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Background: The SARS-CoV-2 mRNA vaccine has been reported to cause various
adverse reactions, including the development or exacerbation of autoimmune
diseases, but the adverse reactions and the effects of the vaccines on disease
activity in patients with rheumatoid arthritis (RA) remain unknown. We therefore
investigated the arthritis condition in RA patients after SARS-CoV-2 vaccination.

Methods: RA patients who visited our hospital from January to April 2022
completed a questionnaire regarding adverse reactions to the SARS-CoV-2
vaccine. We compared the frequency and duration of post-vaccination
arthralgia between RA patients and health care workers in our hospital. For the
RA patients who reported post-vaccination arthralgia, we collected medical
records for the 6 months after vaccination.

Results: Of the 1198 vaccinated RA patients, 256 (21.4%) had systemic
inflammatory symptoms, 18 (1.5%) had allergies including urticaria and asthma,
and 37 (3.1%) had arthralgia. A few patients had extra-articular manifestations
such as acute exacerbation of interstitial lung disease. Compared with health
care workers, RA patients more frequently developed arthralgia, and the
arthralgia was longer lasting than that in controls: only 9 (0.8%) of the 1117
health care workers reported arthralgia, and all cases resolved within 3 days. Data
from 31 of the 37 RA patients with post-vaccination arthralgia were further
analyzed; in these patients, disease activity was highest after 2 months, and 10
patients required additional DMARDs within 6 months. The proportion of
concomitant use of PSL at vaccination was higher in these patients. No
patients on biological DMARDs or targeted synthetic DMARDs prior to
vaccination needed additional DMARDs or a change of regimen.

Conclusion: RA patients had more frequent and longer-lasting arthralgia after
vaccination than healthy subjects, and one-third of patients with post-
vaccination arthralgia required additional DMARDs. Although the SARS-CoV-2
MRNA vaccine was administered safely in most RA patients, in some patients RA
symptoms may worsen after vaccination.
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Introduction

Coronavirus Disease 2019 (COVID-19) is an infectious disease
caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), a novel coronavirus discovered in Wuhan, China in
December 2019 (1). COVID-19 causes flu-like symptoms such as
fever and pharyngitis, but it can be severe, especially in the elderly
or in those with underlying diseases such as diabetes, and can lead
to acute respiratory distress syndrome, multiple organ failure and
even death (2).

The COVID-19 pandemic led to the quick development and
approval of SARS-CoV-2 mRNA vaccines. Although the vaccines
are expected to prevent the onset and mitigate the severity of
COVID-19 (3), adverse reactions have been reported, including
the development and exacerbation of immune-related diseases (4).
SARS-CoV-2 mRNA vaccine induces IFN-y production via innate
immune system (5, 6). Although the detailed mechanism by which
vaccines cause immune-related diseases is not elucidated,
abnormally high production of IFN-y can trigger cytokine storm
syndrome and autoinflammatory/autoimmune diseases (7, 8).

Rheumatoid arthritis (RA) is an autoimmune disease affecting
the joints, estimated to affects approximately 0.5% to 1% of the
global population. Given the large number of individuals affected by
RA, it is crucial to understand the characteristics of adverse events
of SARS-CoV-2 mRNA vaccine and their effects on disease activity
in RA patients. Vaccines often cause arthralgia as an adverse event,
but so far few data on the clinical course of arthralgia after
vaccination in RA patients have been available.

Therefore, we investigated the adverse events and the course of
arthralgia after SARS-CoV-2 mRNA vaccination in RA patients in
this study. This study aimed to clarify the characteristics of adverse
events by SARS-CoV-2 vaccine and the impact on disease activity in
patients with RA.

