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Abstract
Hepatitis B virus (HBV) and human immunodeficiency virus (HIV) coinfection is highest in sub-Saharan Africa and results in
accelerated clinical outcomes compared with HBV or HIV mono-infection. HBV clearance rates are higher in healthy adults; however,
in sub-Saharan Africa, there are limited data on clearance of incident HBV in HIV-infected adults. Therefore, we sought to estimate
HBV incidence and HBV surface antigen (HBsAg) clearance in HIV-infected adults in Botswana.
This was a retrospective longitudinal study of 442 HIV-1C infected treatment naïve patients enrolled in a previous Botswana

Harvard AIDS Institute Partnership study. Archived plasma samples from 435 HIV-infected treatment naïve participants were
screened for HBsAg and HBV core antibody (anti-HBc). HBsAg was evaluated annually over a 4-year period, and HBV
deoxyribonucleic acid (DNA) levels of HBsAg-positive chronic and incident patients were quantified.
Baseline median CD4+ T-cell count was 458cells/mL [Q1, Q3: 373, 593], and median HIV viral load was 4.15copies/mL

[Q1, Q3: 3.46, 4.64]. Twenty two HBV incident cases occurred, representing an incidence of 3.6/100 person-years [95% CI:
2.2–5.6]. All incident HBV cases with a follow-up sample available for screening (13/22) cleared HBsAg. Detectable HBV viral
loads among chronic and incident cases ranged between 5.15�101 to 1.4�107 IU/L and 1.80�101 to 1.7�108 IU/mL,
respectively.
We report high HBV incidence associated with elevated HBV DNA levels despite high CD4+ T-cell counts in HIV-infected patients

in Botswana. These incidence cases represent a potential source of HBV transmission in the population. Scaling-up of HIV treatment
strategies utilizing antiretroviral therapy regimens with anti-HBV activity coupled with screening for HBV infections in households of
the HBsAg-positive cases is recommended.

Abbreviations: AHB = acute HBV, ALT = alanine aminotransferase, Anti-HBC = Hepatitis B virus core antibody, APRI = AST
platelet ratio index, AST = aspartate aminotransferase, BHP = Botswana Harvard AIDS Institute Partnership, CI = confidence
interval, DNA = deoxyribonucleic acid, ELISA = enzyme linked immunosorbent assay, HBsAg = Hepatitis B virus surface antigen,
HBV = Hepatitis B Virus, HIV = human immunodeficiency virus, TDF = Tenofovir disoproxil fumarate, TND = target not detectable,
ULN = upper limit of normal.
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deaths resulting from chronic liver disease.[1] Sub-Saharan Africa
1. Introduction
Hepatitis B virus (HBV) infection is a major health problem
causing ∼887,000 deaths worldwide in 2015, with most of these
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(HIV) and HBV are at an increased risk of morbidity and
mortality compared with those infected with either virus
alone.[3–6] Sub-Saharan Africa accounts for 70% of the global
burden of HBV/HIV coinfection.[7] The prevalence of HBV varies
in distinct risk populations, and this has been shown by our
previous studies in Botswana. For instance, the HBV prevalence
—as determined by HBV surface antigen (HBsAg) positivity—
among blood donors is 1.02%[8] and ranges from 3.1% to 10.6%
among HIV-infected individuals in Botswana.[8–13] Coinfection
of HBV with HIV increases the chance of higher chronicity rates
and a general worse off clinical outcome than with either mono-
infection.[14] Several studies have also reported HBsAg clearance
in HBV/HIV coinfected treatment experienced patients[13,15,16];
however, data on HBsAg clearance in HBV/HIV coinfected
patients who are treatment naïve are limited.
Botswana is burdened with a high HIV-1 subtype C (HIV-1C)

prevalence of 22.8% among adults between the ages of
15-49 years[17]; hence, the urgency to address issues of HBV
infection in HIV-positive individuals. In a population based study
in Botswana 83.3% of individuals knew their HIV status, and of
these 87.4% were receiving antiretroviral therapy (ART) while
96.5% of all who were on ARTwere virologically suppressed.[18]

It is therefore important to evaluate factors that may hinder this
success and also evaluate current efforts in the reduction of HBV
transmissions in HIV-infected patients regardless of treatment
status. Currently, there are no data on the incidence rate of HBV
in HIV-infected individuals in Botswana. This study aimed to
determine the incidence of HBV in HIV-infected treatment naïve
patients in Botswana and investigate the risk factors associated
with incident HBV infection.
2. Methods

