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CD4+ T Cell Recovery and Hepatitis B Virus Coinfection
in HIV-Infected Patients from Cote d’Ivoire Initiating
Antiretroviral Therapy

Laura Houghtaling,1 Raoul Moh,>* Mariama Abdou Chekaraou,’ Delphine Gabillard,®” Xavier Ar1g1aret,2’6’7
Serge Paul Eholie”,** Fabien Zoulim,” Christine Danel,>®’ Karine Lacombe,®® Anders Boyd'?,
for the ANRS 1269 Trivacan and ANRS 12240 VarBVA Studies

Immunorecovery could be attenuated in HI'V-hepatitis B virus (HBV) coinfection versus HIV monoinfection
during antiretroviral therapy (ART), yet, whether it also occurs in individuals from sub-Saharan Africa without
severe comorbidities is unknown. In this study, 808 HIV-infected patients in Cote d’Ivoire initiating contin-
uous ART were included. Six-month CD4+ count trajectories and the proportion reaching CD4+ T cell counts
>350/mm>, HIV-RNA <300 copies/mL, still alive and not lost to follow-up within 18 months (‘‘optimal
immunorecovery’’) were compared between coinfected groups. At inclusion, 80 (9.9%) patients were HIV-
HBYV coinfected, 40 (50.0%) of whom had high HBV-DNA viral load (VL) (>10* copies/mL). Coinfected
patients with high HBV-DNA replication initiated ART with significantly lower median CD4+ T cell counts
[216/mm’, interquartile range (IQR)=150-286] compared to coinfection with low HBV-DNA replication
(268/mm°, IQR =178-375) or HIV monoinfection (257/mm3 , IQR=194-329) (p=.003). These patients had
significantly faster rates of CD4+ cell count increase from baseline after adjusting for baseline age, World
Health Organization stage I1I/IV, and CD4+ cell counts (p =.04), yet, were not more likely to exhibit optimal
immunorecovery (82.5% vs. 80.0% and 77.9%, respectively) (p=.8). In conclusion, change in CD4+ cell
counts after ART-initiation was accelerated in coinfected patients with high HBV DNA VLs, but this did not
lead to increased rates of optimal immunorecovery.
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Introduction miological studies have identified a variety of risk-factors

involved in reduced CD4+ cell recovery, such as older age,

WITHIN THE FIRST MONTHS after initiating antiretroviral
therapy (ART), patients infected with the HIV exhibit
large increases in CD4+ cell count.' Higher increases during
this period have been associated with long-term CD4+ cell
reconstitution,” decreased risk of opgonunistic diseases,4
and reduction of short-term mortality™®; underscoring the
clinical importance of strong CD4+ cell recovery. Epide-

lower body mass index (BMI), longer duration of HIV in-
fection, and increased CD8+ T cell activation,"”*® while no
differences in recovery have been observed between specific
antiretroviral agents and HIV subtypes.’

One determinant of immune recovery that has received
particular attention over the past decade has been coinfection
with hepatitis B virus (HBV). Although much of the literature
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has observed no difference between HIV monoinfected and
HIV-HBV coinfected patients in achieving undetectable
HIV-RNA after ART-initiation,lO’11 there is some evidence
that immunorecovery may be different.'*'? For example, the
Swiss HIV Cohort study recently observed significantly slower
increases in CD4+ cell count among patients on-treatment with
hepatitis B surface antigen (HBsAg)-positive or isolated hep-
atitis B core antigen positive serology than HBsAg-negative
patients or those with resolved HBV infection.'*

In sub-Saharan Africa (SSA), some reports suggest dif-
ferences in CD4+ cell count increase after ART-initiation
between patients with or without HBV coinfection,15 while
others do not.'®'® Studies in these settings are generally
confined to patients with severe immunocompromised status
where average baseline CD4+ cell counts are <100 cells/mL,
thereby altering the course of CD4 recovery.' Furthermore,
most of these studies lacked information on HBV-DNA,
making it difficult to establish the direct link between more
active forms of HBV-infection and immunorecovery.

