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Abstract

Objective: To evaluate disease flare and post-vaccination reactions (reactogenicity) in patients
with rheumatic and musculoskeletal diseases (RMD) following two-dose SARS-CoV-2 mRNA
vaccination.

Methods: 1377 patients with RMD who received two-dose SARS-CoV-2-mRNA vaccination
between 16 December 2020 and April 15, 2021 completed questionnaires detailing local and
systemic reactions experienced within 7 days of each vaccine dose (D1, D2), and one month after
D2 detailing flare of RMD. Associations between demographic/clinical characteristics and flare
requiring treatment were evaluated using modified Poisson regression.

Contact Information: Dr. Julie J. Paik, Division of Rheumatology, Johns Hopkins University School of Medicine., 5200 Eastern
Avenue, Mason F. Lord Building, Center Tower Suite 4100, Baltimore, MD 21224, USA, jpaik@jhmi.edu.
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Results: 11 percent reported flare requiring treatment; there were no reports of severe flares.
Flare was associated with prior SARS-CoV-2 infection (IRR 2.09, p=0.02), flare in the six months
preceding vaccination (IRR 2.36, p<0.001) and use of combination immunomodulatory therapy
(IRR 1.95, p<0.001). The most frequently reported local and systemic reactions included injection
site pain (D1 87%, D2 86%) and fatigue (D1 60%, D2 80%); reactogenicity increased after D2,
particularly for systemic reactions. No allergic reactions or SARS-CoV-2 diagnoses were reported.

Conclusion: Flare of underlying RMD following SARS-CoV-2 vaccination was uncommon.
There were no reports of severe flare. Local and systemic reactions typically did not interfere with
daily activity. These early safety data can help address vaccine hesitancy in patients with RMD.
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INTRODUCTION

Since its emergence in December 2019, SARS-CoV-2 has spread worldwide, with an
estimated 115 million infections and 5.6 million hospitalizations in the USA alone at

the time of this report (1). In December 2020, two mRNA-based COVID-19 vaccines
(mMRNA-1273 and BNT162b2) were recommended for use by the Advisory Committee on
Immunization Practices (2,3), with over 260 million doses administered in the USA to date
(4). Predicted vaccination uptake of 70-80% is required to significantly reduce community
transmission (5); addressing vaccine hesitancy is crucial in achieving this goal.

In clinical trials of the SARS-CoV-2 mRNA vaccines, participants reported local and
systemic postvaccination reactions (reactogenicity), with greater reactogenicity reported
following D2 (6,7). Patients with rheumatic and musculoskeletal diseases (RMD) were

not well represented in these trials, and despite the significant morbidity and mortality
associated with SARS-CoV-2 infection, studies have found that many patients with RMD
remain hesitant about getting vaccinated due to concerns related to the risk of disease flare
(8,9). We previously reported that local and systemic reactions following D1 were typically
mild (10), but there is a paucity of data on reactions or flares following D2. Thus, we

sought to evaluate disease flare and reactogenicity in patients with RMD following two-dose
SARS-CoV-2 mRNA vaccination.

PATIENT AND METHODS

Study design and population

We conducted a prospective observational study of patients with RMD who received the
SARS-CoV-2 mRNA vaccine between 16 December 2020 and 15 April 2021. Patients
>18 years old on immunomodulatory therapy with a self-reported diagnosis of RMD were
recruited to participate via social media postings by national RMD organizations and
advocacy groups. Participants consented electronically and the study was approved by the
Institutional Review Board at the Johns Hopkins School of Medicine (IRB00248540).
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Participants first completed an English-language enrollment form containing questions

on demographics (age, sex, and race), RMD diagnosis, immunomodulatory regimen, and
prior SARS-CoV-2 diagnosis. An online questionnaire was distributed 7 days after each
vaccine (D1, D2) where participants answered solicited questions about local and systemic
adverse events; the questionnaire also allowed participants to enter free-text information
about their post-vaccination experience and adverse health events. Local symptoms such

as pain, redness, and swelling, as well as systemic adverse events including fever, fatigue,
headaches, chills, vomiting, diarrhea, and myalgia were captured using an ordinal scale;
these were graded per their impact on daily activity including “no interference with daily
activity,” “some interference with daily activity,” and “prevention of daily activity”. One
month following D2, participants completed an online questionnaire pertaining to incidence
and prior history of flare, incident flare as well as symptoms, duration, and treatment.

