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LISTE DES ABREVIATIONS

ATG : antithymocyte globulins

BMI : body mass index

CHU : centre hospitalier universitaire

CKD : chronic kidney disease

DNA : deoxyribonucleic acid

HBCcAb : anti-hepatitis B virus core antibodies
HBsAD : anti-hepatitis B virus surface antigen antibodies
HBsAg : hepatitis B virus surface antigen

HBYV : hepatitis B virus

HIV : human immunodeficiency virus

HLA : human leucocyte antigen

IST : immunosuppressive therapy

KDIGO : kidney disease improval global outcomes
KTR : kidney transplant recipients

OR : odd ratio

TLR : toll-like receptor

12



RESUME

TITRE : REPONSE VACCINALE CONTRE L’HEPATITE B DANS UNE COHORTE
DE PATIENTS TRANSPLANTES RENAUX : PREVALENCE ET PERSISTANCE DE
LA SEROPROTECTION

INTRODUCTION : Apres une transplantation rénale, les traitements immunosuppresseurs
augmentent le risque d’infections, une des principales complications. Bien que la vaccination
soit cruciale pour prévenir certaines infections et en atténuer la gravité, la persistance de cette
protection reste peu ¢étudiée dans cette population. Notre €tude s’intéresse a la couverture
vaccinale contre I’hépatite B, en analysant la réponse vaccinale sérologique en pré-

transplantation et I’évolution de la séroprotection apres la transplantation rénale.

METHODES : Nous avons mené une étude rétrospective monocentrique portant sur la cohorte
des patients transplantés rénaux, au CHU Grenoble Alpes, entre Janvier 2015 et Décembre
2020. L’¢tude de prévalence de la séroprotection a été réalisée sur la cohorte enticre, tandis que
I’analyse de sa persistance a été menée sur la cohorte des patients ayant au moins une mesure
du taux d’anticorps anti-HBs avant et aprés la greffe. Les dossiers médicaux ont été interrogés
exhaustivement pour évaluer la réalisation effective d’une vaccination anti-VHB. La réponse
vaccinale sérologique était définie comme une sérologie anti-HBs > 10 UI/L. Les objectifs
¢taient d’évaluer 1/ la réponse vaccinale sérologique, 2/ 1'évolution des taux d'anticorps anti-
HBs au décours de la transplantation, 3/ d’analyser les facteurs associés a la perte de
séroprotection (< 10 UI/L). Les facteurs influencant la réponse vaccinale anti-HBs avant la

greffe ont également été étudiés.

RESULTATS : Sur 442 patients, 367 (83,03%) étaient vaccinés contre ’hépatite B, parmi
lesquels 281 patients (76,57%) ont montré une réponse vaccinale sérologique. Au cours du suivi
post-transplantation, 35/281 (12,46%) des patients ont perdu leur séroprotection, plus
fréquemment observée chez ceux ayant des taux d'anticorps < 100 UI/L au moment de la greffe
(OR=0,83 ; p<0,001), ainsi que chez les patients obeses (OR=1,15 ; p=0,011). L'obésité (IMC
> 30 kg/m?) était aussi associée a un risque accru de moins bonne réponse vaccinale initiale. La
fonction rénale a M3 post-transplantation, le type de traitement immunosuppresseur, 1’age et le

sexe n’étaient pas associé€s a la perte de séroprotection. De méme, I'administration de Rituximab
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entre 6 mois avant et apres la transplantation n’était pas associée a la perte des anticorps anti-

HBs.

CONCLUSION : L’amelioration de la vaccination contre I’hépatite B chez les patients
insuffisants rénaux chroniques est essentielle, avec notamment un objectif sérologique > 100
UI/L pour assurer une séroprotection durable. Cette ¢étude souligne I’importance de la
vaccination préventive des les stades précoces de la maladie rénale. Par ailleurs, une vigilance
particuliére est nécessaire dans la population en surpoids ou obese. Ces constatations mettent
en avant la nécessité d’évaluer la réponse vaccinale au-dela du simple controle sérologique, afin

de mieux caractériser les patients non-répondeurs
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ABSTRAT

TITLE: HEPATITIS B VACCINE RESPONSE IN A COHORT OF KIDNEY
TRANSPLANT  PATIENTS: PREVALENCE AND  PERSISTENCE OF
SEROPROTECTION

INTRODUCTION: After kidney transplantation, immunosuppressive treatments increase the
risk of infections, one of the main complications. Although vaccination is crucial in preventing
certain infections and mitigating their severity, the persistence of this protection remains little
studied in this population. Our study focuses on hepatitis B vaccine coverage, analyzing the
serological vaccine response pre-transplant and the evolution of seroprotection after renal

transplantation.

METHODS: We conducted a single-center retrospective study of the cohort of kidney
transplant patients, at Grenoble Alpes University Hospital, between January 2015 and
December 2020. The seroprotection prevalence study was performed on the entire cohort. The
seroprotection persistence study was conducted on the cohort of patients with at least one
measurement of anti-HBs antibody levels before and after transplantation. Medical records
were exhaustively queried to assess whether anti-HBs vaccination had been carried out.
Serological vaccine response was defined as anti-HBs serology > 10 IU/L. The objectives were
to evaluate 1/ the serological vaccine response, 2/ the evolution of anti-HBs antibody levels
after transplantation, and 3/ to analyze the factors associated with loss of seroprotection (< 10

IU/L). Factors influencing anti-HBs vaccine response prior to transplantation were also studied.

