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Summary
Background Concerns have been raised regarding the risks of SARS-CoV-2 breakthrough infections in vaccinated 
patients with immune-mediated inflammatory diseases treated with immunosuppressants, but clinical data on 
breakthrough infections are still scarce. The primary objective of this study was to compare the incidence and severity 
of SARS-CoV-2 breakthrough infections between patients with immune-mediated inflammatory diseases using 
immunosuppressants, and controls (patients with immune-mediated inflammatory diseases not taking 
immunosuppressants and healthy controls) who had received full COVID-19 vaccinations. The secondary objective 
was to explore determinants of breakthrough infections of the delta (B.1.617.2) variant of SARS-CoV-2, including 
humoral immune responses after vaccination. 

Methods In this substudy, we pooled data collected in two large ongoing prospective multicentre cohort studies 
conducted in the Netherlands (Target to-B! [T2B!] study and Amsterdam Rheumatology Center COVID 
[ARC-COVID] study). Both studies recruited adult patients (age ≥18 years) with immune-mediated inflammatory 
diseases and healthy controls. We sourced clinical data from standardised electronic case record forms, digital 
questionnaires, and medical files. We only included individuals who were vaccinated against SARS-CoV-2. For 
T2B!, participants were recruited between Feb 2 and Aug 1, 2021, and for ARC-COVID, participants were recruited 
between April 26, 2020, and March 1, 2021. In this study we assessed data on breakthrough infections collected 
between July 1 and Dec 15, 2021, a period in which the delta SARS-CoV-2 variant was the dominant variant in 
the Netherlands. We defined a SARS-CoV-2 breakthrough infection as a PCR-confirmed or antigen test-confirmed 
SARS-CoV-2 infection that occurred at least 14 days after vaccination. All breakthrough infections during this 
period were assumed to be due to the delta variant due to its dominance during the study period. We analysed 
post-vaccination serum samples for anti-receptor binding domain (RBD) antibodies to assess the humoral 
vaccination response (T2B! study only) and anti-nucleocapsid antibodies to identify asymptomatic breakthrough 
infections (ARC-COVID study only). We used multivariable logistic regression analyses to explore potential 
clinical and humoral determinants associated with the odds of breakthrough infections. The T2B! study is 
registered with the Dutch Trial Register, Trial ID NL8900, and the ARC-COVID study is registered with Dutch Trial 
Register, trial ID NL8513.

Findings We included 3207 patients with immune-mediated inflammatory diseases who receive immunosuppressants, 
and 1807 controls (985 patients with immune-mediated inflammatory disease not on immunosuppressants and 
822 healthy controls). Among patients receiving immunosuppressants, mean age was 53 years (SD 14), 2042 (64%) 
of 3207 were female and 1165 (36%) were male; among patients not receiving immunosuppressants, mean age was 
54 years (SD 14), 598 (61%) of 985 were female and 387 (39%) were male; and among healthy controls, mean age was 
57 years (SD 13), 549 (67%) of 822 were female and 273 (33%) were male. The cumulative incidence of PCR-test or 
antigen-test confirmed SARS-CoV-2 breakthrough infections was similar in patients on immunosuppressants 
(148 of 3207; 4·6% [95% CI 3·9–5·4]), patients not on immunosuppressants (52 of 985; 5·3% [95% CI 4·0–6·9]), and 
healthy controls (33 of 822; 4·0% [95% CI 2·8–5·6]). There was no difference in the odds of breakthrough infection 
for patients with immune-mediate inflammatory disease on immunosuppressants versus combined controls 

http://crossmark.crossref.org/dialog/?doi=10.1016/S2665-9913(22)00102-3&domain=pdf
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Introduction
Vaccination against COVID-19 might be less effective in 
protecting patients with immune-mediated 
inflammatory diseases because the use of some 
immuno suppressants, most notably anti-CD20 therapy, 
methotrexate, S1P receptor modulators, and myco-
phenolate mofetil, reduces humoral or cellular immune 
responses, or both.1–5 Therefore, concerns have been 
raised regarding the potential risk of SARS-CoV-2 
breakthrough infections in patients who have been 
vaccinated against COVID-19 and who are treated with 
immunosuppressants; however, data on SARS-CoV-2 
breakthrough infections in patients with immune-
mediated inflammatory diseases who are on immuno-
suppressants are scarce. A registry study found a higher 
incidence of SARS-CoV-2 breakthrough infections in 
patients who were immunocompromised, including 
some with immune-mediated inflammatory diseases, 

than in the general population.6 However, severity of 
disease due to SARS-CoV-2 breakthrough infections and 
confounding risk factors for breakthrough infections 
were not compared between patients and controls. Other 
studies in healthy individuals observed associations 
between reduced humoral responses after SARS-CoV-2 
vaccination and an increased incidence of 
SARS-CoV-2 breakthrough infections and possibly more 
severe disease,7–9 but there is a paucity of data from 
patients with immune-mediated inflammatory diseases.

We compared the incidence and severity of SARS-CoV-2 
breakthrough infections between patients with immune-
mediated inflammatory diseases treated with immuno-
suppressants and controls (ie, patients not on 
immuno suppressants and healthy controls), and invest-
igated determinants for the occurrence of SARS-CoV-2 
breakthrough infections, including humoral immune 
responses after vaccination.

(ie, patients not on immunosuppressants and healthy controls; adjusted odds ratio 0·88 [95% CI 0·66–1·18]). 
Seroconversion after vaccination (odds ratio 0·58 [95% CI 0·34–0·98]; T2B! cohort only) and SARS-CoV-2 infection 
before vaccination (0·34 [0·18–0·56]) were associated with a lower odds of breakthrough infections. 

