S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Journal of Autoimmunity 134 (2023) 102959

Contents lists available at ScienceDirect

Journal of Autoimmunity

ELSEVIER journal homepage: www.elsevier.com/locate/jautimm

Check for

Post-mRNA vaccine flares in autoimmune inflammatory rheumatic e
diseases: Results from the COronavirus National Vaccine registry for
ImmuNe diseases SINGapore (CONVIN-SING)

Margaret Ma ™", Amelia Santosa *”, Warren Fong "¢, Li-Ching Chew "  Andrea HL Low ™%,

Annie Law “¢, Yih Jia Poh ¢, Siaw Ing Yeo©, Ying Ying Leung “, Victoria WW Ng°,
Joshua ZE Koh ¢, Sen Hee Tay 4b " Anselm Mak *°, Gim Gee Teng abf Chuanhui Xu?,
Johnston GX Tang #, Kok Ooi Kong#, Stanley Angkodjojo”, Wei-Rui Goh b Tyng Yu Chuah b

Nur Emillia Roslan ", Thaschawee Arkachaisri %", Kai Liang Teh', Melonie Sriranganathan’,

Teck Choon Tan k,‘ Kee Fong Phang ™!, Qai Ven Yap', Yiong Huak Chan', Peter PM Cheung *",
Manjari Lahiri >

2 Division of Rheumatology, Department of Medicine, National University Hospital, Singapore

b Department of Medicine, Yong Loo Lin School of Medicine, National University of Singapore, Singapore
¢ Department of Rheumatology and Immunology, Singapore General Hospital, Singapore

9 Duke-NUS Medical School, Singapore

€ Yong Loo Lin School of Medicine, National University of Singapore, Singapore

f Chronic Programme, Alexandra Hospital, Singapore

8 Department of Rheumatology, Allergy and Immunology, Tan Tock Seng Hospital, Singapore

1 Rheumatology Service, Department of General Medicine, Sengkang General Hospital, Singapore

! Rheumatology and Immunology Service, Department of Paediatric Subspecialties, KK Women'’s and Children’s Hospital, Singapore
J Division of Rheumatology, Department of Medicine, Changi General Hospital, Singapore

X Division of Rheumatology, Department of Medicine, Khoo Teck Puat Hospital, Singapore

! Biostatistics Unit, Yong Loo Lin School of Medicine, National University of Singapore, Singapore

ARTICLE INFO ABSTRACT
Keywords: Background: Studies of flares of autoimmune inflammatory rheumatic diseases (AIIRD) after COVID-19 mRNA
Autoimmune inflammatory rheumatic diseases vaccination are limited by small sample size, short follow up or at risk of selection bias.

COVID vaccines

Regi Methods: A national retrospective cohort study of consecutive AIIRD patients >12 years old, across 8 hospitals
egistry

who received at least one dose of a COVID-19 mRNA vaccine. Patients were included from the date of 1st vaccine
dose and censored at the time of flare or on the date of the clinic visit at least 3 months from cohort entry,
whichever came first. Predictors of flare were determined by Cox proportional hazards analysis.

Findings: 4627 patients (73% Chinese, 71% female) of median (IQR) age 61 (48, 70) years were included; 42%
Rheumatoid arthritis, 14% Systemic lupus erythematosus and 11% Psoriatic arthritis. 47% were in remission,
41% low disease activity, 10% moderate disease activity and 1% in high disease activity. 18% patients flared, of
which 11.7% were within the 3-month period of interest. 11.8% patients improved. Median (IQR) time-to-flare
was 60 (30, 114) days. 25% flares were self-limiting, 61% mild-moderate and 14% severe. Older patients (53-65
years and >66 years) had a lower risk of flare [HR 0.6 (95% CI 0.5-0.8) and 0.7 (0.6-0.8) respectively]. Patients
with inflammatory arthritis and with active disease had a higher risk of flare [HR 1.5 (1.2-2.0) and 1.4 (1.2-1.6),
respectively]. Treatment with conventional synthetic disease-modifying anti-rheumatic drugs (csDMARDs),
immunosuppression and prednisolone was also associated with an increased risk of flare [HR 1.5 (1.1-2), 1.2
(1.1-1.4) and 1.5 (1.2-1.8) for prednisolone <7.5 mg respectively].

