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ABSTRACT

Background Research on the disease severity of
COVID-19 in patients with rheumatic immune-mediated
inflammatory diseases (IMIDs) has been inconclusive, and
long-term prospective data on the development of SARS-
CoV-2 antibodies in these patients are lacking.
Methods Adult patients with rheumatic IMIDs from
the Amsterdam Rheumatology and Immunology Center,
Amsterdam were invited to participate. All patients were
asked to recruit their own sex-matched and age-matched
control subject. Clinical data were collected via online
► Additional supplemental
questionnaires (at baseline, and after 1–4 and 5–9 months
material is published online only. of follow-up). Serum samples were collected twice
To view, please visit the journal
and analysed for the presence of SARS-CoV-2-specific
online (http://dx.d oi.org/10.
antibodies. Subsequently, IgG titres were quantified in
1136/r mdopen-2021-002035).
samples with a positive test result.
Findings In total, 3080 consecutive patients and 1102
controls with comparable age and sex distribution were
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included for analyses. Patients were more frequently
hospitalised compared with controls when infected with
SARS-CoV-2; 7% vs 0.7% (adjusted OR: 7.33, 95% CI: 0.96
to 55.77). Only treatment with B-cell targeting therapy
was independently associated with an increased risk of
COVID-19-related hospitalisation (adjusted OR: 14.62,
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slowly declined with time in similar patterns for patients in
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all treatment subgroups and controls.
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Interpretation We observed that patients with rheumatic
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IMIDs, especially those treated with B-cell targeting
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therapy, were more likely to be hospitalised when infected
with SARS-CoV-2. Treatment with conventional synthetic
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Key messages
What is already known about this subject?
► Patients with rheumatic immune-mediated inflam-

matory diseases (IMIDs) seem to be at an increased
risk of COVID-19-related hospitalisation, but results
are inconclusive.
► Effects of immunosuppressive drugs other than B-
cell targeting agents on the development of humoral
immunity after COVID-19 vaccination are minimal,
but long-term effects, especially after COVID-19 infection instead of vaccination, are still unknown.

What does this study add?
► Patients with rheumatic IMIDs, especially those

treated with B-cell targeting therapy, were more
frequently hospitalised when infected with SARS-
CoV-2 compared with the general population.
► Treatment with conventional synthetic disease-
modifying antirheumatic drugs (csDMARDs) and
cell
biological DMARD (bDMARDs) other than B-
targeting agents does not seem to impair the development of long-term humoral immunity against
SARS-CoV2.

How might this impact on clinical practice or
future developments?
► Our results regarding effects of csDMARDs and bD-

MARDs on the maintenance of humoral immunity after primary infection with SARS-CoV-2 over time are
reassuring, but future studies are needed to assess
whether these findings are similar for long-term humoral immunity after COVID-19 vaccinations.
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INTRODUCTION
Since the start of the COVID-19 pandemic, concerns have
been raised regarding the safety of those who are vulnerable to infections, which includes patients with a rheumatic immune-mediated inflammatory disease (IMID).1
Both the underlying disease and immunosuppressive
treatment regimens prescribed to these patients make
them susceptible for infections,2 and therefore possibly
a worse disease outcome of COVID-19. Moreover, treatment with immunosuppressive drugs may hamper the
maintenance of immunological memory against SARS-
CoV-2, which might increase the susceptibility of patients
with rheumatic diseases to (severe) COVID-19 reinfections as well. Although current data on disease severity
of COVID-19 in patients with rheumatic diseases seem
reassuring,3 4 definitive conclusions have not yet been
drawn due to lack of studies that provide a high quality
of evidence. So far, most data have been derived from
cross-
sectional cohort studies or retrospective registry
studies that often suffer from considerable methodological disadvantages, such as selection bias.5 Hence, experts
of the EULAR recently agreed that although existing
evidence does not point towards an increased risk of
a worse disease course of COVID-
19 in patients with
rheumatic diseases, patients should still be advised to
strictly follow infection prevention measures, even after
receiving vaccinations.6
In contrast to the increasing amount of data on
COVID-
19 disease severity in patients with rheumatic
diseases, data on the development of SARS-CoV-2 antibodies in this patient group are still scarce. Existing data
in patients with non-rheumatic IMIDs, such as multiple
sclerosis or inflammatory bowel disease, point towards
strong inhibitory effects of B-
cell targeting agents,7 8
and considerable attenuating effects of tumour necrosis
factor (TNF) inhibitors on the production of SARS-
CoV-2 antibodies in the first 2–12 weeks after infection.9
In addition, we recently observed that treatment with
methotrexate was associated with lower seroconversion
rates after first COVID-19 vaccinations,10 which might
suggest that seroconversion after an infection with SARS-
CoV-2 are decreased as well. Therefore, since previous
studies demonstrated that the presence of SARS-CoV-2
antibodies protect against symptomatic reinfections, it
is relevant to evaluate the impact of immunosuppressive
therapies on the development and maintenance of SARS-
CoV-2 antibodies over time. In this study, we describe the
results of a large prospective controlled cohort study that
was designed to compare both disease severity of COVID-
19, and the development of SARS-CoV-2 antibodies over
time between patients with rheumatic IMIDs and healthy
controls.
2

