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Summary
Background Disease-specific studies have reported impaired humoral responses after SARS-CoV-2 vaccination in 
patients with immune-mediated inflammatory disorders treated with specific immunosuppressants. Disease-
overarching studies, and data on recall responses and third vaccinations are scarce. Our primary objective was to 
investigate the effects of immunosuppressive monotherapies on the humoral immune response after SARS-CoV-2 
vaccination in patients with prevalent immune-mediated inflammatory disorders.

Methods We did a cohort study in participants treated in outpatient clinics in seven university hospitals and one 
rheumatology treatment centre in the Netherlands as well as participants included in two national cohort studies on 
COVID-19-related disease severity. We included patients aged older than 18 years, diagnosed with any of the prespecified 
immune-mediated inflammatory disorders, who were able to understand and complete questionnaires in Dutch. 
Participants with immune-mediated inflammatory disorders who were not on systemic immunosuppressants and 
healthy participants were included as controls. Anti-receptor binding domain IgG responses and neutralisation capacity 
were monitored following standard vaccination regimens and a three-vaccination regimen in subgroups. Hybrid 
immune responses—ie, vaccination after previous SARS-CoV-2 infection—were studied as a proxy for recall responses.

Findings Between Feb 2 and Aug 1, 2021, we included 3222 participants in our cohort. Sera from 2339 participants, 
1869 without and 470 participants with previous SARS-CoV-2 infection were analysed (mean age 49·9 years [SD 13·7]; 
1470 [62·8%] females and 869 [37·2%] males). Humoral responses did not differ between disorders. Anti-CD20 
therapy, sphingosine 1-phosphate receptor (S1P) modulators, and mycophenolate mofetil combined with 
corticosteroids were associated with lower relative risks for reaching seroconversion following standard vaccination 
(0·32 [95% CI 0·19–0·49] for anti-CD20 therapy, 0·35 [0·21–0·55] for S1P modulators, and 0·61 [0·40–0·90] for 
mycophenolate mofetil combined with corticosteroids). A third vaccination increased seroconversion for 
mycophenolate mofetil combination treatments (from 52·6% after the second vaccination to 89·5% after the third) 
but not significantly for anti-CD20 therapies (from 36·8% to 45·6%) and S1P modulators (from 35·5% to 48·4%). 
Most other immunosuppressant groups showed moderately reduced antibody titres after standard vaccination that 
did not increase after a third vaccination, although seroconversion rates and neutralisation capacity were unaffected. 
In participants with previous SARS-CoV-2 infection, SARS-CoV-2 antibodies were boosted after vaccination, regardless 
of immunosuppressive treatment.

Interpretation Humoral responses following vaccination are impaired by specific immunosuppressants. After 
standard vaccination regimens, patients with immune-mediated inflammatory disorders taking most 
immunosuppressants show similar seroconversion to controls, although antibody titres might be moderately reduced. 
As neutralisation capacity and recall responses are also preserved in these patients, this is not likely to translate to loss 
of (short-term) protection. In patients on immunosuppressants showing poor humoral responses after standard 
vaccination regimens, a third vaccination resulted in additional seroconversion in patients taking mycophenolate 
mofetil combination treatments, whereas the effect of a third vaccination in patients on anti-CD20 therapy and S1P 
modulators was limited.
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Introduction
Since the start of vaccination against SARS-CoV-2, 
concerns have been raised about the efficacy of vaccines 
in patients treated with immunosuppressants. Patients 
with immune-mediated inflammatory diseases, which 
include a wide range of disorders such as rheumatoid 
arthritis, inflammatory bowel disease, and multiple 
sclerosis, are frequently treated with either broad or 
targeted immunosuppressants. Several immuno-
suppressants used in immune-mediated inflammatory 
disorders have been associated with impaired 
seroconversion rates after SARS-CoV-2 vaccination, most 
notably anti-CD20 therapies, sphingosine 1-phosphate 
receptor (S1P) modulators, and mycophenolate mofetil.1–4 
For most other common immunosuppressants, such as 
methotrexate, reduced antibody titres without impaired  
seroconversion rates have been reported.2 On the basis of 
these observations, third vaccinations have been 
implemented for selected patients with immune-
mediated inflammatory disorders to improve immune 
responses.

Several important questions remain. First, because 
disease-overarching studies are scarce, it is unknown 
whether results from one specific disease can be 
translated to other diseases, particularly rare immune-
mediated inflammatory disorders in which large cohort 
studies are unlikely. Second, the clinical relevance of 
reduced antibody titres after vaccination is unclear 
because data on the minimal antibody threshold 
required for protection are absent.5 Third, it is unclear 
whether the neutralising capacity of antibodies is 
reduced in patients with reduced titres, as suggested in 
some studies of patients on methotrexate or 
mycophenolate mofetil.6–9 Fourth, the effects of third 
vaccinations on humoral responses have not been 
studied in patients with immune-mediated inflammatory 
disorders. Finally, humoral recall responses in patients 
with immune-mediated inflammatory disorders have 
not yet been investigated extensively, although they are 
essential for the durability of SARS-CoV-2 immunity. 
In the absence of long-term follow-up studies 
investigating immunological changes in patients with 

