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Objective. Immunogenicity and safety following receipt of the standard SARS–CoV-2 vaccination regimen in
patients with immune-mediated inflammatory diseases (IMIDs) are poorly characterized, and data after receipt of the
third vaccine dose are lacking. The aim of the study was to evaluate serologic responses and adverse events following
the standard 2-dose regimen and a third dose of SARS–CoV-2 vaccine in IMID patients receiving immunosuppressive
therapy.

Methods. Adult patients receiving immunosuppressive therapy for rheumatoid arthritis, spondyloarthritis, psoriatic
arthritis, Crohn’s disease, or ulcerative colitis, as well as healthy adult controls, who received the standard 2-dose
SARS–CoV-2 vaccination regimen were included in this prospective observational study. Analyses of antibodies to the
receptor-binding domain (RBD) of the SARS–CoV-2 spike protein were performed prior to and 2–4 weeks after vaccina-
tion. Patients with a weak serologic response, defined as an IgG antibody titer of ≤100 arbitrary units per milliliter (AU/ml)
against the receptor-binding domain of the full-length SARS–Cov-2 spike protein, were allotted a third vaccine dose.

Results. A total of 1,505 patients (91%) and 1,096 healthy controls (98%) had a serologic response to the standard
regimen (P < 0.001). Anti-RBD antibody levels were lower in patients (median 619 AU/ml interquartile range [IQR] 192–
4,191) than in controls (median 3,355 AU/ml [IQR 896–7,849]) (P < 0.001). The proportion of responders was lowest
among patients receiving tumor necrosis factor inhibitor combination therapy, JAK inhibitors, or abatacept. Younger
age and receipt of messenger RNA–1273 vaccine were predictors of serologic response. Of 153 patients who had a
weak response to the standard regimen and received a third dose, 129 (84%) became responders. The vaccine safety
profile among patients and controls was comparable.

Conclusion. IMID patients had an attenuated response to the standard vaccination regimen as compared to
healthy controls. A third vaccine dose was safe and resulted in serologic response in most patients. These data facili-
tate identification of patient groups at risk of an attenuated vaccine response, and they support administering a third
vaccine dose to IMID patients with a weak serologic response to the standard regimen.

INTRODUCTION

The ongoing COVID-19 pandemic is a global health emer-

gency. Vaccines are important in resolving this crisis, having been

proven to be efficacious and safe in the general population (1–4).

Vaccines, however, rely on a functional immune system. Patients

with immune-mediated inflammatory disease (IMID), including

inflammatory joint and bowel diseases, have impaired immune
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systems due to treatment with immunosuppressive medications.

There is a concern that immune responses to SARS–CoV-2 vac-

cines are attenuated in this large patient population, which is also

at risk of severe COVID-19 (5,6). Patients with IMIDs were priori-

tized for vaccination to mitigate their COVID-19 risk, but because

they were excluded from initial vaccine trials, there is a paucity of

data on the efficacy and safety of SARS–CoV-2 vaccines in this

population (1,2,7), as well as concerns regarding the risk of dis-

ease flares (5,8).
Rheumatoid arthritis (RA), spondyloarthritis (SpA), psoriatic

arthritis (PsA), Crohn’s disease (CD), and ulcerative colitis
(UC) are different IMIDs, but they share several key features and
are treated with many of the same immunosuppressive medica-
tions, such as tumor necrosis factor inhibitors (TNFi), non-TNFi
biologics, metabolite inhibitors, and targeted small molecule
drugs (9). It is important to identify which patients are at risk of a
reduced vaccine response, due to either immunosuppression or
underlying disease, yet it is still unclear whether the serologic
response to vaccine among IMID patients should be monitored.
In addition, no consensus currently exists on whether it would
be beneficial to delay specific treatments in patients receiving vac-
cination (7). Observational studies of response to SARS–CoV-2
vaccine among IMID patients have been published recently, but
they have generally involved few patients within each medication
group (5,10–15).

The utility of 3 or more SARS–CoV-2 vaccine doses in immu-

nosuppressed patients, as well as in the general population, is an

urgent question in the global medical community and for policy

makers (16,17). Findings of a recent study suggested that immu-

nocompromised recipients of a solid organ transplant benefited

from a third vaccine dose (18). Apart from a study of a third dose

of vaccine in rituximab-treated RA patients, only a case report

and small studies (involving 33 or 17 participants) have been pub-

lished regarding the immunogenicity and safety of a third dose in

IMID patients who were receiving other therapies and had no

response to the 2-dose vaccination regimen (19–24). The pro-

spective, observational Norwegian Study of Vaccine Response

to COVID-19 (Nor-vaC) includes patients with any of 5 different

IMIDs who are receiving any approved immunosuppressive med-

ication. In this study, we evaluate the immunogenicity and safety

of the standard 2-dose SARS–CoV-2 vaccination regimen in

these groups and examine the response to a third vaccine dose

in patients with a weak serologic response to the standard

regimen.