METHODS
Study design
Between April 2020 and March 2021, all adult patients
with rheumatic IMIDs from the Amsterdam Rheumatology and Immunology Center were invited to participate in this study. All patients were asked, but not
obliged, to recruit their own control subject of the same
sex, comparable age (age difference of <5 years) and
without a rheumatic IMID. Clinical data were collected at
baseline and up to two times during follow-up via online
questionnaires distributed by email. Serum samples were
collected up to two times via regular blood withdrawal
at the local research institutes or via a finger prick that
could be performed at home, prior to COVID-19 vaccination.
Procedures
Data collection on the incidence and disease severity of
COVID-19 ended on 30 April 2021, due to the start of
the Dutch national COVID-19 vaccination programme.
The baseline questionnaire was sent to participants when
they were included in the study. The first and second
follow-up questionnaires were sent to participants 1–4
and 5–9 months after completion of the baseline questionnaire. Information on demographic data were only
collected at baseline and included age, sex, height,
weight, smoking status, ethnicity, educational level, type
of IMID and the presence of comorbidities. At baseline
and during follow-up, participants reported their disease
activity, medication use and COVID-19-related characteristics. Disease activity was evaluated only for patients with
rheumatoid arthritis or spondyloarthritis using the multidimensional Health Assessment Questionnaire (HAQ)
(Routine Assessment of Patient Index Data-3 (RAPID-3)/
HAQ2) or Bath Ankylosing Spondylitis Disease Activity
Index (BASDAI), respectively. COVID-
19-
related characteristics included information on type and severity of
COVID-
19-
related symptoms (cough, dyspnoea, fever,
ageusia/agnosia, malaise, fatigue, headache, vomiting/
diarrhoea), recent travelling history, (probable) contact
with confirmed COVID-19 cases, social distancing measures, COVID-19 test results (PCR tests, loop-mediated
isothermal amplification tests, rapid antigen tests, serological antibody test results acquired outside the study,
hospitalisation and starting January 2021 (when the vaccination campaign started) COVID-19 vaccination status.
Between May and November 2020, all included patients
were invited for their first blood draw at the local research
institute of Reade, preferably at the time of completion of
the first follow-up survey. Between October and December
2020, a self-administered finger prick test kit was sent to
healthy controls and patients who were unable to visit the
research institute. Between January and March 2021, all
participants were invited for a first or second blood draw
at the research institute, again preferably at the time of
completing a follow-up survey. A test kit was sent to participants who had indicated their preference for the finger
prick method in a previous survey or via direct contact
Boekel L, et al. RMD Open 2022;8:e002035. doi:10.1136/rmdopen-2021-002035
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is unlikely to have negative effects on the development of long-lasting
humoral immunity against SARS-CoV-2.

Infections

Outcomes
The primary objective of the study was to compare the
disease severity of COVID-19 between patients with rheumatic IMIDs and healthy controls. Confirmed COVID-19
cases were defined as participants who reported a positive
PCR test to SARS-CoV-2 at any moment during follow-up
but before COVID-19 vaccination, and/or participants
in whom SARS-CoV-2-specific antibodies were detected
using the RBD-
Ab bridging ELISA. Severe COVID-
19
disease was defined as an (unplanned) hospital admission
due to confirmed COVID-19. All participants who indicated in the questionnaires that they were hospitalised
as a consequence of COVID-19 disease were contacted
to verify the reason and duration of their hospitalisation.
To confirm if participants died during the study, an email
requesting a response was sent to all participants who
did not complete a questionnaire since 1 January 2021
from whom it was known that they did not stop participation in this study. In case of non-response, electronic
health records were checked for patients, but this was
not possible for healthy controls. Relatives of participants
who died during the conduct were contacted to verify the
cause of death of the participant.
Secondary objectives of this study were to assess the
effects of treatment with conventional synthetic disease-
modifying antirheumatic drugs (csDMARDs) (including
methotrexate, hydroxychloroquine, sulfasalazine, leflunomide, azathioprine and ciclosporin), biological (b)
DMARDs (including TNF, interleukin (IL)-1 and IL-6
inhibitors, abatacept and B-
cell targeting agents) and
prednisone on disease severity of COVID-19, seropositivity for SARS-CoV-2 antibodies and the maintenance of
SARS-CoV-2 IgG antibody titres over time. For a subgroup
of patients (patients with rheumatoid arthritis or spondyloarthritis), we aimed to assess whether the impact of
the COVID-19 pandemic on patient care had influenced
rheumatic disease activity. Proportions of seropositivity
for SARS-CoV-2 were compared only between patients
and controls with a diagnosis of COVID-19 confirmed by
PCR. The infection date of COVID-19 was determined
Boekel L, et al. RMD Open 2022;8:e002035. doi:10.1136/rmdopen-2021-002035

