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Abstract

Background—The presence of hepatitis B virus (HBV) resistance mutations upon initiation or 

during antiretroviral therapy (ART) in HIV co-infected patients is an important determinant of 

treatment response. The main objective of the study was to determine the prevalence of HBV 

resistance mutations in antiretroviral treatment-naïve and treatment-experienced HBV-HIV co-

infected Ghanaian patients with detectable HBV viremia.

Methods—HBV-HIV co-infected patients who were ART-naïve or had received at least 9 months 

of lamivudine (3TC)-containing ART were enrolled in a cross-sectional study. Demographic and 

clinical data were collected and HBV DNA quantified. Partial HBV sequences were amplified by 

PCR and sequenced bi-directionally to obtain a 2.1-2.2 kb fragment for phylogenetic analysis of 

HBV genotypes and evaluation of drug resistance mutations.

Results—Of the 100 HBV-HIV co-infected study patients, 75 were successfully PCR-amplified, 

and 63 were successfully sequenced. Of these 63 patients, 27 (42.9%) were ART-experienced, and 

58 (92.1%) had HBV genotype E. No resistance mutations were observed in the 36 ART-naïve 

patients, while 21 (77.8%) of 27 treatment-experienced patients had resistance mutations. All 
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patients with resistance mutations had no tenofovir (TDF) in their regimens, and 80% of them had 

HIV RNA < 40 copies/mL. The 3TC resistance mutations rtL180M and rtM204V were observed 

in 10 (47.6%) of the 21 patients, while 5 patients (23.8%) had rtV173, rtL80I, and rtM204V 

mutations.

Discussion—A high proportion of HBV-HIV co-infected patients with detectable viremia on 

3TC-containing ART had resistance mutations despite good ART adherence as determined by HIV 

RNA suppression. This study emphasizes the need for dual therapy as part of a fully suppressive 

ART in all HBV-HIV co-infected patients in Ghana.

Keywords

Hepatitis B virus; HIV; co-infection; Ghana; Africa; genotype; drug resistance

Introduction

There are more than 350 million hepatitis B virus (HBV) carriers in the world with the 

majority living in low- and middle-income countries [1]. HBV DNA levels are associated 

with risk of disease progression and development of cirrhosis, hepatic decompensation, and 

hepatocellular carcinoma (HCC) [2-4]. An estimated 10% of HIV-infected persons 

worldwide are chronically infected with HBV, with the highest rates (up to 25%) occurring 

in sub-Saharan Africa and Asia [5, 6]. HIV co-infection is a major cause of morbidity and 

mortality of HBV infection as it is associated with an increased risk of progression to liver 

cirrhosis and HCC [3]. Effective antiviral therapy is indicated to reduce the viral replication 

and risk of HBV progression [4]. Major advancements in the treatment of chronic HBV have 

been made during the last decade with the development of nucleoside reverse transcriptase 

inhibitors (NRTIs) with anti-HBV activity such as L-nucleosides (lamivudine (3TC) and 

telbivudine), alkyl phosphonates (adefovir dipivoxil and tenofovir disoproxil fumarate), or 

D-cyclopentanes (entecavir) [7].

Inadequate suppression of HBV replication by antivirals under drug pressure may result in 

the development of resistant mutations within the conserved region of the polymerase gene 

known as the (YMDD) motif [8]. Until recently, 3TC was utilized as the only active drug in 

ART regimens in sub-Saharan African as part of HIV treatment regimens. However, it has 

been shown that HBV resistance to 3TC occurs rapidly through the rtM204V/I substitutions 

[9]. Other studies have reported primary 3TC resistance due to rt181T/S substitutions [10]. 

HBV mutations also occur in the absence of 3TC therapy and are thought to occur naturally 

in HBV carriers who have not been treated with the drug, implying that pre-existing 

mutations may be transmitted or contribute toward early emergence of 3TC resistance during 

therapy [11, 12].

