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Abstract

Hepatitis B virus (HBV) constitutes a significant global health challenge, with more than 2 bil-

lion people infected globally and almost 291 million chronic cases. In Africa, coinfection of

HBV with Human Immunodeficiency Virus (HIV) is high, yet the condition remains over-

looked in many countries. While antiretroviral therapy (ART) has improved HIV survival,

viral hepatitis continues to contribute to morbidity and mortality. Occult Hepatitis B infection

(OBI), characterized by a low-level of HBV DNA in individuals with negative hepatitis B sur-

face antigen (HBsAg), is an emerging concern among HIV seropositive individuals due to

the risk of HBV reactivation and associated complications, especially hepatocellular carci-

noma (HCC). Ghana has an estimated HBV/HIV coinfection prevalence of 13.6% making it

important to also determine potential cases of OBI. This study aims to assess OBI preva-

lence in persons living with HIV (PLHIV). A cross-sectional study was conducted in five

health facilities in the Cape Coast Metropolis. HBV-related serological markers were deter-

mined among 116 PLHIV using the Enzyme-Linked Immunosorbent Assay (ELISA) method.

HBV DNA was extracted from 30 participants found to be HBsAg negative but positive for

hepatitis B core antibody (HBcAb+). Nested PCR was employed in detecting HBV DNA and

HBV viral load was performed using qPCR. The median age of the participants was 37

years (IQR 22–65). Serologically, 7.8% (n = 9, 95% CI: 3.5–22.7), 12.1% (n = 14), and

25.9% (n = 30) tested positive for solely HBsAg, HBsAb, and HBcAb respectively. OBI prev-

alence among HBsAg-/HBcAb+ participants was 16.7% (n = 5, 95% CI: 6.5–23.7) with a

median HBV DNA level of 139.2 IU/ml (IQR, 96.7–142.0). The prevalence of OBI among

HIV-positive participants in the Cape Coast Metropolis highlights the need to consider

screening for HBV among HIV patients using nucleic acid amplification tests. This can

inform medical management and reduce the risk of liver complications, including HCC.
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Introduction

Hepatitis B virus (HBV) is endemic in parts of Sub-Saharan Africa (SSA), East and Southeast

Asia, [1] and is the major cause of acute and chronic liver diseases including liver cirrhosis and

hepatocellular carcinoma (HCC) [2,3]. Over two billion persons worldwide have been infected

with HBV, [4] and 291 million out of this number are chronically infected [5]. Furthermore, it

is estimated that 1.5 million new infections and 820,000 deaths in 2019 were due to HBV infec-

tion [6]. The World Health Organization (WHO) has therefore prioritized viral hepatitis elimi-

nation in its public health agenda. The Global Health Sector Strategy on viral hepatitis in 2022

proposed strategic changes to eliminate chronic HBV as a global health threat by 2030 through

improved testing, treatment access, simplified service delivery, and by addressing challenges

faced by at-risk populations [7].

Serological markers, particularly hepatitis B surface antigen (HBsAg), have traditionally

been employed for the diagnosis of HBV. Nevertheless, advancements in molecular methodol-

ogies have provided supplementary avenues for HBV diagnosis [8]. Molecular testing has

enabled the detection of HBV DNA in persons who are HBsAg-negative, a state that defines

occult hepatitis B infection (OBI) [9]. OBI is often characterized by the presence of HBV

DNA, typically at levels less than 200 IU/mL in the blood and/or liver tissue, along with the

absence of serum HBsAg [9]. The absence of HBsAg in the bloodstream is thought to be a

result of decreased production or expression of HBsAg as well as a reduced rate of virus repli-

cation due to mutation on the “a” determinant [10]. These factors could influence the ability of

conventional assays to detect HBsAg [11]. Transmission of OBI has been confirmed through

multiple routes, including blood transfusion, organ donation, and vertical transmission [12],

leading to chronic HBV infection and associated liver complications [11,12]. Consequently,

there is a need to determine OBI burden in endemic regions and in susceptible populations.

