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Abstract
Background  The COVID-19 outbreak has led to the rapid development and administration of the COVID-19 vaccines world-
wide. Data about the immunogenicity and adverse effects of the vaccine on patients with systemic autoimmune rheumatic 
diseases (SARDs) is emerging.
Aim  To evaluate Pfizer/BioNTech (BNT162b2) mRNA-based vaccine second-dose immunogenicity and safety, and the 
relation between them, in patients with SARDs.
Methods  A total of one hundred forty tow adults who received two doses of the BNT162b2 vaccine were included in the 
study. The SARDs group included Ninety-nine patients and the control group (forty-three participants) comprised a mix-
ture of healthy participants and patients who were seen at the rheumatology clinic for non-SARDs. Anti-SARS-CoV-2 IgG 
antibodies against the Spike protein were evaluated using a SARS-CoV-2 IgG immunoassay. A level of > 150 AU/mL was 
considered positive. An adverse effects questionnaire was given to the participants upon their first visit to the clinic after 
their BNT162b2 vaccination.
Results  Of the 142 participants, 116 were seropositive (81.7%) and 26 (18.3%) were seronegative. Of the seronegative partici-
pants, 96.2% were SARDs patients. The proportion of seropositivity in the SARDs patients treated with any immunosuppres-
sant was significantly lower (69.9%) compared to the control group and SARDs patients not receiving immunosuppressants 
(96.8%). A significant negative correlation between seronegativity and treatment with rituximab, mycophenolate mofetil 
(MMF), and prednisone was found in the SARDs group (p = 0.004, 0.044, 0.007 respectively). No fever was observed follow-
ing the BNT162b2 vaccine in seronegative patients, and the frequency of musculoskeletal adverse effects upon the second 
dose of the BNT162b2 vaccine was significantly higher in seropositive compared to seronegative patients and in the control 
group compared to the SARDs patients (p = 0.045, p = 0.02 respectively).
Conclusion  A decline in the immunogenicity to the second dose of BNT162b2 mRNA is seen in patients with SARDs, 
especially in patients treated with rituximab, MMF, and prednisone. Adverse effects of the vaccine including fever and 
musculoskeletal symptoms might be a signal for the acquisition of immunity in those patients.
 
Key Points 
• BNT162b2 mRNA vaccine is less immunogenic in SARDs patients compared to the control group.
• Rituximab, prednisone, and mycophenolate mofetil significantly reduced immunogenicity to the vaccine.
• There is a correlation between immunogenicity and adverse effects of the vaccine.
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Introduction

The COVID-19 outbreak, accompanied by its unprec-
edented impact on people and society, led to the rapid 
development and administration of the COVID-19 vac-
cines worldwide. The BioNTech/Pfizer mRNA-based 
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(BNT162b2) vaccine encodes a genetically modified 
SARS-CoV-2 spike S protein [1] that is reported to 
elicit high titers of neutralizing antibodies to the virus 
in the vast majority of the vaccinated individuals [2]. 
The COVID-19 vaccines clinical trials largely excluded 
patients with systemic autoimmune rheumatic diseases 
(SARDs) and/or patients on immunosuppressive treat-
ments, raising concern regarding the efficacy and safety 
of the COVID-19 vaccine amongst these groups of 
patients [3–5].

The COVID-19 pandemic has particularly impacted 
the lives of people with SARDs. Immunosuppressive 
treatment and the presence of comorbidities have been 
associated with an increased risk of COVID-19 infec-
tion including hospitalization, and even death [6, 7]. In 
SARDs patients, the immune response is altered and 
varies with the type of immunomodulatory regimen and 
the vaccine used [8, 9]. Owing to the type and degree of 
medications, some patients with SARDs may have less 
protection from the vaccines. For example, methotrexate 
(MTX), mycophenolate mofetil (MMF), tofacitinib, and 
prednisone (≥ 10 mg/day) have been shown to attenuate 
the vaccine-induced response upon receiving other non-
COVID-19 vaccines [8]. Since data derived from the usage 
of other non-COVID-19 vaccines might not translate to 
the novel vaccines developed for COVID-19 [10, 11], it is 
crucial to study this aspect.

COVID-19 vaccines immunogenicity is usually meas-
ured using the humoral IgG to spike ‘S’ protein [12]. In 
our study, we assess the serology of 142 participants with 
SARDs and a control group to evaluate the immunogenicity 
and safety of the BNT162b2 mRNA-based vaccine, and to 
describe the impact of the type and degree of the immuno-
suppressive treatments.

