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ABSTRACT
Objectives To assess antibody and T cell responses to 
SARS- CoV- 2 vaccination in patients with rheumatoid 
arthritis (RA) on disease- modifying antirheumatic 
drugs (DMARDs).
Methods This prospective study recruited 100 
patients with RA on a variety of DMARDs for antibody 
and T cell analysis, pre- vaccination and 4 weeks 
post- vaccination. Positive antibody response was 
defined as sera IgG binding to ≥1 antigen. Those that 
remained seronegative after first vaccination were 
retested 4 weeks after second vaccination; and if still 
seronegative after vaccination three. A T cell response 
was defined an ELISpot count of ≥7 interferon (IFN)
γ-positive cells when exposed to spike antigens. 
Type I IFN activity was determined using the luminex 
multiplex assay IFN score.
Results After vaccine one, in patients without prior 
SARS- CoV- 2 exposure, 37/83 (45%) developed 
vaccine- specific antibody responses, 44/83 (53%) 
vaccine- specific T cell responses and 64/83 (77%) 
developed either antibody or T cell responses. 
Reduced seroconversion was seen with abatacept, 
rituximab (RTX) and those on concomitant 
methotrexate (MTX) compared to 100% for healthy 
controls (p<0.001). Better seroconversion occurred 
with anti- tumour necrosis factor (TNF) versus RTX 
(p=0.012) and with age ≤50 (p=0.012). Pre- vaccine 
SARS- CoV- 2 exposure was associated with higher 
quantitative seroconversion (≥3 antibodies) (p<0.001). 
In the subgroup of non- seroconverters, a second 
vaccination produced seroconversion in 54% (19/35), 
and after a third in 20% (2/10). IFN score analysis 
showed no change post- vaccine.
Conclusion Patients with RA on DMARDs have 
reduced vaccine responses, particularly on certain 
DMARDs, with improvement on subsequent 
vaccinations but with approximately 10% still 
seronegative after three doses.

INTRODUCTION
SARS- CoV- 2 vaccination has produced reduc-
tions in infection rates and hospital admis-
sions. However, the populations evaluated 
have generally been healthy volunteers; 
whereas patients with chronic diseases have 
suboptimal vaccine responses,1 impaired by 
immunomodulatory therapy and possibly the 
disease itself.

There is evidence that within the spectrum 
of autoimmune rheumatic disease, there 
is a difference both in the morbidity and 
mortality from SARS- CoV- 2 infection2–4 and 

Key messages

What is already known about this subject?
 ► Patients treated with disease- modifying antirheumatic 
drugs (DMARDs) have been reported to have variably 
reduced antibody and T cell responses to SARS- CoV- 2 
vaccination; however, knowledge of the impact of indi-
vidual drugs is limited particularly in patients with rheu-
matoid arthritis (RA).

 ► Data on the immune response of patients with RA, either 
exposed to SARS- CoV- 2 or naïve for infection, treated 
with DMARDs are also limited.

What does this study add?
 ► The lowest seroconversion rates were seen in patients 
with RA treated with abatacept, rituximab (<6 months 
from infusion) and those on concomitant MTX. The 
strongest antibody responses were seen in patients 
with evidence of previous SARS- CoV- 2 infection, re-
gardless of DMARD therapy.

 ► T cell responses were less affected by individual drugs, 
apart from a potential effect of corticosteroids.
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the response to the SARS- CoV- 2 vaccine.5 The impact 
of concomitant disease- modifying antirheumatic drugs 
(DMARDs) and corticosteroids on vaccine responses is 
uncertain.

Vaccine antibody and T cell responses, together with 
interferon (IFN) activity, were measured in patients 
with rheumatoid arthritis (RA) on various DMARDs, 
comparing pre- SARS- CoV- 2 to 4 weeks post- SARS- CoV- 2 
vaccination. Then the effectiveness of a second vaccina-
tion on patients with absent seroconversion to the first 
was measured and subsequently in those with absent sero-
conversion to the second vaccine to a third vaccination.

