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Objectives: To elucidate antibody responses after the second and third dose of COVID-19 vaccine in
patients with inflammatory rheumatic diseases (IRD) treated with biologic/targeted disease modifying
anti-rheumatic drugs (b/ts DMARDs).
Methods: Antibody levels to antigens representing spike full length protein and spike S1 were measured
before vaccination, 2–12 weeks after the second dose, before and after the third dose using multiplex
bead-based serology assay. Positive antibody response was defined as antibody levels over cut off
(seropositivity) in seronegative individuals or � 4-fold increase in antibodies in individuals seropositive
for both spike proteins.
Results: Patients (n = 414) receiving b/ts DMARDs (283 had arthritis, 75 systemic vasculitis and 56 other
autoimmune diseases) and controls (n = 61) from five Swedish regions participated. Treatments groups
were: rituximab (n = 145); abatacept (n = 22); Interleukin 6 receptor inhibitors [IL6i (n = 79)]; JAnus
Kinase Inhibitors [JAKi (n = 58)], Tumour Necrosis Factor inhibitor [TNFi (n = 68)] and
Interleukin12/23/17 inhibitors [IL12/23/17i (n = 42)]. Percentage of patients with positive antibody
response after two doses was significantly lower in rituximab (33,8%) and abatacept (40,9%)
(p < 0,001) but not in IL12/23/17i, TNFi or JAKi groups compared to controls (80,3%). Higher age, ritux-
imab treatment and shorter time between last rituximab course and vaccination predicted impaired anti-
body response. Antibody levels collected 21–40 weeks after second dose decreased significantly (IL6i:
p = 0,02; other groups: p < 0,001) compared to levels at 2–12 week but most participants remained
seropositive. Proportion of patients with positive antibody response increased after third dose but was
still significantly lower in rituximab (p < 0,001).
Conclusions: Older individuals and patients on maintenance rituximab have an impaired response after
two doses of COVID-19 vaccine which improves if the time between last rituximab course and vaccina-
tion extends and also after an additional vaccine dose. Rituximab patients should be prioritized for
ic drugs;
ic drugs;
ibitors);
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booster vaccine doses. TNFi, JAKi and IL12/23/17i does not diminished humoral response to primary and
an additional vaccination.

� 2023 The Authors. Published by Elsevier Ltd.
1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic has
caused catastrophic effects worldwide and causes great chal-
lenges to healthcare. Patients with inflammatory rheumatic dis-
eases (IRD) show an aberrant immune response, and increased
occurrence of infections and many of them are receiving drugs
interfering with the immune system [1–3]. Early during the pan-
demic, concerns were raised regarding increased susceptibility to
SARS-CoV-2 disease called COVID-19 and presumptive harmful
effects on underlying chronic conditions [4–5]. Having an IRD
has been shown to be associated with increased mortality and
morbidity after COVID-19 infections at least in the Swedish set-
ting [6–7], whereas different effects have been reported from
use of immunosuppressive drugs on morbidity and mortality in
COVID-19 infections. Thus, Bower at al reported no effect on mor-
bidity and mortality or increased hospitalisation from use of dif-
ferent anti-rheumatic drugs [6–7] whereas other studies have
reported more serious disease, and deaths among IRD patients
treated with steroids (prednisone) in doses > 10 mg daily and
with B cells depleting therapy (rituximab) [8–9]. There is conse-
quently a special need to diminish risk for severe COVID-19 infec-
tions in IRD patients by vaccination and other measures
irrespective of actual treatment.

Vaccination is an effective measure to prevent serious infec-
tions. After the licensure of the first vaccine against COVID-19 in
late 2020, three vaccines using two different platforms (two mRNA
vaccine and adenovirus vector vaccines) became available in Swe-
den during 2021 [10–12]. The safety and immunogenicity of these
vaccines with development of antibodies against SARS-CoV-2 virus
and protective immunity has been demonstrated in numerous
studies [10–12]. However, immunosuppressed patients known to
have a diminished antibody response to some vaccines and thereby
potentially insufficient protection against infection, were not
included in these pre-licensure studies [10–12]. Our group and
others previously reported that disease modifying anti-rheumatic
drugs (DMARDs) such as methotrexate (MTX), B cells depleting
therapy (rituximab) and T cells co-stimulation inhibition (abata-
cept) are associated with impaired antibody response following
common vaccinations (such as against pneumococci or influenza)
while other biological treatments interleukin-6 receptor inhibitors
(IL6i) or interleukin IL17/23-ihibitors (IL17/23i) did not exerted a
profound negative effect on the vaccine response [13–15]. Conse-
quently, the impact of different immunomodulating anti-
rheumatic drugs on the immunogenicity of each vaccine needs to
be investigated. Recent studies and a meta-analysis concluded that
seroconversion rates after vaccination against COVID-19 were low-
ered in patients with immune mediated inflammatory disease and
response rates were attenuated further in the patients treated with
rituximab or abatacept [16–19].