RESULTS: Of 442 patients, 367 (83.03%) were vaccinated against hepatitis B, of whom 281
(76.57%) showed a serological vaccine response. During post-transplant follow-up, 35/281
(12.46%) of patients lost seroprotection, more frequently observed in those with antibody levels
< 100 IU/L at the time of transplantation (OR=0,83 ; p<0,001), as well as in obese patients
(OR=1,15 ; p=0,011). Obesity (BMI > 30 kg/m?) was also associated with an increased risk of
poorer initial vaccine response. Renal function at M3 post-transplant, type of
immunosuppressive therapy, age and gender were not associated with loss of seroprotection.
Similarly, administration of Rituximab between 6 months before and after transplantation was

not associated with loss of anti-HBs antibodies.
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CONCLUSION: Improved vaccination against hepatitis B in patients with chronic renal
failure is essential, with a serological target > 100 IU/L to ensure lasting seroprotection. This
study underlines the importance of preventive vaccination in the early stages of kidney disease.
Particular vigilance is also required in the overweight and obese population. These findings
underline the need to assess vaccine response beyond simple serological monitoring, in order

to better characterize non-responders.
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PREFACE

La transplantation rénale est considérée comme la meilleure option thérapeutique pour les
personnes souffrant d'insuffisance rénale chronique, offrant une survie prolongée, une
amélioration de la qualité de vie et des colts inférieurs par rapport a la dialyse chronique.
Depuis 1959, année de la premicre greffe en France, 84 377 greffes rénales ont été réalisées.
Selon les données de I’ Agence de la biomédecine, 3 376 greffes rénales ont été effectuées en

2022 dont 15% a partir d’un donneur vivant.

Afin de prévenir le rejet du greffon par le systéme immunitaire du receveur, la prescription d’un
traitement immunosuppresseur est nécessaire, a prendre de maniére réguliere et a long terme,
tout en réduisant au minimum les risques de complications liées a une immunosuppression
excessive, telles que les infections ou les cancers.

I1 apparait donc important de mettre en ceuvre des stratégies de prévention des complications,
en particulier des infections. Ainsi, la vaccination contre des maladies telles que 1'hépatite B,
qui peuvent représenter un risque accru pour les patients immunodéprimés, est une pratique

courante et recommandée lors du bilan pré-grefte.

Malgré une faible endémie du virus en France, la vaccination contre l'hépatite B est
recommandée des le stade précoce de l'insuffisance rénale, et/ou avant une transplantation
rénale, car les patients sont exposés par le biais de risques potentiels tels que la greffe, la
transfusion et ’hémodialyse.

Le développement et le maintien d'une immunité humorale contre le virus de 1'hépatite B,
ciblant I'antigene de surface de I'hépatite B (HBs), témoignent de I'efficacité de la vaccination.
Cependant, I’immunité vaccinale post-transplantation reste mal connue, malgré des

recommandations vaccinales bien établies.

Dans ce contexte, mon travail a essayé¢ de traiter ces différentes questions :
- Quelle est la couverture vaccinale contre I’hépatite B avant la transplantation rénale ?
-  Comment est la réponse vaccinale chez les patients atteints d'insuffisance rénale
chronique ?

- Quelle est la durabilité de la réponse vaccinale apres la transplantation rénale ?
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INTRODUCTION

Hepatitis B is one of the most frequent viral infections in the world, making it a major public
health concern in terms of morbidity and mortality. In 2019, according to the World Health
Organization, it will chronically affect 296 million people in the world'. In France, the
prevalence of the disease has significantly decreased in recent decades thanks to the widespread
use of vaccination.

Hepatitis B is a transmissible infectious disease caused by a double-stranded DNA virus,
responsible for acute and/or chronic infections, with a high risk of progression to death (liver
cirrhosis or hepatocellular carcinoma).

The main modes of transmission are maternal-fetal transmission during childbirth, blood

transmission and sexual transmission?.

Prevention against infection relies primarily on vaccination®. In France, it became required for
all infants from January Ist, 2018, on a standard vaccination schedule based on the injection of
2 doses of 20 pg one month apart, followed by a booster after 6 months. Booster doses can be
administered later in cases of insufficient response to the initial vaccination regimen.

The hepatitis B vaccine is based on the HBs antigen (HBsAg), obtained by genetic
recombination and adsorbed on aluminum adjuvant. An anti-HBs antibody level > 10 [U/L after
vaccination is considered protective®®, and an anti-HBs level > 100 IU/L induces durable
immunogenicity®. The mechanisms of response to hepatitis B vaccination are of 2 types:
immediate neutralization of the virus by anti-HBs antibodies, provided there is a sufficient
antibody level, and the reactivation of B and T lymphocyte memory. Indeed, vaccination
induces a CD4+ T cell immune response (or helper T cell) and an antibody response produced
by B lymphocytes and plasmocytes. In the absence of sufficient antibody levels to neutralize
the virus, the immune memory is reactivated, and boost the B cell production to produce anti-

HBs antibodies.

