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Abstract

The safety profile of COVID-19 vaccines is understudied in patients with systemic sclerosis (SSc). We compared short-
term adverse events (AEs) 7 days following vaccination in patients with SSc vs other rheumatic (AIRDs), non-rheumatic
autoimmune diseases (nrAIDs), and healthy controls (HCs). The COVID-19 Vaccination in autoimmune diseases (COVAD)
self-reporting e-survey was circulated by a group of > 110 collaborators in 94 countries from March to December 2021. AEs
were analyzed between different groups using regression models. Of 10,679 complete respondents [73.8% females, mean
age 43 years, 53% Caucasians], 478 had SSc. 83% had completed two vaccine doses, Pfizer-BioNTech (BNT162b2) (51%)
was the most common. Minor and major AEs were reported by 81.2% and 3.3% SSc patients, respectively, and did not differ
significantly with disease activity or different vaccine types, though with minor symptom differences. Frequencies of AEs
were not affected by background immunosuppression, though SSc patients receiving hydroxychloroquine experienced fatigue
less commonly (OR 0.4; 95% CI 0.2-0.8). Frequency of AEs and hospitalisations were similar to other AIRDs, nrAIDs, and
HC except a higher risk of chills (OR 1.3; 95% CI 1.0-1.7) and fatigue (OR 1.3; 95% CI 1.0-1.6) compared to other AIRDs.
COVID-19 vaccines were largely safe and well tolerated in SSc patients in the short term. Background immunosuppression
and disease activity did not influence the vaccination-related short-term AEs.
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Introduction

The healthcare sector across the globe has suffered an
unprecedented adverse impact from the COVID-19 pan-
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demic. From a massive uptick in healthcare utilization for
an unpredictable new viral infection with potential long-
term complications, to disrupting optimal and timely patient
evaluations for complex and rare systemic conditions, it has
added a substantial mental, social, and economic burden on
those with chronic diseases, and rare rheumatic diseases
in particular. The prompt development of a multitude of
vaccines against SARS-CoV2, many utilizing novel tech-
nologies, has singlehandedly improved outcomes including
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hospitalization risk and mortality following COVID-19
infection. This simultaneously raised concerns on their
safety. However, there are now several reports demonstrat-
ing the safety and efficacy of COVID-19 vaccination in
the general population at large [1]. With the appropriate
exclusion of patients with autoimmune rheumatic diseases
(AIRDs) from initial vaccine trials given their complex mul-
tisystem diseases and often immunosuppressed state, there
remained significant gaps in knowledge about vaccine toler-
ance in these vulnerable populations. Studies utilizing phy-
sician-reported registry data have demonstrated the safety
and tolerability of COVID-19 vaccination in patients with
AIRDs [2, 3]. While recent studies have shown the safety of
COVID-19 vaccination in rheumatic diseases like idiopathic
inflammatory myositis (IIM) [4], theumatoid arthritis (RA)
[5], and systemic lupus erythematosus (SLE) [6], a signifi-
cant gap exists in understanding the safety of COVID-19
vaccination in patients with rarer rheumatic diseases such
as systemic sclerosis (SSc).

One study reported greater hesitance among patients
with SSc in receiving the COVID-19 vaccine than those
with other rheumatic diseases [7]. The Scleroderma Patient-
centered Intervention Network (SPIN) cohort study details
the experiences with COVID-19 vaccines in SSc [8]. The
study included 932 respondents, of who 90% had been vac-
cinated or intended to be vaccinated, and 10% were vaccine-
hesitant. 6% of participants made medication changes before
their first and 8% before their second vaccine dose. Adverse
reactions post-vaccination were similar to that of the general
population. Self-reported flares and serious adverse reac-
tions were uncommon. The studies available on vaccine AEs
in AIRDs are largely regional and have an under-represen-
tation of various ethnic groups (Blacks and Asians) [9, 10].

In this study, we evaluate the short-term safety of
COVID-19 vaccination, analyzing the 7-day post-vaccina-
tion AEs reported by patients with SSc in comparison to
those reported by patients with other AIRDs, non-rheumatic
autoimmune diseases (nrAIDs), and healthy controls (HCs)
using a patient self-reported global multi-center electronic
survey.

