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Efficacy and tolerability of a third dose of an mRNA anti-SARS-
CoV-2 vaccine in patients with rheumatoid arthritis with 
absent or minimal serological response to two previous doses

Vaccine-induced immunity is crucial to combat the 
COVID-19 pandemic, but titres of antibodies against 
the SARS-CoV-2 spike protein 1 (S1) can decrease over 
time.1 The efficacy of a third vaccine dose was recently 
reported in people aged older than 60 years who had 
received two doses of BNT162b2 (Pfizer-BioNTech) 
at least 5 months earlier.2 A significant proportion 
of patients under immunosuppression (solid organ 
transplant recipients and patients with autoimmune 
diseases) with a previously inadequate anti-S1 response 
after two vaccine doses seroconverted after an 
additional vaccine dose.3,4 Lower seroconversion rates 
than in healthy controls have been reported in patients 
with rheumatic diseases receiving immunomodulatory 
therapies.5,6 

In line with recommendations from Swiss health 
authorities and after obtaining approval by the Ethical 
Committee of St Gallen, Switzerland, a third vaccine 
dose was offered to all patients with rheumatoid arthritis 
who participated in the RECOVER trial and who had not 
developed an anti-S1 response within 12 weeks after 
the standard vaccination regimen. Of note, disease-
modifying antirheumatic drugs (DMARDs) had not been 
paused during the previous vaccination period. 

Written consent was obtained from all patients. 
Serum samples were collected before and 2 weeks 
after the third vaccination. Quantitative antibody 
testing was performed using the Roche Elecsys Anti-
SARS-CoV-2 spike subunit 1 assay (West Sussex, UK), 
which measures antibodies against SARS-CoV-2 S1 

(range 0·4–2500 U/mL) and against SARS-CoV-2 
nucleoprotein to identify patients with asymptomatic 
SARS-CoV-2 infection. The results of this assay 
have been demonstrated to correlate with in-vitro 
neutralisation of SARS-CoV-2 with a suggested cutoff 
level of 133 U/mL.7 

17 patients with rheumatoid arthritis who showed 
no or minimal serological response to two doses 
of an mRNA-based anti-SARS-CoV-2 vaccine were 
eligible to receive a third dose between July 14 and 
August 25, 2021. Baseline characteristics are shown 
in the appendix. Vaccine from the same manufacturer 
was used for all three doses. Most patients were being 
treated with a combination of a conventional synthetic 
DMARD and a biologic (five [29%] patients) or a 
Janus kinase (JAK) inhibitor (five [29%] patients). The 
other patients were being treated with monotherapy 
(conventional synthetic DMARD, n=1; biological 
DMARD, n=3; or JAK inhibitor, n=3). 16 of 17 patients 
agreed to temporarily discontinue DMARD therapy: 
methotrexate and JAK inhibitors were paused 1 week 
before and restarted 2 weeks after the third vaccine 
dose, and biological DMARDs were paused 2 weeks 
before and restarted 2 weeks after the third vaccine 
dose. One patient stayed on leflunomide and a tumour 
necrosis factor inhibitor because of a previous relapse of 
concomitant Crohn’s disease. 

Low or absent anti-S1 antibodies were confirmed 
immediately before the third vaccine dose (median 
19·5 U/mL [IQR 0·45–48]). 2 weeks after the third 
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vaccine dose, a significant increase in anti-S1 antibodies 
was observed (median 2500 U/mL [IQR 798–2500]; 
p<0·0001). 12 (71%) patients had maximal anti-S1 
titres (assay ceiling at 2500 U/mL), and three patients 
had moderate anti-S1 titres (figure). Two patients who 
continued on 5 mg prednisone daily, did not have titres 
above the threshold of 133 U/mL after the third vaccine 
dose despite pausing DMARD medication; one of these 
patients had received a combination of methotrexate 
and baricitinib, and the other was on leflunomide, 
hydroxychloroquine, and anakinra. 

Six (35%) patients used concomitant prednisone at a 
median dose of 5 mg (IQR 5–5) daily. Anti-S1 titres were 
significantly higher in patients not taking prednisone 
than in patients on prednisone (median 2500 U/L 
[IQR 2500–2500] vs 515 U/mL [119–859]; p=0·001).

Local pain was reported in six (35%) patients and 
systemic vaccine associated side-effects were reported 
in nine (53%) patients following the third vaccine 
dose. All patients had stable disease before DMARDs 
were paused. Before the third vaccine dose (with 
methotrexate, JAK inhibitors, and biological DMARDs 
already discontinued), nine (53%) patients remained 
in remission or had low disease activity, whereas 
eight patients developed at least moderate disease 

activity according to the Clinical Disease Activity Index. 
Two patients with low disease activity before the 
third vaccine dose flared and an increase in disease 
activity to moderate–high was noted. In contrast to 
organ transplant recipients who require continuous 
immunosuppression to prevent graft rejection, 
temporary discontinuation of DMARD therapy in 
patients with rheumatoid arthritis could increase 
vaccine-induced immune responses. A randomised 
controlled trial demonstrated an increase in vaccine 
immunogenicity in response to an influenza vaccine 
in patients with rheumatoid arthritis who paused 
methotrexate for 2 weeks after vaccination without 
increases in disease activity.8 Of note, mRNA vaccines 
are unique with regard to intracellular processing, 
antigen presentation, and immunogenicity. Due to the 
uncertainty about whether and when patients with an 
inadequate response to three doses of an mRNA-based 
SARS-CoV-2 vaccine would be eligible for subsequent 
doses and the lack of approved vector-based or protein-
based vaccines in Switzerland, we recommended this 
treatment discontinuation interval to our patients 
receiving third doses of vaccine to optimise the vaccine-
induced anti-S1 response. 

