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Introduction

Results

HBV infection is endemic in South Africa; the estimated
prevalence among adults is 6-11% (1). In a recent study in
Kimberley (Fig 1), we demonstrated cases of HBV infection among
children with HIV, despite the inclusion of the HBV vaccination in
routine childhood immunisation programmes in South Africa since
1995 (2).

HBV prevalence
Evidence of current infection with HBV, determined by the detection of
HBsAg, was observed in 0.8% of the cohort (Table 2). Anti-HBc was
detected in 0.8% subjects (n=3), one of whom was also HBsAg positive.
Table 2: Demographic and serological profiles of five subjects, with serological evidence of current or
previous infection with HBV (based on positive HBsAg (n=3) or anti-HBc (n=2))
aART indicates the participant was receiving anti-retroviral therapy to treat HIV infection; bHepatitis B surface
antigen test; cHepatitis B core antibody test; dHepatitis B envelope antigen test; eHepatitis B surface antibody
test (vaccine mediated response). KReC = Kimberley Respiratory Cohort. n/a = not applicable.
Subject

★

K306

K405

Sex
Age (months) at time of sampling
HIV infection
ARTa (if HIV positive)
Number of doses of HBV vaccine
HBsAg resultb
Anti-HBc resultc
HBeAg resultd
Anti-HBs resulte

HIV-positive age
≤60 months
F
18
Positive
Yes
NK
Detected
Not detected
Not done
Not detected

HIV positive age
≤60 months
F
37
Positive
Yes
NK
Detected
Not detected
Not done
Not detected

Interpretation

Active infection

Active infection

Cohort

Figure 1. Map of South Africa; Kimberley,
situated in the Northern Cape, is marked
with a star.

The vaccine, a safe and affordable recombinant surface antigen
protein, has been available for over two decades (3), and is highly
efficacious, generating immunity to HBV in >90% of
immunocompetent individuals after three doses (3). Since the mid1990s, the WHO has encouraged universal coverage of the HBV
vaccine through its Expanded Programme on Immunisation (EPI).
EPI guidelines recommend the primary HBV vaccine dose in the
first day of life (4). However, in South Africa, the first dose is
conventionally delayed until age 6 weeks, leaving a window during
which vertical transmission can occur peripartum or in the early
weeks of life. Estimates for coverage of the third vaccine dose
range from 56-97% (2).
South Africa’s high HIV prevalence poses a further challenge to
the success of national HBV initiatives, as being HIV positive can
increase the risk of peripartum transmission of HBV, and the HBV
vaccine has been demonstrated to have reduced efficacy in HIV
positive individuals (5).

Factors predicting a protective vaccine response

KReC51

KReC151

HIV negative

HIV negative

F
20
Negative
n/a
NK
Detected
Detected
Detected
Not detected

M
15
Negative
n/a
3
Not detected
Detected
Not done
Detected
Immunised,
infected and
cleared

Active infection

K093
HIV positive age
>60 months
F
118
Positive
No
NK
Not detected
Detected
Not done
Not detected
Infected and
cleared

Vaccine response and HIV status
Across the whole cohort age 6-60 months, 238/310 children (77%) had an
anti-HBs titre ≥10 mIU/ml suggesting some degree of vaccine-mediated
immunity. The median anti-HBs titre in HIV-negative participants was
significantly higher than among HIV-positive children (196 mIU/ml, vs. 11
mIU/ml, respectively, p<0.0001) (Fig 2A).
Irrespective of the antibody titre used as a threshold for immunity, anti-HBs
was higher in HIV-negative compared to HIV-positive children (Fig 2B, C).
We found no significant difference in the anti-HBs titres between male and
female participants, either with or without HIV infection.

HBV vaccination schedules in South Africa leave a potential window
for perinatal HBV transmission (2). This is illustrated by ongoing
cases of paediatric infection. Systematic efforts to deliver the first
vaccine dose soon after birth and introduce antenatal screening
could reduce such transmission events.

•In order to investigate HBV vaccine coverage and vaccinemediated immunity in South Africa, we set out to investigate HBV
infection and sero-epidemiology in HIV-positive and HIV-negative
children.
•The aim is to provide a detailed picture of the impact of existing
prevention measures on HBV prevalence, and to highlight some
of the remaining challenges for HBV elimination.

Vaccine-mediated immunity to HBV
Anti-HBs titre ≥10 mIU/ml

Anti-HBs titre ≥100 mIU/ml

Figure 2: Hepatitis B surface antibody (anti-HBs) titres mediated by vaccination in HIV-positive (HIV+) and HIV-negative
(HIV-) children aged 6-60 months.
A: Scatter plot representing vaccine-mediated antibody titres, indicating median and interquartile ranges, for HIV-positive and HIVnegative children (p-value by Mann Whitney U test). B: Proportion of HIV-positive and HIV-negative children with anti-HBs ≥10
mIU/ml (p-value by Fisher’s Exact Test). C: Proportion of HIV-positive and HIV-negative children with anti-HBs ≥100 mIU/ml (pvalue by Fisher’s Exact Test).

Study cohort
Children were recruited as part of the Co-infection in South-African
Children (COSAC) study, in Kimberley, South Africa (6). Subjects
were recruited between the ages of 6 - 60 months. These children
were recruited from two sources:
•HIV-negative participants (n=174): recruited after admission to
hospital with a clinical diagnosis of respiratory tract infection
between July 2014 and August 2016.
•HIV-positive children (n=136): recruited from HIV outpatient
clinics between September 2009 and July 2016. Additional data
were recorded on commencement of ART (anti-retroviral therapy),
CD4+ T cell count, CD4+ T cell percentage, and HIV RNA viral
load, when available.