We used existing data from the Trivacan study, a large
randomized control trial among treatment-naive HIV-
infected patients from SSA without severe comorbidities, to
evaluate the effect of HIV-HBYV coinfection, including HBV-
replication, on CD4 cell recovery during continuous ART.
We also examined whether HIV-HBV coinfection was re-
lated to reaching specific levels of CD4+ cell count during
therapy.

Materials and Methods
Study population

Patients participated in the ANRS 1269 Trivacan study,
which was a prospective, randomized, open-label, multi-
center trial in Abidjan, C6te d’Ivoire (ClinicalTrials.gov No.
NCT00158405).]9’ O In brief, study inclusion criteria were as
follows: age 218 years, HIV-1 or mixed HIV-1/2 infection,
ART-naive, and CD4+ cell count between 150 and 350/mm°>
or CD4 percentage between 12.5% and 20.0%. Patients with
any one of the following were not included: residence outside
of Abidjan, unwillingness to participate, pregnancy, severe
renal or hepatic disease, severe psychiatric disorder, any
ongoing severe clinical features of undiagnosed origin, se-
vere hematological disorder, or Karnofsky score <50.

A total of 840 patients started ART at inclusion, receiving
zidovudine and lamivudine (LAM) with either efavirenz or
lopinavir/ritonavir. Patients underwent a 6- to 18-month
phase of continuous ART during a grerandomization period,
and those achieving CD4 >350/mm"” and plasma HIV-1 RNA
<300 copies/mL were randomized to a treatment strategy
arm, as detailed elsewhere.'?*° The analysis presented herein
only includes the prerandomization period.

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

Assessing biological parameters

All patients were tested for HBsAg at study inclusion
(Mini Vidas® assay; Biomerieux, Marcy 1’Etoile, France),
which was then confirmed using the Architect 2000 assay

(Abbott Laboratories, Rungis, France). From samples stored
at —80°C, hepatitis B “‘e’’ antigen (HBeAg) and anti-HBe
antibodies were detected at study inclusion using the Elecsys
assay (Roche Diagnostics, Meylan, France). HBV-DNA viral
loads (VLs) were quantified at study inclusion using an in-
house polymerase chain reaction (PCR)-based assay (detec-
tion threshold: 12 copies/mL).*!

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

CD4+ cell counts (True Count technique on FACScan,
Becton Dickinson, Aalst-Enembobegem, Belgium) were
obtained at study inclusion and every 3 months. Plasma HIV-
1 RNA was quantified using real-time PCR and was mea-
sured at study inclusion every 6 months.

Statistical analyses

Patients were grouped as HIV monoinfected or HIV-HBV
coinfected, the latter of which was further stratified on HBV-
VL >10* copies/mL (‘high HBV-DNA replication’”) and
HBV-VL <10 copies/mL (““low HBV-DNA replication’") at
ART-initiation. The choice of threshold was determined
from a previous study in SSA, demonstrating higher mor-
tality rates when HBV DNA VLs were at or above these
levels.?? The clinical relevance of this threshold was con-
firmed in a previous study from the Trivacan study group.*?
Characteristics between groups were compared at study in-
clusion using Kruskal-Wallis test for continuous variables
and Pearson’s chi-squared or Fisher’s exact test for cate-
gorical variables.

We modeled mean change in CD4+ T cell with mixed-
effect linear regression models suppressing the fixed-effect
intercept and including a random-intercept to account for
patient variability at ART-initiation. To avoid bias due to
differential loss to follow-up in patients achieving randomi-
zation criteria early, follow-up started at treatment initiation
(defined as ‘‘baseline’’) and included the first 6 months when
all patients were not yet randomized. Fractional polynomial
(FP) functions up to the second-order were compared by
maximum likelihood ratio tests with the highest fitting model
achieved as a second-order FP with continuous time and
time transformed to the power of 2: FP[2, (1, 2)]. Multi-
variable adjustment was performed using independent cov-
ariables affecting CD4+ cell levels over time (Supplementary
Table S1; Supplementary Data are available online at www
Jiebertpub.com/aid) and included the following: age at study
inclusion, World Health Organization (WHO) clinical stage
III/TV, and CD4 cell count at study inclusion. Interaction
between HBV-groups was tested using a method developed
by Royston and Sauerbrei.*

