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ABSTRACT  

 

Background and aim: In Sub-Saharan Africa, seroclearance of hepatitis B surface antigen (HBsAg) and 

hepatitis B “e” antigen (HBeAg), including their quantifiable markers, have rarely been evaluated during 

long-term antiviral treatment among patients co-infected with HIV and hepatitis B virus (HBV).  

Methods: In this prospective cohort study from two randomized-control trials in Côte d’Ivoire, 161 

antiretroviral-naïve HIV-HBV co-infected patients starting lamivudine (n=76) or tenofovir/emtricitabine 

(n=85) containing antiretroviral therapy were included.  HBV-DNA was quantified using an in-house assay 

(detection limit=12 copies/mL) and HBsAg quantification (qHBsAg) using the Elecsys assay. 

Results: Overall, 33 (20.5%) patients were HBeAg-positive, 121 (75.2%) had detectable HBV-DNA and 

92/93 (98.9%) harbored HBV genotype E.  Median treatment duration was 35.5 months (IQR: 24.3-36.4).  

Among HBeAg-positive patients, cumulative proportion with HBeAg-seroclearance was 46.3% (n=14).  

Overall, cumulative proportion of HBsAg-seroclearance was 6.6% (n=10).  Lower baseline qHBsAg levels 

and strong 12-month declines in qHBsAg were significantly associated with HBsAg-seroclearance for both 

HBeAg-negative and positive patients.  When taken at certain levels, these determinants provided 

moderate sensitivity (Se) and specificity (Sp) in predicting HBsAg-seroclearance at month-36 (≤1000 

IU/mL at baseline, Se=0.80, Sp=0.80; ≥1.0 log10 IU/mL drop at month-12, Se=0.57, Sp=1.00).  Instead, 

qHBsAg levels ≤100 or ≤10 IU/mL at month-12 were optimal (both Se=0.90, Sp=1.00).  Detectable HBV-

DNA provided fairly high Se and Sp when evaluated at baseline (Se=1.00, Sp=0.80), but not at month-12 

(Se=0.80, Sp=0.40). 

Conclusions: HBsAg seroclearance rates are not common in patients from Sub-Saharan Africa treated 

with anti-HBV containing antiretroviral therapy.  qHBsAg levels at twelve months of treatment may 

accurately predict HBsAg-seroclearance. 
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INTRODUCTION  

 

In Sub-Saharan Africa (SSA), at most 10% of patients infected with the human immunodeficiency virus 

(HIV) are also chronically infected with hepatitis B virus (HBV).1  From studies in industrialized countries, 

co-infection is clearly associated with increased risk of liver cirrhosis, hepatocellular carcinoma, and liver-

related morbidity and mortality.2–4  Serum levels of HBV replication are strongly associated with these 

events5, while mounting evidence has shown a reduction of hepatocellular carcinoma in particular with 

antiviral-associated HBV suppression.6  Antiretroviral therapy (ART) with dual activity against HIV and 

HBV would then be considered ideal for co-infected patients in any setting.   

 

Nevertheless, one of the most important surrogates in establishing therapeutic response is hepatitis B 

surface antigen (HBsAg), considering loss of HBsAg is strongly associated with reduced viral activity in the 

liver and improved clinical prognosis.7  HBsAg-loss has already been studied in HIV-HBV co-infected 

patients from industrialized countries treated with long-term tenofovir (TDF)-containing ART, with 

prospective results demonstrating cumulative HBsAg-seroclearance rates ranging from 5-8%.8,9  To date, 

the sparse literature on HBsAg-seroclearance in SSA includes only small numbers of patients and extends 

to roughly one year of follow-up.10,11  This period would be judged fairly inadequate, given that HBsAg-

loss is most likely to occur within the first three years of treatment.9     

 

The aim of the study herein is then to estimate the rates of HBsAg-seroclearance and its determinants 

among HIV-HBV patients from Côte d’Ivoire initiating either a lamivudine (LAM) or TDF-containing ART 

regimen.  Using hepatitis B “e” antigen (HBeAg) as another marker of clinical improvement, yet possibly 

less useful given the characteristically low proportion of patients with HBeAg-positive serology on the 

continent12, we further estimated rates of HBeAg-seroclearance and its determinants among HBeAg-
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positive patients.  Finally, we used biomarkers strongly correlated with these events, HBsAg 

quantification (qHBsAg) and HBeAg quantification (qHBeAg), in order to examine the on-treatment 

kinetics after ART-initiation and its ability to predict seroclearance.    

 

 

METHODS 

 

Study population  

 

The VarBVA study13 is an observational cohort including patients from two prospective, randomized, 

open-label, multi-center trials in Abidjan, Côte d’Ivoire: Trivacan ANRS 1269 (NCT00158405), aimed at 

evaluating the benefits and risks of structured treatment interruption; and Temprano ANRS 12136 

(NCT00495651), aimed at evaluating the benefits and risks of starting ART earlier than current World 

Health Organization (WHO) recommendations.  Study randomization and follow-up procedures have 

been detailed elsewhere.14,15 

  

Briefly, study inclusion criteria were as follows – both studies: age ≥18 years, HIV-1 or mixed HIV-1/2 

infection, and ART-naïve (with the exception of short-course treatment for the prevention of mother-to-

child HIV transmission); Trivacan: CD4 cell count between 150-350/mm3 or CD4 percentage between 

12.5%-20.0%; Temprano: CD4 cell count <800/mm3 and no concurrent criteria for ART-initiation 

according to most recent WHO guidelines.  The study non-inclusion criteria were as follows – both 

studies: residence outside of Abidjan; unwillingness to participate; pregnancy; severe renal or hepatic 

disease; severe psychiatric disorder; or any ongoing severe clinical features of undiagnosed origin; 

Trivacan:  severe hematological disorder or Karnofsky score <50; Temprano: breastfeeding, ongoing 



   7 
 

tuberculosis disease, or severe cardiac disorder.  All participants gave written informed consent and 

approval of the study protocols were obtained by the Ministry of Health of Côte d’Ivoire and the French 

National Agency for Research on AIDS and Viral Hepatitis (ANRS, Paris, France).  

