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Among 284 human immunodeficiency virus (HIV)-hepatitis 
B virus (HBV) coinfected adults starting tenofovir-based an-
tiretroviral therapy (ART) in Zambia, median baseline CD4+ 
count was 202 cells/mm3 and 41.6% were hepatitis B e-antigen 
positive. Within 2 years of therapy, 29 (10.2%) participants ex-
perienced HBV functional cure (confirmed loss of hepatitis B 
surface antigen). In multivariable analysis, baseline CD4 count 
<350 cells/mm3, female sex, and lower baseline HBV deoxy-
ribonucleic acid were associated with increased odds of func-
tional cure. Immune recovery during HIV-HBV treatment with 
ART may drive higher rates of functional cure than during HBV 
monoinfection treatment. Understanding the mechanisms un-
derlying this phenomenon could inform immunomodulatory 
therapies for HBV cure.
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Chronic infection with hepatitis B virus (HBV), defined by per-
sistent hepatitis B surface antigen (HBsAg), reflects the failure 
of the host immune system to eliminate the infection. Treatment 
of chronic hepatitis B with nucleos(t)ide analogs (NA) results 
in reliable HBV-deoxyribonucleic acid (DNA) suppression, but 

clearance of HBsAg (also referred to as “functional cure”) oc-
curs at a very slow rate (~1% per year), necessitating lifelong 
therapy in most patients [1]. Functional cure is desirable be-
cause it is associated with reduction in risk of liver disease pro-
gression and hepatocellular carcinoma and allows NA therapy 
to be discontinued [2]. A growing number of novel therapies 
and therapeutic approaches are being developed to increase the 
rate of HBV functional cure. Many of these agents are immune 
modulators, drugs, or vaccines that may restore or enhance 
HBV-specific host immune responses [3].

Human immunodeficiency virus (HIV)-infected individuals 
are at increased risk of acquiring HBV infection due to shared 
routes of transmission and are more likely to develop chronic 
HBV infection. Furthermore, in HIV-HBV coinfection, HBV 
DNA and HBsAg levels are increased and hepatitis B e antigen 
(HBeAg) positivity (an indicator of active viral replication) is 
more common than in HBV monoinfection. Patients with HIV-
HBV coinfection have increased risk of liver disease progres-
sion and mortality compared with those with either virus alone. 
Because of its potency against HBV, tenofovir should be included 
in the antiretroviral therapy (ART) regimens of coinfected pa-
tients. However, mortality in HIV-HBV coinfection remains 
high relative to those who are HIV positive but HBsAg negative 
even when optimal ART is started at near-normal CD4+ T-cell 
counts [4]. Although the mechanisms by which HIV impacts 
the HBV natural history are not well defined, impaired T-cell 
responses are thought to play a major contributory role in these 
observations.

Although HIV impairs the host immune response to chronic 
HBV infection, during tenofovir-based ART and immune res-
toration, it has been suggested that achievement of functional 
cure may be enhanced in HIV-HBV coinfection when com-
pared with HBV monoinfection during NA therapy [5]. To as-
sess this in a larger cohort, we analyzed HBsAg clearance and 
anti-HBs seroconversion in a prospective cohort of HIV-HBV 
coinfected patients in Zambia on tenofovir-based ART and as-
sessed baseline and change in CD4 during therapy as possible 
correlates of functional cure.

MATERIALS AND METHODS

A prospective cohort was established within 2 public sector 
facilities in Lusaka, Zambia, under the framework of the 
International Epidemiological Databases to Evaluate AIDS 
(IeDEA) collaboration in Southern Africa. Human immuno-
deficiency virus-infected adults (18+ years old) initiating ART 
per national guidelines were eligible to participate if they were 
HBsAg positive based on a single positive HBsAg test and were 
ART-naive [6]. Antiretroviral therapy consisted of fixed-dose 
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combination tenofovir disoproxil fumarate, lamivudine, and 
efavirenz.