Methods
Study design

This study is an international, cross-sectional, multi-center
electronic survey, part of the COVAD (COVID-19 Vacci-
nation In Autoimmune Disease) study conducted between
March and December 2021 [11]. Informed consent from
participants (with and without AIRD) was taken via a cover
letter during the survey. Convenience sampling was under-
taken. Approval was obtained from the local institutional
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ethics committee [Sanjay Gandhi Postgraduate Institute of
Medical Sciences (2021-143-1P-EXP-39)], and a standard-
ized checklist for reporting the results of the e-survey was
followed while reporting [12, 13].

Data collection

A comprehensive patient-self-reporting electronic sur-
vey was developed, consisting of a questionnaire of 36
COVID-19 and AIRD-related questions, which included
demographic details, AIRD diagnosis, treatment details,
current symptom status, COVID-19 vaccination details,
7-day short-term post-vaccination AEs (based on CDC cri-
teria), and patient-reported outcome measures. The survey
was pilot-tested and validated in 18 languages by a panel
of international collaborators and was hosted on an online
platform—surveymonkey.com—and circulated by the
international COVAD study group (over 110 physicians)
in healthcare centers in over 94 countries (Supplementary
Table 1), as well as through numerous social media plat-
forms and online patient support groups. Patients with mul-
tiple overlapping autoimmune diseases were put into all the
corresponding categories. All participants over the age of
18 years were included. Methods have been detailed in the
published COVAD study protocol [11].

Data extraction

Patients who had not received a single dose of any COVID-
19 vaccine at the time of survey completion and who had not
completed the survey in full were excluded from the analysis
(Fig. 1). Respondents who received at least a single dose of
a COVID-19 vaccine and completed the full survey were
identified. Multiple relevant variables were extracted from
the survey responses of the included participants, includ-
ing COVID-19 infection history and 7-day post-vaccination
AEs.

Active and inactive disease

Active/Inactive disease was first assessed by the question
‘What was the status of your autoimmune disease four weeks
(prior to) before the first dose of COVID-19 vaccine?’” Those
who responded as having ‘My disease was inactive or in remis-
sion’ were considered to have inactive disease. Those who
responded with ‘My disease was active and improving/sta-
ble/worsening’ was considered to have active disease. Those
who responded to the question as ‘I am not sure or Others
(please specify)” were assessed for disease activity based on
1. The need for stepping up the immunosuppression in the last
6 months or 2. The symptoms they had before immunization
(presence of two or more of Raynaud’s phenomenon/fingertips
ulcers, shortness of breath, skin thickening, and swallowing
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Fig. 1 Flow diagram of patients
enrolled in the study

16, 328 total respondents

) *After excluding unvaccinated
and incomplete responses

10, 679 vaccinated respondents (at least single dose) with

complete responses

HCs (N=4712, 44%)

SSc (N=478, 4.4%)

| AIRDs (N=4664,43.6%) Other AIDs (N=825,7.7%) |

*An electronic survey was used that terminated the survey automatically when they
responded that they had not received any dose of a COVID-19 vaccine

difficulty). Those who had either of 1 or 2 were considered to
have active disease.

Adverse events post-vaccination

Seven-day AEs were categorized as injection site pain and
reaction, minor AEs, major AEs, and hospitalizations. Major
AEs consisted of serious reactions to vaccination, requiring
urgent medical attention, including anaphylaxis, a marked
difficulty in breathing, throat closure (choking), and severe
rashes (12). Minor AEs included myalgia, body aches, fever,
chills, nausea and vomiting, headache, rashes, fatigue, diar-
rhea, abdominal pain, high pulse rate or palpitations, rise in
blood pressure, fainting, difficulty in breathing, dizziness, and
chest pain. Non-listed AEs were reported as “others” as an
open-ended question.

Statistical analysis

Chi-square and Mann—Whitney tests were used for categori-
cal and continuous variables, respectively. After univariable
analysis, the variables expected to be independently signifi-
cant between SSc, AIRDs, and HCs underwent binary logis-
tic regression analysis (BLR) with adjustment for factors
including age, gender, ethnicity, immunosuppressants, vac-
cine received, and stratified by country of origin. The results
for continuous variables were expressed as median (IQR).
P <0.05 was considered significant. Statistical analysis was
performed using IBM SPSS version 26.

