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Abstract. Antiretroviral treatment (ART) interruptions increase the risk of severe morbidity/mortality in human im-
munodeficiency virus (HIV)-infected individuals from subSaharan Africa. We aimed to determine whether the risk is further
increased among HIV-hepatitis B virus (HBV) co-infected patients in this setting. In this sub-analysis of a randomized-
control trial, 632 participants from Cote d’Ivoire randomized to receive continuous-ART (C-ART), structured ART inter-
ruptions of 2-months off, 4-months on (2/4-ART), and CD4-guided ART interruptions (CD4GT, interruption at 350/mm?
and reintroduction at 250/mm?) were analyzed. Incidence rates (IR) of serious HIV- and non-HIV-related morbidity were
compared between patients stratified on hepatitis B surface antigen (HBsAg) status. Overall, 65 (10.3%) were HBsAg-
positive, 29 (44.6%) of whom had HBV-DNA levels > 10,000 copies/mL. After a median 2.0 year (range = 0.2-3.1) follow-
up, = 1 serious HIV-related events occurred in 101 HIV mono-infected and 15 HIV-HBV co-infected patients (IR = 10.0
versus 13.2/100 person/years, respectively, P = 0.3), whereas the highest incidence was observed in co-infected patients
with baseline HBV-replication > 10,000 copies/mL (IR = 24.0/100 person/years, P versus HIV mono-infected = 0.002).
Incidence of bacterial infections was also highest in the co-infected group with HBV-replication > 10,000 copies/mL (IR =
12.9 versus 3.3/100 person/years in HIV mono-infected patients, P = 0.001). The relative effect of CD4GT or 2/4-ART
versus C-ART was not different between infection groups (P for interaction = 0.4). No increase in the incidence of non-HIV-
related morbidity was observed for co-infected patients (P = 0.5), even at HBV-replication levels > 10,000 copies/mL
(P=0.7). In conclusion, co-infected patients with elevated HBV-replication at ART-initiation are more susceptible to HIV-

related morbidity, especially invasive bacterial diseases, during treatment interruption.

INTRODUCTION

Interrupting antiretroviral therapy (ART) is widely known to
have detrimental consequences to individuals infected with
the human immunodeficiency virus (HIV). In several large
randomized-control trials, interruptions based on structured
timeperiods or specific CD4 cell counts are associated with
higher risk of morbidity and mortality due to opportunistic in-
fections and non-HIV-related diseases.'™

While untreated, patients with HIV and hepatitis B virus
(HBV) co-infection are known to have a higher risk of cirrhosis
and liver-related mortality compared with those with HIV
mono-infection.>® Nevertheless, this excess risk subsides
with the use of potent anti-HBV agents in combination with
ART.”® Treatment interruptions could then be considered
particularly harmful for co-infected individuals. Data from the
Strategic Management of Antiretroviral Therapy (SMART)
study have indeed demonstrated heightened risk of mortality
unrelated to opportunistic infections in HIV-HBV, including
HIV-hepatitis C virus (HCV), co-infected patients who un-
derwent treatment interruptions.® Furthermore, interrupting
ART in these patients often evoked rebounds in HBV DNA
replication and flares in transaminase levels, suggesting
higher risk of severe liver-related consequences.™®

It is currently unknown whether the rates of serious mor-
bidity and mortality are increased with treatment interruptions
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in HIV-HBV co-infected patients from sub-Saharan Africa
(SSA). Because the epidemiology of HBV infection is vastly
different between SSA and Europe or North America, with the
former having more individuals horizontally infected during
youth and controlling HBV infection well before HIV acquisi-
tion,’ there could be inherent differences in how HBV
manifests during treatment interruptions. For instance, most
co-infected patients in SSA are hepatitis B “e” antigen
(HBeAg) negative, who generally harbor low levels of HBV
DNA replication and transaminase levels."? Treatment inter-
ruptions could have similar effects between HIV mono-
infected and HIV-HBV co-infected patients exhibiting more
inactive phases of infection.

We used unique data from a large randomized-control trial
in Cote d’lvoire, in which several immunological and clinical
endpoints were evaluated during treatment interruptions, to
determine whether rates of these events differed between
HIV-HBV co-infected and HIV mono-infected participants. We
intended to further explore the role of HBV DNA replication in
their occurrence.

