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Abstract

Background

Botswana introduced the HBV vaccine at birth for all newborns in 2000. To the best of our

knowledge, since the introduction of HBV vaccination, there have been limited data for vac-

cine response to HBV and its impact on early childhood HBV infections among children HIV

exposed but uninfected in Botswana.

Aims

To determine the prevalence of hepatitis B surface antigen (HBsAg) and HBV vaccine

response in 18 months old children HIV exposed but uninfected in Botswana.

Methods

Stored plasma samples from 304 children at 18 months of age and 287 mothers from deliv-

ery were tested for HBsAg. Mothers with positive HBsAg had HBV DNA level tested, and

their HBV genotypes were determined by amplifying a 415-base pair (bp) region of the sur-

face gene. Plasma samples from children exposed to HIV were tested for hepatitis B surface

antibody (anti-HBs) titers.

Results

No children (0 of 304) were positive for HBsAg at 18 months while 5 (1.74%) of 287 HIV-pos-

itive mothers were HBsAg positive. Four of the HBsAg positive mothers were infected with

genotype A1, while 1 was infected with genotype E. The median anti-HBs titer in children
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was 174 mIU/mL [QR: 70, 457]. Three (1.1%) of 269 children had an inadequate vaccine

response (<10 mIU/mL), while 266 (98.9%) of 269 had protective immunity. However,

when using the�100mIU/mL threshold, only 170 (63.2%) of 269 children had complete

protection.

Conclusion

No HBsAg positivity was identified in a cohort of children HIV exposed but uninfected. The

absence of HBsAg positives was associated with good HBV vaccine responses and low

maternal HBsAg prevalence in Botswana.

Introduction

Hepatitis B virus (HBV) infection is a global health problem, with 257 million people estimated

to be chronically infected [1]. HBV is responsible for 887,000 deaths per year, mostly from

complications such as cirrhosis and hepatocellular carcinoma [1]. In Botswana, the prevalence

of HBsAg in human immunodeficiency virus (HIV)-infected individuals was 9.3% [2], while

the prevalence among HIV-infected pregnant women has been reported as 3.1% [3]. HIV/

HBV co-infection is associated with high HBV viral loads and high hepatitis B envelope anti-

gen (HBeAg) positivity with a rapid progression to cirrhosis [4].

In HBV endemic regions including sub-Saharan Africa, HBV infections may be transmitted

vertically from mother to child, although most infections occur through horizontal transmis-

sion in early childhood [5]. These horizontal infections are more likely to lead to chronic infec-

tions, increasing the risk of end stage liver disease (ESLD) [5]. Globally, a meta-analysis study

showed that 42.1% of the children born to HBsAg-positive mothers who did not receive HBV

passive-active immunoprophylaxis acquired infection perinatally [6]. This figure was reduced

to 2.9% among children who received the immunoprophylaxis, thereby highlighting the signif-

icant benefit of immunization [6]. Children become exposed to HIV in utero or via breast

milk but may remain HIV-uninfected; however, there are limited data on the risk of HBV

transmission via breastfeeding [7]. HBV vaccine response among children exposed to HIV has

been reported to be less robust compared to children born to mothers without HIV. This

places children exposed to HIV at a higher risk of HBV transmission in the presence of high

viral DNA levels in HIV/HBV co-infected mothers [8].

Childhood HBV acquisition is prevented by the timely administration of the recombinant

subunit vaccine to newborns [9]. Botswana adopted the World Health Organisation (WHO)

recommendation in 2000 to administer a birth dose within 24 hours of birth followed by three

additional doses given at 2, 3 and 4 months of life to prevent perinatal and early horizontal

HBV transmission [10]. In 2015, Botswana reported a 95% national HBV vaccine coverage,

but its timely administration coverage was 74% [9,11].

