RMD
Open

Rheumatic &
Musculoskeletal
Diseases

To cite: Syversen SW, Jyssum |,
Tveter AT, et al. Immunogenicity
and safety of a three-dose
SARS-CoV-2 vaccination
strategy in patients with
immune-mediated inflammatory
diseases on immunosuppressive
therapy. RMD Open
2022;8:002417. doi:10.1136/
rmdopen-2022-002417

» Additional supplemental
material is published online only.
To view, please visit the journal
online (http://dx.doi.org/10.
1136/rmdopen-2022-002417).

SWS and IJ contributed equally.
JTV, SAP, KKJ and GLG
contributed equally.

Received 19 April 2022
Accepted 28 September 2022

| '.) Check for updates

© Author(s) (or their
employer(s)) 2022. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published
by BMJ.

For numbered affiliations see
end of article.

Correspondence to
Dr Silje Watterdal Syversen;
s.w.syversen@gmail.com

ORIGINAL RESEARCH

Inflammatory arthritis

Immunogenicity and safety of a three-
dose SARS-CoV-2 vaccination strategy
in patients with immune-mediated
inflammatory diseases on
immunosuppressive therapy
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Tore K Kvien

Guro Levik Goll @1

ABSTRACT

Objectives Humoral vaccine responses to SARS-CoV-2
vaccines are impaired and short lasting in patients with
immune-mediated inflammatory diseases (IMID) following
two vaccine doses. To protect these vulnerable patients
against severe COVID-19 disease, a three-dose primary
vaccination strategy has been implemented in many
countries. The aim of this study was to evaluate humoral
response and safety of primary vaccination with three
doses in patients with IMID.

Methods Patients with IMID on immunosuppressive
therapy and healthy controls receiving three-dose and
two-dose primary SARS-CoV-2 vaccination, respectively,
were included in this prospective observational cohort
study. Anti-Spike antibodies were assessed 2—4 weeks,
and 12 weeks following each dose. The main outcome
was anti-Spike antibody levels 2—4 weeks following three
doses in patients with IMID and two doses in controls.
Additional outcomes were the antibody decline rate and
adverse events.

Results 1100 patients and 303 controls were included.
Following three-dose vaccination, patients achieved
median (IQR) antibody levels of 5720 BAU/mL (2138-8732)
compared with 4495 (1591-6639) in controls receiving
two doses, p=0.27. Anti-Spike antibody levels increased
with median 1932 BAU/mL (IQR 150-4978) after the
third dose. The interval between the vaccine doses and
vaccination with mRNA-1273 or a combination of vaccines
were associated with antibody levels following the third
dose. Antibody levels had a slower decline-rate following
the third than the second vaccine dose, p<0.001. Adverse
events were reported by 464 (47%) patients and by 196
(78%) controls. Disease flares were reported by 70 (7%)
patients.

Conclusions This study shows that additional vaccine
doses to patients with IMID contribute to strong and
sustained immune-responses comparable to healthy
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Patients with immune-mediated inflammatory dis-
eases (IMID) have impaired and short-lasting hu-
moral vaccine responses to SARS-CoV-2 vaccines,
and concerns have thus been raised regarding their
protection against severe COVID-19 disease.

= Knowledge regarding efficacy and safety of repeat-
ed vaccination in this large patient group is limited.

WHAT THIS STUDY ADDS

= A third vaccine dose as primary vaccination to pa-
tients with IMID resulted in strong humoral respons-
es comparable to healthy controls vaccinated twice,
was safe and resulted in a slower decline in antibody
level postvaccination.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study supports repeated vaccination of patients
with IMID to ensure a stronger and more durable hu-

moral immune response.

persons vaccinated twice, and supports repeated
vaccination of patients with IMID.
Trial registration number NCT04798625.

INTRODUCTION

Efficient vaccines against COVID-19, as
seen in the general population, are pivotal
in the management of the ongoing SARS-
CoV-2 pandemic.' * The degree of protec-
tion against COVID-19 correlates with the
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humoral vaccine response assessed by anti-Spike antibody
levels, and patients with immune-mediated inflamma-
tory diseases (IMIDs) on immunosuppressive therapies
have demonstrated an impaired humoral response after
standard two-dose vaccination.” Concerns have thus
been raised regarding how to optimise the protection
from severe COVID-19 disease in vulnerable patients.

