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39 mm/h (28 mm/h on June 10, 2020). The patient 
tested negative for SARS-CoV-2 IgG antibody on day 30, 
but subsequently tested positive on Feb 3, 2021 (42 days 
after his first vaccination).

His rheumatoid arthritis was well controlled before the 
vaccination, and there were no other inciting events, so 
we believe that this flare might have been triggered by 
his immune response to a component of the BNT162b2 
vaccine. BNT162b2 contains mRNA encoding for 
the SARS-CoV-2 spike protein encapsulated in lipid 
nanoparticles, in addition to other components that 
stabilise the vaccine in the circulation and promote 
its uptake into cells by endocytosis. Although the 
mechanism of flare is not known, one could speculate 
that one of these components might have had non-
specific adjuvant effect, or there could have been 
molecular mimicry between the viral spike peptides and 
the patient’s self-peptides, activating a flare. However, 
we cannot exclude the possibility that the timing of 
the flare with regard to vaccination was coincidental. 
The patient was treated with intra-articular steroids 
with rapid improvement, and he is once again in clinical 
remission. 

SARS-CoV-2 infection has resulted in more than 
500 000 deaths in the USA and 2 500 000 worldwide 
(see the Coronavirus Resource Center). Given the high 
efficacy of the COVID-19 vaccines, the benefits of 

vaccinating vulnerable populations outweigh the risk 
of rheumatic disease flare, and expert panels including 
the American College of Rheumatology continue to 
recommend the vaccine in all eligible patients.5,9 
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Anti-SARS-CoV-2 mRNA vaccine in patients with 
rheumatoid arthritis

Long-term vaccine-induced immunity is crucial for 
controlling the COVID-19 pandemic. Vaccination against 
COVID-19 is recommended for patients with rheumatic 
diseases, but a paucity of data are available regarding 
COVID-19 vaccines in patients with rheumatoid 
arthritis. Because patients receiving immunosuppressive 
treatment were excluded from the phase 3 clinical trials,1,2 
it is not clear whether disease-modifying anti-rheumatic 
drug (DMARD) treatment should be continued before 
and after vaccination. In addition, some published 
reports are limited to follow-up after a single vaccine 
dose.3–5

Here we report 53 consecutive patients with 
rheumatoid arthritis on DMARDs and 20 healthy 

controls (appendix p 1) who were eligible for vaccination 
according to the Swiss federal regulations and were 
enrolled in the RECOVER study, a non-randomised, 
prospective, observational trial. The RECOVER study 
was approved by the Ethical Committee of St Gallen, 
Switzerland, and written consent was obtained from 
all patients before inclusion. The vaccination itself 
was not part of the study. Nine patients received two 
doses of the mRNA-1273 vaccine (Moderna), all others 
received two doses of the BNT162b2 vaccine (Pfizer–
BioNTech). Serum samples were collected at baseline, 
3 weeks after the first vaccination, and 2 weeks after the 
second vaccination. Quantitative antibody testing was 
done using the Roche Elecsys Anti-SARS-CoV-2 spike 
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subunit 1 (S1) assay that measures antibodies to SARS-
CoV-2 spike protein 1 (range 0·4–2500 U/mL) and to 
SARS-CoV-2 nucleoprotein. This assay was used because 
it can distinguish between people who develop an anti-S1 
response after vaccination or after natural infection, 
when typically antibodies to both S1 and nucleoprotein 
are generated. The threshold for this anti-SARS-CoV-2 
S1 assay that might correspond to neutralisation of viral 
infectivity is still being discussed, but a cutoff level of 
133 U/mL has been proposed.6 A lower cutoff level of 
>15 U/mL has been suggested,7 emphasising the need 
to establish formal cutoff levels of anti-SARS-CoV-2 
antibody titres associated with protection against SARS-
CoV-2 infection and severe disease.

Intervals between the first and second vaccine dose 
and the intervals between vaccination and serum 
sampling were comparable between patients and 
controls (appendix p 1). All patients with rheumatoid 
arthritis were receiving continuous therapy with 
conventional synthetic, biological, or targeted synthetic 
DMARDs. Methotrexate was used in 28 (53%) patients at 
a median dose of 15 mg per day (IQR 10–20). 17 (32%) of 
53 patients were on low dose prednisone with a mean 
daily dose of 5 mg (SD 1·9 mg). None of the patients or 
controls reported symptoms suggestive of COVID-19 
at baseline or during the observation period, and none 
had a positive SARS-CoV-2 antigen or RT-PCR test. Two 
patients had antibodies to nucleoprotein at baseline 
consistent with previously unnoticed COVID-19, and 
these patients were excluded from further analysis.

