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Abstract
Limited evidence on long-term COVID-19 vaccine safety in patients with idiopathic inflammatory myopathies (IIMs) 
continues to contribute to vaccine hesitancy. We studied delayed-onset vaccine adverse events (AEs) in patients with IIMs, 
other systemic autoimmune and inflammatory disorders (SAIDs), and healthy controls (HCs), using data from the second 
COVID-19 Vaccination in Autoimmune Diseases (COVAD) study. A validated self-reporting e-survey was circulated by the 
COVAD study group (157 collaborators, 106 countries) from Feb–June 2022. We collected data on demographics, comor-
bidities, IIM/SAID details, COVID-19 history, and vaccination details. Delayed-onset (> 7 day) AEs were analyzed using 
regression models. A total of 15165 respondents undertook the survey, of whom 8759 responses from vaccinated individuals 
[median age 46 (35–58) years, 74.4% females, 45.4% Caucasians] were analyzed. Of these, 1390 (15.9%) had IIMs, 50.6% 
other SAIDs, and 33.5% HCs. Among IIMs, 16.3% and 10.2% patients reported minor and major AEs, respectively, and 
0.72% (n = 10) required hospitalization. Notably patients with IIMs experienced fewer minor AEs than other SAIDs, though 
rashes were expectedly more than HCs [OR 4.0; 95% CI 2.2–7.0, p < 0.001]. IIM patients with active disease, overlap myosi-
tis, autoimmune comorbidities, and ChadOx1 nCOV-19 (Oxford/AstraZeneca) recipients reported AEs more often, while 
those with inclusion body myositis, and BNT162b2 (Pfizer) recipients reported fewer AEs. Vaccination is reassuringly safe 
in individuals with IIMs, with AEs, hospitalizations comparable to SAIDs, and largely limited to those with autoimmune 
multimorbidity and active disease. These observations may inform guidelines to identify high-risk patients warranting close 
monitoring in the post-vaccination period.
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Introduction

Vaccination has been one of the most effective measures in 
reducing the mortality and severe outcomes of COVID-19, 
significantly reducing the burden on the healthcare infra-
structure [1]. However, it is concerning to note occasional 
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reports of delayed adverse events (AEs), including exac-
erbation of underlying systemic autoimmune diseases 
(SAIDs), and even de novo induction of SAIDs associated 
with vaccination, as it is progressively introduced in vari-
ous patients groups [2–6].

Individuals living with idiopathic inflammatory myo-
pathies (IIMs), many of whom receive disease modify-
ing drugs (DMARDs) and glucocorticoids, are particu-
larly vulnerable to severe COVID-19 outcomes, and thus 
improving vaccine uptake in this group may limit these 
severe outcomes [7]. However, owing to the rare nature of 
this disease, patients with IIM are scarcely represented, 
with only a few large-scale studies exploring the safety, 
tolerability, and immunogenicity of COVID-19 vaccines 
in this group [8, 9]. The first COVID-19 Vaccination in 
Autoimmune Diseases (COVAD) study established the 
short-term 7-day vaccine safety, with AEs being compa-
rable between patients with IIMs, other SAIDs, and health 
controls (HCs). Most of the events were limited to individ-
uals with active disease and autoimmune multimorbidity, a 
group already predisposed to high background prevalence 
of rashes while individuals with inclusion body myositis 
(IBM) reported fewer events [9, 10]. While the short-term 
safety of vaccines is well characterized, a considerable gap 
exists in our understanding of the delayed effects of vacci-
nation in this vulnerable group, owing to a lack of follow-
up prospective studies evaluating delayed-onset AEs.