MATERIALS AND METHODS

Study population. Patients participated in a prospective,
randomized, open-label, multicenter trial in Abidjan, Cote
d’lvoire (NCT00158405)."2 Briefly, the aim of this trial was to
evaluate the benefits and risks of treatment interruptions.
Study inclusion criteria were as follows: age > 18 years, HIV-1
or mixed HIV-1/2 infection, ART-naive, and CD4" cell count
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between 150 and 350/mm?® or CD4% between 12.5% and
20.0%. Patients with any one of the following were not in-
cluded in the trial: residence outside of Abidjan, unwillingness
to participate, pregnancy, severe renal or hepatic disease,
severe psychiatric disorder, any ongoing severe clinical fea-
tures of undiagnosed origin, severe hematological disorder
(hemoglobin < 7.5 g/dL, platelet count < 30,000/mm3, or
neutrophil count < 750/mm?), or Karnofsky score < 50.

All participants gave written informed consent, and the
study protocol was approved by the Ministry of Health of Céte
d’lvoire and the French National Agency for Research on AIDS
and Viral Hepatitis (ANRS, Paris, France).

Treatment interruption arms. A total of 840 patients
started ART at inclusion, receiving zidovudine and lamivudine
with either efavirenz or lopinavir/ritonavir. After a 6- to 18-
month phase of continuous-ART(C-ART), those who fulfilled
randomization criteria (CD4 > 350/mm?, plasma HIV-1 RNA <
300 copies/mL) were randomized, respectively, 1:3:2 to one of
three arms: C-ART, CD4-guided ART interruptions (CD4GT)
(reintroduction when CD4 < 250/mm?, interruption when CD4 >
350/mm?), or fixed-schedule ART interruptions (2-months-
off and 4-months-on or “2/4-ART”). Those who did not reach
randomization criteria underwent C-ART. Study randomization
and follow-up procedures have been detailed elsewhere."?

Assessing HBV parameters and liver enzymes. All pa-
tients were tested for hepatitis B surface antigen (HBsAg) at
study inclusion (Mini Vidas® assay; Biomerieux, Marcy I'Etoile,
France), which was then confirmed using the Architect i2000
assay (Abbott Laboratories, Rungis, France).'®

From samples stored at —-80°C, HBeAg and anti-HBe anti-
bodies were detected at study inclusion using the Elecsys
assay (Roche Diagnostics, Meylan, France). HBV DNA viral
loads (VL) were quantified at study inclusion and every
12 months during follow-up using an in-house polymerase
chain reaction (PCR)-based assay (detection threshold:
12 copies/mL)."*

Plasma alanine aminotransferase (ALT) and aspartate ami-
notransferase (AST) were collected at study inclusion, al-
though only AST levels were available every 6 months during
follow-up. Elevated transaminase levels were defined as an
AST or ALT > 40 IU/L.

Assessing HIV parameters. CD4" cell counts (True Count
technique on FACScan, Becton Dickinson, Aalst-Enembobegem,
Belgium) were obtained at study inclusion, every 3 months
before randomization, and every 2 months after randomiza-
tion. Plasma HIV-1 RNA was quantified using real-time PCR'®
and was measured at study inclusion and every 6 months
thereafter.

Statistical analysis. Follow-up began at randomization and
continued until study termination (October 31, 2005 for those
enrolled in the CD4-guided arm, which was found to have higher
severe morbidity during an interim analysis and stopped
prematurely by the Data and Safety Monitoring Board, and
March 24, 2007 for all other arms), permanent treatment dis-
continuation, treatment switch, or death; whichever occurred
first. All analyses were conducted using STATA statistical
package (v13.1, College Station, TX), and significance was
determined using a P value < 0.05.

Patients were grouped as HIV mono-infected or HIV-HBV
co-infected, the latter of which was further stratified on
HBV-VL > 10* copies/mL (“high baseline HBV DNA replica-
tion”) and HBV-VL < 10* copies/mL (“low baseline HBV DNA

replication”) at ART-initiation. The choice of threshold was
determined from a previous study in SSA, demonstrating
higher mortality rates at these levels.'® Characteristics be-
tween groups were compared at randomization using
Kruskal-Wallis test for continuous variables and Pearson x2 or
Fisher’s exact test for categorical variables.

