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Abstract

Background—Hepatitis B (HBV) in sub-Saharan Africa is believed to be horizontally acquired. 

However, because of the high HBV prevalence in northern Uganda, no hepatitis B vaccination at 

birth and no access to HBV immunoglobulin, we hypothesize that vertical transmission also could 

also play an important role. We therefore investigated the incidence of HBV among babies 

presenting for their first HBV vaccine dose in Gulu, Uganda.

Methods—We recruited mothers and their babies (at least 6-week old) presenting for their 

postnatal care and first HBV vaccine dose respectively. Socio-demographic and risk factors for 

HBV transmission were recorded. Mothers were tested for Hepatitis B core antibody (anti-HBc-

IgG) and hepatitis B surface antigen (HBsAg). HBsAg-positive sera were tested for hepatitis B e 

antigen (HBeAg) and HBV viral load (HBVDNA). Babies were tested for HBsAg at presentation 

and at the last immunization visit. A sample of HBsAg-negative babies were tested for HBVDNA. 

Incident HBV infection was defined by either a positive HBsAg or HBVDNA test. Chi-square or 

fisher's exact tests were utilized to investigate associations and t-tests or Wilcoxon rank-sum test 

for continuous differences.

Results—We recruited 612 mothers, median age 23 years (IQR 20–28). 53 (8.7%) were HBsAg-

positive and 339 (61.5%) were anti-HBc-IgG-positive. Ten (18.9%) of the HBsAg-positive 

mothers were HBeAg-positive. Median HBVDNA levels of HBV-infected mothers was 5.7log 

(IQR 4.6–7.0) IU/mL with 9 (17.6%) having levels ≥105 IU/mL. Eighty (13.3%) mothers were 

HIV-infected of whom 9 (11.5%) were co-infected with HBV. No baby tested HBsAg or 

HBVDNA positive.
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Conclusion—Vertical transmission does not seem to contribute substantially to the high HBV 

endemicity in northern Uganda. The current practice of administering the first HBV vaccine to 

babies in Uganda at six weeks of age may be adequate in control of HBV transmission.
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1. Introduction

Globally, it is estimated that two billion people have been exposed to the hepatitis B virus 

(HBV) and 350–400 million are chronic carriers. Of latter, 15% are in sub-Saharan Africa 

(SSA) where disease prevalence ranges from 8 to over 25% [1,2]. Approximately 20–30% of 

adults who are chronically infected will develop cirrhosis and/or liver cancer [3]. HBV is 

highly endemic in Uganda with a national prevalence of chronic infection of 10%. However 

the chronic carrier prevalence varies widely across the country, being highest in the North 

and Northeast (18–24%) and lowest in the Southwestern region (4%) [4,5]. Relatedly, 

infection with human immune deficiency virus (HIV) is estimated to be 6.4% in Uganda and 

the prevalence of coinfection with HIV and HBV ranges from 7–17% [6,7]. Co-infection 

accelerates progression of liver disease to cirrhosis and its complications [8]. Co-infected 

individuals receiving tenofovir (TDF) and/or lamivudine (3TC) as part of their anti–

retroviral therapy (ART) may on the other hand be able to supress HBV thereby lowering 

chances of disease transmission and progression.

HBV is the leading cause of liver cirrhosis, end stage liver disease, and liver cancer in 

Africa. It is a preventable disease but implementation of prevention methods is difficult since 

there is limited understanding about the modes of transmission. In view of the high 

prevalence of HBV from the above community studies, mother-to-infant transmission might 

be one of the important preventable routes of HBV in Uganda. This route of transmission is 

associated with chronic HBV infection, persistence of viral replication and severe liver 

disease [9]. An estimated 90% of neonatal, 20–50% of childhood and 5% of adulthood 

infections will progress from the acute to the chronic phase of the disease [3,10].