Figure 5. Odds ratios for protective response to HBV vaccination in children age 6-60 months
Odds ratios are shown for anti-HBs titre <10mIU/ml (A) and <100mIU/ml (B) in the whole cohort (grey) and in HIVpositive children (black).
Statistically significant OR are denoted * and significant p-values are indicated in bold.
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•Being HIV-positive was associated with reduced odds of developing
protective anti-HBs titres, based on titres of both ≥10 mIU/ml (OR
26.2, 95% CI 11.2-58.6) and ≥100 mIU/ml (OR 11.6, 95% CI 6.720.4) (Fig 5).
•Younger age (<24 months) increased the odds of having an antiHBs titre of ≥10 mIU/ml (OR 0.3, 95% CI 0.2-0.5) or ≥100 mIU/ml
(OR 0.3, 95% CI 0.2-0.4).
•Among the HIV-positive subjects only, age <24 months only
elevated the odds for developing an anti-HBs response of ≥100
mIU/ml (OR 0.1, 95% CI 0.06-0.4) (Fig 5B).
•Gender, ART, CD4+ count, CD4+ ratio and HIV viral load were not
significantly predictive of anti-HBs titres.

Vaccine response according to age and HIV status
Among HIV-positive children, those with anti-HBs ≥100mIU/ml were
significantly younger than those with lower antibody titres (Fig 3A). No
such difference was observed within the HIV-negative group (Fig 3B).
Using a threshold of ≥10mIU/ml, no significant differences were
observed.
To expand our view of the HIV-positive group, we also added analysis of
an older cohort (aged >60 months), and demonstrated that mean antiHBs titres were significantly lower in this older group (p<0.0001), with
only 1/92 subjects achieving a detectable anti-HBs titre of ≥100mIU/ml
(Fig 3C).

Anti-HBs titres were significantly lower in HIV-positive participants
when compared to HIV-negative subjects, in keeping with previous
reports (5). We also found that vaccine responses in HIV-positive
subjects wane rapidly after immunisation (7).
There was no difference in anti-HBs titres according to ART,
although there are previous reports correlating ART with improved
vaccine responses (5). Our findings suggest that ART may not
completely reconstitute immune responses to vaccination, and that
alternative strategies, such as booster vaccinations after immune
reconstitution, which has been documented to take up to 5 years,
may be of benefit.

Conclusion
These data reflect the positive impact of HBV immunisation,
illustrating a low frequency of HBV infection (<1% prevalence) in an
endemic setting. However, the high burden of HIV infection in South
Africa remains a challenge to ongoing HBV elimination, and
sustained efforts are required in funding, research, education,
diagnostic screening, prevention of mother to child transmission,
and ultimately the ongoing quest for a cure.

In order to study the influence of age on vaccine-mediated
responses, we also collected data from a third group of older HIVpositive children (age >60 months, n=92).

Find out more

Table 1: Characteristics of three paediatric study cohorts, comprising 402 children, recruited
from Kimberley Hospital, South Africa.
KReC = Kimberley Respiratory Cohort. IQR = interquartile range.

Age range in months

8-58

6-60

64-193

18 (12-26)

29 (18-40)

137 (122-154)

55.4

44.9

45.6

Median age in months
(IQR)
Sex (% male)

HBsAg testing was carried out in Kimberley Hospital, South
Africa and, anti-HBs and anti-HBc testing were carried out by the
Oxford University Hospitals Laboratory, UK. Limit of detection of
the anti-HBs assay was 10 mIU/ml.
Vaccine mediated immunity
Due to the varying use of different thresholds for Anti-HBs, we
have presented our results pertaining to both thresholds of ≥10
mIU/ml and ≥100 mIU/ml.
Ethics
Ethics approval for the study was obtained from the Ethics
Committee of the Faculty of Health Science, University of the
Free State, Bloemfontein, South Africa (HIV Study Ref: ETOVS
Nr 08/09 and COSAC Study Ref: ECUFS NR 80/2014).
Written consent for enrolment into the study was obtained from
the child’s parent or guardian.

Research website: https://www.expmedndm.ox.ac.uk/hepatitis-b-virus
Email: philippa.matthews@ndm.ox.ac.uk

Figure 3: Relationship between age and vaccine-mediated Hepatitis B surface antibody (anti-HBs) titres in HIV-positive
and HIV-negative children
Ages of children attaining anti-HBs titres ≥100 mIU/ml for HIV-positive (A) and HIV-negative children (B) age 6-60 months. Median
ages, interquartile ranges and p-values by Mann-Whitney U test are indicated. C: Relationship between age and vaccinemediated Ab titre among HIV-positive children including those age 6-60 months and an older cohort age >60 months (range 64193 months; see Table 4).
ns

Vaccine response and ART
Study subjects had been treated with
ART for varying lengths of time (median
20 months; IQR 6-33 months). We
compared anti-HBs titres of subjects
being treated with ART compared to
those not currently receiving ART (Fig 4)
and found no significant difference.
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This work will feature in an oral presentation (P. Matthews, Sat 2nd
Dec 8am) and is available in full on BioRxiv, together with a model to
simulate transmission and prevention of HBV.
https://doi.org/10.1101/162594
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Figure 4: Relationship between ART and vaccinemediated Hepatitis B surface antibody (anti-HBs)
titres in HIV-positive children
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