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Abstract: Data on the risk of adverse events (AEs) and disease flares in autoimmune rheumatic
diseases (ARDs) after the third dose of COVID-19 vaccine are scarce. The aim of this multicenter,
prospective study is to analyze the clinical and immunological safety of BNT162b2 vaccine in a
cohort of rheumatoid arthritis (RA) patients followed-up from the first vaccine cycle to the third
dose. The vaccine showed an overall good safety profile with no patient reporting serious AEs,
and a low percentage of total AEs at both doses (40/78 (51.3%) and 13/47 (27.7%) patients after
the second and third dose, respectively (p < 0.002). Flares were observed in 10.3% of patients after
the end of the vaccination cycle and 12.8% after the third dose. Being vaccinated for influenza was
inversely associated with the onset of AEs after the second dose, at both univariable (p = 0.013) and
multivariable analysis (p = 0.027). This result could allow identification of a predictive factor of
vaccine tolerance, if confirmed in larger patient populations. A higher disease activity at baseline
was not associated with a higher incidence of AEs or disease flares. Effectiveness was excellent after
the second dose, with only 1/78 (1.3%) mild breakthrough infection (BI) and worsened after the third
dose, with 9/47 (19.2%) BI (p < 0.002), as a probable expression of the higher capacity of the Omicron
variants to escape vaccine recognition.

Keywords: COVID-19; SARS-CoV-2 vaccine; immunogenicity; adverse events; disease flare; autoim-
mune rheumatic diseases

1. Introduction

At the beginning of 2021, a vaccine campaign against COronaVIrus Disease 2019
(COVID-19) started worldwide, and patients affected by autoimmune rheumatic diseases
(ARDs) were included among the priority target groups [1–4].
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Indeed, patients with ARDs are known to have a higher risk of serious infections and
a slightly higher risk of complications from COVID-19 than the general population [4–7].

Currently, several authors evaluated the immunogenicity of COVID-19 vaccine (mainly
BNT162b2 vaccine) in ARD patients through the analysis of humoral and cellular immunity.
Overall, these studies showed that the great majority of ARD patients develop anti-receptor-
binding domain (RBD) antibodies, with a lower proportion presenting also a specific T-cell
response [8–10]. The level of both humoral and cellular specific response is significantly
reduced compared to healthy controls and the main factor affecting immunogenicity is the
use of some immunosuppressive agents such as the anti-Cluster of Differentiation (CD)20,
Cytotoxic T-Lymphocyte Antigen (CTLA)-4Ig and mycophenolate [8–10]. Furthermore, it
has been shown that vaccine immunogenicity, in particular the level of specific antibodies,
decreases over time [11], but it is significantly enhanced by a third vaccine dose (first
booster) [12,13].

Inflammatory arthritis, and, in particular, Rheumatoid Arthritis (RA), is characterized
by spontaneous and unpredictable episodes of immunological and clinical worsening,
defined flare ups. They may frequently be induced by infections, which have even been
implicated in the etiology of the disease and may trigger a strong inflammatory reaction
able to reactivate the disease [14]. Thus, the prevention of infectious diseases is crucial for
maintaining the state of drug-induced remission. However, the concern that even vaccines
may mimic the inflammatory activity of microorganisms, thus being able to either inducing
or reactivating ARDs [15,16], has traditionally hampered a large application of prophylactic
vaccines in these patients [17]. The concern of disease reactivation has even increased with
the innovative COVID-19 vaccines, due to a lack of ARD patients in the explored population
during the pivotal trials and of long-term vaccine experience [18]. In these first two years of
pandemic, different studies of vaccine safety have been developed in patients with ARDs,
with RA being always well represented [19–40]. In fact, over 10.000 RA patients have
been investigated for safety among the ARD population, but only four studies, including
fewer than 1.000 RA patients, are exclusively focused on this disease. Moreover, most
studies are affected by several limitations, having frequently a retrospective design, the
occurrence of disease flares having been inferred through survey, or having used different
study protocols, including different anti-COVID-19 vaccines or patients with different
baseline disease activity, thus making them scarcely comparable.

We carried out, therefore, a multicenter, prospective study to analyze the clinical and
immunological safety of BNT162b2 vaccine, in a cohort of RA patients, in remission and
with low-moderate disease activity, followed-up from the first vaccine cycle to the first
booster dose.

2. Patients and Methods
2.1. Ethics

The protocol was approved by the Ethical Committee of INMI-Lazzaro Spallanzani-
IRCCS (approval numbers 297/2021, 247/2021 and 318/2021). All participants signed a
written informed consent.

2.2. Study Design

This is a prospective, real-life, multicenter study investigating the safety of mRNA
vaccine (BNT162b2, Pfizer–BioNTech) in a cohort of RA patients during first vaccine cycle
and third dose administration (first booster).

2.3. Study Population and Location

Patients with a diagnosis of RA according to the 2010 criteria of the European League
Against Rheumatism/American College of Rheumatology (EULAR/ACR) [41], under
immunosuppressive treatment, were enrolled at S. Andrea University Hospital in Rome,
AO San Camillo Forlanini (Rome, Italy), Nuovo Regina Margherita Hospital (Rome, Italy),
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Rheumatology Department of Prato Hospital (Prato, Italy) and Rheumatology Unit of S.
Giovanni di Dio Hospital (Florence, Italy).

2.4. Sample Size Estimation

We conducted post hoc power calculations at a two-sided 5% significance level to
evaluate the ability of the study to detect the difference observed between two groups.
Moreover, to address this issue, in logistic regression odds ratios with their 95% confidence
interval (95% CI) were also reported as estimate of the magnitude of effects that are
consistent with the observed data.

2.5. Components of Data Collection and Operational Definitions

At T0 (time of the first dose of vaccination), several demographic and clinical data
including body mass index (BMI), smoking habits, comorbidities, flu vaccination, ongoing
immunosuppressive therapy, disease duration and disease activity, were collected (Table 1).
In particular, disease activity was assessed by using the Disease Activity Score on 28 joints
(DAS28CRP).

Table 1. Demographic and clinical characteristics of 78 patients with rheumatoid arthritis enrolled in
the study.

n (%)

Total 78 (100)

Age median (IQR) years 61 (55–67)

Gender Female 60 (76.9)

Comorbidities
None 31 (39.7)
One comorbidity 26 (33.3)
≥2 comorbidities 21 (26.9)

BMI (n = 66), median (IQR) 25 (21–28)

Smoking habits
Yes 16 (20.5)
No 62 (79.5)

Flu vaccination
Yes 37 (47.4)
No 25 (32.1)
Unknown 16 (20.5)

Disease duration (n = 68), median (IQR) years 8 (5–16)

* Antinuclear antibodies (ANA) positive 6 (20)
negative 24 (80)

* Rheumatoid factor (RF) positive 24 (80)
negative 6 (20)

Immunosuppressive drugs, regimens containing

csDMARDs 44 (56.4)
TNF-inhibitors 13 (16.7)
Other bDMARDs 38 (48.7)
JAK-inhibitors 4 (5.1)
Glucocorticoids 34 (43.6)

Disease activity, time-point T0
DAS28CRP, median (IQR) 2.7 (2.1–3.4)
Remission (DAS28 < 2.6) 29 (37.2)
Low (2.6 ≤ DAS28 ≤ 3.2) 26 (33.3)
Moderate (3.2 < DAS28 ≤ 5.1) 23 (29.5)
High (DAS28 > 5.1) 0

IQR = interquartile range; BMI = Body mass index; csDMARDs = conventional synthetic disease- modifying
anti-rheumatic drugs; bDMARDs = biologic DMARDs; DASCRP = Disease Activity Score-C reactive protein;
TNF = Tumor necrosis factor; JAK = Janus Kinase. * As reported in the text, ANA and RF evaluation was
performed in a subgroup of 30 patients.
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At T1 (2–4 weeks from the second vaccine dose) and T2 (4–6 weeks from the booster
dose, which was administered in November and December 2021), the following parameters
were assessed:

− DAS28CRP to infer for possible disease flare-ups. Flare-up was defined as ∆DAS28 ≥
1.2 or ≥0.6, if final DAS28 > 3.2 [42]. The duration of flare, temporary suspension of
immunosuppressive therapy during vaccination, and any action taken to manage the
disease flare was also registered.

