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• Rituximab Increases in the risk of 
death by COVID-19 with an OR 4.4

Stranfeld A et al. Ann Rheum Dis. Jan 27, 2021

Importance de la vaccination chez ces patients à risque

Les traitements qui augmentent le risque de mourir 
Comparaison / Methotrexate



Cas clinique #1

• Patiente de 60 ans présentant une PR active sous méthotrexate.

• Antécédent de tuberculose non traité par antibiotiques

• Non vacciné pour le COVID19.
• Après vos explications elle accepte la vaccination

• Vous décidez d’un traitement par rituximab



Question 1
Quand réalisez vous la première dose de 
vaccination?
• A 15 jours après la première perfusion de Rituximab
• B 7 jours après la première perfusion de Rituximab
• C 15 jours avant la première perfusion de Rituximab
• D 1,5 mois avant la première perfusion de Rituximab
• E 5 mois après la première perfusion



Question 1 
Quand réalisez vous la première dose de 
vaccination?
• A 15 jours après la première perfusion de Rituximab
• B 7 jours après la première perfusion de Rituximab
• C 15 jours avant la première perfusion de Rituximab
• D 1,5 mois avant la première perfusion de Rituximab
• E 5 mois après la première perfusion



Question 2

• Quand réalisez vous la première dose de vaccination chez un patient 
atteint de vascularite à ANCA avec atteinte rénale dialysé?
• A 15 jours avant
• B 1 mois avant
• C Le jour du premier Rituximab réalisé en urgence
• D 5 mois après la perfusion
• E 5,5 mois après la perfusion



Question 2

• Quand réalisez vous la première dose de vaccination chez un patient 
atteint de vascularite à ANCA avec atteinte rénale dialysé?
• A 15 jours avant
• B 1 mois avant
• C Le jour du premier Rituximab réalisé en urgence
• D 5 mois après la perfusion
• E 5,5 mois après la perfusion



Réponse selon de délais par rapport à la 
dernière perfusion

• Pas de réponse anticorps si 
Rituximab dans les 6 derniers 
mois
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Question 2

• Quand réalisez vous la première dose de vaccination chez un patient 
atteint de vascularite à ANCA avec atteinte rénale dialysé
• A 15 jours avant
• B 1 mois avant
• C Le jour du premier Rituximab réalisé en urgence
• D 5 mois après la perfusion
• E 5,5 mois après la perfusion



Réponse à la primo vaccination et rituximab

• Furer et al ARD 2021
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Epidemiology

Patients were instructed to continue all medications during 
the vaccination period, except for rituximab treatment that was 
delayed after the vaccination in certain cases on a physician’s 
discretion.

The control group included a sample of the general population, 
consisting mainly of healthcare personnel. Exclusion criteria for 
all groups were pregnancy, history of past vaccination allergy, 
and previous COVID-19 infection and for controls—history of 
AIIRD and immunosuppressive treatment.

Vaccination procedure
All study participants were administered the two- dose regimen 
BNT162b2 mRNA vaccine (Pfizer- BioNTech), 30 µg per dose, 
by intramuscular injection in the deltoid muscle 3 weeks apart, 
as indicated by the national guidelines.

Immunogenicity of the vaccine
The vaccine immunogenicity was evaluated by measuring the 
serum IgG neutralising antibody levels against SARS- CoV-2 
trimeric spike S1/S2 glycoproteins, using the LIAISON (DiaSorin) 
quantitative assay, performed 2–6 weeks after the second vaccine 
dose. This Food and Drug Administration- authorised assay has 
D�FOLQLFDO�VHQVLWLYLW\�DQG�VSHFLILFLW\�DERYH�����14 A value above 
15 binding antibody units (BAU) was considered as positive, 
according to the manufacturer’s instruction.

Efficacy of the vaccine
The participants were questioned whether they contracted 
COVID-19 infection, confirmed by PCR, following each vaccine 
dose. In addition, up to the data cut- off, the patient files were 
reviewed for evidence of COVID-19 infection.

Safety of the vaccine
The participants were contacted by phone within 2 weeks after 
the first vaccine dose and within 2–6 weeks after the second 
vaccine dose to complete a questionnaire regarding adverse 
events.

Clinical assessment of AIIRD
Medical history and the use of medications were recorded. Data 
regarding disease activity before vaccination were retrieved 
from patients’ medical records, within up to 3 months before 
vaccination. Postvaccination disease activity was assessed by 
an in- person clinical examination within 2–6 weeks after the 
second vaccine dose. The following disease activity indices were 
included: Clinical Disease Activity Index, Simplified Disease 
$FWLYLW\�,QGH[��'$6�����&53�IRU�5$��'LVHDVH�$FWLYLW\�LQ�3VRULDWLF�
Arthritis, Leeds Enthesitis and Dactylitis Index, Psoriasis Area 
Severity Index for PsA, Bath Ankylosing Spondylitis Disease 
Activity Index and Ankylosing Spondylitis Disease Activity 
Score for axSpA, Systemic Lupus Disease Activity Index for SLE, 
and patients’ and physician’s global assessment, using a visual 
analogue scale of 0–10 mm, for vasculitis and inflammatory 
myositis.

Patient and public involvement
The research question and outcome measures of this study were 
developed in collaboration with the representatives of patients 
with AIIRD based on a shared priority to investigate the efficacy 
and safety of the novel mRNA BNT162b2 vaccine. Patients with 
AIIRD under the care of the medical centres conducting the trial 
were actively informed regarding the study and offered to partic-
ipate. In view of the ongoing COVID-19 pandemic and related 

Table 3 Immunogenicity of the BNT162b2 messenger RNA vaccine 
in patients with AIIRD and controls

Study participants, n
Seropositivity rate,
n (% of total)

Serum anti- S1/
S2 IgG titre, 
mean±SD, BAU/mL

Controls, n=121 121 (100) 218.6±82.06
Patients with AIIRD, n=686 590 (86.0)* 132.9±91.7*
RA, n=263 216 (82.1) 108.7±84.7
PsA, n=165 160 (96.9) 162.0±71.7
AxSpA, n=68 67 (98.5) 173.1±90.1
SLE, n=101 93 (92.1) 161.9±105.2
IIM, n=19 7 (36.8) 42.9±62.6
LVV, n=21 20 (95.2) 143.3±84.6
AAV, n=26 8 (30.8) 40.3±73.2
Other vasculitis, n=23 19 (86.6) 122.7±87.9
*p<0.0001.
AAV, antineutrophil cytoplasmic antibody (ANCA)- associated vasculitis; AIIRD, 
autoimmune inflammatory rheumatic diseases; AxSpA, axial spondyloarthritis; BAU, 
binding antibody units; IIM, idiopathic inflammatory myositis; LVV, large vessel 
vasculitis; PsA, psoriatic arthritis; RA, rheumatoid arthritis; SLE, systemic lupus 
erythematosus.

Table 4 Immunogenicity of the BNT162b2 messenger RNA vaccine 
according to the use of immunosuppressive treatments in comparison 
with controls
Immunosuppressive treatments, n Seropositivity rate, n (%) P value

GC, n=130 86 (66) <0.0001
GC monotherapy, n=13 10 (77) <0.0001
MTX, n=176 148 (84) <0.0001
MTX monotherapy, n=41 38 (92) 0.02
HCQ, n=133 120 (90) 0.001
HCQ monotherapy, n=50 49 (98) 0.65
LEF, n=28 25 (89) 0.004
LEF monotherapy, n=11 11 (100) NA
TNFi, n=172 167 (97) 0.15
TNFi monotherapy, n=121 119 (98) 0.48
TNFi +MTX, n=29 27 (93) 0.04
IL6i, n=37 37 (100) NA
IL6i monotherapy, n=19 19 (100) NA
IL6i+MTX, n=7 7 (100) NA
Anti- CD20, n=87 36 (41) <0.0001
Anti- CD20 monotherapy, n=28 11 (39) <0.0001
Rituximab+MTX, n=14 5 (36) <0.0001
IL17i, n=48 47 (98) 0.63
IL17i monotherapy, n=37 37 (100) NA
IL17i+MTX, n=7 6 (85) 0.05
Abatacept, n=16 10 (62) <0.0001
Abatacept monotherapy, n=7 5 (71) <0.0001
Abatacept+MTX, n=5 2 (40) <0.0001
JAKi monotherapy, n=21 19 (90) 0.02
JAK+MTX, n=24 22 (92) 0.03
Belimumab, n=9 7 (77) 0.0001
MMF, n=28 18 (64) <0.0001
anti- CD20, CD20 inhibitors; GC, glucocorticoids; HCQ, hydroxychloroquine; IL6i, 
interleukin 6 inhibitors; IL17i, interleukin 17 inhibitors; JAKi, Janus kinase inhibitors; 
LEF, leflunomide; MMF, mycophenolate mofetil; MTX, methotrexate; TNFi, tumour 
necrosis factor inhibitors.
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Réponse cellulaire T et rituximab
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• Pas de difference de réponse 
T CD4 et  CD8 entre des 
soignants et les patient MAI 
et ceux traités par Rituximab

• Autant les vacciner tout de 
suite



Quel niveau de protection fourni par la réponse T
chez les patients rituximab sans réponse 
anticorps?

• Etude chez le singe montre que la déplétion CD8 dans une condition avec 
faible taux d’anticorps conduit à une plus grande réplication si réinfection

Nature | Vol 590 | 25 February 2021 | 633

in the sham controls (P = 0.0085, two-sided Mann–Whitney U-test) 
(Fig. 4c) but lower than in naive macaques after primary challenge 
(P = 0.0242, two-sided Mann–Whitney U-test) (Fig. 4c). These data 
suggest that cellular immunity, including CD8+ T cells, can contribute 
to the protection of convalescent macaques against rechallenge with 
SARS-CoV-2 in the setting of waning and subprotective antibody titres.

Discussion
Our data demonstrate that adoptive transfer of purified polyclonal IgG 
from convalescent macaques robustly protected naive recipient rhesus 
macaques against challenge with SARS-CoV-2 in a dose-dependent 
fashion. These data indicate that relatively low titres of antibodies 
are sufficient for protection in both the upper and lower respiratory 
tracts. CD8 depletion studies also showed that cellular immunity 
can contribute to protection against rechallenge with SARS-CoV-2 in 
convalescent macaques with waning antibody titres. Taken together, 
these data demonstrate proof-of-concept findings that define key 
immunological determinants for protection against SARS-CoV-2 in 
rhesus macaques.

These findings extend DNA and Ad26 vaccine studies in rhesus 
macaques in which we observed that NAb titres and other Fc functional 
antibody responses correlated with protective efficacy4,5. Our data 
also extend recent studies that have shown that potent RBD-specific 
monoclonal antibodies can protect against challenge with SARS-CoV-2 
in macaques15,16. In the present study, we show that polyclonal antibod-
ies from convalescent macaques—in the absence of cellular and innate 
immune responses—protect when administered at an appropriate 
titre. NAb titres of approximately 500 fully protected macaques, and 
titres of approximately 50 partially protected macaques. These titres 
should be readily achievable by vaccination in humans. These data 
demonstrate that relatively low NAb titres are sufficient to protect 
against SARS-CoV-2 in rhesus macaques.

We also observed that protection of convalescent macaques against 
rechallenge with SARS-CoV-2 was partially abrogated by CD8 depletion 
before rechallenge. NAb titres declined in convalescent macaques from 
week 4 to week 7, with over half of the macaques exhibiting NAb titres 
of <100 by week 7. CD8 depletion in these macaques resulted in a loss 
of protection in the upper respiratory tract against rechallenge with 
SARS-CoV-2, which suggests that CD8+ T cells contribute to virological 

control if NAb titres are suboptimal or subprotective. Future studies 
could be designed to evaluate the potential protective efficacy of cel-
lular immune responses in the absence of antibody responses.

Our findings have implications for vaccines and immune-based thera-
peutic agents. Our data suggest the importance of SARS-CoV-2 vac-
cines to induce potent and durable humoral as well as cellular immune 
responses. We speculate that NAb titres above a particular threshold 
are sufficient for protection, but that CD8+ T cells may also contribute 
to protection when NAb titres decline. However, it is possible that the 
specific NAb threshold for protection identified in the present study 
(about 50) may be model-specific and may be dependent on technical 
details, such as donor plasma characteristics, challenge virus-stock 
infectivity and inoculum dose, as well as recipient macaque specifics. 
Further adoptive transfer studies could be performed with IgG purified 
from plasma from vaccinated macaques or humans.