The co-infection of Human Immunodeficiency Virus (HIV) and HBV is facilitated by the

presence of similar transmission routes and risk factors for both viruses [13]. It is well-estab-

lished that HIV infection disrupts the entire immune system [14] and enhances hepatic dam-

age via immune activation and inflammation [15]. This creates a microenvironment for HBV

persistence in the liver without detectable levels of HBsAg in the blood [16] and contributes

significantly to the development of OBI. HIV exerts a significant adverse impact on the natural

course of HBV infection. This influence manifests as an acceleration of HBV progression to

conditions such as cirrhosis and HCC, along with a higher incidence of reactivation in previ-

ously inactive HBV carriers [17,18]. The advent of antiretroviral therapy (ART) has led to sub-

stantial improvements in the survival of persons living with HIV (PLHIV) [19]. However, it is

imperative to acknowledge that viral hepatitis remains a potential source of morbidity and

mortality among PLHIVs if it is not promptly identified and managed [20]. The pooled preva-

lence of HBV-HIV co-infection in Ghana is 13.6% [21]. Consequently, this study aimed to

determine OBI prevalence in PLHIV.

Materials and methods

Study setting

A cross-sectional study was conducted from November 2019 to August 2020 at the ART clinics

of five health facilities within the Cape Coast Metropolis. These facilities include Cape Coast

Teaching Hospital (CCTH), Ewim Urban Health Centre, Cape Coast Metropolitan Hospital,

University of Cape Coast Hospital and Elmina Urban Health Centre. The Cape Coast Metrop-

olis covers a land size of 122km2 and has a population of 189,925 which include 97,135 females

and 92,790 males. The Metropolitan District includes both Cape Coast South and North
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municipalities. [22]. The CCTH is a 400-bed capacity facility that serves as a referral center for

health facilities in the Central, Western and Western North regions respectively. It is the only

tertiary hospital on the western coast of Ghana. The Cape Coast Metropolitan hospital is

located at Bakano in the Cape Coast south municipality. It is a primary health facility that runs

a 24-hour service, providing primary health care to inhabitants in the metropolis and aug-

ments the high patient turnouts at the CCTH. The University of Cape Coast Hospital is an

80-bed capacity facility situated in the southern campus of UCC that provides primary health

care to the university community and indigenes of the surrounding communities. Ewin and

Elmina Urban Health Centers located in Elmina and Cape Coast south municipalities respec-

tively play a vital role in comprehensive healthcare and disease prevention through a 24-hour

primary care, preventive care, and community healthcare services to members of their sur-

rounding communities.

Study population

Adults aged 18 years and above who were diagnosed with HIV infection who had either not

started ART or who had defaulted treatment for at least 6 months were recruited from the

selected health facilities.

Ethical consideration and participants’ consent

The study was approved by the University of Cape Coast Institutional Review Board

(UCCIRB) with ethical number UCCIRB/EXT/2019/22. In addition, permission was sought

from the management of the health facilities where participants were recruited. Written

informed consent was obtained from all participants who met the study’s inclusion criteria,

and their confidentiality and anonymity were preserved by using unique identification num-

bers for each participant.

Sample size

In this study, a total sampling approach was used to recruit all eligible participants who pro-

vided informed consent. The COVID-19 pandemic resulted in much lower new OPD clinic

attendance including at ART clinics. Consequently, the recruitment period was extended until

at least 100 participants could be recruited.

Inclusion and exclusion criteria

The study included both men and women aged 18 years and older diagnosed with HIV who

had either not started ART or had defaulted ART treatment for at least six months. Addition-

ally, participants had to have tested negative for HBsAg. Exclusion included the paediatric

population, patients currently on ART or those already known to have HBV infection.

Data collection and testing

A structured questionnaire was used to obtain demographic information as well as the HBV

vaccination history of participants. A volume of 3-4mls of venous blood was obtained from

study participants into ethylenediamine tetra acetic acid (EDTA) and gel tubes respectively.

Gel tube samples were allowed to clot and centrifuged to separate blood cells from serum.