Interpretation: There was a moderately high rate of AIIRD flares after mRNA vaccination but also improvement in several
patients. Severe flares and hospitalisation were rare. Thus, vaccination remains safe and highly recommended.
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1. Introduction

Patients with autoimmune inflammatory rheumatic diseases (AIIRD)
have poorer outcomes when infected with SARS-CoV2, including higher
rates of hospitalisation, oxygen support, intensive care unit (ICU)
admission and mortality [1]. Vaccination is currently the most effective
way to reducing mortality, with international and national rheuma-
tology societies recommending COVID-19 vaccination for all patients
with AIIRD [2-4]. Although initial clinical trials of COVID-19 vaccines
have largely excluded patients with AIIRD [5,6], there is a growing body
of evidence that COVID-19 vaccines are safe and effective for this group
of patients [7-9]. Universal uptake of vaccination is an essential part of
controlling COVID-19 at both the patient and population level. How-
ever, vaccine hesitancy has been a major barrier, with fear of side effects
being a significant factor [10]. In addition, up to 44% of AIIRD patients
have a fear of potentially triggering flares of their rheumatic disease [9].

Rates of flares of AIIRD after COVID-19 vaccination in various
studies have been wide-ranging from no flares to up to 18% [7-9,
11-18]. Contributing factors to this variability include different study
designs, varying sample size, varying length of follow-up and definition
of “at-risk” period and differences in flare definitions. In addition, most
of these studies are at risk of selection bias, as they are based on
voluntary physician reports or patient surveys. Higher rates of flares
have been described in patients who have history of self-reported flares
within the past 6 months, patients with inflammatory arthritides and
those who have had past COVID infection [7,8].

Comprehensive inclusion of all vaccinated patients is an important
factor when evaluating incidence of flares. In Singapore, COVID-19
vaccination began in January 2021, almost exclusively with the two
mRNA vaccines (BNT162b2 Pfizer-BioNTech® COVID-19 vaccine and
the mRNA-1273 Moderna® COVID-19 vaccine). Vaccination was
offered to all adults, and children 12 years and older by July 2021. By
November 2021, 82% of the Singapore population had completed 2
doses of COVID-19 vaccination [19]. As such, we set up the COronavirus
National Vaccine registry for InmuNe diseases SINGapore (CONVIN-S-
ING), to accurately assess flares, and the risk factors for flares, from
direct medical record review of all patients with AIIRD attending public
sector hospitals in Singapore and who had received an mRNA vaccine
against SARS-COV2.

We aimed to determine the proportion of patients with rheumatic
disease who flared within 3 months of the 1st dose of an mRNA vaccine,
assess time to flare and predictors of flare.

2. Methods

Using a retrospective cohort study design and electronic health re-
cord (EHR) review, we included adults and children 12 years of age or
older, who had received at least one dose of an mRNA vaccine and who
had been diagnosed with an AIIRD prior to vaccination. The AIIRD of
interest were pre-defined and are listed in the Supplementary Appendix
Table S1. Eight of the nine public hospitals in Singapore participated in
this study. A list of patients with AIIRD was extracted using SNOMED
diagnosis codes and matched against the National Immunisation Reg-
ister (NIR) for type and dates of vaccine doses. Matching with the NIR
was done in August 2021 and refreshed once in November 2021. We
included patients consecutively, in order of the date of the 1st vaccine
dose.

Patients entered the cohort from the date of 1st vaccine dose and
were censored at the time of flare or on the date of the clinic visit which
was at least 3 months from cohort entry, whichever came first. Data
were abstracted manually onto a secure web-based portal via manual
chart review and included demographics, confirmation of diagnosis,
physician-defined baseline disease activity (remission, low, moderate or
high), baseline treatment, previous diagnosis of COVID-19, severity and
date of flare if any, and hospitalisation for flare. A training session was
conducted to standardise data entry across sites. Practice cases were

Journal of Autoimmunity 134 (2023) 102959

used to harmonise definitions of pre-vaccine disease activity, and
adjudication of flare. The primary outcome was a flare of AIIRD between
0 and 3 months after the 1st dose of anti-SARS-CoV mRNA vaccine.