Interpretation The incidence and severity of SARS-CoV-2 breakthrough infections in patients with immune-mediated 
inflammatory diseases on immunosuppressants was similar to that in controls. However, caution might still be 
warranted for those on anti-CD20 therapy and those with traditional risk factors.

Funding ZonMw (the Netherlands Organization for Health Research and Development) and Reade foundation.

Copyright © 2022 Elsevier Ltd. All rights reserved.

Research in context

Evidence before this study
We searched PubMed and Google Scholar on Feb 1, 2022, for 
studies published since Jan 1, 2020, in English that describe the 
occurrence of SARS-CoV-2 breakthrough infections in patients 
receiving immunosuppressive drugs, using the terms “SARS-
CoV-2 breakthrough infections”, “immunosuppressive agents”, 
and “autoimmune diseases”, and variations on these. Data from 
studies on SARS-CoV-2 infections before vaccination suggest 
that patients with immune-mediated inflammatory diseases 
were more frequently admitted to hospital when infected with 
SARS-CoV-2 than were members of the general population, 
most notably patients receiving anti-CD20 therapy. Because 
treatment-specific blunted humoral or cellular immune 
responses after SARS-CoV-2 vaccination have been found in 
several studies, assessment of whether patients receiving 
immunosuppressants are at increased risk of severe 
SARS-CoV-2 breakthrough infections is essential.

Added value of this study
To our knowledge, this is the first prospective study to compare 
the incidence of SARS-CoV-2 breakthrough infections between 
patients with immune-mediated inflammatory diseases treated 
with immunosuppressants and patients not receiving 
immunosuppressants and healthy controls. A unique aspect of 

our study is that we combined clinical and serological data 
collection. This approach enabled us to cross-sectionally 
estimate the incidence of asymptomatic COVID-19 cases using 
serological analyses that measured antibodies against the 
nucleocapsid protein of SARS-CoV-2. We found that 
breakthrough infections in patients with immune-mediated 
inflammatory diseases treated with immunosuppressants are 
mostly mild and similar to those of controls, with the exception 
of patients treated with anti-CD20 therapy. Post-vaccination 
humoral data showed that good humoral immune responses 
after COVID-19 vaccination are associated with a reduced risk of 
SARS-CoV-2 breakthrough infections, in both 
immunosuppressed patients and controls.

Implications of all the available evidence
Our data will help formulate recommendations on SARS-CoV-2 
vaccinations in patients with immune-mediated inflammatory 
diseases treated with immunosuppressants. Traditional risk 
factors such as older age, male sex, and the presence of 
comorbidities have a critical contribution to the disease course 
of COVID-19. Integrating other risk factors should become 
standard practice when discussing treatment options, 
SARS-CoV-2 vaccination strategies, and adherence to infection 
prevention measures with patients.
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Methods
Study design
This is a prespecified substudy using pooled data from 
two ongoing prospective multicentre cohort studies in the 
Netherlands, the Target to-B! (T2B!) study and Amsterdam 
Rheumatology Center COVID (ARC-COVID) study, to 
assess SARS-CoV-2 breakthrough infections. 

The T2B! study is a prospective, multiple-arm, multi-
centre study that includes patients with different immune-
mediated inflammatory diseases using specific 
immuno suppressants, or combinations or these immuno-
suppressants, treated at outpatients clinics at seven 
participating academic and non-academic hospitals or at 
one rheumatology treatment centre in the Netherlands, 
and patients from the ARC-COVID study (appendix 
p 3).5,10 Patients with immune-mediated inflammatory 
diseases not on immunosuppressants and healthy 
controls were recruited for comparisons. Patients with 
immune-mediated inflam matory diseases and healthy 
controls who had SARS-CoV-2 infection before vaccination 
were actively recruited either from the ARC-COVID study 
or via active recruitment on the basis of known history of 
a previous SARS-CoV-2 infection before vaccination. All 
participants needed to be at aged at least 18 years. 
Participants were recruited  between Feb 2 and Aug 1, 2021. 
Data on breakthrough infections were collected between 
week 27 (from July 1) and week 50 (up to Dec 15) of 2021. 
During this time, the SARS-CoV-2 delta (B.1.617.2) variant 
was dominant in the Netherlands, with two infection 
waves: from week 27 to week 31 (July 7 to Aug 2) and from 
week 41 to week 50 (Oct 11 to Dec 15), 2021. The primary 
objective of the T2B! study was to investigate humoral and 
cellular immunity after SARS-CoV-2 vaccination in 
patients being treated with predefined types of 
immunosuppressants. The research protocol of this study 
was approved by the medical ethical committee of the 
Amsterdam UMC (T2B-COVID study: 2020.194). All 
participants provided written informed consent.

The ARC-COVID study is a prospective cohort study 
with the primary objective to compare the disease severity 
of primary SARS-CoV-2 infections (ie, those occurring 
before vaccination) between patients with rheumatic 
immune-mediated inflammatory diseases and healthy 
controls.10 All adult patients (aged ≥18 years) with chronic 
inflam matory diseases from the Amsterdam 
Rheumatology and Immunology Center in Amsterdam, 
the Netherlands, were invited to participate between 
April 26, 2020, and March 1, 2021. All patients were asked 
(but not obliged) to recruit their own control participant 
of the same sex, of similar age (difference of <5 years), 
who did not have a chronic inflammatory disease. At the 
start of the Dutch SARS-CoV-2 vaccination programme 
(from Jan  6, 2021), the objectives of the ARC-COVID 
study were expanded to include comparisons of clinical 
efficacy and immunogenicity of SARS-CoV-2 vaccinations 
between patients and healthy controls (ie, SARS-CoV-2 
breakthrough infections and humoral immunity).1,10 The 

research protocol of this study was approved by the 
medical ethical committee of the Amsterdam UMC 
(ARC-COVID study: 2020.169). All participants provided 
written informed consent.