In the current study, we investigated the prevalence and pattern of HBV resistance mutations 

in ART-naïve and ART-experienced HBV-HIV co-infected Ghanaian patients on 3TC-

containing regimens who had detectable viremia > 400 IU/mL.
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Methods

Patient Population

In a previous prospective cross-sectional study [13], serum samples from 235 HBV-HIV co-

infected patients were collected at the Fevers Unit of the Korle-Bu Teaching Hospital in 

Accra, Ghana between 2012 and 2014. HBsAg positivity was confirmed serologically using 

a third generation ELISA Surase B 96 (TMB) (General Biologicals Corp, Hsinchu, Taiwan). 

Plasma HBV DNA levels were determined using fully automated COBAS® TaqMan® 

Analyzer (Roche Diagnostics GmbH, Mannheim, Germany). The lower limit of detection of 

the Roche TaqMan assay was 20 IU/mL with a linear range of 20-170,000,000 IU/mL.

Of the original 235 samples, 100 samples with the highest HBV viral loads (>400 IU/mL) 

were evaluated in the current analysis. Of these, 57 patients were ART-naïve, while 43 

patients had received at least 9 months of 3TC-containing ART. HBV DNA was extracted 

from 500 uL of patient serum using the QIAamp UltraSens Virus Kit (QIAGEN, Valencia, 

CA, USA).

PCR Amplification and Sequencing

A 2.1-2.2 kb fragment of the polymerase open reading frame – containing the entire reverse-

transcriptase (RT) region – was amplified for each sample with one of two sets of primers (A 

or B) as described in Table 1. The PicoMaxx High Fidelity PCR system (Agilent, Santa 

Clara, CA, USA) was used for amplification with primer set A. For any sample that did not 

amplify, a second PCR was attempted with the same primer set. If the re-amplification was 

negative again, amplification was attempted with primer set B. Amplification conditions 

were as follows: 94°C for 2 minutes initially, 40 cycles of 94°C for 40 seconds, 60°C for 90 

seconds, and 68°C for three minutes, 2 minutes at 68°C every ten cycles, and ending with 

68°C for 8 minutes. PCR products were separated with gel electrophoresis, purified with the 

QIAquick PCR Purification Kit (QIAGEN, Valencia, CA, USA), and sequenced bi-

directionally using the primers described in Table 1.

Phylogenetic Analysis

Sequences were assembled using CodonCode Aligner (CodonCode Corporation, 

Centerville, MA, USA). All alignments were performed using the neighbor-joining method 

implemented in Clustal X and trimmed to include only the RT-region (1.04 kb) in which 

HBV drug resistance mutations are found. The statistical robustness and reliability of the 

branching order within each phylogenetic tree were confirmed by bootstrap analysis using 

1,000 replicates. Additional phylogenetic inference was performed using a Bayesian Markov 

chain Monte Carlo (MCMC) approach as implemented in the BEAST v1.8.0 program under 

an uncorrelated lognormal relaxed molecular clock and the general time-reversible model 

with nucleotide site heterogeneity estimated using a gamma distribution. The MCMC 

analysis was run for a chain length of 50,000,000 with sampling every 5,000th generation. 

Results were visualized in Tracer v1.5 to confirm chain convergence, and the effective 

sample size (ESS) was calculated for each parameter. All ESS values were >200 indicating 

sufficient sampling. The maximum clade credibility tree was selected from the posterior tree 
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distribution after a 10% burn-in using TreeAnnotator v1.8.0. Patient sequences have been 

submitted to GenBank with the accession numbers KU711604-KU711666.

