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Abstract

Notwithstanding the wealth of literature on COVID-19, studies focusing on young adults with autoimmune diseases (AD) are
lacking. To determine early (within 7 days) and late (after 7 days) anti-SARS-CoV-2 vaccine-related adverse events (AEs),
post-vaccine disease flares, COVID-19 severity and breakthrough infections (B-INFs) in young people with rheumatic dis-
eases (RMDs) and non-rheumatic autoimmune diseases (nr-ADs) compared to healthy controls (HC). Data were captured
through the international COVID-19 vaccination in autoimmune diseases (COVAD) 1 and 2 questionnaires. Of 20,685
complete responses, we identified 6010 from patients aged 18-35 years (1692 RMD, 400 nrADs, 3918 HC) who received
up to 4 vaccine doses. BNT162b2 was the most frequently administered vaccine and prior to vaccination, 7% of people with
nrAD were taking immunosuppressants (IS) versus 80% in RMDs. Early mild AEs were more frequent in RMDs (93%)
and nr-ADs (92%) compared to HC (85%). The frequency of late mild AEs was < 20% in all groups. Severe AEs were rare.
SARS-CoV-2 infection rates were similar across all groups, however, RMD patients reported a single episode of infection
more frequently than nrADs and HC, while nrADs reported multiple infections more frequently than RMD. Self-reported
disease flares were reported by 10% or RMD and 7% of nrAD patients. Our study reinforces the safety of anti-SARS-CoV-2
vaccine also in young people with ADs, but it also highlights that among young individuals the number and clinical picture
of SARS-CoV-2 infections is affected more by the type of AD rather than by coexisting IS therapy.
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Introduction

This study has been presented at EULAR 2023 Congress (A.
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Since the beginning of the Severe Acute Respiratory Syn-
drome CoronaVirus 2 (SARS-CoV-2) pandemic, the sci-
entific literature has exponentially expanded with articles
describing the outcome of SARS-CoV-2 infection in healthy
individuals and patients with chronic diseases [1]. Like-
wise, with the marketing of vaccines, physician and patient
reported data on their efficacy and safety have been increas-
ingly published [2]. Overall, the available information on
SARS-CoV-2 infection and vaccination covers the lifespan
with studies being conducted both in the pediatric and the
adult population. However, the heterogeneity within either
population accounts for the need to conduct targeted studies
within specific subpopulations such as toddlers, adolescents
or elderly [3]. In this setting, despite the wealth of literature
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on SARS-CoV-2 infection and vaccination, studies focus-
ing on young adults with autoimmune diseases (AD) are
lacking [2]. The term “young patients” has been broadly
used in the literature to identify older paediatric populations
rather than young adults, hence plenty of data is available
in adolescents up to 18 years of age. On the contrary, data
on individuals aged above 18 years and up to 40-45 years
are often derived from broader cohorts of adults where the
proportion of young adults is rather small [4] Young adults
with a chronic inflammatory disease are often exposed to
prolonged periods of immunosuppression (IS), particularly
when diagnosed in childhood, and their health-related out-
comes may be worse than those of individuals diagnosed in
adulthood [5]. Research has highlighted older age as a risk
factor for severe SARS-CoV-2 infection and as a determinant
for reduced safety and efficacy of anti-SARS CoV-2 vaccina-
tion [2]. However, while the focus on the vulnerable elderly
population has been important, this has arguably resulted in
an inadequate understanding of the impact of SARS-CoV-2
on the young adult population.

In order to fill this knowledge gap, we aimed to deter-
mine early (within 7 days) and late (after 7 days) anti-SARS-
CoV-2 vaccine-related adverse events (AEs), post-vaccina-
tion/post-infection disease flares, COVID-19 severity and
breakthrough infections (B-INFs) in young people with
rheumatic diseases (RMDs) and non-rheumatic autoimmune
diseases (nr-ADs) compared to healthy controls (HC).

