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ABSTRACT

Objectives: To investigate the incidence of COVID-19 hospitalisation in unvaccinated and
vaccinated patients with rheumatoid arthritis (RA) compared with matched controls, and in
patients with RA according to DMARD treatment.

Methods: Danish nationwide matched cohort study from January to October 2021. Patients
with RA were identified in the DANBIO register and matched 1:20 with individuals from the
general population on age, sex, and vaccination status. Primary and secondary outcomes were
COVID-19 hospitalisation (Danish National Patient Register) and first-time positive SARS-
CoV2 PCR test (Danish COVID-19 Surveillance Register), respectively. Stratified by vaccination
status, incidence rates (IRs) per 1000 person years (PY) and comorbidity-adjusted hazard ratios
(aHRs) in cause-specific Cox models were calculated with 95% confidence intervals.

Results: In total, 28 447 unvaccinated patients and 568 940 comparators had Irs for COVID-19
hospitalisation of 10.4 (8.0 to 13.4) and 4.7 (4.3 to 5.1) per 1000 PY, respectively (aHR 1.88, 1.44
to 2.46). When fully vaccinated, corresponding Irs were 0.9 (0.5 to 1.6) and 0.5 (0.4 to 0.6) per
1000 PY (aHR 1.94, 1.03 to 3.66). Unvaccinated RA patients had an aHR of 1.22 (1.09 to 1.57)
for testing positive for SARS-CoV2 and 1.09 (0.92 to 1.14) among vaccinated. Vaccinated
rituximab-treated patients had increased crude IR of COVID-19 hospitalisation compared with
conventional DMARD treated patients.

Conclusion: The incidence of COVID-19 hospitalisation was increased for both unvaccinated
and vaccinated patients with RA compared with controls. Importantly, the parallel decreasing

risk for patients with RA suggests a comparable relative benefit of vaccination in most patients.

Key words: Rheumatoid arthritis, SARS-CoV2, epidemiology, COVID-19, biologics, rituximab,

vaccination

Page 2 of 36

Z20z 1udy gz uo 1sanb Aq | 108959/ | tZoray/ABojolewnayl/c60 L 01 /10p/alonie-aoueape/ABojolewnayl/wod dno-olwapese//:sdny Wwolj papeojumoq



Page 3 of 36

oNOYTULT D WN =

Rheumatology

KEY MESSAGES
- Regardless of vaccination, risk of COVID-19 hospitalisation was increased in patients
with rheumatoid arthritis.
- The absolute risk of hospitalisation was, however, markedly lower among all vaccinated
individuals.
- Less favourable outcomes were observed in rituximab-treated patients regardless of

vaccination status but based on few events.
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INTRODUCTION

Since the onset of the COVID-19 pandemic, researchers have focused on identifying particular
risk groups in terms of contracting SARS-CoV2, being hospitalised with COVID-19 and of
experiencing a severe outcome, e.g., death, during COVID-19 hospitalisation. In several studies,
patients with rheumatoid arthritis (RA) have been associated with an increased risk of being
hospitalised with COVID-19 when compared with the general population or non-RA individuals
(1-7), but results have not been uniform when looking at the risk of contracting SARS-CoV2 (8—

11) nor of having a severe outcome following hospitalisation (1,11,12).

In Denmark, a national vaccination strategy was implemented at the end of December 2020.

The BNT162b2 (Pfizer BioNTech) and mRNA-1273 (Moderna) vaccines, both mRNA vaccines
(13,14), were the first available vaccines in Denmark. Considering the immunologic dysregulation
intrinsic to RA and the immunosuppressive treatments frequently adopted in these patients,
some concerns have arisen regarding vaccine efficacy and safety in this population. In the phase
three trials of BNT162b2 by Polack et al. (15) and mRNA-1273 by Baden et al. (14), treatment
with immunosuppressive therapy was an exclusion criterion and only few participants suffered

from rheumatic disease.

Whether the excess risk of COVID-19 hospitalisation associated with RA has disappeared after
introduction of vaccinations, and if patients with RA in general or patients treated with certain
disease-modifying antitheumatic drugs (DMARDS) should be prioritised for potential future
booster shots is yet to be investigated on a nationwide scale. Thus, the aims of this study were to
estimate the incidence of hospitalisation due to COVID-19 in patients with RA according to
vaccination status compared with matched individuals from the general population; and as a

secondary outcome, the risk of a first-time COVID-19 infection. Lastly, we estimated the
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incidence of the primary and secondary outcomes in a subgroup analysis of patients with RA

treated with various DMARD regimens.

PATIENTS AND METHODS

Study Design

This was a population-based observational matched cohort study investigating the incidence of
COVID-19 hospitalisation in patients with RA from 1 January to 5 October 2021 via linkage of
several Danish nationwide registers. Secondarily, we studied the incidence of a first-time positive
SARS-CoV2 PCR-test; and, for patients with RA, we explored the rate of COVID-19
hospitalisation and mortality according to vaccination status and type of DMARD treatment.
During the study period, the dominant SARS-CoV2 strains were Alpha (start of study period to
end of June 2021) and Delta (1 July to end of 5 October 2021)(16,17). According to Danish
legislation, no ethics approval is needed for register-based studies. The study has been approved

by the Data Protection Committee of Northern Jutland, Denmark (2020-032).

Data Sources

The Danish Civil Registration System contains information on all residents of Denmark
including the unique civil registration number, which enables linkage between registers (18). The
Civil Registration System was used to identify all Danish individuals above 18 years old and alive

on 1 January 2021, and to obtain information on age, sex, and vital status.

DANBIO is a nationwide clinical quality register for inflammatory arthritis, including RA, and
used in routine care by all departments of rheumatology in Denmark. The positive predictive

value (PPV) of an RA diagnosis in DANBIO has been estimated to 96% (19).
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The Danish Vaccination Register (DDV) was used to obtain information on the exact type and
date of all first and second COVID-19 vaccine doses (20). From The National Surveillance at
The State Serum Institute, Denmark, information was obtained on the date of all first positive
PCR-tests for SARS-CoV2 in Denmark during the study period. The Danish National Patient
Register (DNPR) is a nationwide administrative register of contacts in the secondary and tertiary
health care sector (21). The Danish National Prescription Registry (NPR) holds information on
date of redemption and Anatomical Therapeutic Chemical Classification System (ATC) codes on

all prescriptions redeemed at pharmacies in Denmark (22).

Study Population and Exposures

Patients with RA were identified in DANBIO with ICD-10 codes M05 and M06 and included in
the study if registered before 1 May 2020 and alive on 1 January 2021. The vaccination history of
each patient with RA was obtained through linkage with the DDV, thereby obtaining

information on the date and exact type of first and second vaccination against COVID-19.