 

Antiretroviral treatment 

 

In the Trivacan trial, all patients started ART at inclusion, receiving zidovudine/LAM in combination with 

either efavirenz or ritonavir-boosted lopinavir (“LAM-containing ART”).  After a 6 to 18 months phase of 

continuous ART, those who fulfilled randomization criteria (CD4 >350 /mm3, plasma HIV-1 RNA <300 

copies/mL) were randomized to one of three arms: continuous-ART, CD4-guided ART interruptions 

(reintroduction when CD4 <250/mm3, interruption when CD4 >350/mm3), or fixed-schedule ART 

interruptions (2-months-off and 4-months-on).  Those who did not reach randomization criteria 

underwent continuous-ART.  In the Temprano trial, patients were randomized at inclusion to either start 

ART immediately or defer ART until WHO ART-initiation criteria were met.  In both strategies, the first-

line ART regimen was TDF/FTC in combination with one other antiretroviral agent: efavirenz, zidovudine, 

or ritonavir-boosted lopinavir (“TDF/FTC-containing ART”). 

 

Study visits 

 

For the VarBVA study, we considered all patients included in the Trivacan trial between December 2002 

and April 2004 and all patients included in the Temprano trial between March 2008 and March 2011.  All 

patients from these studies were tested for HBsAg at study inclusion (Mini Vidas® assay; Biomerieux, 

Marcy l’Etoile, France).  We included patients who tested HBsAg-positive, confirmed by the HBsAg Qual II 

Architect assay (Abbott Laboratories, Rungis, France), and who started ART at inclusion or any time 
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during participation in the trial.  For this analysis, we define the “baseline” visit at ART-initiation and 

“follow-up” visits at each yearly visit thereafter until the date of last follow-up (with available frozen 

sample), study termination, permanent treatment discontinuation, or treatment switch.  In the 

Temprano study, if the last follow-up visit was not on the yearly interval, the closest 6-month visit was 

used instead. 

 

Plasma alanine aminotransferase (ALT) at baseline and aspartate aminotransferase (AST) at baseline and 

during follow-up were quantified during the Trivacan study, while ALT was available at for all visits during 

the Temprano study.  CD4+ cell counts (True Count technique on FACScan, Becton Dickinson, Aalst-

Enembobegem, Belgium) and plasma HIV-1 RNA [real-time polymerase chain reaction (PCR) on TaqMan 

technology ABI Prism 7000, Applied Biosystems, Courtaboeuf, France; detection threshold: 300 

copies/mL] were measured at baseline and every follow-up visit.16   

 

HBV viral loads and serological battery 

 

From frozen samples stored at -80°C, HBV-DNA viral loads were quantified at baseline and every follow-

up visit using an in-house PCR-based assay (QuantiFast SYBR® Green PCR kit, Qiagen, Courtaboeuf, 

France; Light Cycler 480, Roche, Boulogne-Billancourt, France) with a detection limit of 12 copies/mL.13   

 

Qualitative HBsAg was detected using the HBsAg Qual II test (detection limit=0.03 IU/mL, Architect, 

Abbott Laboratories, Rungis, France) at baseline and during follow-up.  Qualitative HBeAg and anti-HBe 

antibodies (anti-HBeAb) were detected using the Elecsys assay (Roche Diagnostics, Meylan, France) for 

the same visits.  The following definitions were used throughout the study: HBeAg-seroclearance, 

HBeAg-loss from the previous visit, and HBsAg-seroclearance, HBsAg-loss from the previous visit. 
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Quantification of HBV serological markers 

  

For HBsAg-positive samples, qHBsAg was quantified using the Elecsys assay with the Modular E170 

analyzer (Roche Diagnostics, Meylan, France).  Similarly for HBeAg-positive samples, qHBeAg was 

quantified using the Elecsys assay.  This automated electrochemiluminescence immunoassay gives 

qHBeAg levels in a semi-quantitative manner and is interpreted as the ratio of sample relative light units 

to a cut-off value.  These units were converted to Paul Ehrlich Institute units (PEIU/mL) from a previously 

established protocol.17  

 

Statistical analysis 

 

Statistical analysis was performed using STATA (v12.1, College Station, TX) and significance was 

determined using a p-value <0.05.  Unless otherwise specified, all comparisons were performed using 

Kruskal-Wallis test for continuous variables and Pearson χ² test or Fisher’s exact test for categorical 

variables.   