The severity of flare was classified as follows: A mild, self-limiting
flare was defined as one that did not require an escalation of treat-
ment or early consult with the specialist, and resolved before the index
visit, though the patient may have taken analgesics or non-steroidal anti-
inflammatory drugs (NSAID) or self-increased glucocorticoids (GC) for a
few days. A mild to moderate, non-self-limiting flare was one that
necessitated an earlier specialist consult and/or increase in treatment,
but not exceeding prednisolone 20 mg per day and not requiring intra-
muscular (IM) or intra-articular (IA) GC injection or new biologic or
cytotoxic drug (e.g. cyclophosphamide) initiation. A severe flare was
one that required hospitalisation or GC more than prednisolone equiv-
alent of 20 mg per day or IM or IA GC, or new initiation of a biologic or
cytotoxic agent.

Ethics approval was obtained from the National Healthcare Group
(NHG) Domain Specific Review Board (DSRB) Ref: 2021/0043. The
requirement for patient consent was waived as the data were collected
via EHR review only, without any direct patient contact.

Statistical analyses: Sample size was calculated based on a back-
ground flare rate of 8% over 3 months in a rheumatoid arthritis (RA)
cohort and power of 90% to detect a 25% relative increase in flares [20].
All analyses were performed using Stata version 16 (StataCorp).
Continuous variables are presented as median (interquartile range, IQR)
while categorical variables are presented as frequencies and percent-
ages. Predictors of flare and time to flare were assessed using a mixed
effect stepwise backward-selection Cox regression model to account for
clustering effect of site, adjusting for demographics and relevant cova-
riates. Age (as tertiles), race, AIIRD diagnosis (grouped as inflammatory
arthritis (IA), connective tissue disease (CTD), vasculitis and others)
treatment [grouped as no disease modifying antirheumatic drugs
(DMARD:s), hydroxychloroquine only, conventional synthetic (cs)
DMARDs (methotrexate, sulfasalazine or leflunomide), immunosup-
pressants (cyclosporine A, mycophenolate mofetil, mycophenolate so-
dium, tacrolimus, azathioprine, cyclophosphamide), and biological (b)
DMARD:s or Janus Kinase inhibitors (JAKi)] and GC dose (grouped as no
GC, prednisolone<7.5 mg, prednisolone >7.5 mg) were entered into the
model as categorical variables. Gender, vaccine type and disease activity
(grouped as inactive disease for patients in remission or low disease
activity and active disease for those with moderate or high disease ac-
tivity) were used as binary variables. The model was adjusted for
number of vaccine doses received. Kaplan Meier curve was generated for
time to flare after first dose. The proportion of patients who flared
within 3 weeks of the first versus second dose were compared using Chi
squared test. For subjects who flared, line graphs by disease group were
plotted for time to flare.

3. Results

4627 patients (73.3% Chinese, 71.1% female) of median (IQR) age
61 (48, 70) years were included in the analysis (Table 1). 4058 (87.7%)
received the BNT162b2 (Pfizer/BioNTech) COVID-19 vaccine and 523
(11.3%) received the mRNA-1273 (Moderna) vaccine, with a median
(IQR) interval of 21 (21, 28) days between the two doses. 127 patients
(2.7%) had a single vaccine dose. The most common AIIRD diagnoses
were RA (1966, 42.4%), systemic lupus erythematosus (SLE) (641,
13.8%) and psoriatic arthritis (486, 10.5%). At the pre-vaccination
clinic visit, 2188 (47.3%) patients were in remission, 1897 (41%) had
low disease activity, 480 (10.4%) had moderate disease activity and 62
(1.3%) had high baseline disease activity. 1389 (30%) were treated with
hydroxychloroquine, 1684 (36%) with methotrexate and 848 (18%)
treated with sulfasalazine. 431 (9.3%) were treated with bDMARD/
JAKi. The median prednisolone dose was 0 mg (IQR 0,4). Treatment was
interrupted for vaccination in only 63 (1.4%) patients. Only 45 (1%)
patients had previous COVID-19 infection.
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854 (18%) flares were recorded during 20,287 patient-months of
follow-up (4.5/100 patient-months, median (IQR) follow up duration
4.3 (3.4, 5.5) months), of which 542 (11.7%) patients flared in the 3-
month period of interest (Fig. 1). Median (IQR) time to flare was 60
(30-114) days. When examining by disease groups, a biphasic peak was
seen for patients with IA (Fig. 2A). Separating the flares after the 1st
dose from those after the 2nd dose, the median time to flare for patients
with IA was 10 (5-17) days after the 1st dose (Figs. 2B) and 60 (21-108)
days after the 2nd dose (Fig. 2C)].