Our aims hereby were to investigate: 1) if any of biologic or
targeted synthetic DMARD (b/tsDMARD) treatment given in
monotherapy or in combination with conventional synthetic
DMARDs (csDMARDs) impairs antibody response to two doses
of COVID-19 vaccine in patients with IRD compared to healthy
controls without immunosuppressive treatment 2) possible pre-
dictors of impaired antibody response 3) the persistence of anti-
body response up to 6 months after two vaccine doses 4) the
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immunogenicity of the third (booster) vaccine dose in these
patients.
2. Methods

The present study was conducted at five University Rheumatol-
ogy departments in five different regions (Region Västerbotten,
Region Stockholm, Region Östergötland, Västra Götalandsregionen
and Region Skåne) across Sweden.

2.1. Patient population

Patients with IRD with regular follow up at the 5 rheumatology
departments in Sweden who were treated with predefined b/
tsDMARDs participated. Patients were consecutively offered to
participate in the study at their regular follow up visit at out-
patient clinics. Very few patients decline participation (n = 10),
mainly those living far away from the department or patients with
a need of assistance due to impaired physical mobility. Patients
with following b/tsDMARDs therapies were included: B cells
depleting therapy (rituximab), JAnus Kinase inhibitors (JAKi: tofac-
itinib, baricitinib, upadacitinib), tumour necrosis factor inhibitors
(TNFi: infliximab, adalimumab, etanercept including the biosimi-
lars of these, certolizumab pegol, golimumab), IL6i (tocilizumab,
sarilumab), T cells co-stimulation inhibitor (abatacept), IL12/23i
(ustekinumab) and IL17i (secukinumab, ixekizumab). These treat-
ments were administrated as monotherapy or in combination with
other csDMARDs (MTX, sulfasalazine, hydroxychloroquine, aza-
thioprine, leflunomide or mycophenolate mofetil) or oral pred-
nisolone. Following rheumatic diseases were represented:
rheumatoid arthritis (RA), spondylarthritis including psoriatic
arthritis, juvenile arthritis (JIA) and other arthritides, patients with
systemic vasculitis including anti-neutrophil cytoplasmic autoan-
tibody (ANCA) associated systemic vasculitis and giant cells arteri-
tis as well as patients with other inflammatory diseases (such as
systemic lupus erythematosus (SLE), myositis, mixed connective
tissue disease) (Table 1). Controls included adults without any
rheumatic disease and who were not treated with immunosup-
pressing drugs for any other condition. The control group consisted
mainly of the employees at the rheumatology departments, their
acquaints and friends and patientś acquaints and relatives who
chose to participate in the study.

2.2. Vaccination

Vaccination against COVID-19 was performed according to the
Swedish national vaccination program during 2021. Three different
COVID-19 vaccines were used (one adenovirus vector vaccine
(ChAdOx1 nCoV-19, AstraZeneca) and two mRNA vaccines
(BNT162b2, Pfizer-BioNtech and CX-024414, Moderna). The sec-
ond vaccination was performed using either the same vaccine type
at the first vaccine dose or a combination of the two vaccine types
according to recommendations from the Swedish authorities [20].
The second vaccine dose was administrated approximately
12 weeks after the first dose of the adenovirus vector vaccine
and after 3 weeks after a dose of mRNA vaccine. Only mRNA vacci-
nes were used as a third vaccine dose [20].



Table 1
The disease and treatment characteristics before the first dose of COVID-19 vaccine.

Patients n = 414 Controls
(n = 61)

Treatment groups Patients with IRD
(n = 414)

Rituximab
(n = 145)

TNFi
(n = 68)

IL6i
(n = 79)

Abatacept
(n = 22)

IL12/23/
17i
(n = 42)

JAKi
(n = 58)

Controls

Age (median, range years) 57 (21–85) 65 (31–85) 44 (21–
65)

63 (24–
82)

63 (22–82) 52 (22–
81)

53 (23–
77)

49 (26–74) *

Females (n, %) 284(68.5) 94 (64.8) 44 (65.7) 58 (72.5) 18 (78.3) 24
(57.1)

46 (80.7) 45 (73.8) *

Ever smokers (former, current) (n, %) 214 (51.7) 87 (60.0) 18 (26.9) 45 (56.3) 13 (56.5) 17
(40.5)

34 (59.6) 13 (21.3) *

Disease duration (median, range years) 16.8 (1–60) 14.9 (1–
49)

14.1 (1–
36)

15.9 (1–
60)

24.6 (9–43) 16.4 (1–
42)

15.4 (1–
42)

–

Any comorbidity (n, %) 318 (76.8) 129 (89) 33 (49.3) 64 (80.0) 19 (82.6) 35
(83.3)

38 (66.7) 21 (34.4) *

Diabetes mellitus (n, %) 34 (8.2) 19 (13.1) 2 (3.0) 5 (6.3) 1 (4.3) 4 (9.5) 3 (5.3) 1 (1.6)
Hypertension (n, %) 103 (24.9) 44 (30.3) 8 (11.9) 24 (30.0) 6 (26.1) 10

(23.8)
11 (19.3) 6 (9.8)

