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Abstract:

Objective To investigate the serum total antibody (immunoglobulin M and immunoglobulin G) titre against
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spike protein receptor-binding domain fol-
lowing BNT162b2 messenger ribonucleic acid (mRNA) coronavirus disease 2019 (COVID-19) vaccination in
Japanese rheumatic disease patients undergoing immunosuppressive therapy.

Methods The serum antibody titre against SARS-CoV-2 spike protein was analysed in 123 outpatients with
rheumatic diseases at Kagawa University Hospital and 43 healthy volunteers who had received 2 doses of the
BNT162b2 mRNA vaccine with at least 14 days elapsing since the second dose.

Results The antibody titre in rheumatic disease patients was significantly lower than that in healthy subjects
(p<0.0001). The antibody titres of the 41 patients who received biologics or Janus kinase inhibitors and the
47 patients who received conventional immunosuppressive agents were significantly lower than those of the
35 patients who did not receive immunosuppressive agents (p<0.0001 and p<0.0001, respectively). In addi-
tion, the mean antibody titre of the 43 patients on methotrexate was significantly lower than that of the 80
patients not on methotrexate (p=0.0017).

Conclusion Immunogenicity to the BNT162b2 mRNA COVID-19 vaccine in rheumatic disease patients
was found to be reduced under immunosuppressive treatment. In particular, methotrexate seems to be associ-
ated with a decreased antibody response.
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from the trial. Currently, many patients with rheumatic dis-
eases are receiving immunosuppressive therapy, such as
methotrexate and rituximab, which have been reported to re-

Introduction

At time of writing, the coronavirus disease 2019 (COVID-
19) pandemic continues to threaten the health of people all
over the world. Although the safety and efficacy of the
BNT162b2 messenger ribonucleic acid (mRNA) COVID-19
vaccine has been proven in the general population (1), pa-
tients receiving immunosuppressive therapy were excluded

duce immune responses to influenza and pneumococcal vac-
cines (2). Regarding mRNA vaccination against COVID-19,
immunosuppressive  medications, rituximab,
methotrexate, glucocorticoids, abatacept and mycophenolate,
have been reported to reduce the immune response to BNT
162b2 vaccination (3, 4). However, data on immune re-
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sponses against mRNA COVID-19 vaccines in Japanese
rheumatic disease patients receiving
therapy are limited (5).

Therefore, we investigated the immunogenicity of the
BNT162b2 mRNA COVID-19 vaccine in Japanese rheu-
matic disease patients undergoing immunosuppressive ther-
apy compared with healthy control subjects.

immunosuppressive

Materials and Methods

Participants

One hundred and twenty-three adult outpatients (=20
years old) with rheumatic diseases at Kagawa University
Hospital who had received 2 doses of the BNT162b2
mRNA vaccine were recruited for the study. All patients in-
cluded in the study had a rheumatologist-confirmed definite
diagnosis of their respective rheumatic disease. Clinical in-
formation, such as the age, sex, type of rheumatic disease,
and treatment, was obtained from medical records. Forty-
three healthy volunteers vaccinated with two doses of
BNT162b2 served as a control group. No patient or healthy
volunteer had a history of COVID-19.

Serum was collected when at least 14 days had passed
since the administration of the second dose of the vaccine,
having received the second dose between March 13 and Au-
gust 6, 2021. The date of vaccination was confirmed and re-
corded with the vaccination certificate at the outpatient visit.
Immunosuppressive therapy was continued before or after
COVID-19 vaccination without temporary suspension.

This study was approved by the ethics committee of Ka-
gawa University. Informed consent was obtained from each
participant. This study was carried out according to the Dec-
laration of Helsinki.

Endpoints of the study

The primary end point was immunogenicity against the
BNT162b2 mRNA COVID-19 vaccine in rheumatic disease
patients compared with controls measured at least two
weeks after the second vaccine dose. The secondary end-
point was the effect of immunosuppressive treatments on the
vaccine’s immunogenicity.

Measurement of antibody response

The serum total antibody (IgM and IgG) titre to severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) S
protein receptor-binding domain was assessed by an
enzyme-linked immunosorbent assay (ELISA) using Elecsys
Anti-SARS-CoV-2 S RUO (Roche, Basel, Switzerland) ac-
cording to the manufacturer’s instructions.