− AEs collected as early local and systemic (reactogenicity), if occurred within 7 days
from vaccination: pain, redness or swelling at the site of injection; generalized muscle
or joint pain, headache, fever, chills, fatigue or vomiting. AEs of special interest,
reported by specifying the organ/system involved. It has to be underlined that
most systemic AEs, excepting for anaphylactic reactions, are closely evocative of
flares; thus, they may hardly be discriminated from them. In this study, however, it
was preliminarily established that systemic AEs were considered flares only if they
were able to increase the DAS28CRP as described above, whereas, in case of mild
symptomatology, they were categorized as AEs. AEs were also classified as non-
serious or serious (SAEs, requiring hospitalization, being life-threatening, persistent
or leading to significant disability or resulting in death);

− Antinuclear antibodies (ANA) and rheumatoid factor (RF) in a subgroup of patients
by using indirect immunofluorescence on hep-2 cells, and nephelometry, respectively;

− Occurrence of breakthrough infections (BI)

The patients interrupted methotrexate and JAK-inhibitors intake for one week be-
fore and after, and CTLA-Ig one week before, each vaccine dose as suggested by ACR
recommendations [7].

2.6. Statistical Analysis

Numerical variables were expressed as median and interquartile range (IQR) and
compared among groups by means of the Mann–Whitney test. Categorical variables were
expressed by numbers and percentages and compared among groups by Yates corrected,
two tails, χ2 test or Exact Fisher test, as appropriate. To evaluate the association of demo-
graphic and clinical characteristics at baseline and the occurrence of any adverse event
after the second vaccine dose and after booster dose, univariable and multivariable logistic
regression analyses were performed. In multivariable logistic regression, variables with
p < 0.05 at univariable analysis were included. Statistical tests were considered significant
at p < 0.05. Data were analyzed using Stata (StataCorp. 2021. Stata Statistical Software:
Release 17. StataCorp LLC, College Station, TX, USA).

3. Results
3.1. Patients

In total, 78 RA patients were assessed at the time of the first vaccine dose and followed-
up after the second vaccine dose; however, only 47 of them were followed-up after the third
dose. Demographic, clinical, and life-style factors of the patients are specified in Table 1.
The median DAS28CRP at T0 was 2.7 (IQR 2.1–3.4). Overall, 36% of patients were in
clinical remission, 31% had low-disease activity, 33% moderate activity and no patient had
a highly active disease. A total of 56% of the patients were receiving conventional synthetic
disease-modifying anti-rheumatic drugs (csDMARDs; mainly methotrexate); 16.7% were
receiving tumor necrosis factor (TNF)α-inhibitors, 48.7% other bDMARDs and 5.1% Janus
kinase (JAK)-inhibitors.

Thirty-two percent of patients were receiving a combination of cs and bDMARDs.
Finally, 43.6% were treated with low-dose corticosteroids (<7.5 mg/day of prednisone or
equivalent) in combination to cs and bDMARDs.



Biomedicines 2023, 11, 687 5 of 15

3.2. Adverse Events

AEs were observed in 40/78 (51.3%) and 13/47 (27.7%) patients at T1 and T2, respec-
tively (p < 0.002). However, it has to be underlined that only 19/40 (47.5%) patients who
had AEs after the second dose received the third dose, versus 28/38 (74%) of those who
did not suffer any AEs at T1 (p < 0.004). Only seven patients (9%) had AEs at both doses.
Pain at the injection site (28.2%) was the most frequent AE at T1, followed by systemic AEs:
fatigue (23.1%), arthralgia (19.2%), fever (15.4%), headache (11.5%) and myalgia (10.3%).
At T2, a reduction in total AEs, that was significant for pain at injection site (p < 0.007)
and arthralgia (p < 0.004), was observed (Figure 1). No SAEs were reported at both T1
and T2. We then evaluated possible associations between baseline parameters and the
occurrence of AEs. At T1, receiving glucocorticoids was significantly associated (p = 0.039)
with the occurrence of AEs, whereas receiving other bDMARDs and being vaccinated for
seasonal influenza were inversely associated (p = 0.044 and p = 0.013, respectively) with the
occurrence of AEs at univariable analysis; however, only vaccination for seasonal influenza
maintained a significant difference (p = 0.027) when adjusted in the multivariable analysis
(Table 2). No significant associations were found at T2.

Figure 1. Rate of adverse events following the second dose (78 patients) and the booster dose
(47 patients) COVID-19 vaccination in patients with rheumatoid arthritis. * p < 0.007; ** p < 0.004.
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Table 2. Univariable and multivariable logistic regression of adverse events at T1 and T2 according to demographic and clinical variables.

Characteristics
Adverse Events Time–Point T1 * Adverse Events Time–Point T2 *

Yes
n (%)

No
n (%)

Logistic Regression Total
n (%)

Yes
n (%)

No
n (%)

Logistic Regression

OR (95% CI) p aOR (95% CI) p OR (95% CI) p

Total 40 (51.3) 38 (48.7) 47 13 (27.7) 34 (72.3)

Age Median (IQR) years 60 (55–67) 62 (55–68) 0.94 (0.65–1.36) 0.755 61 (55–69) 61 (55–63) 63 (58–72) 0.76 (0.44–1.31) 0.326

Gender Male 6 (15.0) 12 (31.6) 1 13 (27.7) 3 (23.1) 10 (29.4) 1
Female 34 (85.0) 26 (68.4) 2.61 (0.87–7.90) 0.088 34 (72.3) 10 (76.9) 24 (70.6) 1.39 (0.31–6.14) 0.665

Comorbidities
None 17 (42.5) 14 (36.8) 1 21 (44.7) 7 (53.8) 14 (41.2) 1
One comorbidity 9 (22.5) 17 (44.7) 0.43 (0.15–1.27) 0.130 16 (34.0) 5 (38.5) 11 (32.3) 0.91 (0.22–3.7) 0.893
≥2 comorbidities 14 (35.0) 7 (18.4) 1.64 (0.52–5.20) 0.395 10 (21.3) 1 (7.7) 9 (26.5) 0.22 (0.2–2.12) 0.191

BMI Median (IQR) 24 (21–28) 25 (23–28) 0.95 (0.86–1.07) 0.478 24.6 (22.5–28) 26.2(23.3–28.4) 24.2 (21.6–28) 1.16 (0.94–1.43) 0.153

Smoking habits No 32 (80.0) 30 (78.9) 1 33 (70.2) 9 (69.2) 24 (70.6) 1
Yes 8 (20.0) 8 (21.1) 0.94 (0.31–2.81) 0.908 14 (29.8) 4 (30.8) 10 (29.4) 1.07 (0.27–4.28) 0.927

Flu vaccination Yes 13 (32.5) 24 (63.2) 1 1 24 (51.1) 7 (53.8) 17 (50.0) 1

No 17 (42.5) 8 (21.2) 3.92 (1.33–11.52) 0.013 3.46
(1.14–10.4) 0.027 13 (27.7) 4 (30.8) 9 (26.5) 1.08 (0.25–4.70) 0.919

Unknown 10 (25.0) 6 (15.8) 3.07 (0.91–10.39) 0.070 3.11
(0.88–10.9) 0.077 10 (21.3) 2 (15.4) 8 (23.5) 0.61 (0.10–3.61) 0.583

Disease duration (med) 9 (4–15) 7 (5–17) 1.01 (0.96–1.06) 0.714 9 (5–17) 8 (5–16) 9 (5–17) 1.00 (0.93–1.07) 0.972

Immunosuppressive drugs, regimens containing
csDMARDs 23 (57.5) 21 (55.7) 1.10 (0.45–2.68) 0.842 27 (57.5) 8 (61.5) 19 (55.9) 1.26 (0.34–4.66) 0.726
TNF-inhibitors 9 (22.5) 4 (10.3) 2.47 (0.69–8.82) 0.165 6 (12.8) 3 (23.1) 3 (8.8) 3.1 (0.54–17.9) 0.206