Because of their immunosuppressive treatments (ATG, corticosteroids, tacrolimus,
mycophenolate mofetil), kidney transplant recipients (KTR) are highly susceptible to infectious
complications, representing the second cause of mortality among KTR and the primary reason
for hospitalization in intensive care unit’. Vaccination is one of the main prevention methods.

Since 2014, the Haut Conseil de Santé Publique has recommended vaccinating all Chronic

Kidney Disease (CKD) patients against hepatitis B, as early as possible in the course of the
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kidney disease, in particular in all kidney transplant candidates (without previous HBV
exposure). Indeed, early intervention allows a better immune response. The vaccination
regimen is based on 4 double-dose injections (40 pg in adults), administered at 0, 1, 2 and 6
months. In the study by da Silva et al., a dose of 40 ng produced a significantly higher median
anti-HBs post-vaccination response (95 IU/L compared to < 10 IU/L), and significantly reduced
the percentage of non-responders (24% compared to 71%) compared to the group receiving 20
ug doses®. After receiving this initial regimen, if the anti-HBs antibody level remains below 10
IU/L, 1 or even 2 additional double-dose booster injections are recommended®!’. In some cases,
an accelerated vaccination schedule may be proposed: 1 single-dose injection at day 0, day 7
and day 21, followed by a booster dose 12 months after the first injection.'!.

For CKD patients or patients receiving immunosuppressive treatments, the KDIGO
recommendations suggest an annual monitoring of the anti-HBs antibody titer, and
administering a booster vaccine when the HBs antibody titer falls below the 10 IU/L protective

threshold'?. However, this practice is not widely used by nephrology teams.

Despite the efficacy of the hepatitis B vaccine, some individuals are non-responders or poor
responders. After a vaccination schedule of 4 double-dose injections, the response rate among
hemodialysis patients is around 55% to 76%', and the seroconversion rate after kidney
transplantation is around 36% after 4 double-dose injections'*.

Some studies have identified factors associated with a poorer response to vaccination, including
age and sex (>30 years in men and >40 years in women), overweight, smoking, excessive
alcohol consumption, the combination of HLA class II alleles DR3+ and/or DR7+, the presence
of comorbidities such as diabetes, renal failure, cirrhosis, immunodeficiency (solid organ
transplantation, HIV infection, immunosuppressive treatments)'>'6.

Various immunological dysfunctions in patients with chronic kidney disease contribute to a
reduced vaccine response. In advanced stages of kidney disease, monocytes show deficiencies
in endocytosis and maturation. There is a decreased in the expression of Toll-like receptors
(TLRs) and co-stimulatory molecules on immune cells, leading to impaired antigen
presentation!”. In addition, uremic patients have reduced production of autocrine cytokines in
T cells, resulting in impaired T cell activation and proliferation. There is also a reduction in the
number of naive and memory B cells, and an increase of apoptosis in vitro's.

In patients receiving immunosuppression, the function of the various immune cells is further

weakened. This risk can be explained by the reduced immune responses of B and/or T
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lymphocytes induced by immunosuppressive treatment!*?°, resulting in a loss of anti-HBs

antibody levels.

Although the prevalence of hepatitis B in France is low, it us crucial to us to maintain a
sustainable vaccine protection among KTR, given their increased risk of infection. However,
the persistence of this seroprotection remains poorly studied in this population.

Our study therefore focused on the evolution of hepatitis B vaccination in a cohort of kidney
transplant patients at Grenoble University Hospital. We analyzed the prevalence of vaccination
and the serological response to vaccination before transplantation. We also investigated the

persistence of seroprotection after transplantation and its determinants.
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MATERIALS AND METHODS

1 Type of study

This was an observational descriptive study conducted at Grenoble Alpes University Hospital
(CHUGA). Data were collected retrospectively using patients records. We included patients
having received a kidney transplant between January 01, 2015 and December 31, 2020. For the
main investigation focusing on serological responses, we focused on patients with available
anti-HBs data.

Exclusion criteria were 1/ markers of chronic hepatitis B virus infection (positive HBs antigen
and/or HBc antibody and/or HBV PCR), 2/ lack of anti-HBs antibody titers measurements
before and after transplantation, 3/ patients undergoing desensitization before transplantation

(for ABO and/or HLA incompatible transplants).

2 Data collection

Data were collected from the CHUGA patients’ records. Patient data (age, sex, body mass index
at the time of transplantation, initial nephropathy), transplantation details (date, type of donor,
rank), the various immunosuppressive treatments received after transplantation (induction,
maintenance therapy), as well as administration of Rituximab in the 6 months preceding or
following transplantation, were collected.

Information on vaccination status was collected exhaustively from the medical records of the
CHUGA and data from the corresponding dialysis centers, in order to assess whether
vaccination had actually been carried out. However, we were unable to obtain the date of

vaccination, or the stage of kidney disease at the time of vaccination.