This is a critical issue, potentially contributing to per-
sisting vaccine hesitancy among these patients. Recent 
analysis from the second COVAD study revealed con-
cerns over long-term vaccine safety had increased among 
patients with IIMs and SAIDs, and remained a significant 
cause of hesitancy [11]. This warrant concern, being an 
impediment achieving herd immunity in this high-risk 
group. Interestingly, this pattern of hesitancy is not seen 
in response to other major inoculation campaigns such 
as influenza [12]. Thus, we may infer that the hesitancy 
to COVID-19 vaccination in this patient group may not 
stem majorly from general antivaccination sentiments, but 
rather in response to specific concerns regarding COVID-
19 vaccines. Indeed, the lack of reliable information 
regarding the possible deterioration of disease course and 
development of AEs may lead to misinformation, and pre-
cipitate this hesitancy [13]. Thus, the further identification 
and analysis of possible delayed-onset and long-term AEs 
of COVID-29 vaccination represent an urgent and largely 
unmet need, being essential to providing evidence-based 
information to reduce hesitancy and improve vaccination 
coverage in this patient group. Therefore, we analyzed the 
delayed-onset (> 7 day) AEs of COVID-19 vaccination in 
patients with IIMs, other SAIDs, and HCs, using data from 

the second international COVAD patient self-reported 
multi-center e-survey [14].

Methods

Study design

This study was conducted as part of the second COVAD 
study, an ongoing cross-sectional, multi-center patient 
self-reported online survey [14]. Participants consented 
electronically after being informed via a cover letter in 
lieu of written consent, and approval was obtained from 
the local institutional ethics committee, we adhered to the 
Checklist for Reporting Results of the Internet E-Surveys 
(CHERRIES) [15, 16].

Data collection

A validated questionnaire was hosted on the surveymon-
key.com online platform, following pilot testing, vetting, 
and revision by an international team of experts, and trans-
lation into 18 languages, and was circulated extensively 
by the COVAD study group of 157 collaborators across 
106 countries in their clinics, patient support groups, and 
social media platforms from February to June 2022 [14].

We collected data on demographic details, comorbidi-
ties, SAID diagnosis, treatment details, current symptom 
status, COVID-19 infection history, course, and outcomes 
(including hospitalization and need for oxygen therapy), 
COVID-19 vaccination details, short-term (< 7 day) and 
delayed-onset (> 7 day) post-vaccination AEs (based on 
CDC criteria), and patient-reported outcomes as per the 
Patient Reported Outcomes Measurement Information 
System (PROMIS) [17]. All individuals over the age of 
18 years, including patients with multiple overlapping auto-
immune diseases were included in this study. Duplication of 
responses from a single respondent was averted due to the 
electronic protocols. Methods have been previously detailed 
at length in the available COVAD study protocol [14].

Data extraction

Data were extracted on 10th July 2022. Only responses 
from respondents who completed the survey in full and 
had received at least one dose of any COVID-19 vaccine 
at the time of survey completion were included in the 
analysis (Fig. 1). Variables extracted included relevant 
outcome measures, delayed-onset self-reported vaccine 
AEs, as well as baseline socio-demographic and clinical 
characteristics, and vaccination status.
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Active and inactive disease

Patients self-reported their disease activity as “inactive/
remission”, “active and improving”, active but stable”, 
“active and worsening”, “I am not sure”, or “other”. Dis-
ease status was additionally verified based on reported 
symptom status and treatment regime prior to vaccination.

Adverse events post‑vaccination

Delayed-onset ADEs were those occurring > 7 days post-
vaccination, and were categorized into minor AEs, major 
AEs requiring urgent medical attention (but not hospitali-
zation), and hospitalizations [18]. Survey participants were 
able to report additional not listed AEs as “others” via an 
open-ended question.

Statistical analysis

The type of data distribution was determined by Kolmogo-
rov–Smirnov and Shapiro–Wilk tests. The continuous vari-
ables were distributed non-parametrically. Thus, descriptive 
statistics were represented as median (IQR). For analyzing 
the statistical difference between categorical and continu-
ous variables, Chi-square and Mann–Whitney-U tests were 
used, respectively. Fisher test was applied to compare cat-
egorical data in case of variable frequency count less than 5. 
We compared differences in AEs between IIMs, SAIDs, and 
HCs with sub-group analysis by subtype of IIMs, vaccine 
received, disease activity, autoimmune and non-autoimmune 
comorbidities (in myositis patients), and immunosuppressive 
therapy received.