Other bDMARDs 15 (37.5) 23 (60.5) 0.39 (0.16–0.97) 0.044 1.25
(0.47–3.32) 0.648 31 (66.0) 6 (46.1) 25 (73.5) 0.31 (0.08–1.17) 0.083

JAK-inhibitors 3 (7.5) 1 (2.6) 3.00 (0.30–30.2) 0.351 0

Glucocorticoids 22 (55.0) 12 (31.6) 2.35 (1.05–6.68) 0.039 2.37
(0.90–6.27) 0.082 16 (34.0) 6 (46.2) 10 (29.4) 2.06 (0.55–7.67) 0.283

Disease activity DAS28CRP
Remission/Low 27 (67.5) 28 (73.7) 1 30 (63.8) 7 (53.8) 23 (67.6) 1
Moderate/High 13 (32.5) 10 (26.3) 1.35 (0.51–3.59) 0.550 17 (36.2) 6 (46.2) 11 (32.4) 1.79 (0.49–6.61) 0.381

* Pain, redness or swelling at the site of injection; generalized muscle or joint pain, headache, fever, chills, fatigue or vomiting; IQR = Interquartile range; OR = Odds Ratio from univariable logistic regression; CI = Confidence
interval; aOR = OR adjusted for variables with p < 0.05 at univariable analysis (flu vaccination, therapies containing other bDMARDs and glucocorticoids); BMI = Body mass index; csDMARDs = conventional synthetic
disease- modifying anti-rheumatic drugs; bDMARDs = biologic DMARDs; TNF = Tumor necrosis factor; JAK = Janus Kinase; DAS28CRP = Disease activity score -C reactive protein.
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3.3. Disease Flares

There were eight disease flares at T1 (10.3%) and 6 at T2 (12.8%). Flares occurred
during the first week after vaccination, and were generally mild and not clinically relevant.
Indeed, although DAS28CRP slightly increased at T1 and T2 (Figure 2), it remained under
the cut-off of high disease activity in all patients, and only two patients required changes in
ongoing immunosuppressive therapy.

Figure 2. Disease activity score in the rheumatoid arthritis patients at baseline and during the
follow-up.

Ongoing glucocorticoid therapy was the only baseline parameter significantly asso-
ciated with the occurrence of flares; in particular, we did not find associations between
having a higher disease activity at baseline and the onset of flares (Table 3). Furthermore,
patients who had flares did not suspend immunosuppressive therapy during vaccine
administration.
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Table 3. Univariable analysis of flares according to demographic and clinical characteristics.

Characteristics
Disease Flare

Time–Point T1 Time–Point T2

Yes
n (%)

No
n (%) p Yes

n (%)
No

n (%) p

Total 8 (10.3) 70 (89.7) 6 (12.8) 41 (87.2)

Age Median (IQR) years 64 (58–70) 60 (54–67) 0.369 60 (57–70) 61 (55–68) 0.962

Gender Male 0 (0) 18 (25.7) 0.187 2 (33.3) 11 (26.8) 1.000
Female 8 (100) 52 (74.3) 4 (66.7) 30 (73.2)

Comorbidities 1.000
None 3 (37.5) 28 (40.0) 1.000 3 (50.0) 18 (43.9)
One comorbidity 3 (37.5) 23 (32.9) 2 (33.3) 14 (34.2)
≥2 comorbidities 2 (25.0) 19 (27.4) 1 (16.7) 9 (21.9)

BMI Median (IQR) 25 (22–32) 25 (21–28) 0.371 24 (23–26) 25 (22–28) 0.883

Smoking habits No 8 (100.0) 54 (77.1) 0.195 4 (66.7) 29 (70.7) 1.000
Yes 0 (0) 16 (22.9) 2 (33.3) 12 (29.3)

Flu vaccination No 3 (37.5) 28 (40.0) 0.795 3 (50.0) 10 (24.4) 0.373
Yes 3 (37.5) 23 (32.9) 3 (50.0) 21 (51.2)
Unknown 2 (25.0) 19 (27.4) 0 (0) 10 (24.4)

Disease duration Median
(IQR) yr 8 (4–13) 8 (5–17) 0.475 5 (4–12) 10 (6–18) 0.110

Immunosuppressive drugs, regimens containing:
csDMARDs 3 (37.5) 41 (58.6) 0.842 3 (50.0) 24 (58.5) 1.000
TNF-inhibitors 3 (37.5) 10 (14.3) 0.124 1 (16.7) 5 (12.2) 1.000
Other bDMARDs 4 (50.0) 34 (48.6) 1.000 2 (33.3) 29 (70.7) 1.161
JAK-inhibitors 0 (0) 4 (5.7) 1.000 0 (0) 0 (0)
Glucocorticoids 7 (87.5) 27 (38.6) 0.018 2 (33.3) 14 (34.2) 1.000
Disease activity T0

DAS28CRP, median (IQR) 2.7 (2.0–3.0) 2.8 (2.1–3.5) 0.442 2.4 (1.9–2.9) 3.1 (2.5–3.6) 0.061

Remission/Low 8 (100) 47 (67.1) 0.097 6 (100) 24 (58.5) 0.074
Moderate/High 0 (0) 23 (32.9) 0 (0) 17 (41.5)

IQR = Interquartile range; BMI = Body mass index; csDMARDs = conventional synthetic disease- modifying anti-
rheumatic drugs; bDMARDs = biologic DMARDs; TNF = Tumor necrosis factor; JAK=Janus Kinase; DAS28CRP =
Disease activity score -C reactive protein.

According to the post hoc power analyses performed on the sample available to study
outcomes after the second dose, only flu vaccination showed a quite good power, 73.5%, in
detecting differences in proportions of AEs, and treatment with glucocorticoids a power of
77.7% in detecting difference in proportions of flares.

3.4. Autoantibodies

Six out of thirty patients (20%) were positive for low-titer ANA (≤1:160) at baseline.
A slight, not significant, increase in ANA titer (from 1:80 to 1:160) was found in three

patients after the second dose. However, the titer remained stable after the third dose and
ANA were not associated with the onset of disease flares or AEs. No new ANA appearance
was found.

Twenty-four out of thirty patients (80%) were positive for RF at baseline and no
modifications have been observed at T1 and T2.

3.5. Effectiveness

After the first cycle, only 1 in 78 (1.3%) patients presented a breakthrough infection
(BI), versus 9 in 47 (19.2%) after the third dose, which all occurred during the first month
of 2022 (p = 0.001). All infections were mild with the exception of one that was moderate;
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however, no patient required hospitalization (Table 4). No significant associations were
found between baseline parameters and the occurrence of BI.

Table 4. Breakthrough infection in the rheumatoid arthritis patients at T1 and T2.

Time-Point T1
n (%)

Time-Point T2
n (%)

Total 78 47

Infection
Yes 1 (1.3) 9 (19.2) *
No 77 (98.7) 38 (80.8)

Severity
Mild 1 8

Moderate 0 1
* p < 0.002.

4. Discussion

The worldwide coverage for vaccine-preventable diseases in ARD patients is low,
despite the increased risk of serious infections and related complications. Both the concern
of impaired vaccine immunogenicity caused by immunosuppressive therapy and the fear
of disease flares due to the intrinsic overreactive immune system have always limited this
good clinical practice in ARD patients with the traditional vaccines [17].

At first, COVID-19 vaccines were seen even more cautiously, due to their new technol-
ogy and lack of ARDs among populations evaluated in the pivotal trials [18]. However,
in the last two years, vaccination was demonstrated to be a successful strategy to control
COVID-19 pandemic both in the general population and in ARDs. Several real-life studies
showed that some immunosuppressive agents decrease the titer of specific anti-RBD anti-
bodies, but the large majority of patients can still develop a good immune response [8,10,43].