IMIDs comprises several prevalent chronic diseases
including rheumatoid arthritis (RA), spondyloarthritis
(SpA), psoriatic arthritis (PsA), ulcerative colitis (UC)
and Crohn’s disease (CD). Although this is a heteroge-
neous group, these diseases have similar disease features
and are treated with many of the same immunosuppres-
sive medications such as tumour necrosis factor inhibi-
tors (TNFi), non-TNFi biologics, metabolite inhibitors
and targeted small molecule drugs.” Due to a dysregu-
lated immune system, use of immunosuppressive thera-
pies and increased frequency of several comorbidities,
these patients are vulnerable to severe outcomes of infec-
tious diseases as well as adverse events (AEs) to vaccines
including the risk of disease flare.®*™*

Neutralising antibodies can efficiently block viral entry
into host cells. Exact cut-offs have not been established,
but high antibody levels are needed for efficient preven-
tion of symptomatic disease.® Protection against novel
virus strains probably requires higher levels.'” It has
become clear that the vaccine response is highly attenu-
ated over time, with declining anti-Spike antibody levels
corresponding to a reduction in protection against symp-
tomatic disease.'®!® Thus, a need for additional vaccine
doses to reactivate antibody production and keep this
population protected has been argued.'*™!

Two-dose primary vaccination with an additional
booster dose administrated after some months is at
present the most common vaccination strategy, but many
countries recommend a three-dose primary vaccination
regimen for immunocompromised patients. It is still not
clear whether repeated vaccine delivery sufficiently can
augment immunity in patients with an impaired humoral
response, or whether the vaccine type plays a role. The
efficacy and safety of repeated vaccinations in this large
patient group remains largely unknown.”*

The main aim of this study was to assess whether
repeated vaccination by a three-dose primary vaccina-
tion strategy could raise serological responses in patients
with IMIDs on immunosuppressive therapy, and also to
assess the safety of repeated vaccination in relation to
potential increases in disease flares and AEs. To this end,
we compared the three-dose SARS-CoV-2 vaccination
strategy in patients with IMID on immunosuppressive
therapy with standard two-dose vaccination of healthy
controls.

METHODS

Participants, setting and study design

The prospective, observational Norwegian study of
vaccine response to COVID-19 vaccines (NorvaC) is an

ongoing longitudinal observational study conducted
at two Norwegian IMID centres; the Division of Rheu-
matology at Diakonhjemmet Hospital (DH) and the
Department of Gastroenterology at Akershus University
Hospital (AHUS).” Adult patients (aged >18 years) with
RA, SpA, PsA, UC or CD who used any of the relevant
immunosuppressive medications (online supplemental
appendix 1) were identified by the hospital records and
consecutively recruited into the study prior to the initia-
tion of the national vaccination programme in February
2021. Healthcare workers from DH, AHUS and Oslo
University Hospital (OUH) were recruited as healthy
controls (online supplemental appendix 2). The study is
registered at ClinialTrials.gov NCT04798625.

All participants received standard vaccines according
to the national vaccination programme administered by
the Norwegian Institute of Public Health with a three-
dose regimen in patients and a two-dose regimen in
controls. Three SARS-CoV-2 vaccine types were initially
available: BNT162b2 (Pfizer), mRNA-1273 (Moderna)
and ChAdOx1 (Astra Zeneca). The ChAdOx1 vaccine was
withdrawn from the Norwegian vaccination programme
in March 2021. Patients with IMID were offered a third
vaccine dose >4 weeks after the second dose. Persons
subjected to a COVID-19 infection did not receive a third
vaccine dose, and were not included in the main analyses
of this paper.

Assessments

Patients and controls were asked to provide serum
samples at a regular basis throughout the study: prior to
the first vaccine dose, 2—4 weeks, and 12 weeks following
each vaccine dose. For the present analyses, we included
patients and healthy controls who provided blood for
serological testing 2—4 weeks after the second—and third
vaccine dose, respectively (online supplemental figure
1).

Assessments of immunogenicity were performed at the
Department of Immunology at OUH. Antibodies to the
receptor binding domain at the full-length spike protein
were assessed by using an in-house bead-based method
which is validated against a microneutralisation assay.”