Mutation Identification

BioEdit (Ibis Biosciences, Carlsbad, CA, USA) was used to translate the aligned patient 

nucleotide sequences. The sequences were examined for known vaccine escape mutations 

(sG145R/A, sP142S, sI/T126A/N/I/S, sQ129H/R, sM133L, sD144A/E, sP120S/E, sK141E, 

sP134I, and sT116N), immunoprophylaxis escape mutations (sI110L, sI126T, sT131N, 

sM133T, sS143T, sC149R, and sN204S), mutations associated with occult HBV infection 

(nucleotide changes A233G and G418T), and diagnostic failure mutations (sT123A/N, 

sK122I, sT131I, and sK141E) [14-39]. Sequences were examined for known HBV drug 

resistance mutations (Table 2).

Results

Of the 235 HIV-infected patients who were HBsAg-positive, 138 (58.7%) and 101 (43.0%) 

patients had detectable HBV DNA level above 19 and 400 IU/mL, respectively [13]. Of 

those with HBV DNA > 400 IU/mL, 100 (99.0%) were included in the current study. PCR 

amplification was successful for 75 of 100 patient samples using one of the two primer sets, 

with 63 of the 75 samples providing high quality sequence data for further analysis. The 

demographic and clinical characteristics of the HBV-HIV co-infected patients in whom 

sequencing was successful (N = 63) were more likely than those from whom PCR or 

sequencing failed (N = 37) to have higher median HBV DNA levels (53,870,705 vs. 2,953 

IU/mL, P < 0.001), be HBeAg positive (61.9% vs. 21.6%, P < 0.001), be HBeAb negative 

(55.6% vs. 18.9%, P < 0.001) and to have a trend toward longer median duration of therapy 

(5.6 vs. 4.1 years, P = 0.087). There were no differences in median age, BMI, CD4 count, 

ART status, or WHO disease stage.

Of the 63 study patients evaluated here, 36 (57.1%) were treatment-naïve and 27 (42.9%) 

had received a median (range) of 5.6 (1.6 – 9.1) years of 3TC-containing drug therapy. Of 

the 27 treatment-experienced patients, 2 (7.4%) were on drug therapy containing TDF. Fifty-

eight (92.1%) individuals were infected with HBV genotype E, 3 (4.8%) with genotype A4, 

and 1 (1.6%) each with genotype A1 and genotype D8 as shown in Figure 1.

Vaccine escape mutations were found in 7 (11.1%) patients including 040N (sG145R), 159N 

(sQ129H), 007N (sQ129R), 054N (sD144A), 127E (sD144E), 006N (sD144E), and 119E 

(sD144E). Immunoprophylaxis escape mutations were observed in all 63 (100%) patients. 

All patients had the N204S mutation, and all but patient 132E had the sI126T mutation. Four 

(6.35%) patients – 006N, 040N, 125E, and 218E – had both sT131N and sS143T mutations. 

Additional immunoprophylaxis mutations were observed in patients 224E (sI110L), 080N 

(sT131N), and 132E (sM133T). No mutations associated with occult HBV infection or 

diagnostic failure were present.

HBV drug resistance mutations were found in 21 (77.8%) of 27 treatment-experienced 

patients and in 0 (0%) of the 36 treatment-naïve patients. Overall, 21 (33.3%) of the patients 

in whom sequencing was successful had HBV resistance mutations. There was no 
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statistically significant difference in age, gender, duration of therapy, HBV DNA titer or 

CD4+ count between the treatment-experienced patients with or without resistance, although 

there was a trend toward HBeAg-positivity (P=0.056) in ART-experienced patients having 

resistance mutants. Of the 27 treatment-experienced patients in the current study, 18 (67%) 

had fully suppressed HIV-1 RNA < 40 copies/mL. Paradoxically, median HBV DNA levels 

was significantly higher in the patient with suppressed HIV RNA compared to those with 

detectable viral loads (68,967,835 vs. 3,581,236, P = 0.025). In addition, the patient with 

HBV resistance mutations were more likely than those without resistance mutation to have 

suppressed HIV RNA < 40 copies/ML (80.0% vs. 16.7%, P = 0.008).