On the other hand, data on vaccine safety in ARDs are scarce and affected by several
limitations. Indeed, most studies are conducted on heterogeneous populations of different
ARDs, are focused on the first vaccine cycle, have a retrospective design, the occurrence
of disease flares has been inferred through survey, and only one study evaluated the
immunological safety (new autoantibodies appearance) [8,19–40,44].

Here, the safety of anti-Severe Acute Respiratory Syndrome-CoronaVirus (SARS-CoV)-2
BNT162b2 vaccine after the first cycle and the third dose in a cohort of RA patients was
longitudinally analyzed. The vaccine showed an overall good safety profile with no patient
reporting SAEs, and a percentage of total AEs similar to that reported in the general
population in large trials [45] that does not increase after the third dose.

The relatively low rate of AEs observed in our population also confirms data from
previous studies in ARD patients after the first vaccine cycle. Tang et al. have recently
systematically reviewed these data from 47 selected studies on a total of 4433 ARD patients
after the first and second dose. The rate of SAEs was very low (0.04%). Local pain was
the most common AE, followed by fatigue, arthro-myalgia and headache [8]. The large
international registry EULAR COVAX showed 37% of AEs among a cohort of 4600 patients
affected by ARDs after the first cycle, versus 40% observed in the control group of non-
rheumatic inflammatory diseases. The prevalence of SAEs was low (0.4%), and the most
frequent AEs were similar to those reported by the review of Tang et al. (pain at injection
site, fatigue, arthro-myalgia and fever) [20]. However, in some studies [36,37], AEs were
not significantly different from those observed in normal controls, thus suggesting a direct
mRNA vaccine responsibility in the AEs induction, independently of ARD.

We observed 10.3% of flares after the end of the vaccination cycle and 12.8% after the
third dose. These data are in agreement with previous studies which reported a general
low incidence of disease flares in ARD patients with most being mild/moderate [40]. In
particular, data were not dissimilar from the 7.8% found by Bixio et al. after the first vaccine
cycle on 77 RA patients, studied with the same methodological approach used in the current
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study, all in clinical remission [28], and the 16% observed by Syversen et al., after the third
dose in a cohort of rheumatologic and bowel autoimmune diseases [29]. The treatment with
glucocorticoids was significantly associated with a higher rate of AEs (Table 2) and flares
(Table 3) at univariable logistic regression, but the significance was no more maintained
after a multivariable analysis. The direct association between steroids and flares, which has
already been described by Pinte et al. [21] and Connolly et al. [35], has been interpreted as
due to more severe disease, thus needing steroids. However, the responsibility of COVID-
19 vaccine in the induction of flare-ups has been questioned, since no difference in flare
rates has been found between vaccinated and non-vaccinated autoimmune patients by
some authors [21,30]. Rather, the recommendation of interrupting the immunosuppressive
therapy before vaccination, has been suggested as a possible cause of flares, but data are
still contradictory [40]. Indeed, some studies did not find any significant increase in flares
or disease activity after temporary interruption of immunosuppressive therapy [31,32],
whereas Araujo et al. have recently reported higher risk of flares in RA patients who
interrupted methotrexate for two weeks during COVID-19 vaccination [46]. Another
historical question is whether a higher baseline disease activity can affect vaccine safety.
Indeed, before the pandemic, it was generally recommended that vaccination in patients
with ARDs should be preferably administered during quiescent disease [47]. In apparent
contrast, due to the severity of the pandemic emergency, the ACR recommendations on
COVID-19 stated that vaccination should be performed in every ARD patient irrespective
of disease activity [3,7]. In the current study, we did not find any significant association
between the incidence of AEs or disease flares and a higher disease activity at baseline.
On the other hand, being vaccinated for influenza was inversely associated with the onset
of AEs after the second dose. The safety of the influenza vaccine in RA patients has been
known for a long-time [17], even when the adjuvanted flu vaccine was used [48]. However,
it is difficult to provide an interpretation of this unexpected result, which may probably be
explained only in the light of the non-specific effects of the influenza vaccine, particularly
when combined with adjuvants [49], in the cross-protection against COVID-19 [50] or
respiratory syncytial virus [51]. The non-specific cross-protection against COVID-19 may
possibly be extended to better tolerance of COVID-19 vaccine. Alternatively, it may be
hypothesized that people who are used to being vaccinated are naturally selected as those
who may better tolerate vaccinations, thus being less prone to develop AEs. Whatever
the involved mechanism, to the best of our knowledge, this is the first time that this
type of potentially predictive factor of tolerance to COVID-19 vaccine in RA patients, has
been identified. In fact, previously, only stable disease had been described as a negative
predictive factor of post-vaccine flares in ARDs [34].

Very few studies addressed vaccine safety after the third dose. Assawasaksakul et al.
have prospectively evaluated a small population of systemic lupus erythematosus (SLE)
and RA patients. They found no SAEs, and the three most common AEs were injection site
pain, fatigue and fever [52]. Even in the study by Syversen et al. mentioned above, the
rate of AEs after the third vaccine dose was low and comparable to that observed after the
second dose [29].

However, analyzing the rate of AEs in patients affected by autoimmune arthritis is
a challenge for clinicians. Indeed, it should be taken into account that the large majority
of systemic AEs to vaccines (i.e., arthralgia, myalgia, fatigue, fever) can resemble a dis-
ease flare and vice versa. As reported above, we tried to discriminate between AEs and
flares, through the DAS28CRP, a universally accepted index which integrates both subjec-
tive (tender joints, global health score on a visual analogic scale) and objective (swollen
joints and CRP) variables. However, it is impossible to exclude that some of the systemic
AEs are not true AEs, rather mild disease flares, under the threshold to be detected by
DAS28CRP modifications.

The clinical safety was parallel to immunological safety, as inferred by slight, not signif-
icant, ANA titer modifications, without new autoantibody appearance, thus confirming the
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original result of Blank et al. in inflammatory arthritis after BNT162b2 vaccine [44] and our
previous observations in RA patients and healthy subjects after common vaccines [48,53].

Both vaccine components, antigens and adjuvants, might induce autoimmunity onset
and flares by different mechanisms, such as molecular mimicry, bystander activation and
polyclonal activation [15,16]. BNT162b2 COVID-19 vaccine is an mRNA vaccine, whose
composition includes in the same molecule not only the information for antigen synthesis,
but even the adjuvant activity, which is exerted through the cellular stimulation of the
pattern-recognition receptors, thus raising concern that in ARD patients with high disease
activity, the adjuvant-induced activation of innate immunity and oxidative stress may
induce autoantibody production and flares [40,54].

The effectiveness of BNT162b2 COVID-19 vaccine in preventing infection was excellent
at T1, with breakthrough mild COVID-19 infection occurring in only 1/78 (1.3%). After
the third dose, the rate of BI worsened, with 9/47 infected patients (19.2%; 8 mild and
1 moderate), probably due to the spreading of the Omicron variant of concern, which
mostly escapes recognition by original vaccine [55] and became predominantly in Italy less
than 1 month after its first detection, representing on 3 January 2022 76.9–80.2% of notified
SARS-CoV-2 infections [56].

This hypothesis is corroborated by the overall good immunogenicity of the original
SARS-CoV-2 strain, emerged by our previous studies conducted on a part of these patients.
Indeed, we already showed that the antibody specific response was present in almost
all subjects after the first cycle and was significantly strengthened after the third dose of
BNT162b2 mRNA vaccine [10,43].

However, recently, a very promising treatment for COVID-19 has been set up, includ-
ing the chimeric antigen receptor (CAR) T-cells, which may be useful and effective not only
in oncology, but even in autoimmune and viral diseases [57].

The main limits of this study are the relatively low number of recruited patients and
the lack of control groups, represented by non-vaccinated RA patients and vaccinated
normal controls, that may affect the robustness of these results. Moreover, considering the
multicentric real-life design of the study, reporting or investigator bias cannot be excluded,
thus reducing the generalizability of results.

Conversely, some strengths of the study are its prospective design, the presence of
a homogeneous disease cohort of RA patients, followed-up from the first cycle to the
third dose, the evaluation of disease activity by clinical examination and the analysis of
immunological safety, which allow the reliability of data be increased.