Additional details of both study protocols are in the 
appendix (p 3). Some data from these studies have been 
published elsewhere.1,4,5,10–15

Participants
In this substudy, we included patients with immune-
mediated inflammatory diseases receiving immuno-
suppressants and a control group that consisted of 
patients with immune-mediated inflammatory diseases 
not on immunosuppressants and healthy controls 
(hereafter referred to as combined controls). Patients not 
on immunosuppressants and healthy controls were 
combined into one control group because we did not 
observe differences in seroconversion rates between 
both groups in previously published results.1,5 All 
participants could only be included once, such that 
participants who participated in both the T2B! study and 
ARC-COVID study were only included in our analysis as 
participating in the T2B! study. Only participants who 
were vaccinated against SARS-CoV-2 were included. 
Individuals were considered as being vaccinated after 
having received two doses of BNT162b2 (Pfizer–
BioNtech), CX-024414 (mRNA-1273; Moderna), or 
ChAdOx1 nCoV-19 (Oxford–AstraZeneca), or after one 
dose of Ad.26.COV2.S (Janssen, Johnsen & Johnsen). 
Individuals who had a SARS-CoV-2 infection before or 
within 90 days after first vaccination and who had at least 
one dose of either BNT162b2 or CX-024414 were also 
considered as being vaccinated. Participants were 
excluded if their last follow-up date was before 
Nov 16, 2021, and if no breakthrough infection had 
occurred before that date. Full inclusion and exclusion 
criteria for the different cohorts are in the appendix (p 3).

Procedures
The following vaccines were used in the primary 
vaccination campaign in the Netherlands: ChAdOx1 
nCoV-19, BNT162b2, CX-024414, and Ad.26.COV2.S 
vaccines. Vaccinations started on Jan 6, 2021. For healthy 
individuals with a previous SARS-CoV-2 infection, a 
second vaccination was optional. In September, 2021, a 
third vaccination was offered to specific susceptible 
populations as part of the primary vaccination schedule, 
including patients being treated with anti-CD20 therapy, 
S1P receptor modulators, and mycophenolate mofetil 
combination therapies. Distribution of SARS-CoV-2 
booster vaccinations in the Dutch population started on 
Nov 18, 2021. All people, including those who received a 
third vaccination as part of their primary vaccination 
schedule, were eligible to receive a booster vaccination at 
least 3 months after their last dose of SARS-CoV-2 
vaccine. Third and booster vaccinations were given either 
with BNT162b2 or CX-024414.
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In the T2B! study, self-completed questionnaires and 
clinical files were used to register demographic data; 
immune-mediated inflammatory disease diagnoses; start 
and stop dates for all immunosuppressants used since 
Jan 1, 2021, or Jan 1, 2020, for treatments with long-term 
effects (eg, anti-CD20 therapies or cyclophosphamide); 
and dates of potential SARS-CoV-2 infections. Clinical 
data on SARS-CoV-2 breakthrough infections were 
collected via questionnaires that were sent to each 
participant every 2 months after first vaccination for the 
entire follow-up period (ie, at least 1 year after vaccination). 
If participants indicated a positive PCR or antigen test, 
they were contacted by a researcher to verify the data and 
to ascertain the disease severity score (using the WHO 
COVID-19 Clinical Progression scale16). Hospital 
discharge data were used when applicable. As part of the 
primary objective of the T2B! study, serum samples were 
collected from all participants via venipuncture or a finger 
prick blood test kit sent to the participant at home. Serum 
samples were collected before vaccination (ie, baseline) 
and 28 days after first and second SARS-CoV-2 vaccination 
(when applicable).

In the ARC-COVID study, online questionnaires were 
sent to participants to collect demographic data and 
clinical data on SARS-CoV-2 breakthrough infections as 
described previously.1,10 Demographic data were collected 
at enrolment (ie, baseline) and included age, sex, height, 
bodyweight, and autoimmune disease type. Question-
naires to collect data on SARS-CoV-2 breakthrough 
infections were sent to participants at three fixed 
timepoints: on April 26, Aug 24, and Dec 10, 2021. Data 
collected included vaccination dates, vaccine type, 
information on COVID-19 symptoms, and admissions to 
hospital due to COVID-19. Hospital discharge data were 
used to verify the COVID-19 disease severity score of 
participants who had been admitted to hospital. For this 
substudy, serum samples from participants of the ARC-
COVID study were collected cross-sectionally (ie, at one 
timepoint) between Oct 1 and Dec 15, 2021, via self-test at 
home or at the study centre.

Serum samples from both studies were sent to and 
stored at a central laboratory (Sanquin, Amsterdam, 
Netherlands). All serological assays for both cohorts were 
done by the same central laboratory. In serum samples 
collected in the T2B! study, the concentration of 
SARS-CoV-2 antibodies in serum samples was measured 
using an in-house anti-receptor binding domain (RBD) 
IgG ELISA, as described previously.17,18 Additionally, we 
identified participants with previous SARS-CoV-2 
infection using a semi-quantitative total antibody RBD-
antibody bridging ELISA on baseline samples before 
vaccination. We used this assay because the sensitivity of 
the semi-quantitative RBD-antibody ELISA is higher 
than anti-RBD IgG ELISA in very low antibody ranges 
(98·1% sensitivity and 99·5% specificity).17,18

In serum samples collected in the ARC-COVID study, 
we additionally used a semi-quantitative total antibody 

nucleocapsid-antibody bridging ELISA, as described 
previously,17,18 but using a truncated version of the 
nucleocapsid protein to enhance specificity to detect 
asymptomatic infections with SARS-CoV-2 (speci-
ficity >99% and sensitivity 95%).17,18

Outcomes
Outcome definitions were harmonised between both 
studies. The primary outcome was incidence of 
SARS-CoV-2 breakthrough infections with the SARS-
CoV-2 delta variant. The primary objective was to compare 
the cumulative incidence of SARS-CoV-2 breakthrough 
infections with the SARS-CoV-2 delta variant between 
patients with immune-mediated inflammatory diseases 
on immuno suppressants and combined controls. Other 
objectives were to explore associations between the 
humoral immune response after SARS-CoV-2 vaccination 
and breakthrough infections, and to compare the severity 
of breakthrough infections between patients with 
immune-mediated inflammatory diseases on immuno-
suppressants and combined controls.