We then used randomization as an end-point to indicate
“optimal”” immunorecovery during ART. Patients who were
randomized (achieved CD4 >350/mm?, plasma HIV-1 RNA
<300 copies/mL within 18 months, still alive, not lost to
follow-up, and absence of 21 criteria for nonrandomization)
were compared with those who were nonrandomized. Uni-
variable odds ratios (OR) and 95% confidence intervals (CIs)
were estimated for baseline determinants using logistic re-
gression models. A multivariable model was constructed by



including all covariables with a p value <.1 from univariable
analysis in a full model and removing variables above this
threshold in backwards-stepwise manner. Coinfection group
was forced in the model regardless of p value.

All analyses were conducted using STATA statistical
package (v14.2, College Station, TX) and significance was
determined using a p value <.05.

Results
Description of the study population

Of the 840 individuals enrolled in the Trivacan study be-
tween December 2002 and April 2004, 32 (3.8%) were not
included in analysis due to the following reasons: did not
have available HBsAg-status at inclusion (n = 1), did not have
confirmed HBsAg-status (n=25), or did not have available
HBV-DNA at inclusion (n=06). In total, 808 patients were
included, of whom 728 were HIV monoinfected and 80 were
HIV-HBV coinfected (40 with low and 40 with high HBV-
DNA VL).

Table 1 provides a description of the study population at
inclusion and compares infection groups. HIV-HBV coin-
fected versus HIV monoinfected patients were significantly
more likely to be male and have elevated transaminase levels.
Coinfected patients with high HBV-DNA VL, compared to all
others, had significantly lower nadir CD4+ cell count (medi-
an=198 vs. 240/mm3, respectively, p=.009), lower current
CD4+ cell count (median=215 vs. 257/mm>, respectively,
p=.003), elevated transaminase levels (65.0% vs. 27.1%,
respectively, p<.001), and higher ALT (median=37 vs. 21
TU/L, respectively, p<.001) and AST levels (median=46 vs.

30 IU/L, respectively, p<.001). Among coinfected patients,
there were significantly higher proportions of HBeAg-
positive serology (p <.001) and HBV-DNA levels (p<.001)
in those with high versus low HBV-DNA VL.

Change in CD4 cell count from ART-initiation
and coinfection status

In this analysis, we included 795 patients with CD4+ cell
counts at study inclusion and at least once during follow-
up. Median change in CD4+ cell count from baseline in-
creased at month 3 (+118/mm3; IQR =453, +197) and at
month 6 (+14O/mm3; IQR =+54, +229). Median changes in
CD4+ cell count stratified on HBV-infection group are de-
picted in Figure 1A, demonstrating rather large variability in
individual trajectories. When applying the FP model to
change in CD4+ cell count, there was no significant differ-
ence in rate of CD4 cell count increase between HBsAg-
positive and HBsAg-negative patients (p =.3) after adjusting
on baseline age, WHO stage III/IV, and baseline CD4+ cell
count. However, as shown in Figure 1B, a significantly faster
adjusted increase in CD4+ cell counts was observed among
coinfected patients with high baseline HBV-DNA levels
compared with HIV monoinfected patients ( p=.04), but not
compared to coinfected patients with low baseline HBV-
DNA (p=.11).

