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ABSTRACT
Background Several health authorities recommend 
a third (booster) vaccination to protect patients with 
rheumatic and musculoskeletal diseases from severe 
COVID- 19. Methotrexate has been shown to reduce the 
efficacy of the first and second dose of SARS- CoV- 2 mRNA 
vaccines. So far, it remains unknown how concomitant 
methotrexate affects the efficacy of a COVID- 19 booster 
vaccination.
Methods We compared the humoral immune response to 
SARS- CoV- 2 vaccination in 136 patients with rheumatoid 
arthritis (RA) treated with methotrexate and/or biological or 
targeted synthetic (b/tsDMARDs). IgG targeting the receptor 
binding domain (RBD) of SARS- CoV- 2 spike protein was 
measured at a median of 52.5 (range 2–147) days after a 
third dose of the SARS- CoV- 2 mRNA vaccines BNT162b2 
or mRNA- 1273.
Results Anti- RBD IgG was significantly reduced in 
elderly patients receiving concomitant treatment with 
methotrexate as compared with elderly patients receiving 
monotherapy with b/tsDMARDs or methotrexate (64.8 
(20.8, 600.3) binding antibody units per mL (BAU/mL) vs 
1106.0 (526.3, 4965.2) BAU/mL vs 1743.8 (734.5, 6779.6) 
BAU/mL, median (IQR), p<0.001, Kruskal- Wallis test). In 
younger patients (< 64.5 years), concomitant methotrexate 
had no significant impact on the humoral immune 
response.
Conclusions Concomitant methotrexate increases the 
risk of an insufficient humoral immune response to SARS- 
CoV- 2 vaccination in elderly patients with RA. Pausing 
methotrexate during the third vaccination period may be 
considered for this group of patients.

The SARS- CoV- 2 mRNA vaccines BNT162b2 
and mRNA- 1273 provide efficient protec-
tion against severe COVID- 19 infections for 
patients with rheumatoid arthritis (RA) or 
other rheumatic and musculoskeletal diseases 
(RMDs). However, some antirheumatic drugs 
have been negatively associated with vaccine 

immunogenicity, including rituximab and 
mycophenolate. Recently, it has been shown 
that methotrexate (MTX) reduces humoral 
vaccination response against SARS- CoV- 2 in 
older but not younger patients with RA.1–3 
A 2- week discontinuation of MTX treatment 
improves the anti- SARS- CoV- 2 IgG response 
in patients with RA receiving the conven-
tional vaccine Sinovac- CoronaVac and in 
patients with inflammatory diseases receiving 
a vaccine booster (mRNA or adenovirus 
platform).4 5 Moreover, holding MTX for 
at least 10 days after vaccination with the 
mRNA vaccines BNT162b2 or mRNA- 1273 or 
with the adenoviral vector vaccine AZD1222 
improves the antibody response in patients 
over 60 years of age.6 To protect patients with 
RMDs from severe COVID- 19 infections, a 
third (booster) vaccination is recommended 
by several authorities.7 So far, it remains 
unknown if booster vaccinations with an 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Methotrexate (MTX) reduces the efficacy of the first 
and second dose of COVID- 19 vaccines in elderly 
patients with rheumatoid arthritis (RA).

WHAT THIS STUDY ADDS
 ⇒ We show that concomitant MTX therapy reduces 
the efficacy of a third (booster) shot of SARS- CoV- 2 
mRNA vaccines in elderly but not younger patients 
with RA.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Discontinuation of concomitant MTX treatment 
during vaccination period might improve the effica-
cy of a third (booster) COVID- 19 vaccine in elderly 
patients.
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mRNA vaccine are weakened by MTX. Of note, the effi-
ciency of SARS- CoV- 2 vaccines is not only determined 
by the humoral immune response, but also by cellular 
immune responses.8 Induction of SARS- CoV- 2- specific 
B cells and T cells can be measured in patients with RA 
and were shown to be dependent on immunosuppressive 
treatment.9 10

In this retrospective analysis, we compared the humoral 
immune response against a third dose of the mRNA 
vaccines BNT162b2 or mRNA- 1273 in 136 patients with 
RA treated with conventional synthetic DMARDs (disease- 
modifying anti- rheumatic drugs), biological DMARDs 
or targeted synthetic DMARDs. We compared the effi-
cacy of the vaccination between patients with or without 
concomitant MTX therapy. Median age, disease duration, 
sex distribution, time between second and third SARS- 
CoV- 2 vaccination and the time from third vaccination to 
blood draw for SARS- CoV- 2 IgG serum- level analysis were 
similar between both groups. The patients’ characteris-
tics are summarised in . Neither treatment modification 
at the time of SARS- CoV- 2 vaccination nor prevaccination 
titers were assessed. We cannot exclude the possibility 
that some patients might have modified MTX treat-
ment during vaccination phase without consulting their 

physician. However, such a bias would rather increase 
the difference between b/tsDMARD treatment with and 
without concomitant MTX during vaccination phase. 
All patients fulfilled the 2010 ACR/EULAR classifica-
tion criteria. Patients’ blood samples were collected at a 
median of 52.5 (range 2–147) days after the third dose of 
mRNA vaccine.

