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Vaccine Reports

Background: Although most African countries offer hepatitis B immuniza-
tion through a 3-dose vaccine series recommended at 6, 10 and 14 weeks 
of age, very few provide birth dose vaccination. In support of Cameroon’s 
national plan to implement the birth dose vaccine in 2017, we investigated 
predictors of infant hepatitis B virus (HBV) vaccination under the current 
program.
Methods: Using the 2011 Demographic Health Survey in Cameroon, we 
identified women with at least one living child (age 12–60 months) and 
information about the hepatitis B vaccine series. Vaccination rates were 
calculated, and logistic regression modeling was used to identify factors 
associated with 3-dose series completion. Changes over time were assessed 
with linear logistic model.
Results: Among 4594 mothers analyzed, 66.7% (95% confidence interval 
[CI]: 64.1–69.3) of infants completed the hepatitis B vaccine series; how-
ever, an average 4-week delay in series initiation was noted with median 
dose timing at 10, 14 and 19 weeks of age. Predictors of series completion 
included facility delivery (adjusted odds ratio [aOR]: 2.1; 95% CI: 1.7–2.6), 
household wealth (aOR: 1.9; 95% CI: 1.2–3.1 comparing the highest and 
lowest quintiles), Christian religion (aOR: 1.8; 95% CI: 1.3–2.5 compared 
with Muslim religion) and older maternal age (aOR: 1.4; 95% CI: 1.2–1.7 
for 10 year units).
Conclusions: Birth dose vaccination to reduce vertical and early childhood 
transmission of hepatitis B may overcome some of the obstacles to timely 
and complete HBV immunization in Cameroon. Increased awareness of 
HBV is needed among pregnant women and high-risk groups about vertical 
transmission, the importance of facility delivery and the effectiveness of 
prevention beginning with monovalent HBV vaccination at birth.
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Viral hepatitis is the 7th leading cause of death worldwide, and 
hepatitis B virus (HBV) is one of the main etiologies with 

prevalent chronic infection in 250 million people.1,2 Hepatitis B is 
highly endemic in sub-Saharan Africa, and an estimated 63 million 
new HBV cases will occur between 2015 and 2030.1,3 In response, 
the World Health Organization (WHO) has set an ambitious goal 
of HBV elimination by 2030 and vaccination is a cornerstone of 
the public health campaign in the absence of a cure.4 The hepatitis 
B vaccine has a long track record of safety and efficacy with more 
than a billion doses administered since 1981. Vaccination is highly 
cost-effective, and series completion leads to durable protection 
lasting at least 30 years.5,6

Hepatitis B can be transmitted at the time of delivery (verti-
cally) or later in life (horizontally) through exposure to infected 
blood or body fluids. Ninety percent of newborns with acute HBV 
infection will develop chronicity compared with 5–10% of HBV-
exposed adults. This strengthens the case for early, targeted preven-
tion efforts. The likelihood of vertical transmission correlates with 
maternal HBV DNA viral load levels (>200,000 IU/mL) and the 
presence of e antigen (HBeAg) in the serum.7 The prevalence of 
hepatitis B infection among pregnant women in sub-Saharan Africa 
ranges from 5–13%; approximately 25% are e antigen-positive.8–10 
Antenatal screening for hepatitis B is recommended but rarely per-
formed, and most women with infection are asymptomatic and una-
ware of the risk of vertical transmission.9,11,12 WHO recommends 
universal administration of the monovalent HBV vaccine within 
24 hours of birth to prevent vertical transmission, irrespective of 
maternal infection status, followed by completion of the series with 
pentavalent vaccine (HBV/DTP/Hflu) at 6, 10 and 14 weeks of age. 
Vaccination prevents 75–95% of vertical HBV infections. Other 
effective interventions to reduce vertical transmission include anti-
viral therapy and HBV-specific immunoglobulin, but these options 
are rarely available or affordable in sub-Saharan Africa.11