Plasma was aseptically pipetted into sterile labelled cryotubes. Serological testing was per-

formed using conventional enzyme linked immunosorbent assay (ELISA) protocol for the

identification and confirmation of HBsAg, HBsAb, HBeAg, HBeAb and HBcAb (IgM/IgG)

using BIORAD kits (Monolisa HBsAg ULTRA, Monolisa Anti-HBs PLUS, Monolisa HBeAg
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ULTRA, Monolisa Anti-HBe PLUS and Monolisa Anti-HBc PLUS, BIORAD, France). DNA

extraction for participants with HBsAg-/HBcAb+ infection and pooled samples of participants

with HBsAg-/HBcAb- infection was performed with 100ul of plasma using Zymo Research

Quick-DNATM Miniprep Plus kit according to the manufacturer’s protocol. The Zymo

Research Laboratory Diagnostic DNA extraction kit protocol uses the principle of DNA bind-

ing to silica membranes, selective washing to remove contaminants and elution to recover

highly purified DNA. The plasma samples were subjected to the genomic lysis buffer to lyse

the cells. After a washing step with DNA pre-wash and g-DNA buffers to rid the sample of

contaminants, the nucleic acid was recovered by elusion in a mild alkaline elution buffer. HBV

DNA extracts were amplified using nested PCR technology with primers targeting the HbsAg.

The initial round of PCR was performed for S-gene using the primers MD14 (nt 418–433, 5’-

GCGCTGCAGCTATGCCTCATCTTC-3’) and HCO2 (nt 761–776, 5’-GCGAAGCTTGCTGTA
CAGACTTGG-3’). The PCR reaction began with a 5-minute hot start, followed by 40 cycles of

denaturation at 94˚C for 45 seconds, annealing at 55˚C for 45 seconds, and extension at 72˚C

for 60 seconds. Subsequently, the second round of PCR was carried out on 2 μl of the products

obtained from the first round in a 25 μl reaction. For the second round, the primers used were

ME15 (nt 455–470, 5’-GCGCTGCAGCAAGGTATGTTGCCCG-3’) and HDO3 (nt 734–748, 5’-

GCGAAGCTTCATCATCCATATAGC-3’). Similar to the first round, the second round PCR

began with a 5-minute hot start, followed by 35 cycles of denaturation at 94˚C for 45 seconds,

annealing at 55˚C for 45 seconds, and extension at 72˚C for 60 seconds.

The Applied BioSystems TM TaqMan1 qPCR technology version 2.0 (Roche Diagnostics,

Germany) which has a detection limit of 20 IU/mL was used. Primers targeting the HBV core

genes were used in estimating HBV viral load of the study samples. OBI was defined by the

presence of HBV DNA in HBcAb positive participants only (HBsAg negative, HBsAb negative

and HbcAb positive).

Data analysis

Data was cleaned and exported into Stata version 16 (College Station, TX: Stata Corp LLC) for

analysis. The data was described using median, interquartile range, maximum and minimum.

Frequencies and percentages were used in describing the categorical data.

Results

Table 1 demonstrates the socio-demographic characteristics of 116 study participants. The

median age of the participants was 37 years (IQR 22–65) with majority (33.6%) aged between

38–47 years. Approximately 35.3% of participants were male and 64.7% were female. About

40.5% of study participants did not receive formal education and majority (58.6%) were mar-

ried. Many (51.7%) of the study participants were engaged in skilled occupations and few

(10.3%) consumed alcohol.

Table 2 and Fig 1 present serologic data of the 116 HIV study participants. After screening

for HBV seromarkers, 7.8% (n = 9), 12.1% (n = 14) and 25.9% (n = 30) were solely positive for

HBsAg, HBsAb and HBcAb respectively. Of the number positive solely for HBcAb, 9 (30.0%)

reported a history of HBV vaccination and 21 (70.0%) did not. Nine (9) participants (7.8%)

were positive for both HBcAb and HBsAg. Of those who were solely HBcAb positive, 16.7%

(5/30) had detectable HBV DNA.

Table 3 and Fig 2 provides an overview of Occult Hepatitis B Virus Infection (OBI) and its

associated viral load distribution among the study participants. Of the 107 participants who

were HBsAg negative, 4.7% (5/107) were identified as having OBI. The median HBV DNA

(viral load) for participants with OBI was 139.2IU/ml with an IQR of 96.7–142.0. All cases
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demonstrated viral copies less than 200 IU/ml. Fig 3 summarizes all the findings from the labo-

ratory analysis.