METHODS
Study participants
Patients were recruited prospectively from Leeds Rheu-
matology clinic and written informed consent was 
obtained according to the Declaration of Helsinki. 
Baseline samples were collected from 116 patients with 
RA starting from January 2021. Patients received either 
Pfizer- BioNTech COVID- 19 (BNT162b2) or ChAdOx1 
nCoV- 19 vaccine, AZD1222. The UK vaccine schedule 
provided vaccine two, 12 weeks after vaccine one (regard-
less of specific vaccine) and third doses for immuno-
suppressed patients at least 8 weeks after second dose. 
Samples were taken at baseline and 4 weeks after their 
first dose of the vaccine. The subgroup of patients who 
did not seroconvert after the first vaccine were re- tested 
after vaccine two, likewise for vaccine three. IFN score 
analysis was performed on 107 patients. Nine healthy 
controls were recruited.

Serological testing
LABScreen COVID Plus Assay (OneLambda, Canoga 
Park, California, USA) was used to detect the presence 
of antibodies to the SARS- CoV- 2 antigens comprising 
the Spike extracellular domain, S1 subunit, S2 subunit 
and receptor binding domain as well as the nucleo-
capsid protein. Individuals with any baseline antibodies 
were assumed to have had prior COVID- 19 infection. A 

positive antibody response was defined as IgG present to 
≥1 antigens.

T cell analysis
T cell analysis used the T- Spot- Covid ELISpot assay 
(Oxford Immunotec; Oxford, UK), according to manu-
facturer’s instructions, using frozen peripheral blood 
mononuclear cells. The cut- off for a positive T cell 
response was >7 spot forming units.

See online supplemental material for detailed methods.

IFN score analysis
Paired sera samples (pre- vaccine vs post- vaccine) were 
tested using a Human Magnetic Luminex xMAP custom 
made multiplex assay to measure the concentration of 
IFN- inducible chemokines (Bio- techne, Oxford, UK).6 7

Statistical analysis
All analysis were performed without imputation using 
IBM SPSS statistics V.25. Variables were compared 
using Fisher test for ordinal values and one way anal-
ysis of variance (ANOVA) for continuous values (age). 
Logistic regression was used to define respective OR 
in univariable and multivariable analysis on every vari-
able. Area under the curve of the receiving operator 
curve was used to define cut- offs.

RESULTS
All patients were anti- cyclic citrullinated peptide (CCP)
positive. Clinical characteristics and DMARD therapies 
are summarised in table 1. Seventeen patients with RA 
and three healthy controls had detectable SARS- CoV- 2 
antibody responses before vaccination indicating prior 
SARS- CoV- 2 infection. None of these patients were 
aware of the exposure.

Response after vaccine one in patients without previous 
SARS-CoV-2 exposure
In patients without SARS- CoV- 2 exposure pre- vaccine, 
37/83 (45%) developed SARS- CoV- 2 antibody 
responses, 44/83 (53%) SARS- CoV- 2 T cell responses; 
64/83 (77%) developed either antibody or T cell 
responses after a single dose of the vaccine.

Seroconversion in patients taking abatacept was 
0/11 (0%); RTX 10/29 (35%); anti- TNF 17/26 
(65%); Janus Kinase inhibitor (JAKi)5/9 (56%) and 
anti- interleukin 6 (IL- 6) 5/8 (63%) while antibody 
responses were found in all the healthy controls 
(p<0.001). For patients treated with RTX >6 months 
from time of first SARS- CoV- 2 vaccination, 8/14 
(57%) had detectable SARS- CoV- 2 antibody responses 
compared with 2/15 (13%) (p=0.012, OR: 2) treated at 
<6 months. Table 2 demonstrates the reduced serocon-
version rates observed with concomitant MTX. There 
were no differences in SARS- CoV- 2 T cell responses 
rates between DMARDs (see table 3) or with the use 
of concomitant MTX. In patients with absent antibody 

Key messages

How might this impact on clinical practice?
 ► RA patients ideally should be vaccinated off abatacept, >6 
months after rituximab, and off MTX, taking the minimal dose of 
corticosteroids.

 ► RA patients can be reassured that post- vaccination disease activ-
ity remained stable, and that the majority of immunosuppressed 
patients had either an antibody or T cell response to the vaccine. 
In those failing to seroconvert after first vaccine dose, 54% sero-
converted after second.

 ► These data suggest that vaccine responses are reduced but can 
be improved by sufficient vaccine /virus exposure.The data support 
the use of a third dose of the vaccination with cessation of specific 
drugs to optimise response.
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responses, T cell responses were found in 32/43 (74%) 
patients post- vaccine one.