Globally, in 2015, an estimated 87% of children completed 
the infant hepatitis B vaccine series but only 38% received birth 
dose vaccine. Birth dose coverage was 10% in sub-Saharan Africa 
compared with 72% in the United States.13,14 An estimated 19 
million HBV infections could be averted by 2030 if coverage of 
the birth dose vaccine increased to 80%.15 Although 96 countries 
included the birth dose in their national immunization platforms, 
the vaccine is not currently available in most of sub-Saharan Africa 
outside of the private sector. The 2015 WHO Strategic Plan for 
Immunization in Africa set a goal for 25 countries to adopt the 
HBV vaccine birth dose by 2020.16 Although it is not included in 
the list of vaccines supported by the Global Vaccine Alliance, the 
current feasibility of HBV birth dose vaccination in low-income 
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countries has improved because the cost has fallen to 20 cents per 
dose. Additional challenges to birth dose implementation include 
home deliveries and cold chain requirements, but creative solutions 
including the use of mobile phones and heat-stable vaccine formu-
lations have been tested and show promise.17–20

The National Program for Expanded Immunization in Came-
roon was established in 1981, and vaccines on the national platform 
are widely available with no fees. In Cameroon, the HBV-containing 
vaccine series was added in 2005.21 The addition of the monovalent 
birth dose vaccine to the platform was approved in 2016 with rollout 
planned for late 2017. This study was designed to highlight gaps and 
trends in the prevention of pediatric hepatitis B infection in Cam-
eroon. Completion rates and predictors of hepatitis B vaccine series 
completion were sought to help tailor the new birth dose program.

MATERIALS AND METHODS

Study Design and Population
The policy in Cameroon requires HBV-containing pentava-

lent vaccination at 6, 10 and 14 weeks of age. We conducted a cross-
sectional analysis using the National Demographic Health Survey 
(DHS) carried out nationwide in Cameroon in 2011 as the primary 
source of data.22 Our sample was derived from 15,426 women who 
were interviewed using 2-stage stratified sampling techniques. 
These recurring, household-level surveys were administered in 
urban and rural areas, and weighting was used to make data nation-
ally representative. Weighting is a mathematical correction to help 
account for oversampling, undersampling and differential response 
rates by region. Standardized DHS survey methods have been pre-
viously described.22 The study population was women with a living 
child (age 12–60 months) at the time of the survey. Women were 
included if information was available (yes/no) about the receipt of 
each dose of the pentavalent series for their youngest child above 
12 months of age. The vaccination status of this child became the 
focus of our study. Survey questions also gathered information 
about sociodemographics and access to health care including the 
site of delivery for the most recent pregnancy.

Ethics
We used publicly available, deidentified data provided by 

DHS, and the study was designated exempt by the Institutional 
Review Board at the University of Alabama at Birmingham. 
Authorities in Cameroon have approved the distribution of DHS 
datasets for the purpose of legitimate academic research.

Study Outcomes
The main outcome for this study was completion of the 3-dose 

infant hepatitis B series based on the infant vaccination card or mater-
nal report if the card was not present. This was chosen as the primary 
outcome because studies in children have shown that the gold stand-
ard (postvaccination serum antibody levels) is best approximated 
when vaccination data from the card and maternal report are com-
bined.23–25 The 12-month age for HBV series completion was used as 
the standard indicator, but 6-month completion rates were also calcu-
lated to give a sense of “on time” dosing because the 3rd dose of the 
series should be given at 14 weeks of age.26 Vaccine dose timing was 
calculated for infants with recorded vaccination dates, and evidence 
of receipt of prior doses was required for doses nos. 2 and 3.

Additional vaccination outcomes for the group with recorded 
vaccination dates included the median age at the administration of each 
HBV vaccine dose, the median number of days between doses and 
the proportion with delayed initiation of the series (defined as receipt 
of the first dose after 90 days of life). Vaccination rates were also cal-
culated according to the infant’s year of birth to assess for changes 

over time. Finally, HBV vaccine completion rates were compared with 
vaccination rates for other vaccines which are commonly administered 
during the first year of life: the bacille Calmette-Guerin (BCG) vaccine 
(a birth dose vaccine), oral polio vaccine (recommended at 6, 10 and 
14 weeks), and measles vaccine (recommended at 9 months of age).