Patients and methods
Patients

We administered a questionnaire about vaccination to RA
patients who visited Sasebo Chuo Hospital from 11 January 2022
to 22 April 2022. A total of 1265 RA patients responded to our
questionnaire and were enrolled in this study. All patients had a
current diagnosis of RA based on the 2010 American College of
Rheumatology (ACR)/European League against Rheumatism
(EULAR) classification criteria for RA (9). We also analyzed the

Abbreviations: mRNA, messenger ribonucleic acid; COVID-19, Coronavirus
Disease 2019; SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus 2;
RA, Rheumatoid arthritis; RF, rheumatoid factor; ACPA, anti-citrullinated
protein antibodies; DMARDs, disease-modifying antirheumatic drugs;
bDMARD:s, biological DMARDs; tsDMARDs, targeted synthetic DMARDS;
c¢sDMARDs, conventional synthetic DMARDs; MTX, methotrexate; DAS28-
ESR, Disease Activity Score in 28 joints-erythrocyte sedimentation rate; CDAI,
Clinical Disease Activity Index; IQR, Interquartile Range; ILD, interstitial

lung disease.
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frequency of adverse events, including the appearance or worsening
of arthralgia, among health care workers who were working in our
hospital using a questionnaire previously administered from 19
April 2021 to 7 May 2021.

We collected patient data, including the date and type of
vaccination, the disease duration of RA, positivity of rheumatoid
factor (RF) and anti-citrullinated protein antibodies (ACPA), and
the use of disease-modifying antirheumatic drugs (DMARDs) at the
time of vaccination in RA patients who reported having post-
vaccination arthralgia in the questionnaire. This study was
approved by the ethics committee of Sasebo Chuo Hospital
(approved number: 2021-45, 2023-19).

Questionnaire

To evaluate the adverse symptoms after vaccination, a
comprehensive questionnaire including information about the
vaccine and subsequent symptoms was developed. The
questionnaire included items about the vaccination status and
number of doses of respondents, and symptoms such as fever,
headache, allergy, and the appearance or worsening of arthralgia
that had appeared within 2 weeks after vaccination (Supplementary
Data 1).

Clinical assessment

In RA patients who reported the appearance or worsening of
arthralgia after vaccination, the patients’ clinical disease activity was
assessed using the Disease Activity Score in 28 joints-erythrocyte
sedimentation rate (DAS28-ESR) and the Clinical Disease Activity
Index (CDAI) from the pre-vaccination to the 6-month post-
vaccination visit.

Statistical analysis

GraphPad prism software (GraphPad Software, San Diego, CA)
was used for the statistical analyses. Normal distribution of the data
was confirmed using the Kolmogorov-Smirnov test. Continuous
variables were compared by Student’s paired t-test or Wilcoxon
matched-pairs signed rank test (non-parametric), and the
categorical variables were compared by Fisher’s exact test. All
data are expressed as the medians and interquartile ranges or the
numbers and percentages. A P values<0.05 were considered
statistically significant.

Results

Characteristics of adverse events of
SARS-CoV-2 mRNA vaccine

The demographic characteristics and adverse events of RA
patients and health care workers are summarized in Table 1. A
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TABLE 1 Demographic characteristics and adverse events of vaccinated RA patients and health care workers.

vaccinated RA patients el
(n=1198) health care workers p-value
(n=1117)
age, years, median (IQR) 67 (58-74) 38 (28-47) <0.0001 *
female, n (%) 939 (78.4) 802 (71.8) 0.0003 *
partially vaccinated (only 1 time), n (%) 8 (0.7) 13 (1.2) -
fully vaccinated (2 times), n (%) 1190 (99.3) 1104 (98.8) 0.27
some adverse events, n (%) 312 (26.0) 876 (77.0) <0.0001 *
( f:":::e?;:;:f;;nz;zzz Z‘:l})’t;":;)) 256 (21.4) 841 (74.0) <0.0001 *
allergy (urticaria, asthma, et al), n (%) 18 (1.5) 20 (1.8) 0.63
svling o vt 00 1109 1201 o8
arthralgia, n (%) 37 (3.1) 9(0.8) <0.0001 *
other symptoms, n (%) 31 (2.6) - -
nausea/vomiting, n (%) 6 (0.5) - -
anorexia, n (%) 4(0.3) - -
paresthesia of limbs, n (%) 4(0.3) - -
dizziness/vertigo, n (%) 3(0.3) - -
acute exacerbation of ILD, n (%) 2(0.2) - -
drowsiness, n (%) 2(0.2) - -
rheumatoid nodule, n (%) 1(0.1) - -
acute pleural effusion, n (%) 1(0.1) - -
dyssomnia, (%) 1(0.1) - -
tinnitus, n (%) 1(0.1) - -
paranasal sinusitis, n (%) 1(0.1) - -
palpitation, n (%) 1(0.1) - -
diarrhea, n (%) 1(0.1) - -
abdominal pain, n (%) 1(0.1) - -
hematuria, n (%) 1(0.1) - -
abnormal uterine bleeding, n (%) 1(0.1) - -