Most questions were multiple choice format, and some allowed for an open-ended response
if participants felt that no given choice was appropriate. Study data were collected and
managed using the REDCap (Research Electronic Data Capture) tool, a secure, web-based
software platform designed to support data capture for research studies (11).

Statistical analysis

RESULTS

Baseline demographics and clinical characteristics were evaluated with descriptive statistics,
stratified by disease flare after vaccination requiring treatment. Binary and categorical
variables were expressed as number (percentage) and continuous variables with median
(interquartile range). Associations between flare requiring treatment and participant
characteristics were evaluated with modified Poisson regression with a robust variance
estimator, generating incidence rate ratios (IRR). Associations were not calculated for
variables with a frequency <10. Changes in denominators of questions due to participants
selecting “prefer not to answer” or not responding are noted in the footnotes of the
corresponding tables, as are questions with a multiple-select format where the sum of
responses may exceed the total N. All tests were two-sided with an a level of 0.05. We
conducted analysis using Stata software, version 16.1 (StataCorp LLC).

Baseline characteristics

A total of 1377 participants with RMD underwent BNT162b2 (55%) or mRNA-1273
(45%) vaccination (Table 1). Median (IQR) age was 47 (36-59), with 92% female, and
10% non-white. The most common RMD diagnoses included inflammatory arthritis (47%),
systemic lupus erythematous (SLE, 20%), and overlap connective tissue disease (20%).
The most common therapeutic regimens included combination therapy (50%), conventional
disease modifying anti-rheumatic drugs (cDMARDS) (26%) and biologic therapy (22%).
Combination therapy was defined as treatment with cOMARD and biologic agent with/
without glucocorticoid, or biologic agent and glucocorticoid therapy. 3% reported a prior
SARS-CoV-2 infection.
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Flare requiring treatment : incidence and characteristics

767 (56%) of participants reported at least one flare of their underlying RMD in the

six months preceding D1. 151 (11%) of participants reported flare requiring treatment
following vaccination, of which the majority (60%) occurred after D2 (Supplementary
Table 1). The rate of flare requiring treatment was similar in both vaccine types. Most
(91%) reported worsening of pre-existing symptoms, while 72% reported onset of a new
symptom (Supplementary Figure 1). Patients with inflammatory arthritis more commonly
reported symptoms of worsening joint pain, swelling and stiffness while patients with SLE
reported worsening joint pain, fatigue, and myalgia (Supplemental Table 2). Flares that
required treatment typically lasted 10 days (IQR 6-22) and were most commonly treated
with oral corticosteroids (75%), while 23% of participants reported up-titration of their
baseline immunomodulatory therapy. No participant required hospital or ICU admission.
Factors found to be associated with flare requiring treatment included a prior SARS-CoV-2
diagnosis (IRR 2.09 95%, CI 1.21-3.60), a history of flare in the 6 months prior to D1 (IRR
2.36, 95% CI 1.66-3.36) and use of combination therapy (IRR 1.95 95% CI 1.41-2.68).
Participants on cDMARD (IRR 0.52, 95% CI 0.34-0.80) or biologic therapy (IRR 0.60,95%
Cl1 0.39-0.93) had lower incidence of flare (Table 2).

Local and systemic reactogenicity

The most frequently reported local and systemic reactions included injection site pain (D1
87%, D2 86%) and fatigue (D1 60%, D2 80%) (Figure 1). Reactogenicity increased after
D2, particularly for systemic reactions, including fatigue (80%), headache (65%), myalgia
(63%) and chills (42%). Reports of reactions that prevented daily activities were uncommon,
with myalgia (11%) and fatigue (19%) most frequently reported. One patient (0.07%)
reported hospital admission for management of diarrhea following D2.