A SARS-CoV-2 breakthrough infection was defined as a 
PCR-confirmed or antigen-confirmed SARS-CoV-2 
infection that occurred at least 14 days after vaccination, 
and that was detected between July 1 and Dec 14, 2021. All 
infections during this period were assumed to be due to 
the delta variant because it was the dominant variant 
during the study period. A SARS-CoV-2 infection before 
vaccination was defined as a self-reported positive 
COVID-19 PCR test or evidence of anti-RBD SARS-CoV-2 
antibodies before the first COVID-19 vaccination. Disease 
severity of SARS-CoV-2 breakthrough infections was 
categorised using the WHO COVID-19 Clinical 
Progression Scale.16 A WHO score of 1 indicates 
asymptomatic infection, a score of 2 indicates mild 
disease without need for assistance, a score of 3 indicates 
mild disease with need for assistance (ie, could not care 
for themselves in daily life due to the severity of their 
symptoms) but no hospitalisation; we classified 
participants with a score of 1–3 as being ambulatory. A 
WHO score of 4 or higher indicated severe disease—
ie, admission to hospital (hospitalisation) or death. A 
score of 4 indicates hospitalisation without  oxygen 
supplementation; 5 indicates hospitalisation with  oxygen 
supplementation via mask or nasal prongs; 6 indicates 
admission to an intensive care unit (ICU) and oxygen by 
non-invasive ventilation or high-flow ventilation; 
7 indicates admission to an ICU with mechanical 
ventilation, with partial pressure of oxygen (pO2) to 
fraction of inspired oxygen (FiO2) ratio of ≥150 or 
peripheral blood oxygen saturation (SpO2) to FIO2 ratio of 
≥200; 8 indicates mechanical ventilation with pO2 to FIO2 
ratio of <150 or SpO2 to FIO2 ratio of <200 or use of 
vasopressors; 9 indicates mechanical ventilation with a 
SpO2 to FIO2 ratio of <150 and vasopressors, dialysis, or 
extracorporeal membrane oxygenation; and 10 indicates 
the patient has died. Participants had to score the severity 
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of their symptoms (mild: annoying but not limiting daily 
activities; moderate: limiting daily activities; or severe: 
unable to execute daily activities). Participants received a 
COVID-19 disease severity score of 3 when they rated at 
least one of their symptoms as severe. 

In participants of the T2B! study, seroconversion after 
vaccination was defined as an anti-RBD IgG response of 
4·0 arbitrary units per mL (AU/mL) or higher. In 
participants of the ARC-COVID study, participants were 
defined as having additional asymptomatic SARS-CoV-2 
infections if they had detectable nucleocapsid antibodies 
without a previously confirmed COVID-19 diagnosis 
(PCR-confirmed or antigen-confirmed diagnosis at any 
time during the pandemic, or detectable RBD antibodies 
before SARS-CoV-2 vaccination). For these analyses, we 
only used samples collected between Oct 1 and 
Dec 31, 2021. Definitions of active treatment and types of 
immunosuppressants used as monotherapy or as part of 
combination therapy are in the appendix (p 3).

Statistical analysis
Because the study of breakthrough infections was a 
secondary objective for both T2B! and ARC-COVID, no 
sample size calculation for this substudy was done. 
Sample size calculation for the primary outcomes of the 
studies have been described previously.5,10

We present characteristics of patients with immune-
mediated inflammatory diseases treated with immuno-
suppressants and combined controls group as mean 
(SD), median (IQR), or frequencies with corresponding 
proportions, depending on the type and distribution of 
the data. We calculated 95% CIs for the cumulative 
incidence of breakthrough infections in patients with 
immunosuppressants, combined controls, and both 
control groups separately. We used publicly available 
epidemiological data from the National Institute for 
Public Health and the Environment (Rijksinstituut voor 
Volksgezondheid en Milieu [RIVM]) to investigate changes 
in the incidence of PCR-confirmed breakthrough 
infections in the general Dutch population during follow-
up.19 Participants contributed to person-time at risk from 
14 days after vaccination (third and booster doses not 
included) to the date of breakthrough infection, death, or 
data cutoff (Dec 15, 2021). We used univariable and 
multivariable logistic regression analyses to investigate 
whether use of immuno suppressants or humoral 
responses after vaccination were associated with 
SARS-CoV-2 breakthrough infections. We adjusted 
multivariable models for age, sex, cardiovascular disease, 
diabetes, chronic pulmonary disease, obesity, previous 
SARS-CoV-2 infection before first vaccination, and 
vaccine type, on the basis of pre-existing literature that 
identified these variables as potential risk factors.20 
Initially, we used Cox regression analyses to assess 
associations with SARS-CoV-2 breakthrough infections, 
but the proportional hazards assumption was not met 
(appendix p 16). Therefore, we analysed the association 

between humoral responses after vaccination and 
breakthrough infections in two separate multivariable 
logistic regression models: as seroconversion (yes vs no) 
in all participants of the T2B! study, and as anti-RBD titre 
in participants who seroconverted (IgG titre ≥4·0 AU/mL). 
Because anti-RBD titres did not show a linear relationship 
with breakthrough infections (appendix p 18), titres were 
grouped into quartiles.