We considered endpoints from a previous intent-to-treat
analysis in the Trivacan study+?: 1) CD4 cell count < 350/mm?
at month 24, 2) incidence of overall mortality, 3) incidence of
serious HIV-related morbidity, combining any event leading to
death or classified as a World Health Organization (WHO)
clinical stage 3 or 4 event; and 4) incidence of serious non-HIV-
related morbidity, defined as any morbidity event that led to
death and/or hospital admission that were not documented as
WHO stage 2-4 events. Proportions of patients reaching the
CD4 endpoint were compared between infection groups using
Pearson’s ¥ test. A logistic regression model was used to
calculate odds ratios (OR) and their 95% confidence intervals
(Cl) comparing interruption arms to C-ART within infection
groups. Incidence rates (IR) of serious morbidity and mortality
were expressed in events per 100 person/years. Cox pro-
portional hazards models were used to calculate hazards ra-
tios (HR) and their 95% CIl comparing interruption arms to
C-ART within infection groups. To identify differences in
measures of effect across HBV infection strata, an interaction
term combining infection group and randomization arm was
included for all models.

In the post hoc analysis, we used time until CD4* cell
count < 200/mm? as an end-point. HR and 95% CI were es-
timated for several determinants using Cox proportional
hazards model, while accounting for tied failures using the
Efron method. A multivariable model was constructed by in-
cluding all variables with a P value < 0.1 from a univariable
analysis and selecting covariates in a backwards-stepwise
fashion. Parameters affecting only the co-infected study
population (i.e., HBeAg-status, HBV DNA levels at inclusion)
were assessed separately in the multivariable model.

RESULTS

Description of the study population. Figure 1 depicts
participant flow at each stage of the study. Of the 651 indi-
viduals randomized between August 2003 and March 2005,
19 (2.9%) were not included in analysis because of the fol-
lowing reasons: did not have an available HBsAg-status at
inclusion (N = 1), did not have confirmed a HBsAg-status
(N=17), or did not have available HBV DNA at inclusion (N = 1).
In total, 632 patients were included who had been randomized
to receive 2/4-ART (N = 314), CD4-guided ART (N = 209), or
C-ART (N = 109). No significant differences were observed
in the HIV-HBV co-infection status across study arms
(overall HBsAg-positive prevalence = 10.3%, P for overall
comparison = 0.6).

Table 1 provides a description of the study population at
randomization, while comparing infection groups. HIV-HBV co-
infected patients were significantly more likely to be male, smoke,
and have elevated transaminase levels versus HIV mono-
infected patients. Co-infected patients with high baseline HBV
DNA VL, compared with all others, had significantly lower nadir
CD4" cell count (median = 220 versus 262/mm?q, respectively,
P =0.004), HIV RNA VL at ART-initiation (median = 5.44 versus
4.94 logso copies/mL, respectively, P < 0.001), higher ALT
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Assessed for eligibility

(nN=1495)
F———>  Excluded
Did not meet inclusion criteria (n=472)
Refused to participate (n=169)
Inclusion closed (n=14)
Included
(n=840)
————————>  Not randomized
Dead <18 months (n=21)
Lost to follow-up <18 months (n=23)
Did not meet randomization criteria (n=145)
Randomized
(n=651)
Assigned to: Assigned to: Assigned to:
CD4-guided ART Continuous ART 2/4-ART

Received (n=216)
Did not receive (n=0)

Received (n=110)
Did not receive (n=0)

Received (n=325)
Did not receive (n=0)

——> Excluded:

Non-validated HBsAg (n=6)
No HBV-DNA at baseline (n=1)

Analyzed (n=209)
HBsAg- (n=184)
HBsAg+ (n=25)

——> Excluded:

Non-validated HBsAg (n=1)

—> Excluded:

FiGURE 1.

(median = 29 versus 20 IU/L, respectively, P = 0.007), and higher
AST levels (median = 27 versus 24 IU/L, respectively, P = 0.02).

Of the 65 co-infected patients, 20 (30.8%) had HBeAg-
positive serology, 31 (47.7%) detectable HBV DNA (median
VL = 7.30 log4o copies/mL, interquartile range = 5.57-8.01),

Analyzed (n=109)
HBsAg- (n=99)
HBsAg+ (n=10)

Analyzed (n=314)
HBsAg- (n=284)
HBsAg+ (n=30)

TaBLE 1

Description of the study population at randomization per infection group

Non-validated HBsAg (n=10)
No HBsAg at baseline (n=1)

Participant flow of the study. Description of participant flow from enroliment to inclusion and analysis.

and 12 (18.5%) elevated transaminase levels. Importantly, no
significant differences in any of these parameters were ob-
served between study arms (Supplemental Table 1).
Description of patient follow-up. Patients were followed
foramedian 2.0 (range = 0.2-3.1) years (2.0 years for HIV-HBV