Responses after vaccine one in patients with previous SARS-
CoV-2 exposure
Table 1 describes vaccine responses. Patients with 
antibody reactivity to 1–2 SARS- CoV- 2 antigens pre- 
vaccine were 17 times more likely to develop reactivity 
to ≥3 antigens after a single dose of the vaccine when 

compared with patients with absent pre vaccine anti-
bodies (p<0.001).

Multivariable analysis
The following factors were associated with seroconver-
sion after single vaccine dose: age ≤50 years old (p=0.012, 
OR: 18, 95% CI: 1.87 to 179.09), >6 months from RTX 
therapy (p=0.029, OR: 10, 95% CI: 1.26 to 76.24), anti- TNF 
compared with RTX (p=0.012, OR: 12, 95% CI: 1.71 to 

Table 1 Demographics of all patients and by previous SARS- CoV- 2 exposure

All (n=100),
n (%)

Without pre- vaccine SARS- CoV- 2 
exposure (n=83), n (%)

With pre- vaccine SARS- CoV- 2 
exposure (n=17), n (%)

Age mean (SD) 61.5 (11.3) 61.6 (11.2) 61.1 (11.8)

bDMARD group

  RTX 38 (38) 29 (34.9) 9 (52.9)

  Anti- TNFs 31 (31) 26 (31.3) 5 (29.4)

  Anti- IL- 6 10 (10) 8 (9.6) 2 (11.8)

  JAKi 10 (10) 9 (10.8) 1 (5.9)

  Abatacept 11 (11) 11 (13.3) 0

  bMARD plus MTX 45 (45) 34 (40.9) 11 (64.9)

  Anti- TNF plus MTX 17 (17) 14 (16.9) 3 (17.6)

  RTX plus MTX 19 (19) 12 (14.5) 7 (41.1)

Systemic steroid in last 3 months 12 (12) 9 (10.8) 3 (17.6)

Time from last RTX

  ≤6 Months 18 (18) 15 (18.1) 3 (17.6)

  >6 Months 20 (20) 14 (16.9) 6 (35.3)

Spike extracellular domain

  No 53 (53) 48 (57.8) 5 (29.4)

  Yes 47 (47) 35 (42.2) 12 (70.6)

S1 subunit

  No 58 (58) 57 (68.7) 1 (5.9)

  Yes 42 (42) 26 (31.3) 16 (94.1)

S2 subunit

  No 75 (75) 72 (86.7) 3 (17.7)

  Yes 25 (25) 11 (13.3) 14 (82.3)

RBD

  No 64 (64) 62 (74.7) 2 (11.8)

  Yes 36 (36) 21 (25.3) 15 (88.2)

>3 spike antigens

  No 66 (66) 64 (77.1) 2 (11.8)

  Yes 34 (34) 19 (22.9) 15 (88.2)

Overall seroconversion

  No 46 (46) 46 (55.4) 0

  Yes 54 (54) 37 (44.6) 17 (100)

Overall T cell responses

  No 33 (33) 29 (34.9) 4 (23.6)

  Yes 55 (55) 44 (53.0) 11 (64.7)

T cell or seroconversion

  Yes 81 (81) 64 (77.1) 17 (100)

Anti- IL- 6, Anti interleukin -6 ; Anti- TNF, Anti tumour necrosis factor; bDMARDS, biological disease modifying anti rheumatic drug; JAKi, Janus 
Kinase inhibitor; MTX, methotrexate; RBD, receptor binding domain; RTX, rituximab.
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85.24). Factors associated with a failure to develop antibody 
responses include absent previous SARS- CoV- 2 exposure 
(p=<0.001, OR: 0.01, 95% CI: 0.00 to 0.008) and concom-
itant MTX usage (p=0.01, OR: 8, 95% CI: 1.63 to 37.98).

There was a trend for better development of T cell 
responses in patients treated with JAKi (p=0.079, OR: 0.24, 
95% CI: 0.05 to 1.18) and abatacept (p=0.098, OR: 0.26, 
95% CI: 0.05 to 1.28) when compared with RTX, and those 
who had not received recent corticosteroids (p=0.083, OR: 
0.28, 95% CI: 0.07 1.18).

The impact of subsequent vaccines in patients with absent 
antibody responses to the first SARS-CoV-2 vaccine
Of those with absent antibody responses to vaccine one 
(n=46), a further 19/35 (54%) seroconverted after a 
second dose of the vaccine. See online supplemental 
material for individual drug data. However, of the 16 who 
did not, 10 have to date received a third dose, with only 
2 patients seroconverting (20%). After a total of three 
SARS- CoV- 2 vaccines, and accounting for missing data, 
11% (8/74) patients failed to seroconvert.

