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Abstract

Only case reports and small clinical series report the effects of booster vaccination with BNT162b2 in patients with rheu-
matoid arthritis (RA). We studied 200 patients with RA in clinical remission evaluated with the DAS28. All patients were
vaccinated for SARS CoV-2 with the BNT162b2 mRNA vaccine. The value of anti-SARS-CoV 2 Spike RBD IgG antibod-
ies was determined at T1 (3 weeks after first vaccination) and T2 (3 weeks after booster). In addition, patients underwent
assessment of lymphocyte subpopulations by flow cytometry analysis before starting the vaccination cycle (T0). Furthermore,
the serum antibody levels of 96 health care workers (HCWs) were analyzed for comparison. DAS28 values at TO, T1, and
T2 indicated remission or low disease activity in all patients. Levels of anti-SARS CoV-2 IgG at T1 were higher in HCWs
than in patients’ groups: 1562.00 BAU WHO/mL [975.00-1632.00] vs 416.00 BAU WHO/mL [110.00, 1581.00], p <0.001.
Anti-SARS COV2 IgG levels at T1 and at T2 were slightly lower in patients taking b/tsDMARDs than in patients under
csDMARDs. Regression analysis evidenced age, treatment with abatacept (ABA), JAK inhibitors, and rituximab (RTX) as
negative predictors of higher anti-SARS CoV-2 IgG levels at T1. Moreover, treatment with anti-IL6, anti-JAK, and anti-
tumor necrosis factor (TNF) emerged as positive predictors of higher levels of anti-SARS CoV-2 IgG at T2. Our data show
that despite the booster vaccine with BNT162b2, seroconversion in patients with rheumatoid arthritis is influenced by the
background therapy, particularly for patients being treated with ABA and RTX.
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Introduction

SARS-CoV-2 infection is responsible for the coronavirus
disease-2019 (COVID-19) pandemic with a severe acute
respiratory syndrome and a severe impact on global health
and difficult clinical management [1-3]. Mass vaccination
is the most effective measure for controlling the COVID-19
pandemic and globally an effort to develop and distribute
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an effective vaccine has produced important infection con-
tainment results. Several data are currently available on the
efficacy of mRNA platform vaccines, namely BNT162b2
and mRNA-1273, in inducing strong antibody-mediated and
cellular immune responses in naive healthy subjects [4-6].
The ability to elicit a coordinated induction of the immune
response is critical for an effective fight against SARS
CoV-2 infection [7, 8]. Currently available data suggest that
patients with autoimmune inflammatory rheumatic diseases
have a slightly higher prevalence of SARS CoV-2 infec-
tions, and risk of hospitalization and death from COVID-19
compared to the general population, and were considered
a priority target for the administration of the vaccine [9,
10]. Recently, some encouraging data on mRNA vaccination
in rheumatoid arthritis (RA) patients have emerged from
small studies and a large observational prospective multi-
center study has evaluated the immunogenicity and safety of
BNT162b2 compared to control subjects without rheumatic
diseases [11-13]. Overall, these studies demonstrated that
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BNT162b2 vaccine is immunogenic in most RA patients
(86-100%), but it elicits delayed and reduced response com-
pared to controls. Also, the results on the impact of immuno-
suppressive therapy on the vaccine’s immunogenicity is not
homogeneous, with most studies showing that RTX followed
by ABA, mycophenolate mofetil, corticosteroids (CCS), and
methotrexate (MTX) can induce a significant reduction in
seropositivity and antibody levels [14]. The aim of our study
was to evaluate the induction of a specific immune response
after SARS-CoV-2 booster vaccination in terms of anti-
SARS CoV-2 anti-region binding domain (RBD) antibody
response against spike and vaccination safety in terms of
clinical impact on disease activity. A cohort of Health Care
Workers (HCWs) were used as a control group.

Methods

We studied 200 RA patients defined according to the ACR/
EULAR 2020 criteria [15] in clinical remission according to
DAS28 score and enrolled at the Rheumatology Unit of the
San Giovanni di Dio Hospital (Florence). All patients were
vaccinated for SARS-CoV-2 with the BNT162b2 mRNA
vaccine. For patients treated with methotrexate, leflunomide,
abatacept, rituximab, treatment was discontinued following
the ACR 2021 guidelines [16]. The study cohort underwent
assessment of lymphocyte subpopulations (CD3 +, CD3 +
/ CD4 +, CD3 +/CDS8 +, CD4 + / CD8 +, CD3—-/ CD19
+, CD3— / CD56 + CD16 +) by flow cytometry analysis
(FACS CANTO II, BD Biosciences) before starting the
vaccination cycle (TO). The value of anti-SARS CoV-2
Spike RBD IgG (FEIA ThermoFisher, Uppsala, Sweden)
was assessed 3 weeks after the second vaccine dose (T1)
and then 3 weeks after the booster (T2). In addition, the
serum antibody levels of 96 HCWs were assessed after the
second vaccine dose (T1). All patients expressed their writ-
ten informed consent based on the prospective nature of the
study according to the Declaration of Helsinki and Italian
legislation (Privacy Guarantor No. 9, 12 December 2013).