 

In HBeAg-positive patients, median (IQR) qHBeAg levels and change in qHBeAg from baseline (∆qHBeAg) 

were summarized at each yearly interval.  For all patients, median (IQR) qHBsAg levels and change in 

qHBsAg from baseline (∆qHBsAg) were also summarized at each yearly interval, but due to substantial 

differences in qHBsAg kinetics, patients were stratified by HBeAg-status at baseline.8,18  Preliminary 

analysis (Supplementary results) demonstrated no significant differences between patients undergoing 

LAM versus TDF/FTC-containing ART and hence they were pooled together.  
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Determinants of qHBsAg levels per HBeAg-status were evaluated over time with a Generalized 

Estimating Equation, accounting for within-patient effects using an unstructured working correlation.  A 

multivariable model was constructed by adding all covariables with a p<0.1 in univariable analysis and 

removing those variables above this p-value threshold in backwards-stepwise fashion.  In post hoc 

analysis, we compared ∆qHBsAg during follow-up between the following factors by including an interval 

time×risk-factor interaction term in the multivariable model: TDF/FTC- versus LAM-containing ART and 

LAM-randomization arm.  

 

Finally, several clinical factors were compared between patients who did versus did not achieve specific 

serological endpoints.  In exploratory analysis, we selected several criteria a priori to predict HBsAg-

seroclearance: qHBsAg ≤10,000 IU/mL, ≤1000 IU/mL, and ≤100 IU/mL at baseline; qHBsAg ≤100 IU/mL 

and ≤10 IU/mL at month-12; qHBsAg drop ≥1.0 and ≥2.0 log10 IU/mL at month-12; and HBV-DNA >12 

copies/mL at baseline and at month-12.  Time-dependent classification probabilities, sensitivity (Se) and 

specificity (Sp), and predictive values, positive predictive value (PPV) and negative predictive value (NPV), 

were calculated for each criterion as a predictor of HBsAg-loss until months-24 and 36.  Time-dependent 

receiver operator characteristic (ROC) curves were constructed and area under the ROC curves (AUC) 

were compared between criteria using the method of Blanch et al.19  Likewise, we also examined 

prediction of HBsAg-seroclearance with two commonly obtained markers: HBeAg-serology at baseline 

and change in CD4+ cell counts at 12-months.  In order to determine whether adding these criteria 

improved prediction of HBsAg-seroclearance,  HBeAg-serology and 12-month change in CD4+ cell counts 

were combined with the optimal qHBsAg criterion using the “or” Boolean operator and AUCs were 

compared to the optimal qHBsAg criterion alone.  Due to the low prevalence of HBeAg-positive status, 

we did not attempt similar analysis for HBeAg-seroclearance. 
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RESULTS 

 

Description of the study population 

 

At inclusion, 259 of 2465 patients enrolled in both trials were HBsAg-positive.  Among them, 98 were not 

included in analysis because they did not have confirmed HBsAg-positive serology (n=31) or had 

suspected acute HBV-infection (n=1), never initiated ART (n=30), had only one follow-up visit (n=16), 

discontinued ART <6 months due to pregnancy (n=3) or adverse event (n=2), had missing data on HBV 

viral load at baseline (n=8), or had missing data on qHBsAg levels at baseline or during follow-up (n=7).  

In total, 161 patients were included with 76 and 85 undergoing LAM- and TDF/FTC-containing ART, 

respectively.  Among those undergoing LAM-containing ART, 12 (15.8%) were randomized to continuous-

ART, 22 (29.0%) to CD4-guided ART interruptions, 28 (36.8%) to fixed-schedule ART interruptions, and 14 

(18.4%) non-randomized while taking continuous LAM. 

 

A total of 33 (20.5%) patients were HBeAg-positive.  Demographic, HIV and HBV-related characteristics at 

baseline are summarized in Table 1 and stratified by HBeAg-status.  As expected, patients with HBeAg-

positive serology were more likely to have detectable HBV-DNA (p<0.001) and higher HBV-DNA viral 

loads (p=0.0001).  HBeAg-positive patients were also more severely immunocomprimised, as they had 

significantly lower CD4+ cell counts (p=0.02) and higher WHO clinical stages of HIV-infection (p=0.01) 

when compared to HBeAg-negative patients (Table 1).    

 

Patients were followed for a median 35.5 months (IQR: 24.3-36.4).  In patients with detectable HBV-DNA 

at baseline, undetectable HBV-DNA was achieved by 97/121 (cumulative rate=83.0%) at the end of 
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follow-up, while HBeAg-positive patients had a lower cumulative rate of undetectable HBV-DNA 

compared to HBeAg-negative patients (58.8% versus 91.1%, log-rank test p=0.0002).   

 

HBeAg quantification during treatment 

 

In the 33 HBeAg-positive patients, overall median qHBeAg was 173.1 PEIU/mL (IQR: 85.8-367.0) at 

baseline.  qHBeAg levels and ∆qHBeAg are summarized for each follow-up time point in Figure 1A.  There 

was a progressive drop in qHBeAg levels, reaching low levels for the majority of patients.   

 

Rates and determinants of HBeAg-seroclearance  

 

A total of 14/33 patients (42.4%) had HBeAg-serocleance after a median 14.8 months (IQR: 11.2-25.2) of 

anti-HBV-containing ART, giving an incidence rate of 1.7/100 person·years and cumulative proportion of 

HBeAg-seroclearance at 46.3% (Figure 2A).  Comparison of clinical, virological, and immunological factors 

between patients with versus without HBeAg-seroclearance are summarized in Table 2.  Lower baseline 

qHBsAg (p=0.02) and greater decreases of 12-month ∆qHBsAg (p=0.002) were significantly associated 

with HBeAg-seroclearance.  When examining the qHBeAg profiles of patients with HBeAg-seroclearance 

(Figure 2A), it would appear that most patients had relatively low qHBeAg at baseline, with three 

patients exhibiting severe declines in qHBeAg after ART-initiation.   