Methods

We conducted an international, online, cross-sectional survey
across 94 Countries focusing on young adults (18-35 years)
with ADs and capturing data on vaccination-related AEs
and COVID-19 outcomes as a part of the COVAD initia-
tive (Supplementary Figure S1) [6, 7] This questionnaire
included questions on demographics, disease specific infor-
mation such as disease type, duration and symptoms, as well
as information on COVID-19 vaccination (type, doses, AEs)
and SARS-CoV-2 infection (history, clinical features and
complications). Informed consent was obtained electroni-
cally through an initial question in the online survey, prior to
the main study questionnaire. No incentives were offered for
survey completion. Central approval was obtained from the
Sanjay Gandhi Postgraduate Institute of Medical Sciences
(SGPGIMS) ethics committee as per local guidelines [Insti-
tutional Ethics Committee of Sanjay Gandhi Postgraduate
Institute of Medical Sciences, Raebareli Road, Lucknow,
226014 (IEC Code: 2021-143-IP-EXP-39)]. The Checklist
for Reporting results of the Internet E-Surveys (CHERRIES)
was adhered to when reporting results [8]. Additional meth-
ods have been detailed in the COVAD study protocol [6, 7].
Responses to open-ended questions were translated using
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DeepL or Google translate and native speakers were con-
sulted in case of doubts.

Young patients were identified as those aged between 18
and 35 years according to the EULAR Young PARE defini-
tion [9] and only responses from individuals within this age
range were analysed.

Statistical analysis

Data analysis was performed with IBM SPSS 28.0 software
and variables were compared using the Chi square test, the
Mann Whitney U test or the Kruskal Wallis test with multi-
ple post-hoc comparisons. Univariate logistic regression was
also performed and variables that differed across groups in
univariable analysis were included in multivariable binary
logistic regression analysis with adjustment for baseline fac-
tors defined a priori (gender, ethnicity and vaccine type). All
tests were two-tailed and values of p <0.05 were considered
significant.

Results
Study cohort

Of 20,685 respondents who completed the survey, we iden-
tified 6010 valid responses from young individuals aged
18-35 years from 97 countries (Supplementary Table S1).
The subgroup of patients with RMDs included 1692 indi-
viduals, the subgroup of nrADs 400 individuals and the
group of HCs 3918 individuals (Table 1). Female gender was
slightly more represented in the disease groups while ethnic
composition was comparable across all three groups, with
Caucasian, Asian and Hispanic ethnicities being the most
represented. BNT162b2 was the most frequently adminis-
tered vaccine in the disease groups whereas Sinopharm was
the most frequently administered vaccine in the HC group.
Prior to vaccination, only 7% of people with nrAD were
taking immunosuppressants (IS) versus 80% of people with
RMDs. Likewise, < 5% of people with ntAD were taking
glucocorticoids (GC) versus 30% of people with RMDs.

The majority of individuals in each group (RMDs 82%,
nrADs 75%, HC 83%) had received > 2 vaccine doses at the
time of survey completion. The analysis revealed patterns
in vaccine-related adverse events, disease flares, COVID-19
severity, and breakthrough infections among patients with
rheumatic diseases (RMDs), non-rheumatic ADs (nr-ADs),
and healthy controls (HCs).