5. Conclusions

In conclusion, the current preliminary study confirms a good safety profile of the
BNT162b2 COVID-19 vaccine, at both the first cycle and the third dose, in RA patients
under immunosuppressive therapy. No SAEs occurred, and the rate of AEs and disease
flares was low.

For the first time, to the best of our knowledge, evidence was provided that being
vaccinated for influenza was inversely associated with the onset of AEs after the second
dose, thus allowing identification of a predictive factor of vaccine tolerance, should this
result be confirmed in larger patient populations. A higher disease activity at baseline
was not associated with a higher incidence of AEs or disease flares. The reduced vaccine
effectiveness at T2 is a probable expression of the higher capacity of the Omicron variants to
escape vaccine recognition. A future larger, controlled, study will allow to obtain definitive
data on the mRNA COVID-19 vaccine safety in remitted and low-moderate disease activity
RA patients.

Author Contributions: Conceptualization: A.P.D., D.G. and E.N.; data curation: A.N.; writing—
original draft preparation: A.P.D.; writing—review and editing: A.P.D., R.D. and D.G.; enrolling
patients and collecting clinical data: B.L., S.S., R.D.R., C.D.L., M.F., D.V., G.S., A.A., V.B., M.B., P.S.
and F.C.; autoantibody assessment: V.P., M.S. and E.C.; methodology: G.C.; investigation: F.L.G. All
authors have read and agreed to the published version of the manuscript.



Biomedicines 2023, 11, 687 12 of 15

Funding: This work was supported by INMI “Lazzaro Spallanzani” Ricerca Finalizzata COVID-
2020-12371675 and Ricerca Corrente on emerging infections both funded by the Italian Ministry of
Health, by the European Union’s Horizon 2020 research and innovation programme under EVA
GLOBAL grant agreement N◦871029, and by generous liberal donations funding for COVID-19
research from Esselunga S.p.A., Camera di Commercio, Industria e Artigianato di Roma, Società
Numero Blu Servizi S.p.A., Fineco Bank S.p.A., Associazione magistrati della Corte dei conti, and
Società Mocerino Frutta Secca s.r.l. (resolutions n◦395 of 25 May 2021, n◦254 of 24 April 2021, and
n◦257 of 14 April 2021). The funders were not involved in the study design, collection, analysis and
interpretation of data; writing of this article; or the decision to submit it for publication.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethical Committee of INMI-Lazzaro Spallanzani-IRCCS (approval
numbers 297/2021, 247/2021 and 318/2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Acknowledgments: The authors gratefully acknowledge the nurses, the study patients and the
collaborators of all the involved centers who helped to conduct this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Landewé, R.B.; Machado, P.M.; Kroon, F.; Bijlsma, H.W.; Burmester, G.R.; Carmona, L.; Combe, B.; Galli, M.; Gossec, L.; Iagnocco,

A.; et al. EULAR provisional recommendations for the management of rheumatic and musculoskeletal diseases in the context of
SARS-CoV-2. Ann. Rheum. Dis. 2020, 79, 851–858. [CrossRef] [PubMed]

2. D’Amelio, R.; Asero, R.; Cassatella, M.A.; Laganà, B.; Lunardi, C.; Migliorini, P.; Nisini, R.; Parronchi, P.; Quinti, I.; Racanelli,
V.; et al. Anti-COVID-19 Vaccination in Patients with Autoimmune-Autoinflammatory Disorders and Primary/Secondary
Immunodeficiencies: The Position of the Task Force on Behalf of the Italian Immunological Societies. Biomedicines 2021, 9, 1163.
[CrossRef] [PubMed]

3. Curtis, J.R.; Johnson, S.R.; Anthony, D.D.; Arasaratnam, R.J.; Baden, L.R.; Bass, A.R.; Calabrese, C.; Gravallese, E.M.; Harpaz,
R.; Kroger, A.; et al. American College of Rheumatology Guidance for COVID-19 Vaccination in Patients with Rheumatic and
Musculoskeletal Diseases: Version 3. Arthritis Rheumatol. 2021, 73, e60–e75. [CrossRef] [PubMed]

4. Grainger, R.; Kim, A.H.J.; Conway, R.; Yazdany, J.; Robinson, P.C. COVID-19 in People With Rheumatic Diseases: Risks, Outcomes,
Treatment Considerations. Nat. Rev. Rheumatol. 2022, 18, 191–204. [CrossRef] [PubMed]

5. Doran, M.F.; Crowson, C.S.; Pond, G.R.; O’Fallon, W.M.; Gabriel, S.E. Frequency of infection in patients with rheumatoid arthritis
compared with controls: A population-based study. Arthritis Rheum. 2002, 46, 2287–2293. [CrossRef]

6. Mehta, B.; Pedro, S.; Ozen, G.; Kalil, A.; Wolfe, F.; Mikuls, T.; Michaud, K. Serious infection risk in rheumatoid arthritis compared
with non-inflammatory rheumatic and musculoskeletal diseases: A US national cohort study. RMD Open 2019, 5, e000935.
[CrossRef]

7. Curtis, J.R.; Johnson, S.R.; Anthony, D.D.; Arasaratnam, R.J.; Baden, L.R.; Bass, A.R.; Calabrese, C.; Gravallese, E.M.; Harpaz,
R.; Kroger, A.; et al. American College of Rheumatology Guidance for COVID-19 Vaccination in Patients with Rheumatic and
Musculoskeletal Diseases—Version 5. Arthritis Rheumatol. 2022, 75, E1–E6. [CrossRef]

8. Tang, K.T.; Hsu, B.C.; Chen, D.Y. Immunogenicity, Effectiveness, and Safety of COVID-19 Vaccines in Rheumatic Patients: An
Updated Systematic Review and Meta-Analysis. Biomedicines 2022, 10, 834. [CrossRef]

9. Jena, A.; Mishra, S.; Deepak, P.; Kumar-M, P.; Sharma, A.; Patel, Y.I.; Kennedy, N.A.; Kim, A.H.J.; Sharma, V.; Sebastian,
S. Response to SARS-CoV-2 vaccination in immune-mediated inflammatory diseases: Systematic review and meta-analysis.
Autoimmun. Rev. 2022, 21, 102927. [CrossRef]

10. Picchianti-Diamanti, A.; Aiello, A.; Laganà, B.; Agrati, C.; Castilletti, C.; Meschi, S.; Farroni, C.; Lapa, D.; Najafi Fard, S.; Cuzzi, G.;
et al. Immunosuppressive Therapies Differently Modulate Humoral- and T-Cell-Specific Responses to COVID-19 mRNA Vaccine
in Rheumatoid Arthritis Patients. Front. Immunol. 2021, 12, 740249. [CrossRef]

11. Farroni, C.; Picchianti-Diamanti, A.; Aiello, A.; Nicastri, E.; Laganà, B.; Agrati, C.; Castilletti, C.; Meschi, S.; Colavita, F.; Cuzzi, G.;
et al. Kinetics of the B- and T-Cell Immune Responses After 6 Months From SARS-CoV-2 mRNA Vaccination in Patients with
Rheumatoid Arthritis. Front. Immunol. 2022, 13, 846753. [CrossRef] [PubMed]

12. Levin, E.G.; Lustig, Y.; Cohen, C.; Fluss, R.; Indenbaum, V.; Amit, S.; Doolman, R.; Asraf, K.; Mendelson, E.; Ziv, A.; et al. Waning
Immune Humoral Response to BNT162b2 Covid-19 Vaccine over 6 Months. N. Engl. J. Med. 2021, 385, e84. [CrossRef] [PubMed]

13. Dayam, R.M.; Law, J.C.; Goetgebuer, R.L.; Chao, G.Y.; Abe, K.T.; Sutton, M.; Finkelstein, N.; Stempak, J.M.; Pereira, D.; Croitoru,
D.; et al. Accelerated waning of immunity to SARS-CoV-2 mRNA vaccines in patients with immune-mediated inflammatory
diseases. JCI Insight. 2022, 7, e159721. [CrossRef] [PubMed]