 

HBsAg quantification during treatment 

 

Overall, median qHBsAg levels were 3.99 log10 IU/mL (IQR: 3.37-4.22) at baseline, with significantly 

higher qHBsAg-levels among patients with HBeAg-positive (4.61 IU/mL, IQR: 4.24-4.91) versus HBeAg-
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negative serology (3.82 IU/mL, IQR: 3.27-4.10) (p=0.0001).  qHBsAg levels and ∆qHBsAg for each follow-

up time point are summarized in Figure 1B among HBeAg-positive and HBeAg-negative patients.  A large 

reduction in qHBsAg was observed after ART-initiation for mainly HBeAg-positive patients.     

 

In multivariable analysis (Supplementary Table 1), baseline qHBsAg level emerged as a significant 

predictor of qHBsAg levels for all time-points (HBeAg-positive, p<0.001 and HBeAg-negative, p<0.001).  

Significant declines from baseline were observed for both HBeAg-positive and HBeAg-negative patients.  

In post hoc analysis, there was no significant difference in ∆qHBsAg during follow-up between LAM- 

versus TDF/FTC-containing ART (HBeAg-positive, p=0.2; HBeAg-negative, p=0.3).  Significant differences 

in ∆qHBsAg between LAM-randomization groups were observed among HBeAg-negative (p=0.0007) and 

not HBeAg-positive patients (p=0.17).  In further analysis, there was an immediate mean difference of -

0.21 log10/mL of ∆qHBsAg in HBeAg-negative patients randomized to continuous LAM during the first 12-

months compared to those randomized to receive treatment interruptions, which was maintained 

throughout follow-up (p=0.004).       

 

Rates and determinants of HBsAg-seroclearance 

 

A total of 10/161 patients (6.2%) had HBsAg-seroclearance after a median 12.3 months (IQR: 12.2-23.5) 

from ART-initiation, of whom 5/33 (cumulative proportion=15.8%) were HBeAg-positive and 5/128 

(cumulative proportion=4.2%) HBeAg-negative (log-rank test p=0.02).  In HBeAg-positive patients, lower 

HBV-DNA viral loads, lower baseline qHBsAg levels, greater 12-month changes in CD4+ cell count and 

qHBsAg were all significantly associated with HBsAg-seroclearance (Table 3).  In HBeAg-negative 

patients, lower baseline qHBsAg levels and greater 12-month changes in HBV-DNA and qHBsAg were 

significantly associated with HBsAg-seroclearance (Table 3).  As shown in Figure 2B, patients with HBsAg-
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seroclearance either had fairly low baseline qHBsAg levels or had steep declines in qHBsAg after ART-

initiation.  Interestingly, one HBeAg-positive patient with HBsAg-seroclearance exhibited rather slow 

declines in qHBsAg during the first 12-months, which followed in a rapid decline at the next study visit.   

 

Serological quantifiable markers as predictors of HBsAg-seroclearance 

 

Time-dependent classification probabilities and predictive values of HBsAg-seroclearance are given in 

Table 4 for a variety of virological and serological criteria.  Detectable HBV-DNA at baseline provided 

perfect Se and NPV during follow-up, yet PPV was rather poor.  Baseline qHBsAg levels at ≤1000 IU/mL 

were ideal for predicting HBsAg-loss at both month-24 and month-36 of anti-HBV containing ART.  

During treatment, 12-month changes in qHBsAg greater than 1.0 or 2.0 log10 IU/mL had excellent Sp, 

albeit with very poor Se.  Nevertheless, the optimal markers in predicting HBsAg-loss at month-36 were 

HBsAg levels ≤100 and ≤10 IU/mL at month-12 of treatment.   

 

Accordingly, AUCs at month-36 were significantly higher for qHBsAg levels ≤100 and ≤10 IU/mL at 

month-12 of treatment when compared to all other criteria (p<0.04), except for baseline qHBsAg ≤1000 

IU/mL (p=0.14 and 0.14, respectively) and detectable HBV-DNA at baseline (p=0.6 and 0.6, respectively).  

The only other significant difference in AUC at month-36 was observed between baseline qHBsAg ≤1000 

IU/mL and detectable HBV-DNA at month-12 of treatment (p<0.001).  Of note, adding detectable HBV-

DNA at baseline and qHBsAg levels ≤100 IU/mL at month-12 together did not improve prediction (p=0.9). 

 

When examining routinely collected parameters, time-dependent classification probabilities were 

substantially lower for both HBeAg-positive serology and 12-month change in CD4+ cell count >200/mm3 

compared to qHBsAg levels ≤100 IU/mL at month-12 (Table 4), with significantly lower AUCs at month-36 
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(respectively 0.636 and 0.642 versus 0.948, p=0.03 and p=0.03).  Even after adding these markers to 

qHBsAg levels ≤100 IU/mL at month-12, there was no significant gain in AUC at month-36 (for HBeAg-

positive serology: 0.900, p=0.6; for 12-month change in CD4+ cell count >200/mm3, 0.690, p=0.001).     

 

 

DISCUSSION 

 

In our study, we present the longest, prospective follow-up to date of serological outcomes among 

treated HIV-HBV co-infected patients in SSA.  In HBeAg-positive patients, HBeAg-seroclearance was 

achieved in a cumulative 46.3% and HBsAg-seroclearance in a cumulative 15.8%.   In HBeAg-negative 

patients, cumulative HBsAg-seroclearance was observed in 4.2% at the end of follow-up.  Despite the 

high prevalence of HBV genotype E, which is known to have markedly slower kinetics of HBsAg decline 

during NA-therapy20, these rates fell surprisingly close in line with previous studies among co-infected 

patients harboring non-E genotypes.8,18,21–23  Importantly, the only two determinants consistent in 

predicting both HBeAg and HBsAg-seroclearance were lower qHBsAg levels at baseline and stronger 

decreases in qHBsAg kinetics during the first 12-months after initiating treatment.  In HBeAg-positive 

patients, neither qHBeAg at baseline nor its 12-month change was able to accurately predict any 

seroclearance event, questioning the clinical utility of this particular marker.  