Statistical Analysis
Descriptive statistics were used for survey respondents and 

infant vaccination outcomes. Univariate and multivariable logistic 
regression models were created to measure the relationship between 
individual, household and access to care parameters in terms of 
completing the infant HBV vaccination series. Dependent vari-
ables in the initial model were age and education levels for survey 
respondents and partners (none, primary school, secondary school 
or higher or “never married” for partner education if women reported 
no marriage in the past), employment in the past 12 months, marital 
status (married, living with partner, widowed/divorced/separated or 
never in union), polygamy (monogamous, polygamous, not known 
or never in union), urban/rural residence, wealth quintile, trans-
portation ownership (hierarchical categorization: car, motorcycle, 
bicycle or none), religion (Christian, Muslim, other/none), parity, 
the number of children at home and access to care. The 3 access to 
care parameters were having visited a health facility in the past 12 
months, receipt of prenatal care during the most recent pregnancy 
and the location of delivery for the most recent birth.

Variables were chosen for the multivariable model based on 
statistical significance in univariate models (P < 0.05), collinearity 
considerations and relevance based on the literature. A sensitivity 
analysis was also performed with the primary outcome defined as 
vaccination completion per card only (excluding maternal report). 
The test of trend for vaccination rate by year of birth was calculated 
using linear logistic model. The age and education level of male part-
ners was excluded from the multivariable (MV) model because of 
missing data. All analyses were performed with SAS 9.4 ((SAS, Cary, 
NC) Cary, NC), and results were adjusted for weighting, clustering 
and stratification using the SAS/STAT “SURVEY” procedures.

RESULTS
Among the 15,426 women surveyed, 4594 (29.8%) met 

criteria for inclusion in our analysis. We excluded 7157 who did 
not have a child >12 months of age and 3675 for incomplete 
HBV vaccination data. The demographic characteristics of survey 
respondents included in our analysis were stratified by whether or 
not the vaccine series was completed. The median age of survey 
respondents was 27.4 years, and most women were married (68%), 
attended at least primary school (74.5%) and employed in the past 
year (76.6%). The median parity was 2.7, and most women received 
prenatal care during their most recent pregnancy (86.7%) and deliv-
ered at a facility (67.4%). (Table, Supplemental Digital Content 1, 
http://links.lww.com/INF/C810).

Table 1 shows the primary outcome of HBV vaccine 
series completion and timing. In the analysis cohort (n = 4594), 
we observed that 3065 (66.7%; 95% confidence interval [CI]:  
64.1–69.3) completed the HBV vaccine series. Among those who 
initiated the series (n = 3769), the completion rate was 81.3%. 
There was a 7.5% loss between doses 1 and 2 and a 12.1% loss 
between doses 2 and 3. A majority of the vaccine information on 
HBV series completion came from vaccination cards (63.1%). 
When review of the infant vaccination card only was assessed 
(discounting maternal report), the series completion rate was 
42.1% (95% CI: 39.9–44.4). Among infants with vaccination 
dates recorded (n = 2189 for dose no. 1, n = 2,094 for dose no. 
2, n = 1,978 for dose no. 3), the median timing of dose no. 1 was 
10 weeks after birth, dose no. 2 at 14 weeks and dose no. 3 at 

http://links.lww.com/INF/C810
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19 weeks, but the range of timing was broad. Eighty percent of 
these infants had completed the vaccine series by 180 days, but 1 
in 5 had not received any vaccine by 90 days of life. The timing 
between doses was excellent; on average, 32 days separated doses 
1–2 and 33 days separated doses 2–3. ( Figure 1).

Table 2 shows results of the models for series completion. 
The adjusted (MV) model is based on results from 4479 women. 
The largest effect sizes were seen for improved access to care 
(adjusted odds ratio [aOR]: 2.1; CI: 1.7–2.6 for facility delivery) 
and household wealth (aOR: 1.9; 95% CI: 1.2–3.1 comparing high-
est and the lowest quintiles). Christian religion (aOR: 1.8; 95% CI: 
1.3–2.5 compared with Muslim religion), older age (aOR: 1.4; 95% 
CI: 1.2–1.7) and unmarried status (aOR: 1.3; 95% CI: 1.1–1.7) also 
predicted series completion. Urban residence, parity and maternal 
education were not associated with series completion. Region of 
residence within Cameroon was excluded from the model due to 
collinearity concerns. In a sensitivity analysis modeled for series 
completion according to the card alone, similar associations and 
effect sizes were seen except that maternal age, unmarried status 