The present data also demonstrate the therapeutic efficacy of con-
valescent plasma for treatment of infection with SARS-CoV-2, which 
is currently being explored in clinical trials12,13. However, our data 
should be interpreted cautiously, because only high serum NAb titres 
(of approximately 500) in recipient macaques showed therapeutic effi-
cacy in this model, whereas lower serum-NAb titres (of approximately 
50) in recipient macaques did not show efficacy. Such high serum NAb 
titres in recipient macaques probably exceed typical serum NAb titres 
achieved in human recipients of convalescent human plasma4,17, and 
thus implications for the clinical use of convalescent plasma for treat-
ment of SARS-CoV-2 infection remain limited. Monoclonal antibodies 
achieve substantially higher neutralization titres than convalescent 
plasma.
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Fig. 4 | Viral loads after CD8 depletion and rechallenge with SARS-CoV-2. 
Rhesus macaques were infected with SARS-CoV-2 and received 50 mg kg−1 
anti-CD8α monoclonal antibody, anti-CD8β monoclonal antibody or sham 
monoclonal antibody at week 7, reflecting day −3 relative to rechallenge.  
On day 0, all macaques were rechallenged with 105 TCID50 SARS-CoV-2.  
a, log10-transformed sgRNA copies per ml (limit of quantification was  
50 copies per ml) were assessed in bronchoalveolar lavage after rechallenge.  
b, log10-transformed sgRNA copies per swab (limit of quantification was 
50 copies per swab) were assessed in nasal swabs after rechallenge.  
c, Comparison of peak log10-transformed sgRNA copies per swab in nasal swabs 
after rechallenge in sham and anti-CD8 groups. Peak log10-transformed sgRNA 
copies per swab in nasal swabs from naive macaques following primary 
challenge from the adoptive transfer study are shown for comparison. Red lines 
reflect median values. In a, b, the number of macaques is denoted in each panel; 
in c, sham n = 5, anti-CD8 n = 8, naive n = 3 independent macaques. P values 
reflect two-sided Mann–Whitney U-tests.
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Fig. 3 | Viral loads following therapeutic adoptive transfer of IgG after 
challenge with SARS-CoV-2. Rhesus macaques were challenged by intranasal 
and intratracheal routes with 105 TCID50 SARS-CoV-2 on day 0 and then received 
intravenous infusion of 250 mg kg−1, 25 mg kg−1 or 0 mg kg−1 purified SARS-CoV-2 
IgG on day 1. log10-transformed sgRNA copies per ml (limit of quantification 
was 50 copies per ml) were assessed in bronchoalveolar lavage (top panels) and 
log10-transformed sgRNA copies per swab (limit of quantification was 50 copies 
per swab) were assessed in nasal swabs (bottom panels) after challenge. Red 
lines reflect median values. Arrows represent the day of IgG infusion. The 
number of macaques is denoted in each panel and the median line overlaps 
with data lines.



Cas clinique #1

• Vous décidez de débuter un traitement par Rituximab pour sa PR

• Elle accepte la vaccination pour le COVID -19

• Patient vacciné 2 fois par vaccin mRNA puis rituximab 15 jours plus 
tard

• Pas de réponse anticorps à 1 mois, vous réalisez une 3ème dose.



Quelles sont les chances de séroconversion 
dans cette situation?



Chances de séroconversion apprès 3 eme
dose si absence de réponse

• Séroconversion neutralisante:
• 14,5% dans notre étude française
• Entre 22 et 32%  dans étude allemande

• Réponse T chez 94% des patients.
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Epidemiology

with EudraCT (2021- 002348- 57) on 10 May before inclusion 

of the first patient.

Randomisation
Patients were block- randomised in a 1:1 ratio based on the pres-

ence or absence of peripheral B lymphocytes by a computer-

ised randomisation algorithm to receive either a third dose of 

an mRNA vaccine (BNT162b2 or mRNA- 1273, respective of 

their initial vaccination compound) or a third vaccination with a 

vector COVID- 19 vaccine (ChAdOx1 nCoV- 19).

Interventions
During the screening visit (visit one), data on demographics, 

concomitant medication, possible hypersensitivity reactions 

to the previous SARS- CoV- 2 vaccination and medical history 

regarding SARS- CoV- 2 infections were collected. The absence 

of detectable SARS- CoV- 2 antibodies against nucleocapsid and 

S protein was verified before enrolment and the level of periph-

eral B lymphocytes was assessed. The vaccination was applied 

during a baseline visit (visit 2, within 28 days after screening) 

followed by visits 3 and 4 (1 week and 4 weeks after vaccina-

tion, respectively) to determine the efficacy and safety of the 

third COVID- 19 vaccination. Serum samples obtained during 

YLVLWV������DQG���ZHUH�VWRUHG�EHORZ�ï���&�DW�WKH�%LREDQN�RI�WKH�
Medical University of Vienna, a centralised facility for the prepa-

ration and storage of biomaterial with certified quality manage-

ment (International Organization for Standardization (ISO) 

9001:2015).
27

 Peripheral blood mononuclear cells were isolated 

at screening and week 1 by density gradient centrifugation and 

stored in the vapour phase of liquid nitrogen until further use.

All patients were blinded throughout visit 4, mainly to allow 

objectivity in safety assessment of the two strategies; blinding 

of vaccines was ensured by using pre- arranged dose aliquots 

in syringes without reference to the type used by the Central 

Pharmacy of the Vienna General Hospital. The City of Vienna 

provided the vaccines for this study free of charge. The study 

was conducted in following Good Clinical Practice guidelines 

and the Declaration of Helsinki. All trial visits were conducted 

in a tertiary hospital (Vienna General Hospital). The first patient 

was included on 25 May 2021 and the last patient finalised the 

4 week follow- up on 5 August 2021.

Patient and public involvement
Patients and/or the public were not involved in the design, or 

conduct, or reporting, or dissemination plans of this research.

Assessment, outcomes and sample size
The quantification of CD19

+
 peripheral B cells, the anti- SARS- 

CoV- 2 antibody testing and T cell assays is detailed in the 

methods section of the online supplemental file 2. Laboratory 

assessors were blinded to randomisation.

The primary study endpoint was defined as difference in anti-

body seroconversion rates between the vector and mRNA vacci-

nated groups.

Secondary endpoints included seroconversion rate and SARS- 

CoV- 2 antibody levels at week 4 overall and stratified for patients 

with and without detectable peripheral B cells as well as cellular 

immune response defined by T lymphocyte restimulation potential 

before and 1 week after vaccination. Safety was reported and evalu-

ated for incidence and severity of adverse events as well as potential 

effects on the underlying disease activity over a period of 28 days. 

Additionally, a paper- based patient diary was used. The study sample 

size was pragmatically targeted at 60 individuals, based on the 

number of rituximab- treated patients potentially eligible during the 

tight recruitment period, including estimates of non- responders to a 

standard protocol of mRNA vaccination, and expected participation 

rates. Based on a χ2
 test comparing vector versus mRNA vaccine, 

this number of patients would allow to achieve at least 80% power 

at a minimal detectable difference of 28% (5% of responders in one 

group vs 33% in the other).

Statistical analysis
All subjects vaccinated with a third dose were included in the analysis. 

Primary outcome was assessed using χ2
 test. Secondary outcomes 

and safety data are presented in a descriptive manner. Post- hoc 

exploratory analyses were performed to evaluate factors associated 

with seroconversion rates by univariate logistic regression analyses. 

Variable selection was based on previous data in rituximab- treated 

patients, and included age, concomitant medication, type of booster 

vaccination and the presence or absence of detectable periph-

eral B cells.
22

 GraphPad Prism (V.9.1.0) was used for the graphical 

presentation of the data. ‘R’ V.4.0.3 (R Development Core Team. 

Vienna, Austria) was used for the entire statistical analysis. Following 

Figure 2 Antibody seroconversion rate 4 weeks after vector vs mRNA booster vaccination. Antibodies to the RBD of the viral Sprotein were 
determined using an anti- SARS- CoV- 2 immunoassay. (A) Seroconversion rate was calculated based on the presence of anti- RBD antibodies in patients 
stratified by booster vaccination with vector vaccine or mRNA vaccine, in all patients and in patients with and without detectable peripheral B cells.
(B)Anti- RBD antibody levels in patients with (n=18) and without (n=37) peripheral B cells, with colour of the circles indicating the type of vaccine. (C)
Anti- RBD antibody levels in patients 4 weeks after booster vaccination with vector vaccine (n=27) or mRNA vaccine (n=28), with colour of the circles 
indicating the presence or absence of detectable peripheral CD19+ B- cells. RBD, receptor- binding domain; S,spike.
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Epidemiology

packages were used: ‘ggplot2’, ‘ggbeeswarm’ and ‘sjPlot’ for creating 
plots and ‘tableone’ to create baseline tables.

RESULTS
Sixty- eight patients under rituximab treatment who had been 
immunised with two doses of mRNA vaccine were screened 

for eligibility. Eight patients were excluded due to the pres-
ence of detectable SARS- CoV- 2- specific antibodies. Sixty non- 
seroconverted patients were randomised, of whom 30 were 
assigned to receive vector vaccine and 30 to receive mRNA 
vaccine as the third dose; 5 patients withdrew consent between 
screening and baseline visit (figure 1). A total of 27/30 patients 
were vaccinated with a vector vaccine and 28/30 received an 
mRNA vaccine. All patients subsequently presented at follow- up 
visits and completed the trial at week 4 after vaccination. Patient 
characteristics were similar between the two randomised groups 
(table 1).

Seroconversion rates at week 4 were numerically lower in the 
vector group than in the mRNA group (6/27, 22% of patients 
compared with 9/28, 32% of patients) (figure 2A). Despite 
the numerical difference in favour of the homologous vaccina-
tion group, disadvantage of the heterologous group cannot be 
supported statistically (p=0.6).

Even though the primary endpoint was not met, 27% of all 
vaccinated patients seroconverted independent of the vaccine 
used with a median SARS- CoV- 2 S antibody level of 15.7 BAU/
mL (IQR: 4.7, 25.8 BAU/mL). Neutralising antibodies (titre : 
����� DJDLQVW� 6$56��&R9���� ZHUH� REVHUYHG� LQ� ����� ������ RI�
all seroconverted patients. Seroconversion rate was higher in 
patients with detectable peripheral CD19+ B cells versus those 
without (figure 2A). Among patients with no detectable periph-
eral B cells (37/55, 67%), antibodies to the receptor- binding 
domain (RBD) of the viral S protein (anti- RBD antibodies) 
were detectable in 3/37 (8%) patients; in patients with detect-
able peripheral B cells, seroconversion rate was 67% (12/18) 
at week 4 (figure 2A–C). Median levels of anti- RBD antibodies 
were 19.4 (IQR: 8.2, 114.8) and 12.4 (IQR: 3.8, 17.8), respec-
tively, in seroconverted vector and mRNA vaccinated patients 
(figure 2B;online supplemental table 1).

SARS- CoV- 2- specific T cell responses were determined by 
enzyme- linked immune absorbent spot (ELISpot) assay in all 

Figure 3 SARS- CoV- 2- specific T after additional vector or mRNA 
booster vaccination in rituximab- treated patients. (A) One representative 
ex vivo IFN-γ enzyme- linked immune absorbent spot (ELISpot) result 
from PBMCs stimulated with S subunit, S1 and S2, peptide pools shown 
for one patient before and after booster vaccination. Y axis indicates 
the number of SFCs per 106 PBMCs. (B) Per cent of patients without 
T before and after third vaccination with vector and mRNA vaccine. 
(C) Composite ELISpot results from 36 patients before and after the 
third vaccination with mRNA (n=16) and vector vaccine (n=20). Circles 
show sum of total response from S1 and S2 peptide pools. Vertical 
line shows median, whiskers IQR. Dotted lines represent the cut- off 
as defined by the mean SFC count plus three times the SD from pre- 
pandemic controls. (D) Humoral and cellular immune responses before 
and after the third vaccination. AB, antibody; IFN, interferon; PBMCs, 
peripheral blood mononuclear cells; SFCs, spot- forming cells; T, T cell 
response.

Figure 4 ORs of logistic regression assessing humoral and cellular 
immune responses. *All patients treated with vector vaccine developed 
a T cell response and all patients without T cell response were co- 
treated with csDMARDs, so consequently no OR could be calculated due 
to non- convergence of the respective models. csDMARDs, conventional 
synthetic disease- modifying antirheumatic drugs.
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packages were used: ‘ggplot2’, ‘ggbeeswarm’ and ‘sjPlot’ for creating 
plots and ‘tableone’ to create baseline tables.

RESULTS
Sixty- eight patients under rituximab treatment who had been 
immunised with two doses of mRNA vaccine were screened 

for eligibility. Eight patients were excluded due to the pres-
ence of detectable SARS- CoV- 2- specific antibodies. Sixty non- 
seroconverted patients were randomised, of whom 30 were 
assigned to receive vector vaccine and 30 to receive mRNA 
vaccine as the third dose; 5 patients withdrew consent between 
screening and baseline visit (figure 1). A total of 27/30 patients 
were vaccinated with a vector vaccine and 28/30 received an 
mRNA vaccine. All patients subsequently presented at follow- up 
visits and completed the trial at week 4 after vaccination. Patient 
characteristics were similar between the two randomised groups 
(table 1).

Seroconversion rates at week 4 were numerically lower in the 
vector group than in the mRNA group (6/27, 22% of patients 
compared with 9/28, 32% of patients) (figure 2A). Despite 
the numerical difference in favour of the homologous vaccina-
tion group, disadvantage of the heterologous group cannot be 
supported statistically (p=0.6).