Similar to many SSA countries, Uganda's expanded program on immunization (UNEPI) 

integrated the HBV vaccination in its schedule in 2002 [11] with the first vaccine dose 

included in a pentavalent vaccine given at the age of six weeks and the second and third dose 

at 10 and 14 weeks respectively [12]. Currently, the HepB3 coverage in Uganda is about 

78% [13]. Mother to infant transmission of HBV at birth can be efficiently prevented by the 

concurrent administration of the HBV vaccine and the hepatitis B immune globulin (HBIG) 

at birth [14,15]. Currently, it is not standard practice to screen pregnant mothers for HBV 

infection in Uganda and the monovalent HBV vaccine and the HBV immunoglobulin are too 

expensive and not readily available for the prevention of mother to child transmission of 

HBV in SSA. However, even in the absence of HBIG, the monovalent HBV vaccine can 

significantly prevent disease transmission if administered within the first 12–24 h of delivery 

[16,17]. This delay in administering the first dose of HBV vaccine may provide a window in 

which HBV may be transmitted from infected close contacts to babies in their early weeks 
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of life. A maternal H BV-DNA level >199,999 IU/mL is predictive of failure of passive-

active immune prophylaxis in infants born to HBsAg positive mothers [18].

Advocating for a change in the vaccination schedule to have the first HBV dose given at 

birth in resource poor settings requires data demonstrating the HBV incidence rate among 

babies. This study assessed the HBV incidence rate and its risk factors among babies till 

their last UNEPI visit in Gulu, rural Uganda.

2. Methods

2.1. Study participants

This study enrolled mothers and their babies attending the postnatal/immunization clinic of a 

rural University teaching hospital in Gulu, Northern Uganda. The babies are immunized 

following the Uganda Government's national expanded programme on immunization 

(UNEPI) schedule. Following this guide, the first dose of the pentavalent vaccine which 

contains the HBV vaccine is given at the age of 6 weeks, the second and third doses at 10 

and 14 weeks respectively. In the UNEPI schedule, the last immunization which is for 

measles is given at 9 months (or at the first contact after these age cut off points) [12].

All mothers who presented their babies (≥6 weeks old) for their first HBV vaccine dose 

during the study period which ran from July 2012 to June 2014 were asked to participate in 

this study. Those that consented were recruited. A data collection tool was used to record 

data on socio- demographic, obstetric history, and HIV infection. Mothers whose HIV 

serostatus was not known underwent counseling and testing for HIV.

Laboratory testing: Mothers and their babies were all subjected to blood tests. Five mls of 

blood was drawn from the mothers for HBV, HIV and liver function tests. All mothers were 

screened for previous and current HBV infection using the hepatitis B core IgG antibody 

(anti-HBc IgG) and a single hepatitis B surface antigen (HBsAg) rapid test respectively. 

HBsAg positive sera were later tested for the hepatitis e antigen (HBeAg) and hepatitis B 

viral load (HBVDNA) test using a PCR assay (Roche TaqMan© with HBVDNA detection 

range of 20–170,000,000 IU/mL). Liver function tests were also performed. Further, all HIV 

infected mothers underwent CD4 T-cell count and HIV viral load testing using flow 

cytometry and PCR respectively.

Regardless of the mother's HBsAg status, babies were tested for HBsAg using a finger prick 

sample at the first visit (6 weeks) and again at 9 months. A random sample of HBsAg 

negative babies at both testing rounds was subjected to nucleic acid (HBVDNA) testing to 

exclude occult disease.

HBsAg testing was done on fresh serum samples using the Cypress Diagnostics (Cypress 

Diagnostics, Langdorp, Belgium kit lot number B8201402009, expiry date 10.2.2016 and 

code 142-050/S), a one-step, visual immunochromatographic test for the qualitative 

detection of HBsAg in human serum and plasma. The test kit is known to have a sensitivity 

and specificity of 98.84% and 98.94% respectively.
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Throughout the study, blood samples were shipped from the study site to MBN, a 

commercial clinical laboratory in Kampala, Uganda where they were processed and the 

study tests performed. On receiving the first HBV vaccine dose, mothers were reminded to 

bring back their children for subsequent vaccine doses. This study was approved by the 

School of Medicine Ethics and Research Committee, Makerere University College of Health 

Sciences and the Uganda National Council of Science and Technology.

Outcomes and measurements: The main study outcome was incident HBV infection of the 

baby defined by either a positive HBsAg test or detectable HBVDNA at any of the above 

testing points. Maternal exposures evaluated as risk factors for HBV acquisition included 

socio-demographic and clinical factors such as the number of life sexual partners, body cuts, 

and blood transfusion. Infantile exposures evaluated were: body cuts, blood transfusion, 

breastfeeding, and mode of delivery were considered. Laboratory parameters assessed 

among mothers included HBeAg, HBV DNA and HIV sero-status. In case of HIV infection, 

we assessed the CD4 T-cell count, HIV viral load, and ART use.

2.2. Statistical analysis

Data were analyzed using STATA software package, version 12.0 (College Station, Texas, 

USA).