PATIENTS AND METHODS

Participants, setting, and study design. Nor-vaC is an
ongoing longitudinal observational study conducted at 2 Norwe-
gian IMID referral centers: the Division of Rheumatology at Dia-
konhjemmet Hospital and the Department of Gastroenterology
at Akershus University Hospital. Adult patients (age ≥18 years)
with RA, SpA, PsA, UC, or CD who used any of the immunosup-
pressive medications of interest (Supplementary Materials, available
on the Arthritis & Rheumatology website at http://onlinelibrary.wiley.
com/doi/10.1002/art.42153) and intended to receive a SARS–
CoV-2 vaccine were consecutively recruited into the study. All
patients identified by hospital records as eligible for enrollment,
based on a diagnosis of an IMID of interest, received an invitation to
participate in the study prior to the initiation of the national vaccina-
tion program in February 2021. Healthy controls were either volun-
teer health care workers from Diakonhjemmet Hospital, Akershus
University Hospital, and Oslo University Hospital or blood donors
from Oslo University Hospital. In the present analyses, we included
patients and healthy controls who provided blood specimens for
serologic testing 2–4 weeks after receiving the second vaccine dose
(Supplementary Figure 1, available on the Arthritis & Rheumatology
website at http://onlinelibrary.wiley.com/doi/10.1002/art.42153).
Patients with COVID-19 diagnosed before the second dose received
only 1 dose of the standard vaccination regimen and were also
included in the study.

Patients receiving CD20-depleting therapy were not
included in the present analyses (Supplementary Figure 1).
The study (ClinicalTrials.gov identifier: NCT04798625) was
approved by an independent ethics committee (Regional
Committees for Medical Research Ethics South East Norway,
reference numbers 235424, 135924, and 204104) and by
appropriate institutional review boards. All participants pro-
vided written informed consent.

During the Nor-vaC study, patients with a weak serologic
response >3 weeks after completing the standard 2-dose regi-
men were recruited into a separate intervention study (EudraCT
database no. 2021-003618-37) and allotted a third vaccine dose
in July–August 2021. The cutoff for a weak serologic response
(i.e., an IgG antibody level of ≤100 arbitrary units per milliliter
[AU/ml] against the receptor-binding domain [RBD] of the full-
length SARS–Cov-2 spike protein) when selecting patients quali-
fying for a third vaccine dose was based on discussions within
the study group and with the Norwegian Institute of Public Health,
with the aim of including not only patients with no response
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(i.e., an antibody level of <70 AU/ml) but also those with an
impaired response (i.e., an antibody level of ≤100 AU). In the pres-
ent observational study, the serologic response following receipt
of a third dose is reported for 153 such patients. Those with
inflammatory joint diseases (i.e., RA, SpA, and PsA), but not those
with inflammatory bowel diseases (IBDs) (i.e., CD and UC), were
asked to pause their medication from 1 week before through
2 weeks after receipt of the third vaccine dose.

Exposures. All patients and controls received SARS–
CoV-2 vaccines according to the Norwegian national

vaccination program, administered by the Norwegian Institute
of Public Health. Three SARS–CoV-2 vaccine types were avail-
able: ChAdOx1 and the messenger RNA (mRNA) vaccines
BNT162b2 and mRNA-1273. The 2 mRNA vaccines were given
with an interval of 3–6 weeks between the 2 doses. ChAdOx1
was withdrawn from the Norwegian national vaccination pro-
gram in March 2021, and all persons who had received 1 dose
of this vaccine received one of the mRNA vaccines as the sec-
ond dose. According to the program, persons with COVID-19
diagnosed before the second dose received only 1 dose of the
standard vaccination regimen.

Table 1. Baseline characteristics of IMID patients and healthy controls who received a standard 2-dose SARS–
CoV-2 vaccination regimen and IMID patients who received a third dose*

Characteristic

Patients

Healthy controls
(n = 1,114)

Overall
(n = 1,647)

Third-dose recipients
(n = 153)

Age, median years (IQR) 52 (40–63) 57 (46–67) 43 (32–55)
Sex
Female 899 (55) 80 (52) 854 (77)
Male 748 (45) 73 (48) 260 (23)

CRP level, median mg/dl (IQR) 1 (1–3) 1 (1–4) No data
BMI, median kg/m2 (IQR) 26 (23–29) 26 (24–29) No data
IMID
Joint
Rheumatoid arthritis 566 (34) 52 (34) NA
Psoriatic arthritis 295 (18) 21 (14) NA
Spondyloarthritis 305 (19) 16 (10) NA

Bowel
Ulcerative colitis 195 (12) 17 (11) NA
Crohn’s disease 280 (17) 47 (31) NA

Medication
TNFi†
Monotherapy 696 (42) 46 (30) NA
Combination therapy 386 (23) 52 (34) NA

Methotrexate 348 (21) 27 (18) NA
Vedolizumab 55 (3) 7 (5) NA
JAK inhibitor 50 (3) 11 (7) NA
Ustekinumab 34 (2) 3 (2) NA
Tocilizumab 32 (2) 2 (1) NA
Abatacept 15 (1) 4 (3) NA
Secukinumab 13 (1) 1 (1) NA
Other‡ 18 (1) 0 NA
Prednisolone comedication
Overall 71 (4) 16 (10) NA
Dose ≤7.5 mg 61/71 (86) 13/16 (81) NA