(M Steenhuis MSc, L Y L Kummer, 
S Keijzer MSc, J B D Keijser MSc, 
A Boogaard BSc, 
O Cristianawati PhD, 
A ten Brinke PhD, 
N J M Verstegen MSc, 
Prof S M van Ham PhD, 
T Rispens PhD); Department of 
Neurology 
(Z L E van Kempen PhD, 
Prof J Killestein PhD), 
Department of Rheumatology 
and Clinical Immunology, 
Amsterdam Rheumatology 
and Immunology Center 
(Prof A E Voskuyl PhD, 
B Broens MD, A P Sanchez MD), 
Amsterdam UMC, VU 
University Medical Center, 
Amsterdam, Netherlands; 
Department of Rheumatology 
and Clinical Immunology, 
Amsterdam Rheumatology 
and Immunology Center 
(S W Tas PhD, A P Sanchez MD), 
Amsterdam UMC and 
Swammerdam Institute for 
Life Sciences 
(Prof S M van Ham), University 
of Amsterdam, Amsterdam, 
Netherlands; Department of 
Rheumatology, Amsterdam 
Rheumatology and 
Immunology Center, Reade, 
Amsterdam, Netherlands 
(L Boekel BSc, G J Wolbink PhD); 
Centre for Infectious Disease 
Control, National Institute for 
Public Health and the 
Environment, Bilthoven, 
Netherlands 
(Prof C A C M van Els PhD, 
J de Wit PhD); Faculty of 
Veterinary Medicine, Utrecht 
University Utrecht, Utrecht, 
Netherlands 
(Prof C A C M van Els); 
Department of Rheumatology 
and Clinical Immunology 
(A Rutgers PhD, K de Leeuw PhD) 
and Department of 
Dermatology, Center for 
Blistering Diseases 
(B Horváth PhD), University 
Medical Center Groningen, 
University Groningen, 
Groningen, Netherlands; 
Department of Neurology 
(Prof J J G M Verschuuren PhD, 
A M Ruiter MD), Department of 
Rheumatology 
(L van Ouwerkerk MD, 
D van der Woude PhD, 
R C F Allaart PhD), and Centre of 
Expertise for Lupus-, Vasculitis- 
and Complement-Mediated 
Systemic Diseases, Department 
of Internal Medicine, 
Nephrology Section 
(Y K O Teng PhD), Leiden 
University Medical Center, 

Research in context

Evidence before this study
Before the COVID-19 pandemic, studies had shown impaired 
humoral immune responses after routine vaccinations in 
patients on immunosuppressants. Before the start of the Dutch 
SARS-CoV-2 vaccination campaign, we launched this study to 
investigate the immune response after SARS-CoV-2 vaccination 
in patients with immune-mediated inflammatory disorders and 
immunosuppressants. We searched PubMed and medRxiv for 
articles published in English between Dec 1, 2020, and 
Oct 29, 2021, focusing on humoral immune responses after 
vaccination against SARS-CoV-2 in patients with 
immunosuppressive treatment using the following terms: 
“SARS-CoV-2”, “vaccine”, “immunocompromised”, “immune-
suppressed”, “immunosuppressive”, “auto-immune”, and 
“immune-mediated inflammatory disorder”, and identified 
35 studies (three in preprint). Of those studies, 24 focused on 
specific immune-mediated inflammatory disorder groups 
(eg, rheumatological disorders, inflammatory bowel disorders, 
or multiple sclerosis), ten focused solely on other 
immunocompromised patients (eg, those who had undergone 
transplantation), and one focused both on immune-mediated 
inflammatory disorders and other immunocompromised 
categories. Studies varied markedly in humoral assays, timing 
of assessments, combination of monotherapy and combination 
therapies in treatment groups, composition of control groups, 
and controlling for potential previous SARS-CoV-2 infections. 
Anti-CD20 therapy, sphingosine 1-phosphate receptor (S1P) 
modulators, and mycophenolate mofetil were consistently 
associated with decreased seroconversion in studies 
investigating these treatments. For several other 
immunosuppressants, reduced antibody titres without reduced 
seroconversion rates have been reported.

Added value of this study
This large and disease-overarching study shows that specific 
immunosuppressants are associated with impaired humoral 
responses after SARS-CoV-2 vaccination. Moreover, this study 
shows that impaired responses can be rescued by an early third 
vaccination in patients on mycophenolate mofetil treatments, 
whereas the effect of the third vaccination in patients on anti-
CD20 therapy and S1P modulators is limited. We show that 
most immunosuppressants had no effect on seroconversion 
rates, but some were associated with lower antibody titres. 
By studying hybrid immune responses—ie, vaccination 
responses after previous SARS-CoV-2 infections—and by 
studying third vaccinations in a subgroup, we show that recall 
responses are generally unaffected by immunosuppressants. 
Additionally, we report that antibody neutralisation capacity 
was not affected. The prospective, disease-overarching design 
with predefined immunotherapies allows for reliable estimates 
and comparison of risks between different treatments for the 
most prevalent immune-mediated inflammatory disorders, but 
also for rare disorders for which immunogenicity studies are 
unlikely to be done.

Implications of all the available evidence
In patients with immune-mediated inflammatory disorders, 
humoral responses are impaired by specific 
immunosuppressants. Results from this and other studies 
suggest that in a majority of patients with immune-mediated 
inflammatory disorders, humoral responses to vaccination are 
largely intact. Humoral responses can be improved through an 
early third vaccination, although effects for anti-CD20 therapy 
and S1P modulators are limited, with absent humoral 
responses in more than half of patients.
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immune-mediated inflammatory disorders on immuno-
suppressants, hybrid immune responses—ie, responses 
that develop after vaccination of individuals previously 
infected with SARS-CoV-2—can be used as a proxy 
model for recall responses since such responses rely 
greatly on memory B cells.10,11

We aimed to investigate the effects of various prevalent 
immunosuppressive monotherapies on humoral 
SARS-CoV-2 vaccination response in a large, national, 
disease-overarching cohort of patients with prevalent 
immune-mediated inflammatory disorders. We also 
sought to investigate effects of immuno suppressants on 
repeated antigen exposure by assessing the effect of 
selected immunosuppressive therapies on humoral res-
ponses after third vaccinations in patients with immune-
mediated inflammatory disorders without a previous 
SARS-CoV-2 infection, and to investigate hybrid immune 
responses in patients with immune-mediated inflam-
matory disorders who had SARS-CoV-2 infections before 
vaccination.

Methods
Study design and participants
We did a cohort study in participants treated in outpatient 
clinics in seven university hospitals and one 
rheumatology treatment centre in the Netherlands as 
well as participants included in two national cohort 
studies on COVID-19-related disease severity 
(appendix pp 3–4).12,13

Eligible participants were aged older than 18 years, 
diagnosed with any of the prespecified immune-
mediated inflammatory disorders (appendix pp 3–4), and 
were able to understand and complete questionnaires in 
Dutch. Participants with known pregnancy during study 
entry and those undergoing concomitant treatment with 
immuno suppressants (ie, chemotherapy) for cancer or 
organ transplantation (including stem-cell trans-
plantation) were excluded.

