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Objectives: The aim of this analysis was to investigate the impact of Hepatitis B Virus (HBV)
coinfection on the risk of HIV viral rebound (VR) after achieving suppression for the first time after
starting antiretroviral therapy (ART) in the real-world setting.

Design: Patients living with HIV (PLWH), enrolled in the ICONA Foundation Study cohort,
achieving viral suppression <50 copies/mL for the first time after starting ART, were prospectively
evaluated and divided in 3 exposure groups according to serology test results: (A) HIV mono infected,;
(B) HIV+/HBcAb+/HBsAg-; (C) HIV+/HBsAg+. The occurrence of VR, defined as the time of two
consecutive HIV-RNA values > 50 cp / mL after achieving viral suppression for the first time
(baseline), was investigated.

Methods: Standard survival analysis by means of KM curves and Cox regression analysis with the
serology exposure fitted as a time-fixed covariate measured at baseline was employed after
controlling for key confounding factors.

Results: Of a total of 5657 patients included, 4,090 (72%) resulted HIV mono-infected, 1,342 (23.7%)
HBcAb+, and 225 (3.9%) HbsAg + co-infected. Overall, 654 (11.5%) PLWH experienced VR>50
copies/mL over follow-up. After controlling for all sources of measured confounding, co-infected
PLWH showed an increased risk of experiencing VR compared to HIV mono-infected. In particular,
the strongest associations were seen for the HIV/HBsAg+ participants (aHR 1.56 [CI11.03-2.38],
p=0.037) but an excess of risk was also seen in the HIV+/HBcAb+/HBsAg- (aHR=1.25 [C1 95% 1.00
— 1.55], p=0.047)

Conclusions: Coinfection with HBV seems to have an impact on the probability of maintaining HIV
viral suppression achieved for the first time after ART initiation. Of note, even PLWH positive for
HBcAD, a marker of not active HBV infection, appeared to be at higher risk of VR than HIV-mono

infected and their HIV-RNA should be carefully monitored.
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Introduction

A growing body of evidence suggests that co-infections (e.g., malaria, tuberculosis, herpes
simplex virus type 2, cytomegalovirus) may promote HIV replication (1) and that HIV replication
and coinfections may contribute to the pathogenesis of immune activation (2) and to the maintenance
of the HIVV DNA reservoir also during antiretroviral therapy (ART) (3,4,5).

An increased immune activation, as measured by CD38 expression on CD4+ and CD8+ T
lymphocytes, has been observed in patients living with HIV (PLWH) and co-infection with hepatitis
C (HCV) and hepatitis B (HBV) viruses (6,7,8), and this mechanism probably underlies the major
risk of chronic liver damage and progression of HIV infection showed in coinfected subjects (9,10).
Regarding HIV / HBV coinfection, Platt et coll. (10) recently demonstrated that 7.4% (IQR 1.4% -
15.7%) of a representative sample of PLWHs was HBsAg-positive, in line with estimates from italian
data (prevalence of HbsAg-positive PLWH: 6.6%) (11) and other previous studies (12,13). In addition
to the condition of chronic infection (HBsAg positivity), a proportion of PLWH HBsAg-negative
have antibodies against the HBV core antigen (HBcADb), as a sign of previous infection, in the absence
of anti-HBs antibodies. A negative value of HBsAg does not mean clearance of HBV DNA and many
of these PLWH may have an occult HBV infection (OBI). OBI is defined as the presence of
replication competent HBV DNA (i.e. covalently closed circular HBV DNA) in the liver and / or
HBV DNA in the blood of HBsAg-negative people (14). According to the update of the Taormina
declaration, the detection of HBcAb in the blood can be used as a surrogate marker to identify OBI
in subjects with an immunosuppressive condition (14). Among patients with OBI, HBV can replicate
at low levels for a long time with detectable or undetectable HBV DNA in serum and liver. The
prevalence of OBI varies widely around the world and several studies have reported a large variability
in prevalence, from 1 to 87%, depending on specific characteristics of the population studied (risk
factors, HBV genotype, etc.) and to the sensitivity of the test. Higher rates of OBI were found in
individuals co-infected with HCV, people who inject drugs, people on dialysis and PLWH. In the

PLWH population, prevalence rates of OBI ranging from 10% to 45% have been reported (14,15).
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OBI in PLWH has been associated with worse evolution of both HBV liver disease and HIV infection.
Detection of HBcAb in PLWH at diagnosis of HIV infection has been associated with high levels of
CD8 T cell counts for up to 24 months after initiation of ART (16), cryptic HBV replication (17), a
delay in achieving undetectable HIV viremia after ART initiation and a significantly greater presence
of viral rebound during effective ART (18).