AEs in individuals having received 1 and/or 2 doses

Early mild AEs were more frequent in RMDs (93%) and
nr-ADs (92%) compared to HC (85%) (Table 2). Injection
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Table 1 Characteristics of the RMDs N=1692 nr-ADs N =400 HC N=3918
study cohort
Age, years, mean+SD 29+4 28+4 27+4
Disease duration, years, mean=+ SD 72+6 7.1+5 NA
Number (%) of individuals
Female gender 1408 (83) 343 (86) 2510 (64)
Ethnicity
Caucasian (white) 522 (31) 200 (50) 1371 (35)
Asian 637 (38) 86 (21) 1108 (28)
Hispanic 180 (11) 59 (15) 679 (17)
African American or of African origin 106 (6) 6 (1) 73 (2)
Other/do not wish to disclose 247 (14) 49 (12) 687 (17)
N vaccine doses received
1 313 (18) 102 (25) 652 (17)
2 822 (49) 206 (52) 2498 (64)
3 456 (27) 85 (21) 696 (17)
4 101 (6) 7(2) 72 (2)
Vaccine type
BNT162b2 (Pfizer-BioNTech) 263 (15) 95 (24) 719 (18)
ChAdOx1nCoV-19 (Oxford/Astra Zeneca) 85 (5) 29 (7) 180 (5)
JNJ-78436735 (Johnson & Johnson) 13 (0.8) 6(1.5) 21 (0.5)
mRNA-1273 (Moderna) 65 (4) 14 (3.5) 78 (2)
NVX-CoV2373 (Novavax) 2(0.1) 1(0.3) 1 (0.01)
ChAdOx1 nCoV-19 (Covishield) 100 (6) 31(8) 346 (9)
BBV152 (Covaxin) 23 (1.4) 72) 66 (2)
Gam-COVID-Vac (Sputnik) 10 (0.6) 2(0.5) 42 (1)
BBIBP-CorV (Sinopharm) 62 (4) 58 (14) 950 (24)
Others/I am not sure 88 (5) 18 (4) 134 (3)
Disease
Inflammatory arthritis (RA, PsA, SpA) 680 (40) - NA
Connective tissue diseases and vasculitis 886 (52) -
Other RMD 126 (8) -
Endocrine diseases® - 295 (74)
Haematological diseases - 15@)
Neurological diseases - 33 (8)
Gastrointestinal diseases - 29 (7)
Dermatological diseases - 4 (1)
Other nrAD - 24 (6)
Immunosuppressive therapy prior vaccination 1546 (91) 85 (21) NA
Glucocorticoids prior vaccination
Yes, < 10 mg a day 552 (33) 30 (7) NA
Yes, 10 mg—20 mg a day 150 (9) 6(1.5)
Yes, >20 mg a day 52 (3) 4(1)

RMD rheumatic and musculoskeletal diseases, nrADs non-rheumatic autoimmune diseases, HC healthy
controls, RA rheumatoid arthritis, PsA psoriatic arthritis, SpA spondyloarthritis, SD standard deviation, NA
not applicable

4257 (87%) autoimmune thyroid diseases; 33 (11%) type 1 diabetes; 5 (2%) other endocrine autoimmune
diseases

site pain, headache, fatigue and body ache were the most  (Supplementary Table 2). Fever and chills were also more
frequent mild AE reported in all three groups; however  frequent in nr-AD compared to HC and to RMD.
they were more frequent in nr-AD than in HC and RMD
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Table 2 Comparison of study
subgroups with regard to
occurrence of adverse events

RMDs vs nrADs RMDs vs HC nrADs vs HC
Adjusted OR (95% CI)
After 1 or 2 vaccine doses
Any early mild AE (<7 days) 1.1 (0.7-1.6) 2.4 (2.0-3.1) 2.0 (1.4-2.9)
Any late mild AE (> 7 days) 0.8 (0.6-1.2) 0.7 (0.3-1.3) 1.2 (0.6-2.4)
Any severe AE 0.4 (0.2-1.2) 1.7 (0.7-3.8) 2.7 (0.9-8.2)
After 3 or 4 vaccine doses
Any early mild AE (<7 days) - - -
Any late mild AE (> 7 days) 0.9 (0.5-1.6) 1.0 (0.8-1.3) 1.1 (0.6-1.8)
Any severe AE after the 3rd dose 0.7 (0.2-2.5) 1.6 (0.7-3.7) 2.3(0.6-8.4)

Any severe AE after the 4th dose

RMD rheumatic and musculoskeletal diseases, nrADs non-rheumatic autoimmune diseases, HC healthy
controls, AE adverse events, OR odds ratio, CI confidence interval

The frequency of late mild AEs after the 1st and 2nd dose
was low and similar across all three groups (after 1st dose:
RMD 2.9%, nrADs 2.0%; HC 2.4%; After 2nd dose: RMDs
7.6%, ntADs 6.6%; HC 6.6%). (Table 2). Severe AEs were
rare (<2%) in all groups, with no differences between the
first and second vaccine dose.