2.1. Study participants

This was a retrospective longitudinal study of 442 HIV-1C
infected treatment naïve patients enrolled in a previous Botswana
Harvard AIDS Institute Partnership (BHP) study called Botsogo:
The Natural HIV-1 Subtype C Disease Progression. Botsogo
enrolled 442 treatment naïve adults with CD4+ T cell counts of
>400cells/mL and no AIDS-defining illness.[19] The aim of this
study was to observe HIV disease progression among these
participants between the years 2005 and 2009[19] and was
approved by the Health Research Development Committee at the
Botswana Ministry of Health and Wellness and the Office of
Human Research Administration at the Harvard T. H. Chan
School of Public Health. All participants gave informed consent.
2.2. Hepatitis B virus serological screening

All available plasma samples were serologically screened for
HBsAg using the Murex Version 3 (Diasorin, Dartford, UK)
enzyme linked immunosorbent assay (ELISA) kit, per the
manufacturer’s instructions at 4 time points that were
∼12 months apart when samples were available. All HBsAg-
positive samples were confirmed by retesting. To assess previous
exposure, the HBV core antibody (anti-HBc) was screened in all
available samples (296) at the second time point (year 1) using the
Monolisa anti-HBc PLUS ELISA kit (Bio-Rad, Paris, France).
Chronic HBV cases were defined as ≥2 consecutive HBsAg-
positive results while incident HBV cases are those with aHBsAg-
positive result following a HBsAg-negative result.
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2.3. HBV DNA quantification

Samples with confirmed chronic HBV infection and incident
HBV cases were tested for HBV DNA using the COBAS
AmpliPrep/COBAS TaqManHBVTest v 2.0 (Roche Diagnostics,
Mannheim, Germany) with a lower limit of quantification of 20
IU/mL. For all incident cases, HBV DNA was tested at the point
of confirmed HBV incidence. For chronic HBV infections,
this was performed at the earliest time point with an available
plasma sample.
2.4. Statistical analysis

Statistical analysis was performed for 242 participants that had
all available demographic data. Participants with missing data
were excluded from analysis. Baseline participant characteristics
were presented as proportions and medians. Incident cases and
uninfected patients were compared using Fisher exact test for
categorical data and the Wilcoxon rank sum test for continuous
variables. We estimated HBV incidence with 95% confidence
interval (CI) where incidence was reported in person-time.
Follow-up time for each patient was calculated from the baseline
date of enrolment to the exact visit date of the first HBsAg result
for HBsAg-positive cases and to the last date of an available
sample for those that remained HBsAg-negative. Cox propor-
tional regression method was used to estimate hazard ratios (sex,
age, CD4+ T cell count [�450 or >450] cells/mL as prior studies
have suggested a cut-off of 450 cells/mL for ART initiation for an
increased survival rate as compared with lower cell counts.[20,21]

HIV viral load suppression [�400 or >400] copies/mL) was also
assessed as previously described.[22,23]P values <.05 were
considered statistically significant. Non-invasive methods were
used to determine the level of liver damage included aspartate
aminotransferase (AST), alanine aminotransferase (ALT), AST
platelet ratio index (APRI), and the Fibrosis 4 index.[24] Liver
damage was compared between the uninfected and incident cases
using 2 sample Wilcoxon rank-sum (Mann–WhitneyU test). The
upper limit of normal (ULN) for ALT and AST were considered
to be 42 and 41U/L respectively. The demographics and some
results were retrieved from BHP database. CD4+ T cells counts
were measured using the BD FACSCalibur platform (BD
Biosciences, San Jose, CA). Plasma HIV RNA levels were
measured using COBAS AmpliPrep/COBAS AMPLICOR HIV-1
MONITOR Test, version 1.5 (Roche Molecular Systems,
Branchburg, NJ). AST and ALT were measured using COBAS
Integra plus (Roche Diagnostics, Rotkreuz, Switzerland). HBV
testing for all participants was done prior separations into the
different categories and groups to reduce any chance of biasness.
3. Results