The resistance mutations pattern is shown in Table 3. Twenty (95.2%) of 21 patients with 

identified resistance mutations were infected with genotype E, while 1 patient was infected 

with subgenotype A4. All 21 patients with identified resistance mutations had at least one 

mutation that confers clinical resistance to both 3TC and telbivudine. No mutations 

associated with adefovir resistance were observed.

Discussion

Hepatitis B virus infection is a major concern in sub-Saharan Africa; however, only limited 

data are available on circulating genotypes, vaccine escape mutations, and the presence of 

drug resistance mutations from this region. The patients in the current study were enrolled 

previously in a study to investigate the factors associated with HBV viremia in ART-naïve 

and ART-experienced individuals. Overall, 89% of ART-naïve and 42.1% of ART-

experienced patients had detectable HBV DNA > 20 IU/mL [13]. In the current study, the 

presence of drug resistance mutations in the patients with the highest level of viremia with 

HBV DNA > 400 IU/mL (N = 100) was investigated. No HBV resistance mutations were 

observed among the ART-naïve HBV-HIV co-infected patients; however, a high proportion 

(78%) of ART-experienced patients with viremia had mutations that confer clinical 

resistance to 3TC. In addition, the vast majority of those with resistance mutations (95%) 

had HBV genotype E, and vaccine escape mutations were detected in both ART-naïve and 

ART-experienced patients.

HBV has been classified into 10 genotypes (A-J) with distinct geographical distributions 

[40]. Along with ART regimen, HBV genotype is a major factor impacting the course of 

disease and treatment response in both mono- and co-infected patients [41]. In the current 

study, 20 (95.2%) of 21 patients with identified resistance mutations were infected with 

genotype E, while 1 patient was infected with genotype A4. Our results are consistent with 

those of a study in Kumasi, Ghana, in which the investigators demonstrated the 

predominance of HBV genotypes E (95.3%) and only 4.7% of patients having genotype A 

[2]. By contrast, a multi-center chronic hepatitis B genotypic resistance study in Europe 

showed that the most common genotypes were genotype D (63.1%) followed by genotype A 

(26.3%) [42]. The study in Kumasi found the overall prevalence of major drug resistance 

mutations in reverse transcriptase (RT) to be 4.6% among 86 HBsAg-positive HIV-infected 

patients with detectable HBV viremia [2]. The 3TC mutations rtV173L, rtL180M, and 

rtM204V were observed in 3 patients, although ART information was not reported [2].
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The present study found the overall prevalence of drug resistance mutations to be 33.3%; 

however, HBV resistance mutations were detected exclusively in ART-experienced patients. 

Previous studies have shown that the resistance mutations present in these patients were 

associated with 3TC, TDF, telbivudine, and entecavir; nonetheless, it should be noted that 

the only HBV-active agent in widespread use in Ghana is 3TC [43-46]. The 3TC mutations 

rtL80I, rtV173L, rtL180M, rtM204V, and/or rtM204I were observed in 21 patients. This was 

comparable to a study in Kumasi, Ghana which demonstrated 31 of 44 (70.5%) 3TC-

experienced HBV-HIV co-infected patients harbored one or more of the 3TC resistant 

mutations after 45 months of therapy. Overall, 31 (29.2%) out of 106 in the 3TC-

experienced group had resistance mutants in the above-mentioned study [47]. Although 

there were differences in genotype, the dominant pattern of resistance among treatment-

experienced patients with mutated strains, (rtM204V + rtL180M), was similar between the 

European multi-center study (29%) [42] and the present study in Ghana (47.6%).

In our study, twenty (95.2%) of the 21 patients had at least one mutation that may confer 

clinical resistance to both telbivudine (rtM204V/I) and 3TC (rt180M + rtM204V/I, rtV173L 

+ rtL180M + rtM204V/I, and rtL80I + rtM204I). However, all resistance mutations found 

were likely due to 3TC cross-resistance as it was the only HBV-active drug in first- and 

second-line ART for these patients in the treatment-experienced group (Table 4). None of 

the patients with 3TC+TDF combination ART in the treatment-experienced group showed 

evidence of resistant mutations.