Chronic obstructive lung disease (n, %) 38 (9.2) 15 (10.3) 6 (9.0) 5 (6.3) 4 (17.4) 2 (4.8) 6 (10.5) 3 (4.9)
Glucocorticoids (n, %) 144 (34.8) 71 (49.0) 7 (10.4) 31 (38.8) 12 (52.2) 2 (4.8) 21 (36.8) –
Prednisolone > 7.5 mg/d (n, %) 20(4.8) 13 (9.0) 1 (1.5) 3 (3.8) 1 (4.3) 0 2 (3.5) –
csDMARD, any (n, %) 181 (43.7) 64 (44.1) 34 (50.7) 35 (43.8) 14 (60.9) 11

(26.2)
23 (40.4) –

Methotrexate (n, %) 136 (32.9) 46 (31.7) 25 (37.3) 28 (35.0) 11 (47.8) 8 (19.0) 18 (31.6) –
Sulfasalazin(n, %) 16 (3.9) 2 (1.4) 6 (9.0) 3 (3.8) 1 (4.3) 1 (2.4) 3 (5.3) –
Hydroxychloroquine (n, %) 22 (5.3) 12 (8.3) 3 (4.8) 3 (3.8) 1 (4.3) 2 (4.8) 1 (1.8) –
Other (n, %) 16 (3.9) 11 (7.6) 2 (3.0) 2 (2.5) 1 (4.3) 0 1 (1.8) –
Type of vaccine
mRNA both doses (n, %) 371 (89.6) 126 (82.3) 67 (100) 65 (81.3) 19 (82.6) 40

(95.2)
54 (94.7) 49 (80.3)

Adenovector virus vaccine two doses (n, %) 39 (9.4) 17 (11.7) 0 14 (17.5) 4 (17.4) 2 (4.8) 2 (3.5) 5 (8.2)
Combination of a mRNA and a vector

vaccine dose (n, %)
4 (1.0) 2 (1.4) 0 1 (1.3) 0 0 1 (1.8) 7 (11.5) *

COVID-19 infection before
vaccination#(yes, %)

32 (7.7) 4 (2.8) 4 (6.0) 4 (5.0) 2 (8.7) 9 (21.4) 9 (15.8) 14 (23.0)

TNFi = tumour necrosis factor inhibitors, csDMARD = conventional synthetic anti-rheumatic drugs, IL6i = interleukin 6 receptor inhibitors; IL12/23/17i = interleukin 12/23
inhibitors and IL17 inhibitors; JAKi = Janus Kinase inhibitors.

* Significant difference between patients with IRD and controls.
# Symptoms and positive SARS-CoV-2 RNA in nasopharynx secrete.
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2.3. Data collection

At inclusion i.e. before the first vaccine dose, demographic data,
diagnose, time for disease onset, previous and current anti-
rheumatic treatments, smoking status, co-morbidities, physiciańs
assessment of activity scores using 28- tender and swollen joint
count and ESR (DAS28) (in patients with arthritis) or patient́s
own assessment of the activity in the underlying rheumatic disease
and physical function measured by health assessment question-
naire (HAQ) was collected. Patients were instructed to take a notice
of possible side-effects or other unexpected reactions after each
vaccine dose as well as the possible effects of vaccination on their
rheumatic disease. Patient reported outcomes (PRO) such as pain
and patient assessment of diseases activity was also collected in
the Swedish Rheumatology Registry (SRQ) [21] which is a part of
the routine clinical praxis in Sweden. At the same time point rou-
tine blood samples [blood cell count, erythrocyte sedimentation
rate (ESR), C-reactive protein (CRP), creatinine] were analysed.
Patients were scheduled for a second visit, 2–12 weeks after vacci-
nation when postvaccination blood samples were taken, the
changes in current anti-rheumatic treatments, data on the date
and type of vaccine as well as the possible side effects of the
received vaccines were registered. The Swedish authorities recom-
mended the third (booster) vaccine dose to all adults, adminis-
trated at least 6 months after the second one. All participants in
the study were offered an optional follow up visit scheduled before
the third dose. The final blood samples were collected up to
12 weeks after the third (booster) vaccine dose.
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2.4. Analysis of antibody response