Type I IFN activity post-vaccination
The serum IFN scores of each patient were determined 
pre- vaccine and post- vaccine (n=107) and showed strong 
correlation (R=0.8554, p<0.0001), with no statistical 
difference between visits.

Efficacy post vaccine
There were eight SARS- CoV- 2 infections confirmed (PCR 
and patient notes) symptomatic cases during the study 
follow- up. See online supplemental material.

DISCUSSION
This study provides real- world data from a single centre 
on the immune response to the SARS- CoV- 2 vaccines in 
patients with RA on DMARDs. The novel aspects were the 
prospective analysis with pre- vaccine data, the variety of 
DMARDs assessed, the combined antibody and T cell data 
with IFN responses, together with follow- up. Although 
patient numbers are small, it highlights the reduced 
antibody immunity seen with abatacept, <6 months post 
RTX, as well as a negative impact of MTX.

In virally unexposed patients with RA, the serocon-
version rate after vaccination one was 45% and the T 
cell response rate 53%; 23% of patients had neither 
antibodies nor T cell responses, compared with 100% 
seroconversion in patients with pre- vaccine SARS- CoV- 2 
exposure. Following doses two and three of the vaccine; a 
further 54% and 11% seroconverted.

The seroconversion and T cell response rates, following 
a single SARS- CoV- 2 vaccine, were higher than those 
reported with connective tissue diseases, although for 
RTX treated <6 months the data were comparable; (22% 
vs 28% seroconversion). This is consistent with previous 
data for RTX therapy with impaired antibody responses 
to both the influenzae and pneumococcal vaccines.8 The 
impact of abatacept on vaccine response is conflicting8 
and no abatacept patient in this study seroconverted after 
the first dose (but 50% did so post second vaccine). This 
is consistent with abatacept’s action on both T and B cells, 
and its known ability to inhibit antibodies. One hundred 
per cent of our healthy controls seroconverted consistent 
with the previous data.9 Almost half of our patients with 
RA used concomitant MTX in combination with other 
DMARDs and had reduced seroconversion rates but no 
significant differences in T cell response rates, consistent 
with other publications.10

Patients with antibodies pre- vaccination (presumably 
following SARS- CoV- 2 infection) all had strong vaccine 
responses. Our data, however, suggest that there are 
some patients who are unable to mount an antibody 
response despite three vaccinations. On- going follow- up 
of this cohort will determine whether the serological and 
T cell responses correlate with clinical protection from 
COVID- 19 infection and if sustainability of response 
matches healthy individuals. Currently, eight patients 
have tested positive for COVID- 19 infection since the 
second dose of the vaccine and all but one (void sample) 
had either antibody or T cell responses following the first 
dose of the vaccine.

There was no evidence of post -vaccination immuno-
logical or clinical flares, with stable levels of sera type 
I IFN- inducible chemokines although on continued 
therapy.11 12

Table 2 Effect of concomitant methotrexate on 
seroconversion by treatment groups in patients without pre- 
vaccine SARS- CoV- 2 exposure (n=83)

Seroconversion

P value*No, n (%) Yes, n (%)

MTX (n=34) 23 (67.7) 11 (32.4) 0.06

No MTX (49) 23 (46.9) 26 (53.1)

Anti- TNF plus MTX (14) 7 (50) 7 (50) 0.07

Anti- TNF (12) 2 (16.7) 10 (83.3)

RTX plus MTX (12) 10 (83.3) 2 (16.7) 0.09

RTX (17) 9 (52.9) 8 (47.1)

Anti TNF, Anti- tumour necrosis factor ; MTX, methotrexate; RTX, 
rituximab.