Materials and methods

Study cohort

SARDs patients from the Rheumatology Clinic at Meir 
medical center (Kfar Saba, Israel) were recruited for this 
study between April and June 2021. The control group com-
prised a mixture of healthy participants and patients who 
were seen at the rheumatology clinic for non-SARDs (e.g., 
osteoarthritis and fibromyalgia). Patients with a previously 
reported clinical diagnosis of COVID-19 and a positive PCR 
COVID-19 test were excluded from the study. The study 
was approved by the Institutional Review Board (IRB) of 
Meir Medical Center, registered under identifier 0056–21. 
All participants provided written informed consent for par-
ticipation in the study.

Blood draw and serum separation

Blood was drawn and collected in a serum separator tube 
(BD Vacutainer, #365,328, BD, Franklin Lakes, NJ, USA) 
from the control group and SARDs patients upon their first 
clinic visit post the Pfizer-BioNTech (BNT162b2) mRNA-
based vaccination. The samples were allowed to clot at room 
temperature for 30–60 min. Samples were centrifuged at 
2000 RCF for 10 min at 4 °C and serum was collected into 
an Eppendorf tube and frozen at –80 °C until further use.

Humoral immunity of the vaccine

The presence of anti-SARS-CoV-2 IgG antibodies was 
evaluated using a SARS-CoV-2 IgG chemiluminescent 
microparticle immunoassay (CMIA) (Abbott, Sligo, Ire-
land) intended for detection of IgG antibodies to the receptor 
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binding domain (RBD) of the S1 subunit of the spike protein 
of SARS-CoV-2 in the serum samples of the participants. 
Results are provided in arbitrary units (AU) per milliliter as 
defined by the manufacturer, ranging between 0 and 40,000 
AU/mL for the anti-S antibodies. A level of > 150 AU/mL 
was considered positive [13].

Patient questionnaire

The survey was performed using a cross-sectional method 
to evaluate the adverse effects of BNT162b2 vaccination. 
The questionnaire was developed in Hebrew for the conveni-
ence of the Israeli participants. The questionnaires included 
demographic details (e.g. age, and sex), information regard-
ing rheumatic disease and comorbidities, and immunosup-
pressive treatment. The section dealing with adverse effects 
included yes/no questions regarding symptoms that occurred 
within one week of each dose of vaccine administration. 
The adverse effects questionnaire included questions about 
local reaction to the injection, fever, general effects (fatigue, 
headache, and chills), musculoskeletal effects (arthralgia 
and myalgia), gastrointestinal effects, and others (lymphad-
enopathy, rash). The sampling technique used for the study 
is convenience sampling.

Statistics

Categorical variables were summarized as frequency and 
percentage. Continuous variables were evaluated for nor-
mal distribution using a histogram and reported as median 
and interquartile range (IQR). Chi-square test and Fisher’s 
exact test were used to compare categorical variables and 
Mann–Whitney test was applied to compare continuous vari-
ables. Multivariable logistic regression was used to study 
associations while controlling for other variables. All statis-
tical tests were two-sided and p < 0.05 was considered statis-
tically significant. SPSS software was used for all statistical 
analyses (IBM SPSS Statistics for Windows, Ver. 25, IBM 
Corp., Armonk, NY, USA, 2017).

Results

Study cohort

A total of 142 adult participants were included in the 
study. The SARDs group consisted of 99 SARDs patients 
(69.7%), all had stable disease, treated on an ambula-
tory basis. The control group consisted of 43 participants 
(30.3%), a mixture of healthy participants and patients 
who were seen at the rheumatology clinic for non-SARDs 
(e.g., osteoarthritis and fibromyalgia). All the participants 

were recruited after receiving two doses of the BNT162b2 
vaccine. The median age was 56  years and females 
accounted for 76.1% of the cohort (n = 108). The most 
common rheumatic diagnosis was rheumatoid arthritis 
(RA) (n = 28, 28.3%) and systemic sclerosis (SSC) (n = 24, 
24.2%) (Fig. 1, Table 1).

Seventy-nine patients from the SARDs group (79.8%) 
were on immunomodulatory/immunosuppressive therapy, 
including hydroxychloroquine (HCQ) (n = 23, 29.1%), MTX 
(n = 18, 22.8%), and tumor necrosis factor inhibitors (TNF-i) 
(n = 15, 19%) (Table 1).