The variables that were found significant in univariable 
analysis, and those suspected of being clinically important, 
were further evaluated in binary logistic regression anal-
ysis (BLR) with adjustment for factors deemed relevant 

based on evidence from current literature and clinical 
judgment, including age, gender, ethnicity, comorbidity, 
immunosuppressive therapy, number and type of vaccines 
received and stratified by country of origin by Human 
Development Index (HDI) (which served as a surrogate 
marker for socioeconomic status) [19]. p < 0.05 was con-
sidered significant. Statistical analysis was carried out 
using IBM SPSS version 26.

Results

Baseline characteristics

A total of 15165 respondents undertook the survey, of 
whom complete responses from 8759 vaccinated respond-
ents were included in the analysis (Fig. 1). The included 
participants had a median age of 46 (35–58) years, were 
mostly female (74.4%) and Caucasians (45.4%), with 1390 
(15.9%) having IIMs, while 50.6% had other SAIDs, and 
33.5% were HCs. In addition to IIMs, the most frequent 
SAIDs in our sample were rheumatoid arthritis (18.8%) 
and Sjogren’s syndrome (12.6%). Nearly all (97%) 
respondents received two COVID-19 vaccine doses, and 
15.8% received four doses, with the majority of vaccine 
uptake contributed by the BNT162b2 (Pfizer)-BioNTech 
(61.1%) and the ChadOx1 nCOV-19 (Oxford/AstraZeneca) 
(29.4%) vaccines.

Among patients with IIMs, the dermatomyositis sub-
group was predominant (20.4%), followed by inclusion 
body myositis (17.9%) and polymyositis (13.3%). Other 
socio-demographic and clinical characteristics are detailed 
in Table 1, and Supplementary Tables 1, 2, 3, and 9.

The country of origin of the respondents is detailed in 
Supplementary Table 11.

Fig. 1  Flow diagram of data 
extraction
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Post‑COVID‑19 vaccination‑associated AEs 
in patients with IIM compared to SAIDs and HCs

Among patients with IIMs, any minor delayed-onset AEs 
were seen in 16.3% respondents, while major AEs were 
reported by 10.2%. Fatigue (8.8%) and local injection 
site (arm) pain/ soreness (8.3%) were the most commonly 
reported minor AEs, while among major AEs, difficulty in 
breathing (3.3%) was most frequent. Reassuringly, hospi-
talizations associated with COVID-19 vaccination were 
rare in patients with IIMs (0.72%).

Notably patients with IIMs were at a lower risk of local 
injection site pain [OR 0.8 (0.6–1.0. p = 0.030]. joint pain 
[OR 0.6 (0.5–0.8), p < 0.001], headache [OR 0.6 (0.5–0.9), 
p = 0.002], fatigue [OR 0.7 (0.6–0.9)], p = 0.014], and diz-
ziness [OR 0.7 (0.5–0.9), p = 0.024] than SAIDs (Suppl. 
Table 5). We noted with concern that patients with IIMs 
had a higher risk of development of both mild and severe 

rases than HCs [OR 4.0 (2.2–7.0), p < 0.001 and OR 2.1 
(1.2–3.5), p = 0.006 respectively], though reassuringly this 
increased risk was lost when the effect of immunosuppres-
sive therapy was adjusted for in BLR suggesting possible 
underlying confounding effect of active disease (Suppl. 
Table 5).

AEs appeared relatively later among IIMs compared to 
SAIDs and HCs, with a longer post-vaccination median 
duration to appearance of AEs [17 (5–90) days in IIMs vs. 9 
(3–3.5) days in SAIDs and 6 (2–17) days in HCs] (Table 2).

Post‑COVID‑19 vaccination‑associated AEs 
in patients across different IIM subtypes

Among patients with IIMs, those with overlap myositis 
(OM) had the highest absolute risk of minor [OR 4.4 
(2.8–6.9), p < 0.001] and major AEs [OR 4.1 (2.4–7.1), 
p < 0.001] compared to other subtypes of IIMs (Table 3, 
Suppl. Table 5). Patients with OM were also at a higher 

Table 1  Socio-demographic and basic clinical features of the survey respondents

HC healthy control, IIM idiopathic inflammatory myopathy, SAID systemic autoimmune and inflammatory disease

Variable Total, n (%)
8759 (100)

IIM, n (%)
1390 (15.87)

SAIDs, n (%)
4432 (50.60)