Even though the primary endpoint was not met, 27% of all 
vaccinated patients seroconverted independent of the vaccine 
used with a median SARS- CoV- 2 S antibody level of 15.7 BAU/
mL (IQR: 4.7, 25.8 BAU/mL). Neutralising antibodies (titre : 
����� DJDLQVW� 6$56��&R9���� ZHUH� REVHUYHG� LQ� ����� ������ RI�
all seroconverted patients. Seroconversion rate was higher in 
patients with detectable peripheral CD19+ B cells versus those 
without (figure 2A). Among patients with no detectable periph-
eral B cells (37/55, 67%), antibodies to the receptor- binding 
domain (RBD) of the viral S protein (anti- RBD antibodies) 
were detectable in 3/37 (8%) patients; in patients with detect-
able peripheral B cells, seroconversion rate was 67% (12/18) 
at week 4 (figure 2A–C). Median levels of anti- RBD antibodies 
were 19.4 (IQR: 8.2, 114.8) and 12.4 (IQR: 3.8, 17.8), respec-
tively, in seroconverted vector and mRNA vaccinated patients 
(figure 2B;online supplemental table 1).

SARS- CoV- 2- specific T cell responses were determined by 
enzyme- linked immune absorbent spot (ELISpot) assay in all 

Figure 3 SARS- CoV- 2- specific T after additional vector or mRNA 
booster vaccination in rituximab- treated patients. (A) One representative 
ex vivo IFN-γ enzyme- linked immune absorbent spot (ELISpot) result 
from PBMCs stimulated with S subunit, S1 and S2, peptide pools shown 
for one patient before and after booster vaccination. Y axis indicates 
the number of SFCs per 106 PBMCs. (B) Per cent of patients without 
T before and after third vaccination with vector and mRNA vaccine. 
(C) Composite ELISpot results from 36 patients before and after the 
third vaccination with mRNA (n=16) and vector vaccine (n=20). Circles 
show sum of total response from S1 and S2 peptide pools. Vertical 
line shows median, whiskers IQR. Dotted lines represent the cut- off 
as defined by the mean SFC count plus three times the SD from pre- 
pandemic controls. (D) Humoral and cellular immune responses before 
and after the third vaccination. AB, antibody; IFN, interferon; PBMCs, 
peripheral blood mononuclear cells; SFCs, spot- forming cells; T, T cell 
response.

Figure 4 ORs of logistic regression assessing humoral and cellular 
immune responses. *All patients treated with vector vaccine developed 
a T cell response and all patients without T cell response were co- 
treated with csDMARDs, so consequently no OR could be calculated due 
to non- convergence of the respective models. csDMARDs, conventional 
synthetic disease- modifying antirheumatic drugs.
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• 3 mois après ritux certain patients répondent
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Facteurs associés à la réponse à la 3 ème
dose?
• Une réponse détectable mais non neutralisante après la 2 ème dose
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packages were used: ‘ggplot2’, ‘ggbeeswarm’ and ‘sjPlot’ for creating 
plots and ‘tableone’ to create baseline tables.

RESULTS
Sixty- eight patients under rituximab treatment who had been 
immunised with two doses of mRNA vaccine were screened 

for eligibility. Eight patients were excluded due to the pres-
ence of detectable SARS- CoV- 2- specific antibodies. Sixty non- 
seroconverted patients were randomised, of whom 30 were 
assigned to receive vector vaccine and 30 to receive mRNA 
vaccine as the third dose; 5 patients withdrew consent between 
screening and baseline visit (figure 1). A total of 27/30 patients 
were vaccinated with a vector vaccine and 28/30 received an 
mRNA vaccine. All patients subsequently presented at follow- up 
visits and completed the trial at week 4 after vaccination. Patient 
characteristics were similar between the two randomised groups 
(table 1).

Seroconversion rates at week 4 were numerically lower in the 
vector group than in the mRNA group (6/27, 22% of patients 
compared with 9/28, 32% of patients) (figure 2A). Despite 
the numerical difference in favour of the homologous vaccina-
tion group, disadvantage of the heterologous group cannot be 
supported statistically (p=0.6).

Even though the primary endpoint was not met, 27% of all 
vaccinated patients seroconverted independent of the vaccine 
used with a median SARS- CoV- 2 S antibody level of 15.7 BAU/
mL (IQR: 4.7, 25.8 BAU/mL). Neutralising antibodies (titre : 
����� DJDLQVW� 6$56��&R9���� ZHUH� REVHUYHG� LQ� ����� ������ RI�
all seroconverted patients. Seroconversion rate was higher in 
patients with detectable peripheral CD19+ B cells versus those 
without (figure 2A). Among patients with no detectable periph-
eral B cells (37/55, 67%), antibodies to the receptor- binding 
domain (RBD) of the viral S protein (anti- RBD antibodies) 
were detectable in 3/37 (8%) patients; in patients with detect-
able peripheral B cells, seroconversion rate was 67% (12/18) 
at week 4 (figure 2A–C). Median levels of anti- RBD antibodies 
were 19.4 (IQR: 8.2, 114.8) and 12.4 (IQR: 3.8, 17.8), respec-
tively, in seroconverted vector and mRNA vaccinated patients 
(figure 2B;online supplemental table 1).

SARS- CoV- 2- specific T cell responses were determined by 
enzyme- linked immune absorbent spot (ELISpot) assay in all 

Figure 3 SARS- CoV- 2- specific T after additional vector or mRNA 
booster vaccination in rituximab- treated patients. (A) One representative 
ex vivo IFN-γ enzyme- linked immune absorbent spot (ELISpot) result 
from PBMCs stimulated with S subunit, S1 and S2, peptide pools shown 
for one patient before and after booster vaccination. Y axis indicates 
the number of SFCs per 106 PBMCs. (B) Per cent of patients without 
T before and after third vaccination with vector and mRNA vaccine. 
(C) Composite ELISpot results from 36 patients before and after the 
third vaccination with mRNA (n=16) and vector vaccine (n=20). Circles 
show sum of total response from S1 and S2 peptide pools. Vertical 
line shows median, whiskers IQR. Dotted lines represent the cut- off 
as defined by the mean SFC count plus three times the SD from pre- 
pandemic controls. (D) Humoral and cellular immune responses before 
and after the third vaccination. AB, antibody; IFN, interferon; PBMCs, 
peripheral blood mononuclear cells; SFCs, spot- forming cells; T, T cell 
response.

Figure 4 ORs of logistic regression assessing humoral and cellular 
immune responses. *All patients treated with vector vaccine developed 
a T cell response and all patients without T cell response were co- 
treated with csDMARDs, so consequently no OR could be calculated due 
to non- convergence of the respective models. csDMARDs, conventional 
synthetic disease- modifying antirheumatic drugs.
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packages were used: ‘ggplot2’, ‘ggbeeswarm’ and ‘sjPlot’ for creating 
plots and ‘tableone’ to create baseline tables.

RESULTS
Sixty- eight patients under rituximab treatment who had been 
immunised with two doses of mRNA vaccine were screened 

for eligibility. Eight patients were excluded due to the pres-
ence of detectable SARS- CoV- 2- specific antibodies. Sixty non- 
seroconverted patients were randomised, of whom 30 were 
assigned to receive vector vaccine and 30 to receive mRNA 
vaccine as the third dose; 5 patients withdrew consent between 
screening and baseline visit (figure 1). A total of 27/30 patients 
were vaccinated with a vector vaccine and 28/30 received an 
mRNA vaccine. All patients subsequently presented at follow- up 
visits and completed the trial at week 4 after vaccination. Patient 
characteristics were similar between the two randomised groups 
(table 1).

Seroconversion rates at week 4 were numerically lower in the 
vector group than in the mRNA group (6/27, 22% of patients 
compared with 9/28, 32% of patients) (figure 2A). Despite 
the numerical difference in favour of the homologous vaccina-
tion group, disadvantage of the heterologous group cannot be 
supported statistically (p=0.6).

Even though the primary endpoint was not met, 27% of all 
vaccinated patients seroconverted independent of the vaccine 
used with a median SARS- CoV- 2 S antibody level of 15.7 BAU/
mL (IQR: 4.7, 25.8 BAU/mL). Neutralising antibodies (titre : 
����� DJDLQVW� 6$56��&R9���� ZHUH� REVHUYHG� LQ� ����� ������ RI�
all seroconverted patients. Seroconversion rate was higher in 
patients with detectable peripheral CD19+ B cells versus those 
without (figure 2A). Among patients with no detectable periph-
eral B cells (37/55, 67%), antibodies to the receptor- binding 
domain (RBD) of the viral S protein (anti- RBD antibodies) 
were detectable in 3/37 (8%) patients; in patients with detect-
able peripheral B cells, seroconversion rate was 67% (12/18) 
at week 4 (figure 2A–C). Median levels of anti- RBD antibodies 
were 19.4 (IQR: 8.2, 114.8) and 12.4 (IQR: 3.8, 17.8), respec-
tively, in seroconverted vector and mRNA vaccinated patients 
(figure 2B;online supplemental table 1).

SARS- CoV- 2- specific T cell responses were determined by 
enzyme- linked immune absorbent spot (ELISpot) assay in all 

Figure 3 SARS- CoV- 2- specific T after additional vector or mRNA 
booster vaccination in rituximab- treated patients. (A) One representative 
ex vivo IFN-γ enzyme- linked immune absorbent spot (ELISpot) result 
from PBMCs stimulated with S subunit, S1 and S2, peptide pools shown 
for one patient before and after booster vaccination. Y axis indicates 
the number of SFCs per 106 PBMCs. (B) Per cent of patients without 
T before and after third vaccination with vector and mRNA vaccine. 
(C) Composite ELISpot results from 36 patients before and after the 
third vaccination with mRNA (n=16) and vector vaccine (n=20). Circles 
show sum of total response from S1 and S2 peptide pools. Vertical 
line shows median, whiskers IQR. Dotted lines represent the cut- off 
as defined by the mean SFC count plus three times the SD from pre- 
pandemic controls. (D) Humoral and cellular immune responses before 
and after the third vaccination. AB, antibody; IFN, interferon; PBMCs, 
peripheral blood mononuclear cells; SFCs, spot- forming cells; T, T cell 
response.

Figure 4 ORs of logistic regression assessing humoral and cellular 
immune responses. *All patients treated with vector vaccine developed 
a T cell response and all patients without T cell response were co- 
treated with csDMARDs, so consequently no OR could be calculated due 
to non- convergence of the respective models. csDMARDs, conventional 
synthetic disease- modifying antirheumatic drugs.
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Cas clinique #1

• Toujours pas de réponse anticorps.



Quelles sont les options?

• 1)
• 2)
• 3) 



Quelles sont les options?

• 1) Revacciner 4 ème dose
• 2) Substitution
• 3) Les 2?



Séroconversion après une 4ème dose

• Ajouter une 4eme dose 
améliore encre la réponse 
après la 3eme dose 
• Augmentation de 33% avant 

4eme à 58% après
• Sauf si rituximab entre les 2 

doses. 
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lower than in healthy individuals.14–19 Additionally, therapy with 
rituximab itself is associated with worse COVID- 19 outcomes, 
such as the requirement of invasive mechanical ventilation or 
mortality.20 Therefore, improving the level of protection against 
COVID- 19 in this patient population is of utmost importance. 
The American College of Rheumatology guidelines suggest 
discussing optimal timing of dosing and vaccination prior to 
rituximab treatment.21 The EULAR recommends that rituximab 
or any other B- cell- depleting therapy should be scheduled in a 
way to optimise vaccine immunogenicity.22 However, due to a 
lack of high- level evidence, no specific recommendations are 
given. Currently, no data are available for the immunogenicity or 
safety of a fourth vaccination or how the continuation of ritux-
imab therapy affects vaccine responses. We, therefore, investi-
gated the immunogenicity and safety of a fourth vaccine dose in 
rituximab- treated patients and analysed the effect of continued 
rituximab treatment on vaccine immunogenicity.

METHODS
Trial design and participants
In this prospective open- label extension study, rituximab- treated 
patients received a fourth dose (second booster) with an mRNA- 
based vaccine. In the main study, patients who did not serocon-
vert after primary vaccination with an mRNA- based vaccine 
had received their third vaccination with either an mRNA 
(BNT162b2, Pfizer–BioNTech or mRNA- 1273, Moderna) 
or a vector- based vaccine (ChAdOx1 nCoV- 19, Oxford- 
AstraZeneca).14 In the current trial, an mRNA- based vaccine 
was used as the fourth vaccination, in accordance with their 
primary vaccination (figure 1A). The most important exclusion 
criteria were previous COVID- 19 infection and known allergies 
to vaccine components. Medical history regarding SARS- CoV- 2 

infections was verified before enrolment. Details can be found 
in the supplementary study protocol. The trial was registered on 
Eudra- CT (Number 2021- 002348- 57).