IQR, interquartile range; RA, rheumatoid arthritis; ILD, interstitial lung disease *P<0.05.

total of 1265 RA patients (994 females) responded to the Comparison of adverse events including
questionnaire. Of these, 1190 patients (94.1%) were fully  features of arthralgia after SARS-CoV-2
vaccinated (two doses), 8 patients (0.6%) were half vaccinated  mMRNA vaccination between RA patients
(only one dose) and 67 patients (5.3%) were unvaccinated. Of the  gnd health care workers

1198 RA patients who received at least one dose of the vaccine, 312

patients (26.0%) reported some adverse events after the first and/or We next compared the frequency and duration of arthralgia
second dose. The adverse events included systemic inflammatory  following vaccination between patients and healthy individuals
symptoms such as fever, headache, and fatigue in 256 cases (21.4%),  (Table 1). As healthy controls, 1117 of the health care workers
allergic symptoms such as urticaria and bronchial asthma in 18 including nurses and doctors who worked in our hospital were
cases (1.5%), and arthralgia in 37 cases (3.1%). included in this study. Their median age of them was 38 years old
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(IQR 28-47), 802 (71.8%) were female, and 1104 (98.8%) received
with two doses of the vaccine. Adverse events included systemic
inflammatory symptoms in 841 cases (74.0%), allergic symptoms in
20 cases (1.8%), and arthralgia in 9 cases (0.8%). As compared with
RA patients, more of the health care workers reported systemic
inflammatory symptoms (74.0% vs 21.4%, respectively, p<0.0001),
and fewer reported arthralgia (0.8% vs 3.1%, respectively,
p<0.0001). Moreover, arthralgia in the RA patient group
improved within 3 days in only 4 patients and persisted for more
than one month in 9 patients, while arthralgia in the health care
worker group disappeared within 3 days in all cases (Table 2).

Clinical course of RA patients with the
appearance or worsening of arthralgia
caused by vaccination

Figure 1 shows the study flowchart and clinical course of RA
patients who showed disease exacerbation including RA-related
organ manifestations such as interstitial lung disease (ILD).
Regarding extra-articular manifestations, 2 cases of acute
exacerbation of ILD, 1 case of subcutaneous rheumatoid nodule
and 1 case of acute pleural effusion after vaccination were identified.
Thirty-seven RA patients showed the appearance or worsening of
arthralgia after vaccination. Of these patients, 4 individuals were
newly diagnosed with RA after vaccination, 2 of whom had no prior
experience of arthralgia.

Our present analysis specifically focused on the RA patients
who were already diagnosed with RA at the vaccination. Thus,
among the 37 RA patients who experienced arthralgia, 4 patients
newly diagnosed as RA after vaccination and the 2 patients lack of
the vaccination date were excluded and the clinical course of these
31 RA patients was reviewed from the pre-vaccination to the 6-
month post-vaccination visit. Their median age of them was 64
years old (IQR 51.5-70), 21 (67.7%) were female, and 31 (100%)
received with two doses of vaccination. Twenty-five patients were
RF-positive (80.6%), and 19 patients were ACPA-positive (61.3%).
Systemic inflammatory symptoms were observed after vaccination
in 11 patients (29.7%) and allergic symptoms were observed in 1
patient (2.7%). Arthralgia worsened only after the first vaccination
in 2 patients, only after the second vaccination in 13 patients, and
after both vaccinations in 10 patients; the relation between
arthralgia and the two vaccinations was unknown in 6 patients.
Twenty-three patients received the Pfizer-BioTech COVID-19

10.3389/fimmu.2023.1256655

vaccine (BNT162b2), 1 patient received the Moderna COVID-19
vaccine (mRNA-1273), and 11 patients were not sure which vaccine
they received. Pre-vaccination treatment included 8 cases of
biological DMARDs (bDMARD:s) or targeted synthetic DMARDs
(tsDMARDs), 21 cases of MTX and 6 cases of other conventional
synthetic DMARDs (csDMARDs). Seven patients were
concomitantly using PSL (Table 3).