HC, n (%)
2937 (33.53)

Age (median, IQR), years 46 (35–58) 62 (50–71) 47 (36–58) 38 (29–49)
Gender F:M 6518:2189 (2.98:1) 990:393 (2.52:1) 3735:670 (5.57:1) 1788:1126 (1.59:1)
Pregnancy (positive status), n (%) 62 (0.7) 5 (0.4) 28 (0.6) 29 (1.0)
Lactating/breastfeeding (positive status),  n (%) 118 (1.3) 11 (0.8) 57 (1.3) 50 (1.7)
Ethnicity,  n (%)
African American or of African origin (Black) 376 (4.3) 56 (4.0) 255 (5.8) 65 (2.2)
Asian 1843 (21.0) 97 (7.0) 984 (22.2) 762 (25.9)
Caucasian (White) 3980 (45.4) 1113 (80.1) 2054 (46.3) 813 (27.7)
Do not wish to disclose 293 (3,3) 19 (1.4) 153 (3.5) 121 (4.1)
Hispanic 1481 (16.9) 55 (4.0) 579 (13.1) 847 (28.8)
Native American/Indigenous/Pacific Islander 69 (0.8) 5 (0.4) 38 (0.9) 26 (0.9)
Other 717 (8.2) 45 (3.2) 369 (8.3) 303 (10.3)
Vaccines,  n (%)
BNT162b2 (Pfizer)-BioNTech 5354 (61.1) 883 (63.5) 2939 (66.3) 1532 (52.2)
ChadOx1 nCOV-19 (Oxford/AstraZeneca) 2579 (29.4) 175 (12.6) 1507 (34.0) 897 (30.5)
JNJ-78436735 (Johnson and Johnson) 268 (3.1) 53 (3.8) 111 (2.5) 104 (3.5)
MRNA-1273 (Moderna) 1880 (21.5) 555 (39.9) 883 (19.9) 442 (15)
NVX-CoV2373 (Novovax) 22 (0.3) 5 (0.4) 8 (0.2) 9 (0.3)
ChAdOx1 nCoV-19 (Covishield Serum Institute
India)

510 (5.8) 15 (1.1) 214 (4.8) 281 (9.6)

BBV152 (Covaxin Bharat Biotech) 81 (0.9) 7 (0.5) 34 (0.8) 40 (1.4)
Gam-COVID-Vac (Sputnik) 331 (3.8) 6 (0.4) 113 (2.5) 212 (7.2)
BBIBP-CorV (Sinopharm) 579 (6.6) 24 (1.7) 243 (5.5) 312 (10.6)
Sinovac-CoronaVac 695 (7.9) 29 (2.1) 361 (8.1) 305 (10.4)
Not sure 117 (1.3) 6 (0.4) 57 (1.3) 54 (1.8)
Minor ADEs duration, median (IQR), days 5 (2–10) 6 (3–13.3) 6 (3–13) 4 (2–7)
Major ADEs duration, median (IQR), days 8 (3–35) 17 (5–90) 9 (3–35.5) 6 (2–17)
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risk of hospitalization [8.5% vs. 0–5%; OR 3.9 (1.4–11.0), 
p = 0.011], though reassuringly with small absolute num-
bers (3–10) across all subtypes. Conversely, patients with 
IBM patients were relatively protected from AEs, hav-
ing a lower risk of myalgia, joint pain, and rash (Suppl. 
Table 5).

Comparison of post‑COVID‑19 vaccination AE 
among IIM patients by vaccine type

Patients with IIMs who received the BNT162b2 (Pfizer) 
vaccine were at a lower risk of injection site pain/sore-
ness [OR 0.6 (0.4–1.0), p = 0.039], petechial rash [OR 
0.2 (0.04–0.8), p = 0.026], and certain other minor AEs 
compared to other vaccines (Table 4, Suppl. Table 6a). 
Post-vaccination flares of underlying autoimmune disease 
were also less frequent among IIMs than SAIDs [OR 0.8 
(0.6–1.0), p = 0.032]. However, we noted with concern 
that among BNT162b2 (Pfizer) vaccine recipients, patients 
with IIMs were at a threefold higher risk of rash compared 
to HCs [OR 3.0 (1.4–6.3), p = 0.004].