AEs in individuals having received 3 or 4 doses

The frequency of late mild AEs after any dose was <20%
in all three groups with no significant differences observed
upon comparison (RMD 18-21%, nr-AD 14-18% HC
14-19%) (Table 2). Severe AEs after the third dose were

rare (RMD 2.2-3% nr-AD 0-3.5% HC 1.1-4%). In the 1417
subjects that received a fourth dose, only two AEs (0.1%)
were reported, one in a subject with RMD and one in a HC.

Pre-vaccine vs breakthrough infections (B-INFs)

The frequency of reported SARS-CoV-2 infections was similar
in all three groups (RMD =28%, nr-ADs=25%, HC=28%)
and overall severe infections (i.e., requiring hospitalisation
or oxygen therapy) were rarely reported (Table 3). However,
patients with RMDs reported experiencing a single episode of
infection more frequently than nrADs and HC, while nrADs
reported experiencing multiple infections more frequently than

Table 3 SARS-CoV-2 infection history and comparison across the study subgroups

RMDs N=1692 nr-ADs N =400 HC N=3918
N (%)
Ever tested positive for SARS-CoV2 469 (28) 98 (24) 1095 (28)
RMDs N=469 nr-ADs N=98 HC N=1095
N (%)
Asymptomatic infection 13 (3) 0(0) 38 (3)
Required hospital admission 21 (4) 2(2) 11(1)
Required oxygen therapy 9(2) 1(1) 7(1)
Required ICU admission 3(0.6) 0(0) 2 (0.2%)
RMDs vs nr-Ads RMDs vs HC nrADs vs HC
Adjusted OR (95% CI)
SARS CoV-2 infection timing
Before vaccination 1.1 (0.6-1.8) 0.6 (0.4-0.9) 0.9 (0.6-1.5)
After vaccination (B-INFs) 1.4 (0.9-2.2) 2.7 (2.1-3.5) 1.5 (0.9-2.3)
SARS CoV-2 infection frequency
Once 0.9 (0.6-1.3) 3.3(2.8-3.9) 1.0 (0.7-1.4)
Twice or more 0.4 (0.2-0.8) 0.5 (0.4-0.8) 1.3(0.7-2.2)

RMD rheumatic and musculoskeletal diseases, nrADs non-rheumatic autoimmune diseases, HC healthy controls, AE adverse events, OR odds

ratio, CI confidence interval, B-INF breakthrough infections
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RMD. The frequency of pre-vaccine infections was lower in
RMD compared to HC (OR 0.6, 95% CI 0.4-0.9), while it was
similar in nr-AD vs HC. In contrast, the frequency of B-INFs
was higher in RMD vs HC (OR 2.7 95% CI 2.1-3.5), while
it was similar in nr-AD vs HC. Regarding the clinical picture
of pre-vaccine infections versus B-INFs no differences were
observed among respondents with nrADs (Supplementary
Table S3). Conversely, a significantly lower frequency of loss
of smell and loss of taste and a significantly higher frequency
of running nose was reported for B-INFs compared to pre-
vaccine infections by both patients with RMD and HC. HC
also reported less frequently skin rashes during B-INFs com-
pared with pre-vaccine infections. Given that less than 5% of
respondents received advanced therapies for SARS-CoV-2
infection, it is ulikely that the observed shifts in clinical pres-
entation can be attributed to different infection management
strategies.

Subsequently we compared the clinical picture of pre-
vaccine and B-INFs between the groups (Supplementary
Table S4). Arthralgia was more frequent in RMD patients
compared to HC both for pre-vaccine infections and for
B-INFs. Conversely cough and headache were more prevalent
in RMDs compared to HC in pre-vaccine infections but were
reported by a similar number of respondents with RMD and
HC during B-INFs. Nausea and vomiting were reported more
frequently by patients with RMD compared to HC both for
pre-vaccine infections and for in B-INFs, although the OR for
B-INFs was lower. Cough was also more prevalent in patients
with nrADs compared to HC in pre-vaccine infections but was
reported by a similar number of patients with nrADs and HC
during B-INFs. Skin rashes were reported by a similar number
of patients with nrADs and HC during pre-vaccine infections
but were significantly more frequent in patients with nrADs
than in HC during B-INFs.

