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Abstract
Objective
To compare the humoral response after a SARS-CoV-2 infection in an inflammatory rheumatic disease population with
a healthy control population in a case-control study.

Methods

Cases: between March and September 2021, all consecutive unvaccinated patients followed for rheumatoid arthritis (RA),

spondyloarthritis (SpA) or psoriatic arthritis (PsA) in 16 hospitals in France were systematically screened with a

SARS-CoV-2 serological test. Patients with a positive test were included in the COVID-RIC-2 cohort.

Controls: between June and July 2020, healthcare professionals working in the Toulouse University Hospital were

screened with a SARS-CoV-2 serological test. Those with a positive test were included in the COVID-BIOTOUL cohort
and matched to those from COVID-RIC-2 by age, sex and time-sampling on infection date.
Analyses: total SARS-CoV-2 antibody titres were centrally measured and compared.

Results

95 patients from COVID-RIC-2 (mean age 49 years, 76% females, median delay of COVID infection: 149 days)

including 48 RA, 33 SpA and 14 PsA were compared to 95 matched controls. Globally, there was no significant
difference of SARS-CoV-2 antibody titres between both populations: 155 Binding Antibody Units (BAU) (IQR:7-376)
in COVID-RIC-2 vs. 120 BAU (IQR:35-320) in COVID-BIOTOUL. There was a trend towards higher antibody titres
in patients from COVID-RIC-2 with severe COVID-19 symptoms. In COVID-RIC-2, there was no impact of age, sex,
time-sampling or underlying disease on antibody titres and patients taking glucocorticoids, abatacept or rituximab

trended toward having lower antibody titres after COVID-19 infection.

Conclusion
This study provides reassuring data on humoral response after COVID-19 infection in patients treated with
disease-modifying anti-rheumatic drugs.
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Introduction

Infection by severe acute respira-
tory syndrome coronavirus 2 (SARS-
CoV-2) was first detected at the end of
2019 (1) and became the 2019 Corona-
virus disease (COVID-19) pandemic
on March 2020 according to the World
Health Organization (WHO) declara-
tion (2). Risk factors for worse progno-
sis have been extensively documented
for the general population including
severe immunosuppression (3, 4). Pa-
tients with chronic inflammatory rheu-
matism under conventional synthetic
(cs), targeted synthetic (ts) or biological
(b) disease-modifying antirheumatic
drugs (DMARDs) were initially been
hypothesised to be at increased risk of
occurrence of severe forms of COV-
ID-19 (5, 6). However, many studies
showed that the incidence and severity
among patients with chronic inflam-
matory rheumatism were similar to the
general population, except for patients
taking particular treatments such as glu-
cocorticoids, anti-CD20 and potentially
JAK inhibitors (7-9).

Since early 2021, vaccination against
SARS-CoV-2 considerably reduced the
hospitalisation and mortality rates in the
general population and became essen-
tial to limit the effects of the COVID-19
pandemic. Anti-spike (S) antibody con-
centrations have been shown to corre-
late with protection against COVID-19
(10). However, several studies showed
that DMARDs could impair humoral
response to vaccination in patients with
inflammatory rheumatic disease, in-
cluding glucocorticoids, methotrexate,
leflunomide, anti-CD20, abatacept or
JAK inhibitors (11-15). Furthermore,
patients treated with anti-cytokine bD-
MARDs have a good humoral response
following 2 doses of vaccine but high-
er decline of anti-S antibody levels in
comparison to immunocompetent sub-
jects, that can be compensated for by
a third dose of vaccine (13). A recent
publication studying the effect of four
vaccine doses on humoral response in
patients with immune-mediated inflam-
matory disease demonstrated a stronger
humoral immune response in patients
with hybrid immunisation with three
vaccine doses followed by COVID-19
infection, than in infection-free patients

in the vaccine group receiving four vac-
cine doses (12).

Although many studies investigated the
impact of treatments on humoral re-
sponse following SARS-CoV-2 vacci-
nation, publications on natural immuni-
sation following COVID-19 in patients
with chronic inflammatory rheumatic
disease and the impact of their treat-
ments on humoral response are scarce.
The aim of the study was to compare the
humoral response after SARS-CoV-2
infection in an unvaccinated population
of rheumatoid arthritis (RA), spondy-
loarthritis (SpA) and psoriatic arthri-
tis (PsA) patients to a healthy control
unvaccinated population and to assess
the impact of clinical factors and treat-
ments on this humoral response.