Participants were actively recruited to fit into predefined 
monotherapy treatment groups as maintenance 
treatment for the primary analysis (appendix pp 3–4). 
These immunosuppressants and immunomodulatory 
treat ments were prioritised based on relevance (ie, 
frequently prescribed and expected effect on vaccine 
efficacy) and feasibility. For brevity, immunosuppressive 
and immunomodulatory treatments are grouped as 
immuno suppressive treatments throughout the manu-
script. For the secondary analysis, we recruited parti-
cipants treated with less frequently prescribed, but 
clinically relevant, monotherapies and frequently pre-
scribed combination therapies. To assess hybrid res-
ponses following vacc ination, we actively recruited 
participants with docu mented previous SARS-CoV-2 
infections before vaccination. A subset of participants 
without evidence of previous SARS-CoV-2 infection, 
previously vaccinated with two mRNA vaccines, and 
treated with either anti-CD20 therapy (monotherapy or 
in combination), S1P modulators, mycophenolate mofetil 
(monotherapy or in combination), methotrexate, tumour 
necrosis factor (TNF) inhibitors, or purine antagonists 
were enrolled for third vaccination analysis.

As controls, we recruited patients with immune-
mediated inflammatory disorders not on systemic 
immunosuppressants and healthy controls (appendix 
pp 3–4). For healthy controls, two additional inclusion 
criteria applied: no active or previous autoimmune, 
oncological, or haematological disease; and no current or 
previous treatment with systemic immunosuppressive 
medication in the past year. Additional methods are 
described in the appendix (pp 3–4).

This study was approved by the medical ethical 
committee (NL74974.018.20 and EudraCT 2021-001102-30). 
All participants provided written informed consent.

Procedures
Clinical data were collected by the investigators using 
a standardised electronic case record form (eCRF) and by 
sending online questionnaires to participants. Question-
naires were used to register demographics and dates 
of any positive PCR for SARS-CoV-2. Investigators 
completed eCRFs using data from the electronic patient 
files. Patient files were used to register immune-mediated 
inflammatory disorder diagnosis, and start and stop 
dates for any immuno suppressant used since Jan 1, 2021, 
or Jan 1, 2020, for treatments with long-term effects (ie, 
anti-CD20 therapies or cyclophosphamide).

Figure 1: Study flow chart
*Insufficient data to categorise SARS-CoV-2 infection status.

2160 no previous SARS-CoV-2 infection 

201 included in analysis of three 
vaccinations

1869 included in analysis of two 
vaccinations

 111 healthy controls
 382 patients not on 

immunosuppressants
 1376 patients on 

immunosuppressants

291 excluded
 17 not fully vaccinated
 274 serology after second 

vaccination missing 

3222 participants included

547 excluded
 275 informed consent withdrawn
 258 not vaccinated 
 14 insufficient data*

515 with previous SARS-CoV-2 infection  

470 included in the analysis 
 63 healthy controls
 91 patients not on 

immunosuppressants 
 316 patients on immunosuppressants 

45 excluded (serology missing)
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Serum samples were collected by venipuncture or by 
participants at home using a fingerprick set (custom set, 
DaklaPack Europe, Lelystad, Netherlands), which was 
sent at baseline (before the first vaccination), day 28 after 
first vaccination, and day 28 after the second vaccination 
(when applicable). Serum samples after vaccination were 
received at the central test laboratory at day 33 (median 
[IQR 30–39]). For the third vaccination, serum samples 
were collected on the day of vaccination, at day 7 after, 
and at day 28 after the third vacc ination. Participants 
returned their serum tube (Minicollect 450548, Greiner 

Bio-One, Alphen aan den Rijn, Netherlands) to the central 
test laboratory (Sanquin, Amsterdam, Netherlands).

The presence of SARS-CoV-2 antibodies was 
investigated using three assays in the central laboratory; 
all assays were developed in house. The primary assay 
was a quantitative anti-receptor binding domain (RBD) 
IgG ELISA, as described previously.14,15 Anti-RBD IgG 
titres were expressed as arbitrary units (AU) per mL and 
were compared with a serially diluted calibrator 
(arbitrarily assigned a value of 100 AU/mL) consisting of 
pooled convalescent plasma. Signals below the limits of 

No previous SARS-CoV-2 infection Previous SARS-CoV-2 infection

Patients on 
immunosuppressants 
(n=1376)

Patients not on 
immunosuppressants 
(n=382)

Healthy controls 
(n=111)

Patients on 
immunosuppressants 
(n=316)

Patients not on 
immunosuppressants 
(n=91)

Healthy controls 
(n=63)

Age, years 50·4 (14·3) 52·0 (12·9) 49·4 (10·1) 46·7 (13·3) 48·2 (11·7) 46·6 (11·6)

Sex

Female 855 (62·1%) 256 (67·0%) 77 (69·4%) 187 (59·2%) 54 (59·3%) 41 (65·1%)

Male 521 (37·9%) 126 (33·0%) 34 (30·6%) 129 (40·8%) 37 (40·7%) 22 (34·9%)

Vaccine received

BNT162b2 (Pfizer–BioNTech) 812 (59·0%) 186 (48·7%) 52 (46·8%) 198 (62·7%) 62 (68·1%) 14 (22·2%)

CX-024414 (Moderna) 368 (26·7%) 137 (35·9%) 51 (45·9%) 89 (28·2%) 20 (22·0%) 47 (74·6%)

ChAdOx1 nCoV-19 (Oxford–
AstraZeneca)

173 (12·6%) 48 (12·6%) 2 (1·8%) 23 (7·3%) 8 (8·8%) 0 (0·0%)

Ad.26.COV2.S (Janssen) 23 (1·7%) 11 (2·9%) 6 (5·4%) 6 (1·9%) 1 (1·1%) 2 (3·2%)