Vaccine related§
BNT162b2 regimen, 2 doses 1,152 (70) 131 (86) 625 (56)
mRNA-1273 regimen, 2 doses 401 (24) 14 (9) 246 (22)
Combination regimen, 2 doses 71 (4) 4 (3) 243 (22)
COVID-19 and 1 of any mRNA vaccine 23 (1) 4 (3) 0

* Except where indicated otherwise, values are no. (%) of patients or controls. IMID = immune-mediated inflamma-
tory disease; IQR = interquartile range; CRP = C-reactive protein; BMI = body mass index; NA = not applicable.
† Monotherapy consisted of infliximab, etanercept, adalimumab, golimumab, or certolizumab pegol. Combination
therapy consisted ofmethotrexate, sulfasalazine, leflunomide, or azathioprine, in addition to any tumor necrosis fac-
tor inhibitor (TNFi).
‡ Data are for sulfasalazine, leflunomide, azathioprine, risankizumab, and prednisolonemonotherapy, each of which
was received by <10 patients.
§ BNT162b2 and mRNA-1273 are messenger RNA (mRNA) vaccines. Combination regimen was defined as ChAdOx1
(first dose) + BNT162b2 or mRNA-1273 (second dose) or as BNT162b2 + mRNA-1273 in any sequence.
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Assessments. Patients and controls were asked to provide
serum samples prior to the first vaccine dose and 2–4 weeks after
the second and third vaccine doses, respectively. Assessments of
immunogenicity were performed at the Department of Immunology
at Oslo University Hospital. The samples were first screened for
antibodies to RBD at the full-length spike protein by using an in-
house bead-based method, with seroconversion defined as an
anti-RBD antibody level ≥5 AU (25,26). Measurement of the World
Health Organization international standard for anti-RBD antibody
showed that the screening assay has a lower detection limit of
1 binding antibody unit per milliliter (BAU/ml) and an upper dynamic
range of ~100 BAU/ml. For quantification of antibody levels, most
patient samples and a representative selection of control samples

(Supplementary Table 1) were thereafter analyzed using a second
assay, with a dynamic range of 300–10,000 BAU (25). In this
assay, effects of sera on binding of angiotensin-converting enzyme
2 to RBDs from SARS–CoV-2 variants were measured as a proxy
for neutralizing antibody activity (25).

The cutoff for response was preset to an anti-RBD antibody
level of 70 AU/ml, based on results obtained from healthy individ-
uals, of whom 98% had levels >70 AU/ml after receipt of 2 vaccine
doses (27). Moreover, calibration to the World Health Organiza-
tion international standard showed that 70 AU/ml corresponds
to ~40 BAU/ml. Using a SARS–CoV-2 (Wuhan) microneutraliza-
tion assay, we have determined that 200 BAU/ml is the lower
threshold for detection of neutralizing antibodies (28).

Table 2. Serologic response to the standard 2-dose SARS–CoV-2 vaccination regimen among healthy controls and among IMID patients overall
and by clinical and demographic characteristic*

Population, characteristic
Response,

proportion (%) OR (95% CI) P
Anti-RBD IgG level,
median AU/ml (IQR)

Healthy controls 1,096/1,114 (98) 1 – 3,355 (896–7,849)
Patients, characteristic
Overall 1,504/1,647 (91) 0.19 (0.11–0.32) <0.001 619 (192–4,191)
IMID
Joint
Rheumatoid arthritis 503/566 (89) 0.16 (0.08–0.29) <0.001 548 (194–4,311)
Psoriatic arthritis 286/295 (97) 0.19 (0.09–0.41) <0.001 652 (215–4,501)
Spondyloarthritis 271/305 (89) 0.17 (0.08–0.36) <0.001 689 (225–3,893)

Bowel
Ulcerative colitis 184/195 (94) 0.13 (0.06–0.26) <0.001 1,403 (219–5,940)
Crohn’s disease 255/280 (91) 0.19 (0.08–0.45) <0.001 409 (155–2,262)

Medication
TNFi†
Monotherapy 664/696 (95) 0.3 (0.15–0.57) <0.001 726 (225–4,293)
Combination therapy 332/386 (86) 0.08 (0.04–0.15) <0.001 312 (120–2,178)

Methotrexate 317/348 (91) 0.2 (0.09–0.42) <0.001 709 (206–4,670)
Vedolizumab 52/55 (95) 0.31 (0.08–1.21) 0.091 2,415 (412–10,177)
JAK inhibitor 39/50 (78) 0.05 (0.02–0.12) <0.001 361 (45–4,204)
Tocilizumab 32/32 (100) – – 956 (356–4,578)
Ustekinumab 32/34 (94) 0.19 (0.04–0.99) 0.049 3,286 (281–8,097)
Abatacept 8/15 (53) 0.01 (0–0.04) <0.001 70 (38–138)
Secukinumab 11/13 (85) 0.2 (0.03–1.25) 0.086 1,165 (276–1,456)
Other‡ 16/18 (89) – – 2,907 (391–8,981)

