revaccination was thus 64.2% (95% CI, 58.6–69.5)
after the initial series, 89.0% (95% CI, 85.1–92.2) after 1 revac-
cination dose, and 94.9% (95% CI, 91.8–97.0) after the com-
plete 3-dose revaccination series (Figure 3).

In multivariate analysis, 3 factors were associated with non-
response to revaccination: BMI, plasma HIV-1 RNA load, and
time from completion of initial vaccine series. Compared with
participants with a normal BMI, those who were underweight
were more likely not to respond (adjusted OR, 10.73; 95% CI,
1.01–113.88; P = .05). Participants with a baseline viral load of
>50 000 copies/mL had a 6-fold greater odds of nonresponse,
compared with those with a baseline viral load of <10 000
copies/mL (adjusted OR, 5.78; 95% CI, 1.17–28.62; P = .03). In
addition, the odds of nonresponse increased with each addi-
tional month from the last dose of the initial vaccination
series to the initiation of revaccination (adjusted OR, 1.19;
95% CI, 1.06–1.33; P = .004; Figure 4). Age, sex, education,
contraceptive use, alcohol and cigarette use, CD4+ T-cell
count, WHO stage, and ART use were not associated with re-
sponse to revaccination. There was no association between the
HBV vaccine type used and response to revaccination.

DISCUSSION

In this study of HIV-1–infected and HIV-1–uninfected
Kenyan adults, we found that standard HBV vaccination failed
to result in protective immune responses for more than aTa
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third of those with HIV-1 infection, consistent with results
from studies from the United States and other higher-income
countries. Revaccination of HIV-1–infected initial nonre-
sponders improved the overall response to 95%.

Lower CD4+ T-cell counts at the onset of vaccination and
male sex were independent predictors of nonresponse to
initial vaccination in HIV-1–infected individuals, whereas
lower BMI, higher plasma HIV-1 RNA levels, and longer time
to revaccination predicted nonresponse to revaccination.
Higher plasma HIV-1 RNA levels were associated with nonre-
sponse to initial HBV vaccination, but this association did not
reach significance in multivariate analysis, possibly because of
limited numbers in each HIV-1 RNA stratum. Low HBV
vaccine immune response rates among men have been report-
ed elsewhere, although the mechanism for this poor response
is not clear [12, 13]. Malnutrition has been associated with im-
paired immune response to vaccines, including HBV vaccine
among children and adults [20, 21], and some studies have
found improved response rates with micronutrient supple-
mentation [22, 23]. We did not observe an association between

ART and response to vaccination or revaccination, although
few participants initiated ART during the initial vaccination
series. The role of ART in immune response to HBV vaccina-
tion is unclear. While some studies have demonstrated that
participants receiving ART have better immune responses to
vaccines [8, 24, 25], others have not [12, 13, 26].

Prior studies have suggested that modification of the stan-
dard HBV vaccine regimen by using higher HBV vaccine
doses, increasing the number of HBV vaccine injections, or
both significantly improves HBsAb seroconversion rates
among HIV-1–infected adults [12–16, 25–28]. Our revaccina-
tion response rate was similar to that obtained in a French
study of 20 HIV-1–infected participants, in which 55% of the
subjects responded to an initial standard HBV vaccine dose
and, of 9 initial nonresponders, 7 responded after 3 additional
doses of standard HBV vaccine, translating to an overall re-
sponse of 90% [16]. In a study of 65 subjects from Italy, the
initial response rate to double-dose vaccine was 60% but in-
creased to 89% after 2 additional double-dose injections [12].
Investigators in the United States reported a revaccination

Figure 2. Hepatitis B virus (HBV) vaccine immune response among human immunodeficiency virus type 1 (HIV-1)–infected initial nonresponders.
Immune response to HBV standard dose revaccination after 1 additional dose or 3 additional doses among HIV-1–infected initial nonresponders.-
Abbreviation: HBsAb, HBV surface antibody.
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response rate of 59% among HIV-1–infected initial nonre-
sponders revaccinated with 3–8 doses of standard HBV
vaccine [25]. Another study of 144 participants conducted in
the Netherlands observed that half of initial HIV-1 nonre-
sponders responded to 3 monthly injections of double-dose
HBV vaccine [13]. Thus, the poor response to HBV vaccine
among HIV-1–infected adults can be overcome by providing
additional doses of vaccine, and our results are consistent with
this approach.

