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Abstract 

Background  Hepatitis B virus (HBV) infection in Africa is mostly acquired before the age of 5 years through verti-
cal or horizontal routes. While all the countries in the World Health Organization African region have introduced 
HBV vaccination into their national immunization programs, the rate of protective immune response to HBV vac-
cine among children in Africa has not been systematically synthesized. In this study, we estimated the HBV vaccine 
seroprotection rate (defined as anti-HBs titer ≥ 10 IU/L) and the associated factors among under-five children who 
completed a primary series of HBV vaccination in Africa.

Methods  We systematically searched PubMed, Web Science, and Scopus databases from inception to May 2022 
for potentially eligible studies. The pooled seroprotection rate was estimated using a random-effects model with Free-
man–Tukey double arcsine transformation and the associated factors were examined using odds ratio estimated 
by the DerSimonian and Laird method.

Results  From the 1063 records identified, 29 studies with a total sample size of 9167 under-five children were 
included in the meta-analysis. The pooled seroprotection rate was 89.23% (95% CI   85.68–92.33%, I2 = 95.96%, 
p < 0.001). In the subgroup analyses, there was a significant difference in the rate by the assay method, vaccine 
dose, and vaccine combination. HIV-positive children had lower odds of achieving seroprotection when compared 
with HIV-negative children (OR = 0.22, 95%CI   0.12–0.40).

Conclusions  The majority of under-five children in Africa achieved seroprotection after completing three or four 
doses of HBV vaccine. However, the  rate was lower among children living with HIV. This calls for interventions 
to timely identify and address nonresponse to HBV vaccine, particularly among immunosuppressed children.
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Main text
Background
Despite the decline in the burden of hepatitis B virus 
(HBV) infection, it remains a major global public health 
problem [1, 2]. Globally, there were approximately 1.5 
million new HBV infections and 820,000 HBV-related 
deaths in 2019 [3]. Africa continues to be disproportion-
ately affected by HBV infection, accounting for about 
67% of the new infections in 2019 [3]. HBV infection 
in Africa is mostly acquired before the age of 5 years 
through vertical or horizontal routes [4–7]. Compared 
with HBV infection acquired in adulthood which leads to 
chronic hepatitis in less than 5% of cases, about 80–90% 
of persons infected in the first year of life and 30% of 
those infected before the age of 6 years develop chronic 
hepatitis [8]. Thus reducing new infections among chil-
dren is one of the global targets of the ongoing efforts 
aimed at eliminating HBV infections as a major public 
health threat in Africa [9].

The availability of safe and effective HBV vaccines 
[10–13] has been  pivotal  to the prevention and control 
of HBV infection, globally [14–16]. HBV vaccine, which 
can be plasma-derived (although no longer in use) or 
recombinant DNA-derived, is available as a monova-
lent vaccine or in combination with other vaccines [17, 
18]. Given the benefits, the World Health Organization 
(WHO) recommends a hepatitis B vaccine birth dose 
(HepB-BD) for newborns, followed by two or three doses 
given at least four weeks apart to complete the primary 
series [4, 18]. HBV vaccination is also recommended for 
persons at increased risk such as HIV-infected persons, 
men who have sex with men, healthcare workers, persons 
with multiple sexual partners, injecting drug users, and 
persons who frequently require blood or blood products 
[18]. As recommended, all 47 countries in the WHO 
African region have introduced HBV vaccination into 
their national immunization programs [19], with the cov-
erage of 3 doses of HBV vaccine estimated at 72% in 2022 
[20]. However, as of 2022, only 15 (32%) of the African 
countries had introduced HepB-BD vaccine into their 
national immunization programs [21], with an estimated 
coverage of 18% in the region [20].

Notwithstanding the efficacy of the HBV vaccine [10–
13], the ability to mount a protective immune response 
(defined as a hepatitis B surface antibody [anti-HBs] 
titer ≥ 10  IU/L) [22] following vaccination varies among 
vaccinees. Approximately 5–10% of healthy persons 
(referred to as non-responders) do not develop seropro-
tective anti-HBs level after completing HBV vaccine pri-
mary series [23, 24]. Studies have shown that factors such 
as age, sex, body mass index, vaccination schedule, site, 
dose, route of administration, and the brand of vaccine 
affect the immune response to HBV vaccine [24–31]. 