Number of immunosuppressants per participant

1 1034 (75·1%) ·· ·· 239 (75·6%) ·· ··

2 312 (22·7%) ·· ·· 69 (21·8%) ·· ··

≥3 30 (2·2%) ·· ·· 8 (2·5%) ·· ··

Immune-mediated inflammatory disorders

Rheumatic disorders

Rheumatoid arthritis 200 (14·5%) 24 (6·3%) ·· 41 (13·0%) 3 (3·3%) ··

Spondylarthritis 79 (5·7%) 18 (4·7%) ·· 21 (6·6%) 3 (3·3%) ··

Systemic lupus erythematosus 133 (9·7%) 12 (3·1%) ·· 29 (9·2%) 0 (0·0%) ··

Vasculitis* 61 (4·4%) 8 (2·1%) ·· 5 (1·6%) 0 (0·0%) ··

Other rheumatic disease† 29 (2·1%) 7 (1·8%) ·· 2 (0·6%) 1 (1·1%) ··

Inflammatory bowel disease

Crohn’s disease 216 (15·7%) 32 (8·4%) ·· 53 (16·8%) 11 (12·1%) ··

Ulcerating colitis 92 (6·7%) 51 (13·4%) ·· 23 (7·3%) 10 (11·0%) ··

Other inflammatory bowel 
diseases‡

37 (2·7%) 4 (1·0%) ·· 5 (1·6%) 2 (2·2%) ··

Neurological disorders

Multiple sclerosis and 
neuromyelitis optica spectrum 
disorder§

179 (13·0%) 86 (22·5%) ·· 45 (14·2%) 26 (28·6%) ··

Inflammatory neuropathies 
and myopathies¶

123 (8·9%) 11 (2·9%) ·· 30 (9·5%) 4 (4·4%) ··

Myasthenia gravis 69 (5·0%) 40 (10·5%) ·· 15 (4·7%) 3 (3·3%) ··

Dermatological disorders

Atopic dermatitis 82 (6·0%) 2 (0·5%) ·· 28 (8·9%) 1 (1·1%) ··

Other dermatological|| 76 (5·5%) 87 (22·8%) ·· 19 (6·0%) 27 (29·7%) ··

Data are mean (SD) or n (%). *Including small-vessel, medium-vessel, and large-vessel vasculitis and other forms of vasculitis except giant cell arteritis. †Including Sjögren’s syndrome, giant-cell arteritis, 
polymyalgia rheumatica, and others. ‡Including autoimmune hepatitis and autoimmune sclerosing cholangitis. §Including six patients with neuromyelitis optica spectrum disorder. ¶Including chronic 
inflammatory demyelinating polyneuropathy, multifocal motor neuropathy, and inflammatory myositis. ||Including vitiligo, pemphigus, psoriasis, and others.

Table: Demographic and clinical characteristics of the study participants
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detection were imputed as 0·1 AU/mL. Seroconversion 
after vaccination was defined as an antibody 
concentration of more than 4 AU/mL (99% specificity in 
pre-pandemic sera).14,15

In addition, we used a semiquantitative total antibody 
bridging ELISA to detect antibodies against the RBD in 
baseline samples before vaccination to identify parti-
cipants with previous SARS-CoV-2 infection. Sensi tivity 
of the semiquantitative RBD bridging ELISA is higher 
than the anti-RBD IgG ELISA in very low antibody 
ranges (98·1% sensitivity and 99·5% specificity).14

To detect SARS-CoV-2 infection in samples after the first 
vaccination, we used a semiquantitative total antibody 
bridging ELISA to detect antibodies against nucleocapsid, 
as described previously, but using a trun cated version of 

the nucleocapsid protein to enhance specificity (speci-
ficity >99%, sensitivity 95%).16

Antibody neutralisation capacity against SARS-CoV-2 
WA1/2020 was investigated for monotherapy treatment 
groups in participants without previous SARS-CoV-2 
infection using a competition assay that measures 
blocking antibodies by assessing inhibition of RBD-
binding to angiotensin-converting enzyme 2 (ACE2). We 
have previously demonstrated good correlation between 
this assay and classic virus neutralisation assays.15

Definitions for immunosuppressants, active treatment, 
and grouping of combination therapies are described in 
the appendix (pp 3–4). In summary, immunosuppressants 
were defined as either immunosuppressive or immuno-
modulating treatment in the 3 months before first or 
third vaccination, or in the 12 months before vaccination 
in case of long-acting therapies. We predefined nine 
monotherapy groups: anti-CD20 therapy, calcineurin 
inhibitors, corti costeroids, dupilumab, intravenous or 
subcutaneous immunoglobulins, methotrexate, purine 
antagonists, TNF inhibitors, and ustekinumab. Com-
bination therapy groups were grouped in the following 
order: any com bination therapy involving anti-CD20 
therapy, myco phenolate mofetil in combination with 
corti costeroids, purine antagonists or methotrexate in 
combination with TNF inhibitors, dual combination 
therapies of corti costeroids with any other immuno-
suppressant, and dual combination therapies with purine 
antagonists or metho trexate with any other immuno-
suppressant. We defined a completed SARS-CoV-2 vacc-
ination as having had two vaccinations of the same type 
for ChAdOx1 nCoV-19 (Oxford–AstraZeneca), BNT162b2 
(Pfizer–BioNtech), and CX-024414 (Moderna) vaccines, 
regardless of the interval, and one vaccination for Ad.26.
COV2.S (Janssen). As a third dose, either CX-024414 or 
BNT162b2 was admin istered. A previous SARS-CoV-2 
infection was defined as a self-reported positive PCR for 
SARS-CoV-2 with or without evidence of anti-RBD 
antibodies at baseline or anti-nucleocapsid antibodies at 
follow-up.

Outcomes
For the primary objective to investigate effects of various 
prevalent immunosuppressive monotherapies on hum-
oral SARS-CoV-2 vaccination response, the primary 
outcome was the relative risk with corresponding 95% CI 
for seroconversion after completed vaccination, for nine 
predefined monotherapy treatment groups. For the 
secondary objective to investigate effects of immuno-
suppressants on repeated antigen exposure, the 
outcomes were seropositivity rate and antibody titre after 
each vaccination.