To compare flare rate after the 1st versus the 2nd dose, we limited
the period of observation to within 3 weeks of the vaccine, as the 2nd
dose was given 3 weeks after the 1st dose in most patients. 144 patients
(3.2%) flared after the 1st dose. These patients were censored at the date
of flare and hence not included in the susceptible population for flare
after the 2nd dose. 159 patients (3.6%) flared after the 2nd dose (chi2
for difference in proportions = 0.23).

134 (24.7%) of all flares were mild and self-limiting, 333 (61.4%)
were mild-moderate and 75 (13.8%) were severe. 393 (72.5%) of those
who flared required escalation of treatment and 30 (5.5%) required
hospital admission. Conversely, 545 patients (11.8%) had improved
disease activity after the vaccine.

On Cox regression analysis, patients in the older age tertiles (53-65
and > 66 years) had a lower risk of flare, hazard ratio (HR) 0.6, 95% CI
0.5-0.8, p < 0.001 and 0.7, 95% CI 0.6-0.8 p < 0.001 respectively
(Table 2). Patients of the minority non-Chinese/non- Malay/non-Indian
ethnicity had a lower risk of flare (HR 0.7 95% CI 0.5-0.9). Compared to
CTD, patients with IA had a HR of flare of 1.5, 95% CI 1.2-2.0, p =
0.006. Patients with baseline active disease had a 40% higher risk of
flare compared to those with inactive disease (HR 1.4, 95% CI 1.2-1.6, p
< 0.001). Treatment with csDMARDs, immunosuppressants and pred-
nisolone was also associated with an increased risk of flare [HR 1.5

Table 1
Patient characteristics.
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Fig. 1. Kaplan-Meier graph - Time to Flare after the First Dose of
mRNA Vaccine.

(1.1-2), 1.2 (1.1-1.4) and 1.5 (1.2-1.8) for prednisolone dose <7.5 mg
respectively].

4. Discussion

We have described post-vaccination flares in an inception cohort of
consecutively vaccinated AIIRD patients across Singapore. Flares were
seen in 18% of our patients, of which 11.7% were within 3 months of the
first vaccine dose, with a median time to flare of 60 days. Conversely,
11.8% had improved disease activity after the vaccine. Only 75 (1.6%)
patients had a severe flare, while 30 (0.6% of those vaccinated) required

Baseline characteristics Whole Cohort (n Stable (n = Flares within 0-3 months of 1st Flares outside of 0-3 months after 1st Improved (n = 545,
= 4627) 3228, vaccine dose (n = 542, 11.7%) vaccine dose (n = 312, 6.8%) 11.8%)
69.8%)
Age 61 61 58 62 60
(median years, IQR) (48, 70) (47, 70) (46, 67) (48, 70) (51, 67)
Ethnicity
Chinese 3394 (73) 2388 (74) 395 (73) 226 (72) 385 (71)
Malay 486 (11) 322 (10) 60 (11) 31 (10) 73 (13)
Indian 473 (10) 321 (10) 61 (11) 43 (14) 48 (9)
Others 274 (6) 197 (6) 26 (5) 12 (4) 39 (7)
Gender
Female 3293 (71) 2313 (72) 390 (72) 205 (66) 385 (71)
Vaccine type
Pfizer/BioNTech 4058 (88) 2862 (89) 459 (86) 271 (87) 466 (87)
Moderna 523 (11) 339 (11) 76 (14) 39(13) 69 (13)
Diagnosis
Rheumatoid Arthritis 1966 (42) 1314 (41) 264 (49) 149 (49) 239 (44)
Systemic Lupus Erythematosus 641 (14) 496 (15) 51 (9) 21 (7) 73 (13)
Psoriatic Arthritis 486 (11) 302 (9) 79 (15) 41 (13) 64 (12)
Spondyloarthropathies 484 (10) 325 (10) 60 (11) 46 (15) 53 (10)
Sjogren’s Syndrome 261 (6) 208 (6) 22 (4) 11 4) 20 (4)
Systemic sclerosis 159 (3) 128 (4 8(1) 7 (2) 16 (3)
Treatment
Methotrexate 1684 (36) 1088 (34) 233 (43) 124 (40) 239 (44)
Sulfasalazine 848 (18) 553 (17) 125 (23) 73 (23) 97 (18)
Hydroxychloroquine 1389 (30) 969 (30) 154 (28) 77 (25) 189 (35)
Mycophenolate Mofetil 296 (6) 210 (7) 32(6) 13 (4) 41 (8)
Biological DMARDs 383 (8) 249 (8) 57 (11) 24 (8) 53 (10)
JAK inhibitors 46 (1) 24 (1) 6 (1) 8(3) 8(1)
Prednisolone dose (mg, 0 (0,4) 0 (0, 2.5) 0 (0,5) 0 (0,5) 0 (0,5)
median, IQR)
Baseline Physician Disease Activity
Remission 2188 (47) 1761 (55) 179 (33) 115 (36) 133 (24)
Low Disease Activity 1897 (41) 1235 (39) 257 (47) 157 (50) 248 (46)
Moderate Disease Activity 480 (10) 213 (7) 92 (17) 37 (12) 138 (25)
High Disease Activity 62 (1) 19 (1) 14 (3) 3 (0.96) 26 (5)

