Dr Anders Boyd 
email: anders.boyd@upmc.fr
  
Laetitia Canini 
  
Joël Gozlan 
  
Caroline Lascoux-Combe 
  
Patrick Miailhes 
  
Laurent Fonquernie 
  
Pierre-Marie Girard 
  
Karine Lacombe 
  
  
Development of anti-hepatitis B surface (HBs) antibodies after HBs antigen loss in HIV-hepatitis B virus co-infected patients

Keywords: anti-HBs antibodies, HBsAg-seroconversion, antiretroviral therapy, kinetics, logistic growth model

des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

BACKGROUND

The most ideal therapeutic goal in patients chronically infected with hepatitis B virus (HBV) is loss of hepatitis B surface antigen (HBsAg) and appearance of anti-hepatitis B surface (HBs) antibodies, or HBsAg-seroconversion [START_REF]European Association For The Study Of The Liver, EASL clinical practice guidelines: Management of chronic hepatitis B virus infection[END_REF]. HBsAg-seroconversion is associated with decreased viral activity in the liver and regression of liver inflammation and fibrosis [START_REF] Werle-Lapostolle | Persistence of cccDNA during the natural history of chronic hepatitis B and decline during adefovir dipivoxil therapy[END_REF][START_REF] Moucari | High rates of HBsAg seroconversion in HBeAg-positive chronic hepatitis B patients responding to interferon: a long-term follow-up study[END_REF], hence why HBsAgseroconversion is considered the hallmark of "functional cure" [START_REF] Zeisel | Towards an HBV cure: state-of-the-art and unresolved questions-report of the ANRS workshop on HBV cure[END_REF]. While almost all studies on the clinical advantages of HBsAg-seroconversion have been conducted in HBV mono-infected patients, similar trends have been noted in HIV-HBV co-infection [START_REF] Sheng | Evolution of hepatitis B serological markers in HIV-infected patients receiving highly active antiretroviral therapy[END_REF].

Unfortunately, acquiring anti-HBs antibodies is an uncommon event for HIV-HBV co-infected individuals. HBsAg-loss itself occurs in roughly 1-2% of patients per year during treatment with potent nucleoside/nucleotide analogues [START_REF] Boyd | Rates and determinants of hepatitis B "e" antigen and hepatitis B surface antigen seroclearance during long-term follow-up of patients coinfected with HIV and hepatitis B virus[END_REF][START_REF] Zoutendijk | Hepatitis B surface antigen declines and clearance during longterm tenofovir therapy in patients coinfected with HBV and HIV[END_REF]. In this group, an even smaller yet variable proportion converts to anti-HBs antibody-positive serology [START_REF] Sheng | Evolution of hepatitis B serological markers in HIV-infected patients receiving highly active antiretroviral therapy[END_REF][START_REF] Boyd | Rates and determinants of hepatitis B "e" antigen and hepatitis B surface antigen seroclearance during long-term follow-up of patients coinfected with HIV and hepatitis B virus[END_REF]. Co-infected patients are also known to exhibit fluctuating anti-HBs antibody profiles, which is noteworthy considering the improved survival linked to consistently detectable anti-HBs antibodies from the beginning of antiretroviral therapy (ART) [START_REF] Sheng | Evolution of hepatitis B serological markers in HIV-infected patients receiving highly active antiretroviral therapy[END_REF].

Understanding of the development, persistence, and potential disappearance of anti-HBs antibodies could be further clarified by examining the kinetics of antibody levels after HBsAgloss. Nevertheless, few studies to date have explored anti-HBs antibody levels in vivo during chronic hepatitis B infection, with none emphasizing the HIV-HBV co-infected population.

OBJECTIVES

The aim of this study was to define the kinetics of anti-HBs antibodies, including the longitudinal determinants of HBsAg-seroconversion, in a small cohort of HIV-HBV co-infected patients exhibiting HBsAg-loss.