DISCUSSION

We studied 1377 patients with RMD who received two-dose SARS-CoV-2 mMRNA
vaccination and did not identify any major safety concerns. There were no reports of severe
disease flare. Local and systemic reactions were common, but consistent with expected
vaccine reactogenicity.

Eleven percent of participants reported flare of their underlying disease requiring treatment.
No participant required intravenous therapy or hospitalization. Use of combination therapy,
as well as report of flare in the six months preceding vaccination were associated with
flare; these factors may be a surrogate for more refractory disease at baseline and thus

the relationship with vaccination is unclear. There was a positive association between prior
SARS-CoV-2 infection and flare, which may suggest immunological priming.

Local and systemic reactions were common, but reassuringly, very few patients reported
symptoms that prevented daily activities. Participants reported systemic events (particularly
myalgia and fatigue) at higher frequency than clinical trials; similar to the trials
reactogenicity increased after D2 (6,7). One patient reported hospitalization for management
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of systemic event. There were no reported cases of anaphylaxis requiring epinephrine or
newly diagnosed SARS-CoV-2 infection.

Limitations of this study include a lack of data on immunomodulatory timing and dosing.
We did not assess baseline disease activity and background rate of flare was not quantified.
Most participants were female and white, which may limit generalizability.

The strengths of this study include a national sample with early, novel information about
adverse reactions after two-dose BNT162b2 and mRNA-1273 vaccination. All data was
patient-reported; this is a strength, but given that recruitment was by convenience sampling,
the data is also susceptible to responder bias.

Data on vaccine safety in patients with RMD has been lacking, which has contributed to
vaccine refusal and hesitancy. It has been shown that patients with RMD are more willing
to reconsider vaccination if provided with more medical education and recommended by a
physician (10). While there are case reports of flare following mRNA vaccination (12,13),
this is the first large scale study evaluating flare and reactogenicity in patients with RMD.
Local and systemic reactions should be anticipated and setting expectations with patients
may alleviate anxiety. This is particularly relevant given periodical revaccination may be
required in future (14). These early, reassuring results may ameliorate concern among
patients and inform critical discussions regarding vaccine hesitancy or refusal.

CONCLUSION

In this observational study of 1377 patients with RMD, there were no reports of severe
disease flare. Local and systemic reactions were common but typically did not interfere
with daily activity. There were no findings that warranted concern about the safety of
SARS-CoV-2 mRNA vaccination in patients with RMD. These early data can continue to
address vaccine hesitancy in this patient population.
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Figurel.
Local site and systemic adverse reactions in 1377 patients with RMD within 7 days after D1

and D2 of SARS-CoV-2 mRNA vaccination.
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Table 1.

Demographic and clinical characteristics of 1377 patients with RMD, stratified by disease flare requiring
treatment or no flare from D1 SARS-CoV-2 mRNA vaccine up to 1 month after D2.

Overall (n=1377) | Diseaseflare (n=151) | No disease flare (n=1226) p-valuel

Age, median (IQR) 47 (37, 59) 46 (36, 57) 47 (37, 60) 0.2
Female sex, no. (%)2 1266 (92) 144 (95) 1122 (92) 0.1
Non-white, no. (%)2 130 (10) 8(5) 122 (10) 0.1
Diagnosis, no. (%)

Inflammatory arthriti53 647 (47) 73 (48) 574 (47) 0.7

Systemic lupus erythematosus 273 (20) 30 (20) 243 (20) >0.9

Sjogren’s syndrome 65 (5) 7 (5) 58 (5) >0.9

Myositis 66 (5) 6 (4) 60 (5) 0.8

Vasculitis 41 (3) 7 (5) 34 (3) 0.2

Scleroderma 14 (1) 2(1) 12 (1) 0.7

Overlap connective tissue disease4 271 (20) 26 (17) 245 (20) 05
Vaccine, no. (%)

BNT162b2 755 (55) 82 (54) 673 (55)

mRNA-1273 622 (45) 69 (46) 553 (45) 0.9
Therapy, no. (%)