Evidence also indicates that the immune response to 
HBV vaccine is lower in individuals with immunosup-
pressive or chronic diseases, such as HIV, chronic renal 
failure, diabetes, celiac disease, or chronic liver disease 
[25, 32–35]. For those at high risk of HBV infection, post-
vaccination serologic testing (PVST) within one to two 
months after the final dose of vaccine is recommended to 
identify non-responders and evaluate the need for revac-
cination [18]. Strategies to improve immune response 
among non-responders include increased vaccination 
dose, additional vaccination cycles, an alternative route 
of administration, or the use of adjuvants [35–38].

An increasing number of studies have reported on 
the immune response to HBV vaccine among children 
in Africa; however, the proportion that achieves sero-
protective level has not been systematically synthesized. 
Previous meta-analytic studies on the immune response 
to HBV vaccine [24–28, 32–34, 39–42] did not focus on 
children or include studies from Africa, limiting the evi-
dence on this vulnerable population who are at increased 
risk of developing chronic HBV infection. In a literature 
review of recombinant HBV vaccine among infants, the 
immune response rate ranged from 50% to 100% with a 
median of 98%. However, the review only considered tri-
als, monovalent vaccines, and infants in the first 30 days 
of life [43]. Insight into the immune response to HBV 
vaccine among African children can inform strategies to 
improve its delivery or monitoring for effectiveness and 
maximum impact in the high-burden continent.

The objective of this review was to estimate the sero-
protection rate (i.e., anti-HBs titer ≥ 10  IU/L) and the 
associated sociodemographic and clinical factors among 
under-five children who completed a primary series of 
HBV vaccination in Africa.

Methods
Design
This systematic review and meta-analysis was performed 
and reported using the guidelines for Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) [44]. This review was registered in the Inter-
national Prospective Register of Systematic Reviews 
(PROSPERO) (registration no: CRD42022299988).

Information sources and search strategy
We systematically searched PubMed, Web Science, 
and Scopus databases from inception to May 2022 for 
potentially eligible articles using search terms relating to 
hepatitis B; vaccination; immunogenicity; children; and 
African countries (see Additional file  1). No language 
restriction was applied. We also searched the bibliogra-
phies of the identified articles for other potentially eligi-
ble articles.
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Inclusion and exclusion criteria
Articles were eligible for inclusion if: (i) they included 
under-five children; (ii) the participants completed a 
three-dose schedule of HBV vaccine primary series 
or birth dose vaccine plus two or three doses; (iii) they 
reported anti-HBs titer following the last dose of the vac-
cine series; and (iv) the study design was experimental 
or observational. We excluded studies that: (i) were not 
conducted in Africa, (ii) the anti-HBs were not quantified 
or the cutoff of ≥ 10UI/L was not reported; (iii) used the 
same data (we retained the one with more information 
regarding the inclusion criteria); or (iv) the participants 
did not receive HBV-specific vaccine, did not complete 
the HBV vaccine series, or received HBV vaccine booster 
dose after the completion of primary series. We also 
excluded conference abstracts and studies where the full 
articles or anti-HBs level data from figures could not be 
retrieved.

Study selection and abstraction
Two authors (BOO and OAO) first independently 
screened the title and abstracts of the articles and the 
full articles of those deemed eligible were retrieved and 
screened for inclusion. Articles were only retrieved and 
included if there was an agreement between the two 
authors. Disagreements between the two authors were 
resolved by a third author (DAA). Three authors (BOO, 
TO, and OAO) extracted data from the articles using a 
pretested tool that included Information such as the first 
author’s surname, publication year, study location, study 
design, study population, number of participants, partici-
pants’ age, vaccine schedule, vaccine dose, vaccine type, 
vaccine combination, and assay method. The number of 
participants that had anti-HBs ≥ 10 IU/L was extracted or 
calculated from the included studies. Disaggregated anti-
HBs ≥ 10  IU/L by sociodemographic and clinical factors 
were also abstracted. We grouped the study locations into 
regions (North; Central and West; and East and Southern 
Africa). In the description of the study population, we 
classified participants according to their reported health 
conditions or disease exposure. We classified participants 
as “healthy” if they were not primarily recruited based on 
or described by any specific health condition or exposure 
to a disease. For studies that assayed anti-HBs at multiple 
timepoints, we used the first timepoint.