Infant feeding guidelines by Botswana Ministry of Health and Wellness (MoHW) in 2011

recommended that women living with HIV use formula feeding for the first 6 months of life

only when it was acceptable, feasible, affordable, sustainable and safe (AFASS) [12]. In

instances where formula feeding was not AFASS, mothers living with HIV were recommended

to breastfeed their infants [12].

To the best of our knowledge, data on HBV vaccine responses in children HIV exposed but

uninfected in Botswana remain unknown. We sought to determine the prevalence of HBsAg
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positivity and vaccine response in 18 months old children HIV exposed but uninfected in

Botswana.

Methods

Study participants’

This was a retrospective, cross-sectional study utilizing archived plasma samples from the

Mpepu study conducted between 2011 and 2013 in Botswana. Residual plasma samples from

the Mpepu study were stored at -80˚C in an ultra-low freezer after completion of the study.

The objective of the Mpepu study was to assess the efficacy and safety of infant cotrimoxazole

versus placebo prophylaxis taken from 14–18 days through 15 months of life in children

exposed to HIV [13]. In this study, samples were collected at enrollment (14–28 days after

birth) to 18 months of life for children, and at delivery for the mothers. The study was con-

ducted at Botswana Harvard AIDS Institute Partnership. Mothers provided written informed

consent for participation in the Mpepu study, and for storage of residual samples. Ethical

approval for the study was provided by the University of Botswana ethics review committee

and the Health Research Development Committee of the Botswana MoHW (protocol # 00547)

for the Mpepu study and the sub-study. Archived plasma samples from children HIV exposed

but uninfected and their mothers collected at 18 months and at delivery respectively were used

for this study. The 18 months visit was chosen in order to measure anti-HBS titres after com-

pletion of HBV vaccine doses and to avoid quantifying passive maternal anti-HBS. Children

HIV exposed but uninfected were defined as children without HIV who were born to mothers

living with HIV.

HBV surface antigen and surface antibody screening

Plasma samples were tested for HBsAg using a Murex HBsAg Version 3 Enzyme Linked

Immunosorbent Assay (ELISA) kit (Murex Biotech, Dartford, UK). Initially reactive samples

were confirmed by repeat duplicate testing following the manufacturer’s instructions. Anti-

HBs titers were determined from children’s samples using a Monolisa™ Anti-HBs PLUS ELISA

kit (Bio-Rad, Hercules, CA, USA) following manufacturer’s instructions. The Anti-HBs lower

limit of detection (LoD) was 2.00 mIU/mL, and the upper LoD was 1,000 mIU/mL. Recent

studies have used either the�10mIU/mL or�100mIU/mL thresholds for protective immu-

nity, but for our study we have used both thresholds for analysis of anti-HBs titers. For the

�10mIU/mL threshold, anti-HBs levels of<10mIU/mL were considered inadequate whilst

>10 mIU/mL were considered protective [14]. For the�100mIU/mL threshold, anti-HBs lev-

els<10mIU/mL were classified as no protection, 10 mIU/mL- 100 mIU/mL anti-HBs levels

were considered as partial immunity whilst anti-HBs titres of>100 mIU/mL were classified as

complete protection [15].

HBV viral load

HBV viral load was tested on HBsAg positive mothers samples collected at delivery, using

COBAS1 AmpliPrep/COBAS1 TaqMan1HBV Test, version 2.0 (Roche, Mannheim, Ger-

many) with a lower LoD of 20 IU/mL.