Patients and methods

Study design

This is a case-control study comparing
two observational longitudinal cohorts
of unvaccinated subjects who had a
positive SARS-CoV-2 serological test:
the COVID-RIC-2 (COVID Chronic
Inflammatory Rheumatism 2) cohort
which included cases with inflamma-
tory rheumatic disease and the COV-
ID-BioToul cohort (COVID biological
collection of Toulouse University Hos-
pital) composed of healthy controls.

Participants

Cases from the COVID-RIC-2 cohort:
between November 2020 and June
2021, all consecutive outpatients and
inpatients aged 18 years or above, fol-
lowed for RA, axial SpA or PsA in rheu-
matology departments of 16 hospitals
in France, were invited to participate in
a national multicentre study (COVID-
RIC-1, NCT04655612), provided that
they were treated with anti-inflammato-
ry drugs (non-steroidal anti-inflamma-
tory drugs or glucocorticoids) and/or
DMARD (including targeted DMARD)
and if they had never received any
doses of a SARS-CoV-2 vaccine. After
inclusion in COVID-RIC-1, patients
underwent a local SARS-CoV-2 anti-S
serological test, to assess SARS-CoV-2
prevalence in this specific population.
Patients with a positive test, defined by
the local SARS-CoV-2 kit, were then
included between March and Septem-
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ber 2021 in a 2-year longitudinal pro-
spective study to assess long-term hu-
moral response to SARS-CoV-2 (COV-
ID-RIC-2, NCT04530682). The study
protocol was implemented according
to the Declaration of Helsinki and was
approved by the Ethics Committee of
Sud Méditerranée V Nice (no. CNRIPH
20.12.07:49339), all patients gave their
consent.

Controls from COVID-BioToul cohort:
between June 10th and July 10th 2020,
1 to 2 months after the end of the first
lockdown in France, all healthcare
professionals working in the Tou-
louse University Hospital (n=8758)
underwent total serum anti-S anti-
body screening by enzyme linked im-
munosorbent assay (ELISA). At this
time, none of them had been vacci-
nated against COVID-19 since vac-
cines were not available yet. Among
this population, 276 had a seropositive
test and were included in a two-year
longitudinal study (COVID-BioToul,
NCTO04385108) (16). This study was
approved by the French Research Eth-
ics Committee Est-III (COVID Bi-
oToul, ID-RCB 2020-A01292-37), all
patients gave their consent. Subjects
with immunosuppressive treatments
were excluded for this analysis.

Participant selection and matching
procedure

All patients with a positive serological
test included in COVID-RIC-2 before
September 30" 2021, with an avail-
able serum sample and a known date
of COVID-19 infection (date of symp-
toms of COVID-19 or date of a positive
SARS-CoV2 test or date of contact with
a symptomatic case in asymptomatic
patients) were eligible for this analy-
sis as long as they were not vaccinated
between COVID-RIC-1 and COVID-
RIC-2 inclusion visits and individually
matched to COVID-BioToul subjects
by age (<60 vs. =60 years old), sex and
the time between COVID-19 infection
and the date of biological sample col-
lection (<3, [3-6], [6-9], =9 months)
with a ratio of 1:1. No medical file with
comorbidities was available for these
subjects. However, information about
treatment was investigated and subjects
with immunosuppressive treatments or
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Fig. 1. Flow-chart of patient selection process

congenital immunosuppression were
excluded for this analysis.

Data collection

The following clinical characteristics
of patients included in COVID-RIC-2
were collected during the inclusion vis-
it: age, sex, date of COVID-19 infection
when available, severity of COVID-19
symptoms classified into two catego-
ries: mild or severe (symptoms requir-
ing a hospitalisation-whatever the type
of hospitalisation - and oxygen therapy
with or without intensive care unit hos-
pitalisation), body mass index, smok-
ing status, comorbidities assessed by
the Charlson index, type of inflamma-
tory rheumatic disease, disease activ-
ity score (disease activity score on 28
joints (DAS28) (17) for RA, Ankylos-
ing Spondylitis Disease Activity Score
(ASDAS) for axial SpA (18), Disease
Activity in PSoriatic Arthritis (DAPSA)
for PsA (19)), erythrocyte sedimentation
rate (ESR), C-reactive protein (CRP)
and treatments including corticoster-
oids, conventional synthetic DMARDs
(csDMARDs), biologic DMARDs

(bDMARDs) and targeted synthetic
DMARDs (tsDMARDs). Anti-cytokine
bDMARDs were grouped and included
anti-TNF, anti-IL6R, anti-ILL.17 and anti-
IL1. Other csDMARDs were grouped
and included leflunomide, hydroxychlo-
roquine and sulfasalazine.