HIV-HBV co-infected

HBV DNA < 10* copies/mL HBV DNA > 10* copies/mL Total HIV mono-infected P*
(N=32) (N =33) (N =65) (N =567)
Gender, M/F (% males) 14/18 (43.8) 10/23 (30.3) 24/41 (36.9) 122/445 (21.5) 0.005
Age, yearst 34 (30-37) 36 (33-39) 35 (32-38) 34 (29-40) 0.2
Current smokert 3(9.4) 3(9.4) 6(9.4) 21 (3.7) 0.04
BMI, kg/m?t 21 (20-24) 21 (19-22) 21 (19-23) 22 (20-24) 0.4
WHO clinical staget 0.3
Stage | 7(21.9) 5(15.1) 12 (18.5) 137 (24.2)
Stage Il 17 (53.1) 11 (33.3) 28 (43.1) 227 (40.0)
Stage lll 8 (25.0) 14 (42.4) 22 (33.9) 160 (28 2)
Stage IV 0(0) 3(9.1) 3(4.6) 43 (7.6
HIV RNA copies/mL at ART-initiationt 4.94 (4.22-5.28) 5.44 (4.98-5.78) 5.15 (4.64-5.57) 4.95 (4.34-5.45) 0.06
HIV RNA > 300 copies/mL%} 0(0) 0(0) 0(0) 0(0) ntp
Current CD4* count, mm™3t 481 (412-560) 424 (396-551) 457 (405-555) 456 (375-561) 0.6
Nadir CD4* count, mm~t 268 (211-335) 220 (171-288) 235 (185-299) 262 (202-334) 0.10
Time on ART, monthst 7.2(7.1-10.1) 7.2(7.1-10.1) 7.2(7.1-10.1) 2(7.1-10.2) 0.5
ART protocol armf 0.6
Continuous 6(18.8) 4(12.1) 10 (15.4) 99 (17.5)
CD4-guided 11 (34.4) 14 (42.4) 25 (38.5) 184 (32.5)
2/4-ART 15 (46.9) 15 (45.5) 30 (46.2) 284 (50.1)
HBeAgt 1(.1) 19 (57.6) 20 (30.8) - ntp
ALT, IU/Lt [N = 480] 21 (16-27) 29 (20-51) 25 (17-38) 20 (15-29) 0.04
AST, IU/Lt 26 (22-31) 27 (21-38) 26 (21-32) 23 (20-30) 0.02
Elevated transaminasest§ 5(15.6) 7(21.2) 12 (18.5) 57 (10.1) 0.04

ALT = alanine aminotransferase; ART = antiretroviral therapy; AST = aspartate aminotransferase; BMI = body mass index; HBeAg = hepatitis B “e” antigen; HBV = hepatitis B virus; HIV = human
immunodeficiency virus; WHO = World Health Organization.
*Significance between HIV-HBV co-infected and HIV mono-infected groups determined using Kruskal-Wallis test for continuous variables and Pearson x? test or Fisher's exact test for
categorical variables. ntp, no test performed.

1 Median (interquartile range).

3 Number (%).

§ Defined as ALT or AST > 40 IU/L.
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co-infected and 2.0 years for HIV mono-infected patients),
totaling 1,261 person/years (126 person/years in co-infected
and 1,135 person/years in mono-infected patients). Rates of
loss-to-follow-up were slightly higher among co-infected
versus mono-infected patients (1.6/100 person/years versus
1.0/100 person/years, respectively), yet there was no signifi-
cant difference (P = 0.4).

In co-infected patients, 20 patients (30.8%) had rebounds >
1.0 logqo copies/mL of HBV DNA during follow-up (IR =
9.9/100 person/years), with no difference between in-
terruption arms (log-rank test: P = 0.9). Overall, six patients
(1.0%) had ALT/AST levels > 120 IU/L at baseline. Among the 626
remaining patients, 46 had a flare in ALT/AST levels > 120 IU/L
during follow-up (IR = 2.2/100 person/years), which occurred
predominately in co-infected patients (low baseline HBV DNA
replication IR = 3.8/100 person/years, high baseline HBV DNA
replication IR = 11.0/100 person/years) (log-rank test: P < 0.001).
Most of these events were observed in patients undergoing
CD4GT (HR = 2.95, 95% CIl = 1.01-8.61) and 2/4-ART (HR =
1.74, 95% CI = 0.59-5.13) compared with C-ART.