ChadOx1 nCOV-19 (Oxford/ AstraZeneca) vaccine 
recipients were more prone to develop bleeding/bruising 
on the body [OR 6.8 (2.0–22.9), p = 0.007] compared to 
other vaccines albeit with wide confidence intervals. The 
risk of post-vaccination headache and rise in blood pres-
sure was also higher (Suppl. Table 6d).

We found myositis patients receiving the Sinovac-
CoronaVac and ChAdOx1 nCoV-19 (Covishield Serum 
Institute India) vaccines to have a higher risk of major AEs 
[OR 4.2 (1.7–10.4), p = 0.002 and OR 33.7 (3.0–374.3), 
p = 0.004] and hospitalizations [OR 4.6 (1.2–18.3), 
p = 0.030 and OR 5.9 (1.5–23.2), p = 0.011] compared to 
other vaccines, though reassuringly, hospitalizations were 
rare (n = 5 and n = 4, respectively). These results should 
be interpreted with caution given the small number of 
recipients of these vaccines with IIMs (n = 15, and n = 29, 
respectively) and wide confidence intervals observed in 
BLR (Table 4, Suppl. Table 4b, 6b and 4c, 6c).

Post‑COVID‑19 vaccination‑associated AEs 
in patients with IIMs, with IBM excluded

Given the relatively lower incidence of AEs among 
patients with IBM compared to other IIMs subgroups 
which could skew the risk estimates for AEs in favor of 
IIMs, we conducted additional analysis excluding these 
patients, to better understand the risk profile of other IIMs 
subgroups. It was reassuring to see that patients with IIMs 
were still less likely to experience joint pain and headache 

[OR 0.7 (0.5–0.9), p = 0.004 and p = 0.007, respectively] 
compared to SAIDs, as well as visual disturbances [OR 0.5 
(0.3–0.9), p = 0.018], though IIMs subgroups excluding 
IBM were more likely to develop rashes [OR 1.8 (1.2–2.6), 
p = 0.004] (Suppl. Table 9a, 9c).

Similar characteristics in terms of the risk profile 
between different vaccines were observed among patients 
with IIMs excluding IBM. The BNT162b2 (Pfizer) vac-
cine was associated with a lower risk of rashes [OR 0.5 
(0.3–0.8), p = 0.009] and major AEs [OR 0.5 (0.3–0.7), 
p = 0.001] (Suppl. Table 9b, 9c). The ChadOx1 nCOV-19 
(Oxford/ AstraZeneca) was associated with a more fre-
quent incidence of injection site pain [OR 1.9 (1.1–3.3), 
p = 0.027] and body ache [OR 1.9 (1.0–3.3), p = 0.035], as 
well as other minor AEs, while a higher risk of major AEs 
[OR 2.7 (1.1–6.8), p = 0.037] was observed among recipi-
ents of the Sinovac-CoronaVac vaccine (Suppl. Table 9b, 
9c).

Post‑COVID‑19 vaccination‑associated AEs 
in patients with active and inactive IIM

While the absolute risk of nearly all long-term AEs was 
higher in patients with an active course of IIM compared 
to patients with inactive disease, statistically signifi-
cant differences were only observed in the occurrence 
of rashes, myalgia, headache, and fatigue (Supplemental 
table 7). The higher risk of rashes in patients with active 
IIMs was particularly pronounced [OR 4.7 (1.1–19.7), 
p = 0.033], with the most common being Gottron's signs 
(n = 26) and V signs (n = 24). Notably, merely two (0.9%) 
individuals with inactive IIM developed a rash after 
vaccination.

Post‑COVID‑19 vaccination‑associated AEs 
in patients with only IIM, IIM and non‑SAID 
comorbidity, and IIM with SAID comorbidity

Patients with IIMs and non-SAIDs comorbidities had a 
comparable risk of any minor and major AEs, and hospi-
talizations to those with IIM alone, though with a higher 
risk of joint pain [OR 3.3 (1.5–7.0), p = 0.002] and nausea/
vomiting [OR 16.8 (1.9–150.8), p = 0.012] among patients 
with non-SAID comorbidities (Suppl. Table 8a and 8b).