Statistical analysis
For the primary objective, we a priori defined a difference 
in the proportion of patients not reaching seroconversion 
of at least 15% between a treatment and control group to (Figure 2 continues on next page)

Ustekinumab (n=45)

TNF inhibitor (n=198)

Purine antagonist (n=125)

Methotrexate (n=128)

Dupilumab (n=58)

Corticosteroid (n=51)

Anti-CD20 therapy (n=128)

B
Predicted fold 
change in titre in 
participants with 
seroconversion 
(adjusted 95% CI)
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be clinically meaningful, and we predefined nine 
monotherapy groups to be included in the primary 
analysis, yielding a sample size of 175 per monotherapy 
group (appendix pp 3–4).16 After the start of recruitment, 
we observed that recruitment lagged while other studies 
reported much larger effects than 15% for some 
immunosuppressants, such as anti-CD20 therapies.3,17,18 
Therefore, we decided to include the predefined mono-
therapy groups in the primary analyses regardless of the 
number of observations, and adjusted the CI accordingly. 
Notably, calcineurin inhibitors were not included in the 
primary analysis because of a small number of 
observations in this group.

Only participants without a previous SARS-CoV-2 
infection were included for the primary analysis. As 
a reference, we used a combined control group of 
patients with immune-mediated inflammatory disorders 
not taking immunosuppressants and healthy controls.

In the secondary analysis, we investigated the relative 
risk for seroconversion in other less frequent mono-
therapy treatment groups and combination therapy 
groups in participants without a previous SARS-CoV-2 
infection. For both analyses, for participants with 
seroconversion after vaccination, we investigated the 
association, reported as fold change, between log-
transformed anti-RBD IgG titres and treatment groups. 
Antibody neutralisation capacity was analysed using 
scatterplots showing log-transformed anti-RBD IgG 
titres and the percentage non-inhibited signal (appendix 
p 9). For the primary objective, all estimates derived from 
multivariate models from the primary and secondary 
analysis were corrected for age, sex, and vaccine type 
(categorised as vector or mRNA vaccines). 95% CIs for 
the primary analysis were adjusted using Bonferroni’s 
correction; 95% CIs for secondary analyses were not 
adjusted.

For the secondary objective, we did the following 
analyses. For third vaccinations, we focused on the added 
value of a third vaccination by comparing the change in 
proportion of participants with seroconversion after 
second and third vaccination using McNemar’s test. We 
calculated the proportion of participants who sero-
converted from a third vaccination (participants without 
seroconversion after the second vaccination but with 
seroconversion after the third vaccination) and the 
proportion of participants with loss of seroconversion 
before the third vaccination (participants with sero-
conversion after the second vaccination but absent anti-
RBD antibodies on the day of the third vaccination). 
Notably, for the loss of seroconversion calculation, some 
serum samples from the day of the third vaccination 
were missing, leading to altered group sizes for this 
calculation. We also investigated changes in antibody 
titres using Wilcoxon signed-rank test between the 
following time points: between day 28 after the second 
and third vaccination; and between the day of third 
vaccination and day 28 after the third vaccination. We 

investigated induction of hybrid immunity by comparing 
anti-RBD IgG titres at day 28 after the first and second 
vaccination between participants with and without a 
previous SARS-CoV-2 infection. For this analysis, 
immuno suppressants were grouped into poor 
responders based on low seroconversion percentage 
(ie, those on anti-CD20 therapy [monotherapy or 

Figure 2: Humoral response following SARS-CoV-2 vaccination (primary analysis)
(A) Percentage (with error bars indicating 95% CIs) of participants with seroconversion (ie, anti-RBD IgG titre 
>4 AU/mL) for each group. (B) The predicted relative risk for seroconversion compared with controls, adjusted for 
confounders and multiple comparisons. (C) Anti-RBD IgG titres for each group. Grey dots indicate titres below the 
threshold for seroconversion (indicated by the dashed grey line), and black dots are above this threshold. Solid 
horizontal lines indicate the median per group. (D) The predicted fold change in anti-RBD titres for participants with 
seroconversion compared with controls. AU=arbitrary units. RBD=receptor binding domain. TNF=tumour necrosis 
factor. *The control group is composed of healthy controls and patients with immune-mediated inflammatory 
disorders not on immunosuppressants. Seroconversion and anti-RBD IgG titres at day 28 after completed 
SARS-CoV-2 vaccination for participants without previous SARS-CoV-2 infection treated with immunosuppressants. 
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combination therapy], S1P modulators, or myco-
phenolate mofetil [monotherapy or combination 
therapy]) and other immunosuppressants.

We did a sensitivity analysis to investigate potential 
effects of different immune-mediated inflammatory 
disorders on seroconversion when controlling for 
treatment groups (appendix p 11). We investigated the 
potential influences of our choices in selecting and 
grouping immunosuppressants for the primary and 
secondary analysis by using an alternative strategy in 
which we included all immunosuppressants separately 
in a logistic regression model (appendix p 12). 
Additionally, we investigated the effects of missing 
serological data by repeating primary analyses using 
a multivariate imputation model (appendix p 15). Data 
analysis was done with R (version 4.1.0). This study is 
registered at the Netherlands Trial Registry, NL8900.

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. 

Results
Between Feb 2 and Aug 1, 2021, we included 
3222 participants in our cohort. 2339 participants (were 
included in the analyses, 1869 without previous 
SARS-CoV-2 infection and 470 with previous SARS-CoV-2 
infection. The mean age of participants was 49·9 years 
[SD 13·7]; 1470 [62·8%] were women and 869 [37·2%] 
were men. Of the 1692 participants on immuno-
suppressants, 1273 were on monotherapy and 419 were on 
combination therapy. The control group consisted 
of 473 patients with immune-mediated inflam-
matory disorders not on immuno suppressants and 
174 healthy controls. A sub group of 201 participants 
without previous SARS-CoV-2 infection were analysed 
after a third vaccine dose (figure 1). Participant 
characteristics are shown in the table.

In the primary analysis, relative risk for seroconversion 
for anti-CD20 therapy was 0·32 (95% CI 0·19–0·49) after 
completed vaccination, and the relative risks for other 
immunosuppressants were not significantly reduced 
compared with controls (39 [30·5%] of 128 on anti-CD20 
therapy seroconverted vs 479 [97·2%] of 493 controls; 
figure 2A, 2B; appendix p 9). In participants who 
seroconverted, anti-CD20 therapy was associated with 
substantial reductions in anti-RBD IgG titres 
(figure 2C, 2D). TNF inhibitors, dupilumab, intravenous 
and subcutaneous immuno globulin, and methotrexate 
were associated with moderate reductions in anti-RBD 
IgG titres (figure 2C, 2D). For purine antagonists, 
ustekinumab, and corticosteroids, fold change estimates 
were similar to other groups but were not significant 
(figure 2C, 2D).