Interventions
Patients included in the main trial14 were invited to a fourth 
vaccination 12 weeks after the third dose. At screening, concom-
itant medications, demographics and hypersensitivity reactions 
to previous SARS- CoV- 2 vaccines were recorded. The vacci-
nation was applied at the baseline visit. Immunogenicity and 
safety were assessed at week 1 and week 4 after vaccination. 
Serum samples obtained during screening visit, as well as visits 3 
DQG���ZHUH�VWRUHG�EHORZ�ï���&�DW�WKH�%LREDQN�RI�WKH�0HGLFDO�
University of Vienna, a centralised facility for the preparation 
and storage of biomaterial with certified quality management 
(certified according to International Organization for Standard-
ization (ISO) 9001:2015).23 Peripheral blood mononuclear cells 
(PBMCs) were isolated at screening and visit three by density 
gradient centrifugation and stored in the vapour phase of liquid 
nitrogen.

The vaccination compound was open label and selected 
according to the primary vaccination series. Vaccination with 
mRNA- 1273 was carried out using the full dose (100 µg).

Assessment
Study outcomes included seroconversion rates, SARS- CoV- 2 
antibody levels at week 4 (overall and stratified for patients with 
different numbers of peripheral B- cells) and cellular immune 
responses at week 1. T- lymphocyte restimulation potential to 
SARS- CoV- 2 antigens was assessed before and 1 week after the 
fourth vaccination. Laboratory assessors were blinded to patient 

Figure 1 Study flow diagram. (A) Indicating screening, randomisation and follow- up of patients and (B) summary of the trial design.
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(figure 3A). Patients with detectable antibody levels after three 

vaccinations who continued rituximab treatment (n=8) had 

lower antibody levels than those patients who postponed ritux-

imab treatment (n=4) (median 173 BAU/mL (quartiles: 64; 

300) vs 1880 BAU/mL (quartiles: 1311; 2449), respectively) 

(figure 3B), suggesting significant effects of rituximab treat-

ment on antibody production in patients who received a fourth 

vaccination.

Cellular immune response
SARS- CoV- 2- specific T- cell responses have been analysed over 

a period of 12 weeks before the fourth vaccination. The effect 

of a fourth vaccination was evaluated at week 1 (figure 4A). 

Overall, a decrease of the cellular immune response between 

week 1 (median 388 per 10
6
 SFC (quartiles: 45; 861)) and 

week 12 (median 38 per 10
6
 SFC (quartiles: 11; 110)) after 

third vaccination was observed. A fourth dose led to an only 

modest increase (median 56 per 10
6
 SFC (quartiles: 10; 533)) 

(figure 4B). However, when analysing patients who received a 

Figure 3 Humoral immune response in patients based on the time 
of last rituximab treatment. Antibodies to the receptor- binding domain 
of the viral spike (S) protein were determined using an anti- SARS- 
CoV- 2 immunoassay in patients who (A) did not seroconvert on three 
vaccinations (n=24) and (B) seroconverted patients (n=12). Colours 
indicate whether rituximab was applied between third and fourth 
vaccination. Log scale was used in (A). Wk: week.

Figure 4 SARS- CoV- 2- specific T- cell responses. (A) SARS- CoV- 2- 
specific T- cell responses were determined by ELISpot assay from 
peripheral blood mononuclear cells (PBMCs) stimulated with spike 
subunit S1 and S2 peptide pools one and 12 weeks after the third 
vaccination as well as 1 week after the fourth vaccination. (B) average 
of SFCs/106 PBMCs from S1 and S2 peptide pools are shown for three 
time points. Y- axis indicates the number of spot forming cells (SFCs) per 
106 PBMCs. data show the sum of average SFCs/106 PBMCs from S1 
and S2 peptide pools. (C) composite ELISpot results divided into patients 
who received a third vaccination with either an mRNA or vector- based 
vaccine. The median and IQR are shown.

Table 1 Baseline patients characteristics.
n 36

Age, years 62.1 (14.0)
Sex: female 25 (69.4%)
Diagnosis
  Rheumatoid arthritis 14 (38.9%)
  Connective tissue disease 12 (33.3%)
  IgG4- related disease 1 (2.8%)
  Multiple sclerosis 2 (5.6%)
  Vasculitis 7 (19.4%)
Patients with detectable B- cells 14 (38.9%)
Months between last RTX and fourth dose 7.4 (5.8)
Concomitant medication
  Any csDMARD 18 (50.0)
  Mycophenolate mofetil 4 (11.1)
  Leflunomide 3 (8.3)
  Hydroxychloroquine 1 (2.8)
  Methotrexate 6 (16.7)
  Azathioprine 5 (13.9)
  Immunoglobulin therapy 3 (8.3)
  Prednisone 10 (27.8)
Third vaccine dose
  ChAdOx1 nCoV- 19 18 (50.0%)
  BNT162b2 13 (36.1%)
  mRNA- 1273 5 (13.9%)
Patients with SARS- CoV- 2- S AB at screening 12 (33.3%)
Level of SARS- CoV- 2 -S AB at screening 0.4(0.4, 8.1)
Data are presented as n (%), mean±SD or median (quartiles), RTX, 
csDMARDs defined here as concomitant treatment with at least one of the 
following: methotrexate, mycophenolate mofetil, azathioprine, leflunomide, 
hydroxychloroquine—one patient had a combination of two csDMARDs, SARS- CoV- 
2- S AB: SARS- CoV- 2 spike antibody.
csDMARD, conventional synthetic disease- modifying antirheumatic drug; RTX, 
rituximab.

Figure 2 Humoral immune response to fourth COVID- 19 vaccination 
in rituximab- treated patients. Antibodies to the receptor- binding 
domain (RBD) of the viral spike (S) protein were determined using an 
anti- SARS- CoV- 2 immunoassay. (A) Fraction of seroconverted patients 
based on the presence of detectable anti- RBD antibodies (B) Anti- RBD 
antibody levels in patients at screening (n=36) and at week 4. (C) Anti- 
RBD antibodies grouped in patients according to the percentage of 
CD19+ peripheral B- cells. Median is shown, colour indicating detectable 
antibodies before a fourth dose. Wk: week.
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(figure 3A). Patients with detectable antibody levels after three 

vaccinations who continued rituximab treatment (n=8) had 

lower antibody levels than those patients who postponed ritux-

imab treatment (n=4) (median 173 BAU/mL (quartiles: 64; 

300) vs 1880 BAU/mL (quartiles: 1311; 2449), respectively) 

(figure 3B), suggesting significant effects of rituximab treat-

ment on antibody production in patients who received a fourth 

vaccination.

Cellular immune response
SARS- CoV- 2- specific T- cell responses have been analysed over 

a period of 12 weeks before the fourth vaccination. The effect 

of a fourth vaccination was evaluated at week 1 (figure 4A). 

Overall, a decrease of the cellular immune response between 

week 1 (median 388 per 10
6
 SFC (quartiles: 45; 861)) and 

week 12 (median 38 per 10
6
 SFC (quartiles: 11; 110)) after 

third vaccination was observed. A fourth dose led to an only 

modest increase (median 56 per 10
6
 SFC (quartiles: 10; 533)) 

(figure 4B). However, when analysing patients who received a 

Figure 3 Humoral immune response in patients based on the time 
of last rituximab treatment. Antibodies to the receptor- binding domain 
of the viral spike (S) protein were determined using an anti- SARS- 
CoV- 2 immunoassay in patients who (A) did not seroconvert on three 
vaccinations (n=24) and (B) seroconverted patients (n=12). Colours 
indicate whether rituximab was applied between third and fourth 
vaccination. Log scale was used in (A). Wk: week.

Figure 4 SARS- CoV- 2- specific T- cell responses. (A) SARS- CoV- 2- 
specific T- cell responses were determined by ELISpot assay from 
peripheral blood mononuclear cells (PBMCs) stimulated with spike 
subunit S1 and S2 peptide pools one and 12 weeks after the third 
vaccination as well as 1 week after the fourth vaccination. (B) average 
of SFCs/106 PBMCs from S1 and S2 peptide pools are shown for three 
time points. Y- axis indicates the number of spot forming cells (SFCs) per 
106 PBMCs. data show the sum of average SFCs/106 PBMCs from S1 
and S2 peptide pools. (C) composite ELISpot results divided into patients 
who received a third vaccination with either an mRNA or vector- based 
vaccine. The median and IQR are shown.

Table 1 Baseline patients characteristics.
n 36

Age, years 62.1 (14.0)
Sex: female 25 (69.4%)
Diagnosis
  Rheumatoid arthritis 14 (38.9%)
  Connective tissue disease 12 (33.3%)
  IgG4- related disease 1 (2.8%)
  Multiple sclerosis 2 (5.6%)
  Vasculitis 7 (19.4%)
Patients with detectable B- cells 14 (38.9%)
Months between last RTX and fourth dose 7.4 (5.8)
Concomitant medication
  Any csDMARD 18 (50.0)
  Mycophenolate mofetil 4 (11.1)
  Leflunomide 3 (8.3)
  Hydroxychloroquine 1 (2.8)
  Methotrexate 6 (16.7)
  Azathioprine 5 (13.9)
  Immunoglobulin therapy 3 (8.3)
  Prednisone 10 (27.8)
Third vaccine dose
  ChAdOx1 nCoV- 19 18 (50.0%)
  BNT162b2 13 (36.1%)
  mRNA- 1273 5 (13.9%)
Patients with SARS- CoV- 2- S AB at screening 12 (33.3%)
Level of SARS- CoV- 2 -S AB at screening 0.4(0.4, 8.1)
Data are presented as n (%), mean±SD or median (quartiles), RTX, 
csDMARDs defined here as concomitant treatment with at least one of the 
following: methotrexate, mycophenolate mofetil, azathioprine, leflunomide, 
hydroxychloroquine—one patient had a combination of two csDMARDs, SARS- CoV- 
2- S AB: SARS- CoV- 2 spike antibody.
csDMARD, conventional synthetic disease- modifying antirheumatic drug; RTX, 
rituximab.

Figure 2 Humoral immune response to fourth COVID- 19 vaccination 
in rituximab- treated patients. Antibodies to the receptor- binding 
domain (RBD) of the viral spike (S) protein were determined using an 
anti- SARS- CoV- 2 immunoassay. (A) Fraction of seroconverted patients 
based on the presence of detectable anti- RBD antibodies (B) Anti- RBD 
antibody levels in patients at screening (n=36) and at week 4. (C) Anti- 
RBD antibodies grouped in patients according to the percentage of 
CD19+ peripheral B- cells. Median is shown, colour indicating detectable 
antibodies before a fourth dose. Wk: week.
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(figure 3A). Patients with detectable antibody levels after three 

vaccinations who continued rituximab treatment (n=8) had 

lower antibody levels than those patients who postponed ritux-

imab treatment (n=4) (median 173 BAU/mL (quartiles: 64; 

300) vs 1880 BAU/mL (quartiles: 1311; 2449), respectively) 

(figure 3B), suggesting significant effects of rituximab treat-

ment on antibody production in patients who received a fourth 

vaccination.

Cellular immune response
SARS- CoV- 2- specific T- cell responses have been analysed over 

a period of 12 weeks before the fourth vaccination. The effect 

of a fourth vaccination was evaluated at week 1 (figure 4A). 

Overall, a decrease of the cellular immune response between 

week 1 (median 388 per 10
6
 SFC (quartiles: 45; 861)) and 

week 12 (median 38 per 10
6
 SFC (quartiles: 11; 110)) after 

third vaccination was observed. A fourth dose led to an only 

modest increase (median 56 per 10
6
 SFC (quartiles: 10; 533)) 

(figure 4B). However, when analysing patients who received a 

Figure 3 Humoral immune response in patients based on the time 
of last rituximab treatment. Antibodies to the receptor- binding domain 
of the viral spike (S) protein were determined using an anti- SARS- 
CoV- 2 immunoassay in patients who (A) did not seroconvert on three 
vaccinations (n=24) and (B) seroconverted patients (n=12). Colours 
indicate whether rituximab was applied between third and fourth 
vaccination. Log scale was used in (A). Wk: week.

Figure 4 SARS- CoV- 2- specific T- cell responses. (A) SARS- CoV- 2- 
specific T- cell responses were determined by ELISpot assay from 
peripheral blood mononuclear cells (PBMCs) stimulated with spike 
subunit S1 and S2 peptide pools one and 12 weeks after the third 
vaccination as well as 1 week after the fourth vaccination. (B) average 
of SFCs/106 PBMCs from S1 and S2 peptide pools are shown for three 
time points. Y- axis indicates the number of spot forming cells (SFCs) per 
106 PBMCs. data show the sum of average SFCs/106 PBMCs from S1 
and S2 peptide pools. (C) composite ELISpot results divided into patients 
who received a third vaccination with either an mRNA or vector- based 
vaccine. The median and IQR are shown.

