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ABSTRACT

Objective: To assess the effectiveness of COVID-19 vaccination in
patients with rheumatic diseases undergoing biologic ((DMARDs)
or targeted-synthetic disease-modifying anti-rheumatic drugs
(tsDMARD:s).

Methods: This cross-sectional study was conducted at ten
rheumatology clinics in Turkey between May 1, 2021, and October
30, 2022. Patients with rheumatic diseases on bDMARD or
tsDMARD therapy who received at least two doses of an mRNA or
inactivated SARS-CoV-2 vaccine were included. After vaccination,
COVID-19 infection rates, adverse events, and rheumatic disease
flares were recorded. Data were collected via face-to-face or
telephone interviews.

Results: A total of 963 participants were included in the final
analysis; 44% were male, and the median age was 49 years. The most
frequently observed rheumatic diseases were ankylosing spondylitis
and rheumatoid arthritis, accounting for 37.2% and 32.6% of cases,
respectively. Adalimumab (19.2%) and infliximab (17.8%) were the
most commonly used bDMARDs. Of the participants, 634 (65.9%)
received an inactivated vaccine (CoronaVac) and 329 (34.1%) an
mRNA vaccine (BioNTech). A total of 502 (52.1%) patients received

a booster dose. Following the first, second, and third vaccine doses,

Summary

Question: What is the impact of COVID-19 vaccination on
patients receiving biologic (-DMARDs) or targeted-synthetic
disease-modifying anti-rheumatic drugs (tsDMARDs)?
Findings: In this multi-center study, two-thirds of the 963
bDMARDs/tsDMARD users were vaccinated with an
inactivated vaccine, and one-third with an mRNA vaccine.
COVID-19 occurred in 8.2% of the participants, with most cases
being symptomatic but not requiring hospitalization.

Meaning: The findings suggest that COVID-19 vaccination is
generally safe and effective in this population, highlighting the
importance of vaccination for patients undergoing bDMARDs/
tsSDMARD:s therapy.
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adverse event rates were 19.9%, 15.9%, and 26.7%, respectively.
Forty-two (4.4%) patients experienced a disease flare within six
months after their first vaccination dose. COVID-19 infection
occurred in 79 participants (8.2%) after two vaccine doses; most
cases were symptomatic but did not require hospitalization. The
COVID-19 infection rate was lower in participants who received a
booster dose than those who did not (3.4% vs. 8.2%, P<0.001).
Conclusions: Our study indicates that both mRNA and inactivated
SARS-CoV-2 vaccines are effective in preventing severe COVID-19
outcomes, with an acceptable rate of adverse events and disease
flares among patients with rheumatic diseases on bDMARD or
tsDMARD therapy.

KEYWORDS: bDMARDs; Rheumatic diseases; Vaccination;
COVID-19; Adverse events; Flares

1. Introduction

Coronavirus disease-19 (COVID-19) has affected 770 million
people and caused 7 million deaths globally[1]. Advanced age,
comorbid conditions, and use of immunosuppressive drugs have
been associated with worse outcomes|2-4]. Patients with rheumatic
diseases are at an increased risk of COVID-19 and have a higher
mortality rate than patients without rheumatic diseases due to the
chronic inflammatory nature of their diseases|5]. Additionally, the
use of biologic/targeted-synthetic disease-modifying anti-rheumatic
drugs (-DMARDs/tsDMARDs) may increase the risk of mortality in
patients with rheumatic diseases[5-7].

Vaccination against severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) has been shown to decrease infection,
hospitalization, and mortality in phase 3 trials and in real-life
settings[8-12]. However, patients receiving immunosuppressive
treatment, which may influence vaccine responses were excluded
from phase 3 trials. Rituximab treatment was associated with
an unfavorable vaccine response and a lower rate of measurable
antibodies after two doses of mRNA vaccine[13]. Despite a reduced
immune response to vaccines in patients who received bDMARDs/
tsDMARDs, mRNA vaccines were reported effective against SARS-
CoV-2 infection[14-16]. However, the effectiveness of inactivated
vaccines in the rheumatic population receiving bDMARDs or
tsDMARDs remains uncertain. Additionally, disease flares after
vaccination are a significant concern for this group of patients,
with previous studies reporting flare rates ranging from 0.4% to
20%]17-20].