Time-dependent vaccination status, matching ,and follow-up

By 1 January 2021, all patients with RA were unvaccinated and, corresponding to this date, were
matched with up to 20 unvaccinated individuals from the general population with no history of
inflammatory rheumatic disease. Besides vaccination status, i.e., being unvaccinated, matching
parameters were year of birth and sex. Unvaccinated patients and matched comparators were
then followed from 1 January 2021 to the date of first COVID-19 hospitalisation, death, date of

first vaccination, or 5 October 2021, whichever occurred first.

Those patients who received a first vaccination and had, at that point, not been hospitalised with
COVID-19, were then matched with 20 individuals from the general population that also had no

history of COVID-19 hospitalisation. The matching parameters were once again vaccination
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status (now partially vaccinated), year of birth, sex, and, additionally, the month and year of
receiving their first vaccination. The latter matching parameter was included to indirectly
minimise temporal variations in the pressure of the epidemic between patients and their matched
controls. This stratum of partially vaccinated patients and matched comparators were followed
from the date of their first vaccination to the date of first COVID-19 hospitalisation, death, date

of second vaccination, or 5 October 2021, whichever occurred first.

Similarly, patients with RA who received a second vaccination and both during their follow-up in
the unvaccinated and partially vaccinated strata had not been hospitalised with COVID-19, were
matched with 20 individuals with no history of COVID-19 hospitalisation nor inflammatory
rheumatic disease. Matching parameters were vaccination status (i.e. fully vaccinated), year of
birth, sex, and month and year of receiving their first and second vaccination. Patients and
matched comparators were followed-up from the date of their second vaccination to the date of
tirst COVID-19 hospitalisation, death, or 5 October 2021, whichever occurred first.

In all vaccination status strata, individuals were excluded for further follow-up at time of their
tirst COVID-19 hospitalisation. Thus, a patient or comparator could not contribute multiple
outcomes in one vaccination stratum, nor could they progress to and contribute with follow-up

to the next vaccination status if they had been hospitalised.

Outcome

The primary outcome of COVID-19 hospitalisation was identified through linkage with DNPR
and ICD-10 codes created specifically for the pandemic by the Danish Ministry of Health in
accordance with the definition established by the World Health Organization (ICD-10 codes
B34.2A,B97.2 and B97.2A)(23). COVID-19 hospitalisation was defined as registration with one
of the abovementioned ICD-10 codes listed as the primary diagnosis and a hospital-stay lasting

> 24 hours. For descriptive purposes, the proportion who had a severe outcome during their
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hospitalisation is presented (see Supplementary Table S1, available at Rheumatology online, for

definition). The secondary outcome was a first-time positive PCR-test for SARS-CoV2 according

to the National Surveillance.

Other covariates

Chronic lung disease, cardiovascular disease, diabetes mellitus type I and II, chronic kidney
disease, and cancer (except non-melanoma skin cancer) were a priori comorbidities of interest
and were identified using ICD-10 codes in the DNPR and/or redeemed prescriptions registered
in the NPR of available at Rhbeumatology online). For descriptive purposes, information on
redeemed prescriptions of conventional synthetic DMARD (csDMARD) and prednisolone
within 1 year prior to start of follow-up, was obtained from NPR using ATC-codes

(Supplementary Table S1).

For biological DMARDs (bDMARD) including TNF-inihibitors, rituximab, intetleukin-6
inhibitors, and abatacept, as well as certain csDMARDs, SKS-procedure codes in the DNPR
were used to obtain information on date of administration for these drugs in the year leading up
to start of follow-up (Supplementary Table S1). Unfortunately, neither DNPR nor NPR held
information on administration of leflunomide or JAK-inhibitor treatment during the study

period.

Statistical Analysis

Age- and sex standardised incidence rates (IRs) of hospitalisation per 1000 person years (PY)
were estimated with 95% confidence intervals (95%CI). In each vaccination status stratum, the
incidence of hospitalisation with COVID-19 in patients with RA was compared with their
matched comparators, using a stratified cause-specific Cox-regression taking into account the

competing risk of death (24). RA was considered the main exposure variable and stratification
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was done by matched pairs. Additionally, a comorbidity-adjusted model was made
(comorbidities: chronic lung disease, diabetes mellitus, cardiovascular disease, chronic kidney
disease, and cancer) and hazard ratios (HRs) for COVID-19 hospitalisation and the competing
event of death were presented, both with their corresponding 95% CI. The proportional hazards

assumption was evaluated by plotting the scaled Schoenfeld residuals against time.

To illustrate the overall absolute risk of first COVID-19 hospitalisation for the RA and
comparator groups in the respective vaccination states while taking into account the competing
risk of death, the Aalen-Johansen estimated cumulative incidence (in %) was plotted as a
function of follow-up time. The x-axis was from time 0 to the 3¢ quartile of follow-up within

each vaccination stratum.

Following exclusion of patients with a history of COVID-19 prior to start of follow-up, IRs, and
cause-specific HR for a first-time positive SARS-CoV2 PCR test were estimated for patients with
RA and comparators. Data management and statistical analyses were performed in R 4.0.3.
Cause-specific Cox models were fitted using the ‘riskRegression’ package, and the Aalen-
Johansen cumulative incidence functions were estimated using the ‘prodlim’ package (25,20).
The model specifications are shown in the Supplementary Data S1, available at Rheumatology

online.

Subgroup and exploratory analyses

Considering only patients with RA, the three vaccination strata were split by exposure to
DMARDs as (‘Any bDMARD treatment except rituximab’, ‘rituximab’, ‘csDMARD treatment
only’ and ‘no DMARD treatment’). Patients that had received multiple types of bDMARDs in
the year leading up to start of follow-up was allocated to ‘Any bDMARD’. The IRs and HRs for

first-time infection and hospitalisation with COVID-19, respectively, were estimated The Cox-

Z20z 1udy gz uo 1sanb Aq | 108959/ | tZoray/ABojolewnayl/c60 L 01 /10p/alonie-aoueape/ABojolewnayl/wod dno-olwapese//:sdny Wwolj papeojumoq



oNOYTULT D WN =

Rheumatology

regression was adjusted for age (continuous variable) and sex. Within each treatment-stratum we
presented both the proportion of patients that had redeemed at least 2 prescriptions of
prednisolone in the year leading up to start of follow-up and the proportion of patients with a
history of cancer.

Lastly, for exploratory purposes, among rituximab treated patients with RA, we calculated the
mean time since last infusion at start of follow-up (date of vaccination) in those with and without

COVID-19 infection.

