Waning humoral immunity of SARS-CoV-2 vaccination
in a rheumatoid arthritis cohort and the benefits of a
vaccine booster dose

C. Le Moine!, M.S. Soyfoo!, L. Mekkaoui?, H. Dahma?, L. Tant!

!Department of Rheumatology, Hopital Erasme, Université Libre de Bruxelles, Brussels;
’Microbiology Department, Laboratoire Hospitalier Universitaire de Bruxelles, Universitair
Laboratorium Brussel (LHUB-ULB), Université Libre de Bruxelles, Brussels, Belgium.

Abstract
Objective
We aimed to assess SARS-CoV-2 spike-specific antibody kinetics postvaccination and the benefit of a mRNA vaccine
booster dose in rheumatoid arthritis (RA) patients treated with immunosuppressive drugs.

Methods
Consecutive RA patients on immunosuppressive therapies, with no known history of SARS-CoV-2 infection or high-risk
contact, vaccinated with 2 doses SARS-CoV-2 mRNA, BNT162b2 or mRNA-1273, or viral vectored ChAdOx1 nCoV-19
vaccine were recruited during their routine rheumatology consultation. Anti-SARS-CoV-2 IgG spike-specific antibodies
were quantified at 1, 3 and 6 months respectively following the second vaccine dose. The incidence of SARS-CoV-2
infection postvaccination during this 6-month longitudinal study was also assessed.

Results
Of the 104 RA patients included, 79 patients completed the 6-month trial follow-up. A significant decrease in anti-
SARS-CoV-2 spike-specific 1gG titres was observed between I-month and 3-month postvaccination (p<0.01).
Among the 46 patients (46/79) receiving a booster dose, all developed detectable anti-SARS-CoV-2 spike-specific IgG
antibodies at the 6-month follow-up with significantly higher titres compared to 1-month (p<0.001) and 3-month
(p<0.0001) post-vaccination. Conversely, the antibody titres among the 33 patients (33/79) not receiving a booster
dose decreased significantly at the 6-month follow-up compared to 1-month (p<0.0001) and 3-month (p<0.01)
post-vaccination. The incidence of COVID-19 disease postvaccination was 8.9% without severe forms.

Conclusion
To our knowledge, this is the first study to report on anti-SARS-CoV-2 spike-specific antibody kinetics postvaccination
and the effect of a booster dose in a cohort of RA patients. The latter is essential given the waning humoral immunity
observed in vaccinated RA patients and the increased incidence of COVID-19 diseases postvaccination in this 6-month
longitudinal study.
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Introduction

An impaired immunogenicity of SARS-
CoV-2 vaccination is observed in pa-
tients with rheumatoid arthritis (RA)
treated with immunomodulating agents,
especially B-cell depleting agents (1-4).
Besides, there is a progressive decrease
in vaccine’s efficacy characterised by
a continuous decline in anti-SARS-
CoV-2 spike-specific and neutralising
antibodies, more pronounced among
immunosuppressed patients (5). This
waning immunity of SARS-CoV-2 vac-
cination has led to a resurgence of the
COVID-19 pandemic, supporting the
administration of a third SARS-CoV-2
vaccine booster dose to improve vac-
cine’s effectiveness (6). Currently, the
approval of this booster dose is widely
spreading and there is no shadow of
doubt of its benefit in immunocompro-
mised patients. Data regarding the an-
tibody kinetics postvaccination are still
scarce, especially the effect of this addi-
tional booster dose in RA. Most avail-
able studies focus on mixed cohorts of
inflammatory rheumatic diseases.
Here, we investigate the SARS-CoV-2
spike-specific antibody kinetics up to 6
months after two-dose regimen SARS-
CoV-2 vaccination in a cohort of RA pa-
tients on different immunosuppressive
therapies of conventional synthetic (cs-),
biological (b-) and/or targeted synthetic
(ts-) disease-modifying anti-rheumatic
drugs (DMARD:s). A proportion of this
cohort received a third SARS-CoV-2
mRNA vaccine booster dose in this time
frame according to the national vaccina-
tion campaign. To our knowledge, this
is the first prospective study to report
on anti-SARS-CoV-2 spike-specific an-
tibody kinetics postvaccination and the
effect of a booster dose in RA. The inci-
dence of SARS-CoV-2 infection during
this 6-month postvaccination follow-up
was also investigated.

