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Background. We aimed to determine the prevalence of hepatitis B virus (HBV) infection among people with human 
immunodeficiency virus (PWH) in rural and periurban communities in Botswana.

Methods. PWH from a previous population-based study, the Botswana Prevention Combination Project, which enrolled adults 
in 30 communities across Botswana (2013–2018), were screened for HBV surface antigen (HBsAg) and HBV core antibody (anti- 
HBc). HBsAg-positive (HBsAg+) samples were further screened for HBV core immunoglobulin M antibodies (anti-HBc 
immunoglobulin M [IgM]) and HBV e antigen (HBeAg). We quantified HBV viral load on participants who tested positive 
(n = 148) and negative for HBsAg (n = 381).

Results. Of 3304 participants tested, 271 (8% [95% confidence interval {CI}, 7%–9%]) were HBsAg+ while 1788 (56% [95% CI, 
54%–57%]) of 3218 PWH whom we tested had positive anti-HBc. Approximately 88% of HBsAg+ participants were on 
antiretroviral therapy (ART), 40% and 56% of whom were receiving lamivudine- and tenofovir-containing ART, respectively. 
Male sex (relative risk ratio [RRR], 1.8 [95% CI, 1.2–2.7]) and the northern geographic region (RRR, 2.5 [95% CI, 1.4–4.7]) 
were independent predictors of HBV infection (HBsAg+). Of 381 persons with negative HBsAg who were tested for occult 
HBV, 126 (33% [95% CI, 29%–38%]) had positive HBV DNA. Eleven participants were highly viremic with high HBV viral 
load while on a lamivudine- or tenofovir-containing regimen. Ten (91%) of these participants also had positive HBeAg 
serology, while 4 (36%) had positive anti-HBc IgM serology.

Conclusions. The prevalence of HBV was high among PWH in Botswana while on ART regimens with activity against HBV.
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Hepatitis B virus (HBV) infection is one of the leading causes of 
liver disease worldwide, with sub-Saharan Africa having the 
highest HBV-associated mortality [1]. In 2019 the global prev
alence of chronic HBV was 3.8%, affecting 296 million people 
and leading to 820 000 deaths annually [2].

In Botswana, universal childhood HBV vaccination was in
troduced in 2000 with 4 HBV vaccine doses being given to in
fants [3]. The reported coverage of the HBV vaccine is 94% 
while coverage of timely hepatitis B birth dose was shown to 

be 74% [4]. The prevalence of individuals with hepatitis B sur
face antigen–positive (HBsAg+) serology in Botswana has 
been reported to range between 1.1% and 10.6%, with studies 
conducted primarily in the Gaborone (capital) region [5–7]. 
Studies from other African countries have reported HBV 
prevalence ranging from 0.4% to 22.9% [8–13], but few of 
these studies are from HBV population-based studies 
in sub-Saharan Africa [14, 15]. National and regional HBV 
prevalence data are important for implementing programs 
for eliminating HBV by 2030, as per the Sustainable 
Development goals.

Some studies have shown that HBV/human immunodeficien
cy virus (HIV) coinfection leads to worse clinical outcomes than 
either infection alone [16]. This may, however, not always be the 
case as HIV/HBV-coinfected patients may be better linked to 
care and be better managed than HBV-monoinfected patients. 
In one study, for example, a higher proportion of coinfected 
individuals were on ART and were less likely to have undetect
able HBV viremia and features of liver disease compared to 
HBV-monoinfected individuals [17]. HIV prevalence in 
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Botswana is estimated to be 20.8% [18]. HBV screening among 
people with HIV (PWH) in Botswana is not routinely done; how
ever, people found to have concomitant HBV and HIV are initi
ated on Truvada (emtricitabine/tenofovir disoproxil fumarate 
[TDF]) [19]. Botswana has a robust National Antiretroviral 
Treatment Programme that provides treatment to all PWH since 
the year 2016 [19], and the success of this program is shown in 
Botswana reaching the Joint United Nations Programme on 
HIV/AIDS (UNAIDS) 95–95–95 targets at 95–98–98 [18]. 
Currently, the first-line regimen is Truvada and dolutegravir, 
while second-line regimens are based on resistance test results 
and consultations with an HIV specialist. Prior to the treat-all 
era, the first-line regimen was efavirenz/emtricitabine/TDF 
with the second-line regimen being zidovudine/lamivudine 
(3TC)/lopinavir/ritonavir.