At the time of ART initiation, we measured alanine 
aminotransferase (ALT), CD4 count, HBV DNA (Roche COBAS 
Ampliprep/COBAS TaqMan; sensitivity 20 IU/mL), HBeAg and 
anti-hepatitis delta virus (HDV) (DiaSorin, Brussels, Belgium), 
and hepatitis C virus (HCV) antibodies (OraQuick; Orasure 
Technologies) with reflex HCV ribonucleic acid (RNA) testing 
of positives, and liver stiffness using transient elastography 
(FibroScan 402; Echosens, Paris,  France). Significant fibrosis 
was defined as liver stiffness measurement ≥7.9 kilopascals 
(kPa). At follow-up visits, which occurred every 6–12 months 
during the time of ART clinic visits, we repeated ALT, CD4, 
HBV DNA, and HBeAg (if the baseline result was positive) 
and measured HIV viral load. Hepatitis B surface antigen loss 
was monitored in the clinic using a rapid point of care assay 
(Determine; Alere). Negative rapid results triggered additional 
sample collection for confirmatory qualitative HBsAg and anti-
HBs testing using a central laboratory assay (Access2Analyzer; 
Beckman Coulter). Antiretroviral therapy was continued for 
HIV treatment regardless of change in HBsAg results.

This analysis included cohort participants with at least 
1 year of follow-up and at least 1 follow-up HBsAg result. We 
described the characteristics at ART start. Elevated ALT was 
defined as >19 U/L for women and >30 U/L for men. Change 
in CD4 count was calculated from baseline to 1 year on ART. 
Hepatitis B virus DNA suppression was defined as <20 IU/mL, 
and HIV RNA suppression was defined as <40 copies/mL by 
12  months on ART. Hepatitis C virus positivity was defined 
as having detectable HCV RNA. We described major HBV 
outcomes including the proportion who achieved ALT nor-
malization and HBV-DNA suppression and became HBeAg 
negative by 2  years on therapy. We defined HBV functional 
cure as confirmed HBsAg clearance with or without anti-HBs 
positivity. In bivariable logistic regression, we evaluated the 
following possible correlates of functional cure: sex, age, World 
Health Organization HIV clinical stage, tuberculosis, elevated 
baseline ALT, significant fibrosis, baseline CD4 count, HBV-
DNA level, CD4 count change (from baseline to 1 year), and 
HIV viral suppression. Patients with baseline CD4 >350 cells/
mm3 were a priori selected as the reference group for analyses 
because they had the smallest degree of immune suppression 
in the cohort. Hepatitis B e antigen was excluded from our 
primary multivariable analyses due to collinearity with HBV 
DNA and missing data. Factors that were associated with func-
tional cure at P <  .2 were included in a multivariable logistic 
regression model. All data were analyzed using Stata (version 
14; StataCorp, College Station, TX). All participants provided 
written informed consent. Ethical review and approval was pro-
vided by the University of Zambia Biomedical Research Ethics 
Committee and the University of Alabama at Birmingham 
Institutional Review Board.

RESULTS

From October 2013 to August 2017, 358 HIV-HBV coinfected 
adults enrolled in the cohort. Of these, we excluded the fol-
lowing from analysis: 21 for death, 12 for transfer, 21 for loss 
to follow-up before the 1-year repeat HBsAg test, and 20 for 
having less than 1 year of follow-up at administrative censoring. 
Among the remaining 284, median age was 34 years (interquar-
tile range [IQR], 28–39 years), 108 (38.2%) were women, 28 had 
tuberculosis coinfection (9.9%), and none were HCV positive. 
At ART start, median baseline CD4+ count was 202 cells/mm3 
(IQR, 94–338), 89 of the 214 with results (41.6%) were HBeAg 
positive, and 108 (49.3%) of the 219 with results had HBV DNA 
>2000 IU/mL. Significant fibrosis, based on elastography (ie, 
≥7.9 kPa), was present in 46 (20.0%) of 230 with the test. After 
ART initiation, 45 of 127 (35.4%) with baseline elevation expe-
rienced normalization of ALT. Of the 164 patients with HBV 
DNA >20 IU/mL at baseline, 68 of 102 (64.2%) with available 
results achieved full suppression on tenofovir-containing ART. 
Among the 89 with HBeAg positivity at baseline, 77 had a re-
peat test on ART and 17 (22.1%) experienced HBeAg loss.