Table 1 Baseline patients characteristics.
n 36

Age, years 62.1 (14.0)
Sex: female 25 (69.4%)
Diagnosis
  Rheumatoid arthritis 14 (38.9%)
  Connective tissue disease 12 (33.3%)
  IgG4- related disease 1 (2.8%)
  Multiple sclerosis 2 (5.6%)
  Vasculitis 7 (19.4%)
Patients with detectable B- cells 14 (38.9%)
Months between last RTX and fourth dose 7.4 (5.8)
Concomitant medication
  Any csDMARD 18 (50.0)
  Mycophenolate mofetil 4 (11.1)
  Leflunomide 3 (8.3)
  Hydroxychloroquine 1 (2.8)
  Methotrexate 6 (16.7)
  Azathioprine 5 (13.9)
  Immunoglobulin therapy 3 (8.3)
  Prednisone 10 (27.8)
Third vaccine dose
  ChAdOx1 nCoV- 19 18 (50.0%)
  BNT162b2 13 (36.1%)
  mRNA- 1273 5 (13.9%)
Patients with SARS- CoV- 2- S AB at screening 12 (33.3%)
Level of SARS- CoV- 2 -S AB at screening 0.4(0.4, 8.1)
Data are presented as n (%), mean±SD or median (quartiles), RTX, 
csDMARDs defined here as concomitant treatment with at least one of the 
following: methotrexate, mycophenolate mofetil, azathioprine, leflunomide, 
hydroxychloroquine—one patient had a combination of two csDMARDs, SARS- CoV- 
2- S AB: SARS- CoV- 2 spike antibody.
csDMARD, conventional synthetic disease- modifying antirheumatic drug; RTX, 
rituximab.

Figure 2 Humoral immune response to fourth COVID- 19 vaccination 
in rituximab- treated patients. Antibodies to the receptor- binding 
domain (RBD) of the viral spike (S) protein were determined using an 
anti- SARS- CoV- 2 immunoassay. (A) Fraction of seroconverted patients 
based on the presence of detectable anti- RBD antibodies (B) Anti- RBD 
antibody levels in patients at screening (n=36) and at week 4. (C) Anti- 
RBD antibodies grouped in patients according to the percentage of 
CD19+ peripheral B- cells. Median is shown, colour indicating detectable 
antibodies before a fourth dose. Wk: week.
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Séroconversion après une 4 ème dose

• Chez les patients toujours non répondeurs après 3 doses :
• Taux de réponse 57% (4/7)

Bitoun et al RMD open 2022



Focus Anticorps monoclonaux
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Appendix Table 1: Examples of Monoclonal Antibodies Currently or Previously Available  
for the Prevention or Treatment of COVID-19 

COVID-19 
Monoclonal Antibodies Route 

Pre-
Exposure 

Prophylaxis 
(PrEP) 

Post-Exposure 
Prophylaxis 

Treatment 
for active 
infection 

Evidence for 
effectiveness vs. 
Omicron variant EUA Status 

Tixagevimab + 
Cilgavimab (Evusheld)1 IM x 2 

doses ض Ø Ø ض 
Granted 12/8/21 

Dose revision 
2/24/22 

Bebtelovimab 
IV Ø Ø 

-non) ض
hospitalized 

patients) 
 ض

 
Granted 2/11/222 

Sotrovimab3 
IV Ø Ø ض Limited 

Granted 5/26/21 
Revoked 4/5/224 

Bamlanivimab + 
Etesevimab  IV Ø ض ض Ø 

Granted 2/9/21; 
revoked 1/24/224 

Casirivimab + 
Imdevimab (REGEN-
COV) 

IV or SC Ø ض ض Ø 
Granted 8/10/21; 
revoked 1/24/224 

EUA = Emergency Use Authorization from the U.S. Food and Drug Administration; IM = intramuscular; IV = intravenous; 
SC = subcutaneous 

 
(1) Prevention of COVID-19: Tixagevimab + Cilgavimab (Evusheld) is one example of a monoclonal available for pre-exposure 

prophylaxis (PrEP) against SARS-CoV-2 in a person who is moderately to severely immunocompromised and therefore 
may not mount an adequate immune response to COVID-19 vaccination (or for whom full vaccination is contraindicated). 
A large percentage of patients with rheumatologic conditions are unlikely to fully respond to COVID-19 vaccines due to 
immune suppressing medications, and PrEP offers such patients long-lasting preventive protection (6 months in the case 
of Tixagevimab + Cilgavimab) against SARS-CoV-2.  It is not necessary to time the administration of PrEP in relation to the 
timing of immunosuppressive medications, and none need be held or delayed with relation to PrEP administration. Based 
on the EUA revision in February of 2022, it is now given as 300 mg of tixagevimab and 300 mg of cilgavimab administered 
as two separate consecutive intramuscular (IM) injections. This revision was motivated by knowledge of the circulating 
strains in the U.S. and is subject to change. See https://www.fda.gov/media/154703/download 
 

(2) Coronavirus (COVID-19) Update: FDA Authorizes New Monoclonal Antibody for Treatment of COVID-19 that Retains 
Activity Against Omicron Variant. See https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-
update-fda-authorizes-new-monoclonal-antibody-treatment-covid-19-retains 
 

(3) Treatment of acute COVID-19: Sotrovimab is an example of a monoclonal antibody that is currently available for the 
treatment of outpatients with mild-to-moderate COVID-19 who have risk factors for progression to more severe disease.  
Such a medication is authorized for administration within 10 days of symptom onset, but it is most effective when given 
as soon as possible following diagnosis. 
 

(4) Revoked by FDA based on available information including suggesting that U.S. variant susceptibility is limited given 
current U.S. regional variant frequency, infection, and exposure. FDA updates Sotrovimab emergency use authorization. 
See https://www.fda.gov/drugs/drug-safety-and-availability/fda-updates-sotrovimab-emergency-use-authorization 
 

 
  



Risque d’infection chez patients RTX vaccinés

• 4,4% d’infection ( avant décembre 2021) 74/1696
• 91% après schéma vaccinal complet
• 39% hospitalisation 14,1% réanimation 8,1% décès 
• Pas d’association avec le nombre de doses

• Administration d’anticorps thérapeutiques (Casi/Inde)
• 1/21 hospitalisation 4,7%

Calabrese et al. A&R 2022



JAK inhibiteurs

• Diminution du taux de réponse particulièrement avec l’upadacitinib

Comment

www.thelancet.com/rheumatology   Vol 4   January 2022 e9

full vaccination scheme. A full vaccination scheme 
was defined as two dose of BNT162b2 (tozinameran; 
Pfizer–BioNTech), CX-024414 (elasomeran; Moderna) 
or ChAdOx1 nCoV-19 (AstraZeneca); one dose of 
Ad.26.COV2.S (Janssen); or previous SARS-CoV-2 
infection followed by one dose of any of those vaccines. 
Serological assessment for concentrations of IgG (or 
total) anti-spike antibodies was done at each centre 
using commercially available assays (appendix p 2). We 
used the cutoff value indicated in the manufacturers’ 
instructions to define response. To identify factors 
associated with non-response, we compared 
character istics of responders and non-responders 
using Fisher’s exact test for categorical variables and 
the Mann–Whitney U test and the Kruskall-Wallis 
test for variance on ranks for continuous variables. 
A two-sided p value of 0·05 or less was considered 
to be significant. Ethical approval for this study was 
granted by the local ethics committee (CPP Sud 
Méditerranée II, ID-RCB-2018-A02671-54). Patients 
gave written informed consent.

We included 113 patients from 13 centres in 
this analysis, for whom COVID-19 serology was 
done between March 16 and July 22, 2021. Of 
113 patients, 98 (87%) had rheumatoid arthritis 
and 15 (13%) had psoriatic arthritis. The mean age 
was 61·8 years (SD 12·5) and 81 (72%) patients were 
female and 32 (28%) were male. 56 (50%) were taking 
baricitinib, 30 (27%) were taking tofacitinib, and 
27 (24%) were taking upadacitinib (appendix pp 3–4). 
Except for two (2%) patients, JAK inhibitor treatment 
was not stopped before or after vaccination. Nine (8%) 
patients previously had a PCR-confirmed SARS-CoV-2 
infection: four (44%) of nine received one dose of 
vaccine, as recommended in France, and five (56%) re-
ceived two doses. In the 104 patients without previous 
SARS-CoV-2 infection, five (5%) re ceived a third dose 
of vaccine. Mean interval between the two doses (or 
the first two doses in those who received three) was 
4·5 weeks (SD 0·96) for BNT162b2 and CX-024414 
and 11·3 weeks (2·0) for ChAdOx1 nCoV-19. Sero logical 
assessment was done after a mean of 8·7 weeks (SD 5·2) 
after the last dose of vaccine.

The overall response rate (ie, the proportion of 
patients with detectable anti-spike antibodies per 
manufacturer’s cutoff values) was 88% (100 of 113). 
Non-responders were older than responders (p=0·020). 

The rate of non-response was higher with upadacitinib 
(seven [26%] of 27 patients) than with baricitinib 
(five [9%] of 56) or tofacitinib (one [3%] of 30), but 
mean age at the time of vaccination did not differ 
between upadacitinib and other JAK inhibitors 
(61·4 years [SD 11·5] vs 61·9 years [12·8]; p=0·51). All 
non-responders were aged 65 years or older, except for 
four of the seven non-responders receiving upadacitinib 
(figure). Antibody titres (measured by the ratio of anti-
spike titres to the threshold of positivity) were higher 
in patients treated with tofacitinib and baricitinib than 
in those treated with upadacitinib (figure). The interval 
between last vaccine dose and serological assessment 
was slightly longer in non-responders than in 
responders (11·3 weeks [SD 5·9] vs 8·3 [5·0]; p=0·099). 
No other parameters, including concomitant use of 
methotrexate, corticosteroids, dose of JAK inhibitor, 
disease activity, or type of vaccine were associated with 
non-response. Previous use of rituximab (18 [16%]) 
was not associated with non-response, although last 
rituximab injections occurred more than 6 months 
before vaccination (appendix p 3).

Methotrexate negatively affects response to influenza 
and pneumococcal vaccines,2,3 and so probably also 
negatively affects response to COVID-19 vaccines, but 
to a lesser extent than rituximab.1,5 Here, in combination 
with a JAK inhibitor, methotrexate did not affect 
serological responses. As in Boekel and colleagues’ 
study, we observed that older age was associated 
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Figure: Immune response to COVID-19 vaccination for patient treated with JAK inhibitor 
(A) Proportion of non-responders in each age group (≤54, 55–64, and ≥65 years) according to their JAK inhibitor. 
(B) Antibody titres (measured as ratio of antibody titre to assay’s positivity cutoff) for each patient according to 
JAK inhibitor. Solid horizontal bars show the median for each inhibitor group and the horizontal dashed line shows 
the threshold for positive response to the vaccines. Comparisons are based on Kruskall-Wallis analysis of variance 
on ranks (n=111, the antibody titres were not available for two patients, the result of the serology was only 
indicated as being positive or negative).

See Online for appendix

Seror et al Lancet Rheum 2021



Cas clinique #3

• Vous être en consultation avec Mme Y 55 ans  qui à une 
spondyloarthrie axiale et péripéhrique sous Adalimumab et 
méthotrexate
• Elle a eu 3 doses de vaccin COVID dont la dernière il y a plus de 6 

mois
• Elle rechigne à faire une 4 eme dose



Cas clinique #3

• Quels sont vos arguments pour la convaincre?
• A La réponse est plus faible chez les patients atteints de MAI
• B La réponse dure aussi longtemps dans les MAI
• C La réponse neutralisante dure moins longtemps
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Durée de la réponse vaccinale

• Perte de la protection début à 30 semaines (7 mois)
• Simon et al  Lancet Rheum 2022



Sa maladie

• d

• Simon et al  Lancet Rheum 2022



Son traitement
Tous ont un effet

Jak i
Calcineurine i

MTX AZA LEF 
MMF CYC



Réponse anticorps par maladie au cours du 
temps.

• Ajusté pour le sexe et l’age

Articles

www.thelancet.com/rheumatology   Vol 4   September 2022 e621

doses of more than 1500 mg per day had slightly lower 
antibody responses than those receiving less than 1500 mg 
per day (appendix p 12). All pairwise differences between 
treatment types are presented in the appendix (pp 8–9).

At week 40, the marginal mean antibody titres in 
healthy controls were significantly higher compared with 
conventional immune modulators, cytokine inhibitors, 
and B-cell and T-cell inhibitors. Adjusted absolute mean 
differences ranged between 1·36 (95% CI 0·05–2·67) for 
conventional immune modulators and 2·32 (0·50–4·13) 
for T-cell inhibitors. Other pairwise comparisons between 
healthy controls and immune-mediated inflammatory 
disease treatment groups were not significant. Among 
the immune-mediated inflammatory disease treatment 
groups, untreated participants showed higher mean 
antibody titres compared with cytokine inhibitors 
(absolute mean difference 2·48; 0·01–4·94), B-cell 
inhibitors (absolute mean difference 3·01; 0·19–5·82) 
and T-cell inhibitors (3·05; 0·15–5·95). Although the 
responses in participants taking T-cell and B-cell 
inhibitors were low throughout the observation period, 
the responses in participants taking cytokine inhibitors 
were gradually lost over time.

When combination treatment status was added to the 
model, monotherapy with cytokine inhibitors, T-cell 
inhibitors, and conventional immune modulators was 
associated with higher mean antibody titres compared 
with combination therapy. This finding was most clearly 
observed with cytokine inhibitors, early in the time course 
after vaccination and up to 30 weeks (appendix p 13).