Serum collection and SARS-CoV-2
antibody measurements

All patients included in COVID-RIC-2
had a biological sample collection dur-
ing the inclusion visit. Sera were ex-
tracted after centrifugation and locally
stored at -20°C for at least 6 months
then sent to the Toulouse University
Hospital for storage at -80°C. All sub-
jects from COVID-BioToul had bio-
logical samples collected every three
months after inclusion. Sera were ex-
tracted after centrifugation and were
stored at -80°C at the Toulouse Univer-
sity Hospital. For each matched subject
from COVID-BioToul, we chose the
sample corresponding to the nearest
time between the infection and the date
of the sample collection of the COVID-
RIC-2 matched patient. For example, if
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Table I. demographic and disease characteristics of inflammatory rheumatic disease

patients (COVID-RIC-2 cohort).

COVID-RIC-2 patients

n=95
Age, years, mean (SD) 494 (12.0)
Sex, number of females (%) 72 (76)

COVID-19 infection time, days, median (IQR)
Severity of COVID-19

149 (97-200)

Mild symptoms, number (%) 79 (83)
Hospitalisation with oxygen therapy, n. (%) 11 (12)
Hospitalisation in intensive care unit, n. (%) 3 (3)
Missing data, n. (%) 2 (2)
Underlying disease
RA', n. (%) 48 (50)
SpA2, n. (%) 33 (35)
PsA3, n. (%) 14 (15)
At least one comorbidity, n. (%) 68 (72)
Body mass index, kg/m?, mean (SD) 272 (5.3)
Smoking status, number of current or past smokers, n (%) 38 (40)
Disease activity
DAS28-CRP* (in 43 of the 48 RA), mean (SD) 3.00 (1.12)
ASDAS? (in 26 of the 33 SpA), mean (SD) 2.36 (0.70)
DAPSA® (in 12 of the 14 PsA) 11.88 (8.92)
Treatments
Glucocorticoids, n. (%) 16 (17)
CsDMARDs without tsDMARD or bDMARD, n. (%) 18 (19)
Methotrexate as monotherapy, n. (%) 7 (7)
Other csDMARDs as monotherapy, n. (%) 5 (5)
Combination of csDMARDs, n. (%) 6 (6)
bDMARDs? 47 (51)
anti-cytokine as monotherapy, n. (%) 35 (37)
anti-cytokine in combination with a csDMARD, n. (%) 12 (13)
Rituximab’, n. (%) 2 (2)
Abatacept'®, n. (%) 3 (3)
tsDMARDs!!
JAK inhibitors as monotherapy, number (%) 4 (4)
JAK inhibitors in combination with a csDMARD', n. (%) 6 (6)

Apremilast, n. (%)

(1)

1: RA: rheumatoid arthritis; 2: SpA: spondyloarthritis; 3: PsA: psoriatic arthritis; 4: DAS28-CRP:
Disease Activity Score on 28 joints with CRP; 5: ASDAS: Ankylosing Spondylitis Disease Activity
Score; 6: DAPSA: Disease Activity in PSoriatic Arthritis; 7: SDMARD: synthetic disease modifying
anti-rheumatic drugs; 8: bDMARDs: biologic disease modifying anti-rheumatic drugs; 9: one patient
received rituximab as monotherapy and one patient in combination with methotrexate; 10: one patient
received abatacept as monotherapy, one patient in combination with methotrexate and one patient
received methotrexate in combination with a sequence of abatacept then a JAK-inhibitor in the period
between the infection date and the sample collection date; 11: tsDMARDs: targeted synthetic disease

modifying anti-rheumatic drugs.

the delay between infection and blood
collection was 9 months for a case from
COVID-RIC-2, we used the sample
of the matched-control from COVID-
BioToul collected 9 months after the
infection corresponding to the sample
collected 6 months after the inclusion
in COVID-BioToul.