In the secondary analysis, relative risks for sero-
conversion were decreased for S1P modulators, 
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anti-CD20 combination therapies, and mycophenolate 
mofetil in combination with corticosteroids 
(figure 3A, 3B; appendix p 9). Mycophenolate mofetil and 
JAK inhibitors, and most combination treatment groups, 
were associated with moderate reductions in anti-RBD 
IgG titres (figure 3C, 3D).

Analysis of binding of RBD to ACE2, the receptor on 
SARS-CoV-2 target cells, was used to evaluate 
neutralisation capacity of antibodies in the serum 
samples. We found that between different monotherapy 
groups, antibody blocking capacity for the RBD protein 
was similar to that of the control group (appendix 
p 10). No effects of the different immune-mediated 
inflammatory disorders on seroconversion were observed 
when adjusted for immunosuppressants (appendix p 11). 
Moreover, a different grouping strategy of immuno-
suppressants and missing serological assessments did 
not affect the results (appendix pp 12–15). Serology 
results according to sex and vaccine type in the control 
group are shown in the appendix (pp 16–17).

Figure 4 shows humoral responses after a 
third vaccination; clinical characteristics are shown in 
the appendix (pp 18–19). The median time between 
second and third vaccination was 111 days (IQR 100–119; 
appendix pp 18–19). After the third vaccination, 
31 (45·6%) of 68 patients in the anti-CD20 group, 15 
(48·4%) of 31 in the S1P modulator group, and 
17 (89·5%) of 19 in the mycophenolate mofetil group 
seroconverted (figure 4A; appendix p 20). Compared 
with the second vaccination, 13 (19·1%) of 68 patients in 
the anti-CD20 therapy group, eight (25·8%) of 31 in the 
S1P modulator group, and seven (36·8%) of 19 in the 
mycophenolate mofetil group gained seroconversion 
after the third vaccination. Between the second vaccine 
dose and the day of the third dose, serorever-
sion—ie, loss of seroconversion—was seen in 
seven (10·6%) of 66 patients in the anti-CD20 therapy 
group, four (13·3%) of 30 in S1P modulator group, 
and none in the mycophenolate mofetil group 
(figure 4A; appendix p 20).

In the S1P modulator group and the mycophenolate 
mofetil group, antibody titres at 28 days after the 
third vaccination were higher than antibody titres after 

Figure 3: Humoral response following SARS-CoV-2 vaccination 
(secondary analysis)

Seroconversion and anti-RBD IgG titres at day 28 after completed SARS-CoV-2 
vaccination for participants without previous SARS-CoV-2 infections treated 

with immunosuppressants included in the secondary analysis. 
(A) The percentage (with error bars indicating 95% CIs) of participants with 

seroconversion (ie, anti-RBD IgG titre >4 AU/mL) for each group. 
(B) The predicted relative risk for seroconversion compared with controls. 
(C) Anti-RBD IgG titres for each group. Grey dots indicate titres below the 

threshold for seroconversion (indicated by the dashed grey line); black dots are 
above this threshold. Solid horizontal lines indicate the median per group. 

(D) The predicted fold change in anti-RBD titres for participants with 
seroconversion compared with controls. AU=arbitrary unit. JAK=Janus kinase. 

MMF=mycophenolate mofetil. RBD=receptor binding domain. S1P=sphingosine 
1-phosphate receptor. TNF=tumour necrosis factor. *The control group is 

composed of healthy controls and patients with immune-mediated 
inflammatory disorders not on immunosuppressants. †Details on other 

immunosuppressants are shown in the appendix (pp 5–6).

C

Study group Study group

0·1

1·0

4·0

10·0

100·0

5000·0

1000·0

An
ti-

RD
B 

Ig
G 

tit
re

 a
ft

er
 co

m
pl

et
ed

 v
ac

cin
at

io
n 

(A
U/

m
L)

Contro
l*

S1P m
odulator

MMF

JAK in
hibito

r

Vedolizu
mab

Natalizu
mab

Hydroxych
loroquine

Calcin
eurin

 in
hibito

r

Anti-
CD20 th

erapy plus   
   

other im
munosuppressa

nt†

MMF plus c
orti

co
ste

roid

Methotre
xate or p

urin
e antagonist

     
 

plus c
orti

co
ste

roid

Methotre
xate or p

urin
e antagonist

    

plus T
NF in

hibito
r

Methotre
xate or p

urin
e antagonist

     

plus o
ther im

munosuppressa
nt†

Corti
co

ste
roid plus o

ther   
  

im
munosuppressa

nt†

Other im
munosuppressa

nt†

MMF (n=19)

S1P modulator (n=17)

D
Predicted fold 
change in antibody 
titre in participants 
with seroconversion 
(95% CI)

JAK inhbitor (n=26)

Vedolizumab (n=25)

Natalizumab (n=24)

Hydroxychloroquine (n=35)

Calcineurin inhibitor (n=12)

Anti-CD20 therapy plus other 
immunosuppressant† (n=19)

MMF plus corticosteroid (n=24)

Methotrexate or purine antagonist 
plus corticosteroid (n=58)

Methotrexate or purine antagonist 
plus TNF inhibitor (n=88)

Methotrexate or purine antagonist 
plus other immunosuppressant† (n=24)

Corticosteroid plus other 
immunosuppressant† (n=32)

0·04 (0·03−0·07)

0·51 (0·32−0·81)

0·57 (0·39−0·85)

0·92 (0·61−1·38)

0·91 (0·60−1·37)

1·39 (0·98−1·96)

0·79 (0·44−1·40)

0·27 (0·17−0·42)

0·49 (0·33−0·74)

0·68 (0·52−0·89)

0·60 (0·48−0·75)

0·49 (0·33−0·74)

0·72 (0·50−1·03)