DNA extraction

DNA was extracted from 200 μL of plasma samples using the QiAmp DNA extraction kit

(QIAGEN, Hilden, Germany) according to the manufacturer’s protocol with a final elution

volume of 50 μL.
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HBV genotyping

A 415 base pair fragment of the HBV surface gene was amplified using a semi-nested polymer-

ase chain reaction (PCR) as previously described [2]. First round PCR used HBV 381 primer

(50 - TGC GGC GTT TTA TCA TCT TCC T—30; nucleotide [nt] 381–402) and HBV 840

primer (50 - GTT TAA ATG TAT ACC CAA AGA C—30; nt 840–861), while the second

round used HBV381 and HBV801 (50- CAG CGG CAT AAA GGG ACT CAA G—3’; nt

801–822) primers. The reaction products of the nested PCR were visualized on a 1% agarose

gel stained with ethidium bromide. The PCR products were purified using the QIAquick1

PCR purification kit (QIAGEN, Mannheim, Germany) according to manufacturer’s specifica-

tion with an elution volume of 30μL. Sequencing PCR was done using primers HBV 381 and

HBV 801 and cleaned up using ZR DNA Sequencing Clean-up Kit™ (Zymo, Irvine, CA, USA).

Sequencing was done using Big-dye sequencing chemistry on an ABI 3130xl sequencing

machine according to the manufacturer’s instructions.

Data analysis

Sequence chromatographs were edited using Sequencher version 5.0 [16] to generate consen-

sus sequences, and sequence alignments were created in Clustal X 2.1 [17]. Sequences aligned

and manually edited using BioEdit version 6.0 [18]. Genotypes and resistance mutations were

determined using the Stanford database [19]. Genotypes were confirmed using the Geno2-

pheno [20], an online tool which determines the genotypes, resistance mutations and further

provides sub-genotypes.

A phylogenetic tree was constructed using Bayesian Evolutionary Analysis by Sampling

Trees BEAST v.1.10.4 [21] program with a chain length of 50,000,000 and sampling every

5,000 generations. The analysis utilized an uncorrelated relaxed clock, the Hasegawa, Kishino,

and Yano (HKY) model, and the general time reversible model with gamma distributed rates

of variation among sites and a proportion of invariable sites (GTR+G+I). Tracer v1.6 [21] was

used to visualize results and confirm chain convergence. Every parameter had an effective

sample size (ESS) > 200, and Tree Annotator v1.7.5 [21] was utilized to choose the maximum

clade credibility tree after a 10% burn-in. Posterior probabilities > 90% were deemed statisti-

cally significant. A tree for sub-genotype A1 and genotype E sequences from this study and the

respective GenBank references for the HBV surface region were constructed. The HBV surface

region was used to determine the clustering of HBV strains from this study relative to other

Botswana HBV sequences and few sequences from the rest of the world. HBV sequences were

deposited into GenBank with accession numbers MN647947 –MN647951.

Results

Samples from 304 children HIV exposed but uninfected were tested (154 females and 150

males). None of the children (0/304, 0%) had HBsAg detected.

Two hundred and twenty-nine (75%) of the 304 children had received a timely (within the

first 24 hours) administration of the HBV birth vaccine, while 75 (25%) of 304 children had

not received the vaccine timely (Table 1). The mean birth weight was 2.92 kg (95% CI, 2.87–

2.97).

The residual volume of plasma in 35 (11.5%) of 304 children samples was inadequate to

measure anti-HBs titers, so only 269 samples were available for testing. The median anti-HBs

titer in 269 children was 174 mIU/mL [IQR: 70, 457]. Assessment of vaccine antibody response

in children, using�10mIU/mL as the threshold for protective immunity, showed that 3

(1.1%) of 269 (95% CI, 0.2%, 3.2%) children had an inadequate immune response (<10 mIU/

mL), while 266 (98.9%) of 269 (95% CI, 96.8%, 99.8%) had protective immunity. For children

PLOS ONE HBV vaccine antibody titers in children HIV exposed but uninfected

PLOS ONE | https://doi.org/10.1371/journal.pone.0237252 August 7, 2020 4 / 10

https://doi.org/10.1371/journal.pone.0237252


with anti-HBs titre of less than 10mIU/mL, 2 of 3 children had received a timely administra-

tion of the HBV birth dose, while 1 did not receive the HBV birth dose within the first 24

hours of birth. All children with anti-HBs titres of less than 10mIU/mL were male. However,

for the�100 mIU/mL threshold, 170 (63.2%) of 269 children had anti-HBs titres of greater

than 100 mIU/mL showing complete protection, 96 (35.7%) of 269 children had anti-HBs

titers ranging between 10–100 mIU/mL showing partial immunity whilst 3 (1.1%) of 269 chil-

dren had anti-HBs titers of<10mIU/mL classified as no protection (Fig 1).