Results
Population characteristics of the total cohort

16,328 respondents completed the survey, of whom a total
of 10,679 complete respondents were included in the anal-
ysis [73.8% females, median aged 43 (30-56) years, 53%
Caucasians]. They were primarily from the UK (25%),
Italy (24%), Switzerland (8%), India (7%), consisting of
478 (4.4%) SSc patients, 4664 (43.6%) other AIRDs, 4712
(44%) HCs, and 825 (7.7%) nrAIDs. The most common
AIRD in this cohort was rheumatoid arthritis (12.6%,
N=1347) followed by SLE (5.5%, N=582), and the
most common nrAIDs were hypo/hyperthyroidism (4.7%,
N=498). All patients received at least one dose of the
COVID-19 vaccine and 72.4% received both doses. Pfizer-
BioNTech (BNT162b2) was the most common (40.4%,
N =4318) vaccine received, followed by Sinopharm
(BBIBP-CorV) (N=1564, 14.6%) & Oxford/Astra Zen-
eca (ChAdOx1 nCoV-19) (N=148,213.9%). Methotrexate
(N=1234, 11.6%) was the most common immunosuppres-
sant used and 15.8% of patients were on glucocorticoids.
Other characteristics of the cohort are provided in Table 1.

Population characteristics of SSc patients
Out of 10,679 respondents, SSc patients constituted 4.4%,
with a median age of 54 (44-64) years and 88% females.

Caucasians were the most common respondents (74%),
followed by Asians (14.6%). 83% of SSc patients received
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Table 1 Baseline characteristics of the cohort

Variable Total (n=10,679) SSc (n=478) HC (N=4712) Other AIRD (N=4664) nrAIDs (N=23825)
Age in years; Median (IQR) 43 (30-56) 54 (44-64) 34 (26-47)*** 50 (38-62) 42 (33-52)%%**
Gender

Male 2731 (25.6) 54 (11.3) 1655 (35.1) 916 (19.6) 107 (13)

Female 7886 (73.8) 421 (88.1) 3028 (64.3)*** 3727 (79.9)*** 710 (86.1)

Do not wish to disclose 61 (0.6) 3(0.6) 29 (0.6) 21 (0.5) 8 (1)

No. of doses of vaccine

1 2951 (27.6) 80 (16.7) 1247 (26.5)*** 1335 (28.6)*** 289 (35)

2 7728 (72.4) 398 (83.3) 3465 (73.5) 3329 (71.4) 536 (65)
Ethnicity

Caucasian 5662 (53) 355 (74.3) 1973 (41.9) 2852 (61.1) 482 (58.4)

African American or of African origin 105 (10) 3(0.6) 33(0.7) 65 (1.4) 4(0.5)

Asian 2608 (24.4) 70 (14.6) 1314 (27.9) 1044 (22.4) 180 (21.8)

Hispanic 1220 (11.4) 16 (3.3) 759 (16.1) 343 (7.4) 102 (12.4)

Native American/Indigenous/Pacific Islander 47 (0.4) 1(0.2) 24 (0.5) 22 (0.5) -

Do not wish to disclose 576 (5.4) 13 (2.7) 345 (7.3) 188 (4.0) 30 (3.6)
Other 461 (4.3) 20 (4.2) 264 (5.6) 150 (3.2) 27 (3.3)
Vaccine taken

Pfizer-BioNTech (BNT162b2) 4318 (40.4) 245 (51.3) 1598 (33.9) 2116 (45.4)* 359 (43.5)*

Oxford/Astra Zeneca (ChAdOx1 nCoV-19) 1482 (13.9) 111 (23.2) 483 (10.3)*** 774 (16.6)*** 114 (13.8)%***

Johnson & Johnson (J&J) (JNJ-78436735) 99 (0.9) 2(0.4) 37 (0.8) 46 (1.0) 14 (1.7)*

Moderna (mRNA-1273) 922 (8.6) 59 (12.3) 186 (3.9)*** 601 (12.9) 76 (9.2)

Novavax (NVX-CoV2373) 10 (0.1) - 5(0.1) 4(0.1) 1(0.1)

Covishield (ChAdOx1 nCoV-19) 1177 (11) 25(5.2) 665 (14.1)*** 391 (8.4)* 96 (11.6)***

Covaxin (BBV152) 231 (2.2) 7 (1.5) 118 (2.5) 89 (1.9) 17 2.1)

Sputnik (Gam-COVID-Vac) 192 (1.8) 1(0.2) 129 (2.7)** 49 (1.1) 13 (1.6)*

Sinopharm (BBIBP-CorV) 1564 (14.6) 13 (2.7) 1200 (25.5)*** 254 (5.4)* 97 (11.8)***