for SARS-
CoV-
2 seropositive participants. The infection date could be determined when participants had
received a positive PCR test result and/or experienced
symptoms indicative of COVID-19 (at least one of the
following symptoms: cough, dyspnoea or loss of taste/
smell, or at least two of the following symptoms: fever,
general malaise, excessive tiredness, headache, rhinorrhoea, vomiting/diarrhoea).
Statistical analyses
Participants were included for analyses if they completed
at least one survey part that assessed patient characteristics and one survey part that assessed COVID-19-related
characteristics. Patient-related and COVID-19-related
characteristics are presented as mean±SD, median (IQR)
or frequencies and proportions depending on the type
and distribution of the data. Additionally, logarithmically
transformed IgG antibody titres are presented in scatter
plots stratified for treatment groups.
Univariable and multivariable logistic regression analyses were used to compare COVID-19-related hospitalisation rates between patients and controls with a confirmed
COVID-19 diagnosis, and subsequently between patients
with or without treatment with csDMARDs, bDMARDs
or prednisone. A priori, all multivariable models were
adjusted for age, sex and the presence of cardiovascular, diabetes or chronic pulmonary diseases, which
have previously been demonstrated to be associated with
severe COVID-19 disease.13 Analyses that compared the
above-described treatment regimens were also adjusted
for concomitant treatment with other immunosuppressive drugs.
Univariable and multivariable logistic and linear mixed
model analyses were used to compare seropositivity rates
for SARS-
CoV-
2 and SARS-
CoV-
2 IgG antibody titres
between patients and controls, and subsequently between
patients with or without treatment with csDMARDs,
bDMARDs or prednisone. A random intercept for
subject was added to the models to account for repeated
measures, and no random slopes were added. IgG titres
were transformed logarithmically before analyses. The
relationship of logarithmically transformed IgG titres
with time was best described with a linear trend. A priori,
all multivariable models were adjusted for age, sex, time
since COVID-19 disease and severe COVID-19 disease.
Again, analyses that compared treatment regimens were
also adjusted for concomitant treatment with other
immunosuppressive drugs. Univariable linear mixed
model analyses were used to investigate the longitudinal
development of disease activity over time in patients with
rheumatoid arthritis (RAPID-
3 scores) or ankylosing
spondylitis (BASDAI scores).
Because previous studies demonstrated opposing and
varying effects of individual csDMARDs and bDMARDs
on COVID-
19 disease severity and antibody development,14–17 additional exploratory regression or mixed
model analyses were performed to assess effects of methotrexate, TNF inhibitors and B-
cell targeting agents
3
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with the researchers. All serum samples were collected
prior to COVID-19 vaccination.
All collected serum samples were analysed for the presence of SARS-CoV-2-specific antibodies with a receptor
binding domain antibody (RBD-Ab) bridging ELISA (in
house) with a 98.1% sensitivity and a 99.5% specificity.11
Subsequently, titres of IgG antibodies against the RBD
protein were quantified in samples with a positive test
result in the bridging assay.12 Signals were compared with
a serially diluted calibrator (arbitrary assigned a value of
100 arbitrary units (AU) per mL (AU/mL)) consisting of
pooled convalescent plasma that was included on each
plate. Anti-RBD IgG titres were expressed as AU/mL.
Neutralisation assays are considered to be more biologically relevant compared with total antibody assays, but we
previously demonstrated high correlations between both
assays.12
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Figure 1

Flow chart of the study population.

on COVID-
19 disease severity, seropositivity rates for
SARS-
CoV-
2 and SARS-
CoV-
2 IgG antibody titres. All
multivariable models were adjusted for a predefined
set of confounders as described above. For the primary
objective, a p value <0.05 was considered significant.
For secondary objectives and exploratory analyses, the
Benjamini-
Hochberg method was used to correct for
multiple tests to ensure a family-wise false discovery rate
of 5%.18 No effect modification was investigated. All
statistical analyses were performed in SPSS V.27.0. Scatter
plots of IgG antibody titres were created in GraphPad
Prism (V.6.0).

Patient characteristics

Patients
(n=3080)

Healthy
controls
(n=1102)

Age, years—mean (SD)

57 (14)

55 (14)

Female sex—no. (%)

1990 (65)

759 (69)

Male sex—no. (%)

1089 (35)

343 (31)

Body mass index, kg/m2—
mean (SD)

26 (5)

25 (4)

Caucasian race—no. (%)

2346 (86)

909 (92)

 High

1148 (46)

534 (58)

 Middle

775 (31)

246 (27)

 Low

553 (22)

139 (15)

Current smoking status—no.
(%)

387 (13)

80 (7)

Educational level—no. (%)

Coexisting conditions—no.
(%)
Cardiovascular disease

392 (13)

83 (8)

Chronic pulmonary disease

376 (12)

65 (6)

Diabetes

183 (6)

37 (3)

Obesity

497 (16)

112 (10)

Immune-mediated
inflammatory disease type—
no. (%)

Patient or public involvement
Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.

Rheumatoid arthritis

1714 (56)

N.A.

Psoriatic arthritis

505 (16)

N.A.

Ankylosing spondylitis

459 (15)

N.A.

Axial or peripheral
spondyloarthritis

76 (3)

N.A.

RESULTS
Patient characteristics
In total, 3673 consecutive patients with rheumatic diseases
and 1243 healthy controls were included in the study, of
which 3080 patients and 1102 controls were included
for analyses (figure 1). Serum samples were collected
from 2343 (76%) patients and 862 (78%) controls; a
single sample from 1253 patients and 549 controls, and
multiple samples from 1090 patients and 313 controls.
Baseline characteristics of patients and controls are
shown in table 1. The mean age of patients and controls
was 57 years (SD 14) and 55 years (SD 14), respectively,
and the majority were female (65% of patients and 69%
of controls) and of Caucasian race (86% of patients and
92% of controls). The prevalence of chronic pulmonary
diseases, cardiovascular diseases, diabetes and obesity was
slightly higher in patients compared with controls. The
study population included a broad range of rheumatic
diseases, and as expected, rheumatoid arthritis was the
most common diagnosis among patients (56%). Most
patients were on immunosuppressive treatment (78%);
52% used csDMARDs and 36% used bDMARDs. Methotrexate was used by 38% of patients, frequently concomitant with TNF inhibitors: 304 (26%) of 1183 patients

Juvenile idiopathic arthritis

51 (2)

N.A.

Systemic lupus erythematosus

175 (6)

N.A.
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Vasculitis

81 (3)

N.A.

Polymyalgia rheumatica

125 (4)

N.A.

Sjögren’s disease

190 (6)

N.A.

Systemic sclerosis

61 (2)

N.A.

Mixed connective tissue
disease

27 (0.9)

N.A.

Other rheumatic diseases

131 (4)

N.A.

RAPID-3 score

11 (5.6)

N.A.

BASDAI

4 (2.0)

N.A.

No immunosuppressive
medication

679 (22)

1098 (99.6)

csDMARDs

1605 (52)

3 (0.3)

 Methotrexate

1183 (38)

1 (0.1)

 Hydroxychloroquine

362 (12)

2 (0.2)

 Sulfasalazine

176 (6)

N.A.

bDMARDs

1111 (36)

N.A.