Sensitivity analyses

A sufficient vaccine response is not expected until 7-14 days post-vaccination. Thus, a potential
interaction between exposure group (RA vs matched comparators) and time since follow-up was
investigated, by calculating HRs for the days 0 to 10 and 10+ post-vaccination. This analysis was

repeated using cut-off values for follow-up with days 0 to 14 and 14+.

RESULTS

A total of 28 447 SARS-CoV2 unvaccinated patients with RA started follow-up on 1 January
2021. The median age was 67.7 years, 71.3% were women, 68% were treated with csDMARD
and 23.7% treated with a bDMARD (Table 1). During follow-up, 65 unvaccinated patients with
RA were hospitalised with COVID-19 corresponding to an IR of 10.4 per 1000 PY (95%CI 8.0
to 13.4), 171 patients died and 96.2% went on to receive the first vaccination (Table 2).
Following adjustment for comorbidities, the HR for COVID-19 hospitalisation in the
unvaccinated RA group was 1.88 (95%CI 1.44 to 2.46) compared with the matched group (Table

2).

In patients with RA, and thus, also in matched individuals, the first vaccination was

predominantly an mRNA vaccine: 89.2% BNT162b2 and 8.4% mRNA-1273. Upon receival of
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the first vaccination, the groups were followed for a median of 28 and 30 days and had IRs of
COVID-19 hospitalisation of 5.5 (95%CI 3.0 to 10.0) and 2.2 (95%CI 1.8 to 2.7) per 1000 PY,
respectively (Table 2).

In Denmark, non-mRNA vaccines were excluded from the state-sponsored COVID-19
vaccination program by mid-April 2021. Thus, 99.9% of patients with RA received an mRNA
vaccination as their second dose (91.2% BNT162b2 and 8.7% mRNA-1273). The IR of
COVID-19 hospitalisation in patients with RA had decreased to 0.9 (95%CI 0.5 to 1.6) and to
0.5 (95%CI 0.4 to 0.6) per 1000 PY for matched comparators. The adjusted HR for COVID-19
hospitalisation remained increased at 1.94 for fully vaccinated individuals with RA compared to

general population comparators (95%CI 1.03 to 3.60).

The absolute risk of hospitalisation was 0.20 % for unvaccinated patients with RA at 60 days and
0.08 % for matched individuals, whereas the absolute risk remained below 0.05 % in both fully

vaccinated groups after 180 days of follow-up (Figure 1).

Sensitivity analyses revealed an interaction between exposure and time since vaccination in the
partially vaccinated stratum, where the excess risk was exclusively seen from day 10+
(Supplementary Table S2, available at Rheumatology online, and Figure 1 Panel B). These patterns

remained when changing the cut-off to 14 days.

Among individuals with no history of COVID-19 infection, unvaccinated patients with RA had
an adjusted HR of 1.22 (95%CI 1.09 to 1.57) for a first-time positive SARS-CoV2 PCR test
(Table 3). Among vaccinated, there was no difference in incidence of first-time SARS-CoV2
infection (Table 3). In patients with RA, bDMARD treated were younger and a higher
proportion was women (Table 4). The rituximab treated group had higher proportions of

patients with a history of cancer and prednisolone users. For unvaccinated, patients treated with
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rituximab had a HR of 4.71 (95%CI 1.98 to 11.18) for hospitalisation with csDMARD treated
patients as reference (Table 4). For fully vaccinated, the HR for COVID-19 hospitalisation
remained increased for rituximab treated although based on very few (< 3) events. The IRs and
HRs for a first-time positive PCR-test were also numerically increased for patients receiving

rituximab (Supplementary Table S3, available at Rbeumatology online).

Among unvaccinated rituximab treated patients not hospitalised with COVID-19, the mean
number of days since last infusion at start of follow-up was 105 with the corresponding number
of days at 124 for those hospitalised during follow-up. Of the latter, none received rituximab
infusion between start of follow-up and time of COVID-19 hospital admission, whereas 20% of
non-hospitalised patients treated with rituximab received an infusion between start and end of
follow-up. The mean number of days since last rituximab infusion at date of second vaccination

dose was 120 and 175 for those hospitalised and not hospitalised with COVID-19, respectively.
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DISCUSSION

This nationwide matched cohort study showed that the incidence of COVID-19 infection and
hospitalisation was markedly lower both among vaccinated patients with RA and matched
controls. However, patients with RA had an excess risk of hospitalisation with COVID-19 even

when vaccinated, whereas the incidence of SARS-CoV2 infection was only increased in patients

with RA up until receiving their first vaccination dose. For rituximab treated patients, the risks of

first-time SARS-CoV2 infection and COVID-19 hospitalisation were increased compared with

other DMARD regimens, regardless of vaccination status.

Numerous studies from the pre-vaccine era of COVID-19 have shown increased risk of
hospitalisation with or death from COVID-19 in patients with RA compared with non-RA
individuals (1-7). However, to our knowledge, this study represents the first nationwide study
specifically investigating if this excess risk of hospitalisation has remained in the era of the

COVID-19 vaccines.

In a pre-vaccine era of COVID-19 study, England et al. used the Veterans Affair in the US to
assess the risk of COVID-19 infection found a HR of 1.25 for patients with RA, remarkably
similar to the HR of 1.22 for unvaccinated patients with RA in the present study (6). Papagoras
et al. compared severity of COVID-19 infection in vaccinated and unvaccinated patients with
systemic rheumatic disease, and found that a higher proportion of unvaccinated patients were
hospitalised (29% vs 10%) for their COVID-19 (27). In our study, the IR of hospitalisation
decreased from 10.4 in unvaccinated to 0.9 per 1000 PY in vaccinated patients with RA.
Importantly, the parallel decreasing IR for patients with RA and comparators suggests a
comparable relative benefit of vaccination in general. However, other factors than the
vaccination contributed to the decrease in both groups: follow-up started at different calendar

months for each stratum, i.e., unvaccinated started follow-up in January, whereas vaccinated
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strata started follow-up late winter and early spring for partially vaccinated. Even with few
calendar months separating the start of follow-up, variations in factors such as which virus strain
was dominating; weather conditions; and, importantly, the measures of general restrictions issued
by the authorities, surely play a part. Disentangling the effect of vaccination from these factors is
impossible in the present study, and thus, the 10-fold decreased in the RA group does not
correspond to the effect of vaccination. However, the decreased rate of hospitalisation in
vaccinated patients with RA does suggest that the vaccines were effective in most patients with
RA. In line with this, studies investigating the immunogenicity of mRNA vaccines in patients
with RA found that most patients amounted an antibody response following vaccination, but
also, that this response was potentially inferior compared with that of healthy controls (28-32).
In addition to the intrinsic dysregulated immune system in RA, there are other potential
contributors to this lower antibody response: studies have shown that the RA cornerstone drug,
methotrexate, hampers the immunogenicity of the BNT162b2 vaccine (33,34). Also, the case of
decreased antibody production is even stronger for patients treated with rituximab (34-30).
Among fully vaccinated rituximab treated patients in the present study, although based on few
events, there was a numerically increased risk of breakthrough infections and hospitalisation with
COVID-19. However, the proportion of rituximab treated patients suffering from previous or
ongoing cancer and receiving concomitant glucocorticoids were higher compared to the other
DMARD-groups; and both are important confounding factors for which we could not adjust
without overfitting the Cox model. There was no clear pattern with regards to time since last
rituximab infusion and time to vaccination nor time to hospitalisation; this is in line with what
was observed in a Swedish study of rituximab-treated patients with multiple sclerosis (37).