We report a 1.74% (5/287) (95% CI, 0.6–4.0) prevalence of HBsAg in a cohort of mothers

living with HIV with a mean age of 31.8 years (95% CI, 27.1–32.5) at delivery (Table 2). The

Table 1. Demographics for children exposed to HIV (n = 304).

Characteristic n (%)

Administration of HBV birth dose

Within 24 hours after birth 229 (75.3%)

After 24 hours 75 (24.7%)

Feeding method

Breast feeding only 68 (22.4%)

Formula feeding only 235 (77.3%)

Both breast feeding and formula 1 (0.3%)

Abbreviations: HBV, Hepatitis B virus.

https://doi.org/10.1371/journal.pone.0237252.t001

Fig 1. Anti HBs titer ranges for children plasma samples.

https://doi.org/10.1371/journal.pone.0237252.g001
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mothers had high CD4+ T-cell count (median 498 cells/μL) but low hemoglobulin and white

blood cell count.

All 287 mothers living with HIV received antiretroviral treatment (ART). Table 3 shows

results of HBV DNA levels for HBsAg positive mothers. The ART regimen they received

included lamivudine, emtricitabine, and tenofovir which all have anti-HBV activity. Three of

the 5 HBsAg positive mothers had detectable HBV DNA.

The phylogenetic tree for the five HBsAg positive mothers based on the 415bp portion of

the HBsAg together with reference sequences is presented in Fig 2. Four of five sequences clus-

tered with genotype A reference sequences, while one clustered with genotype E references.

Discussion

This is the first study investigating HBsAg prevalence among children HIV exposed but unin-

fected in Botswana. We report the absence of HBsAg positivity (0%) and relatively strong HBV

vaccine responses in this cohort by 18 months of age. The results in this cohort reflect public

health targets promoted by the WHO African Regional Committee in 2014 where countries

were challenged to reduce chronic HBV infection incidence to< 2% in children less than 5

years of age by 2020 [7].

The absence of HBsAg positivity in the children exposed to HIV cohort may be attributed

to the low HBV prevalence in their mothers living with HIV as well as high HBV vaccine anti-

body titers in the children (Fig 1). For the�100 mIU/mL threshold, about 170 (63.2%) of 269

children had anti-HBs titres of more than 100 mIU/mL showing complete protection, 96

(35.7%) of 269 children had anti-HBs titers ranging between 10–100 mIU/mL showing partial

immunity whilst 3 (1.1%) of 269 children had anti-HBs titers of<10mIU/mL classified as no

protection. All three children with anti-HBs titers of<10mIU/mL were male which could sug-

gest that sex-based immunological differences affected the dynamics of the immune response.

For the�10mIU/mL threshold, the majority of the children (98.9%) developed protective

immunity, implying that the HBV vaccine given in infancy in Botswana is highly protective

Table 2. Demographics of mothers living with HIV.

Mean age (years) [95% CI] 31.8 [31.1–32.5]

Delivery mean hemoglobulin count (cells/μL) [95% CI] 10.9 [10.7–11.1]

Delivery median CD4+ count (cells/μL) [IQR] 498 [368–670]

Delivery median white blood cell count (cells/μL) [IQR] 9.0 [7–12]

Delivery median HIV viral load (IU/mL) [IQR] <40 [<40–691]

Abbreviations: HIV, human immunodeficiency virus; IQR, interquartile range.

https://doi.org/10.1371/journal.pone.0237252.t002

Table 3. Viral load and ART regimen for HBsAg positive women.