Statistical analyses

All values reported are medians with interquartile ranges
(IQR) unless otherwise noted. Antibody levels were com-
pared using the Mann-Whitney U, Kruskal-Wallis and Steel-
Dwass tests. All p values were 2-sided, and a p value <0.05

was considered significant. Data were analysed using the
JMP® Prol4 software program (SAS Institute, Cary, USA).

Results

Study population

The study enrolled 123 patients with rheumatic diseases
and 43 healthy controls who had received 2 doses of the
BNT162b2 mRNA vaccine. The clinical features of healthy
subjects and rheumatic disease patients are shown in Table.
The average agexstandard deviation (SD) was 65.6+15.0
years for the rheumatic disease patients and 50.4+12.6 years
for the healthy subjects, with the former being significantly
older than the latter (p<0.0001). The median (IQR) duration
from the second immunization to blood sampling was sig-
nificantly shorter in the rheumatic disease patients than in
the healthy subjects [29 (19-48) vs. 57 (55-58), P<0.0001].
Among the 123 patients with rheumatic disease, theumatoid
arthritis was the most common disease (n=54), followed by
Sjogren syndrome (n=24), spondyloarthritis (n=11) and anti-
neutrophil cytoplasmic antibody-associated vasculitis (n=10),
with various other diseases comprising the remaining 24
cases (Table).

A total of 71.5% (n=88) patients with rheumatic diseases
received immunosuppressive treatment. Among the therapeu-
tic agents, we defined biologics, Janus kinase (JAK) inhibi-
tors, methotrexate, azathioprine, mycophenolate mofetil, mi-
zoribine, tacrolimus and cyclosporine as immunosuppressive
agents. Concomitant use of glucocorticoids was not included
under immunosuppressive agents because the mean dose
was low (prednisolone 3.4+2.4 mg/day). Conventional im-
munosuppressive medication monotherapy (methotrexate,
azathioprine, mycophenolate mofetil, mizoribine, tacrolimus
or cyclosporine) was used in 38.2% (n=47). Biologics and
JAK inhibitors were used as monotherapy or in combination
with conventional immunosuppressive drugs in 33.3% (n=
41). Glucocorticoids were used in 50.4% (n=62).

Immunogenicity against the BNT162b2 mRNA vac-
cine in rheumatic disease patients

The antibody titre in rheumatic disease patients was sig-
nificantly lower than that in healthy subjects [241.0 (69.4-
703.7) U/mL vs. 741.6 (509.2-1,103.0) U/mL, p<0.0001]

(Fig. 1).

Effect of immunosuppressive treatments on the im-
munogenicity of the BNT162b2 mRNA vaccine