Methods

Participants

This 6-month longitudinal prospective
monocentric study was conducted be-
tween April 2021 and February 2022 at
the Rheumatology Department of Hopi-
tal Erasme (Brussels, Belgium). Pa-
tients were eligible to participate if they
were at least 18 years old, diagnosed

with RA according to the ACR/EULAR
criteria 2010, treated with the following
immunosuppressive drugs in mono-
therapy or combination therapy: gluco-
corticoids, csDMARDs (methotrexate,
hydroxychloroquine, leflunomide and
sulfasalazine), bDMARDSs (anti-TNF,
anti-IL6, abatacept and rituximab) and/
or tsDMARDs (JAK inhibitors), and
vaccinated according to the Belgian
national vaccination campaign with 2
doses of SARS-CoV-2 mRNA vaccine,
BNT162b2 or mRNA-1273, or viral
vectored ChAdOx1 nCoV-19 vaccine
from March to August 2021. Any histo-
ry of documented SARS-CoV-2 infec-
tion, defined as a positive SARS-CoV-2
RT-PCR test or a known positivity for
anti-SARS-CoV-2 antibodies, or any
high clinical suspicion of SARS-CoV-2
infection prior to vaccination were ex-
clusion criteria for trial participation.
Pregnant and breastfeeding women
were excluded.

Consecutive patients were recruited dur-
ing their routine rheumatology consulta-
tion. Demographic and clinical charac-
teristics, RA-specific clinical and thera-
peutic data and vaccination data were
collected from their medical records.
The study was conducted according
to the principles of the Declaration of
Helsinki and approved by the local
ethical committee (the Ethics Commit-
tee of Hopital Erasme) (P2021-238/
SRB2021099). Informed consent was
obtained from all study participants
prior to the initiation of the study.

Anti-SARS-CoV-2 IgG assays

Humoral immunogenicity was inves-
tigated with the LIAISON® SARS-
CoV-2 TrimericS IgG (DiaSorin, Still-
water, USA), a chemiluminescence im-
munoassay measuring IgG antibodies
against the SARS-CoV-2 trimeric spike-
specific protein of the SARS-CoV-2 per-
formed 1 month, 3 months and 6 months
after the administration of the second
vaccine dose. This serology assay was
performed according to the manufactur-
er’s protocol at the University-Hospital
Laboratory Brussels (LHUB-ULB). The
measuring ranges were between 4.81
and 2080 binding antibody units (BAU)/
mL. Seropositivity was defined as IgG
titres =33.8 BAU/mL. Blood samples
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Table I. Demographic, clinical, treatment and SARS-CoV-2 vaccination characteristics of study participants.

Patients completing
1-month follow-up

(n=104)

Patients completing
3-month follow-up
(n=92)

Patients completing
6-month follow-up
(n=79)

Female sex, n (%)
Age, median (IQR), years
BMI, median (IQR), kg/m?

83 (79.8)
61.0 (52.0-68.0)
273 (23.6-319)

Ethnicity

Caucasian, n (%) 75 (72.1)
Arab, n (%) 22 (21.2)
Other, n (%)* 7 (6.7)

RA

Disease duration, median (IQR), years 8.5 (5.0-18.0)
RA seronegative, n (%) 35 (33.7)

RF seropositivity, n (%) 63 (60.6)
ACPA seropositivity, n (%) 58 (55.8)
Initial SARS-CoV-2 vaccination (2 doses)

mRNA, n (%) 83 (79.8)
BNT162b2, n (%) 74 (71.2)
Interval between 2 doses, median (IQR), days 32.0 (27.0-35.0)
mRNA-1273,n (%) 9 (8.7)
Interval between 2 doses, median (IQR), days 28.0 (28.0-31.0)
ChAdOx1 nCoV-19,n (%) 21 (20.2)