0 0·5 1·0 1·5 2·0



Articles

e346 www.thelancet.com/rheumatology   Vol 4   May 2022

12·5%

36·8%
45·6%

p=0·26

60·0%

93·8% 96·9%

4·30%

35·5%

48·4%

p=0·39

91·7% 100·0% 100·0%

25·0%

52·6%

89·5%

p=0·023

70·8%

100·0% 100·0%

89·7%

99·3%

T1 T2 T3
0

25

50

75

100

Se
ro

co
nv

er
sio

n 
(%

)

Timepoint

Methotrexate (n=32)

T1 T2
0

Timepoint

Control†

T1 T2 T3
Timepoint

Purine antagonist (n=27)

T1 T2 T3
Timepoint

TNF inhibitor (n=24)

0

25

50

75

100

Se
ro

co
nv

er
sio

n 
(%

)

A BAnti-CD20 therapy plus other 
immunosuppressant* (n=68)

S1P modulator (n=31)

25

50

75

100

Se
ro

co
nv

er
sio

n 
(%

)

MMF plus other immunosuppressant* 
(n=19)

p=0·19

p<0·0001

p=0·86

p<0·0001

p=0·0070

p<0·0001

p=0·35

p<0·0001

p=0·31

p<0·0001

p=0·0050

p=0·0007

0·1

1·0
4·0

10·0

100·0

1000·0

0·1

1·0
4·0

10·0

100·0

1000·0

0·1

1·0
4·0

10·0

100·0

1000·0

0 50 100 150 200
Time since first vaccination (days)

0 50 100 150 200
Time since first vaccination (days)

An
ti-

RB
D 

Ig
G 

tit
re

 (A
U/

m
L)

An
ti-

RB
D 

Ig
G 

tit
re

 (A
U/

m
L)

An
ti-

RB
D 

Ig
G 

tit
re

 (A
U/

m
L)

C Methotrexate Purine antagonist

TNF inhibitor Anti-CD20 therapy plus other immunosuppressant* 

S1P modulator MMF plus other immunosuppressant* 

An
ti-

RB
D 

Ig
G 

tit
re

 (A
U/

m
L)



Articles

www.thelancet.com/rheumatology   Vol 4   May 2022 e347

second vaccination (figure 4C). In the other immuno-
suppressant groups, antibody titres did not increase 
further (figure 4C). Of note, all groups showed an 
increase in antibody titres between the day of third 
vaccination and day 28 after third vaccination (figure 4C). 
In most patients, this could be already be observed at 
day 7 after the third vaccination, indicating a rapid recall 
response (figure 4C).

Previous SARS-CoV-2 infections were identified using 
both a self-reported positive PCR and positive anti-RBD 
or anti-nucleocapsid antibodies in 178 (37·9%) of 
470 participants, positive anti-RBD or anti-nucleocapsid 
antibodies in 244 (51·9%) participants, or a self-reported 
positive PCR in 48 (10·2%) participants. The median 
time between a positive PCR and first vaccination was 
166 days (IQR 86–220). The appendix (pp 22–23) shows 
results for the hybrid humoral responses among patients 
in poor-responder groups (ie, anti-CD20, S1P modulators, 
and mycophenolate mofetil combination treatments), 
other immuno suppressants, and controls. After first 
vaccination, seroconversion rates and anti-RBD IgG 
titres were higher in all groups of participants with 
previous SARS-CoV-2 infection than in groups of 
participants without previous SARS-CoV-2 infections, 
indicative of a boost response. In participants with 
previous SARS-CoV-2 infections, anti-RBD IgG titres 
after the first vaccination were lower in participants 
treated with other immunosuppressants or poor 
responder immuno suppressants than in controls. 
Higher anti-RBD IgG titres after a second vaccination 
were seen in participants with previous SARS-CoV-2 
infection treated with immunosuppressants.

Discussion
In this large disease-overarching cohort of the most 
prevalent immune-mediated inflammatory disorders, we 

show that the type of immunosuppressive monotherapy 
or combination therapy is of major relevance for humoral 
responses following SARS-CoV-2 vaccination. After 
standard vaccination regimens, patients on most 
immuno suppressants showed seroconversion rates, 
neutralisation capacity, and recall responses similar to 
controls. Patients on methotrexate, TNF inhibitors, or 
purine antagonist showed moderate reductions in anti-
body titres that were not increased after a third vaccination. 
Patients on anti-CD20 monotherapy or combination 
therapies, S1P modulators, and mycophenolate mofetil 
with corticosteroids or other combinations showed 
impaired responses after standard vaccination. A 
third vaccination resulted in additional seroconversion in 
those on mycophenolate mofetil combination treatments, 
whereas effects for anti-CD20 therapy and S1P modulators 
were limited.

Our results confirm and expand findings from disease-
specific studies in patients with immune-mediated 
inflammatory disorders and other patient groups on anti-
CD20 therapies, mycophenolate mofetil with corti-
costeroids, and S1P modulators.1,2,4,19 In addition, we now 
present data showing that patients with immune-mediated 
inflammatory disorders treated with myco phenolate 
mofetil could benefit from a third vaccination, as was 
previously demonstrated for other populations.20 In 
patients with immune-mediated inflammatory disorders 
on anti-CD20 therapies and S1P modulators, we observed 
marginal recall responses in participants with a previous 
SARS-CoV-2 infection or after a third vaccination, but 
overall humoral responses remained blunted. This finding 
is largely in line with what might be expected on the basis 
of the modes of action of these immunosuppressants. 
Previously, the formation of antigen-specific T cells after 
two vaccinations has been shown to be relatively unaffected 
by anti-CD20 therapy, whereas the sparse data available 
indicate severely reduced circulating antigen-specific 
T cells in those on S1P modulators.21 Intriguingly, increased 
susceptibility and increased severity of COVID-19 has not 
been demonstrated for patients with immune-mediated 
inflammatory disorders treated with S1P modulators, 
whereas for patients taking anti-CD20 therapies increased 
risks are observed. However, a considerable proportion of 
patients on anti-CD20 treatment might have asymp tomatic 
or pauci-symptomatic SARS-CoV-2 infections.22,23 Taken 
together, these findings indicate that solely relying on 
humoral responses to determine future booster strategies 
for these patient groups is probably inappropriate. We 
need more clinical data on COVID-19 susceptibility and 
disease severity after vaccination, as well as informative 
and reliable cellular biomarkers to predict the risk of severe 
COVID-19 and vaccine effects in these particular groups. 
Moreover, high clinical vigilance for break through 
infections is needed and use of early treatments, such as 
recombinant anti-SARS-CoV-2 monoclonal antibodies or 
novel, effective antiviral treat ments might be indicated in 
case of infection.24,25