Statistical Analysis

Statistical analysis was performed using software R 3.5.2
GUI 1.70 El Capitan build (7612). For the descriptive
statistics, continuous variables were tested for normality
(Kolmogorov-Smirnov) and represented by indicating the
average and standard deviation if normally distributed. Non-
normal variables were represented as median (inter-quartile
range); categorical variables were described by frequency
distribution. Demographic characteristics (age and sex)
were compared between patients and controls by 7T test and
chi-squared test as appropriate. DAS 28 values at TO, T1,
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and T2 were compared between patients taking different b/
tsDMARDs using one-way ANOVA, corrected with Welch
test. DAS28 values differences between TO, T1, T2 were
assessed by Wilcoxon test. Values of lymphocyte subpopu-
lations (CD3 +, CD3 + / CD4 +, CD3 + / CDS8 +, CD4
+ / CD8 +, CD3-/CD19 +, CD3-/ CD56 + CD16 +)
were compared using 7 test between patients taking b/tsD-
MARD:s (biological DMARDs, targets synthetic DMARD)
vs patients taking only csDMARDs (conventional synthetic
DMARDs); patients taking vs not taking methotrexate;
patients taking vs not taking steroids; patients not taking
antiTNF bDMARDs vs other bDMARDs. Serum levels of
lymphocyte subpopulations were also compared using one-
way ANOVA, between patients taking different DMARDs
(overall and separately in patients taking and not taking b/
tsDMARD:s). Levels of anti-SARS CoV-2 IgG at T1 were
compared through Kruskal-Wallis test between patients
vs HCWs’ control group; patients taking b/tsDMARDs vs
patients taking only csDMARDs; patients taking vs not
taking methotrexate; patients taking vs not taking steroids.
Levels of anti-SARS CoV-2 IgG at T1 were then compared
using Kruskal-Wallis test, between patients taking different
DMARD:s (overall and separately in patients taking and not
taking b/tsDMARD:s). Levels of anti-SARS CoV-2 IgG at T2
were compared through Kruskal-Wallis test between patients
taking b/tsDMARDs vs patients taking only csDMARDs;
patients taking vs not taking methotrexate; patients taking
vs not taking steroids; patients taking different DMARD:s;
patients taking antiTNF bDMARDs vs other bDMARDs.
Difference in levels of anti-SARS CoV-2 IgG at T1 vs T2
was assessed by Wilcoxon test. Linear regression analysis
was performed to assess any predictive variables associated
to higher levels of anti-SARS CoV-2 IgG at T1; higher levels
of anti-SARS CoV-2 IgG at T2; higher difference between
anti-SARS CoV-2 IgG levels at T1 vs at T2.

Results

Two hundred patients affected by RA were included in this
study; mean age was 67.82 (SD 13.29) vs 50.54 years, SD
11.66, p < 0.001) in HCW. Of them, 156 (78%) were females
and 44 ( 22%) were males. Patients who under treatment
with b or ts DMARDs were 184 (92%): 64 (32%) were tak-
ing an IL-6 inhibitor, 43 (21.5%) anti-TNF inhibitors, 35
(17.5%) ABA, 24 (12%) JAK inhibitors, 18(9%) RTX. In
this group of patients, 78 (42.4%) were also taking MTX.

Further details on employed drugs are shown in Table 1.

Furthermore, 16 patients (8%) were taking csDMARD:s;
10 MTX alone (62.5%) and 6 in combination with LFN
(37.5%).