TABLE 1. HBV Vaccine Completion Rates* (n = 4594)

Outcome n (%) or Median (Q1, Q3)

HBV series completion  
    Yes 3065 (66.7)
    No 1529 (33.3)
No. of HBV vaccines received  
    0 825 (18)
    1 283 (6.1)
    2 421 (9.2)
    3 3065 (66.7)
Information source for series completion 

(n = 3,065)
 

    Per card 1935 (63.1)
    Per mom 1130 (36.9)
Timing of vaccination†
Age in weeks

 

    Dose no. 1 9.5 (7.8, 12.2)
    Dose no. 2 14.3 (12.3, 17.6)
    Dose no. 3 19.3 (16.9, 23.9)

*Adjusted for weighting, clustering and stratification.
†Among children with vaccination date recorded on the card (n = 2,136 for dose no. 

1, n = 2,046 for dose no. 2 and n = 1,928 for dose no. 3).
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FIGURE 1. Timing of HBV vaccination among children 
who completed the 3-dose series (n = 1,914). *Percentages 
adjusted for weighting, clustering and stratification.

TABLE 2. Factors Associated With Completion of HBV 
Vaccine Series*

Factor
Unadjusted  
OR (95% CI)

Adjusted  
OR (95% CI)

Maternal age (10 year units) 1.23 (1.1–1.39) 1.43 (1.21–1.69)
Male partner age (10 year 

units)
1.04 (0.95–1.13) N/A

Maternal education   
    None Ref Ref
    Primary 2.76 (2.12–3.59) 1.11 (0.84–1.48)
    Secondary or higher 4.44 (3.30–5.96) 1.01 (0.71–1.43)
Partner education   
    None Ref  
    Primary 2.67 (1.99–3.58) N/A
    Secondary or higher 4.02 (2.95–5.48)  
    Never married 6.02 (4.10–8.84)  
Religion   
    Muslim Ref Ref
    Catholic/protestant 2.79 (2.08–3.76) 1.81 (1.33–2.48)
    Other/none 1.21 (0.80–1.81) 1.43 (0.98–2.07)
Location of residence   
    Rural Ref Ref
    Urban 2.50 (2.02–3.10) 1.14 (0.85–1.52)
Owns transportation**   
    None Ref  
    Car/truck 2.11 (1.47–3.03) N/A
    Motorcycle 0.97 (0.77–1.21)  
    Bicycle 0.47 (0.36–0.62)  
Wealth index   
    1 Ref Ref
    2 2.48 (1.85–3.33) 1.43 (1.07–1.92) 
    3 3.13 (2.22–4.42) 1.31 (0.90–1.90)
    4 4.21 (3.01–5.88) 1.41 (0.90–2.21)
    5 6.87 (4.89–9.66) 1.90 (1.17–3.07)
Marital status   
    Married Ref  
    Living with partner 1.09 (0.85–1.38) N/A
    Widowed, divorced,  

separated
1.26 (0.91–1.75)  

    Never in union 2.54 (1.87–3.43)  
Type of marital union   
    Monogamous Ref Ref
    Polygamous 0.67 (0.54–0.83) 1.14 (0.91–1.43)
    Not known 2.34 (1.50–3.65) 1.51 (0.95–2.42)
    Not married 1.62 (1.29–2.04) 1.33 (1.05–1.68)
Employment in the past  

12 months
  

    No Ref N/A
    Yes 1.10 (0.89–1.36)  
Visited health facility in the 

past 12 months
  

    No Ref Ref
    Yes 2.10 (1.78–2.48) 1.37 (1.15–1.62)
Prenatal care during the last 

pregnancy
  

    No Ref Ref
    Yes 6.09 (4.49–8.25) 2.23 (1.63–3.05)
Location of last delivery   
    Home Ref Ref
    Facility 4.68 (3.74–5.87) 2.11 (1.69–2.64)
Parity   
    1–2 Ref Ref
    3–4 1.05 (0.87–1.28) 1.13 (0.89–1.42)
    5+ 0.73 (0.60–0.87) 0.75 (0.56–1.004)
No. of children at home   
    0 Ref  
    1–2 0.77 (0.56–1.06) N/A
    3+ 0.70 (0.51–0.96)  

Bolded values indicate statistical significance (p<0.05).
*Adjusted for weighting, clustering and stratification.
**Hierarchical ownership: only one category allowed (in order as follows: car, 

motorcycle, bicycle or none).
N/A indicates not applicable; Ref, reference value.
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and the association between the 2 bottom wealth strata were not 
significant (data not shown).