Table 3 Seroconversion rates in patients without pre 
vaccine SARS- CoV- 2 exposure

Immunosuppressive 
drug

Seroconversion, 
n (%)

T cell responses, 
n (%)

Abatacept 0/11 (0) 4/10 (40)

RTX 10/29 (35) 17/24 (71)

Anti- TNF 17/26 (65) 15/24 (63)

JAKi 5/9 (56) 4/8 (50)

Anti- IL- 6 5/8 (63) 4/7 (57)

Anti- IL- 6, Anti- interleukin -6; Anti TNF, Anti - tumour necrosis factor; 
JAKi, Janus Kinase inhibitor; RTX, rituximab.
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A limitation of this study is the small numbers, partic-
ularly of healthy controls, with the numbers limited by 
requirement for baseline samples. Although the 100% 
seroconversion rate validates our antibody analysis, as 
do publications that also demonstrate reduced serocon-
version in patients treated with rituximab, abatacept and 
concomitant methotrexate.13

These data confirm reduced immune responses to 
SARS- CoV- 2 vaccine in patients with RA particularly 
on certain DMARDs. The impact of a booster dose in 
patients with absent antibody responses to a three dose 
vaccination schedule will need to be determined.

Author affiliations
1Rheumatology, Leeds Teaching Hospitals NHS Trust, Chapel Allerton Hospital, 
Leeds, UK
2Leeds Institute of Rheumatic and Musculoskeletal Medicine, Faculty of Medicine 
and Health, University of Leeds, Leeds, UK
3Rheumatology, Leeds Biomedical Research Centre, Leeds, UK
4Transplant and Cellular Immunology, Leeds Teaching Hospitals NHS Trust, Leeds, 
UK
5Institute of Medical Research at St James's University Hospital, University of 
Leeds, Leeds, UK

Contributors All authors have made substantial contributions to the conception 
or design of the work, or the acquisition, analysis or interpretation of data; were 
involved in drafting the work or revising it critically for important intellectual 
content; provided final approval of the version published and were in agreement 
to be accountable for all aspects of the work in ensuring that questions related to 
the accuracy or integrity of any part of the work are appropriately investigated and 
resolved.

Funding NIHR Leeds Musculoskeletal Biomedical Research Centre, Leeds, UK. 
Leeds hospital charity grant (no 124664), Eli Lilly and Company.

Competing interests BS: Speaker fees for Pfizer and Galapagos, L- AB: Honoraria 
for UCB, Abbvie and Galapagos, KM: Personal: Abbvie, Lilly, UCB.Grants: Lilly, 
Gilead, FD: received research support and consultancies, not related to the topic 
of this manuscript from ABBVIE, AstraZeneca, Boehringer- Ingelheim, Capella, 
Chemomab, Kymab, Mitsubishi- TanabePaul Emery: Grants : AbbVie, BMS, Lilly, 
Samsung. Consulting fees: BMS, AbbVie, MSD, Pfizer, Novartis, and Roche. Payment 
or honoraria for lectures, presentations, speakers bureaus, manuscript writing or 
educational events:Abbvie, Gilead, Lilly, Novartis.

Patient and public involvement statement The participant information sheet 
and consent form used for the study were taken from an existing study where 
public contributors had already approved them, saying that they explained the 
research well and what was expected of them. As well as this, they were already 
familiar with the study schedule and the site. The main difference to this was that 
they were visiting the site during the pandemic. Through the ‘Restarting Research’ 
public contributor group, barriers to accessing the site and solutions were 
discussed and considered in the study schedule. This included making reception 
staff aware of the participants who were coming in for the study, providing clarity 
around the claiming of travel expenses and ensuring this was discussed during 
the consenting process. For participants, having an awareness of their response to 
the vaccine was of clear benefit to them and involvement with public contributors 
needs to continue to ensure this information is disseminated appropriately.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by 
Leeds West REC: 09/H1307/98; R&I: RR09/9134. Leeds East REC: 16/YH/0290 
(Healthy controls). Participants gave informed consent to participate in the study 
before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Benazir Saleem http://orcid.org/0000-0001-8719-7800
Vishal Kakkar http://orcid.org/0000-0003-0513-8677
Paul Emery http://orcid.org/0000-0002-7429-8482

REFERENCES
 1 Prendecki M, Clarke C, Edwards H, et al. Humoral and T- cell responses 

to SARS- CoV- 2 vaccination in patients receiving immunosuppression. 
Ann Rheum Dis 2021;80:1322–9.

 2 Williamson EJ, Walker AJ, Bhaskaran K, et al. Factors associated with 
COVID- 19- related death using OpenSAFELY. Nature 2020;584:430–6.

 3 Rutherford MA, Scott J, Karabayas M, et al. Risk factors for severe 
outcomes in patients with systemic vasculitis and COVID- 19: 
a binational, registry- based cohort study. Arthritis Rheumatol 
2021;73:1713–9.