At DH, data were collected by questionnaires created
with nettskjema.no, a survey solution developed and
hosted by the University of Oslo where encrypted data
are sent to Services for Sensitive Data (TSD) for storage.
At AHUS, data collection was handled by Viedoc, V.4
(Sweden). Demographic data were collected at base-
line only, while medication use (including pausing of
drugs prevaccination and/or postvaccination), patient-
reported disease activity, patientreported COVID-19
disease and other COVID-19-related questions were
collected during follow-up. For healthy controls, age and
gender were recorded. AEs were reported in patients and
controls approximately 14 days after the first, second and
third doses, respectively. The Norwegian Immunisation
Registry (SYSVAK) provided information on date and
type of vaccination received.”’
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Outcomes

The main outcome was anti-Spike antibody levels
2—4 weeks after the third vaccine dose in patients as
compared with levels 2-4 weeks after the second dose
in healthy controls. Additional outcomes were: Decline
in anti-Spike antibody level (% per day) assessed at two
time points following the second and third vaccine dose
in patients, factors associated with anti-Spike antibody
levels 2—4 weeks following the third vaccine dose and AEs
(reported by patients after the second and third dose and
in controls after the second dose).

Statistical analyses

Demographic data and AEs following each vaccine dose
were summarised using descriptive statistics. The main
outcome, anti-Spike antibody levels 2—4 weeks after the
third vaccine dose in patients as compared with levels
2—4 weeks after the second dose in healthy controls and
differences among the different vaccines were assessed
by the Mann-Whitney U test. Robustness analyses were
performed by matching cases and controls according
to age and gender. Prevaccination and postvaccination
samples in patients receiving a third dose were compared
by Wilcoxon paired sampled test. The comparison of anti-
body level decline following the second versus the third
dose was performed using a linear regression estimated
via generalised estimated equations. Following each vacci-
nation, antibody levels were assessed at two time points
for each patient. The outcome in the regression was the
difference between these two values, after first applying a
log-transformation. The number of days between the two
antibody assessments was included as a covariate both
as a main effect and as an interaction with vaccination
number, and the exponentiated values of their regression
coefficients were used to estimate percentage daily anti-
body decline. Plots supported the use of a linear model,
and showed little skewness in model residuals.

Factors associated with anti-Spike antibody levels 2—4
weeks following the third dose (outcome variable) were
summarised by descriptive bivariate analyses. To estimate
the total effects of these factors on antibody levels we
formulated a directed acyclic graph (DAG) model for the
potential causal relationships between the variables. This
model allowed us to determine appropriate statistical
adjustments for each of the estimated total effects. All
analyses were adjusted for time between vaccination and
blood sampling. As plots of the residuals indicated some
skewness, robustness analyses were performed using loga-
rithmic transformation of the outcome variable. All tests
were two-sided and conducted at the 0.05 significance
level. All analyses were carried out using R V.4.0.3, using
DAGgitty V.3.0 to guide total effect estimation.

Patient and public involvement

The research question was identified in collaboration
with the user representatives in the project group who
has also been involved in the planning and conduction

of the study. The user representatives will also play an
important role in the dissemination of the study results.

RESULTS

General characteristics

Between, 29 July 2021 and 3 February 2022, 1100 patients
(366 RA, 177 SpA, 184 PsA, 156 UC and 217 CD; median
age 54 (IQR 42-64); 602women (55%)), underwent
serological testing 2—4 weeks after three vaccine doses
and were included in the present analyses. Patients were
compared with 303 healthy controls (median age 43
(IQR 33-55); 226women (75%)) with serum samples
available 2—-4 weeks after two-dose vaccination. Disposi-
tion of patients and controls is given in online supple-
mental figure 1. Characteristics of patients and controls
are shown in table 1. Online supplemental table 1 shows
baseline characteristics of the 687 patients and 91 controls
who were not included as they did not provide serum

Table 1 Characteristics of patients and healthy controls

Patients Healthy controls
n=1100 n=303

Demographics

Age, years (median, IQR) 54.2 (42.6-64) 43 (33-55)

Female, no (%) 602 (54.7) 226 (74.6)
Diseases no (%)