DAS28 values at TO, T1, and T2 did not differ between
patients undergoing different treatments and indicated
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Table 1 Distribution of b/

. . b/tsDMARD n (%)
tsDMARD:s in patients’ group

Abatacept 35(19.0)
Adalimumab 12 (6.5)
Bariticitinib 15(8.2)
Certolizumab 6(3.3)
Etanercept 23 (12.5)
Golimumab 1(0.5)
Infliximab 2(1.1)
Rituximab 18 (9.8)
Sarilumab 9(4.9)
Tocilizumab 52 (28.3)
Tofacitinib 4(2.2)
Upadacitinib 7 (3.8)

Table 2 Comparison of antibodies’ levels at T1 between health care
workers and patients

Anti-SARS-COV-2 antibodies. BAU WHO/mL (median [IQR])

HCW T1 Patients T1 P value

1562.00 [975.00, 1632.00] 416.00 [110.00, 1581.00] <0.001

remission status. There were no significative changes in
DAS 28 values from TO to T1 (p 0.759), nor from T1 to T2
(p 0.847).

Serum levels of lymphocyte subpopulations (CD3 +,
CD3+/CD4 +,CD3 +/CDS8 +,CD4 +/CD8 +, CD3—/
CD19 +, CD3—-/ CD56 + CD16 +) did not significatively
differ between patients taking b/tsDMARDs vs patients tak-
ing only csDMARDs, neither between patients taking vs not
taking methotrexate. Patients taking steroids (5 mg/day of
prednisone) showed lower levels of CD 19+ (139.91 + 108.5
vs 198.71 +120.30, p 0.013).

When compared across patients taking different b/tsD-
MARDs, serum levels of lymphocytes CD3+4, CD3+/
CD4+; CD19+ significatively varied (p 0.010, p <0.001,
p 0.01 respectively, Table S1) with the higher values asso-
ciated with patients taking anti-TNF bDMARDs. A com-
parison was then made between patients taking antiTNF
and patients taking other b/tsDMARDs than anti-TNF: CD

3+, CD3+CD4+, and CD 19+ had higher values in the first
group (p 0.01, p<0.01, and p 0.03 respectively).

Levels of anti-SARS CoV-2 IgG at T1 were higher in
HCWs than in patients’ groups (Table 2).

Anti-SARS CoV-2 IgG levels at T1 were slightly lower
in patients taking b/tsDMARDs than in patients under
csDMARDs (380.00 [0.70, 1632.00] vs 1480.00 [40.00,
1632.00], p 0.045).

Antibody production was lower in patients taking both
b/tsDMARDs and MTX than in patients treated with b/
tsDMARD:s alone (208.00 [0.70, 1632.00] vs 488.00 [0.70,
1632.00], p 0.004).

No difference was found depending on the use of
prednisone.

Kruskal-Wallis test comparing Anti-SARS CoV-2 IgG
levels at T1 between different b/tsDMARDs was significa-
tive (p 0.011) as shown in Table 3 and Figure 1 with lower
antibodies’ level in patients taking ABA and RTX. Anyway,
after the post hoc Steel test, only the difference between
patients treated with ABA vs patients treated with anti-IL-6
maintained significancy (p 0.28).

No difference in antibody levels was found between
patients taking anti-TNF and patients taking other b/tsD-
MARD:s than anti-TNF.

Regression analysis in the overall group of patients evi-
denced age, treatment with ABA, with JAK inhibitors, and
RTX as negative predictors of higher anti-SARS CoV-2 IgG
levels.

When restricted to patients taking b/tsDMARDs, regres-
sion analysis showed age as a negative predictor of higher
anti-SARS CoV-2 IgG levels, while, between different b/
tsDMARDs, none maintained significancy in predicting
antibody levels at T1.

Serum levels of lymphocyte subpopulations CD3+,
CD3+CD4+, CD3+CD8+, CD19+, CD3-CD16*CD56+
did not correlate with antibody levels at T1 nor at T2.

Anti-SARS CoV-2 IgG levels at T2 were lower in patients
taking b/tsDMARDs than in patients under csDMARDs
(445.50 [9.00, 1632.00] vs 1450.00 [56.00, 1632.00], p
0.032).

As for antibody levels at T1, IgG values at T2 were lower
in patients taking in combination b/tsDMARD and MTX

Table 3 Median level of

. b/tsDMARDs
anti-SARS CoV-21gG at T1
in patients taking different b/ Abatacept Anti-IL6 Anti-JAK Rituximab Anti-TNF p value
tsDMARDs
N° 35 64 24 18 43
Anti-SARS-COV-2 180.00 [0.70, 510.00 [0.70, 472.00 126.50 520.00 [0.70, 0.011
antibodies 1632.00] 1632.00] [218.25, [29.55, 1632.00]
BAU WHO/mL 789.00] 568.25]
(median [IQR])
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than in patients treated with b/tsDMARDs alone (562.00
[12.00, 1632.00] vs 231.50 [9.00, 1632.00], p <0.001).

The intake of prednisone did not make any difference in
antibody production for patients under both b/tsDMARDs
and csDMARD:s.