CD4 cell count outcome and co-infection status. In
intent-to-treat analysis of the primary outcome (Table 2), 14
(23.7%) HIV-HBV co-infected and 98 (18.0%) HIV mono-infected
patients had CD4 cell counts < 350/mm?® at 24 months from
randomization (P = 0.3). This endpoint was more likely observed in
co-infected patients with high baseline HBV DNA replication (N =
8, 27.6%), yet was not significantly different when compared with
HIV mono-infected patients (P = 0.2, Table 2).

CD4 cell count < 350/mm° at 24-months occurred
more frequently in patients randomized to either treatment
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interruption arm (2/4-ART and CD4-guided) compared with
those on C-ART for both HIV mono-infected (OR = 4.83, 95%
Cl=1.91-12.23, P = 0.001) and co-infected individuals (OR =
2.81,95% Cl = 0.32-24.69, P = 0.4). No interaction was ob-
served between treatment arms and co-infection groups (P =
0.3), even when stratifying on levels of baseline HBV DNA
replication (P = 0.3).

In post hoc multivariable analysis (Supplemental Table 2),
rates of progressing toward a CD4 cell count < 200/mm? were
significantly associated with being randomized to an in-
terruption arm (P <0.001), having alower body mass index (P =
0.04), lower CD4 cell count (P < 0.001), and higher AST levels
(P < 0.001) at study inclusion. Among only HIV-HBV co-
infected patients, there were no significant differences in
achieving this endpoint based on HBeAg-positive serology
(adjusted-HR =2.39, 95% CI = 0.85-6.74, P = 0.10) or higher
HBV DNA levels (adjusted-HR = 1.17 per log4o copies/mL,
95% Cl = 0.91-1.50, P = 0.2) when included in the multivari-
able model.

Mortality and co-infection status. As shown in Table 2,
three and five deaths were observed among HIV-HBV co-
infected and HIV mono-infected patients, respectively,
resulting in a significantly higher IR in those with co-infection
(P = 0.02). All deaths among co-infected patients occurred in
those with high baseline HBV DNA replication (IR = 4.8 versus
0.3/100 person/years for HIV mono-infected patients, P =
0.001, Table 2). The causes of death during follow-up were
tuberculosis (N = 3), advanced liver cirrhosis (N = 1), pneu-
mococcocal meningitis (N = 1), fever with meningeal syn-
drome (N = 1), and unspecified causes (N = 2) (Table 3). Any

TABLE 2
Rates of endpoints stratified by co-infection status

Infection group

Infection group (considering viral replication)

Outcome HIV-HBV HIV P HIV-HBV, VL > 10* copies/mL HIV Pt

CD4* cell count < 350/mm?® at 24 (N =59) (N =544) (N =29) (N =544)

monthsi, n (%)

Total 14 (23.7) 98 (18.0) 0.3 8(27.6) 98 (18.0) 0.2

Continuous 1(11.1) 5(.2) 0.4 0(0) 5(5.2) 0.9

2/4-ART 3(10.7) 40 (14.5) 0.8 2(14.3) 40 (14.5) 0.9

CD4-guided 10 (45.5) 53 (31.0) 0.17 6 (50.0) 53 (31.0) 0.17
Death, n events (IR/100 person/years) (N =65) (N =567) (N =33) (N =567)

Total 3(1.6) 5(0.3) 0.02 3(4.8) 5(0.3) 0.001

Continuous 1(6.1) 0(0) ntp 1(14.4) 0(0) ntp

2/4-ART 1(1.7) 2(0.4) 0.19 1(3.4) 2(0.4) 0.06

CD4-guided 1(2.0 3(0.8) 0.4 13.8) 3(0.8) 0.19
Serious HIV-related morbidity§, n events (N =65) (N =567) (N =33) (N =567)

(IR/100 person/years)

Total 15(13.2) 101 (10.0) 0.3 13 (24.0) 101 (10.0) 0.002

Continuous 2(11.0) 12 (6.5) 0.7 2 (35.5) 2 (6.5) 0.02

2/4-ART 5(9.3) 48 (9.4) 0.9 4(14.7) 48 (9.4) 0.4

CD4-guided 8(19.1) 41 (13.0) 0.3 7(33.1) 41 (13.0) 0.02
Serious non-HIV-related morbidity||, n (N =65) (N =567) (N =33) (N =567)

events (IR/100 person/years)

Total 13 (11.5) 137 (13.9) 0.5 7(10.7) 137 (13.9) 0.7

Continuous 2(12.49) 24 (13.7) 0.9 1(17.8) 24 (13.7) 0.8

2/4-ART 4(9.0) 40 (12.5) 0.5 3(12.4) 40 (12.5) 0.6

CD4-guided 7(13.4) 73 (14.9) 0.8 3(11.1) 73 (14.9) 0.9

ART = antiretroviral therapy; HBV = hepatitis B virus; HIV = human immunodeficiency virus; IR = incidence rates; VL = viral loads.