The COVID-19 vaccination campaign began in Turkey on January
13, 2021. The inactivated vaccine (Sinovac-CoronaVac) became
available on that date, and the BNT162b2 mRNA vaccine (Pfizer-
BioNTech) became available in April 2021[21]. Both vaccines have

been available since April 2021, and there are no restrictions on
vaccine preference.

This study aimed to determine the effectiveness of both vaccines
(inactivated and mRNA) in patients with rheumatic disease receiving
bDMARDs or tsDMARDs. We also aimed to evaluate vaccine-
related adverse events and the rate of rheumatic disease flare after

vaccination.

2. Subjects and methods

2.1. Study design and population

This cross-sectional, multi-center study was conducted at 10
rheumatology clinics in Turkey between May 1, 2021, and October
30, 2022 and data were analyzed on January 12, 2023. The study
included patients aged >18 years who were receiving bDMARDs
or tsSDMARD:s therapy for rheumatic diseases (such as rheumatoid
arthritis, ankylosing spondylitis, psoriatic arthritis) and who had
received at least two doses of COVID-19 vaccine (CoronaVac or
BioNTech). Patients who had not received any vaccine or only one

dose were excluded from the study (Figure 1).

Patients assessed for eligibility
(n=1492)

Exclusion criteria (n=529):
Not receiving any vaccine (n=241)
Receiving single dose vaccine (n=241)
Refusing to participate in the study (n=131)
Missing data (n=23)

Eligible patients
(n=963)

Figure 1. Flowchart of the study.

Data were collected from participants via face-to-face interviews or
telephone calls. Recorded data included demographic characteristics,
rheumatic disease diagnosis and duration, comorbid conditions, type
of bDMARD or tsDMARD used, concurrent use of conventional
synthetic DMARDs (csDMARD:s) or glucocorticoids, and duration
of therapy.

The study was approved by the ethics committee of Dokuz Eyliil
University (ethical approval number 2020/12-04, date 29.04.2021).
All participants gave informed consent. The study was conducted in

accordance with the Declaration of Helsinki 2013.

2.2. Outcomes

The effectiveness of vaccination was defined as the absence of
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COVID-19 infection within 12 months after the first vaccine dose.
If a participant had COVID-19 before the second vaccination
dose, he or she was excluded from the final analysis. COVID-19
diagnosis was confirmed with a positive test of real-time
polymerase chain reaction (RT-PCR). The severity of COVID-19
was divided into five categories: asymptomatic, symptomatic, need
for hospitalization, need for ICU admission, and death. Adverse
events were recorded if any of the following symptoms occurred
within seven days after each vaccine dose: redness at the injection
side, malaise, fever, headache, muscle or joint pain, allergic
reactions, angioedema, nausea/vomiting, arthritis, and numbness.
A flare of rheumatic disease was also recorded, defined as any
condition that required a change in treatment as determined by
a rheumatologist[22]. A flare was considered vaccine-related if it

developed within six months after the first vaccine dose.

2.3. Statistical analysis

Continuous variables were presented as mean+standard deviation
(SD) if the data were normally disturbed or median (interquartile
range, IQR) if they were not normally disturbed. Categoric data
were presented as n (%). Categoric data were compared with the
Chi-Square test, and continuous data was compared with the Mann-
Whitney U test. A P-value <0.05 was considered statistically

significant.