Vaccine related§
BNT162b2 regimen, 2 doses 1,026/1,152 (89) – – 408 (170–2,205)
mRNA-1273 regimen, 2 doses 391/401 (98) – – 2,308 (377–8,812)
Combination regimen, 2 doses 65/71 (92) – – 699 (272–4,253)
COVID-19 and 1 of any mRNA vaccine 22/23 (96) – – 6,969 (878–10,768)

Other
Age, years
<30 169/176 (96) – – 2,247 (418–7,536)
30–65 1,070/1,155 (93) – – 667 (192–4,175)
>65 265/316 (84) – – 329 (155–1,838)

Female sex 826/899 (92) – – 682 (197–4,639)
Current smoker 143/157 (91) – – 446 (168–1,809)

* Response was defined as an IgG antibody level of ≥70 AU/ml against the receptor-binding domain (RBD) of SARS–CoV-2 spike protein, and it
was evaluated using logistic regression analysis (adjusted for age, sex, and vaccine type), with healthy controls as the reference group.
OR = odds ratio; 95% CI = 95% confidence interval; AU = arbitrary units (see Table 1 for other definitions).
† Monotherapy consisted of infliximab, etanercept, adalimumab, golimumab, or certolizumab pegol. Combination therapy consisted of meth-
otrexate, sulfasalazine, leflunomide, or azathioprine, in addition to any TNFi.
‡ Data are for sulfasalazine, leflunomide, azathioprine, risankizumab, and prednisolone monotherapy, each of which was received by <10
patients.
§ BNT162b2 and mRNA-1273 are mRNA vaccines. Combination regimen was defined as ChAdOx1 (first dose) + BNT162b2 or mRNA-1273 (sec-
ond dose) or as BNT162b2 + mRNA-1273 in any sequence.
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The Norwegian Immunization Registry and Norwegian
Surveillance System for Communicable Diseases provided infor-
mation on the date of vaccination, the type of vaccine received,
and, when applicable, the date of COVID-19 (29,30). Additionally,
information regarding COVID-19 was also obtained from patient
questionnaires.

Electronic data collection at Diakonhjemmet Hospital was
conducted using the Services for Sensitive Data platform
(University of Oslo), and by Viedoc, version 4 (Viedoc Technolo-
gies), at Akershus University Hospital. Demographic data were
collected at baseline only, while data on medication use, patient-
reported disease activity, and responses to COVID-19–related
questions were also collected during follow-up. For healthy con-
trols, age and sex were recorded. Disease activity scores
(i.e., the Disease Activity Score in 28 joints [DAS28] for patients
with RA and patients with PsA, the Ankylosing Spondylitis
Disease Activity Score for patients with SpA, the Harvey-
Bradshaw Index for CD, and the Partial Mayo Scoring Index for
patients with UC) (31–34) were obtained at the baseline visit
for patients with IBD and retrieved from the medical records for
patients with inflammatory joint disease (i.e., from a clinic visit
within 3 months before or after receipt of the first vaccine dose).
Adverse events were reported ~14 days after receipt of the first,
second, and third doses in all patients and in a subset (n = 245)
of the healthy controls (i.e., health care workers from Diakonhjem-
met Hospital and Akershus University Hospital).

Objectives and outcomes. The 2 main objectives of this
study were 1) to assess humoral responses to standard SARS–
CoV-2 vaccination in IMID patients receiving immunosuppressive
therapy as compared to that in healthy controls, and 2) to assess
changes in humoral responses after a third vaccine dose given to
IMID patients with weak serologic responses to standard vaccina-
tion. Other objectives were to assess the safety of the standard
regimen and the third dose and to identify predictors of serologic
response in patients. The main end points were 1) the proportion
of participants with a serologic response (i.e., an anti-RBD anti-
body level >70 AU/ml) and the anti-RBD antibody level following
the standard regimen and third dose and 2) the change in levels
of anti-RBD antibody after receipt of the third dose. Other end
points included adverse events and predictors of the serologic
response to the standard regimen and the third dose.

Statistical analysis. Demographic data, adverse events,
and serologic response according to medication group were
summarized using descriptive statistics. Comparisons of the
serologic response between patients and controls were per-
formed by logistic regression. Adjustments were made for sex,
age, and vaccine type. Comparisons of anti-RBD antibody level
between patients and healthy controls were performed using the
Mann-Whitney U test. Prevaccination and postvaccination sam-
ples collected from patients receiving a third dose were compared

by theWilcoxon’s signed rank test for paired samples. There were
no missing data for the main variables. Predictors of response
among patients were assessed by univariable and multivariable
logistic regression. All tests were 2-sided, and P values of less
than 0.05 were considered statistically significant. All analyses
were performed using R, release 4.0.3.