STUDY DESIGN

Study participants

Patients were selected from the French HIV-HBV Cohort Study as described previously [START_REF] Boyd | Rates and determinants of hepatitis B "e" antigen and hepatitis B surface antigen seroclearance during long-term follow-up of patients coinfected with HIV and hepatitis B virus[END_REF]. For this study, subjects were selected if they achieved HBsAg-seroclearance and had at least two available anti-HBs antibody measurements thereafter. All patients provided written informed consent to participate in the cohort and the protocol was approved by the Hôpital Pitié-Salpêtrière and Hôpital Saint-Antoine Ethics Committees (Paris, France).

Assessing HBV-related parameters

Plasma HBV DNA viral load was quantified using a commercial PCR-based assay [START_REF] Boyd | Rates and determinants of hepatitis B "e" antigen and hepatitis B surface antigen seroclearance during long-term follow-up of patients coinfected with HIV and hepatitis B virus[END_REF]. Due to varying detection limits, undetectable HBV DNA was defined at <60 IU/mL. Qualitative HBsAg and HBeAg were detected using a commercial enzyme-linked immunoassay at baseline and each yearly visit [START_REF] Boyd | Rates and determinants of hepatitis B "e" antigen and hepatitis B surface antigen seroclearance during long-term follow-up of patients coinfected with HIV and hepatitis B virus[END_REF]. Anti-HBs antibodies were quantified during the same visits using one of the following commercially-available immunoassays: LIASON Anti-HBs Plus (measuring range=5-1000 mIU/mL; DiaSorin, Antony, France), Monolisa anti-HBs Plus (measuring range=0.01-1000 mIU/mL; Bio-Rad, Marnes-la-Coquette, France), or Architect anti-HBs (measuring range=0.01-1000 mIU/mL; Abbott Diagnostics, Rungis, France). High betweenassay correlation and linearity over quantification ranges have been described for these assays [START_REF] Kinn | Performance of the DiaSorin LIAISON(®) anti-HBs II for the detection of hepatitis B surface antibodies: comparison with the Abbott Architect anti-HBs assay[END_REF][START_REF]Rapport du controle de marché des dispositifs médicaux de diagnostic in vitro pour la détection et le dosage des anticorps anti-HBs[END_REF].

Alanine aminotransferase (ALT) levels were quantified using standard methods. Liver fibrosis was assessed yearly by a non-invasive method: Fibrotest® and/or Fibroscan® (Echosens, Paris, France). Cutoffs for METAVIR F3 fibrosis were applied (Fibrotest®, F3=0.59 and Fibroscan®, F3=7.6 kPa) [START_REF] Bottero | Performance of 11 biomarkers for liver fibrosis assessment in HIV/HBV co-infected patients[END_REF][START_REF] Miailhes | Proficiency of transient elastography compared to liver biopsy for the assessment of fibrosis in HIV/HBV-coinfected patients[END_REF].

Statistical analysis

HBsAg-seroclearance was defined as HBsAg-loss (no longer HBsAg-positive) during follow-up and HBsAg-seroconversion was defined as HBsAg-loss and acquiring anti-HBs antibody titers >10 mIU/mL. Statistical analysis was performed using STATA statistical software (v12.1, College Station, TX) and R 3.3.1 and a P-value of <0.05 was considered significant.

We initially described the evolution of biological and clinical parameters during overall follow-up in the cohort study to determine if there were any particular differences between patients with and without HBsAg-seroconversion. Patient characteristics were compared between inclusion visit and last follow-up visit. A paired-sample Wilcoxon signed-rank test was used for continuous variables and Pearson χ² test or Fisher's exact test for categorical variables.