Completion rates for other recommended childhood vac-
cines assessed in the DHS survey were as follows. The highest 
rate of coverage was for the birth dose BCG vaccine (89.1%), and 
infants who did not receive BCG were less likely to complete the 
HBV series (OR: 75.8; 95% CI: 39.5–145.6). The HBV series had 
a lower completion rate (67%) than the polio series (71.5%) which 
is also recommended at 6, 10 and 14 weeks, and the measles vac-
cine which is administered at 9 months (76.5%). Infants born in 
later years were significantly less likely to have completed the HBV 
series (71.7% for 2006 compared with 63.4% for 2010; P [trend] 
= 0.0005). This time trend was consistent for other vaccines in the 
survey, but this was driven by maternal report. Among infants with 
a vaccination card available, vaccination rates improved over the 
period of study.

There were 124 women who were HIV-positive at the time 
of the survey and 2063 HIV-uninfected (HIV seroprevalence 5.7%). 
In a univariate model, children born to women with HIV were more 
likely to have completed the HBV vaccine series compared with 
HIV-uninfected women (OR: 1.9; 95% CI: 1.1–3.1) although the 
timing of HIV infection and diagnosis relative to the most recent 
pregnancy is unknown.

DISCUSSION
In Cameroon, 67% of infants had completed the HBV vac-

cine series at the time of the most recent DHS survey and 42% 
when the vaccination card alone was assessed for documentation. 
We were able to identify several maternal factors associated with 
series completion with relevance to the implementation of HBV 
birth dose vaccine in Cameroon. The 4 strongest maternal predic-
tors of series completion were access to health care (including 
facility delivery), higher household income, older age and Chris-
tian religion.

In terms of series completion rates, these findings are 
consistent with other childhood vaccine studies in sub-Saharan 
Africa.26–28 In a 2014 study by Canavan et al26 looking at childhood 
vaccination rates and correlates in East Africa, coverage ranged 
from 13% in Ethiopia to 66% in Rwanda. In another study that 
pooled childhood vaccination data from DHS surveys conducted in 
low- and middle-income countries (including 38 countries in sub-
Saharan Africa), fewer than 50% were fully vaccinated in 2009.29 
National DHS survey data have been proven to be a reliable source 
of information on infant vaccination rates.13,25 Serologic surveys 
provide the gold standard in documenting protection against vac-
cine preventable diseases, but they are infrequently performed 
in sub-Saharan Africa. One recent serologic study of 1800 hos-
pitalized children in 3 African countries demonstrated that 75% 
of children in Cameroon who had been vaccinated per maternal 
report were found to have protective antibody levels in the serum 
(>10 mIU/mL) but only 23% had vaccination cards available for 
review.21 This provides additional support for other studies showing 
the benefit of using a combined measure of vaccination per card or 
maternal report.

In terms of predictors of vaccination, higher household 
wealth is one of the most consistent predictors of successful vac-
cination in our study and others.21,28 Although the reduction of cost 
constraints is critical, the provision of free pentavalent vaccine over 
the past decade in Cameroon has not eliminated barriers posed by 
transportation costs and facility deliveries. This highlights the need 
to offer new HBV prevention strategies that can supersede simple 
cost constraints. Both parental education and smaller family size 
were predictive of vaccination in prior studies, but these variables 
did not retain significance in our adjusted model.21 This may be 

because of variability by country. Recent studies highlight the fact 
that there are few common predictors of vaccination across wide 
geographic areas with the exception of wealth and access to care.26 
The association of vaccine completion with unmarried status was 
unexpected, and it may be explained by additional confounding due 
to unmeasured characteristics. Furthermore, because it did not per-
sist in our model based on vaccination card alone, the association 
warrants additional study.