The antibody titres of 41 patients treated with biologics or
JAK inhibitors and 47 patients with conventional immuno-
suppressive medication monotherapy were 108.2 (20.6-
304.8) U/mL and 226.0 (46.7-584.1) U/mL, respectively,
which were significantly lower than the value in the 35 pa-
tients who did not receive immunosuppressive medication
[927.0 (314.8-1392.0) U/mL, p<0.0001 and p<0.0001, re-
spectively] (Fig. 2). The antibody titre of the 43 patients
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Table. Characteristics of Study Participants.
oy AL ts B CS wanous
N 43 123 88 41 47 35
Age,y 50.4+12.6  65.6x15.0 66.7x14.5 66.2+15.0 67.2t14.1 62.9+16.1
Sex
Male, n (%) 14 (32.6) 24 (19.5) 18(20.5) 10(24.4) 8 (17.0) 6(17.1)
Female, n (%) 29 (67.4) 99 (80.5) 70(79.5) 31(75.6) 39(83.00 29(82.9)
Median time after second immunization 57.0 29.0 28.0 27.0 31.0 36.0
for blood sample, d (interquartile range) (55.0, 58.0) (19.0,48.0) (20, 46.3) (18.0,40.5) (22.0,52.0) (17.0, 56.0)
Rheumatoid disease diagnosis, n (%)
Rheumatoid arthritis 54 (43.9) 47(534) 26(634) 21447 7 (20.0)
Systemic lupus erythematosus 8 (6.5) 6 (6.8) 0(0) 6(12.8) 2(5.7)
Antiphospholipid syndrome 54.1) 2(2.3) 0(0) 2(4.3) 3(8.6)
Sjogren syndrome 24 (19.5) 11(12.5) 2(4.9) 9 (19.1) 13 (37.1)
Systemic sclerosis 4(3.3) 1(1.1) 1(2.4) 0(0) 3(8.6)
Polymyositis/dermatomyositis 9(7.3) 7 (8.0) 1(24) 6(12.8) 2(5.7)
Anti-neutrophil cytoplasmic antibody 10 (8.1) 10 (11.4) 7(17.1) 3(6.4) 0(0)
associated vasculitis
IgGy-related disease 54.1) 3(3.4) 0(0) 3(6.4) 2(5.7)
Spondyloarthritis 11 (8.9) 11 (12.5) 7(17.1) 4. (8.5) 0(0)
Others? 14 (11.4) 7(8.0) 2 (4.9) 5(10.6) 7 (20.0)
Medical exposure, n (%)
IS
Conv IS 67 (54.5) 67(76.1) 20 (48.8) 47 (100)
Methotrexate (8.7+3.1 mg/week) 43 (35.0) 43(48.9) 15(36.6) 28 (59.6)
Azathioprine 9(7.3) 9(10.2) 3(7.3) 6 (12.8)
Mycophenolate mofetil 2(1.6) 2(2.27) 0(0) 2(4.3)
Mizoribine 2 (1.6) 2(2.27) 0(0) 2(4.3)
Tacrolimus 16 (13.0) 16 (18.2) 1(24) 15 (31.9)
Cyclosporine 7(5.7) 7 (8.0) 1(2.4) 6(12.8)
Biologics 35(28.5) 35(39.8) 35(854)
Tumour necrosis factor inhibitors 10 (8.1) 10(11.4) 10(24.4)
IL-6 inhibitors 54.1) 5(5.7) 5(12.2)
Rituximab 6(4.9) 6 (6.8) 6 (14.6)
Abatacept 7(5.7) 7 (8.0) 7(17.1)
IL-17 or IL-23 inhibitors 6 (4.9) 6 (6.8) 6 (14.6)
Mepolizumab 1(0.8) 1(1.1) 1(2.4)
JAKi 6 (4.9) 6 (6.8) 6 (14.6)
Baricitinib 6(4.9) 6 (6.8) 6 (14.6)
Glucocorticoids (PSL 3.4+2.7 mg/d) 62 (50.4) 47(534) 19(46.3) 28(59.6) 15 (42.9)

RMD: rheumatic disease, IS: immunosuppressant, Bio: biologics, JAKi: janus kinase inhibitor, Conv: conventional, IL: interleukin,

PSL: prednisolone

aPolymyalgia rheumatica (n=1), Behcet’s disease (n=2), Takayasu’s arteritis (n=2), IgA vasculitis (n=1), relapsing polychondritis

(n=1), undifferentiated connective tissue disease (n=1), fibromyalgia syndrome (n=2), adult-onset Still’s disease (n=1), TAFRO

syndrome (n=1), macrophage activating syndrome (n=1), hypergammaglobulinemia (n=1)

(35.0%) treated with methotrexate was significantly lower
than that of the 80 patients (65.0%) who did not receive
methotrexate [median (IQR) antibody titre: 168.2 (43.5-
307.9) U/mL vs. 391.4 (83.3-1,026.7) U/mL, p=0.0017]
(Fig. 3).

Methotrexate was used without or with biologics/JAK in-
hibitors in 22.8% (n=28) and 12.2% (n=15) of rheumatic
patients, respectively. The antibody titre of patients using
methotrexate without biologics or JAK inhibitors was sig-
nificantly lower than that of the patients using neither bi-
ologics, JAK inhibitors nor methotrexate [median (IQR) an-

tibody titre: 205.0 (27.4-344.7) U/mL vs. 593.6 (212.3-
1,089.3) U/mL, p=0.0029]. There was no significant differ-
ence in the antibody titres between the groups using
methotrexate in combination with biologics or JAK inhibi-
tors and the patients not using methotrexate with biologics
or JAK inhibitors [median (IQR) antibody titre: 130.3 (54.9-
194.6) U/mL vs. 77.1 (9.5-527.6) U/mL, p=0.9981].

There were also no significant differences in antibody ti-
tres between the groups using methotrexate with biologics
or JAK inhibitors and those using methotrexate without bi-
ologics or JAK inhibitors [median (IQR) antibody titre:
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Figure 1. Serum antibody titre against the SARS-CoV-2
spike protein in patients with rheumatic diseases (RMD) and
healthy controls. ** indicates a p value less than 0.01.
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Figure 3. Serum antibody titre against the SARS-CoV-2
spike protein in patients with rheumatic diseases treated with
or without methotrexate (MTX). ** indicates a p value less
than 0.01.