The aim of this study was to evaluate whether the presence of HBV infection (intended as HBSA(g
positivity and/or HBcADb positivity), could influence the probability of maintaining HIV
suppression during effective ART. The risk of viral rebound (2 consecutive detections of HIV-
RNA> 50 copies / ml) after achieving viral suppression for the first time after starting ART, was
evaluated in HBcAb and HBsAg co-infected patients and compared to that seen for HIV-

monoinfected subjects.
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Material and Methods

Study population

This analysis includes prospectively collected data of PLWH enrolled in the ICONA Foundation
Study cohort. ICONA is an observational cohort of PLWH who were antiretroviral- naive at the time
of enrolment. This cohort was set up in January 1997 and currently consists of > 19,000 patients from
50 Italian infectious disease units. Demographic and socio-behavioural data, initiation and
discontinuation dates of each antiretroviral drug, HIV viral load and CD4+ cell count every 3 £ 6
months, AIDS-defining diseases according to the Centres for Disease Control and Prevention (CDC)
criteria, and non-HIV-related diseases and death were recorded for all enrolled participants. Hemato-
chemical data, including liver function parameters, were also available at 3 £ 6-month intervals.

Further details are available at http://www. fondazioneicona.org/.

Endpoint and inclusion criteria

Participants of the ICONA Foundation Study Cohort with evidence of HIV Virological Success (VS,
defined as two consecutive HIV-RNA <50 cp/ mL achieved for the first time after starting ART) were
enrolled in the study. The date of the achievement of VS (the second HIV-RNA <50 copies/mL) for
the first time after ART initiation was defined as the baseline [BL] for the analysis. Participants were
prospectively evaluated to investigate the influence of HBV co-infection on the risk of occurrence of
HIV Virological Rebound (VR, defined as two consecutive HIV-RNA values > 50 cp/ml) after BL.
Participants who were never tested for viral hepatitis or never achieved confirmed suppression on
ART were excluded. A sensitivity analysis was also performed using the HIV-RNA threshold of 200
copies/mL to define VR.

Three groups of co-infected PLWH were defined according to the results of their HBV serology tests

at BL: (A) HIV+/HBsAg-/HBcAb-; (B) HIV+/HBcAb+/HBsAg-; (C) HIV+/HBsAg+.
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Statistical Analysis

The characteristics of the study population were described and compared across the 3 exposure groups
(A-C) with the Kruskal-Wallis or Pearson chi-square test as appropriate. Time to experience VR was
analysed by means of standard survival analysis techniques such as Kaplan-Meier curves and Cox
regression models with time- fixed covariates measured at BL. Our assumptions regarding the causal
relationship between variables have been described by means of a direct acyclic graph (DAG), which
was built using DAGitty, version 2.3 (http://www.daggity.net/). According to our DAG, there were a
number of adjustment sets that were sufficient to block all the backdoor confounding pathways from
the main exposure of interest to outcome (Figure 1 in Supplementary Materials). We have chosen to
report the results for three of these sets and commented in the text using the set including the
following factors: AIDS diagnosis, duration of HIV viral load (VL) suppression, mode of HIV
transmission, VL at start of cART, CD4+ cells nadir, history of previous ART failure (i.e.
suppression not obtained on first-line ART), nationality and anchor drug in baseline ART. In a sub
analysis to evaluate the potential effect of antibodies HBsAb on VR occurrence, the same analyses
were conducted using the alternative 3-group categorisation for the exposure: (A) HIV+/HBCcAb-

/HBsAb-; (C1) HIV+/HBcAb+/HBsAb- and (C2) HIV+/HBcAb+/HBsAb+.

Participants Consent Statement

The ICONA study has been approved by the institutional review boards of all the participating centres.
Participants who agree to participate have signed consent forms, in accordance with the ethical
standards of the Committee on Human Experimentation and the Helsinki Declaration (1983 revision).
Demographic, clinical, and laboratory data and information on therapies are retrospectively collected
and recorded in pseudo-anonymous form in accordance with Recital 26 (5) of the General Data

Protection Regulation (GDPR).