Occult HBV (OBI), defined as the presence of replication- 
competent HBV DNA in the absence of HBsAg [20], often 
goes unreported in national HBV prevalence data. The clinical 
relevance of OBI infections includes vertical transmission [21], 
reactivation (particularly in immunocompromised individuals) 
[22], drug resistance [23], and diagnostic failure when using 
only serological assays to screen for HBV. Mutations identified 
in various HBV open reading frames may explain OBI pheno
type characteristics such as reduced replication leading to low 
viral loads and reduced HBsAg secretion [24–26].

We aimed to determine the prevalence of HBV infection, in
cluding OBI, among a nationally representative cohort of PWH 
in rural and periurban communities in Botswana.

METHODS

Study Population

For this study, we used existing data and stored plasma samples 
that were collected from PWH who participated in a population- 
based household survey of the Botswana Combination 
Prevention Project (BCPP) in 30 geographically dispersed villag
es throughout Botswana [27]. BCPP was a cluster-randomized 
trial conducted in 15 paired communities matched by size, pre
existing health services, population age structure, and geograph
ic location. In brief, a random sample of approximately 20% of 
adult residents (16–64 years) of these 30 communities were en
rolled from 2013–2018 into a survey; a total of 12 610 partici
pants enrolled, of whom 3596 were HIV positive [28]. We 
tested stored leftover plasma from PWH who enrolled into 
this survey for various HBV serological markers following the 
manufacturer’s protocols.

Patient Consent Statement

In the parent BCPP study, written informed consent was ob
tained from participants. Only samples from participants 
who consented for their samples to be used for future research 
were used. Our current study was approved by the Human 

Research Development Committee at the Botswana Ministry 
of Health (HPDME 13/18/1) in which we received a waiver 
of consent.

Laboratory Investigations

Plasma samples were initially screened for HBsAg (Murex Version 
2, Diasorin, Dartford, United Kingdom) and total core antibodies 
(anti-HBc) using the Monolisa anti-HBc PLUS enzyme-linked im
munosorbent assay kit (Bio-Rad, Marnes-la-Coquette, France). 
HBsAg+ samples were further screened for hepatitis B e antigen 
(HBeAg) and anti-HBc immunoglobulin M (IgM) using the 
Monolisa HBe Ag/Ab and Monolisa anti-HBc Plus 1 Plaque 
(Bio-Rad, Marnes-la-Coquette, France), respectively. HBV 
DNA was quantified in 148 HBsAg+ and 381 HBsAg-negative 
(HBsAg–) participants (screening for OBI) using the COBAS 
AmpliPrep/COBAS TaqMan HBV Test version 2.0 (Roche 
Diagnostics, Mannheim, Germany) following the manufacturer’s 
instructions with a broad linear range from 20 to 1.7 × 108 IU/ 
mL. Viral load quantification for OBI samples was done regardless 
of anti-HBc results. The assay has an analytical sensitivity of ≥95% 
and specificity of 100% with a confidence limit of 99.54% as 
reported by the manufacturer [29]. This kit also comes with 1 high- 
positive control, 1 low-positive control, and a negative control; 
results were considered valid if the controls passed validation. 
Using a prevalence estimate of 26.5% [30] at 80% power and 
15% nonresponse, we estimated that the required sample size to 
be used for OBI estimation would be 306 samples. The sample 
size was enriched for downstream processes. The sample selection 
was mostly impacted by sample volume and sample availability.

Data Analysis

We calculated the Wilson 95% confidence interval (CI) around 
prevalence estimates. Factors associated with HBsAg positivity 
were determined using a multivariable multinomial logistic re
gression adjusting for clustering by community through the 
sandwich variance estimator model. Covariates were chosen a 
priori. Kruskal-Wallis test was used to compare continuous 
variables between OBI-infected and OBI-uninfected partici
pants while χ2 test was used to compare categorical variables. 
P values <.05 were considered statistically significant. All stat
istical analyses were performed on Stata version 14.1 
(StataCorp LLC, College Station, Texas).