In this cohort of HIV-1–serodiscordant couples, >70% were
susceptible to HBV at the time of study entry, and two-thirds
of HIV-1–infected participants with chronic HBV/HIV-1 co-
infection had partners who were HBV susceptible, underscor-
ing the public health opportunity for HBV vaccination in this
population. All HIV-1–infected persons in our study had rela-
tively intact immune systems, with all having CD4+ T-cell
counts of >250 cells/µL at the start of initial vaccination,
which may in part explain the high rate of vaccine response;
as reported in other studies [24, 29] provision of HBV vaccine
to HIV-1–infected persons earlier in the course of HIV-1 in-
fection, prior to development of advanced immunosupp-
ression, is associated with a better HBV vaccine response.
Among HIV-infected persons, postvaccination testing and re-
vaccination of nonresponders with a full series is recommend-
ed [17]. While not definitive, our results suggest that
revaccination should be initiated within 24 months of initial
vaccination, for maximal results.

Our study had limitations. Ideally, HBV antibody testing is
done within 4 weeks of completion of vaccination; however,

we analyzed samples from 6 months after completion of vacci-
nation, because the sampling was done as part of the HIV-1
prevention clinical trial. It is possible that some participants
had waning antibodies and thus were misclassified as nonre-
sponders, and our relatively low antibody response to vaccina-
tion among HIV-1–uninfected participants (85.7%) may thus

Figure 3. Cumulative proportion of response to additional doses of hepatitis B virus (HBV) vaccine among human immunodeficiency virus type 1
(HIV-1)–infected participants. Plot showing the cumulative proportion with immune response to additional doses of standard HBV vaccine among HIV-
1–infected participants. Immune response was determined 6 months after completion of the initial vaccination series and 4 weeks after the first and
third revaccination doses.

Figure 4. Response to hepatitis B virus (HBV) revaccination among
human immunodeficiency virus type 1 (HIV-1)–infected initial nonre-
sponders, by time to revaccination. Bar chart depicting the percent
response to HBV revaccination among HIV-1–infected persons with
initial nonresponse to vaccination, by time to revaccination. The P value
for trend is also shown.
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be in part due to waning antibodies. In addition, we did not
measure antibodies against hepatitis B core antigen (anti-
HBc), although persons with isolated core antibody positivity
(ie, those who were positive for anti-HBc, negative for HBsAg,
and negative for HBsAb) may have had a past infection with
waning HBsAb and may have been misclassified as susceptible
to HBV. The HBsAb assay used in our study did not quantify
antibody titers, and thus we cannot describe differences in
titers. Finally, the ultimate measure of success in vaccination
would be to follow participants and determine the incidence
of HBV infection in the vaccinated participants, but this
would be prohibitively expensive and time-consuming, and
the development of HBsAb titers has been clearly demonstrat-
ed in multiple populations to be a strong surrogate marker for
protection from HBV infection [17].

To the best of our knowledge, this is the first study to
explore the immune response to HBV vaccination and revacci-
nation among HIV-1–infected adults in Africa, where the
HIV-1 prevalence is highest. Our findings add to the body of
research on HBV vaccine immune responses and may help
guide policy on the best practices for revaccinating HIV-1–
infected persons who do not respond to the standard HBV
vaccination schedule.

In summary, as has been seen in high-income settings,
HIV-1–infected adults in Kenya had suboptimal response to
standard HBV vaccine, and HIV-1–uninfected adults had
high response. HIV-1–infected initial nonresponders achieved
a 95% cumulative response with revaccination with a standard
vaccine series. Determination of the HBsAb response after
vaccination of HIV-1–infected adults and timely revaccination
of nonresponders with 3 additional HBV vaccine doses can
significantly increase the development of protective antibody
titers.
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