Others 626 (5.9) 13 (2.7) 256 (5.4) 321 (6.9)*** 36 (4.4)
Diagnosis

No autoimmune disease 4712 (44.1) - - - -

Rheumatoid arthritis 1347 (12.6) 32 (6.6) - 1347 (28.9) -

SLE 583 (5.5) 19 (3.9 - 583 (12.5) -

Systemic sclerosis 478 (4.4) 478 (100.0) - -

Ankylosing spondylitis or psoriatic arthritis 372 (3.5) 0(0) - 372 (8) -

Sjogren’s syndrome 218 (2.0) 59 (12.2) - 218 (4.7) -

Mixed connective tissue disorder (MCTD) 142 (1.3) 24 (4.9) - 118 (2.5) -

Vasculitis 114 (1.1) 9(1.8) - 114 2.4) -

Crohn’s disease or ulcerative colitis (IBD) 175 (1.6) 5(1.0) - - 175 (21.2)

Thyroid (hypothyroid or hyperthyroid) 498 (4.7) 51 (10.5) - - 498 (60.4)

Type 1 diabetes 63 (0.6) 1(0.2) - - 63 (7.6)

Multiple sclerosis 31(0.3) 1(0.2) - - 31(3.6)

Myasthenia gravis 30 (0.3) 0(0) - - 30 (3.6)

Pernicious anemia 10 (0.1) 2(0.4) - - 18 (2.2)

Hemolytic anemia/ITP 18 (0.2) 0(0) - - 18 (2.2)

Polymyalgia rheumatica 18 (0.2) 1(0.2) - 18 (0.4) -

Dermatomyositis 478 (4.4) 15@3.1) - 478 (4.4) -

Polymyositis 278 (2.6) 23 (4.7) - 278 (2.6) -

Others 724 (6.8) 47 (9.7) - 724 (15.5) -
Treatment

Any immunosuppressants 8707 (81.5) 311 (65) - 3386 (72.5)** 298 (36)***

Methotrexate 1234 (11.6) 63 (13.2) - 1147 (24.6)*** 24 (2.9)***
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Table 1 (continued)

Variable Total (n=10,679) SSc (n=478) HC (N=4712) Other AIRD (N=4664) nrAIDs (N=23825)
MMF 558 (5.2) 123 (25.7) 420 (9)*** 15 (1.8)***
Rituximab 97 (0.9) 7(1.5) 87 (1.9) 3(0.4)
Azathioprine 379 (3.5) 21 (4.4) 311 (6.7) 47 (5.7)
Hydroxychloroquine 1176 (11) 88 (18.4) 1073 (23)* 15 (1.8)***
Sulfasalazine 257 (2.4) - 241 (5.2) 16 (1.9)
Leflunomide 175 (1.6) 1(0.2) 172 (3.7)*** 2(0.2)
Oral tacrolimus 73 (0.7) 4(0.8) 66 (1.4) 3(0.4)
Cyclosporine 59 (0.6) - 56 (1.2) 3(0.4)
IVIG 169 (1.6) 8 (1.7) 150 (3.2)%** 11(1.3)
Cyclophosphamide 19 (0.2) 5(1.0) 14 (0.3) -

Any steroid dose 1693 (15.8) 114 (23.6) 1493 (32)* 86 (10.4)*
No steroids 4272 (40) 363 (75.9) 3170 (68) 739 (89.6)
< 10 mg steroids 1318 (12.3) 100 (20.9) 1164 (25) 54 (6.5)
10-20 mg steroids 269 (2.5) 12 (2.5) 239 (5.1) 18 (2.2)
>20 mg steroids 106 (1) 2(0.4) 90 (1.9) 14 (1.7)

AIRDs Autoimmune rheumatic disease, nrAID non-rheumatic autoimmune disease,

HC healthy controls, SSc systemic sclerosis

*p <0.05, *¥p <0.005, ***p <0.001. Comparisons are made between SSc and other groups respectively. Chi-square for categorical variables,

Mann—Whitney U for scale variables

both doses of the vaccine. Pfizer-BioNTech (BNT162b2)
was the most common vaccine received (51%), followed
by Oxford/Astra Zeneca (ChAdOx1 nCoV-19) (23%) and
Moderna (mRNA-1273) (12%).