Table 1   Patient characteristics

SARDs systemic autoimmune rheumatic diseases, RA rheumatoid 
arthritis, PMR polymyalgia rheumatica, GCA​ giant cell arteritis, SSC 
systemic sclerosis, SPA spondyloarthropathy, SLE systemic lupus ery-
thematosus, AAV antineutrophil cytoplasmic antibody (ANCA)-asso-
ciated vasculitis, NOS not otherwise specified, Tx. treatment, TNF-i 
tumor necrosis factor inhibitors, IL6i interleukin 6 inhibitors, JAKi 
janus kinase inhibitors

Characteristics SARDs patients, 
n = 99

Control group, n = 43

Median age (range) 61 (22–89) 44 (24–85)
Female, no. (%) 75 (75.8) 33 (76.7)
SARDs diagnosis, no. (%)
RA 28 (28.3) NA
PMR/GCA​ 5 (5.1) NA
SSC 24 (24.2) NA
SPA 11 (11.1) NA
SLE 14 (14.1) NA
AAV 3 (3) NA
Crystal-induced 

arthritis
3 (3) NA

NOS 11 (11.1) NA
Treatment, no (%)
Methotrexate 18 (18.2) NA
Hydroxychloroquine 23 (23.2) NA
Sulfasalazine 4 (4) NA
Leflunomide 1 (1) NA
Colchicine 3 (3) NA
Imuran 3 (3) NA
Mycophenolate-

mofetil
7 (7.1) NA

TNFi 15 (15.2) NA
IL6i 10 (10.1) NA
JAK i 3 (3) NA
Rituximab 5 (5.1) NA
Belimumab 3 (3) NA
Other 6 (6.1) NA
Prednisone 27 (27.3) NA
 < 10 mg 21 (21.2) NA
 > 10 mg 6 (6.1) NA
No treatment 20 (20.2) 43 (100)
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Humoral immunity to the BNT162b2 vaccine

Out of the 142 participants, 116 were found to be seropositive 
and 26 were seronegative. No gender differences were found 
(p = 0.694). The seropositive participants were younger with 
median age of 52 years (IQR 39–67) compared to 67 years (IQR 
55–72) in the seronegative participants (P = 0.004). Twenty-five 
out of the 99 SARDs patients (25.3%) were found to be seron-
egative compared to 1 out of 44 participants in the control group 
(2.3%) (p = 0.001) (Fig. 2A). A multivariable analysis adjusted for 
age and gender demonstrated the SARDs group was approximately 
nine times more likely to have a seronegative result (OR = 9.43, 
95%CI 1.20–76.9, p = 0.033). The median IgG titer in the control 
group was 866 AU/mL, whereas in the SARDs group it was 562.8 
AU/mL. In the SARDs group, the patients who were not treated 
with any immunosuppressant had significantly higher median 
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Fig. 2   Serology results according to study group. A In the SARDS 
group 25.3% were seronegative (orange) compared to 2.3% in the 
control group, P value 0.001. B Comparing serology results regard-
ing the use of immunosuppressive or  immunomodulatory drugs. In 
the SARDS group 69.6% in the treated group were seropositive (blue) 
compared to 96.8% among untreated participants (healthy and rheu-
matic patients), P value < 0.0001. SARDS, systemic autoimmune 
rheumatic diseases; SARDS-T, SARDs patients treated with any 
immunosuppressive or immunomodulatory drugs
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Fig. 3   Immunogenicity of the vaccine according to the use of immu-
nosuppressive and immunomodulatory drugs. Prednisone, MMF, and 
mabthera were in negative correlation to seropositivity (p = 0.007, 
0.044, 0.004, respectively). MTX, methotrexate; HCQ, hydroxychlo-
roquine; SSZ, sulfasalazine; LEFL, leflunomide; COLCH, colchicine; 
MMF, mycophenolate mofetil; TNF-i, tumor necrosis factor inhibi-
tors; IL6i, interleukin 6 inhibitors; JAKi, janus kinase inhibitors; 
MAB, mabthera; BELIM, belimumab; PRED, prednisone

Table 2   Immunogenicity of the BNT162b2 messenger RNA vaccine 
according to the use of immunosuppressive and immunomodulatory 
drugs, in SARDs patients

SARDS systemic autoimmune rheumatic diseases, RA rheumatoid 
arthritis, PMR polymyalgia rheumatica, GCA​ giant cell arteritis, SSC 
systemic sclerosis, SPA spondyloarthropathy, SARC​ sarcoidosis, SLE 
systemic lupus erythematosus, AAV antineutrophil cytoplasmic anti-
body (ANCA)-associated vasculitis, FMF familial mediterranean 
fever, NOS not otherwise specified, TNF-i tumor necrosis factor 
inhibitors, IL6i interleukin 6 inhibitors, JAKi janus kinase inhibitors
P values < 0.05 are in bold