Vaccination programs in sub-Saharan Africa should be tai-
lored based on country-specific data and intimate knowledge of 
local factors that foster or hinder vaccine uptake. Facility deliveries 
are predictors of successful vaccination in many settings.26 Many 
African countries promote facility deliveries as part of efforts to 
improve maternal survival, reduce neonatal morbidity and prevent 
vertical HIV transmission.30 Children born to the subset of HIV-
infected women in our study had improved HBV series completion 
rates. This may be due to improved access to health care and sup-
port for facility deliveries because high vaccine coverage for the 
birth dose is directly linked to facility delivery rates. In our study, 
the birth dose BCG vaccine had the highest completion rate at 87% 
(higher than reported facility delivery rate of 67.4%) and receipt of 
BCG was strongly associated with completion of the HBV series. 
The polio series completion rate (71.5%) was similar to the penta-
valent series, but the measles vaccination rate was higher (76.5%) 
which may be due the fact that it is a single dose vaccine with 
administration at 9 months of age.

The HBV birth dose has been shown to be cost-effective 
in HBV-endemic countries in Asia.31,32 In a recent model of global 
hepatitis B elimination, birth dose vaccination was significantly 
more effective than pentavalent vaccine, peripartum antiviral ther-
apy, test and treat or cure strategies for HBV.15 When monovalent 
hepatitis B vaccine becomes widely available as part of the National 
Program for Expanded Immunization in Cameroon, it should be 
administered within 24 hours of birth to the increasing proportion 
of infants born in health facilities at the same time as the BCG vac-
cine.33 Moreover, 81.3% of infants who started the HBV vaccine 
series in our study were highly likely to complete it by 12 months, 
so the largest hurdle to vaccination may be overcome by improving 
access to the first dose. Attention to subsequent vaccine timing is 
necessary to minimize delays during a period of vulnerability to 
HBV infection. Some countries have also worked to increase access 
to vaccination for home deliveries where mobile health strategies 
have shown an impact.19,34 The nationwide rollout of the birth dose 
vaccine should be accompanied by an awareness campaign target-
ing pregnant women and communities about the risks of vertical 
HBV transmission and to help provide the rationale for HBV vac-
cination and series completion. Special efforts may be needed to 
reach pregnant women whose infants are less likely to complete 
the vaccine series: those with barriers to care, higher poverty rates, 
Muslim religion and younger age.

STUDY LIMITATIONS AND NEXT STEPS
Study findings based on survey data from Cameroon may 

not be generalizable to sub-Saharan Africa, although many simi-
larities exist with respect to HBV epidemiology, barriers to vacci-
nation and prevention strategies. Also, vaccination rates may have 
changed since the most recent DHS survey in 2011 and we only 
included women able to provide information about receipt of the 
3-dose series. This introduced a selection bias which may have led 
to an overestimation of vaccination completion rates. Maternal self-
report for vaccination status and sociodemographics is a limitation. 
Dates of vaccination were only available for a subset, so estimates 
of vaccine timing may not reflect the timing of vaccination in the 
larger group. Finally, there may be unique predictors for HBV birth 
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dose vaccination that we could not assess because the DHS survey 
did not include any queries specific to birth dose vaccine. Future 
surveys should include these questions. Well-designed epidemio-
logic studies are also needed to quantify the relative contribution of 
vertical and horizontal transmission to pediatric HBV disease rates 
in Africa and to document the cost-effectiveness and public health 
impact of adding birth dose vaccine to national platforms.

CONCLUSIONS
Despite the availability of an effective and safe vaccine, new 

strategies are needed to prevent hepatitis B infection in sub-Saharan 
Africa and reach elimination targets by 2030. Facility deliveries 
should be widely encouraged, and a constant supply of univalent 
HBV birth dose vaccine must be ensured. These goals are aligned 
with the WHO Regional Strategic Plan for Immunization which 
aims to mobilize local communities toward demand-driven immuni-
zation that is integrated into revitalized and universal primary health 
care systems. Given the current cost of birth dose vaccine at 20 cents 
and the global commitment to eliminating hepatitis B, the time to 
act is now.
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