Key variables were summarized as proportions if they were categorical, while means 

(standard deviations) or median (interquartile range) were obtained for the continuous 

variables.

Associations between variables were assessed utilizing both parametric and non-parametric 

statistical techniques i.e. chi-square or Fisher's exact for categorical outcomes and unpaired 

t-test or Wilcoxon rank sum test for continuous outcomes. The 95% confidence intervals for 

proportions of binary variables were computed using the exact binomial formula which 

provided insight about statistical significance. Logistic regression was performed to identify 

factors that are associated with maternal HBV infection.

3. Results

3.1. Mothers

We recruited 630 mothers 18 of whom had incomplete data and were dropped from further 

analysis. The study population comprised 612 young mothers with median age 23 (IQR 20–

28). Over 97% reported less than five lifetime sexual partners. Risk factors for being a HBV 

chronic carrier were not statistically significant among the HBV infected and the non-

infected. Overall, 7.5% previously undergone surgery, 5.0% blood transfusion and 0.8% 

body cuts.

In this cohort, 53 (8.7%) tested positive for HBsAg and 339 (61.5%) for anti-HBc (Fig. 1). 

Of the HBsAg positive mothers, 10 (18.9%) were HBeAg positive. The median HBV viral 

load of infected mothers was 5.7 log10 (IQR: 4.6–7.0) IU/mL The majority, 32 (62.7%) had 

HBVDNA levels below 2 × 103 IU/mL and only 9 (17.6%) had levels ≥105 IU/mL. All liver 

transaminase enzyme levels were within the normal range (0–45 U/L). Alanine amino 
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transferase (ALT) levels were higher among HBV infected (22 IU/Ml; 95%CI: 18.2–27.7) 

compared to their uninfected counterparts (15.2 IU/mL; 95%CI: 11.8–18.1) (p = 0.04). 

There was no significant difference in albumin levels between HBV infected (4.0 g/L; 

95%CI: 4.0–4.2) and uninfected mothers (4.1 g/L; 95%CI: 4.0–4.2) (p = 0.86).

Overall, HIV infection was prevalent in 80 (13.3%) of mothers while coinfection with HBV 

occurred in 9 (11.5%) of HIV infected individuals. There was a non-statistically significant 

difference in proportion of HBV infection among the HIV infected participants OR =1.3 

(95%CI: 0.7–2.5) (p = 0.41). Five (55.6%) of the co-infected individuals were receiving 

ART that contained anti-HBV medications (three on a combination of TDF and 3TC, and 

two on 3TC only). During the peripartum period 65/80 (81.3%) mothers received a 

medication that could potentially prevent HIV transmission to their babies: 44/65 (67.7%) 

received ART (12 on a combination of TDF/3TC, 29 on a 3TC-based, and 3 on unspecified 

regimens); 18 and 3 ART-naïve mothers received single dose nevi-rapine (NVP) and 

zidovudine (AZT) respectively. None of the HBV mono-infected mothers were on either 

3TC, TDF or both medications. Among mothers with detectable HBVDNA levels, all the 5 

HIV/HBV co-infected mothers who were on ART had undetectable HBV viral load levels 

while the ART naïve had a HBV geometric mean of 7.8log10 (95% CI: 4.4–13.9) IU/mL. 

The HIV-uninfected participants had a HBVDNA geometric mean 8.3 log10 (95% CI: 6.9–

10.1) IU/mL. The odds of having maternal HBV infection were 38% greater in the presence 

of HIV infection. The median CD4 T-cell count of the HIV-infected mothers was 540 cells/

μL (IQR: 385–708) Table 1.

3.2. Babies

619 babies were recruited, including 7 sets of twins. Similar to their mothers, few were 

exposed to known risk factors for HBV acquisition; 29 (4.5%) body cuts, 11 (1.8%) tooth 

extraction, and 10 (1.6%) blood transfusion (Table 2).

From birth to presentation for the first HBV vaccine dose, 606 babies accrued a person-time 

of 80.4 years within which no HBV infection was registered. Similarly, follow up of 218 of 

these babies up to the last vaccination visit yielded an additional 142.1 person-years in 

which no HBV infection was diagnosed. HBVDNA was not detected in a randomly selected 

sample of 20 HBsAg negative babies from this visit.