In contrast, autoimmune comorbidities conferred a sig-
nificantly higher risk of delayed-onset AEs among IIMs, 
with patients with IIMs and co-existing SAIDs being at a 
fivefold higher risk of experiencing any minor AEs [ OR 
5.2 (3.3–8.2), p < 0.001], and twice as likely to develop 
any major AEs [OR 2.1 (1.2–3.8), p = 0.008] compared to 
patients with IIMs alone (Suppl. Table 8a and 8b).
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Post‑COVID‑19 vaccination‑associated 
AEs in patients with IIM considering 
the immunosuppressive therapy received

A considerable number of respondents with IIMs and 
other SAIDs were receiving methotrexate (22.1%), iv or 
sq IG (14.1%), and rituximab (10.8%) prior to vaccination. 
Patients on methotrexate therapy were more susceptible to 
post-vaccination anaphylaxis [OR 3.1 (1.3–7.7) p = 0.014], 
while patients receiving rituximab were more likely 
to experience difficulty in breathing [OR 2.4 (1.1–5.7), 
p = 0.038], though the absolute numbers of these AEs were 
small (n = 10 and n-8, respectively) (Suppl. Table 5).

COVID‑19 vaccination‑associated AEs with a onset 
of 30 or more days post‑vaccination

Minor AEs appearing 30 or more days post-COVID-19 
vaccination predominantly included fatigue (64.2%) and 
myalgia (50.5%), while marked difficulty in breathing 
(15.8%) was the most common major AE. Among patients 
with AEs appearing 30 or more days post-vaccination, 
those with IIMs were less likely to develop joint pain [OR 
0.4 (0.2–0.7)] compared to SAIDs (Suppl. Table 10a, 10b), 
though it was concerning to note that IIMs were more than 
twice as likely to develop shortness of breath and rash [OR 
2.5 (1.3–4.9), p = 0.007 and OR 2.7 (1.4–5.2), p = 0.002, 
respectively] (Suppl. Table 10b).

Characteristics of patients with IIMs requiring 
hospitalization post‑COVID‑19 vaccination

Ten patients with IIMs [aged median (IQR) 54.5 
(51.25–63.25) years, 7/10 females, 8/10 Caucasians] 
reported hospitalization potentially related to COVID-
19 vaccination, with severe weakness/fatigue (n = 4) and 
dyspnea (n = 2) as the most frequent reasons for hospi-
talization, though most cases appeared to be related to 
underlying myositis and not a consequence of vaccination. 
Characteristics of myositis and SAIDs, and HCs requiring 
hospitalization are detailed in Suppl. Table 12 (12a and 
12b).

Discussion

While the COVID-19 gradually transitions from an acute 
cause of unprecedented morbidity and mortality to a 
largely endemic disease in many regions of the world, in 
a large part due to widespread vaccination efforts, vac-
cine hesitancy continues to be a significant impediment to 

achieving optimum vaccination coverage and herd immu-
nity in patients with IIMs, a high-risk group for severe 
COVID-19 outcomes [20]. Fear of long-term vaccine 
ADEs may be a cause of this hesitancy, precipitated by 
a lack of long-term vaccine safety and tolerability data 
in this patient group from large prospective studies [21].

We reassuringly found a low overall absolute risk of 
most minor and major vaccine ADEs in patients with IIMs, 
not exceeding 5% and 3% in most cases, respectively, 
and hospitalizations were rare. However, the percentage 
is higher in comparison to the incidence of short-term 
ADEs explored in a previous analysis from the COVAD 
study [9]. Notably, patients with IIMs had a lower risk 
of minor ADEs than other SAIDs, and for certain ADEs, 
had a lower risk even compared to HCs, but were more 
prone to develop rashes compared to HCs. Among patients 
with IIMs, those with active disease, overlap myositis, 
and receiving ChadOx1 nCOV-19 (Oxford/AstraZeneca) 
were more vulnerable to ADEs, while those with inclusion 
body myositis, and BNT162b2 (Pfizer) vaccine recipients 
were at a relatively lower risk. Autoimmune multimorbid-
ity conferred a higher risk of post-vaccination ADEs in 
patients with IIMs.