Interval between 2 doses, median (IQR), days

Third SARS-CoV-2 mRNA vaccine booster dose, n (%)
Interval between 2™ dose and booster dose,
median (IQR), days

Immunosuppressive therapy

¢sDMARDs, n (%)

Methotrexate, n (%)

b/tsDMARDs, n (%)

Anti-TNF, n (%)

Anti-IL-6, n (%)

Abatacept, n (%)

Rituximab <12 months before vaccine, n (%)
Rituximab <6 months before vaccine, n (%)
JAKi, n (%)

¢sDMARDs + b/tsDMARDs, n (%)
¢sDMARD:s + b/tsDMARDs + prednisone, n (%)
Prednisone, n (%)

<5 mg,n (%)

>5 and <10 mg, n (%)

=10 mg, n (%)

Daily dose, median (IQR), mg

81.0 (79.0-84.0)

82 (78.8)
76 (73.1)
75 (72.1)
18 (17.3)
14 (13.5)
24 (23.1)
10 (9.6)
6 (5.7)
9 (8.7)
54 (51.9)
18 (17.3)
28 (26.9)
24 (23.1)
2 (1.9)
2 (1.9)
50 (5.0-5.0)

75 (81.5)
61.0 (51.8-68.0)
27.3 (23.6-31.9)

63 (79.7)
61.0 (52.5-68.0)
26.8 (23.4-31.6)

67 (72.8) 59 (74.7)
19 (20.7) 16 (20.3)
6 (6.5) 4.0
8.0 (6.0-18.0) 8.0 (5.0-18.0)
31 (33.7) 27 (342)
56 (60.9) 47 (59.5)
52 (56.5) 43 (54.4)
75 (81.5) 63 (79.7)
66 (71.7) 54 (68.4)
31.5 (25.0-35.0) 33.0 (28.0-35.0)
9 (9.8) 9 (114)
28.0 (28.0-31.0) 28.0 (28.0-31.0)
17 (18.5) 16 (20.3)

80.0 (79.0-83.0)

80.0 (78.8-83.3)
46 (58.2)

133.0 (111.5-140.8)

73 (79.3) 64 (81.0)
68 (73.9) 60 (75.9)
65 (70.7) 55 (69.6)
16 (17.4) 14 (17.7)
10 (10.9) 10 (12.7)
21 (22.8) 16 (20.3)
9 (9.8) 7 (8.9)
6 (6.5) 4 (5.1)
9 (9.8) 8 (10.1)
47 (51.1) 41 (51.9)
15 (16.3) 13 (16.5)
24 (26.1) 21 (26.6)
20 (21.7) 17 (21.5)
2 (22) 2 (2.5)
2 (2.2) 2 (2.5)
50 (2.5-5.0) 50 (2.5-5.0)

*African, Asian or Hispanic

IQR: interquartile ranges; BMI: body mass index; RA: rheumatoid arthritis; RF: rheumatoid factor; ACPA: anti-citrullinated protein antibody; SARS-CoV-2:
severe acute respiratory syndrome coronavirus 2; csDMARDs: conventional synthetic disease-modifying anti-rheumatic drugs; bDMARDs: biological
DMARDs; tsDMARDs: targeted synthetic DMARDs; TNF: tumour necrosis factor; IL-6: interleukin 6; JAKi: Janus kinase inhibitors.

with IgG titers =2080 BAU/mL were
diluted using the LIAISON® TrimericS
IgG Diluent Accessory with a dilution
factor of 1:20.

The incidence of COVID-19 disease
postvaccination during the 6-month
study follow-up was also assessed, as
well as the related hospitalisations.

Statistical analysis

Patient’s characteristics and immuno-
genicity were summarised using de-
scriptive statistics reported as median
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and interquartile range (IQR) for con-
tinuous variables and as frequency and
percentage for categorial variables. As-
sessing statistical differences was done
using Mann-Whitney non-parametric
test for continuous variables and Fried-
man non-parametric test for repeated
measures with Dunn’s pot-hoc multiple
comparison test to compare individual
groups. p-values less than 0.05 were
considered statistically significant. All
analyses were performed using Graph-
Pad Prism 8.