RESULTS

Participant Characteristics and HBV Risk Factors

Characteristics of participants are summarized in Table 1 in 
3 categories; HBsAg+ (infected group), HBsAg–/anti-HBc+ (ex
posed group), and HBsAg–/anti-HBc− (uninfected group). 
Approximately 73% of the participants were female, median 
age was 41 years, and 84% were on antiretroviral therapy 
(ART) (Table 1, Supplementary Table 1). In a multivariate 
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multinomial logistic regression model, male sex, and the north
ern geographic region were independent predictors of positive 
HBsAg (relative risk ratio [RRR], 1.8 [95% CI, 1.2–2.7] and 2.5 
[95% CI, 1.4–4.7], respectively; Table 2). HBsAg prevalence was 
significantly higher in men than women aged >55 years (P < 
.01), whereas this significance was not observed in younger par
ticipants (Supplementary Figure 1).

HBV Markers

Of 3218 PWH tested for anti-HBc, we found evidence of HBV 
exposure (positive anti-HBc) in 1788 or 56% (95% CI, 54%– 
57%) (Figure 1). Of 3304 participants screened for HBsAg, 271 
(8% [95% CI, 7%–9%]) had positive HBsAg. Of 249 HBsAg+ par
ticipants tested for anti-HBc IgM, 17 (7% [95% CI, 4%–11%]) 
tested IgM+. HBeAg was positive in 26 of 235 HBsAg+ partici
pants tested (11% [95% CI, 8%–16%]) (Figure 1).

HBsAg Prevalence by Community

HBsAg prevalence varied substantially between communities 
in Botswana; the lowest prevalence of positive HBsAg was 

found in Digawana (2% [95% CI, .4%–11%]) while the highest 
prevalence was in Gumare (22% [95% CI, 16%–30%]). The 
Northwest district of Botswana (Gumare and Shakawe) showed 
high HBV exposure (positive anti-HBc) at 77% and 72%, re
spectively; however, HBsAg prevalence in these 2 communities 
varied greatly (22% and 12%, respectively; Figure 2).

High HBV Viral Loads in Participants on Anti-HBV Therapy

Of participants who were positive for HBsAg, 39 (26%) had 
undetectable HBV viral loads, 80 (54%) had viral loads 
<2000 IU/mL, 13 (9%) had viral loads between 2000 and 19 
999 IU/mL, 5 (3%) between 20 000 and 199 999 IU/mL, and 
11 (7%) >200 000 IU/mL (Supplementary Table 2). The me
dian HBV viral load was 409 IU/mL (95% CI, 104–1905 IU/ 
mL) among participants with viral loads within the broad lin
ear range. Table 3 shows HBsAg+ participants who had viral 
loads >200 000 IU/mL while on TDF- and 3TC-containing 
regimens. Participants on the 3TC-containing regimen 
made up 73% of these participants while those on the 
TDF-based regimen made up 27% of the participants. All par
ticipants on an ART regimen that included 3TC but not TDF 
had viral loads >170 000 000 IU/mL. All but 2 participants 
had suppressed HIV viral loads despite having HBV viral 
loads >200 000 IU/mL. Table 3 also shows participants with 
positive anti-HBc IgM and participants with actively replicat
ing virus (HBeAg+) while on ART. For participants that had 
both HBV viral load and HBeAg serology results, 67% (12/ 
18) of participants with positive HBeAg serology had HBV vi
ral loads >20 000 IU/mL while 3% (4/121) with negative 
HBeAg serology had HBV viral loads >20 000 IU/mL 
(Supplementary Table 3)

Occult HBV Infection

Samples from 381 participants who had negative HBsAg were 
screened for HBV DNA, 126 (33.1% [95% CI, 28.5%–37.9%]) 
of whom had detectable DNA and hence OBI. Of persons with 
detectable HBV viral load, 85 of 126 (67.5%) had viral loads 
<20 IU/mL while the rest had viral loads ≥20 IU/mL. One par
ticipant had a viral load of 7 874 196 IU/mL. The participant was 
an ART-naive female aged 53 years with an HIV viral load of 1 
505 646 copies/mL. A total of 67 of 118 (56.8%) participants with 
detectable viral load tested positive for anti-HBc while the re
maining 43.2% were negative for anti-HBc. There was no statisti
cally significant difference between OBI-infected individuals and 
OBI-uninfected participants in sex, age, nadir CD4+ T-cell 
count, log HIV viral load, ART status, ART type, or duration 
on ART (Supplementary Table 4).