During ART, 58 participants had a negative rapid HBsAg test 
result in the clinic. Of those, 18 were false negatives (ie, HBsAg 
was positive on the central laboratory assay), 29 were confirmed 
to be HBsAg negative (ie, consistent with HBV functional cure), 
and 11 did not have confirmatory testing. Therefore, 10.2% (29 
of 284)  met our definition of functional cure. At the time of 
ascertainment, all 29 had undetectable HBV DNA and normal 
ALT, and 12 (41.4%) were anti-HBs positive. We plotted the 
percentage with HBsAg clearance by baseline CD4 (Figure 1) 
[6]. In multivariable analysis, CD4  <350 cells/mm3 was asso-
ciated with increased odds of functional cure (adjusted odds 
ratio [AOR], 4.94; 95% confidence interval [CI], 1.02–23.80), 
whereas male sex (AOR, 0.38; 95% CI, .14–1.05) and a 1-log 
increase in HBV DNA (AOR, 0.68; 95% CI, .54–.86) were as-
sociated with reduced odds (Table 1). Similar associations were 
seen when the CD4 was dichotomized at 200 cells/mm3.
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Figure 1.  Percentage of human immunodeficiency virus-hepatitis B virus-
coinfected patients with hepatitis B surface antigen (HBsAg) loss by 2  years of 
tenofovir-based therapy, by CD4 count.
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DISCUSSION

In a Zambian cohort of HIV-HBV coinfected individuals char-
acterized by relatively low median baseline CD4 count, over 10% 
attained functional cure within 2 years of initiation of tenofovir-
based ART, which is substantially higher than the 1% per year 
that is reported for tenofovir-treated HBV monoinfection [1]. 
Possible correlates of an elevated functional cure response in-
cluded lower pretherapy CD4 count, lower pretherapy HBV 
DNA, and female sex. Understanding the correlates and mech-
anisms of HBsAg loss in HIV-infected hosts may help in the 
development of HBV immunotherapies.

The main finding of our analysis was that HBsAg loss oc-
curred in a high proportion of HIV-HBV patients treated with 
ART relative to HBV monoinfection. This builds on multiple 
smaller studies in which 6%–38% of HIV-HBV patients experi-
enced HBsAg loss over 1–2 years on ART [1]. We observed an 
inverse relationship between baseline HBV DNA and the odds 
of functional cure, consistent with another report that found 
higher HBsAg clearance in HIV-HBV coinfected persons with 
low HBV-DNA levels and low quantitative HBsAg levels [7–10], 

which we have not yet measured in the cohort. Our finding of 
a possible association between lower initial CD4 and increased 
functional cure adds to what is known about HBV control in 
HIV-HBV coinfection. Substantial declines in quantitative 
HBsAg (qHBsAg) and loss of HBsAg have been correlated with 
gains in CD4 after ART initiation [8], and restoration of pe-
ripheral HBV-specific T-cell responses was noted with HBV-
active ART [10, 11]. It is possible that the immunological boost 
of ART, which may occur rapidly when HIV is suppressed and 
immune dysfunction and inflammation are reduced, augments 
anti-HBV immune responses that may have been less exhausted 
and more HBV naive in the setting of HIV-induced T-cell de-
pletion. We sought, but did not see, a link between change in 
CD4 count and HBsAg loss; however, host immune responses 
in the liver where HBV immunopathogenesis occurs may vary 
considerably from that in peripheral blood [12].

This study has important clinical and public health implica-
tions. A growing number of antiviral and immunomodulatory 
drugs are under development for HBV, and these data can 
guide the use of these agents in HIV patients. For example, 

Table 1.  Factors Associated With HBV Functional Cure

Characteristic n/N (%) With the Outcome or Median (IQR)