With regards to the specific absolute and relative incidence rates in the present study, it is
important to remember two factors putting the results in context: first, the absolute risk of
hospitalisation may be considered low, but it is worth noting that Denmark has had one of the

lowest SARS-CoV?2 infection rates in Europe during the pandemic, and the study period
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specifically covered here was when the infection rates were at their lowest from 2020 to
2021.Thus, the absolute risks do not transfer to other countries with different, and likely higher
background rates, whereas the relative rates are relevant and of interest to different RA
populations in other countries. Second, a Danish study showed that patients with RA were more
likely to self-isolate and take stronger measures of social distancing even when federal general
restrictions were abandoned. Thus, the HRs for both infection and hospitalisation may be

underestimating the true biological difference (38).

We believe that the totality of findings in the existing literature and the results in the present
study, constitute a strong argument for prioritising patients with RA high for future booster

shots.

There are important limitations that needs mentioning: First, we did not have access to
information on incident patients with RA for the period of May 2020 to January 2021. In
Denmark, the incidence of RA is roughly 1700 per year, and therefore about 900 patients may
have been misclassified as non-RA. The impact of this in a 1:20 general population matching
setting is expected to be minimal. Another limitation is that we did not have access to register
information on leflunomide and JAK-inhibitor treatment, of which namely the latter could have

been of interest to study (7,39). Some of our subgroup analyses were hampered by a low number

of events. Lastly, the use of diagnoses in an administrative register could lead to misclassification.

However, the high validity of the COVID-19 outcomes is very reassuring, and although we can
only speculate, we have very little reason not to think that the sensitivity of these ICD-10 codes

is also high given the registration process and incentive to register in DNPR (23).

There are also strengths to our study. Importantly, the validity of the RA diagnosis in DANBIO

is very high (19), thus ensuring that the risk estimates provided are in fact for a true RA
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population. Also, the vaccination data from DDV has a high validity and carries detailed
information, enabling us to match on both temporality as well as exact type of vaccine at each

shot.

In conclusion, the results of this study confirm the observed increased risk of hospitalisation
with COVID-19 in the pre-vaccination era in patients with RA compared with non-RA
individuals. Further, although the absolute risk was low among fully vaccinated individuals, the
relative incidence rate has remained increased in patients with RA compared with matched
individuals from the general population, but nonetheless underlines the importance of

vaccination.

ACKNOWLEDGEMENTS

The authors wish to acknowledge The Danish Departments of Clinical Microbiology and Statens
Serum Institut for carrying out laboratory analysis, registration, and release of the national SARS-
CoV-2 surveillance data use in the present study. Further, the authors wish to thank all the

Danish departments of rheumatology for reporting to the DANBIO register.

AUTHOR CONTRIBUTIONS: Cordtz, Westermann, Lindhardsen, Andersen, and Torp-
Pedersen had full access to the data and take responsibility of the integrity of the data. Cordtz
takes responsibility for the accuracy of the data analyses.

Concept and design: Cordtz, Pearce, Dreyer.

Acquisition, analyses, or interpretation of data: All authors

Drafting of the manuscript: Cordtz, Westermann, Kristensen, Dreyer

Critical revision of the manuscript for important intellectual content: All authors

Statistical analyses: Cordtz and Duch

Obtained funding: Dreyer and Torp-Pedersen

Page 16 of 36

Z20z 1udy gz uo 1sanb Aq | 108959/ | tZoray/ABojolewnayl/c60 L 01 /10p/alonie-aoueape/ABojolewnayl/wod dno-olwapese//:sdny Wwolj papeojumoq



Page 17 of 36

oNOYTULT D WN =

Rheumatology

Administrative, technical, or material support: Andersen, Torp-Pedersen, Dreyer

Supervision: Dreyer, Torp-Pedersen, Kristensen

FUNDING: The study was financially supported by Aalborg University Hospital. Dr. Pearce is
funded by an NIHR advanced fellowship NIHR300863. The funder had no impact on the

planning, design, analyses nor manuscript writing of the study.

CONFLICTS OF INTEREST: F.P. reports a grant from Vifor Pharma outside the submitted
work. Torp-Pedersen reports grants from Bayer, grants from Novo Nordisk outside the
submitted work. L.D has received research grant/research support from BMS, and speakers’
bureau from Eli Lilly and Galderma. The remaining authors have declared no conflicts of

interest.

DATA AVAILABILITY: The dataset generated during the current study is not publicly
available. All data were accessed in the research environment of Statistics Denmark where
multiple registries can be combined with the limitation that individual data cannot be exported
from the re- search environment. Further, individual information is encrypted. Thus, datasets

cannot be made available.

Z20z 1udy gz uo 1sanb Aq | 108959/ | tZoray/ABojolewnayl/c60 L 01 /10p/alonie-aoueape/ABojolewnayl/wod dno-olwapese//:sdny Wwolj papeojumoq



oNOYTULT D WN =

Rheumatology

REFERENCES

1.

Cordtz R, Lindhardsen J, Soussi BG, Vela J, Uhrenholt L, Westermann R, et al. Incidence
and severeness of COVID-19 hospitalization in patients with inflammatory rheumatic
disease: A nationwide cohort study from Denmark. Rheumatology. 2021;60(SI):S159—-67.
Bower H, Frisell T, Di Giuseppe D, Delcoigne B, Ahlenius GM, Baecklund E, et al.
Impact of the COVID-19 pandemic on morbidity and mortality in patients with
inflammatory joint diseases and in the general population: A nationwide Swedish cohort
study. Ann Rheum Dis. 2021;80(8):1086-93.

MacKenna B, Kennedy NA, Mehkar A, Rowan A, Galloway J, Mansfield KE, et al. Risk
of severe COVID-19 outcomes associated with immune-mediated inflammatory diseases
and immune modifying therapies: a nationwide cohort study in the OpenSAFELY
platform. medRxiv. 2021;2021.09.03.21262888.