DISCUSSION

In a near-nationwide, predominantly rural population–based 
random sample of >3300 adults with HIV, more than half had 

Table 1. Participant Characteristics

Characteristic
HBsAg+  

(n = 271)

HBsAg–/ 
Anti-HBc+  

(n = 1561)

HBsAg–/ 
Anti-HBc–  

(n = 1343)

Sex

Female 173 (64) 1135 (73) 1016 (76)

Male 98 (36) 426 (27) 327 (24)

Age category, y

≤35 77 (28) 320 (20) 511 (38)

>35 194 (72) 1241 (80) 832 (62)

Region

South 49 (18) 407 (26) 374 (28)

Central 127 (47) 779 (50) 706 (53)

North 95 (35) 375 (24) 263 (20)

Nadir CD4, cells/µL (n = 1295)

<100 15 (13) 79 (13) 47 (8)

100–199 28 (24) 114 (19) 100 (18)

200–499 55 (47) 305 (50) 288 (51)

≥500 18 (16) 112 (18) 134 (24)

HIV viral load suppression (n = 3170)

Undetectable 217 (80) 1276 (82) 1046 (78)

Detectable 53 (20) 283 (18) 295 (22)

ART status (n = 3151)

ART-naive 33 (12) 227 (15) 233 (17)

On ART 235 (88) 1322 (85) 1101 (83)

Type of ART (n = 1799)

Non-TDF, non-3TC 7 (4) 41 (4) 35 (5)

3TC-containing, 
non-TDF

67 (40) 400 (43) 272 (39)

TDF-containing 93 (56) 490 (53) 394 (56)

Duration on ART, mo (n 
= 2241), median 
(IQR)

6.6 (4.5–9.5) 7.4 (3.9–10.7) 6.4 (2.8–10.1)

Data are presented as No. (%) unless otherwise indicated.  

Abbreviations: 3TC, lamivudine; anti-HBc, hepatitis B core antibody; ART, antiretroviral 
therapy; HBsAg, hepatitis B surface antigen; HIV, human immunodeficiency virus; IQR, 
interquartile range; TDF, tenofovir disoproxil fumarate.
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evidence of HBV exposure (positive anti-HBc), nearly 10% had 
positive HBsAg, and a high proportion of HBV-exposed, 
HBsAg– individuals had occult HBV by HIV DNA testing.

The HBV prevalence that was observed was comparable to 
that described by previous studies in Botswana [31] and in neigh
boring South Africa where a prevalence of 6.4% was observed in 
a similar cohort [14]. It is important to note that the majority of 
participants in our study were already on HIV ART with at least 
1 drug active against HBV. As some patients clear HBsAg after 
being on ART [32], our results may be an underestimation of 
the true HBsAg prevalence in this population.

We also observed participants with positive anti-HBc IgM, 
HBeAg, and high HBV viral load who were already on TDF- 
and 3TC-containing regimens, which has been observed else
where [33, 34]. Since all participants had been on treatment for 
>6 years, the lack of HBV suppression could have not been due 
to duration on ART, but several reasons may be likely. We pos
tulate that these participants may have acquired antiviral 
drug-resistant HBV as has been previously reported [35]. 
Persistent HBV viremia while on ART with anti-HBV activity 
is also attributed to drug resistance mutations in the HBV poly
merase region [36] with resistance mutation rtM204I/V being re
ported to be the most prevalent in Africa [37]. Drug resistance 
may pose a challenge in the elimination of hepatitis B by 2030 
[38]. It is worth noting that we could not ascertain whether these 
anti-HBc IgM+ cases are acute or reactivations as has been shown 
to be the likely case [39]. Evidence of tenofovir resistance has been 
discussed in chronic HBV patients [40] and therefore would be 
the likely situation in our anti-HBc IgM+ cases who could possi
bly be chronic carriers experiencing HBV reactivation.