Disease activity was elevated in some patients; the mean value
was highest at 2 months after vaccination but was not significantly
changed from pre-vaccination levels at the 6-month follow-up
(Figure 2A). The median (IQR) DAS28-ESR score and CDAI
were 2.64 (2.3-3.65) and 4.0 (1.0-9.5) at the time of vaccination,
3.34 (2.43-4.09) and 8.5 (2.0-13.5) at 2 months post-vaccination,
and 3.15 (2.36-4.08) and 7.0 (2.75-13) at 6 months post-
vaccination, respectively. No patients contracted COVID-19
within the 6-month follow-up period after vaccination.

We also conducted a comparison of the clinical characteristics
between RA patients who experienced arthralgia after vaccination
and RA patients without worsening arthralgia, for whom clinical
characteristics data was available (n=971). The results revealed no
significant difference in clinical characteristics between these two
groups of RA patients ( Supplementary Table 1).

Factors associated with the requirement of
additional DMARDs in patients with
vaccination-induced arthralgia

Ten patients required additional or increased doses of
DMARDs within 6 months after vaccination. Three patients
required additional biologics (2 abatacept, 1 infliximab-BS), 6
patients received an increased dose of MTX, and 1 patient had
additional iguratimod. The course of CDAI in patients with
additional or increased doses of DMARDs (n=10) and those
without additional DMARDs (n=21) is shown in Figure 2B. In
the group without additional DMARDs, the mean (SD) CDAI
change from baseline to 2 months was 0.59 (4.92), whereas in the
additional DMARDs group, the corresponding value was 6.39
(8.21). With the additional treatment, this difference became
smaller—i.e., the mean CDAI change from baseline to 6 months
was 1.22 (4.67) in the group without additional DMARDs and 3.97
(6.67) in the group with additional DMARDs.

To investigate the factors associated with persistent worsening
arthralgia, we compared the baseline characteristics between RA

TABLE 2 Frequency and duration of arthralgia after receiving SARS-CoV-2 mRNA vaccine.

vaccinated vaccinated
RA patients health care workers
(n=1198) (n=1117)
arthralgia, n (%) 37 (3.1) 9 (0.8) <0.0001 *
< 3 days, n 4 9 <0.0001 *
4 days - 1 week, n 1 0 >0.99
2> 1 month, n 9 0 0.17

*P<0.05.
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n=1265

RA patients answered about vaccination

!

n=1198

vaccinated RA patients

acute exacerbation of ILD, n=2
rheumatoid nodule, n=1
acute pleural effusion, n=1

n=37

worsened arthralgia

date of vaccination : unknown

n=2

RA diagnosed after vaccination

n=4

n=31

observed for 6 months after vaccination

l

DMARDSs added
n=10

FIGURE 1

Flow chart of RA patients in this study RA, rheumatoid arthritis; ILD, interstitial lung disease; DMARDs, disease-modifying antirheumatic drugs.

patients whose treatment remained unchanged during 6 months
after vaccination and RA patients whose treatment needed to be
changed specifically to suppress arthralgia (Table 3). The majority
of variables were comparable between the two groups; however,
there was a higher prevalence of patients using PSL concurrently
with other DMARDs in the group that required additional
DMARDs. Furthermore, none of the patients who were already
on b/tsDMARDs treatment prior to vaccination needed to add or
switch to different DMARDs or b/tsDMARDs.