RESULTS

Patient and control characteristics. Between February
2, 2021, and June 11, 2021, a total of 2,178 patients were
included in the Nor-vaC study. A total of 1,647 eligible patients
(566 with RA, 305 with SpA, 295 with PsA, 280 with CD, and
195 with UC; median age 52 years [interquartile range (IQR)
40–63]; female sex, 899 [55%]) and 1,114 healthy controls
(median age 43 years [IQR 32–55]; female sex, 854 [77%])
underwent serologic testing after receipt of the standard
2-dose vaccination regimen and were included in the present
analyses. Patient disposition is summarized in Supplementary
Figure 1, available on the Arthritis & Rheumatology website at
http://onlinelibrary.wiley.com/doi/10.1002/art.42153. Baseline
characteristics of patients and controls are shown in Table 1
and Supplementary Tables 1 and 2, available at http://
onlinelibrary.wiley.com/doi/10.1002/art.42153. The most com-
mon immunosuppressive medications were TNFi (n = 1,082
patients) and methotrexate monotherapy (n = 348). Seventy per-
cent of patients and 56% of controls received BNT162b2 for
doses 1 and 2. In total, 23 patients (1%) had COVID-19 before
the second dose and received only the first of 2 doses in the
standard vaccination regimen. Controls were included in this
study only if they had received 2 vaccine doses and had no signs
or symptoms consistent with clinical COVID-19.

Humoral response to the standard regimen. A total of
1,628 patients (98.8%) receiving immunosuppressive therapy and
1,110 healthy controls (99.6%) had detectable antibodies to
SARS–CoV-2 (level, >5 AU/ml) after receiving the standard 2-dose
vaccination regimen (Supplementary Figures 1A and B, available
on the Arthritis & Rheumatology website at http://onlinelibrary.
wiley.com/doi/10.1002/art.42153). In this population, 1,493
patients (91%) as compared to 1,096 healthy controls (98%) had
anti-RBD antibody levels ≥70 AU/ml andwere considered serologic
responders (P < 0.001) (Table 2 and Supplementary Figures 1A
and 1B, available at http://onlinelibrary.wiley.com/doi/10.1002/art.
42153). Response was detected in ≥90% of patients receiving
methotrexate, TNFi monotherapy, ustekinumab, tocilizumab, or
vedolizumab, in 80–90% of patients receiving TNFi combination
therapy or secukinumab, and in ≤80% receiving JAK inhibitors
(78%) or abatacept (53%) (Table 2). To obtain more precise infor-
mation about antibody levels, samples were reanalyzed using a
quantitative assay (Supplementary Figures 1C and D, available at
http://onlinelibrary.wiley.com/doi/10.1002/art.42153). Patients had

IMMUNOSUPPRESSIVE THERAPY AND SARS–COV-2 VACCINATION 1325

https://doi.org/10.1002/art.42153
https://doi.org/10.1002/art.42153
https://doi.org/10.1002/art.42153
https://doi.org/10.1002/art.42153
https://doi.org/10.1002/art.42153
https://doi.org/10.1002/art.42153
https://doi.org/10.1002/art.42153
https://doi.org/10.1002/art.42153


significantly lower levels of anti-RBD antibody as compared to
healthy controls (median 619 AU/ml [IQR 192–4,191] and 3,355
AU/ml [IQR 896–7,849]) (Figure 1).

Predictors of response. Age (odds ratio [OR] 0.96, 95%
confidence interval [95% CI] 0.94–0.98]) and vaccination with
mRNA-1273 as compared to BNT162b2 (OR 4.45, 95% CI
1.66–11.92) were identified as predictors of a serologic response
following receipt of the standard 2-dose vaccination regimen
(Table 3). A total of 98% of patients receiving mRNA-1273 as
compared to 89% receiving BNT162b2 were responders, with
median anti-RBD antibody levels of 2,308 AU/ml (IQR 377–
8,812) and 408 AU/ml (IQR 170–2,205), respectively. Patients
receiving TNFi combination therapy (OR 0.27, 95% CI 0.14–
0.52), JAK inhibitors (OR 0.18, 95% CI 0.05–0.64), or abatacept
(OR 0.01, 95% CI 0.01–0.13) were less likely to have a response
following receipt of the standard regimen, compared to patients
receiving TNFi monotherapy (Table 3). Pausing treatment did not
improve vaccine response (Table 3). The same predictors
(i.e., age, mRNA-1273 receipt, and comedication use) were iden-
tified in a subanalysis of patients receiving TNFi monotherapy or
combination therapy (Supplementary Table 3, available on the
Arthritis & Rheumatology website at http://onlinelibrary.wiley.
com/doi/10.1002/art.42153).

Response to a third vaccine dose. A total of 153 patients
(median age 57 years [IQR 46–67]; 80 female patients [52%]) with
weak responses to the standard 2-dose regimen (anti-RBD

antibody levels ≤100 AU/ml) were allotted a third vaccine dose a
median of 70 days (IQR 56–90) after the second vaccine dose.
An increase in antibody levels was observed in 129 (94%) of
153 patients (P < 0.001), with a median change of 362 AU/ml
(IQR 48–2,501) (Figure 2). Median antibody levels were 45 AU/ml
(IQR 17–105) and 544 AU/ml (IQR 143–4,543) before and
2–4 weeks after receipt of the third vaccine dose, respectively
(Figure 2). Percentages of responders, stratified by therapy, were
as follows: 89% (41 of 46) among TNFi monotherapy recipients,
84% (44 of 52) among TNFi combination therapy recipients,
75% (21 of 28) among methotrexate recipients, 63% (7 of 11)
among JAK inhibitor recipients, and 100% (4 of 4) among abatac-
ept recipients. Except for age, no predictors of response to the
third vaccine dose were identified (Supplementary Table 4, avail-
able on the Arthritis & Rheumatology website at http://
onlinelibrary.wiley.com/doi/10.1002/art.42153).