Data are shown in number (percentages) unless specified.
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hospitalisation. Given the high morbidity and mortality of COVID-19 in
patients with AIIRD, our study strongly supports a favourable risk-
benefit ratio for vaccination of these vulnerable patients [7,21].

Our study has several strengths. We included all AIIRD patients from
eight of the nine public hospitals in Singapore, sequentially, in order of
the date of vaccination. Vaccination data were obtained centrally
through the NIR and thus represents a near-complete capture of all
eligible AIIRD patients in Singapore. Demographic and clinical data
were abstracted manually through detailed EHR review, by trained
personnel. Flares were adjudicated by the attending physician, and were
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Table 2
Predictors of time to flare.
Variables Unadjusted Adjusted
HR (95% CI) p-value HR (95% p-value
CI)
Vaccine type
BNT162b2 Pfizer- 1.0 0.06
BioNTech
mRNA-1273 Moderna 1.2 (1-1.5)
Age
<52 1.0 1.0
53-65 0.8 0.02 0.6 <0.001
(0.7-0.97) (0.5-0.8)
>66 0.8(0.7-0.9)  0.002 0.7 <0.001
(0.6-0.8)
Ethnicity
Chinese 1.0 1.0
Malay 1.0 (0.8-1.3) 0.78 0.7 0.14
(0.4-1.1)
Indian 1.2 (1-1.5) 0.08 1.0 0.75
(0.8-1.3)
Others 0.8(0.5-1.1) 0.10 0.7 0.006
(0.5-0.9)
Gender
Male 1.0
Female 0.9 (0.8-1.1) 0.53
Disease group
Connective Tissue 1.0 1.0
Disease
Vasculitis 1.4 (0.9-2.2) 0.18 1.2 0.67
(0.7-1.8)
Inflammatory arthritis 1.9(1.6-2.2) <0.001 1.5 0.001
(1.2-2.0)
Others 1.3(0.8-2.2) 0.35 1.4 0.28
(0.8-2.5)
Active disease
No 1.0 1.0
Yes 1.7 (1.4-2.1) <0.001 1.4 <0.001
(1.2-1.6)
Glucocorticoids
None 1.0 1.0
Pred<7.5 mg" 1.4(1.2-1.6) <0.001 1.5 <0.001
(1.2-1.8)
Pred >7.5 mg" 1.7 (1.2-2.3) 0.002 1.7 (1-3.0) 0.05
Treatment
None 1.0 1.0
Hydroxychloroquine 0.9 (0.7-1.2) 0.48 1.1 0.55
only (0.7-1.7)
¢sDMARDs” 1.9(1.5-2.3) <0.001 1.5 0.005
(1.1-2.0)
Immunosuppressants* 1.2 (0.9-1.6) 0.16 1.2 0.004
1.1-1.49
bDMARDs or JAKi® 1.9(1.4-2.5) <0.001 1.3 0.11
(0.9-1.7)

Multivariate analysis has been adjusted for number of vaccine doses. In the
adjusted model, 96.8% of subjects (4327 out of 4627 subjects) were used.
Significant p-value in bold.

@ Or equivalent dose in prednisolone.

b ¢sDMARDs = conventional synthetic disease modifying anti-rheumatic
drugs which included Methotrexate, Sulfasalazine and Leflunomide.

¢ Immunosuppressants include Cyclosporin A, Cyclophosphamide, Azathio-
prine, Mycophenolate Mofetil, Mycophenolate Sodium, Tacrolimus.