IgG antibody levels to two spike antigens (spike full length pro-
tein and spike S1) and a nucleocapsid C-terminal fragment (used to
detect previously COVID-19 infected individuals) were measured
in pre- and postvaccination sera using multiplex bead-based serol-
ogy assay. The panel of 3 antigens was selected after evaluating
more than 100 SARS-CoV-2 antigen representations (i.e. whole
proteins, protein domains and peptides) (assay performance of
99.7 % sensitivity and 100 % specificity) [22]. Briefly, the full-
length Spike, S1 and the nucleocapsid C-terminal fragment were
coupled to color coded magnetic beads (MagPlex, Luminex Corp.,
Austin, TX, USA), each to a different color-code, and the beads
mixed to generate a multiplex suspension bead array. Samples
were diluted 1:50 in assay buffer containing 3 % (w/v) bovine
serum albumin (BSA), 5 % (w/v) skim milk powder in PBS-T
(0.05 % Tween20) and incubated with the array. IgG binding to
the spike full length, S1, and nucleocapsid were detected by using
a phycoerythrin-conjugated anti-human IgG antibody (H10104,
Invitrogen, Waltham, MA, USA). The assay readout was performed
by using the FLEXMAP 3D� instrument (Luminex Corp., Austin, TX,
USA). An antigen and assay specific cut-off was calculated includ-
ing in each assay run the same set of 12 pre-pandemic samples
selected as the best combination to represent the background dis-
tribution among more than 2000 pre-pandemic samples tested
during assay development phase [22]. The cut-off for spike full
length and S1 was calculated as the mean of the signal intensity
of the 12 pre-pandemic samples + 6SD, while for nucleocapsid
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was calculated as the mean of the signal intensity of the 12 con-
trols + 12SD. Samples showing signals passing the cut-off were
defined as seropositive for antibodies towards the specific antigen.
Samples showing signals above the cut-off for both spike full
length and S1 were defined as seropositivity in individuals with
antibody levels below cut off before the first vaccine dose. Positive
antibody response was defined as postvaccination antibody levels
over cut off (seropositivity) for both spike protein antigens in pre-
viously seronegative individuals or� 4-fold increase in prevaccina-
tion antibody levels in individuals already seropositive for both
spike protein antigens (seroconversion).
2.5. Statistics

Based on available information on the response to various (non-
COVID-19) vaccines in individuals with IRD we estimate the per-
centage of individuals reaching seroconversion for COVID-19 vac-
cines to be approximately 75 %, compared to the estimated 95 %
among immunocompetent controls. To detect a 20 %-unit differ-
ence between any of treatment group and controls with 80 % sta-
tistical power and a 0.05 significance, 62 participants/treatment
group needed to be included.

Percentage (%) of individuals with positive antibody response
(responders) was calculated in each treatment group and in con-
trols. In addition, percentage responders among individuals vacci-
nated with different vaccinations strategies (2 doses of mRNA
vaccines vs 2 doses of vector vaccines vs a combination of two vac-
cine types) irrespective of anti-rheumatic treatment were calcu-
lated. For the purpose of comparing patients and controls overall,
Mann-Whitney tests were used for numeric and chi-square (Chi2)
tests for categorical variables. Predictors of antibody response
among all patients were determined using binary logistic regres-
sion analysis. All tests were two-sided and statistical significance
set at 0,05.

Data analyses were performed using Graph pad prism 9 and
SPSS 28.
3. Results

In total, 414 patients and 61 controls participated in the study.
Out of these, 283 had RA/JIA/psoriatic arthritis/axial spondylarthri-
tis, 75 had systemic vasculitis and 56 had other autoimmune dis-
eases. Patients with IRD receiving the following treatments were
studied: rituximab (n = 145), abatacept (n = 22), IL6i (n = 79), JAKi
(n = 58), TNFi (n = 68), IL12/23/IL17i (n = 42) and controls (n = 61).
All together 166 (40,1%) patients received b/tsDMARD in combina-
tion with csDMARDs. Methotrexate was the most common
csDMARD, used by 121 (29,2%) patients followed by hydroxy-
chloroquine being used by 22 (5,3%), sulfasalazine 16 (3,9%) and
other cs DMARDs (azathioprine, leflunomide or mycophenolate
mofetil) were used in 16 (3,9%) of patients. Concomitant pred-
nisolone was used in 144 (34,8%) patients. Mean prednisolone
dose/day was 5,5 mg (range 0–25 mg) (Table 1). In total 19
(3,9%) patients were treated with prednisolone in dose � 10 mg/
day.

Briefly, compared to controls, IRD patients were significantly
older (mean age 57 vs 49 years), had lower proportion females
(69 % vs 74 %), had higher proportion ever smokers (52 % vs
21 %), and had more comorbidities at inclusion (77 % vs 34 %).

In total 14 (4 %) patients and 28 controls (46 %) had antibody
levels over the cut off (were seropositive) for at least 2 antigens
tested before vaccination. Percentage of patients with positive
antibody response after two doses was significantly lower in ritux-
imab (33,8%) and abatacept (40,9%) (p < 0,001) but not in
IL12/23/17i, TNFi or JAKi groups compared to controls (80,3%).
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Fig. 1 shows the proportion of participants with positive antibody
response defined as postvaccination antibody levels over the cut-
off (seropositivity) in seronegative patients or � 4-fold increase
in antibody levels in patients with seropositivity for both spike
antigens in each treatment group and controls (1A =b/tsDMARD
overall and controls; 1B=b/tsDMARD monotherapy or b/tsDMARD
+sDMARDs and controls).

Similar proportion of patients and controls received 2 doses of
mRNA vaccines (89 % vs 80 %), 2 doses of adenovirus vector vaccine
(10 % vs 8 %) but combination of both vaccines were more often
given to controls (1 % and 11 %, respectively). A higher antibody
response rate was seen for individuals receiving mRNA vaccines
in comparison with the vector vaccine and the combination of vac-
cine types although the individuals in these groups were fewer,
especially in the group immunized with a combination of both vac-
cine types (p < 0,0001).