3. Results

3.1. General characteristics of patients

A total of 963 participants were included in the final analysis,
424 (44%) participants were male, and the median age of 49 years
(IQR, 39-60 years). Ankylosing spondylitis (AS) and rheumatoid
arthritis (RA) were the most frequently reported rheumatic
diseases (37.2% and 32.6%, respectively). The median duration
of rheumatic disease among all patients was 11 years (IQR, 7-19
years). Adalimumab (19.2%) and infliximab (17.8%) were the most
frequently used bDMARDs, followed by etanercept (13.4%). The
median duration of bDMARDs use was 36 months (IQR, 15-60
months). A total of 366 (38%) patients received csDMARDs, and
237 (24.6%) patients concurrently received glucocorticoids. The
most common comorbid conditions were hypertension (29.3%) and
diabetes mellitus (14.8%) (Table 1).

A total of 634 (65.9%) patients were vaccinated with the
inactivated vaccine, and 329 (34.1%) received the mRNA vaccine.
Of these, 502 (52.1%) received a booster dose, with 370 (73.7%)

receiving the mRNA vaccine.

79

Table 1. Demographic and clinical features of participants.

Characteristics Participants (n=963)
Age, median (IQR), years 49 (39-60)
Sex male, n (%) 424 (44.0)

BMI, median (IQR), kg/m”
Smoking status, n (%)*
Never smoker
Current smoker
Former smoker
Unknown
Duration of smoking, median (IQR), years
Rheumatic disease, n (%)
Ankylosing spondylitis
Rheumatoid arthritis
Psoriatic arthritis
nr-axSpA
Enteropathic arthritis
FMF
Behcet’s disease
Systemic lupus erythematosus
Systemic sclerosis
Takayasu arteritis
Granulomatosis with polyangiitis
MPA
EGPA
Dermatomyositis/polymyositis
Adult onset Still disease
Primary Sjogren's Syndrome
uSpA
GCA
PMR
Undifferentiated connective tissue disease
Others
Duration of rheumatic disease, median (IQR),
years
Biologic DMARDs, n (%)
Adalimumab
Infliximab
Etanercept
Certolizumab
Golimumab
Rituximab
Abatacept
Tocilizumab
Secukinumab
Ustekunimab
Ixekizumab
Canakunimab
Anakinra
Other
Targeted-synthetic DMARD:s, n (%)
Tofacitinib
Duration of biologic DMARD:s use, median
(IQR), months
Conventional synthetic DMARDS, n (%)
Immunosuppressive agents, n (%)
Azathioprine
Mycophenolate mofetil
Cyclosporine
Corticosteroids
Non-steroid anti-inflammatory drugs, n (%)
Colchicine, n (%)
Comorbid diseases, n (%)
Hypertension

27.0 (24.0-30.0)

507 (52.6)

262 (27.2)

157 (16.3)
37 (3.9)
12 (5-21)

358 (37.2)
314 (32.6)
72(1.5)
60 (6.2)
15 (1.6)
16 (1.7)
42 (4.4)
10 (1.0)
12(1.2)
14 (1.5)
11 (1.1)
4(0.4)
1(0.1)
5(0.5)
5(0.5)
5(0.5)
1(0.1)
5(0.5)
3(0.3)
1(0.1)
9 (0.9)

11 (7-19)

185 (19.2)
171 (17.8)
129 (13.4)
77 (8.0)
72 (7.5)
123 (12.8)
17 (1.8)
33 (3.4)
49 (5.1)
5(0.5)
2(0.2)
14 (1.5)
9 (0.9)
17 (1.8)

60 (6.4)
36 (15-60)
366 (38.0)
40 (4.2)
19 (2.0)
6 (0.6)
237 (24.6)

172 (17.9)
48 (5.0)

282 (29.3)
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Table 1. Continued.