Initial nephropathies were classified into 5 major categories: glomerulopathies (vasculitis, [gA
nephropathy, membranoproliferative glomerulonephritis, membranous nephropathy, segmental
and focal hyalinosis, monoclonal gammopathies); genetic causes (polycystic kidney disease,
Alport syndrome, Fabry disease); tubulointerstitial/obstructive/malformative causes (kidney
stones, vesicoureteral reflux, pyelonephritis, tuberculosis, drugs); metabolic causes (diabetes,

vascular) and undetermined nephropathies.
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For all our patients, serological data were retrospectively retrieved from the CHUGA virology
laboratory over a period extending from January 2010 to December 2023.

Hepatitis B screening was initially performed by serological analysis with the quantification of
HBs antigen, anti-HBs antibodies and total anti-HBc antibodies using the ELISA ATELLICA
Siemens® automated test system.

Any positive result for HBs antigen without a known history of HBV infection was
automatically rechecked on the ATELLICA automated system. If the HBs antigen marker
remained positive and present in isolation, a neutralization test was performed on the ELFA
VIDAS Biomerieux® automated system. A non-neutralized HBs antigen (which remains
positive after neutralization by anti-HBs antibodies) was considered a false positive.

Any positive result for total anti-HBc antibodies, with an index between 0.7 and 3 and without
a known history of HBV infection, was automatically checked on the ELISA ARCHITECT

Abbott® automated system, due to the risk of non-reproducible false positives.

3 Outcomes

Our study comprised 3 distinct analyses.

First, we assessed the vaccination coverage among patients with chronic kidney disease before
renal transplantation. We studied the prevalence of hepatitis B vaccination among the entire
cohort.

Second, we analyzed the predictive factors of vaccine response before renal transplantation,
comparing responder and non-responder patients among those who were vaccinated. Patients
were classified into the non-responder group if they had received a complete vaccination
schedule, without sufficient anti-HBs antibody production (anti-HBs antibodies remaining
below 10 IU/L).

Finally, we investigated the factors that influenced the loss of seroprotection during post-
transplantation follow-up. We defined this loss as a decrease in anti-HBs antibodies below 10
IU/L, observed at any timepoint after renal transplantation. This analysis was performed on the
cohort of vaccinated and responder patients for whom at least one measurement of anti-HBs

antibodies was available before and after transplantation.
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4 Statistical analyses

Statistical analyses were performed using the R statistical software. The various demographic
and biological variables were described using mean and standard deviations for quantitative
data, and number (percentages) for qualitative data. Subsequently, variables were compared
according to whether patients were vaccinated or not, responders or non-responders. Qualitative
variables were compared using Fisher's exact test or the Chi2 test, depending on the conditions
of application. Quantitative variables following a normal distribution were compared using
Student's t-test after verification of the conditions of application. In the case of a non-normal

distribution, the Wilcoxon test was used. For all tests, the significance level was set at p<0.05.

5 Ethics

All patients approved the anonymous use of their medical data for the purpose of clinical
research, within a data collection. This collection is approved by the French National

Committee for Data Protection.
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RESULTS

1 Study population

A total of 778 patients received a kidney transplantation at Grenoble Alpes University Hospital
(CHUGA) between 2015 and 2020. Among them, 170 patients did not have at least one
measurement of HBV serology after transplantation. After excluding patients with chronic
HBYV infection (102 patients) and patients who underwent ABOi-HL A1 desensitization prior to
transplantation (64 patients), our cohort comprised a total of 442 patients (Figure 1).

102 chronic HBV patients >
64 ABOI-HLAI patients >

70 patients without post-transplant
HBV serology

A

|

12 missing data HBV vaccinatioD

Y

P
{ 63 non vaccinated against HBV J

| 4

86 non responder patients

Figure 1 : Flow chart of the study

The cohort of 442 patients was representative of the source population composed 778 KTR
between 2015 and 2020. There were no significant differences between the 2 groups (data not

shown).

2 Baseline characteristics of patients

The characteristics of the included population are described in Table 1. Of the 442 patients
included in the study, 279 (63.1%) were men and 163 (36.9%) women. The mean age at the
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time of transplantation was 53 years. The mean body mass index (BMI) at the time of
transplantation was 25.04 kg/m?. We observed a BMI greater than 30 kg/m? on the day of
transplantation in 61 patients (14.2%).

The major categories of initial nephropathies were glomerulopathy (89 patients, 20.1%), genetic
diseases (89  patients, 20.1%), metabolic diseases (98 patients, 22.2%),
tubulointerstitial/obstructive/malformative diseases (62 patients, 14.1%) and undetermined
nephropathy (104 patients, 23.5%).

Among their comorbidities, 78 patients (17.7%) had a history of diabetes, and 339 patients
(77%) had a history of hypertension.

Induction therapy with antithymocyte globulins (Grafalon or Thymoglobulin) was used in 412
patients (93.2%), while 30 patients (6.8%) received Basilixumab. With respect to maintenance
therapy, 71 patients (16.1%) received Everolimus together with Tacrolimus, while the others
received mycophenolate with tacrolimus. The average prescribed daily dose of Tacrolimus at
discharge was 6.71 mg. Sixty-eight out of 436 patients (15.6%) were discharged without
corticosteroids.