 

Indeed, the use of qHBsAg has gained a great deal of attention as an indicator for HBsAg-seroclearance 

events during treatment24, yet has been found to be fairly elusive for nucleoside/nucleotide analogue 

(NA)-based therapy.25  In co-infected patients treated with potent NAs possessing anti-HBV activity, low 

levels of pre-treatment qHBsAg have been suggested as an adequate predictor of HBsAg-

seroclearance.18,22  Large declines of qHBsAg in the order of 2 log10 IU/mL has also provided a rather 
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accurate measure of HBsAg-loss in treated HIV-HBV co-infected patients8,21; however, this might not 

occur within the first year of treatment.9  In our study, we observed that a lower qHBsAg level at 12-

months of anti-HBV containing ART was an ideal predictor of HBsAg-seroclearance, giving both high 

sensitivity and specificity and significantly higher AUC compared to almost all other criteria.  This 

criterion would appear to accommodate profiles of patients with either low baseline qHBsAg or large 12-

month declines in qHBsAg who would be likely to lose HBsAg-positive serology.  Of course, these findings 

would need to be confirmed for larger cohorts with more seroclearance events.   

 

The difficulty in defining milestones for qHBsAg is extremely important to consider if it is to be used in 

resource-limited settings.  One alternative marker of choice would certainly be HBV-DNA, allowing 

assessment of treatment efficacy in suppressing virus and providing a potential explanation of viral-

induced liver pathology.  However, viral load quantification runs at almost a 6-times higher cost than 

serological assays.  In addition, as access to anti-HBV treatments without any evidence of resistance 

mutations, namely TDF26,  increases on the continent27, the need to assess virological breakthrough 

becomes less warranted.  While although we observed that detectable HBV-DNA provided high 

sensitivity and specificity in our study, it has been repeatedly observed to be a poor predictor of 

serological events.8,9,18   

 

Intriguingly, there was no recognizable difference in qHBsAg decline between specific anti-HBV NAs 

included in the ART regimen for either HBeAg-positive or HBeAg-negative patients.  In HBeAg-positive 

patients, only one head-to-head comparison between LAM and TDF during the first 48 weeks has been 

performed with respect to on-treatment kinetics of qHBsAg, demonstrating no significant differences in 

qHBsAg decline.21  This observation could be linked to HBV-DNA replication, which is known to be more 

strongly correlated with qHBsAg levels during HBeAg-positive chronic infection.28,29  HBV-DNA replication 
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in HBeAg-positive patients from both our study and others substantially declined during the first twelve 

months of therapy with no significant difference between anti-HBV treatment regimens.  The similar 

initial kinetics of HBV-DNA replication would likely follow that of qHBsAg.  In HBeAg-negative HBV-

monoinfected patients, larger decreases in qHBsAg levels have been observed with TDF compared to 

other NAs, especially LAM.30  Of course, the large difference regarding our study was the overwhelming 

majority of patients with HBV genotype E, in whom very slow declines in qHBsAg during potent NA-

treated HBeAg-negative infection have been observed compared to non-E genotypes.20   

 

Since the study population herein was HIV-HBV co-infected, there are inherent differences when 

comparing our results to HBV-monoinfected patients.  More recent research directly comparing HIV-HBV 

and HBV-monoinfected patients, treated specifically with TDF and recruited in the same catchment 

areas, has actually observed no difference in infection groups with regards to HBeAg-seroclearance, 

HBeAg-seroconversion, or HBsAg-seroclearance.31,32  However, one more discernable feature that could 

drive differences in seroclearance rates is HIV-associated immunosuppression.   

   

Nonetheless, immune function has been inconsistently shown to play a role in seroclearance.  We have 

previously demonstrated that baseline CD4 cell count >350/mm3 is associated with faster qHBsAg 

declines in TDF-treated co-infected patients.18  Yet since the population of this study had extensive 

treatment experience prior to TDF-initiation, those with CD4+ cell counts <350/mm3 may have 

represented a specific subgroup with impaired capacity to produce effective immunity.33  Others have 

found strong correlations with increases in CD4+ cell count and early kinetics of qHBsAg8, while higher 

degrees of immunosuppression have been associated with seroclearance in general.34  Broadening these 

results, we observed that 12-month changes in CD4+ cell count were significantly associated with HBsAg-

seroclearance, but only in HBeAg-positive patients.  Since the development of anti-HBV immunity is quite 
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active during HBeAg-positive infection7, perhaps the additive effect of immunorestoration facilitates 

HBsAg-seroclearance mainly in the HBeAg-positive phase.   

  

Our study does have a certain number of limitations to address.  First, we have stratified LAM- and 

TDF/FTC-containing ART in past analyses due to the important differences in study designs, while 

avoiding any comparisons between treatment groups.13  Patients undergoing LAM-containing ART had 

much lower CD4+ cell counts and the majority was undergoing treatment interruptions during therapy.  