Discussion

Having hepatitis B infection alongside HIV can be a dual burden, complicating both condi-

tions and frequently resulting in more adverse outcomes [23]. OBI presents an extra hurdle to

PLHIV [24] as it is defined by HBV viral loads less than 200IU/mL (true OBI) and or above

200IU/mL (false OBI) in individuals negative for both HbsAg/HBcAb or negative for HBsAg

but positive for HBcAb. In Ghana, the potential consequences of OBI in individuals with HIV

remain uncertain from a clinical standpoint. Hence, the study aimed at detecting OBI among

PLHIV using molecular testing. OBI in PLHIV is important to consider because the choice of

Table 1. Socio-demographic characteristics of study participants (N = 116).

Variable Number (n) Percentage (%)

Age (years)

Median 37 (22,65)*
18–27 22 19.0

28–37 37 31.9

38–47 39 33.6

>48 18 15.5

Sex

Male 41 35.3

Female 75 64.7

Educational level

No formal education 47 40.5

Prim/JHS/SHS 42 36.2

Tertiary 11 9.5

Vocational 16 13.8

Marital Status

Married 68 58.6

Single 34 29.3

Cohabiting 6 5.2

Widow/widower 8 6.9

Occupation

Employed 19 16.4

Unemployed 37 31.9

Self employed 60 51.7

Religious status

Christianity 93 80.2

Muslim 20 17.2

Others 3 2.6

Alcohol intake

Yes 12 10.3

No 104 89.7

Do you know your sexual partner’s HBV status?

Yes 23 19.8

No 93 80.2

*Interquartile range (IQR).

https://doi.org/10.1371/journal.pone.0305862.t001
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ART regimen among PLHIV is influenced by the presence of HBV co-infection, with Tenofo-

vir in addition to a second antiviral agent known to have activity against both viruses being the

recommendation regimen for achieving global targets towards hepatitis B elimination in

PLHIV [25]. In Ghana, tenofovir-emtricitabine/lamivudine combination is adopted as a first

line option for HIV-HBV coinfected persons [26].

In this study, the overall prevalence of OBI among patients who were HBsAg negative

(n = 107) was 4.7%. Among participants positive for only HBcAb (n = 30) the proportion with

detectable HBV DNA was 16.7%, and the HBV DNA level was less than 200 IU/mL in all

cases. In most cases of OBI, the infection is by a replication competent HBV, however in few

cases the low HBV viral load indicates a suppression of viral replication and gene expression as

Table 2. HBV serological and molecular markers of study participants.

Serological Marker Study Participants

Total (N = 116)

n %

HBsAg alone 9 7.8

HBsAb alone 14 12.1

HBcAb alonea 30 25.9

HBcAb + HBsAg 9 7.8

HBcAb + HBeAg 6 5.2

HBcAb + HBsAb 0 0.0

HBcAb + HBeAb 3 2.6

HBcAb with DNAb 5/107 4.7

HBcAb without DNAc 102/107 95.3

aHepatitis B core antibody only positive with all other markers testing negative.
bHepatitis B core antibody positive with HBV DNA detected after PCR on all samples excluding HBsAg positives.
cHepatitis B core antibody positive with no HBV DNA detected after PCR on all samples excluding HBsAg positives.

https://doi.org/10.1371/journal.pone.0305862.t002

Fig 1. Prevalence of HBsAg among study participants (n = 116).

https://doi.org/10.1371/journal.pone.0305862.g001
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a result of a mutation in the S or the Pol genes [27,28]. Also, the negative HBsAg could be asso-

ciated with S escape mutants that are not detectable by routine serologic diagnosis [27].