Rheumatoid arthritis 366 (33)

Spondyloarthritis 177 (16.2)

Psoriatic arthritis 184 (16.8)

Ulcerative colitis 156 (14.1)

Crohn’s disease 217 (19.9)
Medication no (%)

Tumour necrosis factor inhibitor, 461 (41.9)

monotherapy*

Tumour necrosis factor inhibitor 254 (23.1)

combination therapyt

Methotrexate 220 (20)

Vedolizumab 46 (4.2)

Janus kinases inhibitor 33 (3)

Ustekinumab, secukinumab, 60 (5.5)

tocilizumab

Abatacept 15 (1.4)

Othert 11 (1)
Vaccines no (%)

BNT162b2 all doses 596 (54.2) 163 (53.8)

mRNA-1273 all doses 186 (16.9) 70 (23.1)

Combination of vaccines§ 318 (28.9) 70 (28.1)

Patients received three doses, healthy controls received two doses.

*Tumour necrosis factor inhibitors: infliximab, etanercept, adalimumab,
golimumab, certolizumab pegol.

tCombination therapy: Tumour necrosis factor inhibitor in combination with
either methotrexate, sulfasalazine, leflunomide or azathioprine.

1Drugs with less than 10 patients included: sulfasalazine, leflunomide,
azathioprine, risankizumab, prednisolone monotherapy.

§Combination of the following vaccines: ChAdOx1, BNT162b2, mRNA-1273.
IQR, Inter quartile range.
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Figure 1 Anti-Spike antibody levels following three-dose vaccination in patients with IMID versus two-dose vaccination in
healthy controls. (A) Anti-Spike antibody levels according to disease group, compared with healthy controls. (B) Anti-Spike
antibody levels according to medication group, compared with healthy controls. Violin plot showing the probability density of
the data at different values, smoothed by a kernel density estimator. Each data point is a participant, and the solid orange lines
show the group median. IMID, immune-mediated inflammatory disease; JAK, Janus kinase inhibitor; MTX, methotrexate; TNFi,

Tumour necrosis factor inhibitor; VED, vedolizumab.

following standard vaccination. The most frequently
used types of medication were tumour necrosis factor
inhibitors (TNFi) (n=715) as monotherapy (n=461), or
with immunosuppressive co-medication (n=254). In total
97 patients had undergone COVID-19 disease prior to
the third dose and received two vaccine doses only.

Patients received the third vaccine dose a median of
126 (IQR 105-154) days after the second dose. Patients
donated the first post-vaccination sample median 20
days (IQR 15-26) and 27 days (IQR 22-32) following the
second and third dose, respectively. The postvaccination
sample in controls was donated median of 23 days (IQR
17-36) following the second dose.

Humoral response to three-dose vaccination in patients
Following two vaccine doses, median anti-Spike antibody
levels were significantly lower in patients (2068 BAU/mL
(IQR 707-5926) compared to controls (4495 BAU/mL
(IQR 1591-6639) ), p<0.001 (figure 1A,B). Following the
third dose, patients achieved antibody levels comparable
to controls vaccinated with two doses (median 5720 BAU/
ml (IQR 2138-8732), p=0.27) (table 2, figure 1A,B). In
patients, anti-Spike antibody levels increased by a median
of 1932 BAU/mL (IQR 150-4978) from the second to
the third dose, p<0.001. Similar results were shown in
a robustness analysis of 303 age- and gender-matched
patients and controls (online supplemental figure 2).

Patients receiving three doses of mRNA-1273 (6610
BAU/ml (IQR 3764-10084)) or a combination of
vaccines (7154 BAU/mL (IQR 2811-9797)) had signifi-
cantly higher antibody levels following the third vaccine
dose than patients receiving three doses of the BNT162b2
vaccine (4628 BAU/ml (IQR 1694-7719)), p<0.001.

Patients who had previously undergone a COVID-19
infection and thus received two vaccine doses only
developed comparable antibody levels to the three-
dose vaccinated patients (median 5614 BAU/mL (IQR
2563-8946)).