However, almost all CD4+ cell counts were at levels that have not been associated with differences in 

qHBsAg/qHBeAg (i.e. >350 cells/mm3) and qHBsAg levels are generally known to remain stable during 

bouts of HBV-DNA replication29,35, which might have occurred during treatment interruption.36  Second, 

there were only a handful of HBeAg-seroclearance events and even fewer numbers of patients with 

HBsAg-seroclearance.  Consequently, we did not have sufficient power to perform multivariable analysis 

and determine independent factors associated with these events, while classification probabilities and 

predictive values for HBsAg-seroclearance need to be interpreted with some caution.  Finally, patients 

with severe liver-related morbidity were excluded from both trials, thus partially limiting the 

generalizability of our results. 

 

In conclusion, seroclearance rates in treated HIV-HBV co-infected patients in SSA, harboring 

predominately HBV genotype E, are greatly similar to previous studies in industrialized countries.  On the 

whole, our data underscore the difficulty in achieving these therapeutic endpoints, while the slow 

declines in HBsAg quantification draws further attention to the persistent nature of chronic hepatitis B.  

The low rates of serological responses in HIV-HBV co-infected patients stress the need for life-long ART 

containing an anti-HBV agent, which is an important consideration for scale-up programs in SSA.   
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FIGURE LEGENDS 

 

Figure 1. Decline in quantification of hepatitis B “e” antigen (qHBeAg) and hepatitis B surface antigen 

(qHBsAg) during treatment  

 

For both qHBeAg, among HBeAg-positive patients (A), and qHBsAg (B), median levels and their IQRs (in 

bars) during follow-up are given on the left panels, while median changes from baseline and their IQRs 

(in bars) are given on the right panels. For qHBsAg levels, patients were stratified on baseline HBeAg 

status. 

 

Figure 2. Rates of hepatitis B “e” antigen (HBeAg) and hepatitis B surface antigen (HBsAg) 

seroclearance during treatment 

 

Cumulative proportions of HBeAg-seroclearance, among HBeAg-positive patients (A), and HBsAg-

seroclearance (B) are given in the left panel.  For each patient achieving their respective endpoint, HBeAg 

quantification (qHBeAg) (A) or HBsAg quantification (qHBsAg) (B) during treatment is detailed on the 

right panel.  For qHBsAg levels, patients were stratified on baseline HBeAg status. 
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TABLES 

Table 1. Baseline description of the study population stratified by HBeAg-status 

  
Total  

 
HBeAg-negative HBeAg-positive 

     (n=161)   (n=128) (n=33) p† 

Demographic characteristics           

Gender, male/female (% males) 54/107 (33.5) 
 

46/82 (35.9) 8/25 (24.2) 0.2 

Age, years* 35 (30-41) 

 
35 (30-41) 34 (29-37) 0.3 

BMI, kg/m²* 21.5 (19.3-24.2) 
 

21.9 (19.4-24.9) 21.1 (19.1-22.3) 0.06 
Current smoker** 17 (10.7) 

 
13 (10.3) 4 (12.1) 0.8 

   
    HIV characteristics           

WHO clinical stage** 
 

   
0.01 

 

Stage I 66 (41.0) 
 

55 (43.0) 11 (33.3) 
 

 

Stage II 54 (33.5) 
 

47 (36.7) 7 (21.2) 
 

 

Stage III 38 (23.6) 
 

25 (19.5) 13 (39.4) 
 

 

Stage IV 3 (1.9) 
 

1 (0.8) 2 (6.1) 
 HIV-RNA >300 copies/mL** 154 (96.9) 

 
121 (96.0) 33 (100) 0.6 

 

HIV-RNA, log10 copies/mL*†† 5.05 (4.52-5.50) 
 

4.98 (4.50-5.36) 5.35 (4.68-5.73) 0.05 
CD4+ cell count, /mm3* 312 (223-430) 

 
327 (250-438) 268 (183-369) 0.02 

Initial antiretroviral treatment** 
 

   
0.7 

 
TDF+FTC+EFV 58 (36.0) 

 
48 (37.5) 10 (30.3) 

 
 

TDF+FTC+LPV/r 19 (11.8) 
 

16 (12.5) 3 (9.1) 
 

 
TDF+FTC+AZT 8 (5.0) 

 
7 (5.5) 1 (3.0) 

 
 

LAM+AZT+EFV 67 (41.6) 
 

51 (39.8) 16 (48.5) 
 

 
LAM+AZT+IDV/r 7 (4.4) 

 
5 (3.9) 2 (6.1) 

 
 

LAM+AZT+LPV/r 2 (1.2) 
 

1 (0.8) 1 (3.0) 
 

   
    HBV characteristics           

HBV-DNA >12 copies/mL** 121 (75.2) 
 

88 (68.8) 33 (100) <0.001 

 

HBV-DNA, log10 copies/mL*†† 4.17 (3.14-7.57) 
 

3.36 (3.03-5.09) 8.34 (7.54-8.56) 0.0001 

 
HBV-DNA >7.0 log10 
copies/mL** 

41 (33.9)  12 (13.6) 29 (87.9) <0.001 

HBV genotype [N=93]** 
 

   
0.4 

 
A 1 (1.1) 

 
0 1 (3.0) 

 
 

E 92 (98.9) 
 

60 (100) 32 (97.0) 
 ALT [N=145], IU/mL* 25 (17-38) 

 
25 (16-37) 28 (20-45) 0.4 

AST [N=74], IU/mL* 36 (28-48) 
 

33 (26-43) 45 (32-69) 0.04 

ALT or AST >40 IU/mL** 49 (30.4)   35 (27.3) 14 (42.4) 0.09 

*Median (IQR).  **Number (%). 