In subsequent analysis, we defined baseline as the study visit prior to HBsAg-seroclearance and follow-up as every yearly visit until last available anti-HBs antibody level, end of follow-up, study discontinuation, or death; whichever occurred first. In vivo kinetics of anti-HBs antibody after HBsAg-seroclearance were examined. Previous kinetic models have been mostly drawn from studies on immune responses post-vaccination [START_REF] Le | Mathematical modeling provides kinetic details of the human immune response to vaccination[END_REF], lending to the assumption that anti-HBs antibody levels would have an immediate increase upon vaccination with an exponential decay shortly thereafter [START_REF] Honorati | A mathematical model predicting anti-hepatitis B virus surface antigen (HBs) decay after vaccination against hepatitis B[END_REF]. These models might not fully reflect anti-HBs antibody levels during clearance of HBV infection, where antigen-independent proliferation of memory B cells and plasma cells likely reach a state of homeostatic equilibrium and continuously produce antibodies at a specific threshold [START_REF] Ciupe | Antibody responses during hepatitis B viral infection[END_REF]. Consequently, we modeled anti-HBs antibody kinetics using a Gompertz growth equation [START_REF] Zwietering | Modeling of the bacterial growth curve[END_REF], defined as follows:

𝑦𝑦 = 𝐴𝐴 • 𝑒𝑒 -𝑘𝑘 1 𝑒𝑒 -𝑘𝑘 2 𝑡𝑡
where A describes maximal antibody levels, k 1 the delay in anti-HBs antibody response, and k 2 the maximum growth rate per year. Anti-HBs antibody levels <10 mIU/mL and >1000 mIU/mL were left-and right-censored, respectively. Population and individual parameters were estimated with nonlinear mixed-effect models taking into account inter-individual variability (IIV) (Supplementary Materials).

RESULTS

Description of the study population

Of the 308 patients in the cohort study, 17 with documented HBsAg-seroclearance were considered. Three of these patients had only one anti-HBs antibody measurement after HBsAgseroclearance and were excluded. In total, 14 patients were included in analysis.

Patients were predominately male (93%), coming from an intermediate or high zone of HBVprevalence (43%), with a median age of 42 years (IQR=38-52). From the start of the cohort study, median duration of known HIV-infection was 6 years (IQR=4-13) and median CD4+ cell count at 440/mm 3 (IQR=303-554), while three patients (21.4%) had presented with an AIDSdefining illness. One and two patients also had positive serology for hepatitis C and D virus, respectively.

Rates and determinants of HBsAg-seroconversion

HBsAg-seroclearance occurred after a median 4.6 years (IQR=2.1-7.4) of follow-up in the cohort. Nine (64.3%) patients achieved HBsAg-seroconversion during a median 3.0 years (IQR=1.1-5.1) after HBsAg-seroclearance. HBsAg-seroconversion was identified either at the same visit as HBsAg-seroclearance (n=5) or 0.9-2.3 years after the first HBsAg-negative result (n=4). Two patients fluctuated back to anti-HBs antibody-negative serology once during followup while ending with anti-HBs antibody-positive serology, one of whom had an HBsAg/anti-HBs antibody-positive profile before achieving HBsAg-seroclearance.

Table 1 summarizes the clinical differences between cohort inclusion and last follow-up visits, while stratified between those with versus without HBsAg-seroconversion. At cohort inclusion, patients with HBsAg-seroconversion were more likely to have HBeAg-positive serology, higher ALT levels and HBV-DNA viral loads; yet none of these differences was significant. During follow-up, significant changes in HBV-DNA viral loads (P=0.03) and proportion with elevated ALT levels (>35 IU/L, P=0.02) were observed in patients with HBsAg-seroconversion. In contrast, there were no significant changes in HIV-or HBV-related parameters from cohort inclusion to last follow-up visit in those without HBsAg-seroconversion. ART was administered in all 14 patients during follow-up, with no noticeable difference between seroconversion groups (Supplementary Material).

Liver fibrosis levels were stable for most patients during follow-up (Supplementary Material). No cases of portal hypertension, decompensated liver, end-stage liver disease, hepatocellular carcinoma, or liver-related death occurred in any of the included patients.