Curtis JR, Zhou X, Rubin DT, Reinisch W, Yazdany ], Robinson PC, et al.
Characteristics, Comorbidities, and Outcomes of SARS-CoV-2 Infection in Patients With
Autoimmune Conditions Treated With Systemic Therapies: A Population-based Study.
The Journal of Rheumatology. 2021. jrheum.210888.

Akiyama S, Hamdeh S, Micic D, Sakuraba A. Prevalence and clinical outcomes of
COVID-19 in patients with autoimmune diseases: a systematic review and meta-analysis.
Ann Rheum Dis. 2020 Oct;

England BR, Roul P, Yang Y, Kalil AC, Michaud K, Thiele GM, et al. Risk of COVID-19
in Rheumatoid Arthritis: A National Veterans Affairs Matched Cohort Study in At-Risk
Individuals. Arthritis Rheumatol. 2021;73(12):2179-88.

Bower H, Frisell T, Di Giuseppe D, Delcoigne B, Ahlenius GM, Baecklund E, et al.
Effects of the COVID-19 pandemic on patients with inflammatory joint diseases in
Sweden: From infection severity to impact on care provision. RMD Open. 2021;7(3):1—

10.

Page 18 of 36

Z20z 1udy gz uo 1sanb Aq | 108959/ | tZoray/ABojolewnayl/c60 L 01 /10p/alonie-aoueape/ABojolewnayl/wod dno-olwapese//:sdny Wwolj papeojumoq



Page 19 of 36

oNOYTULT D WN =

10.

11.

12.

13.

14.

15.

16.

Rheumatology

Jung Y, Kwon M, Choi HG. Association between previous rheumatoid arthritis and
COVID-19 and its severity: a nationwide cohort study in South Korea. BM] Open. 2021
Oct;11(10):e054753.

Zhong J, Shen G, Yang H, Huang A, Chen X, Dong L, et al. COVID-19 in patients with
rheumatic disease in Hubei province, China: a multicentre retrospective observational
study. Lancet Rheumatol. 2020 Sep;2(9):e557—64.

Salvarani C, Bajocchi G, Mancuso P, Galli E, Muratore F, Boiardi L, et al. Susceptibility
and severity of COVID-19 in patients treated with bDMARDS and tsDMARDs: A
population-based study. Ann Rheum Dis. 2020;79(7):986-8.

Conway R, Grimshaw AA, Konig MF, Putman M, Garcia AD-, Tseng LY, et al. SARS-
CoV-2 Infection and COVID-19 Outcomes in Rheumatic Disease: A Systematic
Literature Review And Meta-Analysis. Arthritis Rheumatol. 2021;(Nov 21):1-29.

Xu G, YiZ, Cai R, Chen R, Thong BY-H, Mu R. Clinical outcomes of COVID-19 in
patients with rheumatic diseases: A systematic review and meta-analysis of global data.
Autoimmun Rev. 2021 Apr;20(4):102778.

Walsh EE, Frenck RW], Falsey AR, Kitchin N, Absalon ], Gurtman A, et al. Safety and
Immunogenicity of Two RNA-Based Covid-19 Vaccine Candidates. N Engl | Med. 2020
Dec;383(25):2439-50.

Baden LR, El Sahly HM, Essink B, Kotloff K, Frey S, Novak R, et al. Efficacy and Safety
of the mRNA-1273 SARS-CoV-2 Vaccine. N Engl | Med. 2021;384(5):403—16.

Polack FP, Thomas SJ, Kitchin N, Absalon ], Gurtman A, Lockhart S, et al. Safety and
Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. N Engl | Med. 2020;383(27):2603—
15.

The Danish Ministry of Health. Status pa virusvarianter [Internet]. 2021 [cited 2022 Feb
15]. Available from: https://sum.dk/ministeren/sociale-mediet-

arkiv/2021/oktober/2910-status-paa-virusvatianter-facebook

Z20z 1udy gz uo 1sanb Aq | 108959/ | tZoray/ABojolewnayl/c60 L 01 /10p/alonie-aoueape/ABojolewnayl/wod dno-olwapese//:sdny Wwolj papeojumoq



oNOYTULT D WN =

17.

18.

19.

20.

21.

22.

23.

24.

25.

206.

27.

Rheumatology

Danish COVID-19 Genome Consortium. Nextstrain [Internet]. 2022 [cited 2022 Feb 15].
Available from: https://www.covid19genomics.dk/nextstrain

Schmidt M, Pedersen L, Sorensen HT. The Danish Civil Registration System as a tool in
epidemiology. Eur | Epidemiol. 2014;29(8):541-9.

Ibfelt EH, Sorensen |, Jensen D V., Dreyer L, Schiottz-Christensen B, Thygesen PH, et
al. Validity and completeness of rheumatoid arthritis diagnoses in the nationwide
DANBIO clinical register and the Danish national patient registry. Clin Epidemiol.
2017;9:627-32.

Grove Krause T, Jakobsen S, Haarh M, Melbak K. The Danish vaccination register.
Eurosurveillance. 2012;17(17):2.

Schmidt M, Schmidt SAJ, Sandegaard JL., Ehrenstein V, Pedersen L, Serensen HT. The
Danish National patient registry: A review of content, data quality, and research potential.
Clin Epidemiol. 2015;7:449-90.

Pottegard A, Schmidt SAJ, Wallach-Kildemoes H, Sorensen HT, Hallas J, Schmidt M.
Data resource profile: The Danish national prescription registry. Int ] Epidemiol.
2017;46(3):798.

Bodilsen J, Leth S, Nielsen SL, Holler ]G, Benfield T, Omland LH. Positive predictive
value of ICD-10 diagnosis codes for COVID-19. Clin Epidemiol. 2021;13:367-72.
Austin PC, Lee DS, Fine JP. Introduction to the Analysis of Survival Data in the Presence
of Competing Risks. Circulation. 2016;133(6):601-9.

Gerds TA, Ozenne B. riskRegression: Risk Regression Models and Prediction Scores for
Survival Analysis with Competing Risks. 2020.

Gerds TA. prodlim: Product-Limit Estimation for Censored Event History Analysis
[Internet]. 2019. Available from: https://cran.r-project.org/package=prodlim

Papagoras C, Fragoulis GE, Zioga N, Simopoulou T, Deftereou K, Kalavri E, et al. Better

outcomes of COVID-19 in vaccinated compared to unvaccinated patients with systemic

Page 20 of 36

Z20z 1udy gz uo 1sanb Aq | 108959/ | tZoray/ABojolewnayl/c60 L 01 /10p/alonie-aoueape/ABojolewnayl/wod dno-olwapese//:sdny Wwolj papeojumoq



Page 21 of 36

oNOYTULT D WN =

28.