The Botsogo study recruited 442 participants, of which 435 were
screened for HBsAg at baseline (Fig. 1). Twenty-one participants
were HBsAg+ representing a prevalence of 4.8% (95% CI 3.01–
7.16). Four of the 21 patients (19%) lost HBsAg at year 1, while 7
(33.3%) were considered chronic HBV infections as they were
HBsAg+ for >6 months. However, for 9 (42.9%) patients,
chronicity or lack thereof was not confirmed as subsequent
samples were unavailable for screening. One patient (BBP6)
showed an interesting trend inHBsAg status: HBsAg+ at baseline,
antigen clearance at year 1 only to be positive again for the
surface antigen at year 2, followed by a loss of the antigen at year
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Figure 1. Participant screening algorithm over a 4-year period. HBsAg=Hepatitis B surface antigen.
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3 (Fig. 2). At year 1, there were 3 HBsAg+ cases that were
HBsAg� at baseline (i.e., incident cases). At year 2, 224 samples
were screened including year 1 incident cases. All year 1 incident
cases had lost HBsAg at this time point. A total of 14 incident
cases were observed, of which all 10 that had available samples at
the subsequent time point cleared HBsAg. In the last time point
(year 3), 5 incident cases (HBsAg+) were observed (Fig. 1). Of the
296 participants tested for anti-HBc at year 1, 133 (44.9%) were
anti-HBc positive at year 1. Two of these patients only tested
positive for the HBsAg at year 2 (data not shown).

3.1. HBV viral load

Seven chronic HBV patients (>6 months since infection) and 20
incident HBV patients were tested for HBV DNA (Fig. 2). HBV
DNA levels among chronic and incident cases ranged from
5.15�101 to 1.4�107 IU/mL and 1.80�101 to 1.7�108 IU/mL,
respectively. Two of 7 (28.6%) chronic HBV and 7 of 20 (35%)
incident HBV infections had a “target not detectable” (TND)
result. In addition, 5 of 20 (25%) incident HBV infections had
DNA levels <20IU/mL.
The median age of the participants was 32 (interquartile range

[IQR]: 28, 39), and 81.4% of the participants were women. The
median baseline CD4+ T cell count was 458 cells/mL (IQR:
373,593), and the median baseline log HIV viral load was 4.15
(IQR: 3.46, 4.64). All participants had normal liver enzyme levels
and normal platelet count at baseline. There were no statistically
significant differences between HBV uninfected and incident
cases based on APRI, FIB4, AST, ALT, CD4+ T cell count, sex,
3

anti-HBc, or HIV viral load. The median age of incident HBV
participants was 28 (IQR: 27, 31), while that of uninfected
participants was 32 (IQR: 28, 40; P value= .0330). (Table 1).
HBV incident cases were higher in patients that had attended
secondary school (P value= .045) (Table 1).
There were no statistically significant differences in HBV

incidence based on sex, age, CD4+ T cell count, or HIV viral load.
Participants who were 35 years or younger were approximately
4 times more likely to have incident HBV; however, as with other
factors, this was not statistically significant (Table 2).
3.2. HBV incidence and risk factors

Participants contributed 620.35 person-years to the study, and
they were followed for a median of 2.75 years (IQR: 1.82–2.76).
Cumulatively, there were 22 incident cases, giving an incidence of
3.6 (95% CI, 2.3–5.4) per 100 person-years. All incident cases
with available follow-up samples were negative for HBsAg at the
next time point (i.e., they cleared HBsAg). Approximately 75%
of the followed-up population did not get infected with HBV over
3 years of follow-up. Median time to incident HBV was 673 days
(IQR, 672–681) (Fig. 3).

4. Discussion

This is the first study to determine HBV incidence in Botswana.
The baseline prevalence of HBsAgwas similar to rates reported in
previous studies in Botswana among HIV-positive partici-
pants.[10,11,13,25] It should be noted that confirmed chronic

http://www.md-journal.com


Figure 2. HBsAg screening for chronic and incident cases tested for HBV viral load, DNA=deoxyribonucleic acid, HBV=Hepatitis B virus, TND=Target not
detectable, Chronic HBV—BBP1 to BBP7, Incident HBV- BBP8 to BBP27.
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HBV infections constituted 7 of 21 individuals whowereHBsAg+
at baseline, hence the need to interpret the prevalence with
caution to avoid an overestimation of chronic HBV in this
population. We observed a high HBsAg clearance rate in this
cohort after years of follow-up, which has not been addressed
previously by other studies.
There was high HBsAg clearance in this study. It is known that

immune-competent adults that get infected with HBV in
adulthood tend to clear the HBsAg at a high rate of between
90% and 95%[26] and the participants of this study were no
4

exception despite the fact that they were HIV-infected. There are
limited data on HBsAg clearance rates in HBV incident cases;
however, a study in Rome reported an HBsAg clearance rate of
about 82% in acute HBV patients.[27] According to our
knowledge, in Botswana, HBsAg clearance has only been
reported for chronic HBV patients where 37% of participants
on anti-HBV treatment (tenofovir and emtricitabine) over a 2-
year period cleared HBsAg.[13]

Several mechanismsmay facilitate the clearance of HBV during
acute infection, including cytokines released by HBV-specific T



Table 1

Association of baseline demographics and HBV incidence.