Fifty-two patients (11.8%) received Rituximab within 6 months before or after transplantation.
Thirty-six patients (8.7%) experienced delayed graft function (dialysis requirement within the

first week post-transplantation).

Table 1: Baseline characteristics of the cohort

Overall (N=442)

Age at the time of transplant (years)

Mean (SD) 53.606 (15.492)

Range 16.100 - 83.700
Initial nephropathy

Genetic 89 (20.1%)

Glomerulopathy 89 (20.1%)

Indeterminate 104 (23.5%)

Metabolic 98 (22.2%)

Tubulointerstitial/Obstr/Malfo 62 (14.0%)
Hypertension history

Missing data 2

No 101 (23.0%)

Yes 339 (77.0%)
Diabetes history

Missing data 2

No 362 (82.3%)

Yes 78 (17.7%)
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Overall (N=442)

BMI at the time of transplant (kg/m2)

Mean (SD) 25.043 (4.547)

Range 14.570 - 41.020
Graft rank

Mean (SD) 0.170 (0.442)

Range 0.000 - 3.000
Donor type

DDACM2 18 (4.1%)

DDACM3 46 (10.4%)

SME 285 (64.5%)

VIV 93 (21.0%)
Cold ischemia (min)

Missing data 1

Mean (SD) 659.998 (381.620)

Range 47.000 - 1999.000
Induction IST

Basilixumab 30 (6.8%)

GRA 83 (18.8%)

THY 329 (74.4%)
Discharge tacrolimus dose (mg/day)

Mean (SD) 6.710 (3.329)

Range 0.000 - 26.000

Discharge everolimus prescription

No 371 (83.9%)

Yes 71 (16.1%)
Peri-Tx Rituximab use

No 390 (88.2%)

Yes 52 (11.8%)

HBY vaccination

Missing data 12

No 63 (14.7%)

Yes 367 (85.3%)
Pre-Tx AcHB:s titer (UI/L)

Mean (SD) 212.962 (341.079)

Range 0.000 - 1000.000

Pre-Tx AcHBs titer max (UI/L)
Mean (SD)

238.939 (355.935)

Range 0.000 - 1000.000
Pre-Tx AcHB:s titer (UI/L)

<10 161 (36.4%)

> 10 281 (63.6%)

Pre-Tx AcHBs titer max (UI/L)
<10
> 10

142 (32.1%)
300 (67.9%)
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3 Vaccine coverage

Although the vast majority of patients (367 patients, 85.3%) were vaccinated against hepatitis
B before transplantation, a significant 63 patients (14.7%) did not have any attempt of HBV
vaccination. Among the vaccinated patients, 300 patients (81.7%) showed an effective response
with an anti-HBs serology greater than 10 IU/L before renal transplantation, while 67 patients
(18.3%) were considered non-responders despite a complete vaccination schedule. On the day

of transplantation, 281 patients (76.6%) maintained their anti-HBs antibodies above 10 [U/L
(figure 2).

The mean pre-transplant anti-HBs antibody level was 334 IU/L, with a standard deviation of
377 (Table 2). One hundred fifty-five patients (55.2%) had anti-HBs antibody levels greater
than 100 IU/L on the day of transplantation (Table 3).

= Vaccine response (63,6%) = No vaccine response (19,5%) = No vaccine (14,2%) = Missing data (2,7%)

Figure 2: Hepatitis B vaccination status on the day of kidney transplantation in the cohort of 442
patients

4 Vaccination response

We analyzed variables that could influence the response to vaccination in patients awaiting

kidney transplantation (Table 2).
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In univariate analyses, older age (over 70 years) was significantly associated with a less

effective vaccine response (p=0.033), as well was a BMI greater than 30 kg/m?2 (p=0.014). The

initial nephropathy was significantly associated with poorer vaccine response (p=0.027). We

also observed a significant association between the peri-transplant Rituximab administration

and a poor vaccination response (p=0.027).

Table 2: Predictors factors of good or poor hepatitis B vaccine response before kidney

transplantation in univariate analysis

No vaccine response

Vaccine response

(N=86) (N=281) Total (N=367) p-value

Age at the time of transplant (years) 0.033
<70 65 (75.6%) 240 (85.4%) 305 (83.1%)
>170 21 (24.4%) 41 (14.6%) 62 (16.9%)

Gender 0.193
F 27 (31.4%) 110 (39.1%) 137 (37.3%)

M 59 (68.6%) 171 (60.9%) 230 (62.7%)

BMI at the time of transplant (kg/m2) 0.001
Mean (SD) 26.341 (4.905) 24.500 (4.392) 24.931 (4.577)

Range 17.670 - 41.020 14.570 - 39.100 14.570 - 41.020

BMI at the time of transplant (kg/m2) 0.014
<30 66 (76.7%) 246 (87.5%) 312 (85.0%)
>30 20 (23.3%) 35 (12.5%) 55 (15.0%)