Characteristics

Participants (n=963)

Diabetes mellitus 143 (14.8)
Coronary artery disease 58 (6.0)
Congestive heart failure 11(1.1)
Cerebrovascular disease 2(0.2)
Asthma 46 (4.8)
Chronic obstructive pulmonary disease 13(1.3)
Interstitial lung disease 44 (4.6)
Hematologic malignancy 2(0.2)
Solid organ malignancy 4(0.4)
Hypothyroidism 56 (5.8)
Psoriasis 41 (4.3)
COVID-19 vaccine, n (%)
CoronaVac 634 (65.9)
BioNTech 329 (34.1)
Booster dose 502 (52.1)

BMI: Body Mass Index; COVID-19: Coronavirus disease-19; DMARDs:
Disease-modifying anti-rheumatic drugs; EGPA: Eosinophilic
granulomatosis with polyangiitis; FMF: Familial mediterranean fever; GCA:
Giant cell arteritis; IQR: Interquartile range; MPA: Microscopic polyangiitis;
nr-axSpA: Non-radiographic axial spondyloarthritis; PMR: Polymyalgia
rheumatica; uSpA, Undifferentiated spondyloarthropathy. "Non-smoker:
Someone who has not smoked more than 100 cigarettes in their lifetime and
does not currently smoke; Active smoker: Somenoe who has smoked 100
cigarettes in his or her lifetime and who currently smokes cigarettes; Ex-
smoker: Someone who has smoked more than 100 cigarettes in their lifetime
but has not smoked in the last 28 days.

3.2. Adverse events after vaccination

One hundred ninety-two (19.9%) patients reported at least one
adverse event after the first vaccination dose. The most common
adverse events were redness at the injection site (81.3%) and malaise

(57.8%), followed by headaches and muscle pain. After the second

Table 2. Adverse events after each dose of vaccination [n (%)].

vaccination dose, 153 participants (15.9%) experienced at least
one adverse event, with redness at the injection site and malaise
again being the most frequently reported (Table 2). Participants
who received mRNA vaccine had a higher rate of adverse events
after both the first and second doses of vaccination compared to
those who received inactivated vaccine [after the first dose: 29.2%
(96/329) vs. 15.1% (96/634), P<0.001, and after the second dose:
28.0%, (88/329) vs. 10.4% (65/634), P<0.001]. The rate of adverse
events was 26.7% (134/502) after the third dose of vaccination.

3.3. Flares after vaccination

A total of 42 patients (4.4%, 42/963) experienced a flare within six
months after the first vaccination dose. Among these, 18 patients
(42.9%, 18/42) experienced a flare within one month, and 15
patients (35.7%, 15/42) within three months of the first dose. Of
the patients experiencing flares, 15 (35.7%, 15/42) had RA, and 11
(26.2%, 11/42) had AS. No significant difference was found between
the mRNA and inactivated vaccines regarding flare incidence (3.6%
vs. 4.7%, P=0.610) (Table 3).

3.4. COVID-19 after vaccination

A total of 79 participants (8.2%, 79/963) had COVID-19 after
two vaccination doses. The median duration from the second dose
of vaccination to diagnosis of COVID-19 was 118 days (IQR, 47-
198 days). Most cases were symptomatic, but six patients needed
hospitalization; three of them were admitted to the intensive care
unit due to the severity of the disease. One participant died due
to COVID-19. Seventeen patients (3.4%, 17/502) had COVID-19

after the third dose of the vaccine, and most of them did not require

Adverse events

After the first dose (n=963)

After the second dose (n=963)  After the third dose (n=502)

Total 192 (19.9)
Redness or pain at injection site 156 (81.3)
Malaise 111 (57.8)
Fever 51 (26.6)
Headache 73 (38.0)
Joint or muscle pain 73 (38.0)
Allergic reactions 5(2.6)
Angioedema 0
Nausea/vomiting 27 (14.1)
Arthritis 8(4.2)
Numbness 4(2.1)

153 (15.9) 134 (26.7)
109 (71.2) 82 (61.2)
101 (66.0) 56 (41.8)
37 (24.2) 36 (26.9)
48 (31.4) 27 (20.1)
61 (39.9) 15(11.2)
2(1.3) 3(22)
0 4 (3.0
14 (9.2) 2(1.5)
4 (2.6) 3(2.2)
3(2.0) 1(0.7)

Table 3. Comparison of participants who have received two doses of vaccines.