29.

30.

31.

32.

33.

34,

Rheumatology

rheumatic diseases. Ann Rheum Dis. 2021;annrheumdis-2021-221539.

Furer V, Eviatar T, Zisman D, Peleg H, Paran D, Levartovsky D, et al. Immunogenicity
and safety of the BNT162b2 mRNA COVID-19 vaccine in adult patients with
autoimmune inflammatory rheumatic diseases and in the general population: a multicentre
study. Ann Rheum Dis. 2021 Oct;80(10):1330-8.

Simon D, Tascilar K, Fagni F, Kronke G, Kleyer A, Meder C, et al. SARS-CoV-2
vaccination responses in untreated, conventionally treated and anticytokine-treated
patients with immune-mediated inflammatory diseases. Ann Rheum Dis. 2021
Oct;80(10):1312—0.

Ferri C. Impaired immunogenicity to COVID-19 vaccines in autoimmune systemic
diseases. High prevalence of non-response in different patients’ subgroups _ Elsevier
Enhanced Reader.pdf.

Geisen UM, Berner DK, Tran F, Simbul M, Vullriede L, Ciripoi M, et al.
Immunogenicity and safety of anti-SARS-CoV-2 mRNA vaccines in patients with chronic
inflammatory conditions and immunosuppressive therapy in a monocentric cohort. Ann
Rheum Dis. 2021;80(10):1306—11.

Simader E, Tobudic S, Mandl P, Haslacher H, Perkmann T, Nothnagl T, et al.
Importance of the second SARS-CoV-2 vaccination dose for achieving serological
response in patients with rheumatoid arthritis and seronegative spondyloarthritis. Ann
Rheum Dis. 2021;annrheumdis-2021-221347.

Haberman RH, Herati RS, Simon D, Samanovic M, Blank RB, Tuen M, et al.
Methotrexate hampers immunogenicity to BNT162B2 mRNA covid-19 vaccine in
immune-mediated inflammatory disease. Ann Rheum Dis. 2020;1339-44.

Ammitzbell C, Bartels LE, Bogh Andersen J, Risbel Vils S, Elbak Mistegard C, Dahl
Johannsen A, et al. Impaired Antibody Response to the BNT162b2 Messenger RNA

Coronavirus Disease 2019 Vaccine in Patients With Systemic Lupus Erythematosus and

Z20z 1udy gz uo 1sanb Aq | 108959/ | tZoray/ABojolewnayl/c60 L 01 /10p/alonie-aoueape/ABojolewnayl/wod dno-olwapese//:sdny Wwolj papeojumoq



oNOYTULT D WN =

35.

36.

37.

38.

39.

Rheumatology

Rheumatoid Arthritis. ACR Open Rheumatol. 2021;3(9):622-8.

Deepak P, Kim W, Paley MA, Yang M, Carvidi AB, Demissie EG, et al. Effect of
immunosuppression on the immunogenicity of mrna vaccines to sars-cov-2 a prospective
cohort study. Ann Intern Med. 2021;174(11):1572-85.

Deepak P, Kim W, Paley MA, Yang M, Carvidi AB, EI-Qunni AA, et al. Glucocorticoids
and B Cell Depleting Agents Substantially Impair Immunogenicity of mRNA Vaccines to
SARS-CoV-2. medRxiv Prepr Serv Heal Sci. 2021;

McKay KA, Piehl F, Englund S, He A, Langer-Gould A, Hillert J, et al. Rituximab
Infusion Timing, Cumulative Dose, and Hospitalization for COVID-19 in Persons with
Multiple Sclerosis in Sweden. JAMA Netw Open. 2021;4(12):10-3.

Glintborg B, Jensen DV, Engel S, Terslev L, Pfeiffer Jensen M, Hendricks O, et al. Self-
protection strategies and health behaviour in patients with inflammatory rheumatic
diseases during the COVID-19 pandemic: Results and predictors in more than 12 000
patients with inflammatory rheumatic diseases followed in the Danish DANBIO registry.
RMD Open. 2021;7(1):1-13.

Strangfeld A, Schifer M, Gianfrancesco MA, Lawson-Tovey S, Liew JW, Ljung L, et al.
Factors associated with COVID-19-related death in people with rheumatic diseases:
Results from the COVID-19 Global Rheumatology Alliance physician-reported registry.

Ann Rheum Dis. 2021;80(7):930—42.

Page 22 of 36

Z20z 1udy gz uo 1sanb Aq | 108959/ | tZoray/ABojolewnayl/c60 L 01 /10p/alonie-aoueape/ABojolewnayl/wod dno-olwapese//:sdny Wwolj papeojumoq



Page 23 of 36 Rheumatology

1

2

2 Table 1. Characteristics of patients with rheumatoid arthritis and matched comparators stratified by vaccination status.

Z Unvaccinated Partially vaccinated Fully vaccinated

7 Rheumatoid General Rheumatoid General Rheumatoid General

8 arthritis population arthritis population arthritis population
?O N 28 447 568 940 27 154 542 610 26 217 523 826

11 Women, N (%) 20286 (71.3%) 405720 (71.3%) 19336 (71.2%) 386 384 (71.2%) 18611 (71.0%) 371851 (71.0%)
12 . . 67.7 (34.2-88.3)

13 Age in years, median (IQR) 67.8 (34.2-88.4) 68.4(36.4-88.6) 68.4(36.5-88.6) 68.9(40.9-88.7) 68.9 (41.0-88.7)
12 Median (IQR) follow-up time 102 (62-137) 115 (88-146) 28 (22-35) 30 (21-39) 150 (111-189) 150 (111-189)
16 History of COVID-19, N (%) 534 (1.9%) 11 421 (2.0%) 708 (2.6%) 15772 (2.9%) 700 (2.7%) 15890 (3.0%)
17

18 History of hospitalisation with COVID-19, N (%) 57 (0.2%) 870 (0.2%) 97 (0.4%) 1567 (0.3%) 96 (0.4%) 1585 (0.3%)
19

20 Chronic kidney disease, N (%) 660 (2.3%) 10 890 (1.9%) 662 (2.4%) 15 144 (2.8%) 641 (2.4%) 15299 (2.9%)
;; Cardiovascular disease, N (%) 5847 (20.6%) 96 644 (17.0%) 5770 (21.2%) 108 789 (20%) 5692 (21.7%) 107 759 (20.6%)
23 Use of cardiovascular drugs, N (%) 14 694 (51.7%) 270220 (47.5%) 14 431 (53.1%) 280 652 (51.7%) 14 281 (54.5%) 278 675 (53.2%)
24 Hospital-diagnosis of diabetes mellitus (type |