Patients with SSc were older [54 (44—64) years] than HCs
[34(26—47), p<0.001] and nrAIDs [42 (33-52), p<0.001]
with higher Caucasian representation (74% in SSc; 61% in
other AIRDs; 41% in HCs) and higher Pfizer-BioNTech
(BNT162b2) vaccine received (51% in SSc as compared
to 45% in other AIRDs and 34% in HCs). Fewer patients
were on immunosuppressants in SSc (65%) as compared to
other AIRDS (72%). MMF was the most common immu-
nosuppressant received in SSc patients (25%), followed by
hydroxychloroquine (18%) and methotrexate (13%). Gluco-
corticoids were being received by 23.6% (Table 1).

Post-COVID-19 vaccination-related AEs in SSc
patients

Any AEs were reported by 388 (81.2%) respondents, all
were minor AEs. Any major AE was reported by 16 (3.3%)
SSc patients. Injection site pain was the commonest AE
reported by 319 (66.7%) respondents. Other minor AEs
reported were fatigue (37%), headache (26%), body aches
(19.9%), fever (19.7%), chills (18%), myalgia (15.9%), nau-
sea/vomiting (7%), and others 8%. Marked dyspnea was
reported in 3 (0.6%), throat closure in 1 (0.2%), and severe
rashes in 1 (0.2%). None of the recipients had anaphylaxis.
All-cause hospitalization was seen in 3 patients (0.6%) (Sup-
plementary table 2).

Post-COVID-19 vaccination-related AEs among the SSc
patients with self-reported active and inactive disease are
presented in Table 2. Among the 478 SSc patients, 375 had
active SSc 4 weeks before vaccination, and 102 had inac-
tive disease. Vaccine-related AEs were comparable between
those groups. Hospitalization rates were also similar.

Vaccination-related AEs among SSc patients based on
the type of vaccine received are presented in Table 3 and
Supplementary table 3. The overall frequency of AEs,
minor AEs, major AEs, and hospitalisations was similar
between the recipients of different vaccines except for a
few differences in selected minor AEs. Pfizer-BioNTech
(BNT162b2) vaccine recipients reported a lower fre-
quency of body aches, fever, chills, nausea/vomiting than
the rest of the vaccine recipients (OR ranging between
0.2 and 0.4). Oxford/Astra Zeneca (ChAdOx1 nCoV-
19) receivers reported a higher frequency of body aches,
fever, chills, nausea/vomiting, headache, and fatigue com-
pared to the rest of the vaccine recipients (OR ranging
between 2.0 and 5.1). Similarly, Moderna (mRNA-1273)
vaccine recipients reported a higher frequency of fever,
chills, and chest pain compared to the rest (OR ranging
between 2.6 and 8.9). Covishield (Serum Institute India)
(ChAdOx1 nCoV-19) vaccine recipients reported a higher
frequency of body aches and fever compared to the rest of
the vaccine recipients (OR ranging between 3.4 and 4.6).
Sinopharm (BBIBP-CorV) vaccine recipients reported
lower injection site pain frequency than the rest (OR 0.2;
95% CI 0.06-0.7).
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Table 2 Comparison of

- C N (%) Active SSc (n=375) Inac- Univariate Multivariable
vaccination-related AE among tive SSc
Active and Inactive SSc (n=102) OR (95% CI) p OR (95% CI) p
Any AE 257 (80.6) 73(83.9) - 0478 - -
Injection site pain 253 (67.5) 65 (63.7) - 0477 - -
Minor AEs
Any minor AEs 257 (80.6) 73(83.9) - 0478 - -
Myalgia 58 (15.5) 18 (17.6) - 0.594 - -
Body ache 74 (19.7) 21(20.6) - 0.848 - -
Fever 76 (20.3) 17 (16.7) - 0416 - -
Chills 72 (19.2) 15147 - 0.297 - -
Nausea and vomiting 30 (8) 6(5.9) - 0473 - -
Headache 102 (27.2) 22 (21.6) - 025 - -
Rashes 8(2.1) 5(4.9) - 0.128 — -
Fatigue 148 (39.5) 31(304) - 0.093 - -
Diarrhea 12 (3.2) 5(4.9) - 0411 - -
Abdominal pain 9124 2(12) - 0.793 - -
Palpitations 9(2.4) 7(6.9) 0.3(0.1-0.9) 0.026 0.3(0.1-1.0) 0.064
Rise in blood pressure 4 (1.1) 1(1) - 094 - -
Fainting 2 (0.5) 2(2) - 0.161 - -
Difficulty in breathing 5 (1.3) 1(1) - 0.777 - -
Dizziness 23 (6.1) 4(3.9) - 0.391 - -
Chest pain 4(1.1) 0(0) - 0.295 - -
Others 31(9.7) 6 (6.9) - 0418 - -
Major AEs
Any major AE 9(2.8) 4 (4.6) - 0.404 - -
Anaphylaxis 00 0 (0) - - - -
Marked dyspnea 3(0.8) 0(0) - 0.365 - -
Throat closure 1(0.3) 0(0) - 0.602 - -
Severe rashes 1(0.3) 0(0) - 0.602 - -
Others 6(1.9) 4 (4.6) - 0.147 - -
Hospitalization 2(0.5) 1(1) - 0.613 - -