Results



142 Overall Description of the Study Population

143 Among the 5,657 included participants (Table 1) with viral hepatitis serologic test available and
144 evidence of sustained HIV-RNA <50 copies/mL achieved for the first time after starting ART, 1,141
145  ( 20.2%) were female, the median age of the study population was 40 years old (IQR 33-48) and
146  around one fifth of the participants had foreign nationality (21.2%). The vast majority of the
147  participants achieved viral suppression on ART for the first time after 2010 (87.9%), thus using
148  modern antiretroviral regimens. Most of the participants acquired HIV through sexual contacts (48.8%
149  men who have sex with men [MSM] and 43.5% heterosexual), while only 112 participants (2%)
150 through intravenous drug use. Regarding the immunological parameters at BL, median CD4+
151  cell/count was 528 cell/mm?® (IQR 351-728), while the CD4+ count nadir was 299 cell/ mm? (IQR
152  160-435). Overall, 683 (12.1%) participants had been diagnosed with AIDS prior to BL. At BL, the
153  distribution of cCART regimens used was as follows: 1,768 participants (31.2%) received Protease
154  Inhibitors (Pls)- containing regimen, while 1,720 (30.4%) or with a Non-Nucleoside Transcripase
155  Inhibitors (NNRTI)-regimen and 1,438 (25.4%) with an Integrase Inhibitors (INIs)-regimen. Only a
156  total of 272 participants (4.8%) had a history of previous virologic failure prior to eventually
157  achieving VS and entering this analyasis (Supplementary Figure 2).

158

159  Study Population Stratified by viral hepatitis infection profiles

160  Table 1 shows the number and characteristics of the study population stratified by baseline exposure
161  groups: 4,090 participants (64%) were in the HIV mono-infected (group A); 1,342 (23.7%) were
162  HIV+/HBcAb+/HBsAg- (group B); and finally 225 (3.9%) were HIV+/HBsAg+ (group C). Overall,
163  participants of group B and C were older than HIV-monoinfected (p<0.001) and achieved viral
164  suppression at earlier calendar years p <0.001). There was also a tendency for an association between
165 mode of HIV transmission and HBV serology (p=0.05) although with small differences in the

166  prevalence of PWID by group (2.0% vs. 1.7% vs. 3.6%, respectively).
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Regarding the immunological status, HIV monoinfected group (group A) had a significantly higher
median CD4+ cell count respect to HBcAb+ (group B) and HBsAg+ (group C) coinfected
participants (p <0.001), consequently, the proportion of those with a CD4+ cell count <200 cell/ mm?3
at baseline in these groups was also higher than in HIVV-mono-infected group (p < .001) and the
prevalence of AIDS diagnosis at baseline was also higher in the co-infected groups than in HIV-
monoinfected group (group B 192 [14.3%], group C 34 [15.1%] vs. group A 457 [11.2%]; p=0.003).
No evidence for a difference between groups was found with respect to BL CD8 cell counts and

duration of follow up.

Risk of HIV Virological Rebound (VR) during follow up.

Figure 1 describes the cumulative risk of HIV VR>50 copies/mL in the different categories of co-
infected groups as well as in HIV mono-infected participants. Overall, 654/5657 (11.5%)
experienced the main outcome of confirmed VR>50 copies/mL over the follow-up period after BL,
and the crude incidence risks of VR calculated in each of the exposure group were as follows: group
A 439/4090 (10.7%), group B 179/1342 (13.3%), group C 36/225 (16%). After estimating the
cumulative incidence risk (CIR) of VR using the Kaplan-Meier method, the groups of coinfected
PLWH, with or without HBsAg (B and C), showed higher CIR of VR after BL (group B CIR by 24
months 9.22 [C1 95% 7.59-10.85] and group C CR by 24 months 9.44 [Cl 95% 5.37-13.52]) than that
seen for the HIVV monoinfected (group A CR by 24 months 7.71 [Cl 95% 6.84-8.57] .