Quality assessment
The quality of the articles included in the study was 
assessed using the Effective Public Health Practice Pro-
ject (EPHPP) Quality Assessment tool [45]. The tool 
evaluates and rates the quality of quantitative studies 
under the following categories: study design, analysis, 

withdrawals and dropouts, data collection practices, 
selection bias, invention integrity, blinding as part of 
a controlled trial, and confounders. The articles were 
rated “strong,” “moderate,” and “weak” per the EPHPP 
guide for component and global rating. However, it was 
decided a priori not to exclude any study based on the 
quality rating.

Analysis
The meta-analysis for the pooled seroprotection rate 
was conducted using the procedure for binomial data 
[46]. Due to the statistical heterogeneity, the pooled 
rate was estimated using a random-effects meta-anal-
ysis model with Freeman–Tukey double arcsine trans-
formation [47]. Sociodemographic and clinical factors 
reported by at least two articles were included in the 
meta-analysis and their associations with seroprotec-
tion were examined using odds ratio (OR) estimated 
by the DerSimonian and Laird method [48]. Statistical 
heterogeneity between the studies was assessed using 
Cochran’s Q statistic, with a p value < 0.1 set as the level 
of statistical significance [49]. I2 was also used to quan-
tify the heterogeneity. We considered I2 statistic values 
of 50% or more as substantial heterogeneity [49]. Sub-
group analyses were performed for group comparisons. 
The studies were grouped by region, assay method, 
vaccine dose, vaccine type, and vaccine combination. 
Meta-regression was performed to assess the effect of 
continuous characteristics (study sample size and pub-
lication year) on the seroprotection rate [50]. It was 
also used to assess the proportion of between-study 
variance explained by vaccine dose, vaccine type, assay 
method, region, vaccine combination, sample size, and 
publication year. Leave-one-out meta-analysis was used 
to investigate the influence of each study on the over-
all effect-size estimate and to identify influential stud-
ies. Publication bias was assessed using a funnel plot 
and Egger’s test [51]. The meta-analysis was conducted 
using STATA V.17.0 for Windows (Stata Statistical Soft-
ware: Release 17. College Station, TX: StataCorp).

Search results
The PRISMA flow diagram for the study selection is shown 
in Table 1. A total of 1063 records were identified through 
three databases. Following the removal of 374 duplicates, 
the titles and abstracts of 689 records were screened and 
555 were deemed ineligible. The full−text articles of 134 
reports were retrieved and assessed for eligibility. Twenty−
nine reports were included in the study and 98 articles 
were excluded with reasons illustrated in Fig. 1.
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Characteristics of the included studies
All the articles were published in English. The publication 
year of the studies ranged from 1991 to 2021 as shown in 
Table 1. The studies included had a total of 9167 under-
five children. Eighteen of the 29 studies were cross-sec-
tional studies, four studies were longitudinal, and seven 
studies were clinical trials (see Table 1). The studies were 
conducted in the following countries: Benin (n=1), Bur-
kina Faso (n=1), Cameroun (n=2), Democratic Repub-
lic of Congo (n=1), Egypt (n=3), Gambia (n=2), Ghana 
(n=3), Ivory Coast or Côte d’Ivoire (n=1), Kenya (n=1), 
Malawi (n=2), Senegal (n=1), South Africa (n=8), Tan-
zania (n=1), Burkina Faso and Ghana (n=1), and Camer-
oun and Senegal (n=1) (see Fig. 2). The population in the 
studies included healthy, HIV−exposed, HIV−infected, 
HIV−exposed uninfected, and acutely/chronically ill 
children. In 24 studies, the participants completed 3 
doses, whereas in 1 study it was 4 doses of HBV vac-
cine. In 4 studies, the participants completed either 3 
or 4 doses of HBV vaccine. The types of combination 

vaccines reported in the included studies were: monova-
lent (n=8), pentavalent (n=9), pentavalent and monova-
lent (n=1), hexavalent and monovalent (n=1), hexavalent 
(n=1), tetravalent (n=1), and pentavalent and heptava-
lent (n=1). The vaccine combination was not reported in 
7 studies. Recombinant vaccine was used in 19 studies, 
plasma−derived vaccine in 4 studies, both recombinant 
and plasma−derived vaccine in 1 study. Five studies did 
not report the vaccine type. The vaccine schedule varied 
across the studies, with the 6, 10, and 14−week schedule 
mostly reported in the studies (n=19). A total of 20 stud-
ies used enzyme immunoassays for the quantification 
of the antibody response to HBV vaccine. Most of the 
studies were rated weak (n=15), largely because of their 
cross−sectional nature.