We also analysed the differences in vaccination responses 
between the type of vaccination classified as homologous 
mRNA, homologous vector, and heterologous vaccinations. 
Although heterologous vaccinations and homologous 
mRNA vaccinations showed similar patterns with better 
results in healthy controls than in participants with 
immune-mediated inflammatory diseases, homologous 
vector immunisations yielded overall lower IgG responses 
than the two other vaccination types. Again, however, 
healthy controls showed better responses than participants 
with immune-mediated inflammatory diseases (appendix 
p 14). In addition, we performed sensitivity analyses by 
excluding 277 participants who had a positive PCR test for 
SARS-CoV-2. No differences in the results were observed 
when PCR-positive patients were excluded from the 
analysis (appendix p 15).

Rheumatoid arthritis Vasculitis Other diagnoses

Spondyloarthritis Inflammatory bowel diseases Systemic autoimmune diseases

Healthy controls Psoriasis Polymyalgia rheumatica
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Figure 2: Age-adjusted and sex-adjusted estimated marginal mean anti-spike IgG titres at 8–40 weeks after first vaccination by immune-mediated 
inflammatory disease diagnosis
The bands represent the 95% CIs. The panels are ordered by peak mean value from highest to lowest. The dashed lines mark negative (0·8) and borderline (1·1) optical 
density ratio thresholds.



Le risque de poussée

• Machado et al  ARD EULAR COVAX 2022

702 Machado PM, et al. Ann Rheum Dis 2022;81:695–709. doi:10.1136/annrheumdis-2021-221490

Epidemiology

(12%) and Moderna (11%) cases had fever following vaccina-

tion (in comparison with 6% with other vaccines).

Forty- one per cent of connective tissue disease cases reported 

AEs, compared with 37% of inflammatory joint disease and 30% 

of vasculitis cases (table 4). When I- RMD cases were stratified 

by medication group (table 5), all groups reported similar AE 

percentages, expect for patients on other csDMARDs (42% vs 

33%–35%).

In the NI- RMD group (online supplemental table 2), the 

prevalence of AEs was more variable across vaccine types, with 

Table 4 Flares and AEs stratified by inflammatory RMD disease group
Inflammatory joint 
diseases (n=2977)

Connective tissue 
diseases (n=928)

Vasculitis 
(n=593)

Flare following vaccination Yes 151 (5) 29 (3) 19 (3)
No 2260 (76) 784 (85) 561 (95)
Unknown/missing 566 (19) 115 (12) 13 (2)

Severity of flare Mild/minor 51 (2) 13 (1) 5 (1)
Moderate 77 (3) 12 (1) 8 (1)
Severe/major without hospitalisation 15 (1) 1 (<1) 3 (1)
Severe/major with hospitalisation 1 (<1) 2 (<1) 3 (1)
Unknown/missing 7 (<1) 1 (<1)
New medication or dosage increase due to flare 44 (1) 10 (1) 11 (2)

Vaccine- related AEs Yes 1092 (37) 382 (41) 175 (30)
No 1885 (63) 546 (59) 418 (70)

AE severity (only collected for AEs 
of special interest)

Non- serious 55 (2) 21 (2) 13 (2)
Severe – important medical event 4 (1) 4 (1)
Severe – hospitalisation (or prolongation of existing 
hospitalisation)

4 (1) 2 (<1)

Severe – life threatening 2 (<1) 1 (<1)
Unknown/missing 2 (<1)

All values are n (%) unless stated otherwise.
AEs, adverse events; RMD, rheumatic and musculoskeletal disease.

Table 5 Flares and adverse events in patients with inflammatory RMDs, stratified by medication

MTX mono/
combi (no 
biologicals or 
tsDMARDs) 
(n=895)

Other 
csDMARD 
mono/
combi (no 
biologicals or 
tsDMARDs) 
(n=657)

TNF mono/
combi 
(n=1173)

RTX 
mono/
combi 
(n=260)

Other 
biologics 
mono/
combi 
(n=511)

tsDMARD 
mono/
combi 
(n=175)

Immunosuppressants 
mono/combi (no biologics 
or tsDMARDs) (n=995)

Flare following 
vaccination

Yes 32 (4) 31 (5) 65 (6) 7 (3) 27 (5) 8 (5) 27 (3)
No 765 (85) 520 (79) 799 (68) 204 (78) 415 (81) 150 (86) 870 (87)
Unknown/missing 98 (11) 106 (16) 309 (26) 49 (19) 69 (14) 17 (10) 98 (10)

Severity of flare Mild/minor 13 (1) 14 (2) 19 (2) 3 (1) 6 (1) 4 (2) 11 (1)
Moderate 14 (2) 11 (2) 39 (3) 1 (<1) 17 (3) 3 (2) 8 (1)
Severe/major without 
hospitalisation

1 (<1) 3 (<1) 4 (<1) 1 (<1) 1 (<1) 2 (<1)

Severe/major with hospitalisation 2 (<1) 2 (<1) 1 (<1) 6 (<1)
Unknown/missing 2 (<1) 1 (<1) 3 (<1) 1 (<1) 3 (1) 1 (1)
New medication or dosage increase 
due to flare

12 (1) 11 (2) 16 (1) 1 (<1) 8 (2) 15 (2)

Vaccine- related 
AEs

Yes 314 (35) 276 (42) 412 (35) 87 (33) 172 (34) 61 (35) 352 (35)
No 581 (65) 381 (58) 761 (65) 173 (67) 339 (66) 114 (65) 643 (65)

AE severity (only 
collected for AEs 
of special interest)

Non- serious 12 (1) 16 (2) 13 (1) 2 (1) 17 (3) 3 (2) 19 (2)
Severe – Important medical event 1 (<1) 3 (<1) 1 (<1) 1 (<1) 3 (2) 4 (<1)
Severe - Hospitalisation (or 
prolongation of existing 
hospitalisation)

1 (<1) 1 (<1) 1 (<1) 1 (1) 2 (<1)

Severe - Life- threatening 1 (<1) 1 (<1) 1 (<1) 1 (<1)
Missing 1 (<1) 2 (<1)

All values are N (%) unless stated otherwise. 

AEs, adverse events; combi, combination therapy; csDMARDs, conventional synthetic disease- modifying antirheumatic drugs; mono, monotherapy; MTX, methotrexate; RMD, 
rheumatic and musculoskeletal disease; RTX, rituximab; TNF, tumour necrosis factor; tsDMARD, targeted synthetic disease- modifying antirheumatic drug.

by copyright.
 on Septem

ber 19, 2022 at IN
SER

M
 C

onsortia. Protected
http://ard.bm

j.com
/

Ann R
heum

 D
is: first published as 10.1136/annrheum

dis-2021-221490 on 31 D
ecem

ber 2021. D
ow

nloaded from
 



Cas clinique #3

• Que lui proposez vous concernant ces traitements et la vaccination?
• A Arret du methotrexate 2 semaine avant l’injection
• B Arret du methotrexate 2 semaine après l’injection
• C Arret de l’anti TNF 2 semaine avant l’injection
• D Arret de l’anti TNF 2 semaine après l’injection
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Rôle du méthotrexate Réponse anticorps
• Diminution de la 

séroconversion

1332 Furer V, et al. Ann Rheum Dis 2021;80:1330–1338. doi:10.1136/annrheumdis-2021-220647

Epidemiology

Patients were instructed to continue all medications during 
the vaccination period, except for rituximab treatment that was 
delayed after the vaccination in certain cases on a physician’s 
discretion.

The control group included a sample of the general population, 
consisting mainly of healthcare personnel. Exclusion criteria for 
all groups were pregnancy, history of past vaccination allergy, 
and previous COVID-19 infection and for controls—history of 
AIIRD and immunosuppressive treatment.

Vaccination procedure
All study participants were administered the two- dose regimen 
BNT162b2 mRNA vaccine (Pfizer- BioNTech), 30 µg per dose, 
by intramuscular injection in the deltoid muscle 3 weeks apart, 
as indicated by the national guidelines.

Immunogenicity of the vaccine
The vaccine immunogenicity was evaluated by measuring the 
serum IgG neutralising antibody levels against SARS- CoV-2 
trimeric spike S1/S2 glycoproteins, using the LIAISON (DiaSorin) 
quantitative assay, performed 2–6 weeks after the second vaccine 
dose. This Food and Drug Administration- authorised assay has 
D�FOLQLFDO�VHQVLWLYLW\�DQG�VSHFLILFLW\�DERYH�����14 A value above 
15 binding antibody units (BAU) was considered as positive, 
according to the manufacturer’s instruction.

Efficacy of the vaccine
The participants were questioned whether they contracted 
COVID-19 infection, confirmed by PCR, following each vaccine 
dose. In addition, up to the data cut- off, the patient files were 
reviewed for evidence of COVID-19 infection.

Safety of the vaccine
The participants were contacted by phone within 2 weeks after 
the first vaccine dose and within 2–6 weeks after the second 
vaccine dose to complete a questionnaire regarding adverse 
events.

Clinical assessment of AIIRD
Medical history and the use of medications were recorded. Data 
regarding disease activity before vaccination were retrieved 
from patients’ medical records, within up to 3 months before 
vaccination. Postvaccination disease activity was assessed by 
an in- person clinical examination within 2–6 weeks after the 
second vaccine dose. The following disease activity indices were 
included: Clinical Disease Activity Index, Simplified Disease 
$FWLYLW\�,QGH[��'$6�����&53�IRU�5$��'LVHDVH�$FWLYLW\�LQ�3VRULDWLF�
Arthritis, Leeds Enthesitis and Dactylitis Index, Psoriasis Area 
Severity Index for PsA, Bath Ankylosing Spondylitis Disease 
Activity Index and Ankylosing Spondylitis Disease Activity 
Score for axSpA, Systemic Lupus Disease Activity Index for SLE, 
and patients’ and physician’s global assessment, using a visual 
analogue scale of 0–10 mm, for vasculitis and inflammatory 
myositis.

Patient and public involvement
The research question and outcome measures of this study were 
developed in collaboration with the representatives of patients 
with AIIRD based on a shared priority to investigate the efficacy 
and safety of the novel mRNA BNT162b2 vaccine. Patients with 
AIIRD under the care of the medical centres conducting the trial 
were actively informed regarding the study and offered to partic-
ipate. In view of the ongoing COVID-19 pandemic and related 

Table 3 Immunogenicity of the BNT162b2 messenger RNA vaccine 
in patients with AIIRD and controls

Study participants, n
Seropositivity rate,
n (% of total)

Serum anti- S1/
S2 IgG titre, 
mean±SD, BAU/mL

Controls, n=121 121 (100) 218.6±82.06
Patients with AIIRD, n=686 590 (86.0)* 132.9±91.7*
RA, n=263 216 (82.1) 108.7±84.7
PsA, n=165 160 (96.9) 162.0±71.7
AxSpA, n=68 67 (98.5) 173.1±90.1
SLE, n=101 93 (92.1) 161.9±105.2
IIM, n=19 7 (36.8) 42.9±62.6
LVV, n=21 20 (95.2) 143.3±84.6
AAV, n=26 8 (30.8) 40.3±73.2
Other vasculitis, n=23 19 (86.6) 122.7±87.9
*p<0.0001.
AAV, antineutrophil cytoplasmic antibody (ANCA)- associated vasculitis; AIIRD, 
autoimmune inflammatory rheumatic diseases; AxSpA, axial spondyloarthritis; BAU, 
binding antibody units; IIM, idiopathic inflammatory myositis; LVV, large vessel 
vasculitis; PsA, psoriatic arthritis; RA, rheumatoid arthritis; SLE, systemic lupus 
erythematosus.

Table 4 Immunogenicity of the BNT162b2 messenger RNA vaccine 
according to the use of immunosuppressive treatments in comparison 
with controls
Immunosuppressive treatments, n Seropositivity rate, n (%) P value

GC, n=130 86 (66) <0.0001
GC monotherapy, n=13 10 (77) <0.0001
MTX, n=176 148 (84) <0.0001
MTX monotherapy, n=41 38 (92) 0.02
HCQ, n=133 120 (90) 0.001
HCQ monotherapy, n=50 49 (98) 0.65
LEF, n=28 25 (89) 0.004
LEF monotherapy, n=11 11 (100) NA
TNFi, n=172 167 (97) 0.15
TNFi monotherapy, n=121 119 (98) 0.48
TNFi +MTX, n=29 27 (93) 0.04
IL6i, n=37 37 (100) NA
IL6i monotherapy, n=19 19 (100) NA
IL6i+MTX, n=7 7 (100) NA
Anti- CD20, n=87 36 (41) <0.0001
Anti- CD20 monotherapy, n=28 11 (39) <0.0001
Rituximab+MTX, n=14 5 (36) <0.0001
IL17i, n=48 47 (98) 0.63
IL17i monotherapy, n=37 37 (100) NA
IL17i+MTX, n=7 6 (85) 0.05
Abatacept, n=16 10 (62) <0.0001
Abatacept monotherapy, n=7 5 (71) <0.0001
Abatacept+MTX, n=5 2 (40) <0.0001
JAKi monotherapy, n=21 19 (90) 0.02
JAK+MTX, n=24 22 (92) 0.03
Belimumab, n=9 7 (77) 0.0001
MMF, n=28 18 (64) <0.0001
anti- CD20, CD20 inhibitors; GC, glucocorticoids; HCQ, hydroxychloroquine; IL6i, 
interleukin 6 inhibitors; IL17i, interleukin 17 inhibitors; JAKi, Janus kinase inhibitors; 
LEF, leflunomide; MMF, mycophenolate mofetil; MTX, methotrexate; TNFi, tumour 
necrosis factor inhibitors.
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DISCUSSION
Here, we report BNT162b2 antibody response measured both 
with anti- RBD antibody levels and neutralisation activity in a 
cohort of 126 French patients with SLE, with both active and 
inactive disease. To our knowledge, this is the first evaluation of 
BNT162b2- induced T cell and neutralisation responses against 
VOCs in a cohort of patients with SLE.