Adverse events. Among recipients of the standard 2-dose
vaccination regimen, adverse events were reported in 810 (50%)
of 1,516 patients and 191 (78%) of 244 healthy controls, with a
comparable safety profile (Figure 3 and Supplementary Table 5,
available on the Arthritis & Rheumatology website at http://
onlinelibrary.wiley.com/doi/10.1002/art.42153). Following receipt
of the third dose, 70 patients (44%) reported adverse events; no
new safety issues emerged, except for an increase in disease
flares, which were reported by 26 patients (16%), all of whom
had inflammatory joint disease. After receipt of the first and sec-
ond doses, disease flare was reported by 78 patients (6%) and
88 patients (6%), respectively.
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Figure 1. Violin plots of probability densities, smoothed by a kernel density estimator, of IgG antibody levels against the receptor-binding domain
of SARS–CoV-2 spike protein (anti-RBD) after the standard 2-dose SARS–CoV-2 vaccination regimen among healthy controls (CTRL) and among
patients with immune-mediated inflammatory disease (IMID) stratified by immunosuppressive therapy. Points denote participants, and solid
orange lines show group medians. P values show comparisons to CTRL and were calculated by Mann-Whitney U test. TNFi mono = tumor necro-
sis factor inhibitor monotherapy; TNFi combo = TNFi combination therapy; MTX = methotrexate; VDZ = vedolizumab; TCZ = tocilizumab;
UST = ustekinumab; ABA = abatacept; SCK = secukinumab. Color figure can be viewed in the online issue, which is available at http://
onlinelibrary.wiley.com/doi/10.1002/art.42153/abstract.
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DISCUSSION

This study, the largest to date on response to the standard
2-dose SARS–CoV-2 vaccination regimen in IMID patients receiv-
ing immunosuppressive therapy, demonstrated that the percent-
age of responders and the anti-RBD antibody level were lower in
1,647 patients as compared to 1,114 healthy controls. Adverse
reactions were comparable in the 2 groups. Among patients with
a weak serologic response after the standard 2-dose regimen, the
third dose was safe and resulted in a response in most recipients.

The study provides detailed information regarding the impact
of commonly used immunosuppressive drugs for inflammatory
joint diseases and IBDs on the serologic response to SARS–
CoV-2 vaccines. A difference among the medications was shown,
with the lowest proportion of responders observed among

recipients of abatacept (50%), JAK inhibitors (78%), TNFi used in

combination with methotrexate or azathioprine (86%), and seku-

kinumab (88%), suggesting a rationale for postvaccination sero-

logic monitoring in patients using these medications. Prior

studies regarding the effect of abatacept and JAK inhibitors on

the immunogenicity of SARS–CoV-2 vaccines differ in their con-

clusions, which may be due to the limited number of patients they

evaluated (n = 8–16) (11,13,35). Data regarding the effect of TNFi

on the immunogenicity of SARS–CoV-2 vaccines have also been

conflicting (5,10–13,35). The Nor-vaC study included >1,000 TNFi

recipients, roughly the same total number previously described

across several smaller studies (35). In the present study, attenuated

immunogenicity was mainly seen in TNFi recipients receiving combi-
nation therapy with azathioprine or methotrexate. These synthetic

Table 3. Univariable and multivariable analyses to determine predictors of a serologic response among IMID
patients after receipt of the standard 2-dose SARS–CoV-2 vaccination regimen*

Potential predictor

Univariable analysis Multivariable analysis

OR (95% CI) P OR (95% CI) P

Demographic
Age, years 0.96 (0.95–0.98) <0.001 0.95 (0.93–0.97) <0.001
Male sex 0.92 (0.62–1.37) 0.68 0.70 (0.41–1.22) 0.199

IMID
Joint
Rheumatoid arthritis 1 – 1 –

Spondyloarthritis 1.53 (0.83–2.69) 0.16 0.39 (0.14–1.09) 0.066
Psoriatic arthritis 1.89 (0.99–3.63) 0.05 1.436 (0.47–3.91) 0.562

Bowel
Crohn’s disease 1.36 (0.81–2.28) 0.242 0.34 (0.13–0.89) 0.026
Ulcerative colitis 2.22 (1.11–4.45) 0.021 0.54 (0.18–1.58) 0.25

Medication
TNFi†
Monotherapy 1 – 1 –

Combination therapy 0.38 (0.23–0.64) <0.001 0.27 (0.14–0.52) <0.001
Methotrexate 0.61 (0.34–1.09) 0.089 0.36 (0.13–1.04) 0.286
Vedolizumab 1 (0.29–3.49) 0.998 1.17 (0.28–4.93) 0.824
JAK inhibitor 0.21 (0.09–0.49) <0.001 0.18 (0.05–0.64) 0.007
Tocilizumab‡ Not done 0.978 Not done 0.983
Ustekinumab 0.92 (0.2–4.17) 0.917 0.36 (0.13–8.06) 0.528
Abatacept 0.02 (0.01–0.10) <0.001 0.01 (0–0.013) <0.001
Secukinumab 0.35 (0.04–3.11) 0.334 0.1 (0.01–1.21 0.064
Prednisolone 0.27 (0.14–0.51) <0.001 0.41 (0.13–1.24) 0.106