Achieving randomization criteria and coinfection status

At the end of the 18-month prerandomization phase, 176
(21.8%) patients were not randomized and 632 (78.2%) were
randomized. Reasons for nonrandomization include the

TABLE 1. DESCRIPTION OF THE STUDY POPULATION AT INCLUSION PER INFECTION GROUP

HIV-HBYV coinfected
HBV-DNA <10*  HBV-DNA >10* Total HIV mono-infected
copies/mL (n=40) copies/mL (n=40) (n=80) (n=728) p°

Gender, M/F (% males) 14/26 (35.0) 13/27 (32.5) 27/53 (33.8) 165/563 (22.7) 0.04
Age, years® 33 (28-37) 36 (32-42) 35 (30-39) 34 (29-40) NS
Current smoker” 3(7.5) 4 (10.3) 7 (8.9) 28 (3.9) NS
BMI, kg/m** 21 (20-24) 21 (19-23) 21 (19-23) 21 (19-24) NS
WHO clinical stage” NS

Stage 1 8 (20.0) 6 (15.0) 14 (17.5) 163 (22.4)

Stage 11 20 (50.0) 13 (32.5) 33 (41.3) 295 (40.5)

Stage III 12 (30.0) 18 (45.0) 30 (37.5) 210 (28.7)

Stage IV 0 (0.00) 3(7.5) 3 (3.8) 60 (8.2)
HIV-RNA >300 copies/mL" 37 (94.9) 39 (100.0) 76 (97.4) 691 (96.8) NS

Current CD4+ counts/mm>?

268 (178-375)
Nadir CD4+ counts/mm>?

239 (178-313)

215 (150-286)
198 (150-286)

223 (163-302)
220 (163-292)

257 (194-329) NS
240 (181-314) NS

HBeAg—positiveb 1(2.5) 23 (57.5) 24 (30.0) — NTP
HBV-DNA, copies/mL* 3.08 (2.58-3.39) 7.43 (6.04-8.22) 4.08(3.08-7.43) — NTP
ALT, TU/L? 21 (15-27) 37 (22-61) 27 (18-45) 21 (15-31) 0.002
AST, TU/L? 31 (25-38) 46 (34-84) 36 (28-52) 30 (24-40) <0.001
Elevated liver enzymesb’d 7 (17.5) 26 (65.0) 33 (41.3) 197 (27.1) 0.009

aMedian (IQR).
°n (%).

“Significance between HIV-HBV coinfected and HIV monoinfected groups determined using Kruskal-Wallis test for continuous
variables and Pearson’s chi-squared test or Fisher’s exact test for categorical variables.

9Defined as ALT or AST >40 IU/L.

ALT, alanine aminotransferase; ART, antiretroviral therapy; AST, aspartate aminotransferase; BMI, body mass index; F, female;

[TPRL]

HBeAg, hepatitis B “‘e’” antigen; HBV, hepatitis B virus; IQR; interquartile range; M, male; NS, not significant; NTP, no test performed;

WHO, World Health Organization.
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Immunological recovery after initiation of ART by HBV infection status. Individual changes in CD4+ T cell count

(gray lines) and their unadjusted medians are given at ART-initiation, 3 and 6 months (A). Predicted trajectories of change
in CD4+ T cell count adjusted for baseline age, WHO stage III/IV and CD4+ cell counts are also provided along with
unadjusted medlan levels (B). Patients were regrouped as follows: HIV monoinfected, HIV-HBV comfected with HBV-
DNA VL <10* copies/mL at study inclusion (VL-), and HIV-HBV coinfected with HBV-DNA VL >10* copies/mL at study
inclusion (VL+). ART, antiretroviral therapy; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; WHO, World

Health Organization; VL, viral load.

following: death before 18 months (r=20), lost to follow-up
before 18 months (n=22), CD4+ T cell count <350/mm’
(n=95) and/or detectable HIV-1 RNA at last measurement
(n=28), and other (n=29). No significant differences were
observed between coinfection groups with respect to the
CD4+ T cell count (p=.8) or HIV-1 RNA VL (p=.3) ran-
domization criterion. As shown in the multivariable analysis
presented in Table 2, the only factor significantly associated
with randomization was higher baseline CD4+ T cell count.
Of note, there were no significant differences in the odds of
randomization between HIV monoinfected versus coinfected
patients (p=.19), even when considering high or low base-
line HBV-DNA at inclusion (p =.8 and p=.12, respectively).
Similar observations were found when comparing HIV
monoinfected versus coinfected patients with HBeAg-
negative (adjusted OR=1.26, 95% CI=0.61-2.59) or
HBeAg-positive serology (adjusted OR=2.25, 95%
CI=0.73-6.91).