Kinetics of anti-HBs antibodies after HBsAg-loss

In total, 54 samples were available for 9 patients after HBsAg-loss. We selected a model without IIV for k 1 . The estimate for k 1 was 2.49 (RSE=26%) and maximum growth rate, k 2 , was 1.02 years -1 (RSE=30%) showing 47% of IIV. Population maximum anti-HBs antibody titer was 2.71 log 10 mIU/mL (relative standard error, RSE=10%) showing 20% of IIV. The additive error term, measuring the difference between predicted and observed values, was 0.35 (RSE=1%) log 10 mIU/mL. Model parameters of anti-HBs antibody kinetics after HBsAg-seroclearance are given for each patient in Table 2, noting that one patient had an insufficient number of time-points to obtain estimates. Model fit was good (Figure 1). Individual maximum growth rate somewhat varied between patients (0.57-1.93 year -1 ). Strong yet non-significant correlations were observed between k 2 and nadir CD4+ (Spearman's rho=-0.48, p=0.2) and concomitant CD4+ cell count (rho=-0.53, p=0.18) at the moment of HBsAg-seroconversion. Five patients had a maximum level of log 10 antibody units estimated between 2.09-2.66 log 10 mIU/mL and two patients >3.0 log 10 mIU/mL. There were no significant correlations between maximum levels of antibody units and ALT (Spearman's rho=0.15, p=0.7), CD4+ cell count (rho=-0.07, p=0.9), and nadir CD4+ cell count (rho=-0.32, p=0.4) at HBsAg-seroconversion.

In order to understand the projected development of anti-HBs antibodies over eight years, we simulated anti-HBs antibody trajectories of 1000 subjects by drawing individual parameters from the population parameter distribution among those with HBsAg-seroconversion. As shown in Figure 2, we predicted that 300 (30.0%) simulated patients would eventually reach the upper limit of quantification (>1000 mIU/mL) after a median 3.3 years (IQR=2.4-4.3). At the end of eight years, 657 (65.7%) simulated patients would reach >100-1000 mIU/mL, while the remaining 43 (4.3%) would have levels persisting between >10-100 mIU/mL.

DISCUSSION

In this small group of patients exhibiting HBsAg-loss, 64% progressed further to HBsAgseroconversion during a median three years of follow-up. This proportion was slightly higher compared to other cohorts of treated co-infected patients (14-50%) [START_REF] Sheng | Evolution of hepatitis B serological markers in HIV-infected patients receiving highly active antiretroviral therapy[END_REF][START_REF] Zoutendijk | Hepatitis B surface antigen declines and clearance during longterm tenofovir therapy in patients coinfected with HBV and HIV[END_REF][START_REF] Kosi | Five-year on-treatment efficacy of lamivudine-, tenofovir-and tenofovir + emtricitabine-based HAART in HBV-HIV-coinfected patients[END_REF][START_REF] Matthews | Quantitative HBsAg and HBeAg predict hepatitis B seroconversion after initiation of HAART in HIV-HBV coinfected individuals[END_REF] and somewhat similar to HBV mono-infected patients (50-71%) [START_REF] Lauret | Long-term outcome in Caucasian patients with chronic hepatitis B virus infection after HBsAg seroclearance[END_REF][START_REF] Hara | Long-term entecavir therapy results in falls in serum hepatitis B surface antigen levels and seroclearance in nucleos(t)ide-naïve chronic hepatitis B patients[END_REF][START_REF] Marcellin | Effectiveness and Safety of Tenofovir Disoproxil Fumarate in Chronic Hepatitis B: A 3-Year, Prospective, Real-World Study in France[END_REF][START_REF] Chen | Clinical outcomes after spontaneous and nucleos(t)ide analogue-treated HBsAg seroclearance in chronic HBV infection[END_REF]. Nevertheless, comparisons to other cohorts are oftentimes difficult, as most have insufficient follow-up and the low rates of HBsAgseroclearance in general give rise to equally small sample sizes.