Seroprotection rate
The seroprotection rates after HBV vaccination in the 
included studies ranged from 45% to 100% (Fig. 3). The 
pooled rate was 89.23% (95% confidence interval [CI] 

1063 records identified from:
318 PubMed 
525 Scopus 
220 Web Science 

374 duplicate records removed before 
screening

689 records screened

134 full texts sought for retrieval 
and assessed for eligibility 

127 reports assessed for 
eligibility

98 reports excluded:
17 Abstracts
10 Incomplete/booster/unverified dose
30 Inappropriate age
27 Anti-HBs titer not

quantified/reported/inappropriate cut off
10 Duplicate data

4 Not in Africa

29 studies included in meta-
analysis

Id
en

tif
ic
at
io
n

Sc
re
en

in
g

In
cl
ud

e

7 reports not retrieved

555 non-relevant records excluded by title and 
abstract

Fig. 1  PRISMA flow diagram of the process of study identification and selection
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85.69–92.33%). The homogeneity test indicated the pres-
ence of heterogeneity in the data (I2 = 95.96%, p <0.001).

Subgroup analysis
Table  2 (Additional file  2: Fig.  S1) shows the subgroup 
analysis of the seroprotection rate by region, assay method, 
vaccine dose, vaccine type, and vaccine combination. The 
subgroup differences by region and vaccine type were not 
statistically significantly different. However, there was a 
significant difference in the assay method, ranging from 

97.61% (95%CI   94.30–99.60%) in studies that used chemi-
luminescence assay to 85.07% (95%CI   81.20–88.58%) in 
studies that used enzyme immunoassay. The subgroup 
analysis showed a significant difference between three vac-
cine doses (89.00% [95%CI   85.37–92.17%]) and four vac-
cine doses (97.17% [95%CI   93.29–99.62%]). There was also 
a significant subgroup difference by vaccine combination, 
ranging from 95.55% (95%CI   92.71–97.76%) in studies 
that used hexavalent vaccine to 71.68% (95%CI   66.13–
76.65%) in one study that used tetravalent vaccine.

Fig. 2  Distribution of the included studies
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Meta‐regression analysis
The meta-regression model showed no statistically sig-
nificant association between the sample size and sero-
protection rate (p = 0.703) (Additional file  3: Fig.  S2). 
Similarly, the association between the publication year 
and seroprotection rate was not statistically significant 
(p = 0.368) (Additional file  3: Fig.  S2). Both the sam-
ple size and publication year did not account for any 
percentage in the between-study variance. Further-
more, the meta-regression showed that approximately 
0.81%, 27.75%, 6.68%, 17.84%, and 0% of the between-
study variance was explained by region, assay method, 
vaccine dose, vaccine combination, and vaccine type 
respectively.

Leave‑one‑out analysis
The seroprotection rate did not markedly change with 
the omission of each study in turn, indicating no strong 
influential studies. When compared with other studies, 
the omission of Nlend, 2016 (90.24% 95%CI   86.97–
93.09%) and Madhi, 2011a (88.53%; 95% = 84.99–
91.65%) had a relatively larger positive and negative 
influence on the pooled rate, respectively.

Publication bias
The funnel plot of the studies included in the review 
suggests no publication bias (Fig.  4). The absence of 
publication bias was further confirmed by Egger’s test 
(p = 0.727).

Fig. 3  Forest plot of the seroprotection rates after HBV vaccination among children under 5 years in Africa
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Factors associated with seroprotection after HBV 
vaccination
Sex, age, and HIV status were the only factors reported by 
at least two studies for under-five children. There was no 
significant difference in the seroprotection rate between 
males and females (OR = 0.32, 95%CI   0.03–3.22) 
(Fig.  5A). Similarly, the seroprotection rate was not sig-
nificantly different between children less than 12 months 

and children ≥ 12 months (OR = 2.56, 95%CI   0.98–6.67) 
(Fig.  5B). However, HIV-positive children had lower 
odds of achieving seroprotection when compared with 
HIV-negative children (OR = 0.22, 95%CI   0.12–0.40) 
(Fig. 5C).