Kruskal-Wallis test comparing anti-SARS CoV-2 IgG
values at T2 between patients taking different b/tsDMARDs
was significative (p<0.001), with lower values expressed by
patients taking RTX and ABA (see Table 4). When post hoc
Steel test was performed, significancy was maintained by
ABA vs anti-IL6 (p <0.001), ABA vs Anti-Jak (p 0.005),
ABA vs anti-TNF (p 0.003), RTX vs anti-IL6 (p 0.04).

Regression analysis in the overall group of patients
showed level of antibodies at T1 to be a positive predictor
of higher levels of antibodies at T2, while treatment with
ABA was a negative predictor.

When restricted to patients taking b/tsDMARDs, regres-
sion analysis showed treatment with anti-IL6, anti-JAK, and
anti-Tnf as positive predictors of higher levels of anti-SARS
CoV-2 IgG at T2.

Serum levels of lymphocyte subpopulations CD3+,
CD3+CD4+, CD3+ CD8+, CD19+, CD3-CD16+CD56+
did not correlate with antibody levels at T1 nor at T2.

Median levels of anti-SARS CoV-2 IgG significatively
increased between T1 and T2 (p value < 0.0001) in overall
group of patients and separately in patients taking b/tsD-
MARD:s but not in patients taking only csDMARD:s.

Linear regression analysis evidenced treatment with ABA
as a negative predictor of higher differences between anti-
SARS CoV-2 IgG levels at T1 and T2 in the overall group of
patients (¢ value—2.03, p 0.043) while treatment with anti-
IL6 and anti-TNF were predictive of increased antibodies

Table 4 Median level of

s b/tsDMARDs
anti-SARS CoV-2 IgG at T2
in patients taking different b/ Abatacept Anti-IL6 Anti-JAK Rituximab Anti-TNF p value
tsDMARDs
N° 35 64 24 18 43
Anti-SARS- 156.00 565.00 543.00 112.00 [9.00, 632.00 <0.001
COV-2 antibod-  [11.00, [12.00, [67.00, 1632.00] [12.00,
ies 1632.00] 1632.00] 1632.00] 1632.00]
BAU WHO / mL
(median [IQR])

@ Springer



Immunologic Research (2022) 70:493-500

497

levels from T1 to T2 (¢ value 2.25, p 0.026, and ¢ value 2.56,
p 0.011, respectively).

Discussion

In light of the current evidence, our research is specific on
full booster vaccination for SARS CoV-2 in patients with
rheumatoid arthritis. Patients in clinical remission at base-
line showed no increase in DAS28 values after vaccination
with two doses of BNT162b2 mRNA nor after the booster.
The studies evaluating the immunogenicity of SARS CoV-2
vaccines in RMD patients also briefly described the reactiva-
tion rate (ranging from 0 to 5%), and one multicentric study
reported few cases of flare-up or new onset of immune-
mediated diseases identified from the post-vaccination sur-
veillance [11, 12, 17]; indeed, Watad et al. described 17
flares (and 10 new onset) of immune-mediated diseases
identified among the adverse event report forms from mul-
tiple academic centers located in 3 countries [18]. More
recently, the Global Rheumatology Alliance (GRA) carried
out a survey to investigate RMD patients’ perceptions and
outcomes related to COVID-19 vaccines showing a 13.4%
rate of flare after the vaccination in patients with different
RMDs, with only about one-third (4.6% of the whole cohort)
requiring medication changes [19]. The trials evaluating the
immunogenicity and safety of the mRNA vaccine for SARS
CoV-2, enrolling overall 1000 patients with different chronic
inflammatory diseases, showed a low rate of disease reac-
tivation during the observational time ranging from 2 to 8
weeks of follow-up [11, 12]. While Geisen et al. and Braun-
Moscovici et al. reported no flare at all, Furer et al. reported
a worsening of the symptoms of underlying RMD in 2.53%
of patients after the first dose and 1.79% after the second one
[17]. Data from telephone interviews on adverse vaccination
events of 126 patients with RMD revealed 5 suspected cases.
RMDs were subsequently confirmed in 3 of them, 2 women
with psoriatic arthropathy and 1 with rheumatoid arthritis.
The incidence rate of RMD reactivation was of 0.007 per-
son/month [20]. It has recently been shown in mouse mod-
els that BNT162b2 induces immunization of natural killer
cells and CD8 + T cells in draining lymph nodes which are
the main producers of circulating IFN-y. Vaccine-induced
CDS8 + T cell response is dependent on type I interferon-
dependent MDAS signal [21]. The short-term persistence of
humoral immunity, together with the reduced neutralizing
capacity compared to the currently prevalent SARS-CoV-2
variants, may explain reinfections. Long-lived memory B
lymphocytes and CD4 + T lymphocytes can protect against
the development of serious disease. A booster dose restores
optimal anti-spike immunity in naive individuals, while the
need for vaccinated individuals cured of COVID-19 has yet
to be defined [22]. It is not currently known the impact of