Disease activity—mean (SD)

Immunosuppressive
medication—no. (%)

Continued
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Table 1 Characteristics of patients with rheumatic
immune-mediated inflammatory diseases compared with
healthy controls

Infections

Patient characteristics

Patients
(n=3080)

Healthy
controls
(n=1102)

 TNF inhibitor

885 (29)

N.A.

 Tocilizumab

34 (1)

N.A.

 Abatacept

55 (2)

N.A.

 B-cell targeting therapy

71 (2)

N.A.

JAK inhibitor

32 (1)

N.A.

Oral glucocorticoids

358 (12)

1 (0.1)

 
Dose—median (IQR)

5 (5–8)

5
N.A.

COVID-19 tests—no. (%)

Table 2 Baseline characteristics of patients with rheumatic
immune-mediated inflammatory diseases and healthy
controls with a confirmed diagnosis of COVID-19
Patient characteristics

Patients
(n=347)

Age, years—mean (SD)

56 (13)

54 (13)

Female sex—no. (%)

240 (69)

102 (77)

Male sex—no. (%)

107 (31)

31 (23)

25 (5)

25 (4)

2

Body mass index, kg/m —mean
(SD)
Caucasian race—no. (%)

282 (83)

122/131 (93)

 High

149 (45)

68 (53)

 Middle

Educational level—no. (%)
114 (35)

39 (30)

 Low

67 (20)

21 (16)

Current smoking status—no.
(%)

27 (8)

2 (2)

Cardiovascular disease

34 (10)

7 (5)

Chronic pulmonary disease

42 (12)

9 (7)

Diabetes

14 (4)

0 (0)

Obesity

65 (19)

14 (10)

Sore throat

154 (44)

54 (41)

Cough

183 (53)

66 (50)

Rhinorrhoea

206 (59)

81 (61)

Dyspnoea

124 (36)

39 (29)

Fever

138 (40)

58 (44)

Loss of taste or smell

163 (47)

69 (52)

Headache

192 (55)

59 (44)

Excessive tiredness

229 (66)

70 (53)

General malaise

148 (43)

56 (42)

PCR test

1267 (41)

451 (41)

 Solely negative results

1068 (35)

385 (35)

 At least one positive result

199 (7)

66 (6)

RBD-Ab bridging ELISA

2343 (76)

862 (78)

 Solely negative results

2052 (67)

742 (67)

Coexisting conditions—no.
(%)

 At least one positive result

291 (9)

120 (11)

Data are mean (SD), median (IQR) or n (%). Educational levels were
based on the International Standard Classification of Education.
Other rheumatic diseases included Raynaud’s disease, sarcoidosis,
myositis, dermatomyositis, polymyositis, reactive arthritis, relapsing
polychondritis, remitting seronegative symmetrical synovitis with
pitting oedema, IgG4-mediated diseases, SAPHO syndrome,
oeosinophilic fasciitis and diffuse idiopathic skeletal hyperostosis.
Other bDMARDs were ustekinumab, secukinumab, anakinra,
ixekizumab and sarilumab. Other csDMARDs were leflunomide,
azathioprine, ciclosporin and gold injections. One person can be
diagnosed with more than one autoimmune disease and receive
more than one immunosuppressive drug. RAPID-3 scores were only
assessed in patients with RA. BASDAI scores were only assessed in
patients with AS, PsA or axial/peripheral SpA. Healthy controls treated
with csDMARDs were diagnosed with lichen planopilaris, chronic
discoid lupus erythematosus. Only data on educational level and race
had missing values, valid percentages are shown.
AS, ankylosing spondylitis; BASDAI, Bath Ankylosing Spondylitis
Disease Activity Index; bDMARDs, biological DMARDs; csDMARDs,
conventional synthetic disease-modifying antirheumatic drugs;
JAK, janus kinase; N.A., not applicable; PsA, psoriatic arthritis;
RA, rheumatoid arthritis; RAPID-3, Routine Assessment of Patient
Index Data-3; RBD-Ab, receptor binding domain antibody;
SAPHO, synovitis, acne, pustulosis, hyperostosis, osteitis; SpA,
spondyloarthritis; TNF, tumour necrosis factor.

on methotrexate also used TNF inhibitors. Only a small
proportion of patients were on interleukin (IL)-6 inhibitors (tocilizumab) or B cell targeting therapy (rituximab
or belimumab): 1% and 2%, respectively. Lastly, 12% of
patients were treated with prednisone (median dose: 5
mg/day, range of IQR: 5–8). An overview of treatment
alterations including type and reason of change can be
found in the online supplemental table S4.
Prevalence, symptomology and severity of COVID-19
Patient-related and COVID-19-related characteristics of
study participants with a confirmed COVID-19 diagnosis
(347 patients and 133 controls) are presented in tables 2
and 3. Between January and March 2021, the prevalence of SARS-
CoV-
2 antibodies was lower in patients
compared with controls: 289 (14.7%) of 1971 patients
Boekel L, et al. RMD Open 2022;8:e002035. doi:10.1136/rmdopen-2021-002035

Healthy controls
(n=133)

COVID-19-related
symptoms—no. (%)

Vomiting and/or diarrhoea

46 (13)

11 (8)

PCR test

249(72)

95 (71)

 Solely negative results

50 (14)

29 (22)

Diagnosis of COVID-19—no.
(%)

 At least one positive result

199 (57)

66 (50)

RBD-Ab bridging ELISA

296 (85)

125 (94)

 Solely negative results
 At least one positive result

30 (9)
291 (84)

9 (7)
120 (90)

Disease severity of COVID-19
Asymptomatic—no. (%)

45 (13)

Hospitalisation—no. (%)

23 (7)

10 (8)
1 (0.7)

 Duration, days—median (IQR)

10 (2–11)

15 N.A.

 ICU admission—no. (%)

3 (0.9)

0 (0)

 Deceased—no. (%)

1 (0.3)