130.3 (54.9-194.6) U/mL vs. 205.0 (27.4-344.7) U/mL, p=
0.8024] (Fig. 4).

The patients treated with glucocorticoids showed signifi-
cantly lower antibody titres than the patients without gluco-
corticoids [median (IQR) antibody titre: 129.9 (16.4-418.3)
U/mL vs. 443.3 (204.4-1,020.0) U/mL, p<0.0001].

Discussion

There are several reports on the age-dependent immune
response to BNT162b2 vaccination (6-8). The rheumatic dis-
ease patients in this study were significantly older than the
healthy subjects. While there was no significant association
between the age and antibody titre in healthy subjects with a
correlation coefficient of -0.06 [95% confidence interval
(CD -0.35 to +0.25], a very weak negative correlation be-
tween them was observed in rheumatic disease patients with
the correlation coefficient of -0.19 (95% CI -0.36 to -0.01).
Although the difference in age might have affected the re-
sults, we consider it possible to compare the antibody titres
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Figure 2. Serum antibody titre against the SARS-CoV-2
spike protein in patients with rheumatic diseases treated with
biologics/Janus kinase inhibitors, conventional immunosup-
pressants, or no immunosuppressants and healthy controls. **
indicates a p value less than 0.01. Bio/JAKi: biologics or Janus
kinase inhibitors, Conv-IS: conventional immunosuppressant,
w/o IS: without immunosuppressant, control: healthy control
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Figure 4. Serum antibody titre against the SARS-CoV-2
spike protein in rheumatic disease patients with or without
methotrexate and with or without biologics/Janus kinase in-
hibitors. ** indicates a p value less than 0.01. MTX-/Bio JAKi-
: without methotrexate and also without biologics nor Janus
kinase inhibitors; MTX-/Bio JAKi+: without methotrexate,
but with either biologics or Janus kinase inhibitors; MTX+/Bio
JAKi-: with methotrexate but without biologics nor Janus ki-
nase inhibitors; MTX+/Bio JAKi+: with methotrexate and also
with either biologics or Janus kinase inhibitors.

of rheumatic disease patients with those of healthy subjects
because the expected variation by age is small.
The antibody titre is believed to decrease with time after
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BNT162b2 vaccination (9, 10). In the present study, al-
though the median time after second immunization for blood
samples from rheumatic disease patients was significantly
shorter than that in healthy subjects, there was no significant
association between the median time after the second immu-
nization until blood sampling and the antibody titre in
healthy subjects with a correlation coefficient of +0.03 (95%
CI -0.27 to +0.33) or in rheumatic disease patients with a
correlation coefficient of -0.05 (95% CI -0.22 to +0.13).

In a German single-centre cohort, anti-SARS-CoV-2 anti-
body titres to mRINA vaccines were significantly lower in
patients with chronic inflammatory diseases as compared
with healthy controls (11). In a multicentre study in Israel,
IgG antibody levels against SARS-CoV-2 spike S1/S2 pro-
teins were significantly lower among patients with autoim-
mune inflammatory rheumatic diseases, 95.2% of whom
were treated with immunomodulatory medications, than in
the general population (3). Japanese patients with rheumatic
disease in this study also showed significantly lower anti-
body titres to SARS-CoV-2 S protein receptor-binding do-
main than did healthy controls.

In another German study, although patients with immune-
mediated inflammatory disease showed lower antibody re-
sponses to the BNT162b2 mRNA COVID-19 vaccine than
did healthy controls, there were no marked differences by
treatment regimen [no treatment, conventional synthetic dis-
ease modifying anti-theumatic drugs (DMARDs), biologic
DMARDs/targeted synthetic DMARDs], so they concluded
that the disease itself rather than the treatment affected the
immune response (12). However, the antibody titres of both
patients treated with biologics or JAK inhibitors and those
receiving conventional immunosuppressive monotherapy
were significantly lower than those in patients without im-
munosuppressive medication in our study. In other words,
immune responses to the BNT162b2 mRNA COVID-19 vac-
cine in Japanese rheumatic patients were reduced under im-
munosuppressive treatment. Differences in patient back-
grounds, such as the type of disease and medication, might
have led to the differences in results between our study and
previous reports.