Sample ID Viral load ART regimen

1 <20 IU/mL Lopinavir/ritonavir/zidovudine/lamivudine

2 1.13 x 106 IU/mL Efavirenz/tenofovir/emtricitabine

3 1.70 x 108 IU/mL Efavirenz/tenofovir/emtricitabine

4 HBV DNA not detected Nevirapine/emtricitabine/tenofovir

5 HBV DNA not detected Zidovudine

Abbreviations: HBV, hepatitis B virus; DNA, ART, antiretroviral therapy; HBsAg, hepatitis B surface antigen.

https://doi.org/10.1371/journal.pone.0237252.t003
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against chronic HBV infection. However, children with anti-HBs titres of less than 100mIU/

mL may require an additional booster dose to achieve adequate immunity. A recent WHO

report found that in Botswana, 94% of newborn infants complete the 3-dose schedule of HBV

vaccination, while the timely hepatitis B birth dose vaccine coverage was 74% [11]. Timely

administration of the hepatitis B birth dose for our study in 304 children exposed to HIV was

75% which is similar to the WHO estimates (Table 1). This HBV vaccine prevents both vertical

and horizontal transmission which can occur in the first 18 months of life when children

become exposed to HBV due to interaction with HBV-infected people. The median anti-HBs

titer in children was 174 mIU/mL [Q1, Q3: 70, 457] which was higher than both the thresholds

for protective immunity (>10 mIU/mL), and adequate protective immunity (>100mIU/mL).

In Malawi, a retrospective longitudinal study was conducted to assess immune response to

HBV vaccine in children exposed to HIV, who had been vaccinated at 6, 10, and 14 weeks of

age and to investigate the correlation between not receiving the HBV primary vaccine dose at

birth and HBV infection acquisition [8]. Results from the study reported protective (�10mIU/

mL) anti-HBs levels in 54/58 (93.2%) children at 6 months, 126/144 (87.5%) at 12 months, and

141/176 (80.1%) children at 24 months [8]. These results indicated a limited impact of HIV

exposure on HBV vaccine response despite the children not receiving the HBV vaccine birth

dose.

The 1.74% HBsAg prevalence in mothers living with HIV was lower than the reported prev-

alence from previous studies in pregnant women living with HIV which was reported as 3.1–

3.8% in Botswana [3,22]. This may be because these mothers were treated with zidovudine

(ZDV) and lamivudine (3TC) or tenofovir (TDF) and emtricitabine (FTC) containing ART

regimens, which have anti-HBV activity (Table 3). Among the 5 mothers living with HIV who

Fig 2. Phylogenetic tree for HBsAg positive mothers sequences (highlighted in red and green) compared to reference sequences (in

black).

https://doi.org/10.1371/journal.pone.0237252.g002
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tested positive for HBsAg, none of their children were HBsAg positive. One mother had a low

HBV viral load (<20 IU/mL), while 2 had no detectable HBV DNA. The two mothers who

had high HBV viral load were on efavirenz / TDF / FTC which also has dual-drug activity

against HBV. However, in both mothers the ART had been initiated only a week prior to the

HBV viral load sampling, which may explain the lack of apparent HBV viral load suppression.

The high HBV viral load may also be attributed to acute HBV infection though this was not

determined. Genotyping results showed that 4 of 5 samples from mothers living with HIV had

HBV genotype A1 which is associated with high risk of horizontal transmission, and 1 sample

had genotype E (Fig 2) [23]. These genotypes have been previously reported in other studies

conducted in Botswana [2,3].

There were several limitations of this retrospective study. First, few children exposed to

HIV were at risk for vertical HBV infection, as the HBsAg prevalence among their mothers as

well as their HBV DNA levels were low. However, the risk for HBV infection at 18 months of

age is not only from vertical transmissions but also from horizontal transmissions as the child

has started interacting with other members of the family and playmates. Second, we did not

test for occult HBV infection (i.e. negative HBsAg but positive HBV DNA infections) in chil-

dren due to low volumes of the samples. This could have resulted in an underestimation of

HBV infection and the long-term outcome of paediatric occult HBV infection is not well

understood. Third, the HBV vaccination records of the children showed administration of the

birth dose, there were no data on whether they completed all their doses which might have an

effect on the HBV vaccine antibody titers.