Negative 
serology, 
n = 25

Positive 
serology, 
n = 74

P value

Methotrexate, n (%) 5 (20) 13 (17.6) 0.785
Hydroxychloroquine, n (%) 3 (12) 20 (27) 0.124
Sulfasalazine, n (%) 1 (4) 3 (4.1) 0.991
Leflunomide, n (%) 0 (0) 1 (1.4) 0.559
Colchicine, n (%) 1 (4) 2 (2.7) 0.744
Imuran, n (%) 0 (0) 3 (4.1) 0.307
Mycophenolate-mofetil, n (%) 4 (16) 3 (4.1) 0.044
TNF-Ii, n (%) 5 (20) 10 (13.5) 0.434
IL-6i, n (%) 3 (12) 7 (9.5) 0.716
JAK i, n (%) 1 (4) 2 (2.7) 0.744
Rituximab, n (%) 4 (16) 1 (1.4) 0.004
Belimumab, n (%) 1 (4) 2 (2.7) 0.744
Other, n (%) 3 (12) 3 (4.1) 0.15
Prednisone, n (%) 12 (48) 15 (20.3) 0.007
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Table 3   Adverse effects of the 
BNT162b2 vaccine according to 
group and serology status

A – adverse effects according to serology status
  Adverse effects Positive serology, n = 116 Negative serology, n = 26 P value
    Local reactions, n (%)
      After the first vaccine dose 42 (36.2) 11(42.3) 0.561
      After the second vaccine dose 36 (31) 10 (38.5) 0.465
      After any or both vaccine doses 51 (44) 14 (53.8) 0.361
    Fever, n (%)
      After the first vaccine dose 6 (5.2) 0 (0) 0.236
      After the second vaccine dose 13 (11.2) 0 (0) 0.073
      After any or both vaccine doses 15 (12.9) 0 (0) 0.053
    General adverse effects, n (%)
      After the first vaccine dose 16 (13.8) 4 (15.4) 0.833
      After the second vaccine dose 37 (31.9) 3 (11.5) 0.037
      After any or both vaccine doses 45 (38.8) 6 (23.1) 0.131
    GI adverse effects, n (%)
      After the first vaccine dose 1 (0.9) 1 (3.8) 0.243
      After the second vaccine dose 5 (4.3) 1 (3.8) 0.915
      After any or both vaccine doses 5 (4.3) 1 (3.8) 0.915
    MS adverse effects, n (%)
      After the first vaccine dose 16 (13.8) 3 (11.5) 0.760
      After the second vaccine dose 30 (25.9) 2 (7.7) 0.045
      After any or both vaccine doses 35 (30.2) 4 (15.4) 0.127
    Other, n (%)
      After the first vaccine dose 2 (1.7) 1 (3.8) 0.496
      After the second vaccine dose 2 (1.7) 0 (0) 0.500
      After any or both vaccine doses 4 (3.4) 1 (3.8) 0.921

B – adverse effects in SARDS patients and control group
  Adverse effects SARDS patients, n = 99 Control group, n = 43 P value
    Local reactions, n (%)
      After the first vaccine dose 37 (37.4) 16 (37.2) 0.985
      After the second vaccine dose 30 (30.3) 16 (37.2) 0.419
      After any or both vaccine doses 47 (47.5) 18 (41.9) 0.537
    Fever, n (%)
      After the first vaccine dose 4 (4) 2 (4.7) 0.868
      After the second vaccine dose 6 (6.1) 7 (16.3) 0.052
      After any or both vaccine doses 7 (7.1) 8 (18.6) 0.040
    General adverse effects, n (%)
      After the first vaccine dose 10 (10.1) 10 (23.3) 0.038
      After the second vaccine dose 26 (26.3) 14 (3206) 0.443
      After any or both vaccine doses 32 (32.3) 16 (44.2) 0.176
    GI adverse effects, n (%)
      After the first vaccine dose 2 (2) 0 (0) 0.348
      After the second vaccine dose 4 (4) 2 (4.7) 0.868
      After any or both vaccine doses 4 (4) 2 (4.7) 0.868
    MS adverse effects, n (%)
      After the first vaccine dose 11 (11.1) 8 (18.6) 0.228
      After the second vaccine dose 17 (17.2) 15 (34.9) 0.020
      After any or both vaccine doses 21 (21.2) 18 (41.9) 0.011
    Other, n (%)
      After the first vaccine dose 2 (2) 1 (2.3) 0.907
      After the second vaccine dose 1 (1) 1 (2.3) 0.541
      After any or both vaccine doses 3 (3) 2 (4.7) 0.630

GIT gastrointestinal, MS musculoskeletal, SARDS systemic autoimmune rheumatic diseases
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IgG titers (1666.1 AU/ml) compared to the patients treated with 
immunosuppressants (493.9 AU/ml). Furthermore, only 69.6% of 
the treated SARDs patients were seropositive compared to 96.8% 
seropositivity in the control group combined with the untreated 
rheumatic patients (p < 0.0001) (Fig. 2B).