Post-vaccination and post-infection disease flares

Self-reported disease flares after the second vaccine dose were
reported by 10% of patients with RMDs and 7% of patients
with nrAD (OR 1.7, 95% CI 1.1-2.7). Of these, 41% of RMDs
and 27% or nr-ADs reported that this required a change in their
medications (increased dose/addition of a new IS and/or GC)).
Self-reported disease flares after SARS-CoV?2 infection were
reported by 5% of patients with RMDs and 1.5% of patients
with nrADs.

Discussion

Our study addressed a critical gap in the literature, offer-
ing a detailed exploration of SARS-CoV-2 vaccination
and infection outcomes in young adults with ADs and
providing insights into the impact of disease type on

these outcomes. With regards to SARS-CoV-2 infection
in patients with RMDs, a systematic literature review
conducted to inform EULAR recommendations indicated
that patients with RMDs do not have an increased risk of
contracting SARS-CoV-2 infection compared to HCs [2].
However, it is important to note that these conclusions
were drawn from data collected during the early phases of
the pandemic when vaccines were not widely available,
a period characterised by stringent shielding policies for
people with chronic diseases and those on immunosup-
pression, which could have mitigated infection rates in
these groups [10]. This is consistent with our results dem-
onstrating a lower frequency of pre-vaccine infections in
respondents with RMD than in HCs. Conversely, young
patients with nrADs were significantly less exposed to
IS agents and were subject to shielding policies widely
varying across the different conditions [11, 12]. This may
explain our finding of a similar frequency of pre-vaccine
infections in patients with nr-AD compared to HC.

The association between advancing age and adverse
COVID-19 outcomes has been well-documented, both
in the general population and in those with chronic dis-
ease such as RMDs [2]. However, this association was
observed in earlier phases of the pandemic when SARS-
CoV-2 infection occurred in non-vaccinated or partially
vaccinated individuals. More recent studies exploring
B-INFs indicates that age is no longer a consistent predic-
tor of infection risk or adverse outcomes in patients with
RMDs [13].

Interestingly, despite less exposure to GC and IS,
respondents to our survey with nr-AD reported an overall
higher number of SARS-CoV-2 infections compared to those
with RMD. No difference in the clinical picture of pre-vac-
cine infections vs B-INFs but a more pronounced burden of
post-vaccine mild AEs was observed in nr-AD compared to
RMD. These findings may highlight that the type of autoim-
mune disease rather than the degree of IS may play a more
crucial role in determining vaccine safety, infection risk and
the characteristics of B-INFs in young people. Less than
5% of respondents received advanced therapies for SARS-
CoV-2 infection (e.g., monoclonal antibodies or antivirals)
hence the differences (or lack thereof) in the clinical pictures
are not biased by different therapeutic approaches through-
out different phases of the pandemic.

Reassuringly, the occurrence of post-infection and post-
vaccination disease flares was low, affecting less than 10%
of patients. However, patients with RMDs had a higher
risk of flares compared to nr-ADs and this was more evi-
dent for post-vaccination flares. In our cohort the major-
ity of nr-AD patients suffered with thyroid disease and
our findings are in line with those of a systematic review
reporting very few cases of post-infection thyroid disease
flares [14].
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Our study displays some limitations that need to be
acknowledged. First, self-reported data presents difficulties
due to potential memory and selection bias and lack of verifi-
cation through medical records may affect accuracy. Further-
more, although the study encompasses a wide demographic,
certain subgroups may be underrepresented. However, our
study also has the strength to have filled a knowledge gap
with data from diverse regions and extensive participant
engagement, and contributes valuable information to the
understanding of COVID-19 dynamics in AD populations.

In conclusion, the findings of the present study add an
important piece of information to existing body of litera-
ture demonstrating that in young people the type of dis-
ease (rheumatic vs non rheumatic) rather than coexisting
immunosuppressive treatment seems the key variable in
influencing outcomes of SARS-CoV-2 infection and vac-
cination. This highlights the need for tailored strategies for
vaccination and monitoring of infections.
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