Conclusion

We report low HBV prevalence in mothers living with HIV and no cases of HBsAg positivity

in 18 month-old children HIV exposed but uninfected in Botswana. Reassuringly, there was a

high response to the HBV vaccine among children HIV exposed but uninfected in Botswana.

Although a very small number of children failed to achieve protective levels of vaccine titers

and might be at risk of HBV infection, these results demonstrate low risk and good vaccine

protection among children exposed to HIV in Botswana, meeting the WHO-established tar-

gets for< 2% paediatric HBV prevalence in the region. However, 35.7% of the children did

not achieve complete protection so further studies on this group are warranted.

Acknowledgments

The authors would like to acknowledge Mpepu study participants.

Author Contributions

Conceptualization: Kabo Baruti, Motswedi Anderson, Theresa Sebunya, Sikhulile Moyo,

Roger Shapiro, Simani Gaseitsiwe.

Data curation: Kabo Baruti, Kayla Lentz, Motswedi Anderson, Wonderful T. Choga, Sikhulile

Moyo.

Formal analysis: Kabo Baruti, Motswedi Anderson, Bonolo B. Phinius, Wonderful T. Choga,

Tshepiso Mbangiwa, Sikhulile Moyo.

Funding acquisition: Shahin Lockman, Roger Shapiro, Simani Gaseitsiwe.

Investigation: Kayla Lentz, Motswedi Anderson, Gbolahan Ajibola, Bonolo B. Phinius, Won-

derful T. Choga, Tshepiso Mbangiwa, Kathleen M. Powis, Shahin Lockman, Sikhulile

Moyo, Roger Shapiro.

PLOS ONE HBV vaccine antibody titers in children HIV exposed but uninfected

PLOS ONE | https://doi.org/10.1371/journal.pone.0237252 August 7, 2020 8 / 10

https://doi.org/10.1371/journal.pone.0237252


Methodology: Kayla Lentz, Motswedi Anderson.

Project administration: Gbolahan Ajibola, Kathleen M. Powis, Shahin Lockman, Roger

Shapiro.

Supervision: Motswedi Anderson, Theresa Sebunya, Sikhulile Moyo, Simani Gaseitsiwe.

Writing – original draft: Kabo Baruti, Motswedi Anderson, Bonolo B. Phinius, Wonderful T.

Choga, Tshepiso Mbangiwa, Sikhulile Moyo.

Writing – review & editing: Kabo Baruti, Kayla Lentz, Motswedi Anderson, Gbolahan Aji-

bola, Bonolo B. Phinius, Wonderful T. Choga, Tshepiso Mbangiwa, Kathleen M. Powis,

Theresa Sebunya, Jason T. Blackard, Shahin Lockman, Sikhulile Moyo, Roger Shapiro.

References
1. World Health Organization Fact Sheet n.d. https://www.who.int/news-room/fact-sheets/detail/hepatitis-b)

(accessed December 8, 2018).

2. Anderson M, Gaseitsiwe S, Moyo S, Wessels MJC, Mohammed T, Sebunya TK, et al. Molecular char-

acterisation of hepatitis B virus in HIV-1 subtype C infected patients in Botswana. BMC Infect Dis 2015;

15:1–9. https://doi.org/10.1186/s12879-015-1096-4.

3. Mbangiwa T, Kasvosve I, Anderson M, Thami PK, Choga WT, Needleman A, et al. Chronic and occult

hepatitis B virus infection in pregnant women in Botswana. Genes (Basel) 2018; 9:1–13. https://doi.org/

10.3390/genes9050259.