SSc systemic sclerosis, adverse event, OR odd’s ratio, CI confidence interval

Chi-square for categorical variables and Mann—Whitney test for continuous variables

Factors adjusted in multivariable analysis (binary logistic regression) include age, gender, ethnicity, coun-

try by income

Vaccination-related AEs among SSc based on the back-
ground immunosuppression are presented in Table 4 and
supplementary Table 4. Overall, the frequency of vacci-
nation-related AEs and hospitalisations was similar irre-
spective of the background immunosuppression. How-
ever, SSc patients on hydroxychloroquine reported lower
fatigue (OR 0.4; 95% CI 0.2-0.8; p=0.013) compared to
those not on hydroxychloroquine.

@ Springer

Comparison of vaccination-related AEs between SSc,
other AIRDs, other AIDs, and HCs

Vaccination-related AEs between SSc, HCs, AIRDs, and
nrAIDs are presented in Supplementary table 2. The over-
all frequency of AEs, minor AEs, major AEs, and hospi-
talisations was similar between the groups. Compared to
other AIRDs, SSc patients had higher chills (adjusted OR
1.3;95% CI 1.0-1.7; p=0.049), and fatigue (adjusted OR
1.3;95% CI 1.0-1.6; p=0.006).
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Table 3 Comparison of vaccination AEs according to the vaccine received in SSc patients (n=487)
N (%) Pfizer-BioNTech Oxford/Astra Zeneca Moderna Covishield (Serum Institute Sinopharm
(BNT162b2) (ChAdOx1 nCoV-19) (mRNA-1273)  India) (ChAdOx1 nCoV-19)  (BBIBP-CorV)
(N=216) (N=106) (N=38) (N=14) (N=9)
Any adverse effect 170 (78.7) 94 (88.7) 3(86.8) 10 (71.4) 6 (66.7)
Injection site pain 169 (69) 74 (66.7) 45 (76.3) 16 (64) 5(38.5)
Minor AEs
Any minor AE 170 (78.7) 94 (88.7) 33 (86.8) 10 (71.4) 6 (66.7)
Myalgia 37 (15.1) 25(22.5) 10 (16.9) 2(8) 1(7.7)
Body ache 35(14.3) 38 (34.2) 11 (18.6) 10 (40) 0(0)
Fever 27 (A1) 31(27.9) 18 (30.5) 13 (52) 3(23.1)
Chills 28 (11.4) 35 (31.5) 18 (30.5) 4(16) 1(7.7)
Nausea and vomiting 10 4.1) 18 (16.25) 5(8.5) 14) 0 (0)
Headache 56 (22.9) 43 (38.7) 19 (32.2) 4 (16) 1(7.7)
Rashes 4(1.6) 327 5(8.5) 1(4) 0(0)
Fatigue 86 (35.1) 56 (50.5) 26 (44.1) 11 (44) 0(0)
Diarrhea 10 (4.1) 2(1.8) 4(6.8) 0(0) 1(7.7)
Abdominal pain 5(2.0) 327 3(5.1) 0(0) 0(0)
High pulse rate 7(2.9) 2(1.8) 5(8.5) 0(0) 0(0)
Rise in blood pressure 3(1.2) 0 (0) 0(0) 0(0) 00
Fainting 3(1.2) 1(0.9) 0(0) 0(0) 0(0)
Difficulty in breathing 2(0.8) 32.7) 0(0) 0(0) 00
Dizziness 9@3.7) 9(8.1) 6 (10.2) 3(12) 0(0)
Chest pain 2 (08) 0(0) 234 0(0) 0(0)
Others 17 (7.9) 10 (9.4) 5(13.2) 1(7.1) 2(22.2)
Major AEs
Any major AE 73.2) 2(1.9) 2(5,3) 1(7.1) 0(0)
Anaphylaxis 5(2.3) 2(1.9) 2(5.3) 0(0) 0(0)
Marked dyspnea 1(0.4) 0(0) 0(0) 14) 0 (0)
Throat closure 0(0) 0(0) 0(0) 14) 0 (0)
Severe rashes 1(0.4) 0(0) 0(0) 0(0) 0(0)
Others 52.3) 2(1.9) 2(5.3) 0(0) 0(0)
Hospitalization 0(0) 0 (0) 1(1.7) 2(8) 0(0)