Conventional DM ARD5 352 (26) 23 (15) 329 (27) 0.002

Biologic 6 303 (22) 22 (15) 281 (23) 0.02

Glucocorticoid monotherapy7 eSS 6(4) 2 0.3

Immunomodulatory monotherapyg 604 1@ 504 )

Combination‘g 681 (50) 99 (66) 582 (48) <0.001
Flarein 6 monthsprior to vaccine, no. (%) 767 (56) 113 (75) 654 (53) <0.001
Prior COVID-19 diagnosis, no. (%) 50 (3) 11(7) 39(3) 0.02

1 . . . -
Comparisons between disease flare and no disease flare groups, categories with an overall n<10 were not analyzed

2. . - .
The denominators for these categories differ from the total N as 1 participant selected “prefer not to answer” for sex and 23 selected “prefer not to
answer” for race

Rheumatoid arthritis, ankylosing spondylitis, psoriatic arthritis, reactive arthritis and inflammatory bowel disease associated arthritis
4 L .

Overlap denotes a combination of two or more of the above conditions
5 - . . . .

Azathioprine, hydroxychloroquine, leflunomide, methotrexate, mycophenolate, sulfasalazine, and tacrolimus

Abatacept, adalimumab, anakinra, baricitinib, belimumab, certolizumab, etanercept, golimumab, infliximab, ixekizumab, rituximab, secukinumab,
tocilizumab, tofacitinib, upadacitinib, and ustekinumab

7. . . .
Prednisone and prednisone equivalents
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8 . . . .
Intravenous immunoglobulin (1\V1g) or subcutaneous immunoglobulin (SClg), a p-value was not calculated as sample too small

gDenotes cDMARD and biologic and/or glucocorticoid, or biologic and glucocorticoid
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Table 2.

Adjusted incident rate ratios of having a flare requiring treatment by demographic and clinical characteristics

alRR (95% CI) | p-value

Age, >55 0.79 (0.57-1.11) 0.2
Sex, female 1.79 (0.86-3.72) 0.1
Race, white 1.86 (0.93-3.7) 0.1
Vaccine, Pfizer 0.98 (0.72-1.32) 0.9
Flare in 6 months prior to vaccine 2.36 (1.66-3.36) | <0.001
Prior SARS-CoV-2 diagnosis 2.09 (1.21-3.60) 0.008
Diagnoses

Inflammatory arthritis ™ 1.06 (0.78-1.43) 0.7

Systemic lupus erythematosus 1.00 (0.69-1.46) >0.9
Sjogren’s syndrome 0.98 (0.48-2.00) >0.9
Myositis 0.82 (0.38-1.79) 0.6
Vasculitis 1.58 (0.79-3.17) 0.2
Systemic sclerosis 1.31 (0.36-4.76) 0.7

Overlap connective tissue diseasez 0.85 (0.57-1.27) 0.4

Therapy

Conventional DMARD3 0.52 (0.34-0.80) 0.003

Biologic 4 0.60 (0.39-0.93) 0.02

Glucocorticoid monotherapy5 159 (0.75-3.34) 02

6
Immunoregulatory monotherapy

Combination therapy” 1.95 (1.41-2.68) | <0.001

Rheumatoid arthritis, ankylosing spondylitis, psoriatic arthritis, reactive arthritis and inflammatory bowel disease associated arthritis
2 - -

Overlap denotes a combination of two or more of the above conditions
3 A . . . .

Azathioprine, hydroxychloroquine, leflunomide, methotrexate, mycophenolate, sulfasalazine, and tacrolimus

Abatacept, adalimumab, anakinra, baricitinib, belimumab, certolizumab, etanercept, golimumab, infliximab, ixekizumab, rituximab, secukinumab,
tocilizumab, tofacitinib, upadacitinib, and ustekinumab

5 . . .
Prednisone and prednisone equivalents
6 . . . .
Intravenous immunoglobulin (IVV1g) or subcutaneous immunoglobulin (SClg), a p-value was not calculated as sample too small

7Den0tes cDMARD and biologic and/or glucocorticoid, or biologic and glucocorticoid
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