Pre-Tx AcHBs titer (UI/L) <0.001
Mean (SD) 2.202 (3.044) 334.189 (377.803)  256.394 (359.203)

Range 0.000 - 9.700 10.400 - 1000.000 0.000 - 1000.000

Peri-Tx Rituximab use 0.027
No 81 (94.2%) 239 (85.1%) 320 (87.2%)

Yes 5 (5.8%) 42 (14.9%) 47 (12.8%)

Initial nephropathy 0.025
Genetic 17 (19.8%) 62 (22.1%) 79 (21.5%)
Glomerulopathy 19 (22.1%) 53 (18.9%) 72 (19.6%)

Indeterminate 18 (20.9%) 74 (26.3%) 92 (25.1%)
Metabolic 26 (30.2%) 47 (16.7%) 73 (19.9%)
Tubulointerstitial/Obst/Malfo 6 (7.0%) 45 (16.0%) 51 (13.9%)

5 Evolution of seroprotection

During the post-transplantation follow-up period, a loss of seroprotection (defined as an anti-

HBs antibody level decreasing below 10 IU/L) was observed in 35 (12.5%) of 281 patients.
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In a first phase of univariate analysis, we examined the factors associated with a loss of
seroprotection (anti-HBs antibodies decreasing below 10 IU/L) after kidney transplantation
(Table 3).

The level of anti-HBs antibodies before transplantation was significantly associated with the
risk of séroprotection loss (p<0.001). Indeed, a level of antibodies greater than 100 IU/L was
associated with a lower risk of loss of seroprotection compared to a level of anti-HBs antibodies
less than 100 IU/L (p<0.001).

A BMI greater than 30 kg/m? at the time of transplantation was also significantly associated
with a séroprotection loss compared with a BMI < 30 kg/m? (p=0.011).

Initial nephropathy, delayed graft function, estimated glomerular filtration rate at 3 months
post-transplantation, the use of Everolimus, peri-transplant injection of Rituximab, as well as
long-term maintenance of corticosteroids were not associated with a loss of seroprotection

(p=NS for all comparisons).

Table 3: Risk factors of seroprotection loss after kidney transplantation in univariate analyses

AcHBs > 10 UI/L

AcHBs <10 UI/L

(N=246) (N=35) Total (N=281) p-value
Age at the time of transplant (years) 0.139
<70 213 (86.6%) 27 (77.1%) 240 (85.4%)
>170 33 (13.4%) 8 (22.9%) 41 (14.6%)
Gender 0.317
F 99 (40.2%) 11 (31.4%) 110 (39.1%)
M 147 (59.8%) 24 (68.6%) 171 (60.9%)
BMI at the time of transplant 0.026
(kg/m2)
Mean (SD) 24.281 (4.146) 26.044 (5.670) 24.500 (4.392)
Range 14.570 - 39.100 17.360 - 38.450 14.570 - 39.100
BMI at the time of transplant 0.011
(kg/m2)
<30 220 (89.4%) 26 (74.3%) 246 (87.5%)
>30 26 (10.6%) 9 (25.7%) 35 (12.5%)
Pre-Tx AcHBs titer (UI/L) <0.001
Mean (SD) 371.048 (385.194) 75.126 (165.457) 334.189 (377.803)
Range 11.100 - 1000.000 10.400 - 1000.000 10.400 - 1000.000
Pre-Tx AcHBs titer (UI/L) <0.001

<100
> 100

97 (39.4%)
149 (60.6%)

29 (82.9%)
6 (17.1%)

126 (44.8%)
155 (55.2%)
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AcHBs > 10 UI/L

AcHBs <10 UI/L

(N=246) (N=35) Total (N=281) p-value

Induction IST 0.159
ATG 228 (92.7%) 30 (85.7%) 258 (91.8%)

Basiliximab 18 (7.3%) 5(14.3%) 23 (8.2%)

Delayed graft function 0.994
Missing data 16 2 18
No 209 (90.9%) 30 (90.9%) 239 (90.9%)

Yes 21 (9.1%) 3 (9.1%) 24 (9.1%)

Peri-Tx Rituximab use 0.370
No 211 (85.8%) 28 (80.0%) 239 (85.1%)

Yes 35 (14.2%) 7 (20.0%) 42 (14.9%)

Initial nephropathy 0.559
Genetic 55 (22.4%) 7 (20.0%) 62 (22.1%)
Glomerulopathy 44 (17.9%) 9 (25.7%) 53 (18.9%)

Indeterminate 63 (25.6%) 11 (31.4%) 74 (26.3%)
Metabolic 42 (17.1%) 5(14.3%) 47 (16.7%)
Tubulointerstitial/Obst/Malfo 42 (17.1%) 3 (8.6%) 45 (16.0%)

Discharge Tacrolimus dose (mg/day) 0.156
Mean (SD) 6.670 (3.458) 7.543 (2.902) 6.778 (3.401)

Range 0.000 - 24.000 3.000 - 12.000 0.000 - 24.000

Discharge Everolimus prescription 0.369
No 203 (82.5%) 31 (88.6%) 234 (83.3%)