Characteristics Inactivated vaccine (n=634)  mRNA vaccine (n=329) P value
Age, years, median (IQR) 51 (40-63) 45 (37-52) <0.001
Duration of rheumatic disease, years, median (IQR) 12 (7-19) 11 (7-17) 0.514
Duration of biologic DMARDs use, months, median (IQR) 36 (17-67) 34 (12-60) 0.619
COVID-19 after vaccination, n (%) 57 (9.0) 22 (6.7) 0.194
Any adverse events after the first dose of vaccination, n (%) 96 (15.1) 96 (29.2) <0.001
Any adverse events after the second dose of vaccination, n (%) 65 (10.4) 88 (28.0) <0.001
Flare of rheumatic disease, n (%) 30 (4.7) 12 (3.6) 0.610

COVID-19: Coronavirus disease-19; DMARDs: Disease-modifying anti-rheumatic drugs; IQR: Interquartile range.
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hospitalization; only one participant was hospitalized due to disease
severity. The rate of COVID-19 was lower in participants who
received a booster dose compared to those who did not receive a
booster dose [3.4% (17/502) vs. 8.2% (79/963); P<0.001].

4. Discussion

Vaccination against SARS-CoV-2 has been effective in reducing
hospitalization and mortality among healthy individuals. However,
its effectiveness in specific populations, such as patients receiving
bDMARDs or tsDMARDs for rheumatic diseases, remains unclear.
This study showed that 8.2% of patients with rheumatic diseases
on bDMARDs or tsDMARDs had COVID-19 after two doses of
vaccination, and only 7.6% of these patients with COVID-19 needed
hospitalization. Our results also suggested that patients who received
the mRNA vaccine experienced a higher rate of adverse events than
those who received the inactivated vaccine.

The reported COVID-19 rate in immunosuppressed patients after
two doses of the vaccine against SARS-CoV-2 varied between
2.8% and 84.3%, possibly related to the type of vaccine and
methodological differences in studies[16.23-25]. Both mRNA and
inactivated vaccines have been shown to be effective in preventing
COVID-19 infection, hospitalization, and mortality in phase
3 trials[9.10]. However, patients receiving immunosuppressive
therapy were excluded from the phase 3 trials, so the effectiveness
of vaccines was unclear in these patients. In real-world studies,
the mRNA vaccine appears more effective than the inactivated
vaccine in both general and rheumatic populations[16,23-25].
Immunogenicity was also found to be higher with the mRNA
vaccine than with the inactivated vaccine among rheumatic disease
patients on immunosuppressive therapy[26]. In an international
multicenter study, Machado and colleagues reported a COVID-19
infection rate of 0.7% among fully vaccinated (with mRNA or
vector vaccine) patients with inflammatory rheumatic diseases|24].
In contrast, Chen and colleagues found an infection rate of 84.1%
in patients with rheumatic diseases, and vaccination did not reduce
the infection rate[27]. Pehlivan et al. reported a higher COVID-19
rate among patients vaccinated with the inactivated vaccine
compared to the mRNA vaccine (20.3% vs. 15.3%, P=0.017)[25]. In
our study, 79 participants (8.2%) had COVID-19 after two doses.
Although the infection rate was higher among those who received
the inactivated vaccine than the mRNA vaccine, this difference
was not statistically significant (9.1% vs. 6.6%, P=0.194). After
the third dose, only 17 participants (3.4%) developed COVID-19,
supporting the recommendation for a booster dose, especially for
immunosuppressed patients, as vaccine effectiveness may wane over
time[28.29].

The median time from the second vaccination dose to COVID-19
diagnosis among our patients was 118 days. Vaccine effectiveness

is generally reported to decrease significantly after six months[28].