Decline in anti-Spike antibody levels following vaccination
When comparing decline in anti-Spike antibody levels
between two assessments (2—4 and 12 weeks) after
the second and third doses in patients, the estimated
percentage of decline per day in anti-Spike antibody
levels was higher (p<0.001) following the second (2.7%)
than the third vaccine dose (1.7%) (online supplemental
table 2 and online supplemental figure 3).

Factors associated with anti-Spike antibody levels after the
third vaccine dose

Based on the causal model (table 3, online supplemental
figure 4), the following factors were found to have a posi-
tive and statistically significant effect on antibody levels
after the third dose: antibody levels following the second
dose, more than 3 months between the second and
third vaccine dose and vaccination with mRNA-1273 or a
combination of vaccines. Use of JAK inhibitors was associ-
ated with lower antibody levels, and use of methotrexate,
vedolizumab and interleukin inhibitors (ustekinumab,
secukinumab, tocilizumab) were associated with higher
antibody levels as compared with TNFi monotherapy.
Having a diagnosis of SpA, CD or UC was associated with
lower antibody levels compared with RA. A robustness
analysis using logarithmic transformation of the outcome
variable showed similar results (online supplemental
table 3).

Adverse events

Any AEs were reported by 459/966 (denominator refers
to the number of patients responding to the AE ques-
tionnaire) (49%), 488/927 (563%) and 464,/981 (47%)
of patients after first, second and third dose, respectively,
and by 196/252 (78%) of healthy controls after the
second dose, with a comparable safety profile (figure 2
and online supplemental table 4). After the first,
second and third dose, a disease flare was reported by
70/966 (7%), 50/927 (5%) and 70/981 (7%), patients,
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Table 2 Serological response following three-dose
vaccination in patients

Anti-Spike antibody

level BAU/mL,
median (IQR)
Patients overall third dose 5720 (2138-8732)
Diagnoses
Rheumatoid arthritis 5993 (2407-9855)
Spondyloarthritis 4549 (1897-8358)

Psoriatic arthritis
Ulcerative colitis 5513 (2016.5-8130)

(
(
6891 (3065-9405)
(
4978 (1877-7929)

Crohn’s disease
Medication

Tumour necrosis factor inhibitor,
monotherapy*

5174 (2000-7856)

Tumour necrosis factor inhibitor
combination therapyt

4252 (1475-8322)

Methotrexate 7464 (4239-10685)
7758 (5033-9606)

2527 (895-6439)
(

7083 (4803-9569)

Vedolizumab
Janus kinases inhibitor

Tocilizumab, ustekinumab and
secukinumab

Abatacept 4547 (1551-6613)

Othert 9625 (7647-10190)
Vaccines

BNT162b2 4628 (1694-7719)

mRNA-1273 6610 (3764-10084)

Combination of vaccines§ 7154 (2810-9797)
Other factors

Age groups

Age <30 years 7158 (3337-9465)

Age 30-65 years
Age >65 years

5784 (2270-8701)
4758 (1626-8331)

*Tumour necrosis factor inhibitors: infliximab, etanercept,
adalimumab, golimumab, certolizumab pegol.

TCombination therapy: tumour necrosis factor inhibitor in
combination with either methotrexate, sulfasalazine, leflunomide or
azathioprine.

FDrugs with less than 10 patients included: sulfasalazine,
leflunomide, azathioprine, risankizumab, prednisolone
monotherapy.

§Combination of the following vaccines: ChAdOx1, BNT162b2,
mRNA-1273

BAU, binding antibody unit; IQR, Inter quartile range.

respectively. Disease flares were mainly reported by
patients with inflammatory joint diseases.

DISCUSSION

This large observational study assessing the humoral
immune response following repeated vaccination in
patients with IMID on immunosuppressive therapy,

demonstrated that anti-Spike antibody levels following
three-dose vaccination in patients with IMID were compa-
rable to healthy controls vaccinated twice. These findings
were consistent across diagnoses and treatment groups,
with no new safety issues emerging.