Yes 43 (17.5%) 4 (11.4%) 47 (16.7%)

Corticosteroid 0.672
No 29 (11.8%) 5(14.3%) 34 (12.1%)

Yes 217 (88.2%) 30 (85.7%) 247 (87.9%)

GFR at 3-months post-Tx (ml/min) 0.853
Missing data 14 0 14
Mean (SD) 71.506 (22.899) 72.274 (22.572) 71.607 (22.816)

Range 13.300 - 123.600 24.300 - 110.900 13.300 - 123.600

AcHBs evolution, first 3 months 0.523
Missing data 71 16 87
Mean (SD) -52.485 (168.232) -27.495 (70.545) -50.037 (161.355)

Range -636.000 - 844.700  -148.400 - 202.800  -636.000 - 844.700

AcHBs evolution, overall 0.812
Mean (SD) -80.598 (211.682) -71.711 (165.254) -79.491 (206.235)

Range -938.300 - 728.100 -995.100 - -4.800 -995.100 - 728.100

To refine the analysis of factors contributing to this loss of séroprotection, we performed a

multivariate analysis. In this analysis, both BMI and pre-transplantation anti-HBs antibody

levels remained significant predictors of a seroprotection loss.
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DISCUSSION

In this large retrospective study, data from 442 kidney transplant recipients between 2015 and
2020 were collected.

One of objectives was to analyze the evolution of anti-HBs antibody levels, in order to identify
factors associated with a loss of seroprotection, defined as an anti-HBs antibody level
decreasing below 10 TU/L.

Our study indicates that 12.5% (35/281) of patients lost their seroprotection during their post-
transplant follow-up. In a separate study of a retrospective cohort of 67 kidney transplant
recipients vaccinated prior to transplantation®!, 25% of patients lost their anti-HBs antibody
levels during the first year post-transplant.

Moreover, in our study, the loss of protective immunity against hepatitis B was significantly
more frequent in patients with anti-HBs antibody levels < 100 IU/L than in patients with
antibody levels > 100 IU/L. These results are in line with those reported in several studies?'?.
It would seem advisable to redefine an optimal anti-HBs antibody threshold of 100 IU/L prior
to transplantation, in order to maintain durable vaccine protection.

It has been documented that the initial immune response deteriorates over time after
transplantation. Current recommendations suggest an annual serological monitoring in kidney
transplant recipients, with a booster vaccination when the anti-HBs antibody level decreases to
less than 10 IU/L. However, this strategy, although theoretically simple, requires precise
management of post-transplant serological follow-up, and assumes a vaccine response under
immunosuppressive treatment. However, it is important to note that vaccination during
immunosuppression may be hampered by reduced seroconversion rates, lower antibody titers

and shorter duration of protective immunity??.

In March 2019, the American Society of Transplantation Infectious Disease Community of
Practice (AST-IDCOP)? published revised recommendations for vaccination of patients on the
solid organ transplant waiting list. These guidelines emphasize the importance of pre-transplant
screening using serological tests to detect non-protective immune status. In our study, the
majority of patients (367 out of 442) were vaccinated against hepatitis B, demonstrating the
commitment of healthcare professionals to follow these recommendations, with more positive
results than the study by Schneider et al. which reported a pre-transplant vaccination rate of

61%.
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In the general population, hepatitis B vaccination coverage among children born after 2018 was
95.2%%.

However, some patients may not show adequate serological conversion after vaccination. In
our cohort, 23.4% of patients did not respond to vaccination after a complete regimen,
highlighting the risk factors for poor vaccine response (age>70 years, BMI>30kg/m?, initial
nephropathy). This vaccine response rate is consistent with observations in chronic
hemodialysis patients (73-76% seroconversion)?® , and is lower than that observed in the
pediatric population with chronic kidney failure (80-85% seroconversion)?’?8. The Haut Conseil
de Santé Publique reported that the response to a standard vaccination schedule is around 95%
in immunocompetent adults, and in the absence of risk factors for poor response to
vaccination®.

To solve the problem of poor vaccine response, different approaches were proposed®’. The first
approach is to administer the vaccine intradermally, thus directly stimulating dendritic cells to
promote antigen presentation and improve vaccine response. The second approach suggests the
use of new HBV vaccines (HBsAg-1018, HB-AS02) containing Toll-like receptor (TLR)
agonists and oligonucleotides, enabling direct activation of dendritic cells via TLR9. Promising
results were observed in a randomized controlled trial, compared to standard double-dose

vaccination’’.

Few studies have examined the kinetics of anti-HBs antibodies during immunosuppression,
particularly the impact of Rituximab. In our study, 42 hepatitis B-protected patients received
Rituximab. Among them, 6 out of 7 patients who lost their seroprotection had anti-HBs
antibody levels below 100 TU/L. Our results show no association between peri-transplantation
Rituximab administration and loss of anti-HBs antibodies. A study conducted by Araujo-Neto
et al. also demonstrated the absence of seroconversion after treatment with Rituximab (anti-
CD20 monoclonal antibody) in patients with anti-HBs antibodies >100 IU/L, and only 8% in
those with anti-HBs antibodies <100 IU/L32. These results are probably explained by the
preservation of plasma cells during Rituximab treatment, enabling immune memory to be
maintained.