drug therapies in memory B cell and CD4 + T cell of RA
subjects. In our study, serum levels of CD3 +, CD3+CD4
+, CD3+ CDS8 +, CD19 +, CD3-CD16+CD56 + lympho-
cytes did not differ significantly between patients taking b/
tsDMARD compared to patients taking csDMARD alone,
nor between patients taking and not taking methotrexate.
Patients taking steroids (prednisone 5 mg/day) showed lower
levels of CD 19+. This may explain the role that chronic
prednisone intake played in reducing antibody production
[23, 24]. When comparing patients taking different b/tsD-
MARDs, the serum levels of CD3 +, CD4 + lymphocytes,
and CD19 + varied significantly with the higher values
represented by patients taking anti-TNF bDMARD. Litera-
ture data show that TNF antibodies do not have an impact
on antibody production after vaccination [11-13, 17, 25,
26]. And, in fact, the comparison between different b/tsD-
MARDs showed higher antibody levels in patients taking
anti-TNF and anti-IL-6, even if there was no difference
between patients taking anti-TNF with a group including
patients taking other b/tsDMARDs than anti-TNF. Antibody
production was lower in patients taking b/tsDMARD and
MTX together than in patients taking b/tsDMARD alone.
Other literature data have demonstrated the role of MTX in
reducing antibody production after SARS-CoV-2 vaccina-
tion [14-27]. The median anti-SARS CoV-2 Spike RBD IgG
antibody levels in the rheumatoid arthritis patient cohort at
T1 was 416.00 [110.00, 1581.00], while the median serum
level of the HCW group was 1562.00 BAU WHO/mL [IQR
975.00, 1632.00], significantly higher than the patients’
group (p < 0.001). It is to note that patients were medially
older than controls (mean age was 67.82, SD 13.29, vs 50.54
years, SD 11.66, p < 0.001) and this could be a limitation of
the study as in similar studies as well [26]. Anyway, linear
regression analysis revealed age as a negative predictor of
concentration levels in patients’ cohorts while no association
emerged between age and IgG levels in HCW. Therefore,
age-related immune-senescence associated with immu-
nomodulatory treatments may also contribute to lower IgG
levels in patients’ but not in controls’ group. A limitation of
our study could be the absence of data on HCW antibodies
levels after their booster (T2) that could have allowed further
comparison. Moreover, we did not use the virus neutraliza-
tion assay since it was not available.