14. McInnes, I.B.; Schett, G. The pathogenesis of rheumatoid arthritis. N. Engl. J. Med. 2011, 365, 2205–2219. [CrossRef]

http://doi.org/10.1136/annrheumdis-2020-217877
http://www.ncbi.nlm.nih.gov/pubmed/32503854
http://doi.org/10.3390/biomedicines9091163
http://www.ncbi.nlm.nih.gov/pubmed/34572349
http://doi.org/10.1002/art.41928
http://www.ncbi.nlm.nih.gov/pubmed/34346564
http://doi.org/10.1038/s41584-022-00755-x
http://www.ncbi.nlm.nih.gov/pubmed/35217850
http://doi.org/10.1002/art.10524
http://doi.org/10.1136/rmdopen-2019-000935
http://doi.org/10.1002/art.42372
http://doi.org/10.3390/biomedicines10040834
http://doi.org/10.1016/j.autrev.2021.102927
http://doi.org/10.3389/fimmu.2021.740249
http://doi.org/10.3389/fimmu.2022.846753
http://www.ncbi.nlm.nih.gov/pubmed/35309297
http://doi.org/10.1056/NEJMoa2114583
http://www.ncbi.nlm.nih.gov/pubmed/34614326
http://doi.org/10.1172/jci.insight.159721
http://www.ncbi.nlm.nih.gov/pubmed/35471956
http://doi.org/10.1056/NEJMra1004965


Biomedicines 2023, 11, 687 13 of 15

15. Salemi, S.; D’Amelio, R. Could autoimmunity be induced by vaccination? Int. Rev. Immunol. 2010, 29, 247–269. [CrossRef]
16. Guimarães, L.; Baker, B.; Perricone, C.; Shoenfeld, Y. Vaccine adjuvants and autoimmunity. Pharmacol. Res. 2015, 100, 190–209.

[CrossRef]
17. Salemi, S.; D’Amelio, R. Are anti-infectious vaccinations safe and effective in patients with autoimmunity? Int. Rev. Immunol.

2010, 29, 270–314. [CrossRef]
18. Boekel, L.; Hooijberg, F.; van Kempen, Z.L.E.; Vogelzang, E.H.; Tas, S.W.; Killestein, J.; Nurmohamed, M.T.; Boers, M.; Kuijpers,

T.W.; van Ham, S.M.; et al. Perspective of patients with autoimmune diseases on COVID-19 vaccination. Lancet Rheumatol. 2021,
3, e241–e243. [CrossRef]

19. Furer, V.; Eviatar, T.; Zisman, D.; Peleg, H.; Paran, D.; Levartovsky, D.; Zisapel, M.; Elalouf, O.; Kaufman, I.; Meidan, R.; et al.
Immunogenicity and safety of the BNT162b2 mRNA COVID-19 vaccine in adult patients with autoimmune inflammatory
rheumatic diseases and in the general population: A multicentre study. Ann. Rheum. Dis. 2021, 80, 1330–1338. [CrossRef]

20. Machado, P.M.; Lawson-Tovey, S.; Strangfeld, A.; Mateus, E.F.; Hyrich, K.L.; Gossec, L.; Carmona, L.; Rodrigues, A.; Raffeiner, B.;
Duarte, C.; et al. Safety of vaccination against SARS-CoV-2 in people with rheumatic and musculoskeletal diseases: Results from
the EULAR Coronavirus Vaccine (COVAX) physician-reported registry. Ann. Rheum. Dis. 2022, 81, 695–709. [CrossRef]

21. Pinte, L.; Negoi, F.; Ionescu, G.D.; Caraiola, S.; Balaban, D.V.; Badea, C.; Mazilu, D.; Dumitrescu, B.; Mateescu, B.; Ionescu, R.; et al.
COVID-19 Vaccine Does Not Increase the Risk of Disease Flare-Ups among Patients with Autoimmune and Immune-Mediated
Diseases. J. Pers. Med. 2021, 11, 1283. [CrossRef] [PubMed]

22. Sattui, S.E.; Liew, J.W.; Kennedy, K.; Sirotich, E.; Putman, M.; Moni, T.T.; Akpabio, A.; Alpízar-Rodríguez, D.; Berenbaum, F.;
Bulina, I.; et al. Early Experience of COVID-19 Vaccination in Adults With Systemic Rheumatic Diseases: Results from the
COVID-19 Global Rheumatology Alliance Vaccine Survey. RMD Open 2021, 7, e001814. [CrossRef] [PubMed]

23. Boekel, L.; Kummer, L.Y.; van Dam, K.P.J.; Hooijberg, F.; van Kempen, Z.; Vogelzang, E.H.; Wieske, L.; Eftimov, F.; van
Vollenhoven, R.; Kuijpers, T.W.; et al. Adverse Events After First COVID-19 Vaccination in Patients With Autoimmune Diseases.
Lancet Rheumatol. 2021, 3, e542–e545. [CrossRef] [PubMed]

24. Bartels, L.E.; Ammitzbøll, C.; Andersen, J.B.; Vils, S.R.; Mistegaard, C.E.; Johannsen, A.D.; Hermansen, M.F.; Thomsen, M.K.;
Erikstrup, C.; Hauge, E.M.; et al. Local and systemic reactogenicity of COVID-19 vaccine BNT162b2 in patients with systemic
lupus erythematosus and rheumatoid arthritis. Rheumatol. Int. 2021, 41, 1925–1931. [CrossRef]

25. Cherian, S.; Paul, A.; Ahmed, S.; Alias, B.; Manoj, M.; Santhosh, A.K.; Varghese, D.R.; Krishnan, N.; Shenoy, P. Safety of the
ChAdOx1 Ncov-19 and the BBV152 Vaccines in 724 Patients With Rheumatic Diseases: A Post-Vaccination Cross-Sectional Survey.
Rheumatol. Int. 2021, 41, 1441–1445. [CrossRef]

26. Rotondo, C.; Cantatore, F.P.; Fornaro, M.; Colia, R.; Busto, G.; Rella, V.; Sciacca, S.; Lops, L.; Cici, D.; Maruotti, N.; et al.
Preliminary Data on Post Market Safety Profiles of COVID 19 Vaccines in Rheumatic Diseases: Assessments on Various Vaccines
in Use, Different Rheumatic Disease Subtypes, and Immunosuppressive Therapies: A Two-Centers Study. Vaccines 2021, 9, 730.
[CrossRef]

27. Tzioufas, A.G.; Bakasis, A.D.; Goules, A.V.; Bitzogli, K.; Cinoku, I.I.; Chatzis, L.G.; Argyropoulou, O.D.; Venetsanopoulou,
A.I.; Mavrommati, M.; Stergiou, I.E.; et al. A prospective multicenter study assessing humoral immunogenicity and safety of
the mRNA SARS-CoV-2 vaccines in Greek patients with systemic autoimmune and autoinflammatory rheumatic diseases. J.
Autoimmun. 2021, 125, 102743. [CrossRef]

28. Bixio, R.; Bertelle, D.; Masia, M.; Pistillo, F.; Carletto, A.; Rossini, M. Incidence of Disease Flare After BNT162b2 Coronavirus
Disease 2019 Vaccination in Patients With Rheumatoid Arthritis in Remission. ACR Open Rheumatol. 2021, 3, 832–833. [CrossRef]

29. Syversen, S.W.; Jyssum, I.; Tveter, A.T.; Tran, T.T.; Sexton, J.; Provan, S.A.; Mjaaland, S.; Warren, D.J.; Kvien, T.K.; Grødeland, G.;
et al. Immunogenicity and Safety of Standard and Third-Dose SARS-CoV-2 Vaccination in Patients Receiving Immunosuppressive
Therapy. Arthritis Rheumatol. 2022, 74, 1321–1332. [CrossRef]