Discussion

Using data from a large patient population in SSA, we
demonstrate that HBV coinfected patients with high HBV
DNA VLs initiated ART with significantly lower CD4+ T
cell counts when compared with HIV monoinfection. During
treatment, these patients had significantly faster increases of
CD4+ cell change from baseline even after adjusting on
well-known factors influencing CD4 levels.>> Nevertheless,

this significant increase did not affect the ability to achieve
adequate reconstitution within 18 months of therapy, as
largely deemed by having CD4+ cell counts >350/mm” and
HIV-1 RNA <300 copies/mL. We provide particular insight
on the immunorecovery of ART-treated coinfected patients
from Cote d’Ivoire, exhibiting a markedly improved initial
immunological status compared to other studies from
SSA 16-18

The significantly faster increase in CD4+ cell count among
coinfected patients with high HBV DNA VLs was fairly
surprising. Most research in this setting has indicated either
comparable or decreased rates of CD4+ cell increases after
initiating ART between co- and monoinfection.'*'® A vari-
ety of factors could explain the discrepancies between stud-
ies, such as age, gender, BMI, and tuberculosis
infection.>”-26-27 Importantly, CD4+ T cell count at ART-
initiation has been established as one of the more critical
determinants of T cell recovery.' The fact that coinfected
patients with high HBV DNA VL already started ART with
much lower CD4 cell levels likely augmented their proba-
bility for accelerated immunorecovery compared with other
infection groups; nevertheless, we did adjust for baseline
CD4+ cell counts. Interestingly, individual trajectories of
CD4+ cell counts revealed that stable or slightly decreasing
levels during treatment rarely occurred in coinfected patients
with high VL. This observation likely influenced the mean
change from baseline in this group, lending to a significant
association.



TABLE 2. DETERMINANTS FOR RANDOMIZATION DURING THE PRERANDOMIZATION PHASE

Univariable Multivariable®
Baseline characteristics n OR (95% CI) p OR (95% CI) P
Gender
Male 192 1.00
Female 616 1.18 (0.80-1.73) NS
Age (per 10 years) 808  1.06 (0.86-1.30) NS
BMI (per kg/m?) 808  1.05 (1.00-1.10) .04
WHO clinical stage
Stage 1 177 1.00
Stage 11 328 0.66 (0.41-1.06) NS
Stage III 240  0.59 (0.36-0.97) .04
Stage IV 63  0.51 (0.26-1.01) NS
CD4+ cell count (per 100/mm?) 808  2.45(1.96-3.05) <.001 249 (1.99-3.12) <.001
Nadir CD4+ cell count during follow-up (per 100/mm?) 808  3.75 (2.87-4.89) <.001
ALT
<19 IU/L in F, <30 IU/L in M 280 1.00
219 IU/L in F, 230 IU/L in M 318 0.91 (0.61-1.36) NS
AST
<19 IU/L in F, <30 IU/L in M 122 1.00
219 IU/L in F, 230 IU/L in M 686  1.27 (0.81-1.99) NS
HBV coinfection group®
HIV+/HBV- 728 1.00 1.00
HIV+/HBV+ low VL 40 1.14 (0.51-2.51) NS 1.12 (0.48-2.61) NS
HIV+/HBV+ high VL 40  1.34 (0.58-3.08) NS 1.98 (0.84-4.71) NS

Randomization was defined as CD4>350/mm® and plasma HIV-1 RNA <300 copies/mL by the end of 18 months of continuous
antiretroviral therapy. Patients switching or permanently discontinuing treatment, lost to follow-up, or dead were considered as

nonrandomized.