0 (0)

Data are mean (SD), median (IQR) or n (%).
Only data on educational level and race had missing values, valid
percentages are shown. Duration of hospitalisation was only assessed
in patients who survived COVID-19.
ICU, intensive care unit; N.A., not available; RBD-Ab, receptor binding
domain antibody.
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Table 1 Continued
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Patient characteristics
Age, years—mean (SD)

Non-hospitalised
patients (n=324)

Hospitalised
patients (n=23)

54 (13)

61 (11)

231 (71)

9 (39)

Male sex—no. (%)

93 (29)

14 (61)

Body mass index, kg/m2—
mean (SD)

25 (5)

27 (5)

Female sex—no. (%)

Caucasian race—no. (%)

266 (84)

16 (76)

 High

142 (46)

7 (35)

 Middle

106 (34)

8 (40)

 Low

62 (20)

5 (25)

Current smoking status—
no. (%)

26 (8)

1 (5)

Cardiovascular disease

30 (9)

4 (17)

Chronic pulmonary disease

34 (11)

8 (35)

Diabetes

10 (3)

4 (17)

Obesity

60 (19)

5 (22)

188 (58)

10 (43)

Psoriatic arthritis

54 (17)

6 (26)

Ankylosing spondylitis

40 (12)

5 (22)

Axial or peripheral
spondyloarthritis

6 (2)

1 (4)

Juvenile idiopathic arthritis

8 (3)

0 (0)

Systemic lupus
erythematosus

14 (4)

0 (0)

Vasculitis

16 (5)

1 (4)

Polymyalgia rheumatica

12 (4)

1 (4)

Sjögren’s disease

16 (5)

0 (0)

Systemic sclerosis

7 (2)

0 (0)

Mixed connective tissue
disease

2 (0.6)

0 (0)

Coexisting conditions—
no. (%)

Immune-mediated
inflammatory disease
type—no. (%)

Other rheumatic diseases

17 (5)

1 (4)

11 (7)

13 (6)

Disease activity—mean
(SD)
RAPID-3 score
BASDAI

4 (2.1)

5 (1.9)

Immunosuppressive
medication*—no. (%)
No immunosuppressive
medication

68 (21)

5 (22)

csDMARDs

176 (54)

11 (48)

 Methotrexate

129 (40)

8 (35)

 Hydroxychloroquine

48 (15)

1 (4)

 Sulfasalazine

22 (7)

1 (4)

Continued

6

Patient characteristics

Non-hospitalised
patients (n=324)

Hospitalised
patients (n=23)

bDMARDs

121 (37)

8 (35)

 TNF inhibitor

101 (31)

4 (17)

 Tocilizumab

5 (2)

0 (0)

 Abatacept

7 (2)

0 (0)

 B-cell targeting therapy

4 (1)

3 (13)

JAK inhibitor

2 (0.6)

0 (0)

Oral glucocorticoids
 
Dose—median (IQR)

Educational level—no. (%)

Rheumatoid arthritis

Table 3 Continued

38 (12)
6 (5–13)

4 (17)
5 (5–5)

Data are mean (SD), median (IQR) or n (%).
*Immunosuppressive treatment at the time of SARS-CoV-2 infection.
When the infection date was unknown due to lack of a PCR test
result, medication use at baseline was used.
BASDAI, Bath Ankylosing Spondylitis Disease Activity Index;
bDMARDs, biological DMARDs; csDMARDs, conventional synthetic
disease-modifying antirheumatic drugs; JAK, janus kinase; RAPID-3,
Routine Assessment of Patient Index Data-3; TNF, tumour necrosis
factor.

and 119 (16.0%) of 742 controls had detectable antibodies. Symptomology of COVID-19 disease was similar
for patients and controls, with the exception of dyspnoea,
headaches and excessive tiredness, which were reported
more frequently by patients. A minority of COVID-19
cases were hospitalised (23 (7%) of 347 patients and 1
(0.7%) of 133 controls). Three (13%) of 23 patients (one
treated with methotrexate monotherapy, one treated
with a TNF inhibitor concomitant with methotrexate and
one patient not treated with immunosuppressive drugs)
were admitted to the intensive care unit (ICU), of whom
one patient died (a man aged 71 years with psoriatic
arthritis and cardiovascular comorbidity). None of the
healthy control subjects was admitted to the ICU and all
survived. Unadjusted regression analyses demonstrated
that the risk of hospitalisation was 9 times higher for
patients compared with controls (OR: 9.37, 95% CI: 1.25
to 70.10, p=0.029; table 4). This ratio slightly decreased
after adjusting for known risk factors for severe COVID-19
disease (age, sex and presence of comorbidities), and no
longer reached statistical significance (OR: 7.33, 95% CI:
0.96 to 55.77, p=0.055; table 4).
Table 3 compares characteristics of patients with rheumatic disease with a confirmed COVID-
19 diagnosis
between hospitalised and non-
hospitalised patients.
Hospitalised patients were older and more frequently
male patients compared with non-hospitalised patients.
In addition, prevalence of comorbidities, in particular
chronic pulmonary disease and diabetes, was higher in
hospitalised patients compared with non-
hospitalised
patients. The proportion of patients treated with
any immunosuppressive therapy was similar for non-
hospitalised and hospitalised patients, but differences
between the type of immunosuppressive therapy were
found. Remarkedly, hospitalised patients were more
frequently treated with B-cell depleting agents compared
Boekel L, et al. RMD Open 2022;8:e002035. doi:10.1136/rmdopen-2021-002035
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Table 3 Characteristics of patients with rheumatic
immune-mediated inflammatory diseases: non-hospitalised
versus hospitalised COVID-19 cases

Infections

Hospitalisation rate
No.
Healthy controls*

Crude model
OR

95% CI
N.A.