The link between Rituximab and vaccine response cannot be confirmed given the lack of

information on the dates of drug administration and the exact date of vaccination.

In our study, a BMI greater than 30 kg/m? limits the anti-HBs antibodies response after

vaccination and increases the risk of loss of seroprotection against hepatitis B after kidney
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transplantation. Few studies have investigated the mechanisms of the effects of obesity on
vaccine response. Obesity is associated with lower anti-HBs antibody production after
vaccination, compared with non-obese individuals®’. This may be linked to ineffective
intramuscular injection due to insufficient needle length®*. Furthermore, obesity is a metabolic
disorder characterized by excessive accumulation of body fat and chronic low-grade
inflammation, which is responsible for the impairment of B and T lymphocytes induced by

leptin, secreted by adipocytes™.

The strengths of this study are the size of the cohort recruited over a 5-year period at our center.
Data on seroprotection against hepatitis B in kidney transplant recipients are scarce in the
literature. This study provides an initial perspective on the prevalence of hepatitis B vaccination
in a population of end-stage chronic kidney disease patients, as well as the rate of loss of anti-
HBs antibodies after renal transplantation in a larger patient population.

However, several limitations need consideration, particularly the retrospective design of the
study and the inability to control for missing data. The non-standardized nature of data
collection limited the conclusions of this study. The reliance on medical records review and
data entry introduces potential bias notably classment. Finally, this was a single-center

evaluation, limiting its generalizability.
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CONCLUSION

In summary, our study confirmed the risk of losing protective immunity against HBV among
kidney transplant recipients in the years following transplantation.

These findings underline the importance of preventive vaccination in the early stages of the
disease, with a target serological level >100 IU/L to ensure durable seroprotection. Moreover,
particular vigilance is necessary in the overweight or obese population, who may require more
frequent serological monitoring to facilitate timely administration of supplementary vaccine
doses.

These results prompt further exploration of vaccine response beyond simple serological

monitoring, in order to better characterize non-responder patients.
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THESE SOUTENUE PAR : Louise DECEUNINCK

TITRE :

REPONSE VACCINALE CONTRE L'HEPATITE B DANS UNE COHORTE DE PATIENTS TRANSPLANTES RENAUX :
PREVALENCE ET PERSISTANCE DE LA SEROPROTECTION

CONCLUSION :

Aprés une transplantation rénale, les traitements immunosuppresseurs augmentent le risque d’infections,
une des principales complications. Bien gue la vaccination soit cruciale pour prévenir certaines infections et
en atténuer la gravité, la persistance de cette protection reste peu étudiée dans cette population.

Nous avons mené une étude rétrospective monocentrique portant sur une cohorte de transplantés rénaux
du CHU Grenoble Alpes, entre Janvier 2015 et Décembre 2020. L'étude de persistance de la séroprotection
a été menée sur la cohorte des patients avec au moins une mesure du taux d'anticorps anti-HBs avant et
aprés la greffe. La réponse vaccinale sérologique était définie comme une sérologie anti-HBs > 10 UI/L. Les
objectifs étaient d’évaluer 1/ la réponse vaccinale sérologique, 2/ I'évolution des taux d'anticorps anti-HBs
au décours de la transplantation, 3/ d’analyser les facteurs associés a la perte de séroprotection (< 10 ul/L).
Les facteurs influencant la réponse vaccinale anti-HBs avant la greffe ont également été étudiés.

Sur 442 patients, 367 (83,03%) étaient vaccinés contre I'hépatite B, parmi lesquels 281 patients (76,57%)
ont montré une réponse vaccinale sérologique. Au cours du suivi post-transplantation, 35/281(12,46%) des
patients ont perdu leur séroprotection, plus fréqguemment observée chez ceux ayant des taux d'anticorps <
100 UI/L au moment de la greffe (OR=0,83 ; p<0,001), ainsi que chez les patients obeses (OR=1,15;
p=0,011). L'obésité (IMC > 30 kg/m2) était aussi associée & un risque accru de moins bonne réponse
vaccinale initiale. La fonction rénale & M3 post-transplantation, le type de traitement immunosuppresseur,
I'age et le sexe n’étaient pas associés & la perte de séroprotection. De méme, I'administration de Rituximab
entre 6 mois avant et aprés la transplantation n’était pas associée a la perte des anticorps anti-HBs.
L'amélioration de la vaccination contre 'hépatite B chez les patients insuffisants rénaux chronigues est
essentielle, avec notamment un objectif sérologique > 100 UI/L pour assurer une séroprotection durable.
Cette étude souligne I'importance de la vaccination préventive dés les stades précoces de la maladie
rénale. Par ailleurs, une vigilance particuliére est nécessaire dans la population en surpoids ou obese. Ces
constatations mettent en avant la nécessité d’évaluer la réponse vaccinale au-dela du simple contréle
sérologique, afin de mieux caractériser les patients non-répondeurs.
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