We did sensitivity analyses to assess the effect of 
combining patients with immune-mediated inflam-
matory diseases not on immunosuppressants and healthy 
controls into one control group, and to account for the 
potential effect of previous SARS-CoV-2 infection before 
vaccination. We investigated risk factors for severe 
breakthrough infections (ie, WHO COVID-19 Clinical 
Progression Scale score of 4 or higher) using descriptive 
statistics. We investigated risk factors for severe 
breakthrough infections (ie, WHO COVID-19 Clinical 
Progression Scale score of 4 or higher) using descriptive 
statistics, and we calculated 95% CIs for rates of 
hospitalisation (WHO score of 4 or higher) of patients on 
immunosuppressants and combined controls. We did a 
post-hoc Fisher’s exact test to compare the risk of severe 
SARS-CoV-2 breakthrough infections between patients 
treated with anti-CD20 therapy and patients receiving 
other immunosuppressants. We did not do any analyses 
to investigate effect modification. We also did the 
following additional post-hoc analyses: subgroup analyses 
to investigate effects of different immuno suppressants 
on the risk of breakthrough infections, and logistic 
regression models adjusted for time since vaccination. 
We only did complete case analyses, and variables with 
missing data are shown in the appendix (p 4). We did no 
correction for multiple testing.

We used R (version 4.1.0) and SPSS (version 27.0) for all 
analyses. We considered p value of less than 0·05 to be 
significant. The T2B! study is registered with the Dutch 
Trial Register, trial ID NL8900, and the ARC-COVID 
study is registered with Dutch Trial Register, trial ID 
NL8513.

Role of the funding source
The funders of the studies (T2B! and ARC-COVID) had 
no role in study design, data collection, data analyses, 
data interpretation, or writing of the report.

Results
Of 3233 individuals in the T2B! study and 3212 in the 
ARC-COVID study, we included 5014 participants in 
the analysis for this substudy; 3207 patients with 
immune-mediated inflammatory diseases on immuno-
sup pressants, and 1807 combined controls (985 patients 
with immune-mediated inflammatory diseases not on 
immunosuppressants and 822 healthy controls; 
figure 1; appendix p 17). Among patients receiving 
immuno suppressants, mean age was 53 years (SD 14), 
2042 (64%) of 3207 were female and 1165 (36%) were 
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male; among patients not receiving immuno-
suppressants, mean age was 54 years (SD 14), 598 (61%) 
of 985 were female and 387 (39%) were male; and 
among healthy controls, mean age was 57 years (SD 13), 
549 (67%) of 822 were female and 273 (33%) were male 
(table 1; appendix pp 5–6). Although race and ethnicity 
data were collected in ARC-COVID, they were not 
collected in T2B!, so they are not reported here. 
Participants in the ARC-COVID cohort were older than 
those in the T2B! cohort (59 years [SD 13] vs 49 years 
[13]; appendix pp 5–6). Patients with immune-mediated 
inflammatory diseases on immuno suppressants most 
frequently used methotrexate (992 [31%] of 3207 overall, 
and 442 [14%] as monotherapy) and TNF inhibitors 
(929 [29%] overall, and 523 [16%] as monotherapy). Age 
and sex distribution were similar in participants with 
and without a breakthrough infection (appendix pp 7–8).

The incidence of SARS-CoV-2 breakthrough infections 
in patients on immunosuppressants versus combined 
controls, based on positive PCR or antigen test results, 
over time compared with development of the COVID-19 
pandemic in the Netherlands is shown in figure 2. 
Because we did not observe differences in seroconversion 
rates between both groups in previously published 
results,1,5 patients not on immunosuppressants and 
healthy controls were combined into one control group. 
Sensitivity analyses confirmed that the risk of break-
through infection was similar in both patients not on 
immunosuppressants and in healthy controls (appendix 
pp 9–10). SARS-CoV-2 breakthrough infections were 
detected in 148 (4·6% [95% CI 3·9–5·4]) of 3207 patients 
with immune-mediated inflammatory diseases on 
immunosuppressants (8·0 per 1000 person-months) 
and in 85 (4·7%) of 1807 combined controls (8·0 per 
1000 person-months; in 52 [5·3%; 95% CI 4·0–6·9] of 
985 patients not on immunosuppressants and in 
33 [4·0%; 2·8–5·6] of 825 healthy controls). Among 
148 patients on immuno suppressants who had 
breakthrough infections, 16 (11%) were on anti-CD20 
therapy (vs 250 [8%] of 3059 who did not have 
breakthrough infections), three (2%) were on 
mycophenolate mofetil (vs 102 [3%] who did not have 
breakthrough infections), and five (3%) were on S1P 
receptor modulators (vs 61 [2%] who did not have 
breakthrough infections; appendix pp 7–8).

Case descriptions of breakthrough cases treated with 
anti-CD20 therapy are in the appendix (p 11). The 
cumulative incidence of breakthrough infections for 
patients on immunosuppression versus combined 
controls is in the appendix (p 16). The incidence of 
breakthrough infections over time in patients on 
immunosuppressants was similar to that of combined 
controls (figure 2). Most breakthrough infections 
(196 [84%] of 233) occurred at least 3 months after 
vaccination, and these infections mostly coincided with 
the two infection waves of the delta variant in the 
Netherlands. The number of asymptomatic breakthrough 

Patients with immune-
mediate inflammatory 
diseases on 
immunosuppressants 
(n= 3207)

Patients with immune-
mediate inflammatory 
diseases not on 
immunosuppressants 
(n=985)

Healthy controls 
(n=822)

SARS-CoV-2 breakthrough infection

Cumulative incidence 148 (5%) 52 (5%) 33 (4%)

Incidence 
rate, events per 1000 person-
months

8·0 9·2 6·6

Time at risk, days 172 (157–193) 174 (154–195) 182 (165–201)