Characteristic Overall
∗
(N=242) Uninfected (N=225) Incident (N=17) P value

Gender (%)
Male 45 (18.6) 42 (93.3) 3 (6.7)
Female 197 (81.4) 183 (92.9) 14 (7.1) 1.000

Age, y (IQR) 32 (28–39) 32 (28–40) 28 (27–31) .033
Marital status (%)
Single 165 (68.2) 154 (93.3) 11 (6.7)
With a partner (married/cohabiting) 69 (28.5) 63 (91.3) 6 (8.7)

Divorced/separated/widowed 8 (3.3) 8 (100) 0 (0) .772
Education level (%)
Primary or less 94 (38.8) 91 (96.8) 3 (3.2)
Secondary education 126 (52.1) 116 (92.1) 10 (7.9)
Tertiary 22 (9.1) 18 (81.8) 4 (18.2) .045

Electricity (%)
No 136 (56.2) 127 (93.4) 9 (6.6)
Yes 106 (43.8) 98 (92.5) 8 (7.5) .804

CD4 cells/mL (IQR) 458 (373–593) 457 (373–584) 521 (401–637) .326
Log HIV viral load (IQR) 4.15 (3.46–4.64) 4.14 (3.45–4.64) 4.32 (3.76–4.57) .697
Anti-HBc (%)
Negative 132 (54.5) 119 (90.2) 13 (9.8)
Positive 110 (45.5) 106 (96.4) 4 (3.6) .077

AST, U/L (%) 22 (18–28) 22 (18–28) 22 (20–29) .432
ALT U/L (%) 15 (11–22) 15 (11–22) 17 (13–21) .432
Platelet count, �109/L (IQR) 261 (224–307) 263 (225–307) 233 (219–266) .170
APRI (IQR) 0.21 (0.16–0.28) 0.21 (0.16–0.27) 0.26 (0.18–0.29) .194
FIB4 (IQR) 1.29 (1.00–1.66) 1.31 (1.01–1.67) 1.23 (0.87–1.45) .303

ALT=Alanine aminotransferase, Anti-HBc=Hepatitis B core antibody, APRI=AST to platelet ratio index, APRI=AST to Platelet Ratio Index, AST= aspartate aminotransferase, FIB4= Fibrosis-4 index,
HIV=Human immunodeficiency virus, IQR= Interquartile range.
∗
Data were available for 242 patients.
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cells at the site of infection.[28] Stelma et al[26] observed functional
HBV-specific CD8+ T cell and CD4+ T cell responses in patients
who cleared HBV and lower responses in patients who developed
chronic HBV infections. Viral factors have also been shown to be
associated with HBsAg loss such as genotype A and D,[29] which
could likely be the case in our study as these genotypes are also
common in Botswana.[9,30]

Our estimated incidence of 3.6 per 100 person-years in HIV-
infected treatment naïve patients is higher than a previous report
in a similar population in Uganda, where the incidence was found
to be 2.3/100 person-years.[31] The HBV incidence rate for HIV-
infected patients on ART was 0.49/100 person-years in Uganda
and 4.2/1000 person-years in Rwanda,[31,32] far lower than our
Table 2

Factors associated with incident HBV.

Characteristic Incidence/100 person-years (95% CI)

Gender
Male (N=3) 3.28 (1.06–10.16)
Female (N=14) 3.25 (1.93–5.49)

Age, y
�35 (N=14) 4.14 (2.45–6.99)
>35 (N=3) 1.60 (0.51–4.95)

CD4+ T cells (cells/mL)
�450 (N=6) 2.43 (1.09–5.40)
>450 (N=11) 3.94 (2.18–7.11)

Log HIV viral load
�400 (N=1) 1.84 (0.26–13.07)
>400 (N=16) 3.39 (2.08–5.53)

HIV=human immunodeficiency virus.
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estimated incidence rate. However, there are limited data on the
incidence of HBV in HIV-infected treatment naïve adults in sub
Saharan Africa. Other HBV incidence studies in Africa have been
done in blood donor groups and have shown lower incidents
rates in those populations[33,34]; however, higher incidence rates
were observed in blood donors in Cote d’Ivoire.[35]

We observed 2 patients with an uncommon phenomenon; they
showed a positive anti-HBc result at year 1, however, with a
negative HBsAg result that seroconverted to HBsAg+ after
12 months. Further tests to evaluate possible occult HBV
infections (HBsAg–negative but HBV DNA positive) were not
performed. Various explanations could be attributed to these 2
Figure 3. Kaplan–Meier curve for proportion of HBV survival. HBV=Hepatitis
B virus.