AE Adverse events SSc Systemic sclerosis

Chi-square for categorical variables and Mann—Whitney test for Scale variables

Comparisons are between one vaccine type versus rest, BOLD have increased OR when compared to rest, BOLD Underlined have decreased OR

when compared to rest in binary logistic regression

Discussion

This large global study demonstrates the safety and toler-
ability of COVID-19 vaccination in patients with SSc, a
vulnerable group with a high prevalence of cardiopulmo-
nary comorbidity, often treated with immune suppression.
The majority of vaccine-related AEs experienced by SSc
patients were minor, without any increased risk of major
AEs or hospitalizations in comparison with HCs and other
AIRDs. AEs were also similar irrespective of disease activ-
ity and background immunosuppression. This study adds to
the slowly building evidence for the benefits of COVID-19
vaccination outweighing the risk of post-vaccination AEs
in patients with rheumatic diseases. It provides a boost to

guidance statements by the American College of Rheumatol-
ogy that encourage COVID-19 vaccination in patients with
rheumatic diseases [14].

Large-scale studies on the safety of COVID-19 vacci-
nation in SSc patients are lacking. Our study reported an
overall frequency of AEs in 81.2%, which is higher than
previously reported studies in SSc (39%) patients [8] and
patients with systemic rheumatic diseases [10]. In the SPIN
cohort study, 39% and 58% had adverse reactions after the
first and second doses of vaccination, respectively [8]. Reas-
suringly, the patients with SSc had similar frequencies of
AEs and hospitalization compared to HCs and other AIRDs.

Among the vaccine types, this study demonstrated that
SSc patients have lower AEs with Pfizer-BioNTech and
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Table4 Vaccine AEs among

. N (%) Methotrexate Mycophe-  Hydroxychloroquine Azathioprine Glucocorti-
SSC patients base.d on the. nolate coids < 10 mg
immunosuppression received mofetil
(n=487)

(N=51) (N=110) (N=82) (N=18) (N=98)
Any adverse effect 43 (84.3) 86 (78.2) 68 (82.9) 15 (83.3) 75 (76.5)
Injection site pain 46 (73) 87 (70.7) 67 (76.1) 13 (61.9) 78 (68.4)
Any minor AE 43 (84.3) 86 (78.2) 68 (82.9) 15 (83.3) 75 (76.5)
Myalgia 12 (19) 15 (12.2) 12 (13.6) 4(19) 19 (16.7)
Body ache 15 (23.8) 25 (20.3) 17 (19.3) 29.5) 21 (18.4)
Fever 10 (15.9) 26 (21.1) 18 (20.5) 4(19) 22 (19.3)
Chills 15 (23.8) 20 (16.3) 11 (12.5) 3(14.3) 19 (16.7)
Nausea and vomiting 7 (11.1) 10 (8.1) 6 (6.8) 4(19) 11 (9.6)
Headache 16 (25.4) 33 (26.8) 22 (25) 6 (28.6) 23 (20.2)
Rashes 3(4.8) 1(0.8) 0(0) 0(0) 2(1.8)
Fatigue 26 (41.3) 42 (34.1) 24 (27.3) 6 (28.6) 37 (32.5)
Diarrhea 2(3.2) 2 (1.6) 2(2.3) 0(0) 4(4.4)
Abdominal pain 0(0) 2 (1.6) 2(2.3) 0(0) 2 (1.8)
High pulse rate 34.8) 3(2.4) 3(33.4) 0(0) 4(3.5)
Rise in blood pressure 1 (1.6) 0(0) 0(0) 00 1(0.9)
Fainting 0(0) 1(0.8) 1(1.1) 0(0) 1(0.9)
Difficulty in breathing 1 (1.6) 2 (1.6) 1(1.1) 0(0) 3(2.6)
Dizziness 34.8) 6(4.9) 4(4.5) 3(14.3) 7(6.1)
Chest pain 0(0) 1(0.8) 1(1.1) 1(4.8) 1(0.9)
Others 4(7.8) 12 (10.9) 10 (12.2) 2(11.1) 13 (13.3)
Any Major AE 1(2) 3(2.7) 3(3.7) 2(11.1) 2(2)
Anaphylaxis 0(0) 0(0) 0(0) 0(0) 0(0)
Marked dyspnea 0(0) 0(0) 1(1.1) 0(0) 1(0.9)
Throat closure 0(0) 0(0) 0(0) 0(0) 0(0)
Severe rashes 1(1.6) 0(0) 1(1.1) 0(0) 1(0.9)
Others 1(2) 2(1.8) 2(2.4) 2 (11.1) 0(0)
Hospitalization 1(1.6) 0(0) 1(1.1) 0(0) 0(0)