Results

Of the 104 patients included, 104 pa-
tients performed the I-month anti-
SARS-CoV-2 spike-specific IgG assay
postvaccination, 92 patients performed
the 1- and 3-month anti-SARS-CoV-2
spike-specific IgG assays postvacci-
nation and 79 patients performed the
1-, 3- and 6-month anti-SARS-CoV-2
spike-specific IgG assays postvaccina-
tion. Baseline characteristics are sum-
marised in Table I. At 1-month follow-
up, anti-SARS-CoV-2 spike-specific
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IgG antibodies were detected in 84.6%
of the patients (88/104). All of the non-
responders except for 1, were on b/tsD-
MARDs, mostly abatacept and rituxi-
mab. These preliminary results have
already been published elsewhere (8).
Among the 92 patients performing
the 1-month and 3-month anti-SARS-
CoV-2 spike-specific 1gG assays, 78
patients (84.8%; 78/92) were seroposi-
tive at 1-month postvaccination with 73
patients (79.3%; 73/92) remaining se-
ropositive at 3-month postvaccination.
All patients who became seronegative
at 3-month follow-up were treated with
c¢sDMARDs in combination with ei-
ther abatacept (3/5) or rituximab (2/5).
Between I-month and 3-month post-
vaccination, a significant decrease in
anti-SARS-CoV-2 spike-specific IgG
titres was observed with median titres
of 782.5 BAU/mL and 447.5 BAU/mL,
respectively (p<0.01) (Fig. 1).

Of the 79 patients who completed
the 6-month follow-up, 46 patients
(58.2%; 46/79) received a mRNA
vaccine booster dose within this time
frame. These 46 patients were all sero-
positive for anti-SARS-CoV-2 spike-
specific IgG antibodies at 6-month
follow-up with significantly increased
IgG titres compared to 1-month and
3-month postvaccination (p<0.001 and
p<0.0001,respectively) (Fig.2A). Con-
versely, the anti-SARS-CoV-2 spike-
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specific IgG antibody titres among the
33 other patients (41.8%; 33/79) who
did not receive a booster dose during
the trial follow-up decreased signifi-
cantly at 6-month follow-up compared
to 1-month and 3-month postvaccina-
tion (p<0.0001 and p<0.01, respective-
ly) (Fig. 2B).

In this cohort, 6 patients (7.6%; 6/79)
were seronegative for anti-SARS-CoV-2
spike-specific IgG antibodies at 6-month
follow-up. None of them received a
booster dose. They were all treated with
a combination therapy of methotrexate
and a bDMARD: abatacept (3/6), rituxi-
mab (2/6) and anti-IL6 (1/6).

In terms of infection, 7 of the 79 pa-
tients (8.9%; 7/79) who completed the
6-month follow-up developed a non-
severe COVID-19 disease, confirmed
by a positive SARS-CoV-2 RT-PCR
test. None required hospitalisation. All
COVID-19 diseases occurred between
3-month and 6-month postvaccination,
although 4 of these 7 patients had al-
ready received the booster dose. Among
the 7 COVID-19 cases, only 3 patients,
who had been vaccinated with the vi-
ral vectored ChAdOx1 nCoV-19 vac-
cine, were seronegative for anti-SARS-
CoV-2 spike-specific IgG antibodies
at 1-month and 3-month follow-up.
Concerning these 3 patients, 2 patients
treated with methotrexate and abatacept
in combination therapy, had received a

booster dose before contracting COV-
ID-19 disease and 1 patient treated with
methotrexate and prednisone, had not
received a booster dose before being
infected with SARS-CoV-2.