4. Discussion

We found no transmission of HBV at the time of receiving the first HBV vaccine dose 

through the last childhood vaccination visit in a large cohort of over 600 babies born in a 

region where HBV is highly endemic. Our findings corroborate a recent study that evaluated 

the impact of the pentavalent HBV vaccine in northern Uganda in which the HBV 

prevalence was noted to increase steadily with age; from 0% among those below 5 years to 

14.9% in the 15–19 year age group [19]. Our data are consistent with an earlier study in SSA 

where vertical HBV transmission was rare [20] but contrasts with the lower prevalence (3% 

and 6%) reported by similar SSA studies [21,22].
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The high prevalence of a combination of HBsAg-positive HBeAg-negative infections 

recorded in our study is in line with data reported from other studies elsewhere in Africa 

[21,23]. Mothers with this pair of serological markers are less efficient at transmitting 

infection vertically to their off springs. Indeed, a recent study revealed that HBV genotypes 

A and D which are more efficiently transmitted by horizontal means [24] are the most 

predominant in Uganda [25]. Data indicate that individuals with HBV sub-genotype A1 and 

genotype D usually seroconvert to anti-HBe (HBeAg negative) status before their gestation 

age [26,27]. Thus, they are less likely to have significant ongoing HBV replication when 

they start conceiving. It is therefore not surprising that vertical HBV disease transmission 

was rare in our study cohort where also, the majority of mothers had a HBVDNA levels less 

than 105 IU/mL, a level that is considered to be the threshold below which no significant 

mother-to-child HBV disease transmission occurs [28]. The observed lack of disease 

transmission at viral load levels > 105 IU/mL could be attributed to the small number of 

mothers (n = 9) with such high HBVDNA levels. Unlike Southeast Asia, where vertical 

transmission is the predominant route of disease transmission, our findings support the 

hypothesis that majority of HBV infections in SSA are acquired through horizontal means. 

Horizontal transmission of HBV can be prevented through vaccination even during the 6 

week first dose inoculation [26]. It is not clear why there is a high HBV prevalence in 

northern Uganda but we hypothesize that it is most probably a result of using unsterile 

equipment for cultural practices such as scarification.

Despite a high odds ratio, we found no relationship between HIV infection and HBV 

transmission. This finding should however be interpreted with caution since we had very few 

mothers who were co-infected with HIV and HBV. Most of the HIV-infected individuals 

were receiving ART so their CD4 T-cell count was preserved. HIV induced 

immunosuppression is associated with a high levels of HBV replication and thus high HBV 

levels [8]. Indeed, in a large randomized controlled trial that enrolled ART naïve expecting 

mothers in Malawi and used HBVDNA as a surrogate marker for infection, nearly 10% of 

the babies born to HIV/HBV co-infected mothers became infected by 48 weeks of age 

despite receiving the pentavalent HBV vaccine at 6, 10 and 14 weeks of age [29]. Similar 

findings were reported in South Africa [30].

In our study, none of all the randomly selected HBsAg negative babies that underwent 

HBVDNA testing had occult HBV.

This study has some limitations. We recruited a convenient sample of participants who 

presented to the hospital for postnatal care/immunization. Their health seeking behaviors 

might therefore not be representative of the entire population. Secondly, of the ten mothers 

who were both HBsAg and HBeAg positive, five were on tenofovir and/or lamivudine. The 

use of these anti-viral agents could have prevented disease transmission to children born to 

the five mothers who were using these medications. Further, HBV transmission could have 

been missed out at the 6-week vaccination since the HBsAg could take up to 9 weeks to be 

detected. We attempted to test at 6 weeks because, this is the time that we could easily get 

access to the mothers and their babies. At that age, there is limited contact of the babies with 

other persons apart from the mother and other very close relatives. Infection therefore could 

be presumed to be largely mother to child. We attempted to retest the babies at 9 months in 
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case infection could not be picked at 6-weeks. We were however able to test only 35% of the 

babies as only a limited mothers present their children for measles vaccination at 9 months. 

Tracking the mothers became difficult and this may have affected the internal validity of the 

results. Despite these limitations, the study has strength: it prospectively evaluated a very 

large cohort of babies for incident HBV infection in a region where HBV is highly endemic. 

In addition, we performed nucleic acid testing on some samples to be sure that occult HBV 

infection was not missed.

In conclusion, we found no HBV transmission among babies born to HIV-infected as well as 

HIV-uninfected mothers in northern Uganda prior to the age of six weeks when the first 

HBV vaccine dose was administered. These findings suggest that the current practice of 

administering the first HBV vaccine to babies in Uganda at six weeks of age is adequate. 