OBI prevalence was estimated to be 33% in our population, 
which is slightly higher than the reported prevalence in a previ
ous Botswana study among ART-naive individuals at 26.5% [30]. 
A much lower OBI prevalence of 5.6% was observed among 
treatment-naive PWH in Kenya [41]. Recently, it was revealed 
that there is regional variation of OBI in the African continent, 
with the southern region having the highest OBI prevalence 
compared to other regions [42]. Despite the different cohorts 
studied, OBI prevalence rates may vary due to the sensitivity 
of nucleic acid testing platforms used. Furthermore, the varying 
OBI prevalence in different African regions may be due to HBV 
genetic variability where high OBI prevalence were shown in ge
notype D [43]. The deletion present in genotype D was postulat
ed to result in less HBsAg secretion than genotype A [44].

Being male was an independent risk factor for HBV infection 
in our study as has been observed elsewhere [45]. Exposure 
events may be attributed to this high prevalence in males 
than females [46] with high anti-HBc being observed in males 
in our study (data not shown) and elsewhere [45]. A combina
tion of factors including behavioral factors may also be attrib
uted to the difference in HBV prevalence between males and 
females [46].

HBV prevalence also varied by region in Botswana and was sig
nificantly higher in communities in the northern region of the 
country. HIV, anti-HBV, and HBsAg prevalence did not always 
follow the same trends (by community). For example, the 
Shakawe community had the highest HBV exposure (77% had pos
itive anti-HBc) but did not have the highest HBsAg or HIV prev
alence. We hypothesize that the varying HBsAg prevalence rates 
could be due to differences in host factors and genotype-specific 

Table 2. Multivariate Multinomial Logistic Regression of Factors Associated With Exposure to Hepatitis B Virus and Hepatitis B Surface Antigen 
Positivity

Characteristic
HBsAg–/Anti-HBc+ (n = 1561),  

RRR (95% CI) P Value
HBsAg+ (271),  
RRR (95% CI) P Value

Sex

Female 1 (Ref) 1 (Ref)

Male 1.32 (1.02–1.71) 0.03 1.82 (1.21–2.73) <.01

Age category, y

≤35 1 (Ref) 1 (Ref)

>35 2.11 (1.60–2.80) <.001 1.27 (.83–1.95) .27

Region

South 1 (Ref) 1 (Ref)

Central .99 (.74–1.33) .74 1.37 (.88–2.13) .16

North 1.41 (.93–2.16) .93 2.54 (1.37–4.70) <.01

HIV viral load suppression

Undetectable Ref Ref

Detectable .99 (.70–1.41) .98 1.21 (.65–2.28) .55

Type of ART

Non-TDF, non-3TC 1 (Ref) 1 (Ref)

3TC-containing, non-TDF 1.12 (.66–1.91) .68 1.10 (.41–2.97) .84

TDF-containing 1.03 (.66–1.62) .89 1.06 (.41–2.72) .91

Abbreviations: 3TC, lamivudine; anti-HBc, hepatitis B core antibody; ART, antiretroviral therapy; CI, confidence interval; HBsAg, hepatitis B surface antigen; HIV, human immunodeficiency 
virus; RRR, relative risk ratio; TDF, tenofovir disoproxil fumarate.
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seroclearance among different communities. Genotypes A and D 
are predominant in Botswana [5, 47]; however, their distribution 
across the country may differ. HBsAg seroclearance has been 
shown to be higher in genotype A than in genotype D [48, 49]. 
Furthermore, host-genetic factors, such as specific single- 
nucleotide polymorphisms like rs9277535, have also been associat
ed with spontaneous seroclearance [50]. Transmission rates within 
each community may also vary, resulting in varying HBV preva
lences. A combination of unique cultural practices, behaviors, up
take of HBV prevention strategies, and access to healthcare at birth, 
which could impact age at HBV exposure, may also contribute to 
the varying HBV prevalences by region.

Among persons with positive HBsAg, 93% had positive 
anti-HBc IgM serology. With the median age of HBsAg- 
positive participants being 42 years, we can assume that the 
majority of these individuals were not previously vaccinated, 
as universal childhood HBV vaccination in Botswana was in
troduced in 2000 [3].