 4 Gianfrancesco M, Hyrich KL, Al- Adely S, et al. Characteristics 
associated with hospitalisation for COVID- 19 in people with rheumatic 
disease: data from the COVID- 19 global rheumatology alliance 
physician- reported registry. Ann Rheum Dis 2020;79:859–66.

 5 Kearns P, Siebert S, willicombe michelle, et al. Examining the 
immunological effects of COVID- 19 vaccination in patients with 
conditions potentially leading to diminished immune response capacity 
– the OCTAVE trial. SSRN J 2021.

 6 Muskardin TLW, Niewold TB. Type I interferon in rheumatic diseases. 
Nat Rev Rheumatol 2018;14:214–28.

 7 Higgs BW, Liu Z, White B, et al. Patients with systemic lupus 
erythematosus, myositis, rheumatoid arthritis and scleroderma share 
activation of a common type I interferon pathway. Ann Rheum Dis 
2011;70:2029–36.

 8 Arnold J, Winthrop K, Emery P. COVID- 19 vaccination and 
antirheumatic therapy. Rheumatology 2021;60:3496–502.

 9 Angyal A, Longet S, Moore S. T- cell and antibody responses to first 
BNT162b2 vaccine dose in previously SARS- CoV- 2- Infected and 
Infection- Naive UK healthcare workers: a multicentre, prospective, 
observational cohort study. Lancet 2021.

 10 Mahil SK, Bechman K, Raharja A, et al. The effect of methotrexate 
and targeted immunosuppression on humoral and cellular immune 
responses to the COVID- 19 vaccine BNT162b2: a cohort study. 
Lancet Rheumatol 2021;3:e627–37.

 11 Bauer JW, Baechler EC, Petri M, et al. Elevated serum levels of 
interferon- regulated chemokines are biomarkers for active human 
systemic lupus erythematosus. PLoS Med 2006;3:e491.

 12 Carriero A, Abignano G, Hutchinson M. Serum interferon score 
predicts clinical outcome at 12 months in diffuse cutaneous 
systemic sclerosis as measured by global Ranked composite score 
(GRCS) and composite response index in SSC (CRISS). Arthritis 
Rheumatol 2019;71.

 13 Furer V, Eviatar T, Zisman D, et al. Immunogenicity and safety of 
the BNT162b2 mRNA COVID- 19 vaccine in adult patients with 
autoimmune inflammatory rheumatic diseases and in the general 
population: a multicentre study. Ann Rheum Dis 2021;80:1330–8.

 on M
ay 24, 2023 by guest. P

rotected by copyright.
http://rm

dopen.bm
j.com

/
R

M
D

 O
pen: first published as 10.1136/rm

dopen-2021-002050 on 1 A
pril 2022. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-8719-7800
http://orcid.org/0000-0003-0513-8677
http://orcid.org/0000-0002-7429-8482
http://dx.doi.org/10.1136/annrheumdis-2021-220626
http://dx.doi.org/10.1038/s41586-020-2521-4
http://dx.doi.org/10.1002/art.41728
http://dx.doi.org/10.1136/annrheumdis-2020-217871
http://dx.doi.org/10.2139/ssrn.3910058
http://dx.doi.org/10.1038/nrrheum.2018.31
http://dx.doi.org/10.1136/ard.2011.150326
http://dx.doi.org/10.1093/rheumatology/keab223
http://dx.doi.org/10.1016/S2665-9913(21)00212-5
http://dx.doi.org/10.1371/journal.pmed.0030491
http://dx.doi.org/10.1136/annrheumdis-2019-eular.5021
http://dx.doi.org/10.1136/annrheumdis-2019-eular.5021
http://dx.doi.org/10.1136/annrheumdis-2021-220647
http://rmdopen.bmj.com/

	Effectiveness of SARS-CoV-2 vaccination in patients with rheumatoid arthritis (RA) on DMARDs: as determined by antibody and T cell responses
	Abstract
	Introduction
	Methods
	Study participants
	Serological testing
	T cell analysis
	IFN score analysis
	Statistical analysis

	Results
	Response after vaccine one in patients without previous SARS-CoV-2 exposure
	Responses after vaccine one in patients with previous SARS-CoV-2 exposure
	Multivariable analysis
	The impact of subsequent vaccines in patients with absent antibody responses to the first SARS-CoV-2 vaccine
	Type I IFN activity post-vaccination
	Efficacy post vaccine

	Discussion
	References