Demographic characteristics

Age, years 53 (14) 54 (14) 57 (13)

Sex

Female 2042 (64%) 598 (61%) 549 (67%)

Male 1165 (36%) 387 (39%) 273 (33%)

Clinical characteristics

Comorbidities

Cardiovascular disease 347 (11%) 110 (11%) 60 (7%)

Chronic pulmonary disease 293 (9%) 93 (9%) 42 (5%)

Diabetes 161 (5%) 49 (5%) 25 (3%)

Obesity 518 (16%) 155 (16%) 85 (10%)

SARS-CoV-2 infection before first vaccination

Total confirmed COVID-19 
diagnoses

402 (13%) 126 (13%) 130 (16%)

PCR-confirmed diagnosis 79 (2%) 48 (5%) 4 (<1%)

Serological confirmed 
diagnosis

171 (5%) 25 (3%) 58 (7%)

PCR and serological confirmed 152 (5%) 53 (5%) 68 (8%)

Immune-mediated inflammatory disease

Rheumatic disease* 1989 (62%) 542 (55%) NA

Neurological† 492 (15%) 183 (19%) NA

Gastroenterological‡ 484 (15%) 121 (12%) NA

Dermatological§ 242 (8%) 139 (14%) NA

(Table 1 continues on the next page)

Figure 1: Study profile
The number of participants included from the T2B! and ARC-COVID studies are reported separately in the 
appendix (p 17).

822 healthy controls 
 

985 patients with 
immune-mediated 
inflammatory diseases not 
on immunosuppressants 

6442 patients included in study 
 

5014 included in analyses
 

1428 excluded from analyses
 369 withdrew consent
 344 not fully vaccinated
 715 missing follow-up data

3207 patients with 
immune-mediated 
inflammatory diseases on 
immunosuppressants 
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infections that were additionally identified serologically 
in the ARC-COVID cohort was similar in patients 
receiving immuno suppressants and combined controls: 
nucleocapsid antibodies were detected in 129 (21%) 
of 628 patients and 121 (21%) of 571 controls, and 55 (9%) 
of 628 patients and 56 (10%) of 571 controls had no 
previously confirmed COVID-19 diagnosis.

Use of immunosuppressants was not associated with 
SARS-CoV-2 breakthrough infections (adjusted odds 
ratio [OR] 0·88 [95% CI 0·66–1·18]; table 2). Sensitivity 
analyses showed that effect estimates remained similar 
when patients with immune-mediated inflammatory 
diseases with immunosuppressants were separately 
compared with patients not on immunosuppressants 
and healthy controls (appendix pp 9–10). Post-hoc 
subgroup analyses did not show differences between 
different types of immunosuppressants (appendix p 12). 
Seroconversion after vaccination was associated with a 
lower odds of SARS-CoV-2 breakthrough infections in 
the T2B! cohort (OR 0·58 [95% CI 0·34–0·98]) and 
SARS-CoV-2 infection before vaccination was associated 
with lower odds of breakthrough infection in the 
combined cohort (OR 0·34 [0·18–0·56]). In participants 
of the T2B! cohort with seroconversion, there was no 
association between the concentration of anti-RBD titres 
divided in quartiles and SARS-CoV-2 breakthrough 
infections (table 2; appendix p 18). Sensitivity analyses 
showed that results remained similar when patients with 
a SARS-CoV-2 infection before vaccination were excluded 
from analyses, and when analyses were adjusted for time 
since vaccination (post hoc; appendix p 9–10). Participants 
with and without seroconversion showed similar trends 
between time of breakthrough infection and time after 
vaccination (figure 2).

Participants with a SARS-CoV-2 breakthrough infection 
requiring ambulatory care only were classified as follows; 
asymptomatic (27 [18%] of 148 patients on immuno-
suppressants vs 17 [20%] of 85 combined controls), mild 
disease without need for assistance (99 [67%] vs 53 [62%]), 
or mild disease with need for assistance (14 [9%] vs 
ten [12%]; figure 3; appendix pp 13, 19). Three patients 
with immune-mediated inflammatory diseases on 
immunosuppressants (who had a WHO score 
of 2, 5, and 7) and two individuals in the combined 
control cohort (who had a WHO score of 5 and 7) were 
treated with recombinant anti-SARS-CoV-2 monoclonal 
antibodies. Hospitalisation due to COVID-19 was 
required in eight (5·4% [95% CI 2·5–10·7]) of 148 patients 
on immunosuppressants, and five (5·9% [2·1–13·7]) 
of 85 combined controls. Of the eight patients on 
immuno suppressants who were hospitalised, two did 
not need oxygen, four needed supplementary oxygen, 
and two were admitted to the intensive-care unit (ICU) 
for mechanical ventilation, of whom one died. Of the five 
individuals in the combined control cohort who were 
hospitalised, one did not need oxygen, two needed 
supplementary oxygen, and two were admitted to the 

ICU for mechanical ventilation; none died. Participants 
with breakthrough infections (including patients with 
and without immuno suppressants and healthy controls) 
who were admitted to hospital (ie, WHO score of 4–10) 
were on average older (mean age 60 years [SD 11] vs 
51 years [SD 14]) and more frequently male (nine [69%] of 

Patients with immune-
mediate inflammatory 
diseases on 
immunosuppressants 
(n= 3207)

Patients with immune-
mediate inflammatory 
diseases not on 
immunosuppressants 
(n=985)

Healthy controls 
(n=822)

(Continued from previous page)