3.1. Predictor analysis of positive antibody response after two vaccine
doses

After 2 vaccine doses and compared to controls, patients with
IRD as a group had an impaired antibody response [p = 0,034; Odds
ratio (OR) 0,49 (95 % CI 0,25–0,95; unadjusted logistic regression
analysis, Table 2)]. Compared to controls, rituximab treatment,
abatacept and concomitant csDMARDs, concomitant MTX, higher
age, concomitant prednisolone, higher daily prednisolone dose,
current or previous smoking, systemic vasculitis diagnosis, having
any comorbidity at vaccination, lower HAQ, but not IL6r, TNFi or
JAKi were each associated with the impaired antibody response
in the unadjusted logistic regression analysis (Table 2).

Higher age, rituximab and concomitant csDMARDs treatment
remained predictors of impaired antibody response after adjust-
ment in the logistic regression model (Table 2, Fig. 2).

3.1.1. Persistence of antibody response after two vaccine doses
In total, blood samples were collected from 131 individuals who

volunteered in the optional visit before the third (booster) vaccina-
tion. Patients with following treatment participated: ritux-
imab = 43, TNF-inhibitors = 6, IL6r-inhibitors = 21, abatacept = 4,
IL-12/23/IL-17 inhibitors = 3, JAK- inhibitors = 23 and controls = 31.
Serum samples were collected after mean (SD) 184 [26] days fol-
lowing the second vaccine among these participants.

Compared to antibody levels in samples taken 2–12 week after
the second vaccine those taken after 21–40 weeks decreased sig-
nificantly in in groups IL6i and JAKi (p = 0,02). Corresponding com-
parisons were not performed among other treatment groups due to
limited number of patients. However, most participants remained
still seropositive (Fig. 3).

In the rituximab group, 15 patients (34.9 %) were seropositive at
2–12 weeks and 14 patients (32.6 %) remained seropositive 21–
40 weeks after second vaccine dose. In the IL6i group, 18 patients
(85.7 %) were positive at 2–12 weeks and 21 patients (100 %) at
21–40 weeks after the second vaccine dose. All patients with JAKi
were seropositive at both time points. One control seroconverted
to positive during follow-up.

3.1.2. Antibody response after the third (booster) vaccine dose
Blood samples were collected in 323 of 414 patients and 36

controls who received three vaccine doses. Patients receiving the
following b/tsDMARDs participated: rituximab (n = 118; 68 %
female; mean age 67 years), abatacept (n = 18; 72 % female; mean
age 64 years), IL6i (n = 60; 73 % female; mean age 64 years), JAKi
(n = 44; 80 % female, mean age 52 years), TNFi (n = 59; 70 % female;
mean age 47 years;), IL12/23/17i (n = 24; 46 % female; mean age
54 years). Controls (n = 36) were 75 % female, mean age 51 years.
All biological/tsDMARDs were administrated as monotherapy or in



Fig. 1. A and B. Proportion of participants with positive antibody response defined as postvaccination antibody levels over the cut-off (seropositivity) in seronegative patients
or � 4-fold increase in antibody levels in patients with seropositivity for both spike antigens in each treatment group (biologic/ts DMARD as monotherapy or biologic/ts
DMARD + csDMARD; B Biologic/ts DMARDs all) and controls.
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Table 2
Predictors of antibody response after two doses of COVID-19 vaccine, defined as postvaccination antibody levels over the cut-off (seropositivity) in seronegative patients or � 4-
fold increase in antibody levels in patients with seropositivity for both spike protein antigens. All 414 patients with inflammatory rheumatic diseases and 61 controls are included
in the analysis.

A. Crude (unadjusted) logistic regression analysis (patients vs controls)

B p-value Odds Ration (OR) 95 % CI

Patients (yes) /controls (no) �0.72 0.034 0.49 0.25–0.95
Treatment groups vs controls:

Rituximab
Abatacept
IL6i
JAKi
TNFi
IL12/23/17i

�2.08
�1.78
0.04
0.75
0.92
1.59

<0.001
<0.001
<0.001
0.919
0.162
0.089
0.045

0.13
0.17
1.04
2.12
2.49
4.90

0.06–0.26
0.06–0.49
0.45–2.43
0.74–6.09
0.87–7.12
1.04–2.17

Age (years) �0.06 <0.001 0.95 0.93–0.96
Sex (female/male) 0.31 0.147 1.36 0.90–2.10
Comorbidity (yes/no) �1.33 <0.001 0.26 0.16–0.45
Smoking (ever/never) �0.51 <0.015 0.60 0.40–0.91
Methotrexate at vaccination (yes/no) �0.76 0.001 0.48 0.32–0.74
csDMARD at vaccination (yes/no) �0.72 <0.001 0.49 0.33–0.73
Prednisolone mg/day �0.11 <0.001 0.90 0.85–0.95
Disease activity score (DAS28) 0–10 �0.03 0.903 0.97 0.60–1.57
Health assessment questionnaire (HAQ) 0–3 �0.41 0.015 0.66 0.48–0.92