Antibody response to the receptor binding domain 
(RBD) of SARS- CoV- 2 spike protein were determined 
with the SARS- CoV- 2 IgG II Quant assay on the Alinity 
i (Abbott) and reported in binding antibody units per 
mL (BAU/mL). Anti- RBD were detectable in 132/136 
(97.1%) patients with RA. Elderly patients with RA 
(≥64.5 years, median age in our cohort) with concomi-
tant MTX treatment had a significantly lower serum level 
of anti- RBD SARS- CoV- 2 IgG as compared with elderly 
patients receiving b/tsDMARD monotherapy or MTX 
monotherapy (64.8 (20.8, 600.3) BAU/mL vs 1106.0 
(526.3, 4965.2) BAU/mL vs 1743.8 (734.5, 6779.6) 
BAU/mL, n=17, n=20 and n=25, respectively; median 
(IQR), p<0.001, Kruskal- Wallis test) (figure 1). We 
observed no differences in humoral anti- RBD response 
between elderly patients on MTX monotherapy and 
elderly patients treated with bDMARD or tsDMARD 

Figure 1 SARS- CoV- 2 anti- spike protein receptor binding domain (RBD) IgG serum levels in patients with rheumatoid arthritis. 
(A) Elderly patients with rheumatoid arthritis (RA) (≥ 64.5 years, n=62) receiving b/ts DMARDs with concomitant MTX therapy 
show significantly lower SARS- CoV- 2 anti RBD IgG serum levels (64.8 (20.8, 600.3) BAU/mL, n=17) compared with patients 
receiving MTX monotherapy (1743.8 (734.5, 6779.6) BAU/mL, n=25) or b/tsDMARSs monotherapy (1106.0 (526.3, 4965.2) 
BAU/mL, n=20) (median (IQR)) (p<0.001, Kruskal- Wallis test). (B) in the younger RA patient subgroup (< 64.5 years, n=61), no 
differences of SARS- CoV- 2 anti- RBD IgG serum levels were found between MTX monotherapy (1566.9 (584.3, 3724.7) BAU/
mL, n=18), b/tsDMARDs monotherapy (1385.9 (137.9, 2971.8) BAU/mL, n=31) and b/tsDMARDs with concomitant MTX (417.8 
(326.1, 1141.8) BAU/mL, n=12) (median (IQR)) (p=0.334, Kruskal- Wallis test). Data are presented as box blots with horizontal 
bars representing the median. Pairwise comparison using the Dunn- Bonferroni approach, **p<0.01, ***p<0.001. As we also 
included patients with other treatment modalities, for example, leflunomide monotherapy and no therapy, which are not part of 
this figure, the number of patients is reduced (n=62, n=61, respectively) compared with the whole study cohort. BAU, binding 
antibody; bDMARDs, biological DMARDs; MTX, methotrexate; NS, not significant; tsDMARDS, targeted synthetic DMARDs 
(disease- modifying anti- rheumatic drugs).
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monotherapy. These results were dependent of age, as we 
did not observe any differences of anti- SARS- CoV- 2 IgG 
serum levels between MTX monotherapy, b/tsDMARD 
with or without concomitant MTX within the younger 
patient subgroup (< 64.5 years, median). Interestingly, 
MTX monotherapy had no significant influence on the 
humoral anti- SARS- CoV- 2 response when compared with 
patients with without any antirheumatic treatment (1743.8 
(659.1, 5091.0) BAU/mL vs 1475.5 (727.1, 5228.4) BAU/
mL, n=43 and n=10, respectively; median (IQR), p=0.982, 
Mann- Whitney U test). As shown previously, we observed 
a negative effect of rituximab on anti- RBD SARS- CoV- 2 
IgG serum levels compared with MTX monotherapy 
(114.7 (0.0, 1380.4) BAU/mL vs 1743.8 (659.1, 5091.0) 
BAU/mL, n=11 and n=43, respectively; median (IQR), 
p=0.009, Mann- Whitney U test) ().

To our knowledge, this is the first report showing that 
a concomitant MTX therapy reduces the efficacy of a 
booster shot of SARS- CoV- 2 mRNA vaccines in elderly 
patients with RA. Moreover, we can confirm earlier 
results, showing that MTX reduces the humoral vaccina-
tion response against SARS- CoV- 2 especially in older but 
not younger patients with RA.9 As suggested previously 
for the first and second shot, discontinuation of concom-
itant MTX treatment for about 2 weeks might help to 
improve vaccine immunogenicity of booster shots in this 
group of elderly patients, as well.
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