30. Li, X.; Tong, X.; Yeung, W.W.Y.; Kuan, P.; Yum, S.H.H.; Chui, C.S.L.; Lai, F.T.T.; Wan, E.Y.F.; Wong, C.K.H.; Chan, E.W.Y.; et al.
Two-dose COVID-19 vaccination and possible arthritis flare among patients with rheumatoid arthritis in Hong Kong. Ann.
Rheum. Dis. 2022, 81, 564–568. [CrossRef]

31. Tedeschi, S.K.; Stratton, J.; Ellrodt, J.E.; Whelan, M.G.; Hayashi, K.; Yoshida, K.; Chen, L.; Adejoorin, I.; Marks, K.E.; Jonsson,
A.H.; et al. Rheumatoid arthritis disease activity assessed by patient-reported outcomes and flow cytometry before and after an
additional dose of COVID-19 vaccine. Ann. Rheum. Dis. 2022, 81, 1045–1048. [CrossRef] [PubMed]

32. Rider, L.G.; Parks, C.G.; Wilkerson, J.; Schiffenbauer, A.I.; Kwok, R.K.; Noroozi Farhadi, P.; Nazir, S.; Ritter, R.; Sirotich, E.;
Kennedy, K.; et al. Baseline Factors Associated with Self-Reported Disease Flares following COVID-19 Vaccination among Adults
with Systemic Rheumatic Disease: Results from the COVID-19 Global Rheumatology Alliance Vaccine Survey. Rheumatology 2022,
61, SI143–SI150. [CrossRef]

33. Fragoulis, G.E.; Bournia, V.K.; Mavrea, E.; Evangelatos, G.; Fragiadaki, K.; Karamanakos, A.; Kravariti, E.; Laskari, K.; Panopoulos,
S.; Pappa, M.; et al. COVID-19 Vaccine Safety and Nocebo-Prone Associated Hesitancy in Patients with Systemic Rheumatic
Diseases: A Cross-Sectional Study. Rheumatol. Int. 2022, 42, 31–39. [CrossRef] [PubMed]

34. Fan, Y.; Geng, Y.; Wang, Y.; Deng, X.; Li, G.; Zhao, J.; Ji, L.; Zhang, X.; Song, Z.; Zhang, H.; et al. Safety and Disease Flare of
Autoimmune Inflammatory Rheumatic Diseases: A Large Real-World Survey on Inactivated COVID-19 Vaccines. Ann. Rheum.
Dis. 2022, 81, 443–445. [CrossRef] [PubMed]

http://doi.org/10.3109/08830181003746304
http://doi.org/10.1016/j.phrs.2015.08.003
http://doi.org/10.3109/08830185.2010.483028
http://doi.org/10.1016/S2665-9913(21)00037-0
http://doi.org/10.1136/annrheumdis-2021-220647
http://doi.org/10.1136/annrheumdis-2021-221490
http://doi.org/10.3390/jpm11121283
http://www.ncbi.nlm.nih.gov/pubmed/34945754
http://doi.org/10.1136/rmdopen-2021-001814
http://www.ncbi.nlm.nih.gov/pubmed/34493645
http://doi.org/10.1016/S2665-9913(21)00181-8
http://www.ncbi.nlm.nih.gov/pubmed/34179831
http://doi.org/10.1007/s00296-021-04972-7
http://doi.org/10.1007/s00296-021-04917-0
http://doi.org/10.3390/vaccines9070730
http://doi.org/10.1016/j.jaut.2021.102743
http://doi.org/10.1002/acr2.11336
http://doi.org/10.1002/art.42153
http://doi.org/10.1136/annrheumdis-2021-221571
http://doi.org/10.1136/annrheumdis-2022-222232
http://www.ncbi.nlm.nih.gov/pubmed/35168944
http://doi.org/10.1093/rheumatology/keac249
http://doi.org/10.1007/s00296-021-05039-3
http://www.ncbi.nlm.nih.gov/pubmed/34739573
http://doi.org/10.1136/annrheumdis-2021-221736
http://www.ncbi.nlm.nih.gov/pubmed/34824048


Biomedicines 2023, 11, 687 14 of 15

35. Connolly, C.M.; Ruddy, J.A.; Boyarsky, B.J.; Barbur, I.; Werbel, W.A.; Geetha, D.; Garonzik-Wang, J.M.; Segev, D.L.; Christopher-
Stine, L.; Paik, J.J. Disease Flare and Reactogenicity in Patients With Rheumatic and Musculoskeletal Diseases Following Two-Dose
SARS-CoV-2 Messenger RNA Vaccination. Arthritis Rheumatol. 2022, 74, 28–32. [CrossRef] [PubMed]

36. Spinelli, F.R.; Favalli, E.G.; Garufi, C.; Cornalba, M.; Colafrancesco, S.; Conti, F.; Caporali, R. Low frequency of disease flare in
patients with rheumatic musculoskeletal diseases who received SARS-CoV-2 mRNA vaccine. Arthritis Res. Ther. 2022, 24, 21.
[CrossRef] [PubMed]

37. Naveen, R.; Parodis, I.; Joshi, M.; Sen, P.; Lindblom, J.; Agarwal, V.; Lilleker, J.B.; Tan, A.L.; Nune, A.; Shinjo, S.K.; et al. COVID-19
vaccination in autoimmune diseases (COVAD) Study: Vaccine safety and tolerance in rheumatoid arthritis. Rheumatology 2022, 31,
keac624. [CrossRef]

38. Isnardi, C.A.; Schneeberger, E.E.; Kreimer, J.L.; Luna, P.C.; Echeverría, C.; Roberts, K.; de la Vega, M.C.; Virasoro, B.M.; Landi, M.;
Quintana, R.; et al. An Argentinean cohort of patients with rheumatic and immune-mediated diseases vaccinated for SARS-CoV-2:
The SAR-CoVAC Registry-protocol and preliminary data. Clin. Rheumatol. 2022, 41, 3199–3209. [CrossRef]

39. Ma, M.; Santosa, A.; Fong, W.; Chew, L.C.; Low, A.H.; Law, A.; Poh, Y.J.; Yeo, S.I.; Leung, Y.Y.; Ng, V.W.; et al. Post-mRNA vaccine
flares in autoimmune inflammatory rheumatic diseases: Results from the COronavirus National Vaccine registry for ImmuNe
diseases SINGapore (CONVIN-SING). J. Autoimmun. 2023, 134, 102959. [CrossRef]

40. Xie, Y.; Liu, Y.; Liu, Y. The Flare of Rheumatic Disease After SARS-CoV-2 Vaccination: A Review. Front. Immunol. 2022, 13, 919979.
[CrossRef]

41. Aletaha, D.; Neogi, T.; Silman, A.J.; Funovits, J.; Felson, D.T.; Bingham, C.O., 3rd; Birnbaum, N.S.; Burmester, G.R.; Bykerk, V.P.;
Cohen, M.D.; et al. 2010 Rheumatoid arthritis classification criteria: An American College of Rheumatology/European League
Against Rheumatism collaborative initiative. Arthritis Rheum. 2010, 62, 2569–2581. [CrossRef] [PubMed]

42. Filippou, G.; Sakellariou, G.; Scirè, C.A.; Carrara, G.; Rumi, F.; Bellis, E.; Adinolfi, A.; Batticciotto, A.; Bortoluzzi, A.; Cagnotto, G.;
et al. The predictive role of ultrasound-detected tenosynovitis and joint synovitis for flare in patients with rheumatoid arthritis
in stable remission. Results of an Italian multicentre study of the Italian Society for Rheumatology Group for Ultrasound: The
STARTER study. Ann. Rheum. Dis. 2018, 77, 1283–1289. [CrossRef] [PubMed]

43. Farroni, C.; Aiello, A.; Picchianti-Diamanti, A.; Laganà, B.; Petruccioli, E.; Agrati, C.; Garbuglia, A.R.; Meschi, S.; Lapa, D.; Cuzzi,
G.; et al. Booster dose of SARS-CoV-2 messenger RNA vaccines strengthens the specific immune response of patients with
rheumatoid arthritis: A prospective multicenter longitudinal study. Int. J. Infect. Dis. 2022, 125, 195–208. [CrossRef] [PubMed]