Global acceptance of BNT162b2 vaccine was 80.5%, in line 
with previous studies.33 Most patients with SLE were followed 
up for a long time before vaccination in our centre and vaccine 
was proposed by their treating physician. Interestingly, 18 (10%) 
patients who first refused vaccination finally agreed to be vacci-
nated after a reflection time, a finding that is often lacking in 
COVID- 19 vaccine acceptance studies. Tolerance of BNT162b2 
vaccine was also good with a majority of local reactions and few 
systemic reactions.

SLE activity at time of vaccination, assessed either with the 
BILAG or the SLEDAI scores, neither reduced vaccine efficacy 
nor increased the risk of subsequent SLE flares or vaccine side 
effects. Consistent with this finding, previous meta- analysis 
of seasonal influenza and pneumococcal vaccinations in SLE 
demonstrated that immunisation had no significant effect on the 
SLE activity measured with SLEDAI score.34 Our results support 
the recommendation not to defer mRNA vaccination in patients 
with active SLE.1

One should note, however, that patients with active SLE 
would subsequently receive treatments that could blunt 
BNT162b2 antibody response. Indeed, MMF profoundly 
lowers BNT162b2 antibody response as previously reported 
in transplant recipients35 and patients with RMDs.5 MTX, a 
drug that is widely used for SLE, decreases Covid- vaccine anti-
body response in a similar extent to MMF. Our results confirm 
recent studies5 36 showing that MTX hampers immunogenicity 
to BNT162b2 mRNA COVID- 19 vaccine in immune- mediated 
inflammatory diseases. However, since these two studies mixed 
different RMDs, the impact of these two drugs on BNT162b2 
mRNA antibody response was assessed without adjusting with 
specific SLE parameters that could also affect BNT162b2 anti-
body response (disease activity, IFN-α levels). Reduced humoral 
responses to both seasonal influenza and pneumococcal vaccines 
with MTX in patients with rheumatoid arthritis (RA) have been 
previously reported37 38 while transitory MTX discontinuation 
improves the immunogenicity of seasonal influenza vaccination 
in patients with RA.39–42 Based on these trials, the ACR recom-
mended that vaccination should be performed at least seven days 
after MTX treatment,1 but the evidence supporting this recom-
mendation is unclear and was counterbalanced by the potential 
for RA flare associated with withholding MTX for a too long 
period, a recommendation that could not be extrapolated to 
SLE.

Figure 3 Vaccine- induced neutralising potency. (A) Comparison of serum anti- RBD IgG levels measured by photonic ring immunoassay with 
neutralising capacity against D614G SARS- CoV- 2 (n=126). Spearman coefficient (r) and p value (p) are indicated. (B) Serum neutralising activities 
against D614G SARS- CoV- 2 measured as inhibitory dilution 50 (ID50) in 126 serum samples at D42. Methotrexate (MTX)- treated and mycophenolate 
mofetil (MMF)- treated patients are colour coded (blue and red, respectively). Patients receiving other treatments are indicated in black. The boxplots 
show medians (middle line) and first and third quartiles, while the whiskers indicate minimal and maximal values. P value was calculated using 
Kruskal- Wallis test (*p<0.05). (C) Comparison of serum neutralising activities measured as ID50 against D614G SARS- CoV- 2 in patients with systemic 
lupus erythematosus (SLE) with baseline low (grey, n=19) or high (black, n=40) naïve B cell frequency (arbitrary cut- off=42% of total B cells). Naïve B 
cells (N) are defined as CD27- Ig+ B cells, switched memory B cells (S) as CD27 +IgD-, marginal zone B cells (M) as CD27 +IgD+ and double negative 
B cells (DN) as CD27- IgD-. The boxplots show medians (middle line) and first and third quartiles, while the whiskers indicate minimal and maximal 
values. P value was calculated using Mann- Whitney test (*p<0.05). (D) Serum neutralising activities against D614G SARS- CoV- 2 measured as ID50 
in 59 patients with SLE classified according to their naïve B cell counts. Q1, Q2, Q3 and Q4 defined the naïve B cell count quartiles. P value was 
calculated using Kruskal- Wallis test (*p<0.05; ***p<0.001). (E) Serum neutralising activities against indicated SARS- CoV- 2 variants B.1.1.7 (Alpha), 
B.1.617.1 (Kappa), B.1.617.2 (Delta), B.1.617.3, B.1.28 (Gamma) and B.1.351 (Beta) measured as ID50 in 46 serum samples at D42. The boxplots show 
medians (middle line) and first and third quartiles, while the whiskers indicate minimal and maximal values. P value was calculated using Kruskal- 
Wallis test (**p<0.01; ***p<0.001; ****p<0.0001). (F) Positive rates of serum neutralising activity against SARS- CoV- 2 variants in 46 SLE samples 
at day 42. Patients were defined as ‘neutralisers’ (black) or ‘non- neutralisers’ (grey) according to the presence of neutralising activity at first serum 
dilution (1/30), or not. IgG, immunoglobulin G; RBD, receptor binding domain.
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Sera from convalescent and vaccinated individuals neutralise 
less efficiently the Delta variant than the Alpha.11 However, this 
was studied in the general population and assessing the sensi-
tivity of the Delta variant to antibody neutralisation in immuno-
comprised populations is thus necessary.

In this study, we focused on patients with systemic inflamma-
tory diseases that were receiving rituximab, methotrexate and/

or other immunosuppressive drugs, and provided important 
data regarding sensitivity to Delta variant according to the treat-
ments used. We analysed patients after the first and the second 
doses of the BNT162b2 vaccine. We report a delayed and lower 
induction of anti- spike IgG compared with controls, much more 
pronounced with rituximab. While two doses of BNT162b2 
generated a neutralising response against Alpha and Delta 

Figure 3 Cellular immune response to SARS- CoV- 2 after BNT162b2 vaccine. (A) Quantification of SARS- CoV- 2- specific T- cell responses using ELISpot 
at M3 in the indicated groups. Results were expressed as spot forming unit (SFU)/106 CD3+ T cells after subtraction of background values from wells 
with non- stimulated cells, in a log scale. Negative controls were PBMC in the culture medium. Positive controls were PHA- P and CEFX Ultra SuperStim 
Pool. SARS- Cov- 2 peptide pools tested were derived from a peptide scan through SARS- CoV- 2 Spike glycoprotein (left S1, N- terminal fragment, right: 
S2, C- terminal fragment). P values were determined with two- sided Kruskal- Wallis test with Dunn’s test for multiple comparisons were performed. 
*p<0.05; **p<0.01; ***p<0.001. (B) Kinetic of specific T- cell responses against the SARS- CoV- 2 S1 peptide before the first dose (M0), before the 
second dose (M1) and after full vaccination at 3 months (M3) according to the treatments received. Data indicate median. Each dot represents a 
single patient. CTL, controls; MTX, methotrexate; RTX, rituximab; IS, immunosuppressive.
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the pre-specified Haybittle-Peto stopping boundary 
(p≤0·0001 for the primary endpoint) and enrolment of a 
representative study population and sufficient participant 
recruitment into prognostic subgroups, the independent 
Data Monitoring and Trial Steering Committees 
recommended to stop recruitment and complete the 
follow-up of existing participants. Thus, the study 
stopped recruiting on March 8, 2022. In this Article, we 
present the results of the analyses of the primary 
outcome and key secondary outcomes, including 12-week 
S1-RBD antibody responses and disease outcomes of 
those included in the interim analysis. Data on 
neutralising antibodies and methotrexate bioassay will 
be published after the ongoing laboratory analyses are 
completed. Data were analysed using Stata 17.0. This trial 
is registered with ISRCT, ISRCTN11442263.

Role of the funding source 
The funder of the study had no role in study design, 
data collection, data analysis, data interpretation, 
writing of the report, or the decision to submit for 
publication.

Results 
Between Sept 30, 2021 and March 3, 2022, we recruited 
340 participants, of whom 254 were included in the 
interim analysis and randomly assigned to one of the 
two groups: 127 in the continue methotrexate group and 
127 in the suspend methotrexate group (figure 1). Three 
participants in the suspend methotrexate group and 
one participant in the continue methotrexate group 
withdrew consent before their 4-week visit (appendix 
p 2). The baseline characteristics of participants were 
well balanced between the groups (table 1). The cohort 
mean age was 59·1 years and mean body-mass index was 
29·6 kg/m². 155 (61%) participants were female, 
130 (51%) had rheumatoid arthritis, 86 (34%) had 
psoriasis with or without arthritis, and 51 (20%) had a 
skin condition alone. The median methotrexate dose was 
20 mg/week. 239 (94%) received an mRNA vaccine for 
their booster, after a mean of 192·7 days from the second 
dose of the primary vaccination.

Adherence to the trial regimen was high, with 123 (97%) 
self-reported compliance in the suspend methotrexate 
group and 122 (96%) in the continue methotrexate group. 

Continue methotrexate (n=127) Suspend methotrexate (n=127) Mixed-effects model

Anti-S1-RBD titres, U/mL

Absolute titres (mean [SD])

Baseline 3448 (11649; n=125) 4011 (18 325; n=124) ··

4 weeks 17 682 (20 872; n=126) 34 556 (38 323; n=124) ··

12 weeks 14 060 (14 698; n=124) 27 407 (35 665; n=117) ··

Log10 values, U/mL (geometric mean titre [95% CI])

Baseline 546 (394 to 757; n=125) 530 (385 to 729; n=124) ··

4 weeks 10 798 (8970 to 12 997; n=126) 22 750 (19 314 to 26 796; n=124) GMR 2·19 (95% CI 1·57 to 3·04; p<0·0001)*

12 weeks 8094 (6587 to 9946; n=124) 16 520 (13 787 to 19 794; n=117) GMR 2·11 (95% CI 1·51 to 2·94; p<0·0001)*

EQ-5D-5L utility (mean [SD])

Baseline 0·81 (0·17; n=127) 0·77 (0·20; n=126) ··

4 weeks 0·79 (0·17; n=124) 0·75 (0·20; n=122) Mean difference –0·006 (95% CI –0·039 to 028)

12 weeks 0·78 (0·19; n=125) 0·75 (0·21; n=120) Mean difference –0·005 (95% CI –0·038 to 0·029)

EQ-VAS (mean [SD])

Baseline 79·3 (16·5; n=127) 77·4 (16·1; n=127) ··

4 weeks 79·0 (14·1; n=124) 73·8 (19·3; n=122) Mean difference –4·26 (95% CI –8·10 to –0·42)

12 weeks 75·6 (18·5; n=125) 71·2 (20·5; n=119) Mean difference –4·08 (95% CI –7·93 to –0·24)

Disease impact (general health; mean [SD])

Baseline 8·00 (1·91; n=127) 7·38 (2·01; n=127) ··

2 weeks 7·37 (1·78; n=123) 6·97 (2·00; n=124) Mean difference 0·06 (95% CI –0·40 to 0·52)

4 weeks 7·61 (1·90; n=120) 6·97 (2·11; n=118) Mean difference –0·17 (95% CI –0·63 to 0·29)

12 weeks 7·33 (2·02; n=124) 6·93 (2·10; n=120) Mean difference 0·09 (95% CI –0·36 to 0·55)

Experienced ≥1 flare-up

0–4 weeks 38/124 (31%) 69/123 (56%) OR 3·10 (95% CI 1·78 to 5·40)†

0–12 weeks 56/125 (45%) 85/120 (71%) OR 2·83 (95% CI 1·64 to 4·88)†

Logistic regression models at 4 and 12 weeks were adjusted by baseline value, randomisation factors (ie, age, inflammatory condition, vaccine platform), previous infection, 
and booster platform. Mixed-effects model were adjusted by baseline value, randomisation factors (ie, age, inflammatory condition, vaccine platform), previous infection, 
and booster platform (main analysis), and include a treatment-by-time interaction. Missing information on booster vaccine received by three participants means total 
numbers in the model are lower at 4 weeks. GMR=geometric mean ratio. OR=odds ratio. S1-RBD=S1 subunit of spike protein in receptor-binding domain. *Main analysis. 
†Calculated using a logistic regression model; a flare-up was counted if it was reported at either 4 or 12 weeks for the 0–12 weeks outcome.