Anti-HBs antibody production is important for several reasons. First, anti-HBs antibodies, especially those targeted to the preS1 domain, have the capacity to neutralize circulating virus [START_REF] Maeng | Fine mapping of virusneutralizing epitopes on hepatitis B virus PreS1[END_REF]. Modeling data from in vitro experiments have also shown that anti-HBs antibodies can block the release of HBV and HBsAg sub-particles from infected hepatocytes [START_REF] Neumann | Novel mechanism of antibodies to hepatitis B virus in blocking viral particle release from cells[END_REF]. These antiviral mechanisms could be beneficial even during viral suppression under anti-HBV agents, such as TDF, when virus is known to circulate at low levels below detection thresholds of most conventional PCR assays [START_REF] Marcellin | Evidence for ongoing low-level viremia in patients with chronic hepatitis B receiving long-term nucleos(t)ide analog therapy[END_REF]. Second, levels of hepatitis B core antigen-specific CD8+ T cells, associated with cell-mediated clearance of HBV infection, are almost completely undetectable decades after HBsAg-seroconversion [START_REF] Kefalakes | Decades after recovery from hepatitis B and HBsAg clearance the CD8+ T cell response against HBV core is nearly undetectable[END_REF]. It would then be assumed that humoral responses linked to antibody production would play a dominant role in preventing HBV reactivation. Finally, HBsAg is expressed on the membrane of infected hepatocytes [START_REF] Heermann | Large surface proteins of hepatitis B virus containing the pre-s sequence[END_REF], to which recognition by anti-HBs antibodies could lead to cytotoxicity and clearance of infected liver cells [START_REF] Michalak | Antibody-directed complement-mediated cytotoxicity to hepatocytes from patients with chronic hepatitis B[END_REF]. There is, therefore, an inherent interest in studying how anti-HBs antibody production is achieved after HBsAg-loss.

After applying a sigmoidal model of antibody growth, we were able to characterize several remarkable features of anti-HBs antibody production during HBsAg-seroconversion. When examining the maximum rate of antibody production, there was slight variability between patients, ranging from 0.57-1.93 year -1 . In studies using dynamic modeling, the highest rates of antibody production have been observed after vaccination among immunocompetent populations, with estimates around 0.94 per day [START_REF] Wilson | Mathematical model of the antibody response to hepatitis B vaccines: implications for reduced schedules[END_REF]. These rates are much lower during clearance of acute infection at 0.96-1.32 per month, while the lower bounds of these estimates are strongly associated with low virus production [START_REF] Ciupe | Antibody responses during hepatitis B viral infection[END_REF]. We observed a much lower rate of antibody production compared to these previous studies. Whether this attenuated rate is due to the pathophysiological features of chronic infection, immunocompromised status, or a combination of both are difficult to determine given that no data of this kind are available in HBV mono-infected patients.

The model asymptotes obtained in our study showed that only two patients had anti-HBs antibody levels plateauing consistently above 1000 mIU/mL, whereas the remainder had levels hovering around 123-457 mIU/mL. How this translates to clinical outcomes is difficult to state given the lack of evidence correlating long-term anti-HBs antibody levels and liver-related morbidity and mortality. Interestingly, these levels are similar to vaccine response or HBsAgseroconversion in immunocompromised individuals, particularly HIV-positive [START_REF] Launay | ANRS HB03 VIHVAC-B (Trial Comparing 3 Strategies of Vaccination Against the Virus of Hepatitis B in HIV-Infected Patients) Group, Long-term Immune Response to Hepatitis B Virus Vaccination Regimens in Adults With Human Immunodeficiency Virus 1: Secondary Analysis of a Randomized Clinical Trial[END_REF] or liver transplant patients [START_REF] Domingo | Response to vaccination against hepatitis B virus with a schedule of four 40-μg doses in cirrhotic patients evaluated for liver transplantation: factors associated with a response[END_REF][START_REF] Rosenau | HBsAg level at time of liver transplantation determines HBsAg decrease and anti-HBs increase and affects HBV DNA decrease during early immunoglobulin administration[END_REF], and much lower for vaccine response in healthy individuals [START_REF] Floreani | Longterm persistence of anti-HBs after vaccination against HBV: an 18 year experience in health care workers[END_REF].

Notwithstanding the potential for inadequate power, certain determinants were noted between patients with HBsAg-seroclearance who did versus did not develop anti-HBs antibodies.