Immunosuppressants¶

Methotrexate 992 (31%) NA NA

Monotherapy 442 (14%) NA NA

TNF inhibitor 929 (29%) NA NA

Monotherapy 523 (16%) NA NA

Anti-CD20 266 (8%) NA NA

Monotherapy 170 (5%) NA NA

Mycophenolate mofetil 105 (3%) NA NA

Monotherapy 35 (1%) NA NA

S1P receptor modulator 66 (2%) NA NA

Monotherapy 66 (2%) NA NA

Other immunosuppressants|| 432 (13%) NA NA

Monotherapy 957 (30%) NA NA

COVID-19 vaccine type

ChAdOx1 nCoV-19 
(Oxford–AstraZeneca)

469 (15%) 132 (13%) 172 (21%)

BNT162b2 (Pfizer–BioNTech) 2019 (63%) 598 (61%) 446 (54%)

CX-024414 (mRNA-1273; 
Moderna)

563 (18%) 203 (21%) 147 (18%)

Ad.26.COV2.S (Janssen) 65 (2%) 26 (3%) 40 (5%)

Combination of vaccines 91 (3%) 26 (3%) 17 (2%)

Additional vaccine dose during 
follow-up

957 (30%) 166 (17%) 142 (17%)

Additional vaccine dose received 
before breakthrough infection

16 (<1%) 2 (<1%) 2 (<1%)

Post-vaccination antibody response

n 1656 474 174

Seroconversion 1427/1656 (86%) 461/474 (97%) 172/174 (99%)

IgG titre, all groups 85 (19–199) 157 (65–278) 227 (138–357)

Poor responders** 3 (<1–25) ·· ··

Other immunosuppressants 110 (47–223) ·· ··

Data are mean (SD), median (IQR), or n (%) or n/N (%), unless otherwise stated. NA=not applicable. T2B!=Target to-B! 
*Includes rheumatoid arthritis, spondylarthritis, systemic lupus erythematosus, Sjögren’s syndrome, vasculitis (small, 
medium, and large vessel vasculitis and other forms of vasculitis except giant cell arteritis), and other rheumatological 
disease (eg, giant-cell arteritis, polymyalgia rheumatica, and others). †Includes multiple sclerosis and neuromyelitis 
optica spectrum disorder, inflammatory neuropathies, myopathies (eg, chronic inflammatory demyelinating 
polyneuropathy, multifocal motor neuropathy, and inflammatory myositis), and myasthenia gravis. ‡Includes Crohn’s 
disease, ulcerative colitis, autoimmune hepatitis, and other inflammatory bowel disorders (eg, autoimmune sclerosing 
cholangitis). §Includes atopic dermatitis, psoriasis, pemphigus, and others (eg, vitiligo, pemphigus, and others). 
¶Patients could be treated with multiple immunosuppressants. ||Other immunosuppressants include abatacept, 
belimumab, calcineurin inhibitors, cladribine, corticosteroids, dihydroorotate dehydrogenase (known as DHODH) 
inhibitors, dimethyl fumarate, dupilumab, eculizumab, glatiramer, hydroxychloroquine, IL-17A antagonists, IL-23 
antagonists, immunoglobulin, interferon beta, JAK inhibitors, natalizumab, omalizumab, purine antagonists, 
tocilizumab, ustekinumab, vedolizumab, cyclophosphamide, anakinra,sarilumab, sulfasalazine, leflunomide, and 
azathioprine. **Anti-CD20 therapy, S1P receptor modulators, and mycophenolate mofetil.

Table 1: Baseline characteristics of all participants of both cohorts (T2B! and ARC-COVID) combined
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13 vs 78 [35%] of 220), obese (five [38%] vs 33 [15%]), had 
diabetes (three [23%] vs 15 [7%]), and had cardiovascular 
diseases (five [38%] vs 17 [8%]) than those who were 
ambulatory (WHO score of 1–3). These data were 
consistent across groups (table 3). In post-hoc analyses, 
rates of hospitalisation (WHO score of 4 or higher) were 
higher among patients with immune-mediated inflam-
matory diseases using anti-CD20 therapy than among 
those using other immunosuppressants (three [19%] of 
16 patients using anti-CD20 therapy who had a 
breakthrough infection vs five [4%] of 132 patients using 
other immunosuppressants who had a breakthrough 
infection; p=0·041). Individual case descriptions of 
participants with breakthrough infections who were 
admitted to hospital are shown in the appendix (p 14). 
Individual case descriptions of participants with a 
breakthrough infection after receiving an additional 
vaccine dose are in the appendix (p 15).

Discussion
In this study, we observed that the incidence of 
SARS-CoV-2 breakthrough infections was similar in 
patients with immune-mediated inflammatory diseases 
receiving immunosuppressants and controls. Our 
explorative analyses suggest that no seroconversion after 
SARS-CoV-2 vaccination was associated with an increased 
risk of breakthrough infections in all participants. The 
severity of breakthrough infections was similar between 
most patients using immunosuppressants and combined 
controls, and infections were mostly mild or 
asymptomatic. Hospital admissions were uncommon 
and primarily seen in people with traditional risk factors 

for severe COVID-19, such as older age and comorbidities, 
and in patients receiving anti-CD20 therapy, although 
these results should be interpreted with caution due to 
small sample sizes.