Since certain vaccine ADEs may mimic constitutional 
symptoms of IIMs, patients with IIM may have found it dif-
ficult to differentiate vaccine ADEs from features of their 
underlying disease, leading to a possible under-reporting of 
vaccine ADEs such as injection site pain/soreness and fever, 
explaining the lower risk compared to HCs. Furthermore, 
the duration of minor ADEs did not differ between patients 
with IIM and SAIDs. However, if individuals with IIM 
developed major ADEs, their duration tends to be almost two 
times longer than in the SAIDs group and almost three times 
longer than among HCs. This emphasizes the need for close 
long-term follow-up and monitoring of IIMs patients after 
COVID-19 vaccination to minimize the delay in required 
medical care. Particular caution, and perhaps relative con-
traindication may be warranted in patients with a past history 
of cardiac and respiratory conditions in anticipation of a pos-
sible risk of hospitalization which may be vaccine related.

The higher risk of ADEs in patients with overlap myosi-
tis may be explained by the existent burden of not one but 
several autoimmune disorders with different pathogenesis. 
However, vaccine safety data in overlap myositis are rather 
scarce, and this heterogenous group warrants exploration 
in greater depth. The favorable risk profile of post-vaccine 
ADEs in IBM patients is consistent with previous studies 
exploring short-term ADEs [9]. This highlights the heteroge-
neity in IIMs with a predominance of different pathogenetic 
patterns across various subtypes [22]. The interferon (IFN) 
pathway plays a crucial role in myositis-related autoimmune 
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mechanisms [23]. Along with that m,RNA and adenovirus-
based vaccines are prone to activate endosomal and cyto-
solic pattern-recognition receptors (PRRs) [24] and trigger 
consequently activation of type I interferon production [25]. 
However, as type I IFN is a key player for the DM subtype, 
the IBM phenotype depends predominantly on type II IFN 
involvement [26]. Therefore, it could be a possible explana-
tion for the special status of this IIM subtype.

The association between immunosuppressive treatment 
and delayed-onset ADEs that was determined in this study 
should be interpreted with caution, since the numbers were 
limited. Moreover, certain drugs, such as rituximab, can be 
prescribed to patients with a more pronounced course or a 
certain subtype of IIMs.

The most preferred vaccine for patients with IIMs 
appeared to be BNT162b2 (Pfizer), consistent with recent 
ACR guidelines [27]. Although recommendations do not 
suggest one mRNA vaccine over another, our study depicts 
greater expediency of BNT162b2 (Pfizer) in comparison to 
mRNA-1273 (Moderna).

Our study explored delayed-onset COVID-19 vaccine 
adverse events in a large geographically and ethnically 
diverse sample of patients with a wide range of SAIDs, 
including large numbers of rare rheumatic diseases, as well 
as healthy controls, which gives generalizability and reliabil-
ity to our study. We had a high rate of questionnaire comple-
tion and coupled with the patient self-reported anonymized 
nature of the survey, this offers a unique reflection of the 
unbiased patient voice.

However, owing to the patient self-reported design, our 
study had the limitations of recall and reporting bias, con-
venience sampling, and the plausible underrepresentation of 
low-income patients without internet access and the severely 
disabled. Additionally, individuals of African American or 
African origin and Native American/Indigenous/Pacific 
Islander ethnicity are under-represented in the cohort.

Nevertheless, our study provides valuable insights into 
long-term ADEs of COVID-19 vaccination in the vulnerable 
patient group of IIMs, which is understudied in the current 
literature, and supports that the benefits of vaccination in 
reducing severe COVID-19 outcomes in these patients out-
weigh the risk of potential AEs.

Conclusion

Vaccination appeared to be reassuringly safe in patients 
with IIMs in the long term, with most delayed-onset AEs 
minor, comparable to other SAIDs, and limited to those 
with co-existent autoimmune diseases and active disease. 
These observations may be useful in informing guide-
lines to identify subgroups that warrant close monitoring 

post-vaccination in anticipation of AEs, while mitigating 
hesitancy and improving vaccination rates.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00296- 023- 05345-y.
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