†Significance between treatment groups determined using Kruskal-Wallis test for continuous variables 

and Pearson χ² test or Fisher’s exact test for categorical variables.  

††Only among patients with detectable HIV or HBV viremia.  
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Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; AZT, zidovudine; BMI, 

body mass index; EFV, efavirenz; FTC, emtricitabine; HBeAg, hepatitis B “e” antigen; HBV, hepatitis B 

virus; HIV, human immunodeficiency virus; IDV/r, ritonavir-boosted indinavir; LAM, lamivudine; LPV/r, 

ritonavir-boosted lopinavir; TDF, tenofovir; WHO, World Health Organization.  

  



   28 
 

Table 2. Comparison of patients with and without HBeAg-seroclearance 

  

No HBeAg-
seroclearance 

HBeAg- 
seroclearance 

     (n=19) (n=14) p† 

Baseline characteristics        

Gender, male/female (%males) 6/13 (31.6) 2/12 (14.3) 0.4 

Age, years* 35 (28-37) 32 (29-42) 0.9 
BMI, kg/m²* 21.2 (19.2-22.3) 21.0 (19.1-23.2) 0.9 
WHO clinical stage** 

  
0.7 

 

Stage I 6 (31.6) 5 (35.7) 
 

 

Stage II 3 (15.8) 4 (28.6) 
 

 

Stage III 9 (47.4) 4 (28.6) 
 

 

Stage IV 1 (5.3) 1 (7.1) 
 HIV-RNA, log10 copies/mL* 5.42 (4.68-5.81) 5.31 (4.65-5.68) 0.6 

CD4+ cell count, /mm3* 283 (183-385) 223 (171-291) 0.5 
Anti-HBV ART component** 

  
0.9 

 
LAM 11 (57.9) 8 (57.1) 

 
 

TDF/FTC 8 (42.1) 6 (42.9) 
 HBV-DNA >12 copies/mL** 19 (100) 14 (100) ntp 

HBV-DNA, log10 copies/mL* 8.34 (7.57-8.56) 8.27 (7.32-8.78) 0.9 
HBV-DNA >7.0 log10 copies/mL** 17 (89.5) 12 (85.7) 0.9 
ALT, IU/mL [N=31]* 28 (20-47) 28 (16-39) 0.5 
AST, IU/mL [N=18]* 39 (32-98) 59 (36-65) 0.7 
ALT or AST >40 IU/mL** 7 (36.8) 7 (50.0) 0.5 
qHBeAg, PEIU/mL* 190.0 (88.4-378.5) 144.5 (4.6-310.5) 0.6 
qHBsAg, log10 IU/mL* 4.82 (4.28-5.04) 4.26 (3.71-4.64) 0.02 

     During follow-up (12 months)       

∆CD4+ cell count, /mm3* 146 (18-285) 233 (105-369) 0.08 

∆HBV-DNA, log10 copies/mL* -5.05 (-7.48, -1.66) -4.81 (-6.18, -3.25) 0.9 

∆qHBeAg, PEIU/mL* -60.6 (-107.3, -22.2) -144.3 (-295.7, -4.4) 0.3 
∆qHBsAg, log10 IU/mL* -0.11 (-0.25, -0.02) -0.60 (-2.70, -0.38) 0.002 

Analysis was performed among patients with HBeAg-positive serology at baseline [N=33]. 

*Median (IQR).  **Number (%). 

†Significance between treatment groups determined using Kruskal-Wallis test for continuous variables 

and Pearson χ² test or Fisher’s exact test for categorical variables. ntp – no test performed 
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Table 3. Comparison of patients with and without HBsAg-seroclearance 

  

HBeAg-positive (N=33) 

 

HBeAg-negative (N=128) 

p† No seroclearance Seroclearance No seroclearance Seroclearance 

    (n=28) (n=5) 
 

(n=123) (n=5)  

Baseline characteristics      
 

    

Gender, male/female (%males) 6/22 (21.4) 2/3 (40.0) 0.6 42/81 (34.2) 4/1 (80.0) 0.06 
Age, years* 34 (28-36) 42 (32-43) 0.08 35 (30-41) 44 (37-47) 0.15 
BMI, kg/m²* 21.1 (18.9-22.9) 20.0 (19.1-21.1) 0.5 21.9 (19.6-25.0) 19.0 (18.8-19.5) 0.07 
WHO clinical stage** 

  
0.3   0.9 

 

Stage I/II 14 (50.0) 4 (80.0) 
 

98 (79.7) 4 (80.0)  

 

Stage III/IV 14 (50.0) 1 (20.0) 
 

25 (20.3) 1 (20.0)  
HIV-RNA, log10 copies/mL* 5.38 (4.78-5.72) 5.27 (4.51-5.73) 0.9 4.94 (4.41-5.29) 5.67 (5.35-6.44) 0.05 
CD4+ cell count, /mm3* 279 (190-385) 171 (148-268) 0.11 326 (251-433) 390 (248-448) 0.7 
Anti-HBV ART component** 

  
0.9   0.4 

 
LAM 16 (57.1) 3 (60.0) 

 
56 (45.5) 1 (20.0)  

 
TDF/FTC 12 (42.9) 2 (40.0) 

 
67 (54.5) 4 (80.0)  