B. Adjusted binary logistic regression analysis (patients vs controls)*
Treatment groups vs controls: <0.001
Rituximab �1.61 0.033 0.20 0.05–0.88
Abatacept �1.24 0.171 0.29 0.05–1.70
IL6i 0.64 0.433 1.90 0.38–9.46
JAKi 0.67 0.457 1.96 0.33–11.44
TNFi 1.17 0.254 3.23 0.43–24.21
IL12/23/17i 1.45 0.164 4.26 0.55–32.77
Age (years) �0.04 0.001 0.96 0.94–0.98
Sex (female/male) �0.10 0.750 0.90 0.48–1.71
csDMARD (yes/no) �0.74 0.016 0.48 0.26–0.87
Prednisolone (mg/day) �0.04 0.263 0.96 0.88–1.04
Smoking (ever/never) 0.08 0.805 1.08 0.59–1.97
Comorbidity (yes/no) �0.37 0.427 0.69 0.28–1.72
Disease duration (years) 0.00 0.99 1.0 0.97–1.28
HAQ (0–3) 0.09 0.73 1.10 0.65–1.85

IL6i = Interleukin 6 receptor inhibitors; TNFi = Tumour Necrosis Factor inhibitors; JAKi = JAnus Kinase Inhibitors; IL12/23/17 = Interleukin12/23 and Interleukin 17 inhibitors;
csDMARD = conventional synthetic disease modifying anti-rheumatic drugs; HAQ = Health assessment questionnaire.

* Binary logistic regression analysis adjusted for age, sex, cs DMARD or methotrexate (two separate regression models), prednisolone dose, smoking status, comorbidity,
disease duration and health assessment questionnaire (HAQ) before vaccination.
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combination with cs DMARDs, MTX being the most frequently
used csDMARD (32.5 %). Compared to results in samples 2–
12 weeks after two vaccine doses, proportion (%) of seropositivity
after three vaccine doses increased significantly in groups: ritux-
imab monotherapy and rituximab + csDMARD (p = 0,004 and
p = 0,003; respectively), IL6i + DMARD (p = 0,02), and abata-
cept + DMARD (p = 0,01). However, the proportion of seropositivity
after three vaccine doses was still significantly lower in rituximab
treated patients (52 %) compared to other treatment groups or con-
trols (p < 0,001) (Fig. 4).

3.1.3. Rituximab treatment
In total, 145 patients were treated with rituximab and of these

82 received rituximab as monotherapy (67 % women; mean age
was 66 years and mean disease duration was 13 years). Rituximab
monotherapy was more common in patients with systemic vas-
culitis (60 %) than in patients with RA/JIA (30 %). The large predom-
inance of patients with rituximab treatment in this study may not
be representative for the distribution of biological treatment in
patients with IRD in Sweden.

Rituximab was given in combination with at least one
csDMARD to 63 patients (62 % women; mean age was 66 years
and mean disease duration was 17 years. Rituximab in combina-
tion with csDMARD was mostly used in RA/JIA (76 %) and only in
9.5 % of systemic vasculitis patients. MTX was the most used
csDMARD also among these patients. The last rituximab treatment
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was administrated intravenously within a mean (range) 193 (23–
501) days before the first vaccine dose.

Possible predictors of antibody response among patients trea-
ted with rituximab were studied applying binary logistic regres-
sion model adjusted for time between last rituximab course and
vaccination (days), age, sex, csDMARDs or MTX, prednisolone dose,
smoking status, systemic vasculitis diagnosis and rituximab dose
(Table 3A). Only shorter time between the last rituximab treatment
and vaccination and higher age remained significant predictors of
an impaired antibody response (adjusted logistic regression analy-
sis). When time between the last rituximab treatment and vaccina-
tion was divided in 4 categories (�6 months, 6 to � 9, 9 to � 12
and > 12 months) OR of the positive antibody response increased
with the time after the last rituximab treatment and vaccination
(Table 3B).

3.1.4. Vaccination schedules and tolerability of the vaccines
The mean (SD) time interval between the first two doses was 47

[25] days in patients and 65 (73) days in controls. All three vacci-
nes were well tolerated with mostly mild or moderate side-effects
corresponding to those reported from the manufacturer or other
studies. No cases of vaccine-induced immune thrombotic throm-
bocytopenia (VITT) or other unexpected reactions were reported.
The most prevalent side-effects reported were tenderness at the
injection site, fatigue, headache, muscle pain or increased body
temperature for a few days.



Fig. 2. Predictors of antibody response to two doses of COVID-19 vaccine, defined as postvaccination antibody levels over the cut-off (seropositivity) in seronegative patients
or � 4-fold increase in antibody levels in patients with seropositivity for both spike antigens. All 414 patients with inflammatory rheumatic diseases and 61 controls are
included in the analysis. Unadjusted and adjusted odds ratios (OR) and 95 % CI are given.
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We did not notice any increased disease activity after vaccina-
tion; only fourteen (3.4 %) patients reported an increased activity
in their IRD which is likely within the normal variation of disease
activity over time in these patients.
4. Discussion

In this large, national study, conducted in five regions across
Sweden, we report that ongoing treatment with rituximab signifi-
cantly impairs the immunogenicity of COVID-19 vaccine in
patients with IRD. These findings confirm and extend data from
several previous studies and a meta-analysis [16–19].