0.7

1.00

Rheumatic patients

23/347

7

9.37

No treatment with csDMARDs*

12/160

8

1.00

Treatment with any csDMARD

10/186

5

0.77

8/137

6

–

–
N.A.

 Methotrexate
No treatment with bDMARDs*

1/134

%

(1.25 to 70.10)

Adjusted model
P value

1.00

0.83

(0.36 to 2.28)

0.91

–

1.44

(0.39 to 5.31)

0.59

0.81

1.00

1.00

6

1.00

8/129

6

0.90

 TNF inhibitor

4/105

4

–

–

–

0.40

 B-cell targeting therapy

3/7

4

–

–

–

14.62

6

1.00

N.A.

17

2.74

 Prednisone

18/304
2/12

(0.50 to 15.03)

N.A.

0.55

14/217

No treatment with prednisone*

P value

7.33

Treatment with any bDMARD

(0.37 to 2.17)

95% CI

0.029

N.A.
(0.33 to 1.80)

OR

1.00

1.00
0.25

1.73

(0.96 to 55.77)

0.055

N.A.

N.A.
(0.37 to 2.66)

1.00

(0.11 to 1.45)

0.16

(2.31 to 92.39)

0.004†

N.A.
(0.22 to 13.83)

0.61

Data are ORs with 95% CIs in parentheses, and p values. All adjusted ORs are adjusted for age, sex and presence of cardiovascular or chronic
pulmonary diseases. Adjusted ORs for treatment groups are also adjusted for concomitant treatment with other immunosuppressive drugs.
Bold=p<0.050.
*Reference group.
†Below the Benjamini threshold.
bDMARDs, biological DMARDs; csDMARDs, conventional synthetic disease-modifying antirheumatic drugs; N.A., not available; TNF, tumour
necrosis factor.

with non-
hospitalised patients (13% vs 1%), but less
frequently treated with TNF inhibitors (17% vs 31%) or
hydroxychloroquine (5% vs 15%). However, associations
between COVID-19-related hospitalisation and immunosuppressive therapy only reached statistical significance
for treatment with B-cell targeting therapy (adjusted OR:
14.62, 95% CI: 2.31 to 92.39, p=0.004; table 4).
Disease activity
Online supplemental table S1 of the appendix shows
the development of rheumatic disease activity over time
for patients with rheumatoid arthritis and ankylosing
spondylitis. Both RAPID-3 scores in patients with rheumatoid arthritis and BASDAI scores in patients with
ankylosing spondylitis were slightly higher in January–
March 2021 (over a year since the start of the pandemic)
compared with April–July 2020 (the first few months of
the pandemic) (mean difference RAPID-3: 1.7, 95% CI:
1.4 to 2.0, p<0.0001, and mean difference BASDAI: 0.39,
95% CI: 0.21 to 0.56, p<0.0001).
Humoral immunity against COVID-19
In total, 323 samples of 220 patients and 118 samples of
70 controls with a PCR-confirmed COVID-19 diagnoses
were collected. Seropositivity rates for SARS-CoV-2 were
comparable between patients and controls (OR: 0.88,
95% CI: 0.42 to 1.83, p=0.73; table 5), and stable over
time (table 5 and online supplemental table S3). A trend
towards diminished seropositivity was observed for all
bDMARDs (OR: 0.38, 95% CI: 0.18 to 0.82, p=0.014),
and B-cell targeting agents individually (OR: 0.10, 95%
CI: 0.010 to 1.08, p=0.058). The development of IgG antibody titres over time is visualised in figure 2. Antibody
titres were comparable for patients and controls (overall
Boekel L, et al. RMD Open 2022;8:e002035. doi:10.1136/rmdopen-2021-002035

median (IQR) IgG titre: 12.6 AU/mL (4.5–33.6) vs 9.1
AU/mL (3.7–19.4), respectively; online supplemental
table S3), independent of age, sex, time and COVID-
19-related hospitalisation (adjusted ratio: 1.59, 95% CI:
0.88 to 3.02, p=0.12; table 5). However, IgG antibody
titres slowly declined with time in a first-
order decay
(adjusted ratio per month: 0.86, 95% CI: 0.81 to 0.91,
p<0.0001, table 5), and titres were higher in patients who
were hospitalised compared with patients who were not
hospitalised due to COVID-19 (adjusted ratio: 6.58, 95%
CI: 1.76 to 24.56, p=0.005; table 5). Antibody titres were
comparable for all treatment groups (online supplemental tables S2 and S3).
DISCUSSION
We described the results of a large-
scale prospective
cohort study in patients with rheumatic IMIDs and
controls, which provided data with a minimised risk of
bias and unique long-term data on the development of
humoral immunity in patients with rheumatic IMIDs.
We found that patients with rheumatic IMIDs, especially
those treated with B-cell depleting therapy, were more
frequently hospitalised due to COVID-
19 compared
with the general population. Rheumatic disease activity
slightly deteriorated during the first year of the COVID-19
pandemic, but observed differences were small and
below previously established thresholds of minimal
clinically important differences.19 20 Lastly, we observed
similar proportions of seropositivity and patterns of antibody decay for patients in all treatment subgroups and
controls during the first 12 months after infection, which
suggests that the development of long-lasting humoral
immunity against SARS-CoV-2 is not impaired in patients
7
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Table 4 Logistic regression comparing hospitalisation rates between patients with rheumatic immune-mediated inflammatory
diseases and healthy controls, and different treatment groups

RMD Open

Seropositivity

IgG antibody titre

OR

95% CI

P value

Beta

Ratio

95% CI

Healthy controls*

1.00

N.A.

Patients with rheumatic diseases

0.88

(0.42 to 1.83)

0.73

0.97

(0.95 to 1.0)

0.040

−0.0083

P value

0.00

1.00

N.A.