Discussion
In this study, we estimated the seroprotection rate among 
children under 5 years who completed three or four 
doses of HBV vaccine in Africa. Our results indicated 
that about 89% of children achieved seroprotection after 
HBV vaccination. This finding indicates a high immuno-
genicity of HBV vaccine among children and further sup-
ports the recommendation for country implementation 
for HBV infection prevention and control [18].

While we did not find similar studies at the regional 
level for comparison, the seroprotection rate among chil-
dren in this study is consistent with a similar study in Iran 
which reported a pooled rate of 89% (95% CI   86–93%) 
among children under 5 years of age [81]. However, our 
result was higher than the rates reported by Le and col-
leagues in the US [82]. In their cross-sectional study of 
data for children and adolescents from the National 
Health and Nutrition Examination Survey (NHANES) 

Table 2  Subgroup analysis of the seroprotection rate after HBV vaccination among children under 5 years in Africa

NC  not computed (I2 and p value not computed because of insufficient data); NA not applicable

Subgroups Number of 
studies

Sample size Pooled rate (95% CI) I2 (p value) p value 
(subgroup 
differences)

Region

North 3 1343 80.69% (62.87–93.81%) NC 0.232

West and Central 14 4019 88.15% (82.49–92.85%) 95.86 (< 0.01)

East and Southern 12 3805 92.01% (86.95–95.95%) 95.85 (< 0.01)

Assay method

Enzyme immunoassay 19 6229 85.07% (81.20–88.58%) 93.53 (< 0.01)  < 0.001

Radioimmunoassay 4 1189 92.73% (77.69–80.49%) 97.66 (< 0.01)

Chemiluminescence assay 4 1067 97.61% (94.30–99.60%) 83.53 (< 0.01)

Immunofluorescence assay 2 682 97.27% (95.88–98.40%) NC

Vaccine dose

Three doses 28 8586 89.00% (85.37–92.17%) 95.84 (< 0.01) 0.005

Four doses 5 464 97.17% (93.29–99.62%) 57.11 (0.05)

Vaccine combination

Monovalent 9 2989 94.04% (87.80–98.20%) 97.12% (< 0.01)  < 0.001

Hexavalent 2 283 95.55% (92.71–97.76%) NC

Pentavalent 11 2875 83.87% (78.04–88.97%) 93.18% (< 0.01)

Heptavalent 1 117 88.03% (80.91–92.74%) NA

Tetravalent 1 279 71.68% (66.13–76.65%) NA

Vaccine type

Recombinant 20 6422 89.06% (84.29–93.09%) 96.69% (< 0.01) 0.405

Plasma-derived 5 1606 91.92% (87.26–95.65%) 83.62% (< 0.01)

Fig. 4  Funnel plot of included studies
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from 1999 to 2016, among children aged 2–5 years who 
completed the HBV vaccine series, the seroprotection 
rate increased from 60.7%  (95% CI   48.8–71.4%) to 65.2% 
(95% CI   57.4–72.3%) (protective immune response was 
defined as anti-HBs titer > 10  IU/L from 1999 to 2006 
and ≥ 12 IU/L from 2007 to 2016). A small study in rural 
areas in Yemen also found a lower rate, with 72.2% of the 
under-five children having an anti-HBs level ≥ 10  IU/L 
[83]. The reasons for these differences are not apparent. 

The nature of the vaccines or vaccination may be respon-
sible. Further investigation into the possibility of geo-
graphical variations in immune response to HBV vaccine 
is warranted.

Stratified by different groups, the results showed varia-
tions in the seroprotection rates. For instance, there was a 
significant variation in the assay method with the chemi-
luminescence assay having the highest immune response 
rate at 97.61% (95%CI   94.30–99.60%). Although the 