These results were confirmed in an analysis which controlled for potential confounding factors.
Indeed, from fitting a Cox regression model after controlling for AIDS diagnosis, duration of HIV
viral load (VL) suppression, mode of HIV transmission, VL at start of ART, CD4+ cells nadir, history
of previous ART failure (i.e. suppression not obtained on first-line ART), nationality and anchor drug
in baseline ART, there was still strong evidence for a difference in the risk of VR comparing the co-

infected groups with the HIVV-monoinfected (Table 2). In a multivariable model, adjusted for duration
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of VL suppression, mode of HIV transmission, VL at cART introduction and anchor drug in baseline
ART, using group A as the comparator, PLWH HBcAb+ and HBsAg+ were found to have an
increased risk of experiencing VR after BL. In particular, compared to HIV monoinfected,
HIV+/HBcADb+ participants had a 25% increased risk of VR (HR 1.25 [955 CI 1.00-1.55]; p=0.047),
while HIV+/HBsAg+ a 56% higher risk (HR 1.56 [95% CI 1.03-2.38]; p=0.037) Of note, results were
similar when we used two alternative adjustments sets which, according to our assumptions, were
also able to block all confounding backdoor pathways. The most important confounding factor
appeared to be the history of virological failure prior to baseline, although the degree of attenuation
was generally similar for each of the confounders when examined separately. We also investigated
the impact of HBV coinfection on the risk of occurrence of VR using the HIV-RNA threshold of >200
copies/mL to define VR and results were similar, although the difference in risk was attenuated (see

Supplementary Materials: Figure 3).

Potential protective role of HBsAb in the HBcAb-positive participants

In the subset of HBsAg-/HBcAb+ participants (group B n=1,342), we specifically investigated
whether the detection of antibodies directed against the S antigen (HBsAb) might be associated with
protection against the risk of VR. Data on HbsAb were available for 1338 group B participants. Table
3 shows participants’ main characteristics at BL stratified by HBcAb+/HBsAb+ (group B1) vs. the
HBcAb+/HBsAb- (group B2). At BL, median CD4+ cell count and CD4+ cell nadir was lower in
HBcAb+/HBsAb-neg than in HBcAb+/HBsAb+ individuals (475 cell/ mm?3 [306-624] vs. 504 cell/
mm? [328-719], p=0.007; and 248 cell/mm?® [103-368] vs. 286 cell/ mm?® [141-427], p<0.001,
respectively), HBcAb+/HBsAb- subjects were also more likely to have a previous diagnosis of AIDS
(HBcAb+/HBsAb- 65 [19.3%] vs. 127 [12.7%)] in HIV/HBcAb+/HBsAb+, p=0.003).

In the unadjusted analysis, there was a trend in the cumulative risk of VR>50 copies/mL in
HBcAb+/HbsAb+ group Bl compared to HBcAb+/HbsAb- group B2 with a not significant

difference between the two groups at the conventional level of 5% (p = 0.081) (Fig.2). The difference
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in risk between the two groups was further attenuated and not significant in the multivariate Cox

analysis after controlling for the same set of confounders used in the main analysis (aHR 0.79 [95%

C10.52-1.20], p = 0.269) (Tab 4).

10
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Discussion

The results of our analysis show that overt co-infection with HBV, but also HBcAb+ positivity in
absence of s antigen, is associated with an increased risk of VR (defined as two consecutive
observations of HIV-RNA> 50 cp / ml after achieving viral suppression for the first time during ART)
compared to HIV mono-infection, after controlling for key confounders. Co-infected participants
HIV+/HBcAb+ and HIV/HbsAg+ had, respectively, a 25% and 56% greater risk of VR than the HIV
monoinfected group.

Achieving a persistent HIV-RNA suppression remains the main goal of ART and sustained viral
suppression below 50 copies/ml was associated with a series of beneficial effects as reduction of
morbidity, mortality, sexual HIV transmission (19, 20) and progressive immunological recovery (21).
Transient viral blips as well as virus detectable below the detection limits of the tests (very low level
viremia [VLLV]) are reported in ART treated patients, suggesting the possible presence of persistent
HIV replication. Pathogenesis of this residual HIV replication is not fully understood; however,
several papers have associated viral blips and VLLV with HIV viral rebound above 50 copies / ml
and possibly virological failure (21,22,23,24, 25, 26).