http://www.md-journal.com
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cases. We postulate that these could be cases of reactivation as
positive anti-HBc results indicate previous exposure to HBV.
Previously, cases of reactivation in patients with HBc-positivity
have been described in patients of different clinical histories, with
interrupted lamivudine treatment,[36–38] and without antiretro-
viral therapy interruption.[39] One other patient’s HBsAg status
switched between positive and negative results at each time points
throughout follow-up and may be attributed to reactivation.
There was a statistically significant difference between incident

cases and participants who did not get infected with age. This
finding has also been observed in Uganda.[31] However, it is to be
noted that none of the risk factors evaluated had a statistical
significance in the risk of acquiring incident HBV. This is in
contrast to a study in Uganda that showed that younger people
and those with an HIV viral load >400copies/mL had a higher
risk of being infected throughout the duration of the study.[31]

There is a need to further assess the impact of socioeconomic
factors on HBV infection in Botswana. In our study, more
incident cases were observed in participants with secondary
education than in primary or tertiary education. This is in
contrast to a study of pregnant women in Tanzania where a
higher HBsAg prevalence was found in women with primary
education[40]; however, a study in Nigeria had similar findings to
our findings.[41] In a similar study in Kenya, there was no
significant difference in HBV prevalence according to education
level.[42] The level of knowledge on HBV may be crucial in that
individuals will be aware of vaccination and treatment options, as
well as prevention strategies.
We report HBV inactive carriers in our cohort characterized by

HBsAg positivity and very low to undetectable HBV DNA levels
who are at a risk of reactivation as shown in other studies.[43,44]

This has also been observed in a previous study of patients
initiating ART in Botswana.[13]We also observe high viral loads in
incident HBV patients who later cleared the surface antigen. High
HBsAg seroclearance has been observed in patientswith highHBV
viral load at baseline after treatment with tenofovir disoproxil
fumarate (TDF).[45] However, these findings require further
investigations. Despite the high HBV seroclearance, implications
for the incident HBV infections associated with high HBV viral
loads is a cause for concern and warrants consideration for
antiretroviral regimens with anti-HBV active drugs.
The clinical implications of the current findings are diverse. All

incident cases with an available sample to be screened at a
consecutive time point cleared the surface antigen, hence being
labeled as acute HBV (AHB). In Italy, AHB is of clinical concern
as it most often requires hospital admission sometimes being a
threat to the patient’s life. It was related to strains from
elsewhere,[27] and this raised concern of treatment of immigrants.
Furthermore, Jindal et al[46] state that reactivation of HBV is
associated with immunosuppression and will most often present
as AHB, hence the need to further assess predictors of chronicity
in these patients, particularly because they are coinfected with
HIV. Other populations such as pregnant women also need to be
assessed for incidence of HBV because of their delayed clearance
of the surface antigen hence pregnancy being a possible risk of
chronicity.[47] Our results are not generalizable to the HIV
negative patients or the HIV positive patients that are on ART,
therefore assessments in these cohorts are necessary.
In conclusion, we observe high incidence of HBV in HIV-

infected adults compared with other studies in different parts of
sub-Saharan Africa. This raises a clinical concern because these
patients were generally healthier with higher CD4+ T cell counts
6

and without AIDS-defining illnesses. As Botswana has adopted a
Treat All strategy, it is even more vital to evaluate this
achievement and combat all major possible hindrances to the
immune restoration of affected individuals. As such, early
screening of HBV in HIV-infected individuals is vital and should
be in national HIV treatment guidelines. Furthermore, screening
HBV in households of the HBsAg positive cases is recommended
as HBV can be transmitted horizontally.
This study bears the strength of longitudinal follow-up of

incident cases and therefore the ability to identify them as acute
infections. A limitation to the studywas the lack of a control group
of HIV uninfected patients and HIV-infected treatment experi-
enced patients particularly in a Treat All era. There is also a
possibility that someHBV incident casesmight havebeenmissed as
screenings were 12 months apart which is a long interval. Further
work to determine incidence of occult HBV in this population is
necessary as the use of serology only has been shown to
underestimate HBV prevalence through missing out occult
infections.[48] We estimated HBV incidence from all participants
including those that tested positive to anti-HBc which may be an
overestimation posing another limitation of our study in addition
to the high numbers of loss to follow up and unavailable samples.
As previously discussed, we have 2 confirmed cases of reactivation
in the study indicated. It should be noted that out of the 22 incident
cases, 3 were had a positive anti-HBc result.
The main findings of this study are the high HBV incidence rate

3.6 per 100 person-years and clearance rate.
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