4. Chotun N, Nel E, Cotton MF, Preiser W, Andersson MI. Hepatitis B virus infection in HIV-exposed

infants in the Western Cape, South Africa. Vaccine 2015; 33:4618–22. https://doi.org/10.1016/j.

vaccine.2015.06.076. PMID: 26163924

5. Mendy M, Peterson I, Hossin S, Peto T, Jobarteh ML, Jeng-Barry A, et al. Observational Study of Vac-

cine Efficacy 24 Years after the Start of Hepatitis B Vaccination in Two Gambian Villages: No Need for a

Booster Dose. PLoS One 2013; 8:1–9. https://doi.org/10.1371/journal.pone.0058029.

6. Li Z, Hou X, Cao G. Is mother-to-infant transmission the most important factor for persistent HBV infec-

tion? Emerg Microbes Infect 2015; 4:1–8. https://doi.org/10.1038/emi.2015.30.

7. Hesseling A.C., Jaspan H.B., Black J.F., Nene N and Walzl G. Immunogenicity of BCG in HIV-exposed

and non-exposed infants following routine birth or delayed vaccination. Int J Tuberc Lund Dis 2017;

90:1172–6. https://doi.org/10.1016/j.physbeh.2017.03.040.

8. Mancinelli S, Pirillo MF, Liotta G, Andreotti M, Mphwere R, Amici R, et al. Antibody response to hepatitis

B vaccine in HIV-exposed infants in Malawi and correlation with HBV infection acquisition. J Med Virol

2018; 90:1172–6. https://doi.org/10.1002/jmv.25049. PMID: 29427444

9. Breakwell L, Tevi-Benissan C, Childs L, Mihigo R, Tohme R. The status of hepatitis B control in the Afri-

can region. Pan Afr Med J 2017; 27:17. https://doi.org/10.11604/pamj.supp.2017.27.3.11981.

10. Patel P, Davis S, Tolle M, Mabikwa V, Anabwani G. Prevalence of hepatitis B and hepatitis C coinfec-

tions in an adult HIV centre population in Gaborone, Botswana. Am J Trop Med Hyg 2011; 85:390–4.

https://doi.org/10.4269/ajtmh.2011.10-0510. PMID: 21813864

11. Moturi E, Tevi-Benissan C, Hagan J, Shendale S, Mayenga D, Murokora D, et al. Implementing a Birth

Dose of Hepatitis B Vaccine in Africa: Findings from Assessments in 5 Countries. J Immunol Sci 2018;

2:31–40. https://doi.org/10.29245/2578-3009/2018/si.1104.

12. Ndubuka J, Ndubuka N, Li Y, Marshall CM, Ehiri J. Knowledge, attitudes and practices regarding infant

feeding among HIV-infected pregnant women in Gaborone, Botswana: A cross-sectional survey. BMJ

Open 2013; 3:1–9. https://doi.org/10.1136/bmjopen-2013-003749.

13. Lockman S., Hughes M., Powis K., Ajibola G., Bennett K., Moyo S., et al. Effect of co-trimoxazole on

mortality in HIV-exposed but uninfected children in Botswana (the Mpepu Study): a double-blind, rando-

mised, placebo-controlled trial. Lancet Glob Heal 2017; 5:e491–e500. https://doi.org/10.1016/j.

physbeh.2017.03.040.

14. Advisory Committee on Immunization Practices; Centers for Disease Control and Prevention (CDC).

Immunization of health-care personnel: recommendations of the Advisory Committee on Immunization

Practices (ACIP). MMWR Recomm Rep 2011; 60:1–45.

15. Public Health England. Hepatitis B. In: Green Book: Immunisation against infectious disease 2016:161–

85.