Vaccine-induced antibody titres to SARS-CoV-2 
S1 protein were significantly lower in patients with 
rheumatoid arthritis 3 weeks after the first vaccination 
(median 0·4 U/mL, IQR 0·4–2·13) and 2 weeks after 
the second vaccination (657 U/mL, IQR 188–2500) 
than in the control group, which mainly consisted of 
health-care workers (3 weeks after first vaccination: 
99·2 U/mL, IQR 24·8–172; 2 weeks after second 
vaccination: 2500 U/mL, IQR 2500–2500 (upper limit 
of detection of the assay was 2500 U/mL); p<0·0001; 
figure). 18 (90%) of 20 of the controls reached a titre 
above 15 U/mL after the first vaccination, whereas 
only five (10%) of 51 of patients with rheumatoid 
arthritis did (p<0·001). Nine (45%) of 20 of the controls 
had a titre higher than 133 U/mL after their first 
vaccination, compared with only 1 (2%) of 51 patients 
with rheumatoid arthritis (p<0·001). Six (12%) of 

51 patients with rheumatoid arthritis did not have 
titres of more than 15 U/mL after their second vaccine 
dose, four of these patients were using a JAK inhibitor 
in monotheray or combination therapy, one patient 
was on methotrexate and abatacept (appendix p 2). 
Nine (18%) of 51 patients had an anti-S1 titre of less than 
133 U/mL after their second vaccine dose, whereas all 
control patients developed high anti-S1 titres after their 
second vaccine dose (ceiling at 2500 U/mL).

13 (81%) of 16 patients on csDMARDs, 
17 (94%) of 18  patients on anti-cytokine directed 
biologics in monotherapy or combination therapy 
(appendix p 2), four (80%) of five patients on 
abatacept, and eight (67%) of 12 patients on JAK 
inhibitors in monotherapy or combination therapy 
developed a humoral immune response in titres that 
are in line with a neutralising capacity (ie, >15 U/mL) 
after their second vaccine dose. Anti-S1 titres did not 

Figure: Anti-SARS-CoV-2 S1 serum antibodies from patients with 
rheumatoid arthritis
Patients with rheumatoid arthritis (n=51) and healthy control individuals (n=20) 
before vaccination and at the indicated time points following their first and 
second vaccination. Symbols show individual values, horizontal bars show 
medians, horizontal dotted lines show lower (0·4 U/mL) and upper (2500 U/mL) 
detection limits. Double red triangles show control individuals. Single red 
triangles show patients with rheumatoid arthritis. Blue triangles show patients 
with rheumatoid arthritis who were receiving Janus kinase inhibitors. Statistical 
analysis was done using the Mann–Whitney test for non-parametric data.
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differ between patients according to age, sex, disease 
duration, or the use of low-dose prednisone. These 
data suggest that the kinetics of the vaccine-induced 
humoral immune response differs between patients 
with rheumatoid arthritis who are taking DMARDs 
and healthy individuals. Significantly more patients 
with rheumatoid arthritis required the second vaccine 
dose to mount an immune response that is considered 
to correlate with neutralisation, according to the 
two cutoffs analysed.

In some countries, delayed administration of the 
second dose has been discussed to increase the number 
of people receiving at least one dose.8 Our data implies 
that successful vaccination in patients with rheumatoid 
arthritis on DMARDs might depend on the recommended 
schedule that includes two vaccinations within an interval 
of 3–6 weeks.

Limitations of our study include that the control 
group was not age-matched, as a result of regulatory 
recommendations regarding vaccination, a paucity of 
long-term data regarding the persistence of the humoral 
and cellular immune responses, and the use of numerical 
anti-S1 humoral response cutoffs as possible correlates of 
vaccine-induced protection.

Our study shows different kinetics of the humoral 
immune response to SARS-CoV-2 S1 protein, emphasising 
the importance of a second vaccination in patients with 
rheumatoid arthritis on DMARDs. Studies with large 
patient cohorts and longer duration are required to define 
the optimal vaccine strategy in patients with rheumatoid 
arthritis, to clarify whether DMARDs should be paused and 
whether monitoring anti-S1 concentrations is required to 
ensure vaccine-induced protection.
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