It is well known that methotrexate impairs antibody re-
sponses to influenza and pneumococcal vaccines (13, 14).
Methotrexate is one of the most frequently used immuno-
suppressive drugs in rheumatic diseases globally, and its ef-
fects on immune responses raised by COVID-19 vaccines
have caused some concern. Haberman et al. reported that
methotrexate hampers immune responses to BNT162b2
mRNA COVID-19 vaccination in immune-mediated inflam-
matory disease, and the mean antibody titre in patients on
methotrexate was lower than that of patients not receiving
methotrexate in their study (4). Bugatti et al. reported that
methotrexate impaired the immunogenicity of a single dose
of the BNT162b2 mRNA COVID-19 vaccine in patients
with chronic inflammatory arthritis. The antibody titre in pa-
tients treated with methotrexate was significantly lower than
that in patients not on methotrexate (15). Mahil et al. re-

ported that the humoral immune response to a single dose of
the BNT162b2 mRNA COVID-19 vaccine in patients with
psoriasis receiving methotrexate monotherapy was impaired
compared with that in healthy controls and patients on tar-
geted biological therapy (16). In our study, patients with
rheumatic disease treated with methotrexate showed signifi-
cantly lower antibody titres than those not on methotrexate.
In addition, this trend was observed among patients without
any biologics or JAK inhibitors. Methotrexate is often used
in combination with biologics and JAK inhibitors, so it is
important to consider these concomitant medications in or-
der to understand the effect of methotrexate itself on the im-
munogenicity of COVID-19 vaccination. Our results, to-
gether with the above-mentioned report, suggest that
methotrexate itself weakens the humoral immune response
to mRNA COVID-19 vaccination.

Several data suggesting that glucocorticoids impair SARS-
CoV-2 vaccine responses have been reported (3, 15, 17). In
our study, patients with rheumatic disease who were treated
with glucocorticoids showed significantly lower antibody ti-
tres than those not on glucocorticoids, despite the relatively
low dose of glucocorticoids administered (prednisolone, 3.4
+2.7 mg/day). The dose-dependent effect of glucocorticoids
on the vaccine response was not analysed in our study be-
cause the mean dose was low. The mean glucocorticoid
doses of previous studies were 6.2 and 3.8 mg/day (3, 15).
These results suggest that even low doses of glucocorticoids
might affect the response to vaccination.

There are several limitations associated with our study.
First, as mentioned above, there was a considerable differ-
ence in the median duration from the second vaccination to
serum collection between the rheumatic disease patients and
the control group. Although there was no clear association
between the time since the second vaccination until serum
collection and the antibody titre in rheumatic disease pa-
tients, it may still have affected the results of this study.
Second, the antibody titre might not reflect the total vaccine
efficacy. Both humoral and cellular immune responses are
important in developing immunity to a virus, so the anti-
body titre might reflect only part of the overall response.
Furthermore, the level of the antibody needed for virus im-
munity remains unclear. Further studies are needed to clarify
the relationship between the antibody titre and vaccine effi-
cacy. Third, this study includes a variety of rheumatic dis-
eases and various immunosuppressants. Each immunosup-
pressant and rheumatic disease shows a different response to
BNT162b2 vaccination (18). Finally, although no partici-
pants in this study reported any history of COVID-19, the
serum antibody level was not measured before vaccination.
It is therefore difficult to conclusively say whether or not
participants had been exposed to SARS-CoV-2.

In conclusion, immune responses to the BNT162b2
mRNA COVID-19 vaccine in Japanese rheumatic disease
patients were found to be reduced under immunosuppressive
treatment. In particular, methotrexate treatment seems to be
associated with a decreased antibody response. At present,
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how high the antibody titre needs to be to prevent infection
or severe disease is unclear. Although BNT162b2 mRNA
COVID-19 vaccination in rheumatic disease patients results
in a lower antibody titre than in healthy subjects, the effec-
tiveness of the vaccination has never been ruled out in this
population. Therefore, rheumatic disease patients should be
advised to take prophylactic measures against COVID-19 in
addition to recommendations to receive BNT162b2 vaccina-
tion. Further studies with larger numbers of participants are
expected to clarify the effects of individual immunosuppres-
sants and diseases on the efficacy of mRNA COVID-19 vac-
cination.
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