There is limited data available on the prevalence of OBI among PLHIV in Ghana. In a study

by Attiku et al among PLHIV in Ghana in 2021, 30.8% (n = 13) of participants who were

HBsAg negative had detectable HBV DNA. However, in their study, PLHIV were on treatment

for HBV [29] Similarly, a study by Dzudzor et. al., among chronic kidney patients on hemodi-

alysis in Ghana in 2024 who were HBeAg negative but HBcAb positive, found 7.3% had detect-

able HBV DNA [30] The OBI prevalence found in this study was relatively lower compared to

a study in South Africa (19.1%) [31–33], and significantly lower than another study among

PLHIV in Morocco (68.4%) [34]. Nonetheless, a relatively lower prevalence has been reported

elsewhere. The overall burden of OBI in Africa is 11.2% [33] and in West Africa, OBI preva-

lence varies from 15% in Ivory Coast [35] to 6.9% in Cameroon [36] among PLHIV. The dif-

ference in prevalence of OBI could be attributed to factors such as the endemicity of HBV in a

particular country, HIV prevalence and very importantly, HBV screening protocols.

Table 3. OBI prevalence and viral load distribution.

HBsAg negative (N = 107) n %

HBV DNA Positive 5 4.7

Negative 102 95.3

Viral load for OBI

Median 139.2 (96.7,142)*
�200 IU/ml 5 100

�200 IU/ ml 0 0.0

*Interquartile range (IQR)

https://doi.org/10.1371/journal.pone.0305862.t003

Fig 2. OBI prevalence among study participants positive for only HBcAb (n = 30).

https://doi.org/10.1371/journal.pone.0305862.g002
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In this study, 39 PLHIVs (33.6%) tested positive for HBcAb, which suggests prior exposure

to HBV. Among them, 9 (23.1%) tested positive for HBsAg. When compared to the previously

reported prevalence rate of 41.6% for HBcAb among HIV patients in Egypt by Abdelhaziz

[13], our study demonstrates a lower HBcAb positivity rate but higher when compared to a

study in Nigeria where the rate was 28.0% [37].

The study outcomes have public health implications such as spread of HBV infection via

vertical transmission by women of reproductive age living with HIV [38,39]. The absence of a

universal birth dose vaccination program for hepatitis B in Ghana and the limited availability

of affordable hepatitis B immunoglobulin pose significant concerns for the potential of vertical

transmission among women living with HIV who may screen negative during routine HBsAg

testing at antenatal clinic if they have OBI.

The study found the prevalence of HbsAg among study participants to be 7.8%. The HbsAg

prevalence in this study is lower compared to the national hepatitis B prevalence of 8.5% [40].

Also, in comparison with the rate of HBsAg among PLHIV, the prevalence of HBsAg recorded

in this study differs from previously reported rate of 6.1% [40] and 13% in a study elsewhere in

Ghana [39]. The variation in prevalence could be due to differences in testing methods

employed or the quality of test kits in each study and regional variations in HBV burden

within the country [41].

Fig 3. Summary of the study findings.

https://doi.org/10.1371/journal.pone.0305862.g003
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This study also found that 12.1% of study participants were positive for HBsAb. This is

however lower compared to 35.5% and 17.8% that were reported in Egypt respectively [13].

Ghana has had an Expanded program for immunization which includes HBV vaccination at

6,10, and 14 weeks for infants since 2002. Hence, the difference in anti-HBs prevalence in the

two countries could be as a result of the difference in national HBV vaccination programs or

attributed to variation in HBV endemicity.

Though the use of NAT in the diagnosis of OBI is the gold standard, the use of HBV sero-

logical profile test kits may help bridge the gap of inaccessible or expensive HBV DNA testing

using NAT among the general populace in Ghana, especially among HIV positive individuals.

The findings from this study may help policy makers in the Ghana Health Service, and espe-

cially the National AIDS Control Programme to take interest in implementing policies or pro-

tocols that could help in identifying OBI among HIV positive individuals to ensure

comprehensive management of the PLHIV based on their HBV status.

Conclusion

This study on the prevalence of OBI among PLHIV in Cape Coast demonstrates a potentially

more comprehensive picture of the HBV rate among PLHIV in our setting. Testing for OBI in

PLHIV may identify additional cases of HIV/HBV co-infection compared with using tradi-

tional serological tests alone and may help inform treatment choices to reduce the incidence of

complications.
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8. Trépo C, Chan HL, Lok A. Hepatitis B virus infection. The Lancet. 2014; 384(9959):2053–63. https://doi.