;2 or ll), N (%) 2266 (8%) 38 267 (6.7%) 2205 (8.1%) 46 636 (8.6%) 2168 (8.3%) 46 493 (8.9%)
;é Use of anti-diabetic drugs, N (%) 2741 (9.6%) 52 509 (9.2%) 2725 (10.0%) 60 495 (11.1%) 2679 (10.2%) 60 128 (11.5%)
29 Chronic lung disease, N (%) 2431 (8.5%) 29 188 (5.1%) 2385 (8.8%) 37 909 (7.0%) 2341 (8.9%) 37 844 (7.2%)
30

31 Use of inhalation-medicine, N (%) 4545 (16%) 68 846 (12.1%) 4368 (16.1%) 77 422 (14.3%) 4288 (16.4%) 76 669 (14.6%)
32

33 History of cancer (except NMSC), N (%) 3608 (12.7%) 72 501 (12.7%) 3563 (13.1%) 88 832 (16.4%) 3534 (13.5%) 89743 (17.1%)
gg Methotrexate, N (%) 15 801 (55.5%) 2572 (0.5%) 15 043 (55.4%) 6430 (1.2%) 14 603 (55.7%) 6728 (1.3%)
36 Sulfasalazine, N (%) 4042 (14.2%) 593 (0.1%) 3726 (13.7%) 1410 (0.3%) 3545 (13.5%) 1407 (0.3%)
37

38 Hydroxychloroquine, N (%) 2961 (10.4%) 690 (0.1%) 2787 (10.3%) 4 (0%) 2698 (10.3%) 5 (0%)

39

40

41

42

43

44

45
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Other csDMARD, N (%)
Prednisolone, N (%)
TNF-inhibitor, N (%)
Abatacept, N (%)
Tocilizumab, N (%)

Rituximab, N (%)

3143 (11.0%)

3566 (12.5%)

4799 (16.9%)
423 (1.5%)
843 (3.0%)

630 (2.2%)

Rheumatology

1019 (0.2%)
11 464 (2.0%)
612 (0.1%)
13 (0%)
66 (0%)

581 (0.1%)

2899 (10.7%)

3311 (12.2%)

4672 (17.2%)
410 (1.5%)
803 (3.0%)

572 (2.1%)

1504 (0.3%)
2775 (0.5%)
15974 (2.9%)
2563 (0.5%)
100 (0%)

303 (0.1%)

2771 (10.6%)

3202 (12.2%)

4480 (17.1%)
399 (1.5%)
765 (2.9%)

544 (2.1%)

Abbreviations: IQR, interquartile range; NMSC, non-melanoma skin cancer; csDMARD, conventional synthetic DMARD; TNF, tumour necrosis factor;

1511 (0.3%)
2851 (0.5%)
16 071 (3.1%)
2564 (0.5%)
124 (0%)

315 (0.1%)
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Table 2. Incidence rates and hazard ratios for COVID-19 hospitalisation and death stratified by vaccination status.
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PY of observation

Median [IQR] days of follow-up

Hospitalised with COVID-19, N

Age and sex standardised COVID-19
hospitalisation rate per 1000 PY, (IQR)

HR for COVID-19 hospitalisation —
crude, (IQR)

HR for COVID-19 hospitalisation -
adjusted for comorbidities 2, (IQR)

N (%) of COVID-19 hospitalisations
with a severe outcome P

Died during follow-up, N

Age and sex standardised mortality
rate per 1000 PY, (IQR)

HR for death — crude, (IQR)

HR for death - adjusted for
comorbidities 2, (IQR)

Unvaccinated

Rheumatoid
arthritis

28 447

8297

102 (62-137)

65

10.4 (8.0-13.4)

2.01 (1.54-2.61)

1.88 (1.44-2.46)

11 (16.9%)

171

27.7 (23.7-32.4)

1.37 (1.15-1.62)

1.31 (1.10-1.56)

General
population

568 940

186 493

115 (88-146)

727

4.7 (4.3-5.1)

1 (Ref.)

1 (Ref.)

209 (28.7%)

2912

21.4 (20.6-22.2)

1 (Ref.)

1 (Ref.)

Partially vaccinated

Rheumatoid
arthritis

27 154

2370

28 (22-35)

11

5.5 (3.0-10.0)

2.36 (1.2-4.66)

2.47 (1.25-4.89)

<3

69

33.7 (26.6-42.8)

1.17 (0.88-1.56)

1.25 (0.94-1.68)

General
population

542 610

49 051

30 (21-39)

95

2.2 (1.8-2.7)

1 (Ref.)

1 (Ref.)

26 (27.4%)

1273

29.2 (27.7-30.9)

1 (Ref.)

1 (Ref.)

Fully vaccinated

Rheumatoid
arthritis

26 217

10 846

150 (111-189)

11

0.9 (0.5-1.6)

1.63 (0.88-3.01)

1.94 (1.03-3.66)

4 (36.4%)

391

29.1 (26.3-32.2)

0.98 (0.89-1.09)

1.05 (0.94-1.16)

General
population

523 826

216 529

150 (111-189)

131

0.5 (0.4-0.6)

1 (Ref.)

1 (Ref.)

42 (32.1%)

7926

30.1(29.4-30.7)

1 (Ref.)

1 (Ref.)

Abbreviations: PY, person years; IQR, interquartile range; HR, hazard ratio
@ Adjusted for history of cancer, cardiovascular disease, diabetes mellitus, chronic kidney disease, and chronic lung disease.
b A severe outcome was defined as the composite of either acute respiratory distress syndrome, admission to an intensive care unit, and/or death
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Table 3. Incidence rates and hazard ratios for first-time positive SARS-CoV2 PCR test stratified by vaccination status.
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Number of individuals, N

Median age (IQR)

Female, N (%)

History of cancer, N (%)

Person years of
observation, N

Median days of follow-up, N
(IQR)

First-time COVID-19
infections, N

Age and sex standardised

COVID-19 infection rate per
1000 person years (IQR)

HR - crude (IQR)

HR - adjusted for
comorbidities 2 (IQR)

Unvaccinated

Rheumatoid
arthritis

27 903

67.8 (57.4-76.2)

19 885 (71.3%)

3551 (12.7%)

8053

102 (62-137)

309

37.8 (33.6-42.6)

1.24 (1.09-1.41)

1.22 (1.09-1.57)

General
population

557 415

67.9 (57.5-76.2)

397 314 (71.3%)

71 336 (12.8%)

180 804

115 (88-145)

6690

33.9 (33.1-34.8)

1 (Ref.)

1 (Ref.)