Discussion

In this study, we first investigated the adverse events of SARS-
CoV-2 mRNA vaccine. The RA patient group had fewer systemic
inflammatory symptoms but more arthralgia than the health care
worker group. The lower occurrence of systemic inflammatory
symptoms in the RA group might derive from the difference of
age at the vaccination, because systemic inflammatory symptoms
after vaccination are more common among younger people (10, 11).
Additionally, medication such as NSAIDs, prednisolone, and
DMARDs may have masked systemic inflammatory symptoms in
RA patients. However, it is surprising that arthralgia was high
prevalence even under these medications.

The prevalence of arthralgia after receiving the SARS-CoV-2
vaccine has been reported to be 0.83-46.4% in the general
population (12-16). In a small number of studies, it has been
reported that arthralgia is a more frequent response to vaccination
in patients with autoimmune diseases, including RA, compared
with healthy controls. Furer et al. reported that the prevalence of
arthralgia after the first vaccination was 3.42% in the autoimmune
disease group and 0.83% in the control group; after the second
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vaccination, those percentages were 7.32% and 4.96%, respectively
(16). Lars Erik Bartels et al. reported that the prevalence of post-
vaccination arthralgia was higher in an autoimmune disease group
consisting of patients with RA and SLE than in healthy controls,
with an odds ratio of 2.3 (95% CI 1.7-3.0) (17). In our present study,
we also observed that RA patients experienced a higher incidence of
arthralgia compared to the health care worker group, supporting
the finding that arthralgia from the SARS-CoV-2 vaccine is more
likely to occur in RA patients. The reason for the high frequency of
post-vaccination arthralgia in RA patients is unclear. In RA
patients, if arthritis remains, they may be more likely to
experience arthralgia due to immune-activated conditions such as
vaccinations or infections, or they may be more likely to feel
arthralgia because they are more concerned about arthralgia than
healthy individuals.

Interestingly, not only the frequency but also the duration of
arthralgia differed between the two groups. Arthralgia disappeared
within 3 days in all health care workers who reported it, whereas
arthralgia in RA patients often persisted for longer days. It is
controversial whether the SARS-CoV-2 vaccine exacerbates
autoimmune diseases including RA (4, 18). While our study also
cannot definitively establish whether the SARS-CoV-2 vaccine
directly worsened RA, it is possible that mRNA vaccination could
serve as an aggravating factor in RA as, for instance, smoking, obesity
and environmental factors might (19). Recent study has shown the
distinct different metabolic alterations of local lymph node stromal
microenvironment in RA patients compared with healthy controls
(20). Thus, the present result suggests that for some RA patients, the
SARS-CoV-2 vaccine might act as a potential trigger for exacerbation
of arthritis compared with healthy individuals. To ensure the safe use
of mRNA vaccinations, including the SARS-CoV-2 vaccine, in RA
patients, larger-scale studies are needed in the future. Interestingly,
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TABLE 3 Demographic characteristics of RA patients observed for 6 months after vaccination.