Results from the adjusted logistic regression analysis shows the
odds ratio of satisfactory antibody response increases almost 30 %
for each month after the last rituximab treatment. This is in line
with results from some other studies, one showing a 20 % response
rate six months after rituximab, raising to 60 % after 1 year [23–27].

Interestingly, a large study of MS patients treated with ritux-
imab before being infected with COVID-19 or, in a small group,
before vaccination, showed a significant reduction of anti-virus
antibody titers [28]. Assessing vaccine response for patients with
rituximabmay thus be considered together with recommendations
of vaccine booster-doses.

Another finding is that treatment with abatacept also decreases
antibody response but to a lower extent compared to rituximab
which is consistent with results published by Furer et al and Jena
et al [18–19]. However, this effect did not persist after the adjust-
ment in the regression analysis indicating that the other patient or
treatment characteristics play a more important role in the vaccine
response than the mode of action of the drug.

Importantly, we observed a good antibody response in patients
using TNFi, IL12/23/IL17i and JAKi.This was in parity with other
studies [19,29].
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An attenuation in the antibody response was seen for all treat-
ments investigated herein when combined with a csDMARD or
prednisolone except for TNF inhibitors, proportion of patients with
a positive antibody response rose to 94 %. Although concomitant
prednisolone was associated with diminished antibody response
in the unadjusted regression analysis, neither the usage of pred-
nisolone nor the daily prednisolone dose predicted antibody
response after adjustment in the regressions analysis. Of impor-
tance, the patients on prednisolone were mostly on a low pred-
nisolone dose which may explain the diverging results compared
to other reports [17–19].

Higher age was a significant negative predictor of vaccine
response both in patients (regardless the immunosuppressive
treatment) and controls. As for the other vaccines, these finding
may be explained by the ‘‘immunosenesence” characterised by
the weak and less effective immune response in the elderly [30].
As higher age is by far the strongest risk factor for a more severe
COVID-19 infection, encouraging vaccination in older patients is
extremely important.

A two-dose regime of mRNA COVID-19 vaccines has conferred
over 94 % and the adenovirus vaccine 70 % efficacy against
COVID-19 infection with a good tolerability in volunteers [10–
12]. The mean time interval between the two doses was shorter
in patients than in and controls in our study (47 and 65 days,
respectively). This difference could be explained by the fact that
‘‘risk groups” were prioritized for vaccination in the beginning of
the vaccination program in Sweden. For patients with IRD concerns
against potential antigenic cross-reactivity between SARS-CoV-2
and human tissue causing autoimmunity or exacerbating already
existing diseases have been raised [31]. In this study, for the major-
ity of patients the disease activity remained stable postvaccination,
which is in agreement with other studies although long-term fol-
low up data is yet lacking [14–17]. In agreement with former stud-
ies the patients herein reported few adverse advents, mostly pain



Fig. 3. Antibody levels to full spike protein antigen and S1 spike protein in samples collected 2–12 and 21–40 weeks after the second vaccine dose.
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at the injection site, headache, fatigue and chills for less than 3 days
[10–13]. No side-effects of special interest for patients with IRD
such as herpes zoster, uveitis, pericarditis or VITT occurred.

A lower antibody response rate was seen for patients with sys-
temic vasculitis, which however did not remain after adjustment in
the regression analysis. Several studies demonstrated similar rates
of seroconversion and antibody titres across autoimmune diseases
suggesting that immunosuppressive treatment rather than the
autoimmune disease itself, is influencing the immunogenicity to
the vaccines [16–19].

This study supports earlier findings that most DMARDs can be
continued in relation to the administration of COVID-19 vaccina-
tion, except for rituximab where timing of treatment is of high
importance to receive as good immunogenicity.

A waning antibody response after 2 vaccine doses has been
observed when antibody levels were measured in samples col-
lected approximately 6 months after the second COVID-19 vaccine
[32–34]. Since most patients with exception for rituximab and con-
trols maintained positive antibody response for 6 months in our
study, the currently recommended 6 months interval between
the second and third dose seems reasonable [20]. In addition, we
here could confirm that additional (booster) vaccine dose resulted
in more patients achieving positive antibody response including
the rituximab treated patients. Still, the seropositivity of rituximab
treated patients was significantly lower than in other treatment
groups and in controls where vast majority of participants
achieved sufficient antibody responses. This is in accordance with
results from others [33–35].
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A strength of this study is the heterogenous patient population
with a broad range of autoimmune rheumatic diseases, the
prospective design and in most cases sufficiently large treatment
with a sufficient statistical power for the comparisons with a con-
trol group. The results from analysis of several different treatments
in a real-life setting enable generalisability of the results and dif-
ferentiates our results from many previous studies which only
included one diagnosis and one, or few anti-rheumatic treatments.