0.49

1.59

(0.88 to 3.02)

0.12

0.99

(0.97 to 1.01)

0.43

Covariables
Age
Sex
 Male*

1.00

0.00

1.00

 Female

0.83

N.A.
(0.41 to 1.66)

0.59

0.30

1.35

N.A.
(0.75 to 2.43)

COVID-19-related hospitalisation

0.83

(0.41 to 1.66)

0.67

−1.88

6.58

(1.76 to 24.56)

0.005†

Time since COVID-19 in months

0.95

(0.88 to 1.01)

0.10

−0.15

0.86

(0.81 to 0.91)

<0.0001†

0.32

Seropositivity data are adjusted ORs with 95% CIs in parentheses, and p values. IgG antibody titre data are adjusted β, back-transformed β (ratio)
with corresponding 95% CI in parentheses, and p values. Data on IgG antibody titre were missing for 14 (4%) of 367 samples due to shortage of
serum volume.
*Reference group.
†Below the Benjamini threshold.
N.A., not available.

with rheumatic IMIDs who are treated with csDMARDs
and/or bDMARDs other than B-cell targeting agents.
Since the start of the COVID-19 pandemic, numerous
studies on the incidence and severity of COVID-
19
in patients with rheumatic autoimmune disease have
been published. Although varying incidence rates have
been observed, most studies reported similar or lower
incidences for COVID-
19 in patients compared with
controls.21–23 These findings correspond with our own
results, and are in line with our earlier observation that
patients are less likely to be exposed to SARS-
CoV-
2
compared with the general population due to stricter
adherence to social distancing measures.24 Results of
studies investigating the risk of patients with rheumatic
diseases to develop severe COVID-
19 manifestations,
such as hospital/ICU admission or death, have been
contradictory as well. This can partially be explained by
the fact that most data are derived from cross-sectional
or retrospective cohort studies with a limited sample size
that often lack a control group. These study designs have
considerable methodological limitations, such as high
risks of selection, misclassification and confounding bias,
which generates varying results that only provide a low
quality of evidence.5 National registry studies with a previously established capacity to generate high-quality data
largely overcome these issues,25 although these studies
are still prone to other sources of bias directly related to
the COVID-19 pandemic. For example, estimated risk
ratios of severe COVID-19 outcomes were often based on
the total incidence of COVID-19 in patients and control
subjects of a certain population, which was subsequently
based on the number of registered positive PCR test
results. Basing the incidence of COVID-19 on PCR test
results can introduce bias, as the proportion of asymptomatic COVID-19 cases and the extent in which people
have social contacts during the pandemic differ between
8

patients and controls.24 26 This results in a different likelihood of being tested (positive) for COVID-19 for patients
compared with controls, and consequently in either overor underestimated incidence rates. Registry studies that
have assessed severe COVID-19 outcomes (eg, ICU admission or death) in a population that was hospitalised due
to COVID-19 avoided using these (possibly) biased incidence rates, and may therefore provide more accurate
risk estimates for severe COVID-19 manifestations. These
studies include a Danish and Spanish national registry
study that both observed similar COVID-
19-
related
mortality rates for patients with rheumatic diseases and
the general population.3 4 This is in line with our own
data, as we observed low absolute numbers of patients
with rheumatic diseases that were admitted to the ICU
or who died (n=3), although we were unable to estimate
relative risks due to these low number and absence of
controls who required ICU admission. In contrast, we
observed that COVID-
19-
related hospitalisation rates
were higher in patients compared with controls (7% vs
1%), especially in patients treated with B-cell targeting
therapy (42%). However, this increased risk may partially
be explained by a higher prevalence of cardiovascular
and chronic pulmonary diseases in patients compared
with controls, and an increased awareness of physicians
towards possible vulnerable patients, such as patients
with rheumatic IMIDs, who develop COVID-19 symptoms
as compared with the general population.27 Therefore,
our results support the current body of evidence that
despite increased COVID-19-related hospitalisation rates,
unfavourable COVID-19 disease outcomes such as ICU
admission or death in patients with rheumatic IMIDs are
rare and comparable to the general population,6 with
the exception of patients treated with B-cell targeting
therapy for whom risk ratios observed in our own study
and previous studies are more pronounced.28 29
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Table 5 Multivariable logistic and linear regression comparing proportions of SARS-CoV-2 seropositivity and IgG antibody
titres between patients with rheumatic immune-mediated inflammatory diseases and controls

Infections

Long-
term protective immunity against SARS-
CoV-
2
is generated via multiple components of the immune
system, including memory CD4+ and CD8+ T cells,
memory B cells and antibodies.30 The presence of SARS-
CoV-2 antibodies has independently been associated with
protection against reinfection,31–33 which emphasises the
relevance of studying the impact of autoimmune diseases
and immunosuppressive drugs on antibody development. Especially B-cell targeting agents have well-known
pronounced inhibitory effects on antibody production,34
and recent studies indeed confirmed this by demonstrating reduced seroconversion rates for SARS-
CoV-
2
in patients treated with rituximab or ocrelizumab.7 8 We
were unable to demonstrate these effects in the current
dataset, but this could be explained by the small number
of patients treated with B-cell targeting therapy who were
infected with SARS-CoV-2, and bias in the identification
process of COVID-19 cases within this patient group, as
Boekel L, et al. RMD Open 2022;8:e002035. doi:10.1136/rmdopen-2021-002035