Nevertheless, the data on the booster highlighted interest-
ing aspects of the research. T1 antibody values after vaccina-
tion affects T2 values after the booster. Our study highlights
that patients undergoing the booster while in treatment with
anti-TNF, anti-JAK, and anti-IL-6 showed a significative
increase in antibody production after the booster, while
patients treated with ABA and RTX did not show an increase
in antibody production after the booster. A deficit in humoral
and cellular T response mediates by IL-2 and IFNy in RA
patients receiving ABA after SARS CoV-2 vaccination
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has been demonstrated [28]. Moreover, no improvement
was found in patients on ABA with the booster despite the
3-week suspension. Based on these results and considering
that ABA blocks the activation of T lymphocytes by binding
with high affinity CD804 / CD86+ molecules thus interfer-
ing with the co-stimulation signals delivered through the
antigen submitted [29, 30], it may be reasonable to extend
the suspension to more than one month. This approach can
improve the induction of a specific immune response espe-
cially at the level of T lymphocytes. For RTX, it has been
seen that reduced or absent antibodies production depends
on time between the last infusion and the vaccination,
with an average 9 months [31] needed to elicit a molecu-
lar response, while an IGRA cellular T response was also
observed in patients without circulating antibodies [32, 33].
A strength of our study is the numerosity of sample size. In
fact, in literature, data on the booster comes from extremely
small cohorts in comparison with our case series. A case
report shows the presence of antibodies after a booster with
BNT162b2 in a patient with rheumatoid arthritis treated
with upadacitinib and initial negative antibodies response
[34]. A second case of a patient receiving etanercept 50 mg/
week, leflunomide 20 mg/day had no antibody response after
vaccination with mRNA-1273 vaccine (Moderna) and had
antibody but not cellular response after a booster with one
dose of the Ad26. COV2.S viral vector SARSCoV-2 vac-
cine (Johnson & Johnson) [35]. An antibody production after
booster was demonstrated in 12 of 17 patients with rheu-
matoid arthritis treated with b-DMARD and b/tsDMARDs
[36], while in a study of 18 patients with autoimmune dis-
eases without significant immune response after the initial
vaccination, the absence of antibody production persisted in
two RA patients taking mycofenolate or RTX [37]. A recent
study involved 90 patients treated with RTX of which 49
patients were given a third dose of the vaccine. Nineteen
(21.8%) of 87 patients produced antibodies since the last
rituximab infusion (median 267 days [IQR 222-324]. After
two vaccine doses, 10 (53%) of 19 patients had CD3+ CD4
+ lymphocyte response and 14 (74%) had CD8 + lympho-
cyte response. A third dose of vaccine induced serologi-
cal responses in eight (16.3%) of 49 patients, but induced
a CD34+CD4 + and CD3+CD8 + response in all patients
evaluated (n = 12) [38]. Recent CoronaVac data on 597
patients with autoimmune rheumatic disease (ARD) showed
that the third dose increases the anti-S1/S2 IgG seropositiv-
ity rate from day 210 (60%) to day 240 (93%) (p <0.0001)
in patients with ARD. Neutralizing antibody positivity also
increased: 38% (day 210) vs 81.4% (day 240) (p <0.0001).
Negatively correlated factors with antibody production were
doses of prednisone> Smg, abatacept, mycophenolate, ritux-
imab, and MTX despite 2-week discontinuation. Interest-
ingly in this study, the number of infections after the booster
was small [39]. We observed 4 cases of moderate infection
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in our cohort, in the post-vaccination time, higher than the
rate reported by the EULAR-COVID-19 and COVAX regis-
tries which suggest that the breakthrough rate is low (1%) in
fully vaccinated individuals with inflammatory RMD [40].
Actually, further studies are needed to clarify the impact of
these variants on vaccines’ efficacy, both in healthy subjects
and in patients with RMDs.

Conclusion

Our study shows that despite the booster vaccine with
BNT162b2, seroconversion in patients with rheumatoid
arthritis is conditioned by the background therapy in par-
ticular for those patients being treated with ABA and RTX.
Considering that guidelines are available on suspension time
of the two bDMARDs before and after every vaccine dose,
these results could contribute to their modification in order
to optimize serological response. Moreover, antibody pro-
duction showed to be lower in patients taking b/tsDMARD
and MTX in combination, so that these patients may deserve
special attention in vaccination schedule, maybe with
adjunctive boosters. Finally, based on literature data, also the
evaluation of T cell response provides further information
on drugs effect in immunological reaction to vaccination. So
it may be included within the routine tests to be performed
in patients affected by RA as well as by other inflammatory
diseases, treated with immunosuppressive drugs.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12026-022-09283-y.

Compliance with ethical standards

Conflict of interest The authors declare no competing interests.

References

1. Cantini F, Goletti D, Petrone L, Najafi Fard S, Niccoli L, Foti R.
Immune therapy, or antiviral therapy, or both for COVID-19: a
systematic review. Drugs. 2020;80:1929-46.

2. Goletti D, Cantini F. Baricitinib Therapy in Covid-19 Pneumonia
- an unmet need fulfilled. N Engl ] Med. 2021;384:867-9.

3. Picchianti Diamanti A, Rosado MM, Pioli C, Sesti G, Lagana B.
Cytokine release syndrome in COVID-19 patients, a new scenario
for an old concern: the fragile balance between infections and
autoimmunity. Int JMol Sci. 2020;21:3330.

4. Agrati C, Castilletti C, Goletti D, et al. Coordinate induction of
humoral and spike specific t-cell response in a cohort of Italian
health care workers receiving BNT162b2 mRNA Vaccine. Micro-
organisms. 2021;9:1315.

5. Angyal A, Longet S, Moore S, et al. T-Cell and antibody
responses to first BNT162b2 Vaccine dose in previously SARS-
CoV-2-infected and infection-naive UK Healthcare Workers:


https://doi.org/10.1007/s12026-022-09283-y

Immunologic Research (2022) 70:493-500

499

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

a multicentre, prospective, observational cohort study. Lancet
Microbe. 2022;3:¢21-31.

Baden LR, El Sahly HM, Essink B, et al. Efficacy and safety
of the mRNA-1273 SARS-CoV-2 Vaccine. N Engl J] Med.
2021;384:403-16.