Discussion

Given the increased risk of infections
and the impaired humoral immuno-
genicity of SARS-CoV-2 vaccination
in RA patients on immunosuppressive
therapies (1-4), improving vaccine ef-
fectiveness in this immunocompro-
mised population is essential. In this
prospective study conducted in a real-
life RA cohort, we observed a progres-
sive decline in anti-SARS-CoV-2 IgG
antibody titres after the administration
of 2 doses of SARS-CoV-2 mRNA vac-
cine, BNT162b2 or mRNA-1273, or
viral vectored ChAdOx1 nCoV-19 vac-
cine, consistent with previous studies
(5,9, 10). Some patients became even
seronegative for anti-SARS-CoV-2
IgG antibodies just 3 months after vac-
cination, all treated with a combina-
tion therapy of csDMARDs and bD-
MARDs. The administration of a third
SARS-CoV-2 mRNA vaccine booster
dose induced a significant increase in
anti-SARS-CoV-2 spike-specific 1gG
antibodies, regardless of the underly-
ing immunosuppressive treatments.
Although neutralising assays correlate
with protective immunity in SARS-
CoV-2 infection (11, 12), they are
nonetheless complex, time-consuming
and expensive, and were not performed
in this trial. However, the positive cor-
relation observed between anti-SARS-
CoV-2 spike-specific IgG antibodies
and neutralising antibody titres (5)
suggests a protective character of these
anti-SARS-CoV-2 spike-specific 1gG
antibodies.

The incidence of COVID-19 disease
postvaccination during this 6-month
trial follow-up was 8.9%, which is
slightly higher compared to vaccinated
healthy subjects (13). Reassuringly, all
had a mild form, even those who were
serological non-responders.

The strength of our study is the pro-
spective design of a real-life RA co-
hort facing the COVID-19 pandemic
with a vaccination campaign evolving
over time. Our observations are there-
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Fig. 2. A: Titres of anti-SARS-CoV-2 spike-specific IgG antibodies 1 month, 3 months and 6 months after two-dose regimen SARS-CoV-2 vaccination in
46 patients with RA receiving a mRNA vaccine booster dose before between 3-month and 6-month follow-up. Results are represented as median and IQR
for each treatment group. *p<0.05; ***p<0.001; ****p<0.0001.
B: Titres of anti-SARS-CoV-2 spike-specific IgG antibodies 1 month, 3 months and 6 months after two-dose regimen SARS-CoV-2 vaccination in 33
patients with RA who did not receive a mRNA vaccine booster dose. Results are represented as median and IQR for each treatment group.

*p<0.05; **¥#%p<0.0001; **p<0.01.

fore representative of the daily medical
practice. The main limitations are the
heterogeneity of the therapeutic regi-
mens and the number of patients lost to
follow-up. Indeed, 25 patients did not
complete the 6-month study follow-
up. The latter is mainly explained by
the health measures and restrictions
imposed by the still active COVID-19
pandemic limiting the healthcare con-
tacts at the hospital, challenging our
medical practice (14).

To our knowledge, this is the first study
to report on the anti-SARS-CoV-2
spike-specific antibody kinetics post-
vaccination in a cohort of patients with
RA treated with different immunosup-
pressive regimens. Moreover, the effect
of an additional vaccine booster dose in
RA has not been reported previously.
In conclusion, we observe a waning
humoral immunity over time in RA
patients vaccinated with SARS-CoV-2
mRNA vaccine, BNT162b2 or mRNA-
1273, or viral vectored ChAdOx1
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nCoV-19 vaccine. The administration
of a mRNA vaccine booster dose im-
proves the vaccine humoral respon-
siveness in RA. This latter is essential
given the lower vaccine effectiveness
in immunocompromised patients and
the increased incidence of COVID-19
disease postvaccination, even if no
severe forms were observed in this
6-month longitudinal study.

Key messages

* SARS-CoV-2 vaccine humoral re-
sponsiveness in RA patients on im-
munomodulating agents is impaired
with a waning immunity over time.

* The administration of an additional
vaccine booster dose in RA impro-
ves vaccine humoral effectiveness.

* SARS-CoV-2 vaccination should be
encouraged especially given the in-
creased incidence of COVID-19 di-
sease postvaccination in our cohort,
even if no severe forms were obser-
ved.
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