Strengths and limitations
Our study has several important strengths. First, our
prospective design with a digital platform allowed real-
time monitoring of participants and reduced the risk
of selection bias, as participants were mostly included
prior to infection with SARS-CoV-2. Observational cohort
studies with a prospective design are most suitable to
investigate causal relationships when the conduction of
a randomised controlled trial is considered unethical.37
With our platform, where we combined digital data
collection with serological data collection via finger
pricks, we demonstrated that conducting a large-scale
prospective controlled study is feasible and highly efficient, even during a pandemic.38 Second, we included
a control group that was well-matched with regard to
9
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Figure 2 Development of SARS-CoV-2 IgG antibody titres
after primary infection over time. Y-axis: IgG antibody titres
in arbitrary units (AU) per mL (AU/mL) on a logarithmically
transformed scale. X-axis: time in days since date of positive
PCR test result. Dotted line: cut-off value for seropositivity
used in this assay (4.0 AU/mL). Red dots: all patients, blue
squares: all control subjects, yellow diamonds: all patients
treated with any conventional synthetic disease-modifying
antirheumatic drug (csDMARD), green triangles: all patients
treated with any biological DMARD (bDMARD).

identification was for an important part based on the
detection of SARS-
CoV-
2 antibodies. Furthermore, in
line with our current data, a more severe disease course
of COVID-19 has been associated with higher antibody
concentrations.35 As three out of seven infected patients
on B-cell targeting therapy were hospitalised, this may
have further biased our results in patients treated with
B-
cell targeting therapy towards a seemingly proper
humoral immune response. In addition to B-cell targeting
agents, a recent British study in patients with inflammatory bowel disease suggested that TNF inhibitors
and methotrexate may attenuate SARS-CoV-2 antibody
production,9 as they observed significantly lower seroconversion rates for SARS-CoV-2 and lower IgG antibody
titres 28 days after infection with SARS-CoV2 in patients
treated with infliximab compared with patients treated
with vedolizumab (a gut-selective anti-integrin a4b monoclonal antibody), which was even more pronounced in
patients concomitantly treated with methotrexate.9 We
did not observe significant associations between seropositivity rates or IgG antibody titres and immunosuppressive agents, including methotrexate and TNF inhibitors.
Moreover, observed absolute differences in antibody
concentrations between patients treated with those drugs
and controls were much lower compared with reported
differences in the study by Kennedy et al.9 This discrepancy might be explained by differences in the applied
serological assay, as Kennedy et al determined the presence of antibodies against the nucleocapsid protein of
SARS-CoV-2, while we measured antibodies against the
receptor binding domain of the spike protein, since antibodies against the spike protein are considered to be
clinically most relevant.36 Therefore, because absolute
differences in antibody titres between patients treated
with bDMARDs and patients treated with other drugs or
healthy controls were marginal, it can be speculated that
csDMARDs and bDMARDs other than B-cell targeting
agents do not have clinically relevant effects on the risk
of developing (severe) symptomatic COVID-19 reinfections in the first 12 months following a primary infection
with SARS-CoV-2, assuming that memory T-cell and B-cell
function is not impaired by these DMARDs.

RMD Open
not observe associations with other immunosuppressive
agents, although our power to detect smaller associations
was limited due to a small number of hospitalisations.
Furthermore, no clinically relevant deterioration of rheumatic disease activity was observed during the first year
of the COVID-19 pandemic, despite profound changes
in patient care. Lastly, patterns in decay of SARS-CoV-2
IgG antibody titres during the first 12 months after infection were similar for patients and controls, and proportions seropositivity remained high in both groups, independent of treatment with immunosuppressive agents.
Treatment with csDMARDs or bDMARDs other than
B-cell targeting agents are therefore unlikely to impair
the development of long-term humoral immunity against
SARS-CoV-2.
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CONCLUSION
We found that patients with rheumatic IMIDs, especially those treated with B-cell depleting therapy, were
at increased risk of COVID-
19-
related hospitalisation
compared with the general population, although subsequent ICU admission or death were infrequent. We did
10
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age and sex distribution to our patients. Third, because
we used a highly sensitive serological assay to screen
the vast majority of our study population for the presence of SARS-CoV-2 antibodies, we were able to reliably
compare the prevalence of both asymptomatic and symptomatic COVID-19 disease, as well as hospitalisation rates
of COVID-
19 between patients and controls. Fourth,
because we followed our patients and controls since the
start of the COVID-19 pandemic, we were able to collect
unique long-term data on SARS-CoV-2 antibody development in patients with rheumatic IMIDs, and compare
data from these patients between different immunosuppressive treatment regimens and with healthy controls.
Fifth, we included a wide range rheumatic IMIDs and
immunosuppressive treatment regimens, patients from
all adult age groups up to 95 years, and patients with
varying social economic status or racial backgrounds.
This makes our patient population very heterogeneous
and thus our results generalisable to the western rheumatic patient population.
However, our study also has some limitations. First,
although the heterogeneity of our patient population
increases the generalisability of our results, it reduces
the ability to assess independent effects of disease or
drug types on COVID-19 disease severity or SARS-CoV-2
antibody development. Second, effective application of
infection prevention measures considerably reduced
the spread of SARS-CoV-2 among the Dutch population,
resulting in a relatively low sample size of infected study
participants. Consequently, severe COVID-19 manifestations (hospitalisation, ICU admission and death) were
infrequent, thereby limiting our ability to estimate precise
effects and draw definitive conclusions. Hence, reported
effect estimates for COVID-19 disease severity, especially
those stratified for treatment groups, should be interpreted with caution. Third, because we collected data via
digital questionnaires, reasons for loss of follow-up, which
may have been related to severe COVID-19 disease, were
difficult to verify. This may have introduced selection
bias, especially since loss of follow-up rates were higher
among patients compared with controls, but we tried to
minimise this by checking patient records and actively
contacting participants for verification of reasons for
drop-out. Fourth, study enrolment was voluntary, and not
all patients were able to find a control subject to participate in the study. This might have introduced selection
bias. Lastly, longitudinal data on SARS-CoV-2 antibody
concentrations were sparse, thereby limiting our ability
to compare the development of antibody concentrations
on the individual level.

Infections
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