Another study needs to be conducted to identify the factors fueling the high HBV prevalence 

in northern Uganda.
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Fig. 1. 
Participant status by hepatitis B infection.
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Table 1

Maternal characteristics by hepatitis B surface antigen status.

Total cohort n (%) or 
median (IQR)

HBsAg positive n (%) or median 
(IQR)

HBsAg negative n (%) or 
median (IQR)

p-value

Pregnant women, number 612 53 (8.7) 559 (91.3)

Age (years) 23 (20–28) 25 (21–29) 23 (20–27) 0.20

Number of sexual partners*

 <5 593 52 (98.1) 541 (96.8) 1.00

 >5 13 1 (1.9) 12 (2.2)

Surgery 46 3 (6.5) 43 (93.5) 0.79

Blood transfusion 31 3 (9.7) 28 (90.3) 0.74

Body cuts 5 0 (00.0) 5 (100) 1.00

Anti-HBc IgG**

 Positive 391 (64.7) 52 (98.1) 339 (61.5) <0.0001

 Negative 213 (35.3) 1 (1.9) 212 (38.5)

HBeAg***

 Positive 10 (18.9)

 Negative 42 (79.3)

HBVDNA

 Detectable 51(96.2)

 Below detection limit 15(28.3)

 Missing 2 (3.8)

 HBVDNA log10 (IU/mL)a 8.25 (6.93–9.82)

 HBVDNA <105 42 (82.4)

 HBVDNA >105 9 (17.6)

 HBVDNA > 199,999 8 (15.7)

 HBVDNA >2 × 103 32 (62.7)

Median ALT (IU/mL) 18.0 (10.6–28.6) 22.2 (15.1–37.0) 15.2 (6.6–21.5) 0.004

Median Albumin (g/l) 4.1 (3.7–4.4) 4.0 (3.8–4.3) 4.1 (3.7–4.5) 0.86

HIV serostatus****

 Positive 80(13.3) 9 (17.0) 71 (12.9) 0.41

 Negative 522(86.7) 44 (83.0) 478 (87.1)

HIV positive on ART*****

 Yes 44 (56.4) 5 (55.6) 39 (56.5) 1.00

 No 34 (43.6) 4 (44.4) 30 (43.5)

Anti-viral therapy regimen

 Single dose nevirapine 18 (27.7) 2 (28.6) 16 (27.6) 1.00

 Single dose zidovudine 3 (4.6) 0 (0.0) 3 (5.2)

 ART 44 (66.7) 5 (71.4) 39 (67.2)

 HBV active ART

   3TC based ART 29 2 (6.9) 27 (93.1)
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Total cohort n (%) or 
median (IQR)

HBsAg positive n (%) or median 
(IQR)

HBsAg negative n (%) or 
median (IQR)

p-value

   TDF/3TC based ART 12 3 (25.0) 9(75.0)

HIVRNA log10 (IU/mL)b 8.29 (7.54–9.12) 9.78 (7.83–12.18) 8.13 (7.33–9.02) 0.31

HIVRNA ≤40 (IU/mL)c 14 3 (21.4) 11 (78.6) 0.13

 >40 (IU/mL) 46 5 (10.9) 41 (89.1)

CD4 T-cell count/mm3 540 (385–708) 540 (433–554) 534 (377–711) 0.99

AZT=3TC = lamivudine, TDF = tenofovir, TDF/3TC = combination of lamivudine and tenofovir, ALT = alanine aminotransferase.

*
Missing data on 6 participants.

**
Missing data on 8 participants.

***
Missing data on 1 participant.

****
Missing data on 10 participants.

*****
Missing data on 2 participants.

a
Geometric mean and 95% confidence intervals of 36 hepatitis B-infected individuals.

b
Geometric mean and 95% confidence intervals of 46 HIV-infected individuals.

c
11/14 participants with undetectable HIVRNA (≤40 (IU/mL) were receiving ART.
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Table 2

Mode of delivery and potential risk factors for acquisition of HBV by babies at 6 weeks.

Babies HBsAg negative n (%)

Babies, number (N = 619)a 619

Mode of delivery

 Normal 561 (91.7)

 Extraction 7 (1.1)

 Caesarian section 44 (7.2)

Body cuts 29

Blood transfusion 10

False tooth extraction 11

Breast feeding 607

a
None of the 619 babies was HBsAg positive.
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