Total anti-Spike SARS-CoV-2 antibod-
ies were centrally measured in both
cohorts with a quantitative enzyme-
linked immunosorbent assay (ELISA)
supplied by Wantai (Beijing Wantai Bi-
ological Pharmacy Enterprise Co., Ltd,
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China) (20) in the virology department
of Toulouse University Hospital (CD)
and expressed in binding antibody units
(BAU) per ml using the WHO interna-
tional standard (NIBSC code 20/136)
(21). This ELISA kit has already been
shown to have an excellent correlation
with neutralising antibodies (22).

Statistical analyses

Characteristics of patients were de-
scribed. Continuous variables were
presented as means with standard de-
viation (SD) or medians with an inter-

quartile range (IQR). Categorical vari-
ables were presented with frequencies
and percentages (%).

Total SARS-CoV-2 antibodies were
compared between the two groups us-
ing a Wilcoxon signed-rank test, after
verifying the normality of the distribu-
tion assessed using the Shapiro-Wilk
test. Sub-group analyses were per-
formed according to patient age (below
or above 60 years), sex, time between
infection and the analysed sample, un-
derlying disease (RA or SpA includ-
ing PsA), COVID-19 severity (mild
symptoms versus severe symptoms)
and treatments. Biologic DMARDs
were classified by mechanism of action
and included anti-cytokine biologic
DMARDs, abatacept and rituximab.

Results

Patients

On September 30™ 2021, 3,668 unvac-
cinated patients were included in COV-
ID-RIC-1, of whom 383 had a positive
serological test and 143 patients ac-
cepted to be included in COVID-RIC-2
(Fig. 1). In these patients, 19 did not
have available samples and it was not
possible to precise the date of infection
for 20 patients (no symptomatic infec-
tion and no contact with an infected
subject). Furthermore, 9 patients were
too old to be matched with a subject
from COVID-BioToul.

The other 95 patients were included in
this study and matched to 95 patients
from COVID-BioToul. The 95 sub-
jects from the COVID-BioToul cohort
had a mean age of 49.3 years old (SD:
11.4), 72 were female (76%) and 30
subjects were smokers (32%). All had
mild symptoms of COVID-19 or were
asymptomatic. The characteristics of
the subjects included in the COVID-
RIC2 cohort are presented in Table 1.

Comparison of total SARS-CoV-2
antibodies between inflammatory
rheumatic disease patients

and controls

The analyses did not show any sig-
nificant differences of antibody titres
between patients and matched con-
trols (Fig. 2) in the main analysis. The
sub-group analyses, depending on sex,
age (above or below 60 years), time

Clinical and Experimental Rheumatology 2024
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Fig. 2. Comparison of SARS-COV-2 total antibodies between patients from COVID-RIC-2 and

COVID-BIOTOUL.
BAU: binding antibody units.

between infection and sample collec-
tion, underlying disease, we could not
identify any differences between pa-
tients and matched controls (Fig. 3;
Supplementary Table S1). A trend to-
ward lower rates in RA patients com-
pared with COVID-BIOTOUL controls
was observed but was not statistically
significant (p=0.14). In patients with
severe COVID-19 symptoms (n=14)
leading to hospitalisation for oxygen
therapy or resuscitation, higher titres of
SARS-CoV-2 antibodies were observed
compared with matched controls, but
the difference was not statistically sig-
nificant (Fig. 3; Suppl. Table S1).

Effect of treatment on SARS-CoV-2
antibodies in inflammatory rheumatic
disease patients

After stratification by treatment expo-

Clinical and Experimental Rheumatology 2024

sure during COVID-19 infection, we
did not observe any difference be-
tween COVID-RIC-2 patients and their
matched healthy controls from COV-
ID-BioToul after stratification by treat-
ment type or within the COVID-RIC-2
population according to treatment (Fig.
4; Suppl. Table S2), except for patients
from COVID-RIC2 treated with tsD-
MARD (n=10) who had higher anti-
body titres in comparison with matched
controls (median titre in COVID-RIC2:
454 BAU vs. 117 BAU in COVID-
BIOTOUL, p=0.03). Furthermore, in
patients treated with abatacept (n=3) or
rituximab (n=2), the total antibody titres
were very low (respectively, median: 6
BAU (IQR: 3-187) in abatacept-treated
patients and 4 BAU (0-7) in rituximab-
treated patients). Interestingly, antibody
titres in JAK-inhibitor treated patients