Fig. 5  Forest plots of the factors associated with seroprotection after HBV vaccination among children under 5 years in Africa
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sensitivity and specificity of test assays vary by manufac-
turer, automated assays such as chemiluminescence tend 
to detect higher values of anti-HBs [84]. Compared with 
enzyme immunoassay which is more commonly used, 
chemiluminescence immunoassay has a lower turna-
round time and requires less technical expertise [85]. 
There was also a significant subgroup difference by vac-
cine combination. Previous studies comparing the immu-
nogenicity between hexavalent and pentavalent [86] and 
monovalent and pentavalent [87] vaccines found similar 
rates. Thus, more evidence is needed on this possible 
variation by vaccine combination. Of note, we did not 
find any significant difference between plasma-derived 
vaccine and recombinant vaccine. Safety concerns associ-
ated with plasma-derived HBV vaccine relegated its use 
[17]. Interestingly, the pooled seroprotection rate with 
four doses (i.e., a birth dose and three doses) was signifi-
cantly higher than three doses, demonstrating the impor-
tance of HepB-BD. Despite the WHO recommendations 
of universal HepB-BD and its cost-effectiveness [88], 
many countries in Africa have not introduced routine 
HepB-BD into their national immunization programs 
due to reasons such as cost of implementation, the high 
proportion of non-institutional delivery, and limited evi-
dence on the burden of HBV and perinatal transmission 
[19, 89–91].

From the few studies included in this meta-analysis, 
HIV was associated with lower odds of achieving sero-
protection.  Although there is no comparative study 
among children,   our finding is consistent with results 
observed among adults in Africa [92]. The lack of pro-
tective immune response among people living with HIV 
has been linked with reduced CD4 cell count and B-cell 
dysfunction [35, 38] and factors such as viral load, sex, 
and age also influence immune response to HBV vac-
cine among people living with HIV [92, 93]. Our finding 
further supports routine PVST for children living with 
HIV after completion of the primary series. Although 
not included in our meta-analysis, other factors such as 
vitamin A supplementation [70] and EBV infection [58] 
were reported to be associated with immune response by 
single studies. These factors need to be further explored 
in future studies.

Several factors including perinatal host, nutritional, 
environmental, and immunization-related factors such 
as suboptimal dosing, site of administration, and reduced 
potency due to poor vaccine storage and handling condi-
tions, could have accounted for the nonresponse among 
the under 5 children in the studies [31, 94]. While the cel-
lular mechanisms involved in nonresponse to HBV vac-
cination remain unclear, impaired lymphocyte activation 
has been implicated [38, 95]. Interventions to address 
nonresponse among children will depend on largely the 

prevailing health status. A booster HBV vaccine dose can 
induce anamnestic response in most children without an 
immune response [96]. However, it is not recommended 
by the WHO for persons with normal immune status 
who have received a full primary course of HBV vaccine 
[18]. Some studies indicate long-term protection of the 
HBV vaccine regardless of the level of measurable anti-
HBs titer [97–99]. On the other hand, for non-respond-
ing HIV-positive children, a second HBV vaccine series 
using larger or additional doses is recommended [34, 100, 
101] or vaccination could be repeated after an increase in 
CD4 cell count or viral load suppression [18]. New vac-
cines with simplified schedules, and that can elicit higher 
anti-HBs response more rapidly are currently available 
and underway [17, 102]. However, these vaccines are still 
mostly for adults.

This systematic review has a few limitations. We 
only searched three databases and did not conduct 
hand-searches. The cutoff for seroprotection was not 
consistent across the study. Although most of the 
studies used ≥ 10  IU/L, four studies [58, 59, 66, 67] 
used > 10 IU/L. Our subgroup analysis showed no statis-
tically significant difference between the two (data not 
shown). Secondly, the interval between the last dose and 
the immunoassay was not reported in some studies and 
varied across those that reported it. The optimal timing 
of PVST is within one to two months of the final dose. 
An immune response may decrease with longer intervals 
[103, 104]. In two studies, [62, 65] some of the partici-
pants received investigational vaccines that were yet to be 
licensed for use in the general public as at the time of the 
study. We were only able to examine a few factors associ-
ated with seroprotection because they were reported by a 
small number of the included studies for children under 5 
years. Some of the pooled rates were also from a limited 
number of studies, thus the results should be interpreted 
cautiously.

Conclusions
Our study findings indicate that HBV vaccine induces a 
protective immune response in the majority of children 
under 5 years who complete three or four doses. How-
ever, the rate is lower among children living with HIV. 
This calls for interventions to timely identify and address 
nonresponse to HBV vaccine, particularly among chil-
dren living with HIV. The high immunogenicity of HBV 
vaccine observed in this study  further supports the 
need to scale up HBV vaccination coverage rates among 
under-five children in Africa. More studies are needed to 
better understand the factors associated with immune 
response to HBV vaccine among children under 5 years 
in Africa.
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