Prior studies of three-dose vaccination in patients with
IMID which mainly have been conducted in small patient
groups with an absent or minimal serological response
to two-dose vaccination, suggest only moderate increases
in antibody levels.”*® Whether a third vaccine dose
included in the standard vaccination programme recom-
mended to patients with IMID on immunosuppressive
therapy regardless of prior response, will increase anti-
Spike antibody levels or impact antibody decay has not
been fully evaluated. This study demonstrated that anti-
body levels in patients with IMID following three vaccine
doses was comparable to levels found in healthy persons
vaccinated twice. This finding is reassuring with regards
to the protection of this high-risk population throughout
the pandemic, and highlights the importance of repeated
vaccination in this patient group. The present data indi-
cate that the rate of antibody decline is lower following
the third than the second dose, which suggests that a
three-dose vaccination regimen may also increase the
duration of protection against COVID-19. The effect on
strength and durability of further booster vaccination
in patients with IMID, with a fourth dose remains to be
investigated.

Recent publications have highlighted the clinical
implications of low anti-Spike antibody levels. Antibody
levels correlate to neutralisation and protection against
symptomatic and severe COVID-19 breakthrough infec-
tions.” * ° * Virus neutralisation requires high serum
antibody levels, and antigenic drift has led to the emer-
gence of SARS-CoV-2 variants against which the vaccine
induced neutralising antibody responses have a vari-
able potency.* * In addition, antibody levels are proven
to rapidly decay over time.'” # Recent studies from this
research group, and Simon et al have suggested that
patients with IMID have a greater reduction in anti-Spike
antibody level than healthy controls following two-dose
standard vaccination® !

Another notable finding is that patients receiving the
mRNA-1273 vaccine for all three doses or a combina-
tion of vaccines had significantly higher antibody levels
following the third vaccine dose compared with patients
receiving three doses of the BNT162b2 vaccine. Prior
studies have suggested that the mRNA-1273 vaccine
may be more immunogenic than BNT162b2 in healthy
subjects, however this is a novel finding in patients with
IMID following third-dose vaccination.”

In this study, we show that time between the second
and third dose was associated with response, with anti-
body levels being higher in patients with more than 3
months between the second and third dose. The impact
on timing between the first and second dose in the
healthy population has been demonstrated recently, but
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Table 3 Univariate associations and total effect estimates on antibody levels after third vaccine dose

Beta (SE) P value P value

Characteristics (univariate) (univariate) Total effect (SE) (total effect)
Age in years -19.5(9.2) 0.035 -19.5(9.2) 0.035
Male gender -316.3 (270.3) 0.242 -316.3 (270.3) 0.242
Pause in medication 571 (359.4) 0.112 383.4 (369.8) 0.3
Anti-Spike antibody level after second vaccine 0.7 (0) <0.001 0.6 (0) <0.001
dose
Time between second and third dose

Less than 3 months (reference) (reference)

Between 3 and 4 months 1783.3 (421.2) <0.001 1859.5 (421.2) <0.001

Between 4 and 5 months 1753.1 (428) <0.001 1963 (434.1) <0.001

More than 5 months 2168.5 (423.7) <0.001 2400.5 (430.4) <0.001
Diagnosis

Rheumatoid arthritis (reference) (reference)

Spondyloarthritis —787.7 (407.9) 0.054 -1150.4 (425.9) 0.007

Psoriatic arthritis 405.4 (402.4) 0.314 211.6 (408.1) 0.604

Crohn’s disease -1084.9 (381.8) 0.005 -1858.4 (431) <0.001

Ulcerative colitis -1054.7 (427.5) 0.014 -1732.8 (463.9) <0.001
Medication

Tumour necrosis factor inhibitor, (reference) (reference)

monotherapy*

Tumour necrosis factor inhibitor combination -123.1 (339.8) 0.717 —463.9 (365.6) 0.205

therapyt

Methotrexate 2293.7 (356.1) <0.001 2043.6 (443.5) <0.001

Vedolizumab 1561.9 (670.3) 0.02 2040.2 (694.5) 0.003

Janus kinases inhibitor —1498.6 (784.2) 0.056 -1755.7 (813) 0.031

Ustekinumab, secukinumab, tocilizumab 1919.8 (596)