*Comparisons were made between HIV-HBV vs. HIV mono-infected patients.

1 Comparisons were made between HIV-HBV co-infected patients with high HBV DNA VL vs. HIV mono-infected patients. P values obtained from Pearson’s )(2 test or Fisher’s exact test for
categorical variables and from Wald x? test after fitting a Cox proportional hazards model. ntp, no test performed.

1+ Of the 632 patients randomized, 29 patients (continuous, N = 3; 2/4-ART, N = 10; CD4-guided, N = 16) were excluded from the CD4 cell count < 350 cells/mm? analysis because they died
(continuous, N = 1; 2/4-ART, N = 3; CD4-guided, N = 4) or were lost to follow-up (continuous, N = 1; 2/4-ART, N = 5; CD4-guided, N = 8) before month 24 or because their CD4 cell count data were
missing at month 24 (continuous, N = 1; 2/4-ART, N = 2; CD4-guided, N = 4). The remaining 603 patients (continuous, N = 106; 2/4-ART, N = 304; CD4-guided, N = 193) were included in the intent-to-

treat analysis.

§ Any event leading to death or any morbidity event classified as a World Health Organization (WHO) stage 3 or 4 event.
[l Any morbidity event that led to death and/or hospital admission and that were not documented as WHO stage 2-4 events.
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formal statistical analysis on causes of death was precluded
by the small numbers of observations.

Serious HIV-related morbidity outcomes and co-
infection status. In total (Table 2), at least one serious HIV-
related event occurred in 15 HIV-HBV co-infected (three of whom
died) and 101 HIV mono-infected patients (five of whom died),
resulting in a slightly higher IR during co-infection versus mono-
infection (P = 0.3). This endpoint was significantly more frequent
in co-infected patients with high baseline HBV DNA replication
compared with those with HIV mono-infection (P = 0.002,
Table 2). This increased risk was largely due to bacterial infec-
tions (Table 3), the most common of which were invasive bac-
terial diseases (N = 19) including pyelonephritis (N = 7), enteritis
(N = 5), pneumonia (N = 4), and other invasive infections (N = 3).

Serious HIV-related morbidity was more frequently ob-
served in HIV mono-infected patients randomized to the CD4-
guided (HR = 1.97, 95% CI = 1.03-3.76, P = 0.04) but not
2/4-ART arm (HR =1.43,95% CI =0.76-2.68, P = 0.3). Similar
magnitudes of effect were observed in HIV-HBV co-infected
patients (CD4-guided HR = 1.67,95% CIl =0.34-8.13, P=0.5;
2/4-ARTHR =0.81,95% Cl =0.15-4.28, P = 0.8). Accordingly,
no interaction was observed between treatment arms and co-
infection groups (P = 0.4), even when stratifying on levels of
baseline HBV DNA replication (P = 0.2).

Serious non-HIV-related morbidity outcomes and co-
infection status. Overall, at least one serious non-HIV-related
event occurred in 13 HIV-HBV co-infected and 137 HIV mono-
infected patients (none of whom died for both groups), with no
significant difference in IR between co-infection versus mono-
infection (P = 0.3, Table 2). There was also no significant dif-
ference in the incidence of non-HIV morbidity between
patients with high baseline HBV DNA replication compared
with those with HIV mono-infection (P = 0.7, Table 2). The
major cause of non-HIV-related morbidity were nonspecific
(Table 3), with the most frequent being fever of unknown origin
(N = 61), gastroenteritis (N = 14), and gynecological (N = 11).

There was no significant increase in serious non-HIV-
related morbidity when randomized to either treatment in-
terruption arm (2/4-ART and CD4-guided) compared with

C-ART for both HIV mono-infected (HR = 1.02, 95% CI =
0.66-1.58, P = 0.9) and HIV-HBV co-infected patients (HR =
0.90,95% Cl=0.19-4.28, P=0.9), resulting in a nonsignificant
interaction between treatment arms and co-infection groups
with or without consideration of baseline HBV DNA replication
(P>0.9).