Rydyznski Moderbacher C, Ramirez SI, Dan JM, et al. Anti-
gen-specific adaptive immunity to SARS-CoV-2 in acute
COVID-19 and associations with age and disease severity. Cell.
2020;183:996-1012.e19.

Dan JM, Mateus J, Kato Y, et al. Immunological memory to
SARS-CoV-2 assessed for up to 8 months after infection. Sci-
ence. 2021;371:eabf4063.

Landewé RB, Machado PM, Kroon F, et al. EULAR provisional
recommendations for the management of rheumatic and muscu-
loskeletal diseases in the context of SARS-CoV-2. Ann Rheum
Dis. 2020;79:851-8.

Belleudi V, Rosa AC, Poggi FR, et al. Direct and indirect impact
of COVID-19 for patients with immune-mediated inflam-
matory diseases: a retrospective cohort study. J Clin Med.
2021;10:2388.

Furer V, Eviatar T, Zisman D, 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;80:1330-8.

Geisen UM, Berner DK, Tran F, et al. Immunogenicity and
safety of anti-SARS-CoV-2 mRNA vaccines in patients
with chronic inflammatory conditions and immunosup-
pressive therapy in a monocentric cohort. Ann Rheum Dis.
2021;80:1306-11.

Simon D, Tascilar K, Fagni F, et al. SARS-CoV2 vaccination
responses in untreated, conventionally treated and anticytokine-
treated patients with immune-mediated inflammatory diseases.
Ann Rheum Dis. 2021;80:1312-6.

Haberman RH, Herati RS, Simon D, et al. Methotrexate ham-
pers immunogenicity to BNT162b2 mRNA COVID-19 vaccine
in immune-mediated inflammatory disease. Ann Rheum Dis.
2021;80:1339-44.

Aletaha D, Neogi T, Silman AJ, et al. 2010 Rheumatoid arthritis
classification criteria: an American College of Rheumatology/
European League Against Rheumatism Collaborative Initiative.
Arthritis Rheum. 2010;62:2569-81.

. Curtis JR, Johnson SR, Anthony DD, et al. American College of

Rheumatology guidance for COVID-19 vaccination in patients
with rheumatic and musculoskeletal diseases: Version 4. Arthri-
tis Rheum. 2021;73:e60-75.

Braun-Moscovici Y, Kaplan M, Braun M, et al. Disease activity
and humoral response in patients with inflammatory rheumatic
diseases after two doses of the Pfzer mRNA vaccine against
SARS-CoV-2. Ann Rheum Dis. 2021;80:1317-21.

Watad A, De Marco G, Mahajna H, et al. Inmune-mediated
disease fares or new-onset disease in 27 subjects following
mRNA/DNA SARS-CoV-2 vaccination. Vaccines (Basel).
2021;29(9):435.

Sattui SE, Liew JW, Kennedy K, et al. Early experience of
COVID-19 vaccination in adults with systemic rheumatic dis-
eases: results from the COVID-19 global rheumatology alliance
vaccine survey. RMD Open. 2021;7:¢001814.

Spinelli FR, Favalli EG, Garufi C, et al. Low frequency of dis-
ease flare in patients with rheumatic musculoskeletal diseases
who received SARS-CoV-2 mRNA vaccine. Arthritis Res Ther.
2022;24:21.

Li C, Lee A, Grigoryan L, et al. Mechanisms of innate and adap-
tive immunity to the Pfizer-BioNTech BNT162b2 vaccine. Nat
Immunol. 2022;23:543-555.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Mazzoni A, Vanni A, Spinicci M, et al. SARS-CoV-2 infec-
tion and vaccination trigger long-lived B and CD4+ T lym-
phocytes with implications for booster strategies. J Clin Invest.
2022;132:e157990.

Jena A, Mishra S, Deepak P, et al. Response to SARS-
CoV-2 vaccination in immune mediated inflammatory dis-
eases: systematic review and meta-analysis. Autoimmun Rev.
2022;21:102927.

Deepak P, Kim W, Paley MA, et al. Glucocorticoids and B
Cell Depleting Agents Substantially Impair Immunogenic-
ity of mRNA Vaccines to SARS-CoV-2. medRxiv [Preprint].
2021 Apr 9:2021.04.05.21254656.

Al-Janabi A, Littlewood Z, Griffiths CEM, et al. Antibody
responses to single-dose SARS-CoV-2 vaccination in patients
receiving immunomodulators for immune-mediated inflamma-
tory disease. Br J Dermatol. 2021;185:646-8.