were significantly higher than matched-
controls form COVID-BIOTOUL
(p=0.03 for comparison, Fig. 4). There
was no association between methotrex-
ate use or other csDMARD use in the
COVID-RIC2 population and antibody
titres, in comparison with patients from
COVID-BIOTOUL (Fig. 4; Suppl.
Table S2). There was no correlation
between the dose of methotrexate and
antibody titres (Spearman correlation:
r= -0.26, p=0.2). When analysing the
COVID-RIC2 population, we did not
observe any difference in antibody ti-
tres between methotrexate users (n=29)
or non-users (n=66) (median titres in
methotrexate users: 136 BAU versus
165 BAU in non-users, p=0.8). In pa-
tients using anti-cytokine bDMARDs,
the use of methotrexate was not as-
sociated with a decrease in antibody
titres (in n=10 patients, median titres:
138BAU) in comparison with patients
using anti-cytokine bDMARDs as
monotherapy (in n=37 patients, median
titres: 49BAU, p=0.2 for the compari-
son). We also observed a trend toward
lower total antibody titres in patients
receiving glucocorticoids in compari-
son with their matched healthy controls
(Fig. 4; Suppl. Table S2) but this dif-
ference was not significant (p-value for
comparison = 0.07). Furthermore, in
COVID-RIC2 patients, there was no
correlation between cumulative glu-
cocorticoid dose and antibody titres
(Spearman correlation: r=-0.11, p=0.7).

Discussion

This study aimed to compare the SARS-
CoV-2 total antibody titres in patients
with RA, PsA and SpA to matched
healthy controls after COVID-19 in-
fection in an unvaccinated population.
We could not identify any difference
between the two populations, even after
stratification by age, sex, time since in-
fection or underlying disease. However,
patients with RA tended to have lower
titres compared with matched controls
and this may be related to some thera-
pies used preferentially in RA than in
SpA such as RTX, ABA, and steroids.
Indeed, we observed a trend toward
higher SARS-CoV-2 total antibody
titres in patients who had a severe
COVID-19 disease, and lower titres in
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Fig. 3. Comparison of SARS-COV-2 total antibodies between patients from COVID-RIC-2 and COVID-BIOTOUL according to age, sex, underlying
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RA: rheumatoid arthritis; SpA: spondyloarthritis; PsA: psoriatic arthritis; BAU: binding antibody units
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Fig. 4. Comparison of SARS-COV-2 total antibodies between patients from COVID-RIC-2 and COVID-BIOTOUL according to treatments during and
after infection.

Other sDMARD:s: other synthetic disease-modifying anti-rheumatic drugs included sulfasalazine, leflunomide, hydroxychloroquine.

tsDMARD:s: targeted synthetic disease-modifying anti-rheumatic drugs included JAK inihibitors and apremilast.

BAU: binding antibody units.
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patients exposed to glucocorticoids, as
well as in the very limited population
of patients treated with rituximab or
abatacept.

At the beginning of the pandemic, con-
cerns raised about the risk of severe
COVID-19 infection in patients treated
with inflammatory chronic diseases
(5, 6). Several studies have sought to
investigate the factors associated with
SARS-CoV-2 antibody seroconver-
sion in patients with immune-mediated
inflammatory disease prior to the vac-
cination campaigns (23-29). Overall,
the studies showed a lower prevalence
of SARS-CoV-2 antibodies in patients
with inflammatory disease in compari-
son with the general population. How-
ever, many factors might have an im-
pact on seroconversion, the principal
one being risk of SARS-CoV-2 expo-
sure. Indeed, patients with immunosup-
pressive therapies were aware of the
potential risk of a severe form of COV-
ID-19 and were more likely to follow
protection measures and socially isolate
during the pandemic waves (23). In pa-
tients with documented SARS-CoV-2
infection, overall, the SARS-CoV-2 se-
roconversion rates were similar to those
of the general population (24, 25, 28).
However, one study showed that bD-
MARD exposure was associated with
a low seroconversion rate, although the
data were not confirmed by any other
studies (28).