DISCUSSION

The Trivacan study was the first large, prospective study
from SSA to clearly demonstrate the detrimental effects of
treatment interruptions on HIV-related morbidity, promptly
leading to strong recommendations for C-ART in international
guidelines. In this substudy, we extend these findings by
showing increased rates of HIV-related morbidity in co-
infected patients specifically when their HBV VL is high, al-
though this was not the case for non-HIV-related morbidity.
Therelative associations for both endpoints were consistentin
CDA4* cell guided and structured treatment interruption arms.
These results bolster our understanding of the potential con-
sequences of treatment interruptions in co-infected patients
and to some degree, of HBV treatment outcomes in SSA.

When examining the causes more closely, bacterial dis-
eases unrelated to tuberculosis were clearly responsible for
the increased risk of HIV-related morbidity. Bacterial infec-
tions represent a considerable healthcare burden to HIV-
infected individuals from SSA."® Nevertheless, the reasons for
accelerated risk toward these infections among co-infected
patients with high HBV VL are unclear. During viral hepatitis,
bacterial infections linked to cirrhosis generally involve gram-
negative microorganisms in the urinary or digestive tracts.®
As these infections were not common in our study, any role of
advanced liver disease would be unlikely. Most infections
were, however, invasive and pulmonary- or renal-related,
which would be more in line with acquired immunodeficiency
syndrome (AIDS)-associated illnesses. Indeed, this concurs
with previous research underpinning the increased progres-
sion to AIDS-defining events in untreated co-infected patients
with particularly more active forms of HBV infection.?®

TaBLE 3
Causes of mortality and serious morbidity between infection groups

Infection group

Infection group (considering viral replication)

HIV-HBV HIV P HIV-HBV, VL > 10* copies/mL HIV Pt
n (IR/100 person/years) (N =65) (N =567) (N=33) (N =567)
Overall mortality
Tuberculosis 2(1.6) 1(0.1) 0.02 2(3.2) 1(0.1) 0.004
Liver related 1(0.8) 0(0) - 1(1.6) 0(0) -
Bacterial diseases 0(0) 2(0.2) - 0(0) 2(0.2) -
Unknown 0(0) 2(0.2) - 0(0) 2(0.2) -
Serious HIV-related morbidity
Death 1(0.9) 3(0.3 0.3 1(1.8) 3(0.3) 0.12
Tuberculosis 3(2.6) 17 (1.7) 0.5 2(3.7) 17 (1.7) 0.3
Bacterial diseases 8(7.0) 33 (3.3) 0.05 7(12.9) 33 (3.3) 0.001
Oropharyngeal candidiasis 3(2.6) 46 (4.5) 0.3 3(5.5) 46 (4.5) 0.8
Othert 0(0) 2(0.2) - 0(0) 2(0.2) -
Serious non-HIV-related morbidity
Malarial infection 2(1.8) 12(1.2) 0.6 2 (3.5) 12(1.2) 0.17
Bacterial diseases 1(0.9) 7(0.7) 0.9 0(0) 7(0.7) -
Non-specific 6 (5.3) 90 (9.2) 0.19 2 (3.5) 90 (9.2) 0.17
Other 4 (3.5) 28 (2.8) 0.7 3(5.3) 28 (2.8) 0.3

HBV = hepatitis B virus; HIV = human immunodeficiency virus; IR = incidence rates; VL = viral loads.

*Comparisons were made between HIV-HBV vs. HIV mono-infected patients.

+ Comparisons were made between HIV-HBV co-infected patients with high HBV DNA VL vs. HIV mono-infected patients. P values obtained from Wald X? test after fitting a Cox proportional

hazards model.
F Prolonged vaginal candidiasis (N = 1), isosporiasis (N = 1).
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With only one liver-related death observed during follow-up,
the causes of severe morbidity and mortality in those with high
HBV VL would again appear more related to HIV than HBV. A
large body of epidemiological evidence from SSA has sup-
ported the higher risk of all-cause mortality in HIV-HBV co-
infected versus HIV mono-infected patients after initiating
ART %2122 egpecially, at higher levels of HBV DNA'® or when
undergoing non-tenofovir containing ART.2® Unfortunately,
the causes of mortality are lacking in many of these studies,
making it difficult to infer further on the pathological compo-
nents leading to death. Control of HBV replication is evidently
a key component in chronic HBV infection because elevated
HBV DNA levels have been consistently associated with
poorer liver-related outcomes.?* HBV DNA replication was for
the most part controlled during study follow-up, and hepatic
flares were not particularly common, adding evidence that
low rates of liver-related morbidity and mortality would be
expected.