All 63 patient sequences were also screened for known vaccine escape mutations, 

immunoprophylaxis escape mutations, mutations associated with occult HBV infection, and 

diagnostic failure mutations. Vaccine escape mutations were found in 11.1% of patients, 

while 100% of patients had at least one immunoprophylaxis escape mutation (Table 5). No 

mutations associated with occult infection or diagnostic failure were found.

Limitations to this study should be noted. It was conducted in the main tertiary referral 

center in Accra serving the majority of the southern half of Ghana. However, results may not 

be generalizable to the wider Ghanaian population or HIV-negative persons. Furthermore, 

phylogenetic analysis was restricted by the inability to obtain DNA sequences and HBV 

genotype data from a subset of HBV DNA positive individuals due to amplification or 

sequencing failures. Additionally, the analysis of consensus sequence data likely 

underestimates the true prevalence of drug resistance or vaccine escape mutations if they are 

present at low levels. Due to the cross-sectional nature of the analysis, the temporal 

relationship between predictor variables and emergence of HBV drug resistance in treated 

patients could not be assessed. However, we did not observe a relationship between poor 

ART adherence as measure by detectable HIV RNA and the level of HBV viremia or 

presence of HBV resistance mutations. In fact, the patients with suppressed HIV RNA were 

more likely to have higher HBV DNA levels and an increased number of 3TC resistance 

mutations. These data suggest that there may be factors other than ART adherence that lead 

to emergence of 3TC resistance. Thus, prospective studies are necessary to understand the 

mechanism leading to HBV treatment failure with emergence of drug resistance in some 

HBV-HIV co-infected patients to guide future therapeutic regimen selection in an HBV-

endemic country like Ghana.
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Until TDF became available in Ghana in 2012, the recommendation was to use 3TC-

containing ART for HBV-HIV co-infected individuals. The most recent HIV treatment 

guidelines recommend the use of TDF plus 3TC or emtricitabine in patients with HBV-HIV 

co-infection [48]. However, none of the patients with HBV-resistant mutations were on the 

recommended dual-anti-HBV therapy at the time of the study. Our data provide evidence in 

support of the notion that using 3TC as the only anti-viral active against HBV in ART is not 

an effective treatment plan in co-infected patients. The data also provide evidence that 

HBsAg testing should be introduced as part of routine HIV care prior to initiation of ART in 

sub-Saharan Africa and that HBV-HIV co-infected patients should be given 3TC or 

emtricitabine plus TDF as part of their regimen unless TDF is contraindicated per treatment 

guidelines [48, 49]. We recommend HBV screening for all treatment-experienced patients 

who were initiated on a non-TDF containing ART prior to availability of TDF or universal 

screening in Ghana and intensifying their regimen by substituting the second NRTI with 

TDF in HBV-HIV co-infected patients. When TDF cannot be used in naïve or treatment-

experienced patients with HBV co-infection, fully suppressive ART plus entecavir or 

telbivudine may be needed as per guidelines [48, 49].
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Figure 1. 
Phylogenetic tree for 63 patient samples from the current study. Patient IDs are the numbers 

formatted as XXXN or XXXE (where XXX is the patient identified). Reference sequences 

are denoted by their HBV gentoype followed by their accession number and a 3 letter 

abbreviation corresponding to the country of origin.
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Table 3
HBV drug resistance pattern among 21 HIV-HBV co-infected patients

Pattern Number Percent

rtL180M, rtM204V 10 47.6%

rtV173L, rtL180M, rtM204V 5 23.8%

rtV173L, rtL180M, rtM204I 1 4.76%

rtL80I, rtL180M, rtM204V 2 9.52%

rtL80I, rtM204I 1 4.76%

rtL180M, rtM204I 1 4.76%

rtL180M 1 4.76%
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