0.001 1962.6 (602.8) 0.001

Abatacept -1054.8 (1137.3) 0.354 -1886.4 (1200.6) 0.116

Othert 3335.2 (1322.8) 0.012 3306.2 (1320.3) 0.012
Vaccine

BNT162b2 (reference) (reference)

mRNA-1273 2221.6 (366.5) <0.001 2212.3 (366) <0.001

Combination of vaccines§ 1737.9 (302.9) <0.001 1705.3 (303) <0.001

Univariate associations with antibody level after third vaccination (BAU/mL), and estimated total effects from posited causal associations.
Total effect estimates based on posited causal model (online supplemental figure 4). Total effect of D estimated by model adjusting for M
and G, denoted D|M, G; similarly: M|A, G, D; P|A, D, G, M; VIA, G; T|A, G; Alnone; G|none; L|A, D, G, M. Here D=Diagnosis, M=Medication;
p=Pause; V=Vaccine; T=Time between dose 2 and 3; A=Age; G=Gender; L=Antibody level after dose 2. All analyses were adjusted for time

between vaccination and blood sampling.

*Tumour necrosis factor inhibitors: infliximab, etanercept, adalimumab, golimumab, certolizumab pegol.

TCombination therapy: tumour necrosis factor inhibitor in combination with either methotrexate, sulfasalazine, leflunomide or azathioprine.
FDrugs with less than 10 patients included: sulfasalazine, leflunomide, azathioprine, risankizumab, prednisolone monotherapy.
§Combination of the following vaccines: ChAdOx1, BNT162b2, mRNA-1273.

data on third-dose vaccination in the healthy population,
or patients with IMID in particular, is currently lacking.*

These results support that additional vaccine doses
are safe in an immunosuppressed population, and
demonstrates that a lower proportion of patients with
IMID receiving a third dose reported AEs than controls
vaccinated twice, with the same range of side-effects
being reported in both groups. It is thus possible that

immunosuppressive  medications reduce immune-
mediated side effects of the SARS-CoV-2 vaccines. This
result is, however, in conflict with Wieske e/ al who
recently showed that the rate of AEs was slightly higher
in patients with IMID than in healthy controls.'* This
discrepancy might be due to different reporting of AEs
or differences in age compositions of the control popu-
lation and must be further investigated. There is limited
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Figure 2 Adverse events following two-dose vaccination and three-dose vaccination in controls and patients. Blue, orange
and grey bars indicate adverse events reported after the first, second and third vaccine dose, respectively.

data on the safety of SARS-CoV-2 vaccines in patients
with IMID."* ** % Incremental AE following the second
vaccine dose has been suggested in healthy individuals." *
However, a recent report comparing self-reported AEs
following the second and third vaccine dose in patients
with IMID showed no incremental risk following the
third dose."*

There has been a concern that the strong immune
response following mRNA SARS-CoV-2 vaccines might
induce a disease flare in patients with IMID.”® The present
results are reassuring, as the percentage of patients expe-
riencing a disease flare is low, with comparable frequency
after the second and third dose.

This study has many strengths including the prospec-
tive study design with regular sera assessments following
each vaccine dose, a broad inclusion, well-characterised
patients, a large sample size regarding both patients and
controls, and including patients with a range of diag-
noses and therapies.

The study has some limitations. First, we do not have
data on cellularimmune responses. However, a prior study
from the Nor-vaC cohort showed that rituximab patients
receiving a third dose obtained T-cell responses compa-
rable to healthy controls vaccinated twice despite a lack of
humoral response.” Based on these results, it is plausible
that patients on other therapies also obtain normal T-cell
responses after the third dose. Second, some medication
groups included a low number of patients. Third, the
patients were older than the controls, raising the possi-
bility of biased results. However, a younger patient group
would be expected to show even higher postvaccination
antibody levels. Further, we have corrected for age in
all analyses comparing patients and controls. Sensitivity

analyses matching patients and controls by age show
similar results. The controls were all salaried workers
and may thus be healthier than the general population.
Fourth, COVID-19 infections were self-reported, and
we cannot exclude that silent infections may have been
missed. The current study addresses the strength and
duration of humoral immunity following three vaccine
doses, and do not assess the effect of three doses on the
incidence of COVID-19 infections.

A third vaccine dose in patients with IMID was effec-
tive and safe and induced a humoral immune-response
comparable to healthy controls vaccinated twice. This
study suggests that additional vaccine doses contribute
to strong and sustained immune-responses in patients on
immunosuppressive therapy, and support repeated vacci-
nation in patients with IMID.
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