org/10.1016/S0140-6736(14)60220-8 PMID: 24954675

9. Saitta C, Pollicino T, Raimondo G. Occult hepatitis B virus infection: an update. Viruses. 2022; 14

(7):1504. https://doi.org/10.3390/v14071504 PMID: 35891484

10. Iannacone M, Guidotti LG. Immunobiology and pathogenesis of hepatitis B virus infection. Nature

Reviews Immunology. 2022; 22(1):19–32. https://doi.org/10.1038/s41577-021-00549-4 PMID:

34002067

11. Raimondo G, Pollicino T. Occult HBV infection. Hepatitis B virus in human diseases. 2016:277–301.

12. Hu L-P, Liu D-P, Chen Q-Y, Harrison TJ, He X, Wang X-Y, et al. Occult HBV infection may be transmit-

ted through close contact and manifest as an overt infection. PLoS One. 2015; 10(10):e0138552.

https://doi.org/10.1371/journal.pone.0138552 PMID: 26457811

13. Abdelaziz NF, Fekry MM, Hashish MH. Occult hepatitis B virus infection in Egyptian HIV-infected

patients with isolated Anti-HBc. Journal of High Institute of Public Health. 2019; 49(3):162–7.

14. Salyani A, Shah J, Adam R, Otieno G, Mbugua E, Shah R. Occult hepatitis B virus infection in a Kenyan

cohort of HIV infected anti-retroviral therapy naïve adults. PLoS One. 2021; 16(1):e0244947.

15. Gupta S, Singh S. Occult hepatitis B virus infection in ART-naive HIV-infected patients seen at a tertiary

care centre in north India. BMC infectious diseases. 2010; 10:1–7.

16. Wu J, Han M, Li J, Yang X, Yang D. Immunopathogenesis of HBV infection. Hepatitis B Virus Infection:

Molecular Virology to Antiviral Drugs. 2020:71–107. https://doi.org/10.1007/978-981-13-9151-4_4

PMID: 31741334

17. Ganesan M, Poluektova LY, Kharbanda KK, Osna NA. Human immunodeficiency virus and hepatotro-

pic viruses co-morbidities as the inducers of liver injury progression. World journal of gastroenterology.

2019; 25(4):398. https://doi.org/10.3748/wjg.v25.i4.398 PMID: 30700937

18. Cheng Z, Lin P, Cheng N. HBV/HIV coinfection: impact on the development and clinical treatment of

liver diseases. Frontiers in Medicine. 2021; 8:713981. https://doi.org/10.3389/fmed.2021.713981

PMID: 34676223

19. Ramı́rez JD. Molecular and descriptive epidemiology of intestinal protozoan parasites of children and

their pets in Cauca, Colombia: a cross-sectional study. 2019.

20. Boyd M, Boffito M, Castagna A, Estrada V. Rapid initiation of antiretroviral therapy at HIV diagnosis: def-

inition, process, knowledge gaps. HIV medicine. 2019; 20:3–11. https://doi.org/10.1111/hiv.12708

PMID: 30724450

21. Agyeman AA, Ofori-Asenso R. Prevalence of HIV and hepatitis B coinfection in Ghana: a systematic

review and meta-analysis. AIDS research and therapy. 2016; 13(1):1–9. https://doi.org/10.1186/

s12981-016-0107-x PMID: 27190544

22. GSS. Ghana 2021 Population and Housing Census: volume 3A-Population of Regions and Districts.

2021.