In patients receiving immunosuppressive or immunomodulatory
treatment, the protective effect of the vaccine may last less than
six months due to a reduced humoral response to SARS-CoV-2
vaccination[30-32]. Patel et al. found that multiple immunomodulatory
therapies increase the risk of SARS-CoV-2 infection among fully
vaccinated patients compared to antimalarial monotherapy[14]. In our
study, all participants received bDMARDs or tsDMARDs, with no
significant difference in post-vaccination COVID-19 rates between
the two drug types.

Despite the low rate of serious adverse events, patients reported
a higher incidence of mild adverse events, including local and
systemic reactions. Phase 3 trials have shown that patients receiving
the mRNA vaccine reported more adverse events than those given a
placebo (27% vs. 12%), while those receiving the inactivated vaccine
had slightly more adverse events than placebo recipients (18.9% vs.
16.9%)[9.10]. A meta-analysis also found that inactivated vaccines
had the lowest risk ratio for adverse events, while mRNA vaccines
had the highest[33]. Consistent with this, patients with rheumatic
diseases who received the mRNA vaccine reported a higher rate
of adverse events than those who received the inactivated vaccine.
Esquivel-Valerio et al. reported that adverse event rates were
higher with the mRNA vaccine in patients with autoimmune and
inflammatory rheumatic diseases[34]. Similarly, Altan et al. found a
higher adverse event rate in mRNA-vaccinated rheumatic patients
compared to those receiving the inactivated vaccine (62.6% vs.
40.0%, P<0.001)[35]. In our study, adverse event rates following the
first, second, and third vaccination doses were 19.9%, 15.9%, and
26.7%, respectively. Participants who received the mRNA vaccine
as a booster reported more adverse events, which may explain the
higher rate after the third dose. Although we had no comparison
group, our adverse event rates were comparable to those in phase 3
trials and similar to those reported for rheumatic and non-rheumatic
populations in previous studies[36,37].

A common concern regarding SARS-CoV-2 vaccination is the
risk of rheumatic disease flare-ups. Previous studies have reported
relatively low flare rates post-vaccination. Two multicenter
international studies found flare rates of 4.4% and 4.9%, respectively,
among patients primarily vaccinated with mRNA vaccines[22.24].
Li et al. also found that full vaccination with either the mRNA or
inactivated vaccine was not associated with arthritis flare-ups in RA
patients[38]. However, Fong and colleagues reported a higher flare
rate of 21.9%(39]. The main reason for the difference in flare rates
is due to the methodological differences of the studies. Differences
in flare rates across studies may be due to variations in study
methodology. In our study, the flare rate of 4.4% was consistent
with previous findings, and no association was observed between
flare rates and vaccine type. Rider et al. noted that patients with
systemic lupus erythematosus, psoriatic arthritis, or polymyalgia
rheumatica had a higher likelihood of reporting disease flares[22].
Different rheumatologic diseases may have different flare rates,

and inflammatory arthritis may have a lower risk of flare than
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systemic rheumatic diseases[40]. The low flare rate in our study
may be attributed to most of the patients having inflammatory
arthritis. Additionally, disease flares may be associated not only with
vaccination but also with higher disease activity in the rheumatic
population before vaccination.

Our study has several limitations. First, there was no comparison
group of unvaccinated patients, so comparisons were limited to those
between mRNA and inactivated vaccine recipients. Second, disease
activity status was not assessed at the time of vaccination. Higher
rheumatic disease activity during vaccination may reduce vaccine
effectiveness, increase the risk of adverse events, or worsen disease
activity, and this should be considered when interpreting our results.

In conclusion, our study demonstrated that both mRNA and
inactivated vaccines against SARS-CoV-2 effectively prevented
severe COVID-19 outcomes. The rate of disease flares among
patients on bDMARDs or tsDMARDs for rheumatic diseases was
low and acceptable. Although the mRNA vaccine was associated
with more adverse events than the inactivated vaccine, most of these
were local, and the rate of severe adverse events was low for both

vaccines.
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