Partially vaccinated

Rheumatoid
arthritis

26 444

68.5 (58.4-76.7)

18 805 (71.1%)

3491 (13.2%)

2290

28 (22-35)

58

27 (20.7-35.1)

0.87 (0.59-1.27)

0.87 (0.95-1.74)

General population

526 815

68.6 (58.5-76.7)

374 962 (71.2%)

86 829 (16.5%)

45 965

29 (21-39)

1345

28.5 (27-30.2)

1 (Ref.)

1 (Ref.)

Completed vaccination

Rheumatoid arthritis

25517

69 (59.4-76.9)

18 088 (70.9%)

3456 (13.5%)

10 558

150 (112-189)

107

11.3(9.2-13.9)

1.09 (0.9-1.32)

1.09 (0.92-1.14)

General population

507 926

69.1 (59.5-76.9)

360 304 (70.9%)

87 629 (17.3%)

209 456

150 (112-189)

1942

10.4 (9.9-10.9)

1 (Ref.)

1 (Ref.)
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Died, N 161 2739 62 1187 369

Mortality rate per 1000 PY, N

10R) 26.8 (22.8-31.4) 206 (19.8-21.4) 315 (24.5-40.5) 29.3 (27.7-31.1) 28.3 (25.5-31.4)
HR for death — crude (IQR)  1.38 (1.16-1.64) 1 (Ref.) 1.18 (0.88-1.6) 1 (Ref.) 0.96 (0.86-1.06)
HR for death -adjusted for ;4 74 3g) 1 (Ref.) 0.87 (0.59-1.27) 1 (Ref.) 1.09 (0.89-1.32)

comorbidities 2 (IQR)

7637

30 (29.3-30.7)

1 (Ref.)

1 (Ref.)

Abbreviations: PY, person years; IQR, interquartile range; HR, hazard ratio
2 Adjusted for history of cancer, cardiovascular disease, diabetes mellitus, chronic kidney disease, and chronic lung disease.
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Table 4. Characteristics and rates of COVID-19 hospitalisation in patients with rheumatoid arthritis stratified by DMARD treatment.

Unvaccinated

TNFi,
abatacept, or  Rituximab
IL6
N 5768 630
Median (IQR) age 63.3 (563.3- 66.6 (57-
in years 71.7) 73.1)
Female, N (%) 4336 (75%) 485 (77%)

History of cancer,

N (%) 337 (6%) 221 (35%)

Glucocorticoid 769 (13%) 143 (23%)

use, N (%)

PY of observation 1712.6 163.6
Median (IQR) 75 (56-
days of follow-up 107 (62-140) 122)
N hospitalised 5 6

with COVID-19

csDMARD

14969

69 (58.7-
76.8)

10492
(70%)

2011
(13%)

1719
(11%)

4261.6

101 (62-
133)

39

No
DMARD

7080

69.4 (58.2-
78)

4973
(70%)

1039
(15%)

935 (13%)

2159.6

106.5 (63-
143)

15

TNFi,
abatacept,
or IL6

5625

63.7 (54.1-
71.9)

4214
(75%)

342 (6%)

720 (13%)

504.9

28 (22-35)

Partially vaccinated

Rituximab

572

67 (58-
73.7)

440 (77%)

205 (36%)

136 (24%)

46.2

25 (22-35)

csDMARD

14062

69.8 (59.8-
77.2)

9856
(70%)

1952
(14%)

1526
(11%)

1200.1

28 (22-35)

No
DMARD

6895

70.3 (59.4-
78.6)

4826
(70%)

1064

(15%)

929 (13%)

618.9

28 (22-35)

TNFi,
abatacept,
or IL6

5420

64.3 (55.1-
72.2)

4046
(75%)

349 (6%)

677 (12%)

22144

147 (108-
189)

Fully vaccinated

Rituximab

544

67.5 (58.6-
74)

413 (76%)

199 (37%)

124 (23%)

248.2

179.5
(135.2-
197)

<3

csDMARD

13626

70.2 (60.7-

77.3)

9523
(70%)

1924
(14%)

1479
(11%)

5664

151 (115-
189)

No
DMARD

6627

71 (60.8-
78.9)

4629
(70%)

1062
(16%)

922 (14%)

2719

148 (108-
188)
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1

2

3 Standardised

4 COVID-19

5 hospitalisation 8.3 (2.8-24.4) 444 (17.7- 12.1(8.6- 8.0 (4.8- ) ) 4.8 (2.0- 8.3 (3.7- ) ) 0.6 (0.2- 0.9 (0.3-
6 rate per 1000 PY, A : 111.7) 17.2) 13.4) 11.6) 18.7) 1.7) 2.4)
7 N (IQR)

8 N (%) of COVID-

9 19 hospitalisations

10 with a severe 0 <3 6 (15.4%) 4 (26.7%) 0 0 <3 <3 0 <3 <3 <3
11 outcome

12

13 HR for COVID-19 11.69

14 hospitalisation — 047 ;2')19' el (11;)’8' 1(Ref) 071 :(,)3')4 - : : 1Ref) 72 é%')53' 080 ﬁ')og' (2.07- 1(Ref) 0 g')“'
15 crude, (IQR) ’ ‘ ’ ’ ’ 66.06) )

16

1; Died, N (%) 25 5 73 68 <3 <3 33 32 41 7 178 165
19

20 Mortality rate per 24.9 (15.4- 40.9 (15.5- 20.9(16.5- 38.7(30.4- 23.3(4.8- 38.2(5.4- 29.4(20.9- 52.0(36.5- 22.0(15.8- 33.5(15.6- 24.3(20.9- 42.2(35.8-
21 1000 PY, N (IQR) 40.2) 108.4) 26.5) 49.2) 112.7) 271.2) 41.4) 74.1) 30.7) 71.8) 28.2) 49.7)
22

23

24 HR for death — 1.48 (0.93- 2.39 (0.96- 1 (Ref.) 1.63(1.17- 0.39(0.12- 0.95(0.13- 1 (Ref.) 1.33(0.81- 0.95(0.67- 1.29 (0.60- 1 (Ref.) 1.57 (1.27-
25 crude, (IQR) 2.34) 5.92) ) 2.27) 1.29) 7.00) ) 2.18) 1.34) 2.75) : 1.95)
26 Abbreviations: TNFi, tumour necrosis factor inhibitor; IL6, interleukin 6; csDMARD, conventional synthetic DMARD; IQR, interquartile range; PY, person years; HR, hazard ratio. ® Severe
2; outcome defined as the composite of either acute respiratory distress syndrome, admission to an intensive care unit, and/or death
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Figure 1. Cumulative incidence (%) of first COVID-19 hospitalisation according to vaccination status. Aalen-Johansen
estimated cumulative incidence for (A) unvaccinated, (B) partially vaccinated and (C) fully vaccinated patients with rheumatoid

arthritis and matched controls.
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