The correlation analysis depicts a significant negative cor-
relation between the SARDs patients on rituximab, MMF, 
and prednisone treatment with seropositivity (p = 0.004, 
0.044, 0.007 respectively) (Fig. 3, Table 2). Twenty-three 
out of the 79 treated SARDs patients were on HCQ treatment 
and significantly showed seropositivity (87%, p = 0.032).

Adverse effects associated with the BNT162b2 
vaccination

Data on adverse events were collected based on the patients’ 
reports following each dose of the BNT162b2 vaccination. 
The frequency of the adverse reactions is shown in Table 3.

We compared between seropositive and seronegative partici-
pants (Table 3A) and between SARDs patients and the control 
group (Table 3B). General and Musculoskeletal adverse effects 
were more frequent in seropositive participants as well as in the 
control group. Fever after any or both doses of the BNT162b2 
vaccine was more frequent in the control group (p = 0.04) and 
found only in seropositive participants (12.9% vs. 0%, p = 0.053).

SARDs patients treated with immunosuppressants had a 
trend towards a decrease in the frequency of fever upon the 
second dose of the BNT162b2 vaccine (p = 0.058) compared 
to the patients with no treatment. Only 4 patients (5.1%) 
from the 79 treated SARDs patients reported fever following 
any or both doses of the BNT162b2 vaccine compared to 
11 (17.5%) patients that reported fever in the control group 
combined with SARDs patients who were not treated with 
immunomodulatory/immunosuppressive therapy (p = 0.017).

Discussion

This study of a cohort of 99 SARDs patients and 43 control 
participants was designed to test the hypothesis that humoral 
immune response and adverse reactions to SARS-CoV-2 
mRNA-based vaccine might differ between SARDs patients 
who are treated with immunosuppressants and those who 
are not. This hypothesis was based on previous observation 
which showed reduced immunogenicity of the vaccine against 
SARS-CoV-2 when patients are treated with medications such 
as MMF, glucocorticoids and rituximab [11, 14].

Our results indicate that the BNT162b2 vaccine is less immu-
nogenic in SARDs patients compared to the control group. 
Some of the medications used had a significant influence on the 
effectiveness of the BNT162b2 vaccine, while other medications 
such as cDMARDS and anti-cytokine biologics had no effect. 

We found that patients treated with rituximab, prednisone or 
MMF are less likely to develop antibodies against COVID-19 
after receiving the BNT162b2 vaccine.

There are contradictory reports regarding the association 
between the humoral response to the BNT162b2 vaccine and 
adverse effects. For example, Grupper et al. [15] did not find 
a correlation between symptoms or severity of symptoms to 
humoral response, in their study groups, but Otani et al. [16] 
found an association between adverse effects and higher IgG 
levels. In our study, we found that fever and musculoskeletal 
complaints following the BNT162b2 vaccine are correlated 
with seropositivity.

In this study, fever, musculoskeletal, and general adverse 
effects were less frequent in the SARDs patients compared to 
the control group. Those adverse effects may reflect the acqui-
sition of immunity to the vaccine against SARS-CoV-2, which 
immunosuppressive medications might blunt. These findings 
can help us reassure patients that the side effects they are expe-
riencing are a sign for immunity to SARS-CoV-2. Further-
more, we should take the adverse effects in SARDs patients 
into consideration, and perhaps those who do not develop 
adverse events should be even more encouraged to receive a 
booster dose of the vaccine.

A major limitation of our study is the relatively small cohort 
with diverse rheumatic diseases and treatments and only a few 
patients treated with MMF and rituximab. Therefore, our analy-
sis was limited and underpowered. Another limitation is the 
difference in age, demographic and medical history between 
patients and controls. However, difference in seropositivity was 
still significant in multivariate analysis adjusted for age and 
gender. The short follow-up time period after the second vac-
cination is another limitation. Additionally, it is still unclear 
to what extent the humoral response predicts the effectiveness 
of the vaccine over-time and what is the role of the cellular 
response in vaccine efficacy.

Conclusion

A decline in the immunogenicity to the second dose 
of BNT162b2 mRNA is seen in patients with SARDs, 
especially in patients treated with rituximab, MMF, and  
prednisone. Adverse effects of the vaccine including fever and  
musculoskeletal symptoms might be a signal for acquisition of 
immunity in those patients.
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