Vaccine related§
BNT162b2 regimen, 2 doses 1 – 1 –

mRNA-1273 regimen, 2 doses 5.06 (2.29–11.18) <0.001 4.45 (1.66–11.92) 0.002
Combination regimen, 2 doses 1.11 (0.46–2.69) 0.814 0.72 (0.24–2.12) 0.54
COVID-19 and 1 of any mRNA vaccine§ – 0.977 – 0.995

Other
IBD or IJD duration 1 (0.98–1.02) 0.945 1.01 (0.99–1.04) 0.389
CRP level 0.97 (0.96–0.99) 0.01 0.97 (0.95–1.0) 0.018
BMI 1.01 (0.98–1.05) 0.474 1.03 (0.98–1.08) 0.292
Pause in medication¶ 1.8 (0.81–4.03) 0.142 1.59 (0.5–5.07) 0.428

* Response was defined as an IgG antibody level of ≥70 AU/ml against the RBD of SARS–CoV-2 spike protein.
IBD = inflammatory bowel disease; IJD = inflammatory joint disease (see Table 2 for other definitions).
† Monotherapy consisted of infliximab, etanercept, adalimumab, golimumab, or certolizumab pegol. Combination
therapy consisted of methotrexate, sulfasalazine, leflunomide, or azathioprine.
‡ Because of the low number of tocilizumab recipients, analysis was not performed.
§ BNT162b2 and mRNA-1273 are mRNA vaccines. Combination regimen was defined as ChAdOx1 (first dose)
+ BNT162b2 or mRNA-1273 (second dose) or as BNT162b2 + mRNA-1273 in any sequence.
¶ Patient-reported pause in medication from 1 week before through 2 weeks after receipt of a vaccine dose.
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drugs are known to reduce antidrug antibody responses to the TNF
inhibitor itself, and it is reasonable to assume similar effects on vac-
cine immunogenicity (36).

Despite the relatively high response rates in most medication
groups, the median anti-RBD antibody levels were significantly
lower among patients, compared to healthy controls. There is

increasing evidence that antibody levels correlate to the degree of
clinical protection against breakthrough COVID-19 (37) and that
anti-RBD antibody levels correlate to SARS–CoV-2 neutralization
levels, with higher levels needed for neutralizing novel virus strains
(28,38). As antibody levels decay over time, it seems likely that
patients who attain a weak antibody response after vaccination will
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Figure 2. Anti-RBD levels after receipt of a third SARS–CoV-2 vaccine dose among IMID patients with a weak response to the standard 2-dose
vaccination regimen. Levels were measured 2–4 weeks after the second and third vaccine doses. Horizontal dotted lines indicate the serologic
response cutoff (70 arbitrary units per milliliter [AU/ml]). Orange dots and lines indicate anti-RBD levels in individual patients with inflammatory bowel
disease; blue dots and lines indicate levels in individual patients with inflammatory joint disease. P values were calculated by Wilcoxon paired test.
RA = rheumatoid arthritis; PsA = psoriatic arthritis; SpA = spondyloarthritis; obs. = observations; IQR = interquartile range; CD = Crohn’s disease;
UC = ulcerative colitis; miscellaneous = vedolizumab, ustekinumab, tocilizumab, secukinumab, or azathioprine (see Figure 1 for other definitions).
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have a less durable response (39). Patients with a weak response
may also have developed less robust immunologic memory
responses (40). Further studies are needed to elucidate whether
IMID patients receiving immunosuppressive therapy lose their
protective immunity more quickly than the general population.

In addition to medication type, lower age and receipt of
mRNA-1273 were predictors of a serologic response. Prior stud-
ies have suggested that mRNA-1273 may be more immunogenic
than BNT162b2 in healthy subjects (41). To our knowledge, this is
the first study presenting findings on the immunogenicity of differ-
ent vaccine types in IMID patients. Subanalyses in TNFi recipients
showed similar results.

In the 153 patients receiving a third vaccine dose, a
response was induced in the majority of patients. The effective-
ness of additional vaccine doses for immunocompromised
patients, as well as the utility of booster shots for healthy people,
is now being debated in the scientific community (16). Prior data
on the immunogenicity of 3 SARS–CoV-2 vaccine doses in IMID
patients who were receiving immunosuppressive drugs other
than rituximab and had no response to the standard 2-dose vac-
cination regimen consist of case series and small studies (n = 33
and n = 17) and indicated a moderate additional humoral
response following receipt of the third dose (19,23,24). The
present data show a clear benefit in terms of serologic response,
while the frequency and profile of reported adverse events were

comparable to those observed after receipt of the standard
2-dose regimen. We did not find that pausing medication
benefited vaccine immunogenicity. The humoral response to
the third dose was comparable in patients with inflammatory
joint diseases, for whom a pause in medication was recom-
mended, and in patients with IBDs, who did not receive this rec-
ommendation. Further, self-reported pausing of medication was
not associated with a humoral response to the standard vacci-
nation regimen. These results must be interpreted with caution,
however.