4 bDMARDs or JAKi = biological disease modifying anti-rheumatic drugs or
Janus Kinase inhibitors.

graded for severity.

The rate of flares in our cohort is comparable to other studies that
evaluated the rate of flare after COVID-19 vaccination, although, as
mentioned, these studies were mostly based on patient self-reported
symptom questionnaires. These previous studies have reported flare
rates between 2.2 and 18.8% [7,13,15,16]. Studies which employed
physician assessment were based on voluntary physician reporting of
patients at varying intervals post-vaccination. A recent study using
linked government vaccine records noted no increased risk of flare with
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COVID-19 vaccine in patients with RA [11]. However, this study used
administrative data on outpatient/hospital visits and prescription pat-
terns as proxies to assess disease flares.

Only 1% of our cohort had previous COVID-19 infection at the time
of our study. This was in keeping with the low population prevalence of
COVID in Singapore in 2021 (3%, 198,374) [22] due to stringent COVID
restrictions mandated by the Singapore government. As in other cohorts,
the predominant AIIRDs in our patients were IA (67%) and SLE (13.8%).
In studies based on patient-surveys, symptoms such as joint pain, stiff-
ness, myalgia and fatigue were taken to indicate disease flare. While
these are important symptoms to elicit from patients, objective assess-
ment by a physician is important to discern whether these symptoms
truly represent disease flare. To this end, 75% of our patients who flared
were assessed by their rheumatologist to require escalation of treatment,
suggesting that they were true flares.

We found that patients with IA were more likely to experience a flare
of disease. Our observed 3-month flare rate does appear to be higher
than previously reported normalized background yearly flare-rates
among patients with stable RA (approximately 7.9% flares per 3-
months) [20] and SLE (approximately 3.2% per 3-months) [23]. Com-
mon post-vaccination effects such as arthralgias or myalgias leading to
tender joints on examination and elevated inflammatory markers may
contribute toward a higher perceived disease activity, potentially
overestimating the observed flare rates. It is also reassuring to know that
over 10% of patients continue to report improvement in their disease
activity, as part of their natural disease history, highlighting that pa-
tients are still able to have better control of their disease over the
3-months despite receiving vaccination.

It is interesting to observe that treatment with ¢sDMARDs, immu-
nosuppression and a higher dose of prednisolone were associated with
flares. Firstly, while only 1.4% patients were documented to have
withheld their treatment prior to vaccination, this may be an under-
estimation, leading to more flares in patients pausing higher dose
treatment. Secondly, patients on such therapy are likely on closer follow
up than those who are on minimal treatment, and thus this finding may
be due to ascertainment bias.

Vaccine recommendations in people with rheumatic disease, both for
COVID-19 vaccination and other non-COVID vaccines, are largely based
on vaccine studies conducted in patients with quiescent disease [4,24].
Suboptimal disease control at the time of vaccination has been reported
to be associated with reduced vaccine immunogenicity, likely due to the
associated therapy [25]. In addition, similar to others using
patient-reported flares, we found that suboptimal disease control at the
time of vaccination was found to predict post-vaccination flare [7,15].

Older patients had a lower risk of AIIRD flare in our study. This may
be partially attributed to reduced vaccine immunogenicity in the elderly
population [26]. Other factors, such as disease duration, depth and/or
length of remission at the time of vaccination and immunosuppressive
medications in this population may have also played a part.

Our study has certain limitations. While the Singapore national
guidelines do not recommend interruption of treatment for vaccination
[4], suboptimal medication adherence and dose changes by the patients
themselves may not have been captured in our retrospective study.
Similarly, flares were only captured if reported to, and documented by,
the treating physician in the medical record, and the time of flare rela-
tive to vaccine administration was usually approximated.

To our knowledge this is the largest and most comprehensive report
of post-COVID-19 vaccination flares in AIIRD to date. While the flare
rate appears higher than the previously reported background flare rate
among stable AIIRD patients, causality cannot be determined from this
retrospective observational study. Moreover, we reported a large num-
ber of patients with improved disease activity after vaccination, sug-
gesting that both the flares and improvement may just be a part of the
natural history of disease, and warrants further study. Patients with IA
and suboptimal disease control were at higher risk of post-vaccination
flares and may require closer follow up after vaccination. Severe flares
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and hospitalisation were rare; thus, vaccination remains safe and highly
recommended for our vulnerable patients with AIIRD.
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