These results are in contrast to the SMART study,9 in which
non-HIV-related mortality, and not mortality due to opportu-
nistic infections, was higher in patients with HIV and viral
hepatitis co-infection. It should be noted, nonetheless, that
the SMART study only included WHO grade 4 opportunistic
diseases in their definition, whereas the Trivacan study iden-
tified those belonging to either grades 3 or 4. Recognizing
opportunistic infections at both grades are important in the
setting of SSA because together they pose heightened risk of
overall mortality after ART-initiation.?® Furthermore, the anal-
ysis from the SMART study combined those with HBV- and/or
HCV-infection® and the most common causes of death in
co-infected patients (i.e., unknown, substance abuse, and
non-AlDS-related cancer) are more representative of HIV-HCV
co-infected individuals.?® Our analysis only focused on differ-
ences between HIV-HBV and HIV-infected patients in a study
population with a negligible prevalence of HCV-infection.?”

Interestingly, co-infection did not appear to influence the
association between treatment interruptions and CD4" cell
count < 350/mm?® at 24-months, nor did it increase the risk of
obtaining a CD4* count < 200/mm?® during follow-up. HIV—
HBV co-infection has been shown to decelerate immunor-
estoration after ART-initiation.?® Lower CD4* cell counts are
also strongly linked with active HBV DNA replication®® and
lower nadir CD4* counts with persistent HBV DNA viremia
during tenofovir-containing ART.2° Taken together, this evi-
dence would normally point toward greater difficulty among
HIV-HBV co-infected patients in maintaining higher CD4™ cell
counts. Nevertheless, the effects listed previously were ob-
served at CD4™ thresholds < 200/mm?®, whereas most patients
included in our study had nadir CD4* cell counts higher than
this level. Any effect of HIV-HBV co-infection on immuno-
logical endpoints would be then assumed minimal.

Although treatment interruptions are strongly discouraged,
they do have particular relevance to contemporary patients in
SSA. More specifically, variable adherence and short-term
interruptions are prevalent®' and 6-21% of HIV-infected
adults attending ART-facilities are lost to follow-up.®? In ad-
dition, when compared with HIV mono-infected patients,
those with HIV-HBV co-infection have higher rates of dis-
continuing regular attendance at the clinic,? which could
make them more vulnerable to temporary treatment discon-
tinuation. Coupled with the heightened risk of HIV-related
morbidity associated with co-infection at high baseline HBV

DNA levels, these factors need strong consideration during
patient management.

Certain limitations of our study need to be addressed. First,
patients with severe liver diseases, or rather, those presenting
with clear signs of hepatic insufficiency, were excluded. Our
study population was then more likely to represent co-infected
patients asymptomatic for HBV infection. Having data on liver
fibrosis would have helped provide further understanding of
HBV-disease severity in this study population, thereby allowing
exploration of any link between fibrosis/cirrhosis and bacterial
infections; but was not possible. Second, we used an in-house
PCR technique to quantify HBV DNA, and thus, VL from other
commercial PCR-assays might not be fully comparable. Third,
HBV DNA was not quantified immediately after treatment in-
terruption, only at yearly visits, and thus the incidence of >
1.0log4o copies/mL rebounds in HBV viral replication could have
been underestimated. Fourth, we did not have serological or vi-
rological data on HCV infection. Although HCV prevalence would
be expected to be low in this setting,?” we cannot say for certain
whether it had any effect on our results. Fifth, follow-up lasted
only foramedian 2 years, which might fail to represent the effects
of co-infection on long-term survival. Studies with longer follow-
up are needed to clarify this issue. Finally, despite being one of
the larger studies with comprehensive data on HBV infection, the
small number of co-infected patients could have reduced sta-
tistical power for certain analyses, especially those involving in-
fection group x randomization arm interactions.

In conclusion, HIV-HBYV co-infected patients with elevated
HBYV replication at ART-initiation have a higher rate of serious
HIV-related morbidity during treatment. This heightened risk is
generally similar across interruption arms. Notwithstanding
the importance of liver-related disease attributed to HBV in-
fection, our results underscore a particular danger of bacterial
infections facing treated individuals with active HBV co-
infection from SSA, stressing the need for detecting HBsAg
and initiating ART early-on in this group of patients.
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