Univariable Analysis Multivariable Analysis

OR (95% CI) P OR (95% CI) P

Sex      

  Female 15/108 (13.9) Reference Reference

  Male 14/175 (8.0) 0.54 (.25–1.17) .12 0.38 (.14–1.05) .06

Age, years 34 (28–39) 1.00 (.95–1.05) .92   

WHO Clinical Stage      

  1 or 2 18/166 (10.8) Reference   

  3 or 4 10/110 (9.1) 0.82 (.36–1.85) .64   

Tuberculosis      

  No 26/255 (10.2) Reference   

  Yes 3/28 (10.7) 1.06 (.30–3.74) .93   

Elevated Baseline ALTa      

  No 16/133 (12.0) Reference   

  Yes 10/121 (8.3) 0.66 (.29–1.51) .32   

Baseline CD4 Count      

  ≥350 cells/mm3 3/58 (5.2) Reference Reference

  <350 cells/mm3 22/176 (11.1) 2.29 (.66–7.95) .19 4.94 (1.02–23.80) .05

Per 1 log HBV DNA 
increase at baseline

3.3 (1.0–6.4) 0.72 (.59–.88) <.01 0.68 (.54–.86) <.01

Significant Liver Fibrosisb      

  No 18/184 (9.8) Reference   

  Yes 3/46 (6.5) 0.64 (.18–2.29) .50   

HIV Viral Suppressionc      

  No 2/21 (9.5) Reference   

  Yes 8/79 (10.1) 1.07 (.21–5.46) .93   

Change in CD4 countd +88 (+8 to +155) 1.01 (.98–1.03) .70   

Abbreviations: ALT, alanine aminotransferase; CI, confidence interval; DNA, deoxyribonucleic acid; HBV, hepatitis B virus; HIV, human immunodeficiency virus; IQR, interquartile range; OR, 
odds ratio; RNA, ribonucleic acid; WHO, World Health Organization.
aDefined as >19 U/L for women and >30 U/L for men.
bBased on liver stiffness measurement on transient elastography of ≥7.9 kPa.
cDefined as HIV RNA level <40 copies/mL within 1 year of starting therapy.
dUnits were cells/mm3, a 1-cell increase was the unit of analysis in models.
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HIV-infected patients more likely to achieve functional cure 
under current ART could be preferentially recruited into early 
stage trials of agents with nontrivial potential risk. Dynamic 
changes to the immune system that may occur after ART start 
in HIV-HBV coinfection could guide the development and 
testing of immune modulators. For example, PD-1 expression 
in HBV-specific T cells, a potentially important biomarker of 
HBV control, should be evaluated in patients with HIV who at-
tain HBsAg loss/decline because this could further support the 
use of PD-1/PD-L1 inhibitors [13]. Finally, high rates of HBsAg 
loss/decline in HIV-HBV could facilitate the development and 
validation of surrogate end points for HBV clinical trials testing 
curative therapies. Although our focus was on HBsAg clear-
ance, we also reported that baseline ALT elevation persisted in 
approximately one third of HIV-HBV coinfected individuals, 
despite high levels of HIV-RNA and HBV-DNA suppression. 
This was likely driven by factors other than HIV and HBV, 
namely, unhealthy alcohol use [14], rather than hepatitis C and 
delta, which are rare in Zambia.

Although this is one of the largest prospective HIV-HBV 
studies in Africa, where coinfection is relatively common, it 
has several limitations. Because this study was nested within 
real-world ART clinics, laboratory monitoring during ART was 
infrequent and 25% were excluded from analysis for insuffi-
cient data. These observations may have led us to overestimate 
HBsAg clearance and HBV-DNA suppression because patients 
with poorer outcomes may have been less likely to be analyzed. 
On the contrary, the proportion with HBV functional cure was 
likely a conservative estimate because an additional 11 patients 
with possible functional cure did not have confirmatory testing. 
Inclusion of qHBsAg data would have strengthened our analysis 
because low HBsAg levels may predict evolution to functional 
cure. Likewise, lack of viral sequencing data prevented us from 
speculating on the impact of African genotypes on outcomes. 
Finally, our definition of functional cure was not fully consistent 
with HBV monoinfection studies, where sustained HBsAg loss 
off therapy was a definition recommended by experts. In HIV-
HBV coinfection, stopping anti-HBV therapy is generally not 
possible because patients continuing NA therapy with activity 
against both viruses is recommended [15]. We are continuing 
to follow-up these patients to assess the durability of HBsAg 
clearance. Finally, the overall number of patients experiencing 
HBsAg loss in the different CD4 strata was low, and this likely 
reduced the precision of estimates in our multivariable analyses.

CONCLUSIONS

In summary, HIV-HBV coinfected patients taking tenofovir-
based ART in Zambia experienced high rates of HBV functional 
cure early after starting therapy. Further investigation is needed 
to understand how immune restoration in HIV infection affects 
control of HBV, which could be relevant to novel therapies for 
HBV functional cure.
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