Patients with HBsAg-seroconversion appeared to have gone from a more active form of infection, with higher levels of replication, higher proportion with HBeAg-positive serology and higher ALT levels before evolving towards inactive infection. The accelerated development of anti-HBs antibodies has been observed in other studies among HIV-HBV co-infected patients, yet this was strongly linked to severe immunocompromised status and immunoreconstitution after ART-initiation [START_REF] Matthews | Quantitative HBsAg and HBeAg predict hepatitis B seroconversion after initiation of HAART in HIV-HBV coinfected individuals[END_REF][START_REF] Miailhes | Impact of highly active antiretroviral therapy (HAART) on the natural history of hepatitis B virus (HBV) and HIV coinfection: relationship between prolonged efficacy of HAART and HBV surface and early antigen seroconversion[END_REF] and thus could represent a type of "immunoreactive" phase of HBVinfection. Indeed, patients with HBsAg-seroconversion did have lower levels of nadir and current CD4+ cell counts prior to HBsAg-loss and maximum antibody growth rate was inversely correlated with nadir CD4 cell count; however, none of these associations were significant. Determining if improvements in common immunological deficiencies related to antibody acquisition, such as B cell proliferation upon activation [START_REF] Oliviero | Enhanced B-cell differentiation and reduced proliferative capacity in chronic hepatitis C and chronic hepatitis B virus infections[END_REF] and HBsAg-specific T helper 1 cells [START_REF] Böcher | Reduced hepatitis B virus surface antigen-specific Th1 helper cell frequency of chronic HBV carriers is associated with a failure to produce antigen-specific antibodies in the trimera mouse[END_REF][START_REF] Dusheiko | Synthesis of antibodies to hepatitis B virus by cultured lymphocytes from chronic hepatitis B surface antigen carriers[END_REF], could help establish the components of immunity responsible for these observations in co-infected individuals.

Other genetic determinants could have also explained our results. For instance, specific human leukocyte antigen class II alleles, notably DRB1 and DQB1, have been associated with antibody response to HBV vaccine [START_REF] Li | The effect of HLA on immunological response to hepatitis B vaccine in healthy people: a meta-analysis[END_REF]. The relationship between these alleles and HBsAg-seroconversion has yet to be studied during the natural history of chronic HBV-infection and as human genetic data were not collected in our study, we cannot infer on its particular role.

Despite the advantages of HBsAg-seroconversion obtained from in vitro findings, the clinical benefit of acquiring anti-HBs antibodies is debatable. In HIV-infected patients with previous exposure to HBV-infection, rates in all-cause mortality were not significantly different between those who did versus did not acquire anti-HBs antibodies [START_REF] Sheng | Evolution of hepatitis B serological markers in HIV-infected patients receiving highly active antiretroviral therapy[END_REF]. Likewise, we saw no particular improvement in liver fibrosis markers for any of the patients in this cohort, regardless of anti-HBs antibody acquisition. One explanation could be that stable liver fibrosis levels are generally problematic for the HIV-HBV co-infected population, even during antiretroviral therapy containing more potent anti-HBV treatments [START_REF] Boyd | Liver fibrosis regression and progression during controlled hepatitis B virus infection among HIV-HBV patients treated with tenofovir disoproxil fumarate in France: a prospective cohort study[END_REF]. Alternatively, as this was a population of HBsAg-negative patients with low prevalence of cirrhosis, especially when considering the FibroScan® alone, no further declines in fibrosis would be anticipated during such a short follow-up period.

There are certain limitations that need to be addressed. First, samples were taken at yearly intervals for almost all patients and hence the exact timing of HBsAg-seroconversion would be challenging. Infrequent sampling also made it difficult to test for oscillations in anti-HBs antibody levels during follow-up. Second, anti-HBs antibody levels were quantified from a variety of assays across centers, with some demonstrating moderate intra-assay variability [START_REF] Huzly | Comparison of nine commercially available assays for quantification of antibody response to hepatitis B virus surface antigen[END_REF]. Betweenpatient comparability could have been affected; nevertheless, the uniformity of assays within centers, with the exception of modifications in reagents with the Biorad assay [START_REF]Rapport du controle de marché des dispositifs médicaux de diagnostic in vitro pour la détection et le dosage des anticorps anti-HBs[END_REF], would limit measurement bias in the kinetic parameters obtained from individual patients.