The importance of an adequate vaccine-induced 
humoral immune response against SARS-CoV-2 is 
supported by the observation that breakthrough 
infections in fully vaccinated health-care workers 
correlated to lower titres of neutralising antibodies.9 It 
is currently unknown whether immunocompromised 
patients would get more benefit from an additional 
dose of the same or a different vaccine.10 Our data 
suggest that temporary discontinuation of DMARD 
therapy represents an option to increase vaccine 
immunogenicity, but the risk for worsening of 
rheumatoid arthritis disease activity needs to be 
considered. Of note, continuous use of low-dose 
prednisone (median dose 5mg daily [IQR 5–5]) resulted 
in lower anti-S1 titres.

Limitations of this report are the small cohort size, 
a short follow-up, and the use of a numerical anti-S1 
response cutoff as possible correlates of vaccine-induced 
protection.

In summary, our data demonstrate that a 
homologous additional vaccine dose and temporary 
discontinuation of DMARD therapy results in a 
significant anti-S1 response in the majority of patients 

Figure: Anti-SARS-CoV-2 S1 serum antibodies from patients with 
rheumatoid arthritis  
Patients with rheumatoid arthritis eligible for an additional vaccine dose (n=17) 
before and 2 weeks after their third 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. Red triangles show anti-S1 titres for 
patients on prednisone. Statistical analysis was performed using the 
Mann-Whitney U test for non-parametric data. S1=spike protein 1.
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with rheumatoid arthritis who did not have an anti-S1 
response to a previous standard two-dose vaccination 
regimen. Increase in disease activity during DMARD 
discontinuation was observed in almost half of the 
patients. Studies with larger patient cohorts will allow 
analysis of the effect of different DMARD regimens on 
the kinetics of anti-S1 titres and whether and how long 
treatment discontinuation is necessary to optimise 
vaccine-induced anti-S1 responses.
KS contributed to project administration, investigation, formal analysis, 
visualisation, and review and editing of the report. NV and SP were involved in 
investigation, formal analysis, and development of methodology. 
BL contributed to conceptualisation, investigation, and formal analysis. 
WCA was involved in investigation and development of methodology. 
JvK contributed to conceptualisation, investigation, and review and editing of 
the report. AR-R was the project lead, and was involved in conceptualisation, 
writing the original draft of the report, investigation, and formal analysis. 
KS reports support for travel or meeting attendance from AbbVie Germany. 
WCA reports grants from the Gottfried & Julia Bangerter-Rhyner Stiftung, 
FUNGINOS, and the Swiss National Science Foundation; an internal grant from 
Kantonsspital St Gallen; honoraria from Pfizer and Medscape; and compensation 
for participation on a data safety monitoring board from Merck Sharp & Dohme 
and Sanofi. JvK reports honoraria from AbbVie, Bristol Myers Squibb (BMS), 
Boehringer-lngelheim, GlaxoSmithKline, Menarini, Novartis, Pfizer, and Sanofi. 
AR-R reports consulting fees from AbbVie, Gilead, Lilly, BMS, and Sanofi; 
honoraria from AbbVie, Pfizer, Sanofi, UCB, BMS, Lilly, Gilead, and Roche; 
payment for expert testimony from AbbVie and Gilead; support for travel or 
meeting attendance from Sanofi, Roche, and AbbVie; and compensation for 
participation on a data safety monitoring board from R-Pharm. All other authors 
declare no competing interests. 

Kristin Schmiedeberg, Nicolas Vuilleumier, Sabrina Pagano, 
Werner C Albrich, Burkhard Ludewig, Johannes von Kempis, 
*Andrea Rubbert-Roth
andrea.rubbert-roth@kssg.ch

Cellular and humoral immunity after the third dose of 
SARS-CoV-2 vaccine in patients treated with rituximab

Humoral and cell-mediated immune responses are 
blunted after SARS-CoV-2 vaccination in patients with 
a history of CD20 B-cell-depleting treatment.1 However, 
vaccination induces SARS-CoV-2-specific antibodies 
in patients treated with rituximab once peripheral 
B cells at least partially repopulate.2 Moreover, SARS-
CoV-2-specific T cells, which have been found in 58% 
of patients who have had two doses of SARS-CoV-2 
vaccine (either mRNA-1273 [Moderna] or BNT162b2 
[tozinameran; Pfizer–BioNTech),2 might exert protective 
effects independent of antibody responses. The 
question of repeat vaccine doses for serological non-
responders to induce more robust immunological 
responses has been raised.3 However, little is known to 

date regarding response to a third dose of vaccine in 
patients treated with rituximab, who are particularly 
prone to develop severe COVID-19.4

In France, a systematic third dose of vaccine with 
mRNA-1273, BNT162b2, or ChAdOx1 nCoV-19 
(Oxford–AstraZeneca) was recommended in highly 
immunocompromised patients (including patients 
treated with rituximab, mycophenolate mofetil, or 
cyclophosphamide) at least 1 month after the second 
dose, with no requirement for assessing serological 
response before the third dose. Given the uncertainties 
about the effectiveness of this measure in patients 
in whom B lymphocytes are not repopulated at the 
time of the third dose, we investigated the course of 
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