AE Adverse events SSc Systemic sclerosis

Chi-square for categorical variables and Mann—Whitney test for Scale variables

Comparisons are between one vaccine type versus rest, BOLD have increased OR when compared to rest,
BOLD Underlined have decreased OR when compared to rest in binary logistic regression

higher systemic AEs with Oxford/Astra Zeneca and Mod-
erna compared with other vaccines. These results were con-
sistent with the meta-analysis of twenty-seven studies and
twenty-four case reports which overviewed the side effects
and adverse clinical cases reported after COVID-19 immu-
nization in a healthy population [15]. In the SPIN cohort
study, higher AEs reported for Astra Zeneca and Moderna
vaccines compared with the Pfizer vaccine after the first and
second doses of vaccination were also similar to the present
study. These differences in AEs among vaccines could be
due to different adjuvants, their interaction with underlying
immune dysfunction and immunosuppressive medications,
and different post-manufacturing processes [16].

Overall, AEs were similar for active and inactive SSc
patients, similar to RA, and SLE patients in the COVAD
cohort [17], and unlike IIM patients who had higher AEs

@ Springer

among active disease [4]. The frequency of vaccine-related
AEs and hospitalization were also similar irrespective of
background immunosuppression. To our knowledge, this
is the first study comparing vaccine-related AEs in SSc
patients accounting for background immunosuppression
and self-reported disease activity.

The study has several limitations inherent to the patient
self-reported electronic survey design. The data cannot be
verified by medical records and is affected by recall bias.
The survey focused on seven days post-vaccination AEs;
long-term outcomes and disease flares post-vaccination
were not assessed in the present study. However, a second
survey encompassing long-term AEs and breakthrough
infections in this study population is currently underway
and will be very informative [18].
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The cohort sampled patients by convenience sampling.
Those patients without internet or smartphone access, those
with lower socioeconomic status, disability, or physical ina-
bilities such as those with contractures and digital amputa-
tions, and deceased patients are not well represented in the
cohort. African and Afro-American ethnicity are also under-
represented in the cohort, although other ethnic representa-
tions were adequate. The definition of active and inactive
disease used in the study gages patient self-reported assess-
ment of their disease activity but is arbitrary, and akin to
the patient global assessment of disease but not a validated
patient-reported outcome. Granularity on disease character-
istics of SSc (diffuse vs limited skin phenotype, presence
and severity of ILD or prevalence of pulmonary arterial
hypertension, serology) was not captured in this study, and
stratification of vaccine safety by SSc disease subsets cannot
be addressed by this study.

The strengths of the study are a large sample size, with
the global representation of many different ethnicities, and
a wide representation of rare AIRDs like systemic sclerosis
besides other nrAIDs.

Conclusions

Our study adds to the growing body of literature supporting
the safety of COVID-19 vaccination in patients with rarer,
complex systemic autoimmune diseases. It showed a favora-
ble short-term safety profile in SSc patients irrespective of
self-reported disease activity and vaccine types received,
with vaccination-related AEs similar to healthy controls.
Studies to evaluate the long-term outcomes, efficacy, and
disease flares following vaccination remain an unmet need
for developing future COVID-19 vaccination guidelines in
patients with SSc.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00296-023-05310-9.
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