Our study has several strengths. The primary strengths are the 
large representative random population-based sample of individ
uals from 30 communities across Botswana during an era of high 
ART coverage, and the high rate of completion of testing. Our 

study also has several limitations. We did not have results of liver 
function tests or other HBV-related clinical assessments. We did 
not screen for HBV surface antibody, which would have ascer
tained if the OBI cases identified were seropositive or seronegative 
cases. The study is also only in PWH; hence, results are not nec
essarily generalizable to people without HIV. Finally, we do not 
have longitudinal assessment of HBV test results.

CONCLUSIONS

This is the largest HBV study in Botswana and one of the largest 
in the region, and the first to report on HBV in understudied 
rural and periurban communities. HBV exposure and preva
lence are still high among PWH in Botswana, a country that 
is showing success in achieving HIV epidemic control [18]. 
We also note an even higher OBI prevalence than previously re
ported, which could represent a population reservoir that may 
get missed during routine screening and which has implica
tions for blood donations (particularly in resource-limited set
tings where nucleic acid testing may not be available). Our 
study has revealed that there is regional variation in HBV prev
alence in Botswana and has identified areas with high 

Figure 1. Hepatitis B virus marker screening algorithm. Abbreviations: +, positive; –, negative; anti-HBc, hepatitis B core antibody; BCPP, Botswana Prevention Combination 
Project; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HIV, human immunodeficiency virus; IgM, immunoglobulin M.
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prevalence rates that may require specific interventions from 
the Botswana Ministry of Health to curb these infections. 
HBV viral loads were found in some tenofovir- and 
lamivudine-experienced participants. The next steps involve 
sequencing HBV from these participants to look for drug resis
tance mutations. Screening of PWH for HBV infection prior to 
treatment initiation should be scaled up in the country. We 

recommend HBV surveillance studies in Botswana to shed 
more light into the dynamics of the infection in the population, 
particularly in areas that were not included in our study.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, the 

Figure 2. Hepatitis B surface antigen, hepatitis B core antibody, and human immunodeficiency virus prevalence in Botswana rural and periurban communities. Abbre
viations: anti-HBc, hepatitis B core antibody; C, Central District; Ch, Chobe District; HBsAg, hepatitis B surface antigen; HIV, human immunodeficiency virus; KA, Kgatle
ng District; KW, Kweneng District; NE, North-East District; S, Southern District; SE, South-East District.

Table 3. Participants With Hepatitis B Virus Viral Loads ≥200 000 IU/mL While on Antiretroviral Therapy Containing Either Lamivudine or Tenofovir 
Disoproxil Fumarate

Participant
HBV VL, 
IU/mL Regimen Sex Age, y

HIV VL, 
Copies/mL ART Duration, y Anti-HBc IgM HBeAg

1 325 429 EFV + FTC + TDF F 44 40 NA POS NEG POS

2 377 860 FTC + NVP + TDF M 52 40 NA POS NEG NEG

3 157 534 884 EFV + FTC + TDF F 27 40 6.9 POS POS POS

4 >170 000 000 3TC + NVP + ZDV M 40 40 7.2 NEG NEG POS

5 >170 000 000 3TC + NVP + ZDV F 49 40 13.8 NEG POS POS

6 >170 000 000 3TC + NVP + ZDV M 45 40 16.2 POS NEG POS

7 >170 000 000 3TC + NVP + ZDV M 47 40 NA POS NEG POS

8 >170 000 000 3TC + NVP + ZDV F 31 40 9.5 POS NEG POS

9 >170 000 000 3TC + NVP + ZDV F 41 40 11.3 POS POS POS

10 >170 000 000 3TC + NVP + ZDV F 35 21 574 6.8 POS NEG POS

11 >170 000 000 3TC + NVP + ZDV F 30 80 680 NA POS POS POS

Abbreviations: 3TC, lamivudine; anti-HBc, hepatitis B core antibody; ART, antiretroviral therapy; EFV, efavirenz; F, female; FTC, emtricitabine; HBsAg, hepatitis B surface antigen; HBV, 
hepatitis B virus; HIV, human immunodeficiency virus; IgM, immunoglobulin M; M, male; NA, data not available; NVP, nevirapine; TDF, tenofovir disoproxil fumarate; VL, viral load; ZDV, 
zidovudine.
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posted materials are not copyedited and are the sole responsibility of the 
authors, so questions or comments should be addressed to the correspond
ing author.
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