Figure 4: Humoral response following a third SARS-CoV-2 vaccination
Seroconversion and anti-RBD IgG titres up to the third SARS-CoV-2 vaccination. 
The percentage (with error bars indicating 95% CIs) of participants with 
seroconversion (ie, anti-RBD IgG titre >4 AU/mL) 28 days after each vaccination 
for different immunosuppressant groups (A) and the control group (B) are shown. 
The dark coloured parts of the bars represent the proportion of participants who 
remained seropositive after their second vaccination. The anti-RBD IgG titres for 
different immunosuppressant groups (C) and the control group (D), from before 
first vaccination to after third vaccination, are shown. Vertical dashed lines 
represent first, second, and third vaccine doses. Dots represent serum samples 
before first vaccination, 28 days after first vaccination, at second vaccination 
(day 42; absent in MMF plus other immunosuppressant group and S1P modulator 
group), 10 days after second vaccination (day 52), 28 days after second 
vaccination (day 70), at third vaccination (day 190), 7 days after third vaccination 
(day 197; absent in MMF plus other immunosuppressant group), and 28 days 
after third vaccination (day 218). AU=arbitrary unit. MMF=mycophenolate 
mofetil. RBD=receptor binding domain. S1P=sphingosine 1-phosphate receptor. 
T1=28 days after first vaccination. T2=28 days after second vaccination. 
T3=28 days after third vaccination. TNF=tumour necrosis factor. *Details on other 
immunosuppressants are shown in the appendix (pp 5–6). †The control group is 
composed of healthy controls and patients with immune-mediated inflammatory 
disorders not on immunosuppressants. 
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For patients taking most other monotherapy and 
combination therapies, we observed only moderately 
reduced antibody titres following standard vaccination, 
similar to what has been observed in other studies done 
in patients in specific immune-mediated inflammatory 
disorder groups.1,2,7 Currently, the clinical relevance of 
this observation is uncertain. A formal minimal antibody 
threshold for protection after vaccination has not been 
established for healthy individuals. Based on a predictive 
model, one study estimated that neutralising antibody 
levels of approximately 20% of the mean level in 
convalescents provide 50% protection against symp-
tomatic infection, and levels of 3% of the mean level in 
convalescents provide 50% protection against severe 
disease.26 Our competition assay results using WA1/2020 
suggest that the neutralisation capacity of the humoral 
response in patients taking most immunosuppressants 
is similar to healthy individuals and confirm studies in 
other populations showing that anti-RBD IgG correlates 
well with neutralisation capacity.7,8,27 However, cross-
variant neutralisation was not assessed, and we cannot 
confirm that our findings also apply to other SARS-CoV-2 
variants. In a previous study, using the same assay, 
median titre among convalescent individuals was 
24 AU/mL.15 Moreover, recall responses, as observed in 
hybrid immune responses and after a third vaccination, 
were largely similar to those in controls, implying that 
formation of memory B cells is not affected to a relevant 
degree by most immunosuppressants.10,11 Collectively, 
these results suggests that reductions in antibody titres 
for patients taking most immunosuppressants might not 
translate to a clinically significant loss of protection, at 
least not in the short term. Further studies on the clinical 
relevance of changes in antibody titres over time are 
needed to understand potential long-term effects in 
immuno suppressed patients and the need for subsequent 
booster vaccinations. Of note, a second vaccination 
further increased antibody titres in patients with previous 
SARS-CoV-2 infections treated with immuno-
suppressants. This finding supports completing a two-
vaccination regimen in these patients and not reverting 
to a one-vaccine strategy, as was shown to be sufficient 
for healthy individuals after a previous SARS-CoV-2 
infection.28

The strengths of this study include the prospective and 
standardised collection of serology and clinical data in a 
large, disease-overarching cohort that has been 
specifically recruited to investigate effects of clinically 
relevant monotherapy and combination therapies with 
immunosuppressants. By investigating standard vac-
cination regimens, third vaccinations, and hybrid 
immune responses, this study creates a comprehensive 
overview of SARS-CoV-2 vaccination responses in 
patients with immune-mediated inflammatory disorders 
taking immunosuppressants, compared with patients 
with these diseases but not taking immunosuppressants 
and healthy controls. Moreover, we used both PCR and 

two different SARS-CoV-2 antibody responses to detect 
participants with previous SARS-CoV-2 infection. The 
main limitation is that we did not reach the predefined 
sample size for most immunosuppressants to test the 
hypothesis of at least 15% difference in seroconversion. 
For these groups, we cannot exclude that seroconversion 
was lower than for controls, although we consider a 15% 
difference unlikely given the observed point estimates 
and findings of other studies. Additionally, we did not 
investigate potential dose effects on associations between 
immunosuppressants and humoral responses. Factors 
potentially influencing the hybrid immune response, 
such as the severity of SARS-CoV-2 infection,29 were also 
not addressed in this study.

In patients with immune-mediated inflammatory 
disorders, humoral responses following SARS-CoV-2 
vaccination are impaired by specific immuno-
suppressants. After standard vaccination regimens, 
patients on most immuno suppressants show equal 
seroconversion to controls, although antibody titres 
might be moderately reduced. As neutralisation capacity 
and recall responses are preserved in patients showing 
optimal seroconversion rates after vaccination, the lower 
titres are not likely to translate in loss of (short-term) 
protection. Patients on mycophenolate mofetil com-
bination treatments, anti-CD20 therapy, and S1P 
modulators showed poor humoral responses after 
standard vaccination regimens, and a third vaccination 
increased seroconversion for those taking mycophenolate 
mofetil combination treatments, whereas effects for 
those on anti-CD20 therapy and S1P modulators were 
limited. Collectively, these results could inform 
physicians and policy makers about decisions on 
additional vaccinations in a very broad range of patients 
with immune-mediated inflammatory disorders using 
immunosuppressants.
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