Only two studies measured SARS-
CoV-2 antibodies in this specific popu-
lation. Cruz-Machado et al. (24) as-
sessed SARS-CoV-2 humoral response
in 65 patients with rheumatic and mus-
culoskeletal disease and a documented
COVID-19 infection by a positive PCR
test or a serological test. Among them,
56 had a positive serological test with
SARS-CoV-2 antibody titres compared
with a control population of 130 sub-
jects, matched for age, sex and sample
timing. In this study, all patients treated
with glucocorticoids or rituximab had
SARS-CoV-2 antibodies. However,
they did not compare the antibody
titres within the population accord-
ing to treatment. Favalli er al. (28) re-
cruited 66 patients with rheumatic or
musculoskeletal disease and a positive
SARS-CoV-2 serological test who were

Clinical and Experimental Rheumatology 2024
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compared with 13 individuals with a
documented SARS-CoV-2 infection
as controls. The magnitude of the an-
tibody response to SARS-CoV-2 pro-
teins S and N was comparable between
patients treated with b/tsDMARDs and
¢sDMARDs and not impaired by gluco-
corticoid exposure. The anti-S antibody
titres of patients were similar to the
titres of the control group. In another
study (27), the same group investigated
humoral response after SARS-CoV-2
infection according to the different
mechanisms of action of bDMARDs.
Interestingly, they showed that patients
treated with abatacept had a lower anti-
body response in comparison with con-
trol subjects. In this study, there were an
insufficient number of patients to inves-
tigate the effect of rituximab on SARS-
CoV-2 humoral response. The principal
limitations of the study were the small
number of control cases and no match-
ing for age or time-of-sample.

As observed in studies assessing humor-
al response after vaccination in patients
with immune-mediated inflammatory
disease, we showed a trend toward a
lower humoral response after SARS-
CoV-2 infection in patients with RA and
in patients taking glucocorticoids, ritux-
imab or abatacept which are drugs pref-
erentially used in RA. Furthermore, as
has been shown by vaccination studies,
anti-cytokine bDMARDs do not appear
to have an impact on humoral response
after SARS-CoV-2 infection (13). Vac-
cination studies have also shown an
impact for DMARDs on decline of
anti-S antibody levels in comparison
with immunocompetent subjects (13).
In this study, we did not observe any
impact on the time between the SARS-
CoV-2 infection onset and sampling
on antibody titres, as was also shown
by Cruz-Machado et al. (24). Vaccina-
tion studies have also shown that even
when humoral response is impaired by
an immunosuppressant such as rituxi-
mab (30) or methotrexate (31), while T-
cell response appears to be maintained
(14). While T-cell response seems to be
maintained after a COVID-19 infection
or vaccination, we still need standard-
ised tests able to predict the risk of new
COVID-19 infection in patients (32).
This study has several strengths. The

first is the originality of the recruitment
method: we systematically performed
a serological test on all outpatients and
inpatients coming to 16 hospitals in
France for follow-up of their inflamma-
tory rtheumatic disease. This method of
recruitment allowed us to include symp-
tomatic — irrespective of symptom in-
tensity — and asymptomatic cases while
the majority of studies included only
patients with symptomatic COVID-19.
The second strength of this study was
the creation of a control group of health-
care workers with the same method of
recruitment, i.e. a serological test, with
the same time-sampling and with an ap-
propriate matching method. The major
limitation of this study was a lower-
than-expected sample size. The main
reason was the accelerated vaccination
campaign in France while the recruit-
ing period of this study was in 2021.
By the end of 2021, the majority of pa-
tients were vaccinated and could not be
included in this study. Because of this
small sample size, we could not identify
any statistical differences according to
treatment. However, as expected when
reading vaccination studies, we ob-
served very low SARS-CoV-2 antibody
titres in patients treated with abatacept
or rituximab and a statistical test may
not be necessary to demonstrate the
potential impact of these treatments on
humoral response. We also had very few
patients aged 60 and above, because we
had no matching controls, which may
impair the extrapolation of our findings
to an older population. Finally, the ma-
jority of patients had mild symptoms
and some of them were asymptomatic.
In this case we used the date of a contact
with an infected person as the potential
date of the infection. This might have
introduced a bias since we were not sure
of the exact date of infection. Moreover,
patients could have several infections
over time that might increase the anti-
body titres.

This study provides reassuring data on
humoral response after a COVID-19 in-
fection in unvaccinated patients treated
with DMARDs for a RA, PsA or SpA
disease. However, as observed after
SARS-CoV-2  vaccination, patients
treated with abatacept or rituximab
appear to have an altered humoral res-
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ponse. Additional studies are needed to
assess the impact of hybrid vaccination
in comparison with conventional vacci-
nation in this specific population.
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