A series of articles and two systematic reviews have explored the correlation between persistent and
recurrent infections and HIV burden, and some studies found a benefit in terms of HIV viraemia
reduction when treating co-infections (1, 27). Herpesvirus replication, and in particular detectable
CMV-DNA and EBV-DNA has been associated with high level of HIV-DNA (28) and subclinical
CMV and EBYV shedding has been shown to contribute to the dynamics of the HIV DNA reservoir
during suppressive ART (29).

Our results show an increased risk of HIV VR in HBV coinfected compared to HIV monoinfected
subjects, which is consistent with previous published data showing that AIDS defining conditions

and death were more frequent in HIV/HBYV coinfected patients than mono-infected (30,31).
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Regarding our exposure group B , it is known that HBcAb-positive status in HIV subjects is a marker
of OBI, condition characterized by possible HBV replication which can also potentially interfere with
HIV replication. OBI is prevalent in cohorts of PLWH. Morsica and colleagues (32) had found
detectable HBV-DNA in approximately 15% of ICONA participants, and more recently, using a
digital droplet PCR, with a sensitivity of 1-2 IU/mL, we found HBV cryptic replication in 40% of a
population of HIV-HBCAD patients (17). Moreover, in a small cohort of HIV patients (33) we showed
that HBcAb-positive status was a risk factor for delayed achievement of HIV <50 copies/mL after
ART initiation and related to the appearance of VR in HIV/HBV ART treated patients. In addition,
the presence of HBsAb has been shown to be correlated with better control of HBV replication in
immunocompromised patient populations (16) however, although we found a trend towards a higher
cumulative risk of VR in HIV + / HBcAb + / HBsAb- compared to HIV + / HBcAb + / HBsADb +
participants, results did not achieve statistical significance. However, there was a non-negligible
reduction of 20% in the risk of VR and the analysis might be underpowered. .

The results of our study support the theory that HBV coinfection and replication could contribute to
the poor control of HIV suppression during ART, even if the underlying mechanisms of this
phenomenon remain unclear. A persistent viral replication is a known driver of immune activation,
and an increased immune activation has been documented in HCV/ and HBV/HIV coinfected patients
(7, 8, 34). A state of immune dysfunction and increase inflammation can persist despite ART and
presence of co-infections are considered as possible contributors in its pathogenesis (2). Moreover,
some elegant in vitro models have shown how other infections, such as tuberculosis, can stimulate
HIV replication in vitro and how this correlates with immune activation levels (35). High levels of
CD4" HLADR" CD38" , CD8" HLADR™ CD38" as sCD163 and sCD14 were correlated with the
evolution of liver damage and fibrosis both in HIV/HBV and HIV/HCV populations (8, 36) and we
recently demonstrated an increased risk of FIB-4 elevation in the group of HCV/HBV (HBcAb-
positive) coinfected patients enrolled in the ICONA cohort (37). Unfortunately, we had not data

directly measuring the level of inflammation in our cohort.
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Before drawing final conclusions, some limitations of our analysis need to be further discussed. . First,
collection of HBV-DNA data is very sparse in our cohort even in the group of HBsAg+ for whom
monitoring is recommended at least once a year and were not used in this analysis. Future prospective
studies that include periodic control of HBV viremia will be needed to demonstrate a correlation
between HBV Occult infection or overt HBV infection and HIV rebound. Second, although we only
included participants who eventually achieved viral suppression on ART, treatment adherence is not
collected in our cohort and we cannot rule out that the difference in risk might be due to residual
confounding by adherence. Overall, 25% of participants achieved viral suppression with a INSTI-
based regimen which is seen also in non-100% adherent patients. Nevertheless, after controlling for
type of regimens used at baseline, history of previous virological failure and duration of viral
suppression (which might be used as a proxy of adherence to ART prior to baseline) results were
similar. . Furthermore, our results cannot be applied to PLWH with HCV coinfection, because this
population has been excluded at the outset. The main reason for this exclusion was the lack of detailed
HCV-RNA data post baseline which could have led to misclassification of the exposure because of
HCV cure. Finally, immune activation and inflammation parameters were also not available for
analysis so we could not evaluate whether the observed higher risk of VR in co-infected participants
might be mediated by an increase in inflammation.

Despite these limitations, our results provide important insights regarding connections between
HIV/HBYV coinfection and HIV VR in course of effective ART. Further studies are needed to identify

the possible mechanisms at the basis of this observation.
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