One disadvantage of the study is that patients and controls were
not age and sex matched. To account for this, we performed a logis-
tic regression analysis adjusted for age, sex, comorbidity and
smoking status. The analysis confirmed that rituximab, concomi-
tant csDMARDs and higher age were predictors of an impaired
antibody response.

Another obvious limitation of the present study is the lack of
the data on the T cell response. T cells play an important role in
the eradication of the virus and robust CD4 + T response to
spike-proteins has been demonstrated in otherwise healthy indi-
viduals after vaccination against COVID-19 [35]. In addition, in
healthy individuals, these CD4 + T cells were shown to correlate
with anti-SARS-CoV-2 IgG antibodies [36–37]. Notably, the large
study of effects of COVID-19 infection on T cell responses to
SARS-Cov2 spike and nucleocapsid peptides/protein in MS
patients treated with rituximab showed a robust T cell response
even in the absence of antibody titers over cut-offs which is in
line also with another study on sufficient T cell response despite
severely impaired antibody responses [16,25]. It will thus be of
large interest to investigate T cell response to the virus also in



Fig. 4. Proportion (%) of patients in different treatment groups and controls with positive antibody response after the second and third vaccine dose defined as
postvaccination antibody levels over the cut-off (seropositivity) in seronegative patients or � 4-fold increase in antibody levels in patients with seropositivity for both spike
antigens.

Table3A
Predictors of positive antibody response after two doses of COVID-19 vaccine in patients with inflammatory rheumatic diseases treated with rituximab- in relation to time
between the last rituximab course and vaccination.

B p-value OR 95 % CI

Time between last rituximab treatment and vaccination (months) 0.24 0.003 1.28 1.09–1.50
Age at vaccination (years) �0.04 0.023 0.96 0.93–0.99
Sex (female/male) 0.63 0.159 1.87 0.78–4.47
Methotrexate at vaccination (yes/no)* �0.69 0.143 0.50 0.20–1.26
Rituximab dos (1000 mg vs 500 mg) �0.42 0.337 0.65 0.28–1.56
Smoking (never/ever) 0.01 0.823 1.10 0.47–2.57
Diagnosis at vaccination (systemic vasculitis vs others) �0.22 0.659 0.81 0.31–2.10
Comorbidity (yes/no) �0.68 0.347 0.50 0.12–2.10

Binary logistic regression analysis adjusted for age, sex, methotrexate, prednisolone dose, smoking status, diagnosis (systemic vasculitis), rituximab dose, comorbidity at
vaccination.

* Concomitant csDMARD (conventional synthetic anti-rheumatic drugs) and methotrexate were tested in two different models.
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patients with rheumatic disease treated with anti-rheumatic
therapies. The final proof of which immune responses on the T
and B cell side that provide good protection against infection
and severe COVID-19 disease will require further analysis of
infection and morbidity rates in relation the outcome of the
immunological studies. If a satisfactory T cell response provides
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a sufficient protection against infection in absence of antibody
response remains to be determined. Furthermore, antibody and
T cells response are still a surrogate measure for the vaccine
response and studies showing the lower prevalence of infections
among vaccinated patients compared to non-vaccinated ones are
needed.



Table3B
Predictors of positive antibody response after two doses of COVID-19 vaccine in patients with inflammatory rheumatic diseases treated with rituximab -in relation to time
between the last rituximab treatment and vaccination using different time intervals as categories.

B p-value OR 95 % CI

Time between last rituximab treatment and vaccination
0–6 months
6–9 months
9–12 months
>12 months

1.40
1.49
2.11

0.006
0.002
0.028
0.034

4.04
4.42
8.26

1.66–9.81
1.18–16.60
1.18–58.10

Age at vaccination (years) �0.40 0.023 0.96 0.93–0.99
Sex (female/male) 0.55 0.223 1.74 0.71–4.22
Methotrexate at vaccination (yes/no)* �0.77 0.110 0.46 0.18–1.19
Prednisolone (mg daily) �0.10 0.119 0.90 0.79–1.03
Rituximab dos (1000 mg vs 500 mg) �0.45 0.327 0.64 0.26–1.57
Smoking (never/ever) 0.14 0.755 1.15 0.49–2.71
Diagnosis at vaccination (systemic vasculitis vs others) �0.14 0.779 0.87 0.33–2.55
Comorbidity at vaccination(yes/no) �0.54 0.473 0.58 0.13–2.55

Binary logistic regression analysis adjusted for age, sex, methotrexate, prednisolone dose, smoking status, diagnosis (systemic vasculitis), rituximab dose and comorbidity at
vaccination.

* Concomitant csDMARD (conventional synthetic anti-rheumatic drugs) and methotrexate were tested in two different models.
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5. Conclusion

Older individuals and patients with inflammatory rheumatic
diseases on maintenance rituximab as monotherapy or in com-
bination with csDMARDs had an impaired responses to two
doses of COVID-19 vaccine which improves moderately after
an additional vaccine dose and when the time between last
rituximab course and vaccination extends as long as possible.
Rituximab patients should be encouraged to get the booster
vaccine doses. Patients treated TNFi, JAKi or IL12/23/IL17i have
a satisfactory humoral response to a primary and an additional
vaccine dose.
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