Table 2: Key primary and secondary outcomes at week 4 and 12
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One participant in each of the trial groups was partially 
compliant with trial allocation (taking one weekly dose 
during the 2-week period) and compliance data were 
missing for seven participants (appendix p 2). Participants 
were not excluded from the main analysis for non-
compliance. Six participants had one protocol deviation 
each in terms of attending study visits outside the 
planned window for week 4 or week 12, or both (figure 1; 
appendix p 1).

The S1-RBD antibody response was higher in the 
suspend methotrexate group than in the continue 
methotrexate group at week 4 (geometric mean titre 
[GMT] 22 750 U/mL [95% CI 19 314–26 796] vs 10 798 U/mL 
[8970–12 997]). In a mixed-effect model adjusted 
for baseline value, randomisation factors, previous 
SARS-CoV-2 infection, and booster vaccine platform 
used, the GMR of S1-RBD antibody responses between 
the two groups was 2·19 (95% CI 1·57–3·04; p<0·0001; 
table 2). Sensitivity analyses and pre-planned exploratory 
subgroup analyses (figure 2; appendix pp 3–7) revealed 
consistent treatment effects in the per-protocol 
population, with modification to variable adjustment, 
and across methotrexate dose, administration route, 
rheumatic and skin disease, age, primary vaccination 
platform, and previous SARS-CoV-2 infection status.

S1-RBD antibody titres remained significantly higher 
in the suspend methotrexate group than in the continue 
methotrexate group at week 12 (GMT 16 520 U/mL 
[95% CI 13 787–19 794] vs 8094 U/mL [6587–9946]; 
table 2). In a mixed-effect model, the GMR for S1-RBD 
antibody response between the two groups was 2·11 
(95% CI 1·51–2·94; p<0·0001). At week 12, subgroup 
results were similar except for methotrexate dose 
(figure 3; appendix pp 4–7), which indicated a differential 

treatment effect (interaction GMR effect 1·85 
[1·12–3·04]).

Self-reported general health due to disease and 
EQ-5D-5L utility values were similar between the 
two groups at all timepoints with no significant 
differences (table 2). Self-reported disease activity and 
disease control since vaccination were significantly worse 
at 4 weeks in the suspend methotrexate group than in the 
continue methotrexate group but were similar in the two 
groups by week 12 (appendix pp 8–9). EQ-VAS scores 
were slightly lower in the suspend methotrexate group 
than in the continue methotrexate group.

Significantly more participants self-reported at least 
one disease flare in the suspend methotrexate group 
than in the continue methotrexate group over the 12-week 
follow-up period (85 [71%] of 120 vs 56 [45%] of 125; odds 
ratio 2·83 [95% CI 1·64–4·88]). The number of 
participants that self-reported at least one disease flare 
was higher in the suspend methotrexate group than in 
the continue methotrexate group between weeks 0 to 4 
(69 [56%] of 123 vs 38 [31%] of 124) and between weeks 5 
to 12 (68 [57%] of 120 vs 46 [37%] of 125). Most flares were 
self-managed with only a small proportion of participants 
(17 [14%] in the suspend methotrexate group vs 14 [11%] 
in the continue methotrexate group) seeking medical or 
specialist-nurse help for flare management over the 
12 weeks (appendix 10–12). In addition, over the 12 weeks, 
a similar number of participants in the two groups self-
reported using non-steroidal anti-inflam matory drugs or 
analgesics for managing disease flare-ups (60 [50%] in 
the suspend methotrexate group vs 58 [46%] in the 
continue methotrexate group). However, more 
participants who suspended methotrexate self-reported 
using glucocorticoids (21 [18%] vs 15 [12%]) and topical 

Figure 2: Treatment effects (geometric mean ratio) for different subgroups at 4 weeks
Vertical black line indicates no effect. Dotted grey line indicates the overall effect.

Label Effect (95% CI)N

Methotrexate dose
Methotrexate dose
Methotrexate route of administration
Methotrexate route of administration
Disease type
Disease type
Age group
Age group
Age group
Previous SARS-CoV-2 infection
Previous SARS-CoV-2 infection
Primary COVID-19 vaccine type
Primary COVID-19 vaccine type
COVID-19 booster brand
COVID-19 booster brand
COVID-19 booster brand
Overall

≤15 mg/week
>15 mg/week
Oral
Subcutaneous injection
Rheumatic (± skin) disease
Skin disease alone
<40 years
40–64 years
≥65 years
No
Yes
AZD1222
mRNA (BNT162b2 or mRNA-1273)
BNT162b2
AZD1222
mRNA-1273

103
147
151
 99
 199
 51
 16
 142
 92
 207
 42
 165
 83
206
 10
 31
 250

1·67 (1·20–2·31)
2·54 (1·94–3·33)
2·15 (1·65–2·82)
2·09 (1·50–2·93)
2·14 (1·69–2·70)
2·10 (1·32–3·33)
1·83 (0·78–4·33)
2·09 (1·58–2·76)
2·26 (1·60–3·19)
2·04 (1·62–2·56)
2·64 (1·58–4·41)
2·42 (1·87–3·12)
1·65 (1·15–2·37)
1·98 (1·58–2·49)
3·96 (1·39–11·30)
2·90 (1·56–5·38)
2·19 (1·57–3·04)

0 1 122 3 4 5 6 7 8 9 10 11

Abhishek et al Lancet Respir 2022 
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Table 3: Guidance Related to the Use and Timing of Vaccine Dosing  

and Immunomodulatory Therapy in Relation to COVID-19 Vaccination in RMD Patients* 

 

Medication 

Timing Considerations for Immunomodulatory  

Therapy and Vaccination  

(applies to both primary vaccination and supplemental [booster] dosing) 

Level of Task 

Force 

Consensus 

Abatacept IV Time vaccination so that it occurs one week  
prior to the next dose of IV abatacept 

Moderate 

Abatacept SQ Hold for one to two weeks (as disease activity allows)  
after each COVID vaccine dose 

Moderate 

Acetaminophen, NSAIDs Assuming that disease is stable, hold for 24 hours prior to vaccination.  
No restrictions on use post vaccination once symptoms develop. 

Moderate 

Belimumab SQ Hold for one to two weeks (as disease activity allows)  
after each COVID vaccine dose 

Moderate 

TNFi, IL-6R, IL-1R, IL-17, IL12/23, IL-23, 

and other cytokine inhibitorsΏ 

The Task Force failed to reach consensus on whether or not to temporarily 
interrupt these following each COVID vaccine dose, including both primary 

vaccination and supplemental (booster) dosing 

Moderate 

Cyclophosphamide IV Time CYC administration so that it will occur approximately 1 week after 
each vaccine dose, when feasible 

Moderate 

Hydroxychloroquine, IVIG No modifications to either immunomodulatory therapy  

or vaccination timing 

Strong (HCQ), 

Moderate (IVIG) 

Rituximab or other anti-CD20 B-cell 

depleting agents  
Discuss the optimal timing of dosing and vaccination  
with the rheumatology provider before proceedingΐ 

Moderate 

All other conventional and targeted 

immunomodulatory or 

immunosuppressive medications (e.g., 

JAKi, MMF) except those listed above§ 

Hold for one to two weeks (as disease activity allows)  
after each COVID vaccine dose 

Moderate 

Note: individual medications that were specifically voted on by the task force are listed on separate rows and were not collapsed, even if the 
resulting recommendation was similar to others. 
 
* RMD = rheumatic and musculoskeletal disease; IVIG = intravenous immunoglobulin; TNFi = tumor necrosis factor inhibitor; IL = interleukin; JAKi = 

janus kinase inhibitor; CYC = cyclophosphamide; RTX = rituximab; IV = intravenous; SQ = subcutaneous; NSAID = non-steroidal anti-inflammatory 

drugs; MMF = mycophenolate mofetil; JAKi = baricitinib, tofacitinib, upadacitinib 
 
Ώ Examples of specific cytokine inhibitors are as follows: IL-6R = sarilumab; tocilizumab; IL-1R = anakinra, canakinumab; IL-17 = ixekizumab, 
secukinumab; IL-12/23 = ustekinumab; IL-23 = guselkumab, rizankizumab  
 
ΐ�Some practitioners measure CD19 B cells as a tool with which to time the booster and subsequent rituximab dosing. For those who elect to dose 
without such information, or for whom such measurement is not available or feasible, provide a supplemental dose 2-4 weeks before next 
anticipated rituximab dose (e.g., at month 5.0 or 5.5 for patients on an every 6 month rituximab dosing schedule) 
 
§ Includes apremilast; azathioprine; calcineurin inhibitors; cyclophosphamide (oral); IVIG; leflunomide; methotrexate, janus kinase inhibitors [JAKi] 
(baricitinib, tofacitinib, upadacitinib), mycophenolate; sulfasalazine 
  



• En fin de consultation le patient vous demande :
• Quel est mon risque d’infection malgré la vaccination?



Risque d’infection chez les patients sous 
traitement immunomodulateur 

• Vague Omicron 
Janvier-Avril 2022
• Patients (1575) : 

29,6%
• Contrôle (398) 31,3%
• (81/215) 37,7% sans 

séroconversion vs 
(508/1746) 29,1% 
avec p=0,01

Stalman et al ARD 2022

6 Stalman EW, et al. Ann Rheum Dis 2022;0:1–10. doi:10.1136/ard-2022-222904

Autoinflammatory disorders

an additional vaccination. None of the hospitalised participants 
had a prior SARS- CoV- 2 infection.

DISCUSSION
A cumulative incidence of reported SARS- CoV- 2 omicron 
breakthrough infections of 30% was found that did not differ 
between patients with IMID on immunosuppressants and 
controls. Overall disease severity of SARS- CoV- 2 infections was 
mild as hospitalisation was seen in only a few cases and disease 
severity did not differ between patients with IMID on immuno-
suppressants and controls. As part of exploratory analyses, we 
established that the risk of SARS- CoV- 2 omicron breakthrough 
infections was lower in participants with seroconversion after 
primary immunisation, with additional vaccinations, and with 
prior SARS- CoV- 2 infections.

We found that the incidence of SARS- CoV- 2 breakthrough 
infections with the omicron variant was considerably higher 
than with the delta variant of SARS- CoV- 2, as observed by 
others and by us.6 22 23 Disease severity of reported SARS- CoV- 2 

omicron breakthrough infections was generally mild in line 
with other studies in healthy controls22 23and similar to what we 
observed earlier for delta breakthrough infections, irrespective 
of the use of immunosuppressants for patients with IMID.6 22 24 
Others have reported increased disease severity of delta variant 
breakthrough infections when compared with omicron infec-
tions in healthy controls.4 7 Comparing disease severity between 
variant strains is challenging, because of the many determinants 
involved, including differences in risk behaviour and evolving 
immunological protection induced by repeated vaccinations and/
or infections with SARS- CoV- 2 leading to an increased propor-
tion of individuals having hybrid immunity which has been 
shown to be superior to other forms of immunity.25–28

Our study focused on possible determinants mitigating 
the risks of SARS- CoV- 2 omicron breakthrough infections in 
patients with IMID on immunosuppressants. First, we confirm 
that a poor humoral response after primary immunisation 
is a risk factor. This is in line with previously found data for 
delta variant breakthrough infections and observations in 

Figure 2 Incidence rates for SARS- CoV- 2 omicron breakthrough infections. Figure showing the incidence rates for SARS- CoV- 2 omicron 
breakthrough infections per week of the year for patients with immune- mediated inflammatory disorder (IMID) treated with strongly antibody- 
impairing immunosuppressants (ie, anti- CD20 (combination) therapy, S1P modulators or MMF (combination) therapy), patients with IMID treated with 
other immunosuppressants and controls (patients with IMID without immunosuppressants and healthy controls). MMF, mycophenolate mofetil.

Figure 3 Proportion of SARS- CoV- 2 omicron breakthrough infections and number of additional vaccinations received. Figure showing the 
proportion with 95% CI of SARS- CoV- 2 omicron breakthrough infections for patients with immune- mediated inflammatory disorder (IMID) treated 
with strongly antibody- impairing immunosuppressants (ie, anti- CD20 (combination) therapy, S1P modulators or MMF (combination) therapy), patients 
with IMID treated with other immunosuppressants and controls (patients with IMID without immunosuppressants and healthy controls) stratified for 
the number of additional vaccines received. MMF, mycophenolate mofetil.
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Facteur associés à la protection

• Vaccination supplémentaire et antécédent d’infection incidence 
cumulative 18,8% 

Stalman et al ARD 2022



Gravité des infections

• Hospitalisation : 0,4% (2/472) patient vs 0,6% (1/181)contrôles
• Sans nécessiter d’oxygène
• 0,8% traités par anticorps monoclonaux



Take home messages

• Suspension des traitements pour les rappels
• Sauf anti cytokines?

• Substitution anticorps monoclonaux si absence 
de réponse 
• Revacciner à 6 mois.

• Futur vaccins bivalents?
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