In conclusion, of the two-thirds of patients with HBsAg-seroclerance who continued further to HBsAg-seroconversion, most were able to produce and maintain stable levels of antibodies but some did exhibit vast fluctuations in antibody production. The finding that non-invasive markers of fibrosis did not subside after HBsAg-seroconversion raises questions on whether this endpoint is an adequate representation of decreased risk in liver-disease for HIV-HBV co-infected patients, yet this would need further validation in studies with higher prevalence of pre-treatment cirrhotics and/or longer follow-up. Future research should aim to develop if any benefit in anti-HBs antibody production could extend towards switching to a non-anti-HBV containing antiretroviral regimen. Time starts at the visit prior to HBsAg-seroclerance and continues until end of follow-up. Levels of anti-HBs antibodies are plotted at each time point, with separate panels depicting a different patient. Fitted lines from the Gompertz model, as described in the methods, are also given. The dashed grey lines represent the lower and upper limit of quantification, dots observations between these limits of quantification, triangles observations below the lower limit of quantification and squares observations above the upper limit of quantification. One patient with HBsAg-seroconversion is not included as they did not have enough time-points needed to estimate model parameters. 

  Briefly, this prospective study recruited 308 patients from seven centers located in Paris and Lyon, France during May 2002-May 2003. Patients were included if they had HIV-positive serology confirmed by western blot and HBsAg-positive serology for at least six months. All data collection continued until 2010-2011.
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Table 1 . Evolution of clinical characteristics during follow-up in HIV-HBV co-infected patients without and with HBsAg- seroconversion

 1 TABLES ) are given for most variables above, while medians (IQR) are provided for those designated with ( ‡ ). ALT levels at 35 IU/L were defined as the upper limit of normal (ULN). *Significance between groups determined using paired-sample Wilcoxon signed-rank test for continuous variables and Pearson χ² test or Fisher's exact test for categorical variables. ntp -no test performed

		Not acquired anti-HBs antibodies (n=5)		Acquired anti-HBs antibodies (n=9)	
		Cohort inclusion	Last follow-up visit	P*	Cohort inclusion	Last follow-up visit	P*
	CD4+ cell count, /mm 3 ‡	582 (486-802)	603 (392-694)	0.9	316 (278-405)	431 (266-527)	0.9
	Detectable HIV-RNA	2 (40.0)	1 (20.0)	0.9	3 (33.3)	1 (11.1)	0.6
	HIV-RNA, log 10 copies/mL ‡	<1.70 (<1.70-1.96) <1.70 (<1.70-<1.70)	0.9	<1.70 (<1.70-2.87) <1.70 (<1.70-<1.70)	0.9
	Known duration of HBV-	9.1 (6.3-11.1)	--	ntp	6.0 (1.1-12.6)	--	ntp
	infection, years ‡						
	Detectable HBV-DNA	2 (40.0)	1 (20.0)	0.9	4 (44.4)	0	0.08
	HBV-DNA, log 10 IU/mL ‡	1.82 (<1.78-2.28)	<1.78 (<1.78-<1.78)	0.9	2.28 (<1.78-4.63)	<1.78 (<1.78-<1.78) 0.03
	HBeAg-positive serology	0	0	ntp	4 (44.4)	0	0.08
	Concomitant LAM	4 (80.0)	3 (60.0)	0.9	7 (77.8)	6 (66.7)	0.9
	Concomitant TDF	0	3 (60.0)	0.17	2 (22.2)	5 (55.6)	0.3
	ALT, IU/L ‡	39 (29-55)	35 (33-43)	0.9	50 (45-56)	31 (20-34)	0.07
	ALT > 2X ULN	0	0	ntp	1 (12.5)	0	0.5
	ALT > ULN	3 (60.0)	2 (40.0)	0.9	7 (87.5)	2 (22.2)	0.02
	Numbers (%						
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