44. Blank, R.B.; Haberman, R.H.; Qian, K.; Samanovic, M.; Castillo, R.; Jimenez Hernandez, A.; Vasudevapillai Girija, P.; Catron,
S.; Uddin, Z.; Rackoff, P.; et al. Low incidence and transient elevation of autoantibodies post mRNA COVID-19 vaccination in
inflammatory arthritis. Rheumatology 2022, 62, 467–472. [CrossRef]

45. Graña, C.; Ghosn, L.; Evrenoglou, T.; Jarde, A.; Minozzi, S.; Bergman, H.; Buckley, B.S.; Probyn, K.; Villanueva, G.; Henschke, N.;
et al. Efficacy and safety of COVID19 vaccines. Cochrane Database Syst. Rev. 2022, 12, CD015477. [CrossRef]

46. Araujo, C.S.R.; Medeiros-Ribeiro, A.C.; Saad, C.G.S.; Bonfiglioli, K.R.; Domiciano, D.S.; Shimabuco, A.Y.; Silva, M.S.R.; Yuki,
E.F.N.; Pasoto, S.G.; Pedrosa, T.; et al. Two-week methotrexate discontinuation in patients with rheumatoid arthritis vaccinated
with inactivated SARS-CoV-2 vaccine: A randomised clinical trial. Ann. Rheum. Dis. 2022, 81, 889–897. [CrossRef]

47. Furer, V.; Rondaan, C.; Heijstek, M.W.; Agmon-Levin, N.; Van Assen, S.; Bijl, M.; Breedveld, F.C.; D’Amelio, R.; Dougados,
M.; Kapetanovic, M.C.; et al. 2019 update of EULAR recommendations for vaccination in adult patients with autoimmune
inflammatory rheumatic diseases. Ann. Rheum. Dis. 2020, 79, 39–52. [CrossRef]

48. Milanetti, F.; Germano, V.; Nisini, R.; Donatelli, I.; Di Martino, A.; Facchini, M.; Ferlito, C.; Cappella, A.; Crialesi, D.; Caporuscio,
S.; et al. Safety and immunogenicity of co-administered MF59-adjuvanted 2009 pandemic and plain 2009-10 seasonal influenza
vaccines in rheumatoid arthritis patients on biologicals. Clin. Exp. Immunol. 2014, 177, 287–294. [CrossRef]

49. Li, Z.; Zhao, Y.; Li, Y.; Chen, X. Adjuvantation of Influenza Vaccines to Induce Cross-Protective Immunity. Vaccines 2021, 9, 75.
[CrossRef]

50. Debisarun, P.A.; Gössling, K.L.; Bulut, O.; Kilic, G.; Zoodsma, M.; Liu, Z.; Oldenburg, M.; Rüchel, N.; Zhang, B.; Xu, C.J.; et al.
Induction of trained immunity by influenza vaccination—Impact on COVID-19. PLoS Pathog. 2021, 17, e1009928. [CrossRef]

51. Lee, Y.J.; Lee, J.Y.; Jang, Y.H.; Seo, S.U.; Chang, J.; Seong, B.L. Non-specific Effect of Vaccines: Immediate Protection against
Respiratory Syncytial Virus Infection by a Live Attenuated Influenza Vaccine. Front. Microbiol. 2018, 9, 83. [CrossRef] [PubMed]

52. Assawasaksakul, T.; Lertussavavivat, T.; Sathitratanacheewin, S.; Oudomying, N.; Vichaiwattana, P.; Wanlapakorn, N.; Poovo-
rawan, Y.; Avihingsanon, Y.; Assawasaksakul, N.; Buranapraditkun, S.; et al. Comparison of Immunogenicity and Safety of
Inactivated, Adenovirus-Vectored, and Heterologous Adenovirus-Vectored/mRNA Vaccines in Patients with Systemic Lupus
Erythematosus and Rheumatoid Arthritis: A Prospective Cohort Study. Vaccines 2022, 10, 853. [CrossRef]

53. Ferlito, C.; Barnaba, V.; Abrignani, S.; Bombaci, M.; Sette, A.; Sidney, J.; Biselli, R.; Tomao, E.; Cattaruzza, M.S.; Germano, V.;
et al. Lack of evidence for post-vaccine onset of autoimmune/lymphoproliferative disorders, during a nine-month follow-up in
multiply vaccinated Italian military personnel. Clin. Immunol. 2017, 181, 60–66. [CrossRef] [PubMed]

54. Souliotis, V.L.; Vlachogiannis, N.I.; Pappa, M.; Argyriou, A.; Ntouros, P.A.; Sfikakis, P.P. DNA Damage Response and Oxidative
Stress in Systemic Autoimmunity. Int. J. Mol. Sci. 2019, 21, 55. [CrossRef] [PubMed]

55. Jacobsen, H.; Katzmarzyk, M.; Higdon, M.M.; Jiménez, V.C.; Sitaras, I.; Bar-Zeev, N.; Knoll, M.D. Post-Vaccination Neutralization
Responses to Omicron Sub-Variants. Vaccines 2022, 10, 1757. [CrossRef] [PubMed]

http://doi.org/10.1002/art.41924
http://www.ncbi.nlm.nih.gov/pubmed/34346185
http://doi.org/10.1186/s13075-021-02674-w
http://www.ncbi.nlm.nih.gov/pubmed/35016701
http://doi.org/10.1093/rheumatology/keac624
http://doi.org/10.1007/s10067-022-06253-5
http://doi.org/10.1016/j.jaut.2022.102959
http://doi.org/10.3389/fimmu.2022.919979
http://doi.org/10.1002/art.27584
http://www.ncbi.nlm.nih.gov/pubmed/20872595
http://doi.org/10.1136/annrheumdis-2018-213217
http://www.ncbi.nlm.nih.gov/pubmed/29886430
http://doi.org/10.1016/j.ijid.2022.10.035
http://www.ncbi.nlm.nih.gov/pubmed/36328289
http://doi.org/10.1093/rheumatology/keac322
http://doi.org/10.1002/14651858.CD015477
http://doi.org/10.1136/annrheumdis-2021-221916
http://doi.org/10.1136/annrheumdis-2019-215882
http://doi.org/10.1111/cei.12292
http://doi.org/10.3390/vaccines9020075
http://doi.org/10.1371/journal.ppat.1009928
http://doi.org/10.3389/fmicb.2018.00083
http://www.ncbi.nlm.nih.gov/pubmed/29445364
http://doi.org/10.3390/vaccines10060853
http://doi.org/10.1016/j.clim.2017.06.001
http://www.ncbi.nlm.nih.gov/pubmed/28625884
http://doi.org/10.3390/ijms21010055
http://www.ncbi.nlm.nih.gov/pubmed/31861764
http://doi.org/10.3390/vaccines10101757
http://www.ncbi.nlm.nih.gov/pubmed/36298622


Biomedicines 2023, 11, 687 15 of 15

56. Stefanelli, P.; Trentini, F.; Petrone, D.; Mammone, A.; Ambrosio, A.; Manica, M.; Guzzetta, G.; d’Andrea, V.; Marziano, V.;
Zardini, A.; et al. Tracking the progressive spread of the SARS-CoV-2 Omicron variant in Italy, December 2021 to January 2022.
Eurosurveillance 2022, 27, 2200125. [CrossRef]

57. Zmievskaya, E.; Valiullina, A.; Ganeeva, I.; Petukhov, A.; Rizvanov, A.; Bulatov, E. Application of CAR-T Cell Therapy beyond
Oncology: Autoimmune Diseases and Viral Infections. Biomedicines 2021, 9, 59. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.2807/1560-7917.ES.2022.27.45.2200125
http://doi.org/10.3390/biomedicines9010059

	Introduction 
	Patients and Methods 
	Ethics 
	Study Design 
	Study Population and Location 
	Sample Size Estimation 
	Components of Data Collection and Operational Definitions 
	Statistical Analysis 

	Results 
	Patients 
	Adverse Events 
	Disease Flares 
	Autoantibodies 
	Effectiveness 

	Discussion 
	Conclusions 
	References