Rubbert-Roth A, Vuilleumier N, Ludewig B, Schmiedeberg
K, Haller C, von Kempis J. Anti-SARS-CoV-2 mRNA vac-
cine in patients with rheumatoid arthritis. Lancet Rheumatol.
2021;3:e470-2.

Bugatti S, De Stefano L, Balduzzi S, et al. Methotrexate and
glucocorticoids, but not anticytokine therapy, impair the immu-
nogenicity of a single dose of the BNT162b2 mRNA COVID-19
vaccine in patients with chronic inflammatory arthritis. Ann
Rheum Dis. 2021;80:1635-8.

Picchianti-Diamanti A, Aiello A, Lagana B, et al. Immunosup-
pressive therapies differently modulate humoral- and T-cell-
specific responses to COVID-19 mRNA vaccine in rheumatoid
arthritis patients. Front Immunol. 2021;12:740249.

Picchianti Diamanti A, Rosado MM, Scarsella M, et al.
Abatacept (cytotoxic T lymphocyte antigen 4-immunoglobu-
lin) improves B cell function and regulatory T cell inhibi-
tory capacity in rheumatoid arthritis patients non-responding
to Anti-Tumour Necrosis Factor agents. Clin Exp Immunol.
2014;177:630-40.

Moreland L, Bate G, Kirkpatrick P. Abatacept. Nat Rev Drug
Des Discov. 2006;5:185-6.

Benucci M, Damiani A, Infantino M, et al. Correspond-
ence on “SARS-CoV-2 vaccination in rituximab-treated
patients: evidence for impaired humoral but inducible cel-
lular immune response” by Bonelli et al. Ann Rheum Dis.
2021;80:e166.

Moor MB, Suter-Riniker F, Horn MP, et al. Humoral and cel-
lular responses to mRNA vaccines against SARS-CoV-2 in
patients with a history of CD20 B-cell-depleting therapy (Ritux-
iVac): an investigator-initiated, single-centre, open-label study.
Lancet Rheumatol. 2021;3:¢789-97.

Benucci M, Damiani A, Infantino M, et al. Presence of spe-
cific T cell response after SARS-CoV-2 vaccination in rheu-
matoid arthritis patients receiving rituximab. Immunol Res.
2021;69:309-11.

Albach FN, Burmester GR, Biesen R. Successful BNT162b2
booster vaccinations in a patient with rheumatoid arthritis
and initially negative antibody response. Ann Rheum Dis.
2021;80:1361-2.

Baker MC, Mallajosyula V, Davis MM, Boyd SD, Nadeau KC,
Robinson WH. Effective viral vector response to SARS-CoV-2
booster vaccination in a patient with rheumatoid arthritis after
initial ineffective response to messenger RNA vaccine. Arthritis
Rheum. 2021. https://doi.org/10.1002/art.41978.
Schmiedeberg K, Vuilleumier N, Pagano S, et al. Efficacy and
tolerability of a third dose of an mRNA anti-SARS-CoV-2 vac-
cine in patients with rheumatoid arthritis with absent or minimal
serological response to two previous doses. Lancet Rheumatol.
2022;4:e11-3.

@ Springer


https://doi.org/10.1002/art.41978

500

Immunologic Research (2022) 70:493-500

37. Connolly CM, Teles M, Frey S, et al. Booster-dose SARS-
CoV-2 vaccination in patients with autoimmune disease: a case
series. Ann Rheum Dis. 2022;81:291-3.

38. Jyssum I, Kared H, Tran TT, et al. Humoral and cellular immune
responses to two and three doses of SARS-CoV-2 vaccines in
rituximab-treated patients with rheumatoid arthritis: a prospec-
tive, cohort study. Lancet Rheumatol. 2022;4:e177-e187.

39. Aikawa NE, Kupa LVK, Medeiros-Ribeiro AC, et al. Incre-
ment of immunogenicity after third dose of a homologous
inactivated SARS-CoV-2 vaccine in a large population of
patients with autoimmune rheumatic diseases. Ann Rheum Dis.
2022;11:annrheumdis-2021-222096.

@ Springer

40. Lawson-Tovey S, Hyrich KL, Gossec L, et al. SARS-CoV-2 infec-
tion after vaccination in patients with inflammatory rheumatic and
musculoskeletal diseases. Ann Rheum Dis. 2022;81(1):145-50.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Role of booster with BNT162b2 mRNA in SARS-CoV-2 vaccination in patients with rheumatoid arthritis
	Abstract
	Introduction
	Methods
	Statistical Analysis
	Results
	Discussion
	Conclusion
	References