PLOS ONE HBV vaccine antibody titers in children HIV exposed but uninfected

PLOS ONE | https://doi.org/10.1371/journal.pone.0237252 August 7, 2020 9 / 10

https://www.who.int/news-room/fact-sheets/detail/hepatitis-b
https://doi.org/10.1186/s12879-015-1096-4
https://doi.org/10.3390/genes9050259
https://doi.org/10.3390/genes9050259
https://doi.org/10.1016/j.vaccine.2015.06.076
https://doi.org/10.1016/j.vaccine.2015.06.076
http://www.ncbi.nlm.nih.gov/pubmed/26163924
https://doi.org/10.1371/journal.pone.0058029
https://doi.org/10.1038/emi.2015.30
https://doi.org/10.1016/j.physbeh.2017.03.040
https://doi.org/10.1002/jmv.25049
http://www.ncbi.nlm.nih.gov/pubmed/29427444
https://doi.org/10.11604/pamj.supp.2017.27.3.11981
https://doi.org/10.4269/ajtmh.2011.10-0510
http://www.ncbi.nlm.nih.gov/pubmed/21813864
https://doi.org/10.29245/2578-3009/2018/si.1104
https://doi.org/10.1136/bmjopen-2013-003749
https://doi.org/10.1016/j.physbeh.2017.03.040
https://doi.org/10.1016/j.physbeh.2017.03.040
https://doi.org/10.1371/journal.pone.0237252


16. Sequencher® DNA Sequence Analysis Software n.d. http://www.genecodes.com (accessed November

15, 2018).

17. Larkin MA, Blackshields G, Brown NP, Chenna R, Mcgettigan PA, McWilliam H, et al. Clustal W and

Clustal X version 2.0. Bioinformatics 2007; 23:2947–8. https://doi.org/10.1093/bioinformatics/btm404.

PMID: 17846036

18. Hall TA. BioEdit: A User-Friendly Biological Sequence Alignment Editor and Analysis Program for Win-

dows 95/98/NT. Nucleic Acids Symp Ser 1999; 41:95–8.

19. Stanford. HBV database. n.d. https://hivdb.stanford.edu/HBV/HBVseq/development/HBVseq.html

(accessed November 20, 2018).

20. Geno2pheno (hbv) v2.0: Max Planck Institut Informatik, Germany n.d. https://hbv.geno2pheno.org/

(accessed November 20, 2018).

21. Drummond AJ, Suchard MA, Xie D, Rambaut A. Bayesian phylogenetics with BEAUti and the BEAST

1.7. Mol Biol Evol 2012; 29:1969–73. https://doi.org/10.1093/molbev/mss075. PMID: 22367748

22. Matthews PC, Beloukas A, Malik A, Carlson JM, Jooste P, Ogwu A, et al. Prevalence and characteris-

tics of hepatitis B virus (HBV) coinfection among HIV-Positive women in South Africa and Botswana.

PLoS One 2015; 10:1–11. https://doi.org/10.1371/journal.pone.0134037.

23. Sunbul M. Hepatitis B virus genotypes: Global distribution and clinical importance. World J Gastroen-

terol 2014; 20:5427–34. https://doi.org/10.3748/wjg.v20.i18.5427. PMID: 24833873

PLOS ONE HBV vaccine antibody titers in children HIV exposed but uninfected

PLOS ONE | https://doi.org/10.1371/journal.pone.0237252 August 7, 2020 10 / 10

http://www.genecodes.com
https://doi.org/10.1093/bioinformatics/btm404
http://www.ncbi.nlm.nih.gov/pubmed/17846036
https://hivdb.stanford.edu/HBV/HBVseq/development/HBVseq.html
https://hbv.geno2pheno.org/
https://doi.org/10.1093/molbev/mss075
http://www.ncbi.nlm.nih.gov/pubmed/22367748
https://doi.org/10.1371/journal.pone.0134037
https://doi.org/10.3748/wjg.v20.i18.5427
http://www.ncbi.nlm.nih.gov/pubmed/24833873
https://doi.org/10.1371/journal.pone.0237252