There are limited data on the safety of SARS–CoV-2 vac-
cines in IMID patients (13,42). This study supports that these vac-
cines are safe in an immunosuppressed population, and it
demonstrates that the frequency of reported adverse events
was lower among IMID patients than among controls, with the
same range of adverse events reported in both groups. This find-
ing suggests that immunosuppressive medication might reduce
the frequency of adverse events due to SARS–CoV-2 vaccines
and might also reduce the vaccines’ immunogenicity. A major
concern has been whether the mRNA SARS–CoV-2 vaccines
may cross-react with human proteins and aggravate autoimmu-
nity (43). The Nor-vaC results are reassuring in this regard, as
hardly any patients reported a disease flare after receiving the
standard 2-dose vaccination regimen. However, we found a clear
increase in disease flares among inflammatory joint disease
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Figure 3. Type and duration of adverse events reported after doses 1 (blue bars) and 2 (orange bars) of SARS–CoV-2 vaccine among patients
with immune-mediated inflammatory disease (IMID) and healthy controls and after dose 3 (gray bars) among IMID patients who had a weak sero-
logic response (defined as <70 arbitrary units per milliliter) to doses 1 and 2. Adverse events were reported for all patients and a subset of
246 healthy controls described in Patients and Methods. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.
wiley.com/doi/10.1002/art.42153/abstract.
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patients following receipt of the third dose. This was not seen in
patients with IBDs. Among patients with inflammatory joint dis-
eases, the increase may have been due to the recommended
pause in medication from 1 week before through 2 weeks after
receipt of the third dose.

Strengths of this study include the prospective study design,
the broad inclusion criteria, the well-characterized population of
patients, and the large sample sizes of patients and controls. A
further strength is that the study population was drawn from both
gastroenterology and rheumatology settings, enabling assess-
ment of patients across a range of diseases who are being treated
with the same medical compounds.

This study has some limitations. First, we did not measure
cellular immune responses. The adaptive immune response to
SARS–CoV-2 depends not only on virus-specific antibodies but
also on T cell–mediated responses (44). Further studies are
needed to determine if the serologic responses are predictive of
protection against severe disease. Second, some medication
groups included a low number of patients. Third, controls or
patients with a normal antibody response to the standard
2-dose vaccination regimen were not given a third dose; hence,
we could not evaluate the response to and safety of a third dose
in these groups. Fourth, the patients were generally older than
the controls, raising the possibility of biased results. However,
we have corrected for age in all analyses comparing patients
and controls. Fifth, full data on comorbidity were not available.
Sixth, we cannot exclude the possibility that some of the partici-
pants may have had a subclinical SARS–CoV-2 infection.
However, the rate of SARS–CoV-2 infection in Norway during
the relevant period was very low.

The proportion of responders and the anti-RBD antibody
levels were lower among IMID patients as compared to controls
following receipt of the standard vaccination regimen. These data
facilitate identification of patient groups who are at risk of an atten-
uated vaccine response and therefore should be considered for
postvaccination serologic monitoring. Receipt of a third vaccine
dose by patients with a weak response was safe and resulted in
a response in most. These results will aid health care systems in
the planning and implementation of SARS–CoV-2 vaccine pro-
grams aimed at IMID patients treated with immunosuppressive
medication and will aid clinical decision-making regarding revacci-
nations and tailoring of medication to keep this vulnerable popula-
tion protected against severe COVID-19.
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Clinical Images: Hydroxyurea-induced dermatomyositis-like rash

The patient, a 78-year-old woman, presented to the dermatology clinic with self-reported “irritated hands,” which she attributed to
frequent handwashing. She had no relief after use of skin care products and potent topical steroids for 3 months. Her clinical history
was notable for polycythemia vera, for which she had been taking hydroxyurea for at least 10 years. Examination revealed significant
erythema and scaling of the nail folds, interphalangeal joints (A and D), and both palms, with hyperkeratosis and a desquamating eruption
on the medial thumb and lateral index finger of the right hand (“mechanic’s hands”) (B). Polarized light dermoscopy (Heine Delta 20T;
Heine Optotechnik) of the proximal nail folds showed dilated capillary loops and capillary dropout (C; original magnification × 16). There
was no muscle weakness or other cutaneous signs of dermatomyositis. The antinuclear antibody titer was 1:80, and the creatine kinase
level (34 IU/liter) was within normal limits. Hydroxyurea treatment was discontinued because it is known to be the most common cause
of drug-induced dermatomyositis, which can present even after many years of use (1,2). Although the patient’s dermatomyositis can be
associated with polycythemia vera itself, which can further progress to myelofibrosis, this was less likely in our patient because she expe-
rienced significant improvement in erythema and pruritus 1 month after hydroxyurea discontinuation. In summary, hydroxyurea-induced
dermatomyositis is an amyopathic dermatomyositis with cutaneous lesions identical to those associated with classic dermatomyositis.
Recognition that drugs such as hydroxyurea can cause dermatomyositis is paramount because lesions can improve by stopping
treatment with these agents, rather than by initiating immunosuppressive therapy.
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