. DMARDs added no DMARDs
RA patients observed for 6 months after vac- p-
cination (n=31) group Bl Erep value
(GENL0)) (n=21)
age, years, median (IQR) 64 (51.5-70) 58 (51.3-68.8) 67 (53.0-72.0) 0.47
female, n (%) 21 (67.7) 4 (40.0) 6 (28.6) 0.13
duration of RA, year, median
10 (5-16) 11 (5.8-17.5) 10 (4-10) 0.28
(IQR)
RF positivity, n (%) 25 (80.6) 8 (80.0) 17 (81.0) >0.99
titer, IU/ml, median (IQR) 63.8 (26.2-126.6) 51.1 (30.2-123.9) 68.1 (26.7-117.2) 0.78
ti-CCP antibod itivity,
antiLAE ant (;)Y positivity, n 19 (613) 6 (60.0) 13 (61.9) 0.99
0
titer, U/ml, median (IQR) 21 (1.2-150) 76 (1.6-143) 16.5 (1.08-150.5) 0.97
fully vaccinated (2 times), n 31 (100) 10 (100) 21 (100) -
(%)
systemic inflammation 11 (29.7) 3 (30.0) 8 (38.1) 50.99
symptoms, n (%)
allergy, n (%) 1(2.7) 0 (0) 1(4.8) >0.99
timing of arthralgia after vaccination
only after 1st vaccination, n
2 (6.5) 0(0) 2(9.5) >0.99
(%)
I 2 ination,
only after 2nd vaccination, n 13 (419) 5 (50.0) 8 (38.1) 0.70
(%)
both after 1st and 2nd time, n
10 (32.3) 5 (50.0) 5 (23.8) 0.22
(%)
unknown, n (%) 6 (19.4) 0 (0) 6 (28.6) -
vaccine type
Pfizer-BioTech vaccine, n (%) 20 (64.5) 6 (60.0) 14 (66.7) >0.99
Moderna vaccine, n (%) 1(3.2) 1 (10.0) 0 (0) 0.32
unknown, n (%) 10 (32.3) 2 (20.0) 8 (38.1) -
disease activity score before vaccination
DAS28-ESR, median (IQR) 2.64 (2.3-3.65) 2.8 (2.22-3.54) 2.55 (2.37-3.65) 0.98
CDAI median (IQR) 4 (1-9.5) 3 (1.25-6.725) 4.5 (1-12) 0.55
medication before vaccination
b/tsDMARDs, n (%) 8 (25.8) 0 (0) 8 (38.1) 0.03*
MTX, n (%) 21(67.7) 7 (70.0) 14 (66.7) >0.99
other csDMARDs, n (%) 10 (32.3) 4 (40.0) 6 (28.6) 0.69
PSL combined with DMARDs,
n (%) 7 (22.6) 5 (50.0) 2(9.5) <0.05

IQR, interquartile range; RA, rheumatoid arthritis; RF, rheumatoid factor; DMARDs, disease-modifying antirheumatic drugs; bDMARDs, biologic DMARDs; tsDMARDs, targeted synthetic
DMARDSs; csDMARDs, conventional synthetic DMARDs; MTX, methotrexate; PSL, prednisolone *P<0.05.

none of the patients who were already using b/tsDMARDs before
vaccination required additional DMARDs treatment, suggesting that
stronger immunosuppression might help prevent vaccine-induced
exacerbation of RA.

The limitations of this study were the short observation period
and the possibility of recall bias, as the RA patients and the health
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care worker group were administered questionnaires at different
periods. In addition, we did not analyze the comorbidities of
autoimmune disease, such as Sjogren syndrome and systemic
lupus erythematosus. These autoimmune conditions can also
contribute to arthralgia and may potentially be influenced by
vaccination. This is not only for RA patients, but also for health
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FIGURE 2

Course of CDAI from pre-vaccination to 6 months after vaccination (A) The thick line represents the mean + SD of CDAI for all patients. The solid
lines show CDAI values of each patient in the group requiring additional DMARDs, and the dotted lines show CDAI values of each patient in the
group not requiring additional DMARDs. (B) The solid line shows the mean + SD of CDAI in the group requiring additional DMARDs, and the dotted
line shows the mean + SD of CDAI in the group that did not require additional DMARDs

care workers. Furthermore, the clinical course of unvaccinated RA
patients has not been studied, so we have not been able to confirm
whether vaccinated RA patients experience more flare-ups.

Many of the patients who had worsening arthralgia and whose
records for the following 6 months were collected were vaccinated
with Pfizer’s vaccine; relatively few received Moderna’s vaccine.
Indeed, most people in Japan at that time were vaccinated with the
Pfizer-BioTech vaccine, not the Moderna vaccine. Therefore, this
study cannot discuss differences in adverse events due to vaccine type.

In conclusion, our study provides evidence that RA patients
experience more frequent and longer-lasting arthralgia as a result of
SARS-CoV-2 vaccination. Most of the RA patients were able to
receive the vaccine safely. However approximately one-third of RA
patients who had arthralgia after vaccination required additional
DMARD:s within the following 6 months. We should be prepared
for this tendency for more prolonged and frequent arthralgia as
compared with the general population; in some RA patients,
prescription of additional DMARDs post-vaccination may be
necessary to manage the increased disease activity. Further
research and larger-scale studies are warranted to explore
strategies for minimizing arthralgia and optimizing vaccination
outcomes in RA patients.
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