PLOS ONE Occult hepatis B infection among persons living with HIV

PLOS ONE | https://doi.org/10.1371/journal.pone.0305862 June 26, 2024 10 / 11

https://doi.org/10.3390/v14091939
http://www.ncbi.nlm.nih.gov/pubmed/36146747
https://doi.org/10.1016/S0140-6736%2814%2961682-2
https://doi.org/10.1016/S0140-6736%2814%2961682-2
http://www.ncbi.nlm.nih.gov/pubmed/25530442
https://doi.org/10.1016/S0140-6736%2815%2961412-X
http://www.ncbi.nlm.nih.gov/pubmed/26231459
https://doi.org/10.1016/S2468-1253%2818%2930056-6
http://www.ncbi.nlm.nih.gov/pubmed/29599078
https://doi.org/10.1016/j.ijid.2014.07.004
http://www.ncbi.nlm.nih.gov/pubmed/25449238
https://doi.org/10.1016/S0140-6736%2814%2960220-8
https://doi.org/10.1016/S0140-6736%2814%2960220-8
http://www.ncbi.nlm.nih.gov/pubmed/24954675
https://doi.org/10.3390/v14071504
http://www.ncbi.nlm.nih.gov/pubmed/35891484
https://doi.org/10.1038/s41577-021-00549-4
http://www.ncbi.nlm.nih.gov/pubmed/34002067
https://doi.org/10.1371/journal.pone.0138552
http://www.ncbi.nlm.nih.gov/pubmed/26457811
https://doi.org/10.1007/978-981-13-9151-4%5F4
http://www.ncbi.nlm.nih.gov/pubmed/31741334
https://doi.org/10.3748/wjg.v25.i4.398
http://www.ncbi.nlm.nih.gov/pubmed/30700937
https://doi.org/10.3389/fmed.2021.713981
http://www.ncbi.nlm.nih.gov/pubmed/34676223
https://doi.org/10.1111/hiv.12708
http://www.ncbi.nlm.nih.gov/pubmed/30724450
https://doi.org/10.1186/s12981-016-0107-x
https://doi.org/10.1186/s12981-016-0107-x
http://www.ncbi.nlm.nih.gov/pubmed/27190544
https://doi.org/10.1371/journal.pone.0305862


23. Kim HN. Chronic hepatitis B and HIV coinfection: a continuing challenge in the era of antiretroviral ther-

apy. Current hepatology reports. 2020; 19:345–53. https://doi.org/10.1007/s11901-020-00541-x PMID:

33796434

24. Kedar Mukthinuthalapati VP, Sewram V, Ndlovu N, Kimani S, Abdelaziz AO, Chiao EY, et al. Hepatocel-

lular carcinoma in sub-Saharan Africa. JCO global oncology. 2021; 7:756–66. https://doi.org/10.1200/

GO.20.00425 PMID: 34043413

25. Platt L, French CE, McGowan CR, Sabin K, Gower E, Trickey A, et al. Prevalence and burden of HBV

co-infection among people living with HIV: a global systematic review and meta-analysis. Journal of

viral hepatitis. 2020; 27(3):294–315. https://doi.org/10.1111/jvh.13217 PMID: 31603999

26. Kwofie TB, Adigbli D, Osei-Yeboah J, Ativi E, Lokpo SY. Hepatitis B and C infections in HIV-1 patients

on combination antiretroviral therapy (cART) in Ghana: implications for immunologic recovery, clinical

response to treatment, and hepatotoxicity. Heliyon. 2021; 7(6). https://doi.org/10.1016/j.heliyon.2021.

e07172 PMID: 34141932

27. Raimondo G, Allain J-P, Brunetto MR, Buendia M-A, Chen D-S, Colombo M, et al. Statements from the

Taormina expert meeting on occult hepatitis B virus infection. Journal of hepatology. 2008; 49(4):652–

7. https://doi.org/10.1016/j.jhep.2008.07.014 PMID: 18715666

28. Diarra B, Yonli AT, Sorgho PA, Compaore TR, Ouattara AK, Zongo WA, et al. Occult hepatitis B virus

infection and associated genotypes among HBsAg-negative subjects in Burkina Faso. Mediterranean

journal of hematology and infectious diseases. 2018; 10(1). https://doi.org/10.4084/MJHID.2018.007

PMID: 29326804

29. Attiku K, Bonney J, Agbosu E, Bonney E, Puplampu P, Ganu V, et al. Circulation of hepatitis delta virus

and occult hepatitis B virus infection amongst HIV/HBV co-infected patients in Korle-Bu, Ghana. Plos

one. 2021; 16(1):e0244507. https://doi.org/10.1371/journal.pone.0244507 PMID: 33411715

30. Dzudzor B, Nsowah KK, Agyemang S, Vento S, Amarh V, Boima V, et al. Overt and occult hepatitis B

virus infection detected among chronic kidney disease patients on haemodialysis at a Tertiary Hospital

in Ghana. Plos one. 2024; 19(3):e0290917. https://doi.org/10.1371/journal.pone.0290917 PMID:

38437229
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