HBV-DNA >12 copies/mL** 28 (100) 5 (100) ntp 83 (67.5) 5 (100.0) 0.3 
HBV-DNA, log10 copies/mL* 8.45 (7.68-8.76) 7.21 (5.57-7.93) 0.02 3.04 (0.30-3.73) 3.83 (3.09-4.40) 0.14 
HBV-DNA >7.0 log10 copies/mL** 26 (92.9) 3 (60.0) 0.1 11 (8.9) 1 (20.0) 0.4 
ALT, IU/mL [N=145]* 29 (20-46) 19 (13-26) 0.12 25 (16-37) 35 (25-53) 0.18 
AST, IU/mL [N=74]* 47 (32-92) 43 (29-69) 0.9 33 (25-42) 46†† ntp 
ALT or AST >40 IU/mL** 12 (42.9) 2 (40.0) 0.9 33 (26.8) 2 (40.0) 0.6 
qHBeAg, PEIU/mL* 183.0 (87.7-355.4) 125.6 (4.6-1140.5) 0.9 -- --  
qHBsAg, log10 IU/mL* 4.63 (4.26-4.96) 2.64 (1.75-4.08) 0.03 3.87 (3.36-4.12) -0.29 (-0.92-0.16) 0.0003 

During follow-up (12 months)     
 

    

∆CD4+ cell count, /mm3* 154 (48-277) 344 (276-369) 0.04 154 (45-275) 125 (109-161) 0.6 

∆HBV-DNA, log10 copies/mL* -5.20 (-6.71, -1.74) -4.34 (-5.27, -3.54) 0.9 -1.69 (-3.06, 0) -3.53 (-4.10, -2.79) 0.04 
∆qHBeAg, PEIU/mL* -68.8 (-171.5, -21.3) -125.5 (-754.4, -4.4) 0.6 -- --  
∆qHBsAg, log10 IU/mL* -0.18 (-0.65, -0.03) -3.05 (-3.94, -0.53) 0.006 0.00 (-0.08, 0.07) -1.01 (-1.46, -0.37) 0.0004 

*Median (IQR).  **Number (%). 
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†Significance between treatment groups determined using Kruskal-Wallis test for continuous variables and Pearson χ² test or Fisher’s exact test for 

categorical variables. ntp – no test performed †† Only one value available. 

 



  
 

Table 4. Predicting HBsAg-seroclearance using time-dependent classification probabilities during anti-HBV containing antiretroviral treatment  

Criteria 

 Classification probabilities and predictive values ± SE* 

 Month-24 (n=131)  Month-36 (n=95) 

n/N** (%) Se Sp PPV NPV  Se Sp PPV NPV 

HBsAg level at baseline            
 ≤10,000 IU/mL 8/83 (9.6) 0.78±0.14 0.49±0.05 0.09±0.03 0.97±0.02  0.80±0.13 0.80±0.18 0.24±0.17 0.98±0.01 
 ≤1,000 IU/mL 8/25 (32.0) 0.78±0.14 0.88±0.03 0.31±0.10 0.98±0.01  0.80±0.13 0.80±0.18 0.24±0.17 0.98±0.01 
 ≤100 IU/mL 6/12 (50.0)  0.55±0.17 0.95±0.02 0.45±0.16 0.97±0.01  0.61±0.16 1.00 1.00 0.97±0.01 
HBsAg level at 12-months           
 ≤100 IU/mL 9/19 (47.4)  0.88±0.11 0.93±0.02 0.45±0.12 0.99±0.01  0.90±0.10 1.00 1.00 0.99±0.01 
 ≤10 IU/mL 9/13 (69.2)  0.88±0.11 0.97±0.02 0.68±0.15 0.99±0.01  0.90±0.10 1.00 1.00 0.99±0.01 
Decline of HBsAg at 12-months           
 ≥1.0 log10 IU/mL 6/12 (50.0) 0.65±0.16 0.95±0.02 0.49±0.15 0.98±0.01  0.57±0.16 1.00 1.00 0.97±0.02 
 ≥2.0 log10 IU/mL 4/7 (57.1)  0.43±0.17 0.97±0.02 0.51±0.19 0.96±0.02  0.38±0.15 1.00 1.00 0.95±0.02 
HBV-DNA >12 copies/mL at baseline 10/121 (100) 1.00 0.22±0.04 0.08±0.03 1.00  1.00 0.80±0.18 0.28±0.19 1.00 
HBV-DNA >12 copies/mL at 12-months 8/108 (7.4) 0.78±0.14 0.40±0.05 0.08±0.03 0.96±0.03  0.80±0.13 0.40±0.22 0.09±0.04 0.96±0.03 
HBeAg-positive at baseline 5/33 (15.2) 0.54±0.17 0.85±0.03 0.19±0.08 0.97±0.02  0.47±0.16 0.80±0.18 0.15±0.13 0.95±0.02 
12-month change in CD4+ >200/mm3 5/62 (8.1) 0.55±0.17 0.62±0.05 0.09±0.04 0.95±0.02  0.48±0.16 0.80±0.18 0.16±0.13 0.95±0.02 

*All 161 HIV-hepatitis B virus (HBV) co-infected patients were included in analysis.  However, since sensitivity (Se), specificity (Sp), positive predictive value 

(PPV) and negative predictive value (NPV) are in function of Kaplan-Meier survival probabilities, the number of patients considered [i.e., those not lost to 

follow-up or having hepatitis B surface antigen (HBsAg)-seroclearance] during each time-interval has been included. Standard errors (SE) of each estimator 

are also provided. 

**Number with antigen loss (n) over total number of patients with the given criteria (N).  A total of ten patients had HBsAg-seroclearance in the study 

population.  All HBsAg-seroclearance events occurred within the first 24 months and thus these values did not change while extending follow-up.  In 

contrast, classification probabilities and predictive values do depend on patient follow-up and could change at later time-points.  
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Figure 2. 
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