“In the multivariable model, HBV coinfection group was forced. BMI and WHO clinical stage were removed because they no longer had
an associated p value below the predefined threshold (p=.284 and p=.561, resgectively).
"“Low” and “high” VL defined as at or below 10* copies/mL and above 10* copies/mL, respectively.

CI, confidence interval; OR, odds ratio; VL, viral load.

Considering that compensated and decompensated liver
fibrosis has been linked to severe immunosuppression in
HIV-HBYV coinfected patients,28 it is conceivable that liver
fibrosis could impact CD4+ T cell trajectories during treat-
ment. Accordingly, some evidence has pointed to reduced
CD4+ T cell recovery with higher measures of transient
elastography,? yet, the implications of HBV-infection from
their analysis were unclear. Part of the reason for differences
between the studies described above could then stem from the
degree of liver fibrosis in coinfected populations. As patients
with physician-assessed liver disease were excluded from our
study, the prevalence of cirrhosis would be likely low, and
hence, immunorecovery would be similar to noncirrhotic
patients. Future studies with more specific data on liver fi-
brosis would help clarify the role of HBV-induced liver fi-
brosis on immunorecovery.

Suboptimal immunorecovery during ART has been recently
exposed as a major problem in SSA, with 38% of HIV-infected
patients unable to achieve CD4+ T cell counts >350/mm’
within 5 years after ART-initiation.*® In our study, random-
ized patients were mostly reflective of those with ““optimal”’
immunorecovery, whereas nonrandomized individuals con-
stituted a group at-risk of incomplete immunorecovery.
HBV-infection status, either at high or low levels of HBV-
DNA replication, was not associated with being unable to
reach randomization criteria (i.e., CD4>350/mm3, plasma
HIV-1 RNA <300 copies/mL within 18 months, etc.). This
finding would contend that other factors, namely age, gender,

AIDS-defining illness at ART-initiation, and most relevant
to our data, CD4+ T cell count,27’30’31 are more predictive
of continuously low CD4+ T cell count levels during
follow-up.

There are certain limitations of our study that need to be
addressed. First, follow-up was shorter compared to other
studies in SSA. This forced us to use a different FP approach
compared to previous models, possibly masking a plateau-
effect of CD4+ T cell counts during later years of ART."*
Coupled with the lack of follow-up HBV VL measurements,
we were also unable to explore the interaction between HIV
and HBV VLs. Second, we did not have data on other in-
fections, such as hepatitis C virus, making it difficult to un-
derstand their role in immunorecovery. Third, this analysis
concerned only antiretroviral agents that were available at the
time of the Trivacan study. We cannot conclude whether
treatment with newer agents evokes different rates of CD4+ T
cell count. Fourth, the definition of suboptimal im-
munorecovery was not limited to only CD4+ cell count
<350 mm° but other randomization criteria (including death,
loss to follow-up, ongoing severe HIV disease, ART regimen
modification during the prerandomization phase, pregnancy,
and ART regimen, including abacavir or nevirapine). As this
represented roughly 40% of nonrandomized individuals,*®
their inclusion could have biased the direct effect of various
determinants on immunorecovery. Nevertheless, many of
these other criteria could be linked with insufficient im-
munorecovery,' thus reducing the effect of this bias. Finally,



there were small groups of coinfected patients in this study,
which may have reduced the power necessary to establish
significant differences.

In summary, we found an accelerated increase in CD4 T
cell recovery among HIV-HBV coinfected patients with high
HBV DNA VLs at ART initiation, but this did not influence
the probability of insufficient immune recovery. Our findings
were likely related to the differences in degree of immuno-
suppression at ART-initiation between infection groups, the
extent of HBV control during treatment, the shorter length of
follow-up, or a combination thereof. Although these results
are encouraging for coinfected patients, their long-term im-
plications need to be evaluated. As more patients are expected
to commence ART at higher CD4+ T cell counts with more
effective agents, future research should explore if the lack in
differences between HBV-infection groups is maintained in
treated patients from SSA with mild immunosuppression.
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