To our knowledge, this is the first large prospective 
study comparing SARS-CoV-2 breakthrough infections 
during infection waves of the SARS-CoV-2 delta variant 
between vaccinated patients with immune-mediated 
inflammatory diseases using immunosuppressants and 
controls, and the first study that combined clinical and 
serological data collection. The similar incidence of 
breakthrough infections in patients using immuno-
suppressants and controls in this study is in contrast 
with a large retrospective registry study conducted in 
the USA, in which the incidence of SARS-CoV-2 
breakthrough infections was significantly higher in 
patients who were immunocompromised than in the 
general population.6 However, that US study included 
other patient groups in addition to patients with immune-
mediated inflammatory diseases, such as patients with 
haematological diseases and HIV, and data were derived 
from national health registers. Our finding of a protective 
effect of seroconversion after SARS-CoV-2 vaccination is 
in line with findings from a vaccination trial,21 and an 
observational study in healthy individuals.7 Additionally, 
infection with SARS-CoV-2 before vaccination was 
associated with a reduced incidence of breakthrough 
infection. Studies in healthy individuals have shown that 
hybrid immunity (ie, immune responses developing 
after vaccination in individuals previously infected with 
SARS-CoV-2) is associated with increased protection 
against COVID-19 compared with standard vaccination 

Figure 2: Incidence of SARS-CoV-2 breakthrough infections versus time since full vaccination and the occurrence of infection waves in the Netherlands, 2021
The dotted line shows total incidence of SARS-CoV-2 infections among the Dutch population, with the solid line showing the incidence of breakthrough infections 
among patients on immunosuppressants and combined controls. Publicly available epidemiological data from the National Institute for Public Health and the 
Environment (Rijksinstituut voor Volksgezondheid en Milieu [RIVM]) were used to study changes in the incidence of PCR-confirmed breakthrough infections in the 
Netherlands during follow-up. Incidence rates are displayed as cases per 10 000 population. Seroconversion was measured at 28 days after full vaccination in 
participants of the T2B! study only. Participants of the ARC-COVID study are all depicted with grey dots due to missing serology. Combined controls includes patients 
with immune-mediated inflammatory diseases not on immunosuppressants and healthy controls.
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responses, probably due to increased breadth of humoral 
and cellular repertoires.22 Our findings suggest that such 
mechanisms are also present in patients with immune-
mediated inflammatory diseases who are on immuno-
suppressants.

Our combined cohort included a large group of patients 
with immune-mediated inflammatory diseases on potent 
immunosuppressants such as anti-CD20 therapy, which 
is a probable cause for the relatively large proportion of 
patients who did not seroconvert upon vaccination.1,5 The 
severity of SARS-CoV-2 breakthrough infections in 
patients with immune-mediated inflammatory diseases 
on immunosuppressants was generally mild, although 
in post-hoc analyses we found that patients on anti-CD20 
therapy were more frequently admitted to hospital than 
were those receiving other immunosuppressants. Anti-
CD20 therapy is known to considerably reduce humoral 
responses, but not cellular immune responses, after 
SARS-CoV-2 vaccination,23 and data from studies on 
primary SARS-CoV-2 infections showed that these 
patients were at increased risk of severe primary 
COVID-19.24,25 Additionally, in line with our own data, a 
case series of 12 patients with SARS-CoV-2 breakthrough 
infections and rheumatic immune-mediated inflam-
matory diseases suggested that anti-CD20 therapy might 
also increase the risk of severe SARS-CoV-2 breakthrough 
infections after vaccination.26 However, notably, 
participants who were hospitalised due to a breakthrough 
infection in our cohort, including those treated with anti-
CD20 therapy, were considerably older and had more 
comorbidities than were those who were not hospitalised. 
Therefore, clustering of risk factors, but not the presence 
of an individual risk factor, might result in a high risk for 
severe COVID-19 disease.27 However, the risks of 
COVID-19 will vary with upcoming variants of 
SARS-CoV-2, which means that variants with decreasing 
virulence, such as the omicron (B.1.1.529) variant, are 
associated with decreased risks of severe COVID-19 in 
general.28 Therefore, the implications of absence of 
SARS-CoV-2 antibodies after SARS-CoV-2 vaccination or 
treatment with anti-CD20 therapy should be weighed in 
light of the presence of other risk factors for severe 
COVID-19 disease, and the changing field of the 
pandemic burden and SARS-CoV-2 variants when 
informing patients and making clinical decisions.29

Strengths of this study include the prospective follow-
up of two large, well defined, cohorts of patients with 
immune-mediated inflammatory diseases receiving 
immunosuppressants and controls, and the combination 
of clinical and serological data collection. The inclusion 
of simultaneously enrolled control participants allowed 
us to also study traditional risk factors, such as age and 
comorbidities. Additionally, because patients with a 
broad variety of immune-mediated inflammatory 
diseases and immunosuppressants were included in the 
study, our results are applicable to a large patient 
population. Another strength is that we estimated the 

number of undetected asymptomatic cases in our study. 
Previous studies stressed that it was unknown how 
undetected asymptomatic cases affected reported 
comparisons of incidence and disease severity between 
patients who are immunosuppressed and controls.6 For 
example, patients receiving immunosuppressants might 

Odds ratio (95% CI) p value 

Clinical determinants analyses (combined cohort)

Univariable model (N=5014; 235 events)

Combined controls 1·00 (ref) ··

Patients with immune-mediated 
inflammatory diseases on 
immunosuppressants

0·98 (0·75–1·29) 0·89

Multivariable model (N=4906; 228 events)*† 

Combined controls 1·00 (ref) ··

Patients with immune-mediated 
inflammatory diseases on 
immunosuppressants

0·88 (0·66–1·18) 0·54

Covariables

Age 0·98 (0·96–0·99) <0·0001

Sex

Male 1·00 (ref) ··

Female 0·94 (0·71–1·25) 0·69

Obesity 1·02 (0·77–1·34) 0·90

Cardiovascular disease 0·98 (0·60–1·53) 0·93

Pulmonary disease 1·04 (0·63–1·64) 0·87

Diabetes 2·06 (1·18–3·39) 0·0071

SARS-CoV-2 infection before first vaccination

No previous infection 1·00 (ref) ··

Previous SARS-CoV-2 infection 0·34 (0·18–0·56) 0·0010

Vaccine type

ChAdOx1 nCoV-19 (Oxford–AstraZeneca) 1·00 (ref) ··

BNT162b2 (Pfizer–BioNTech) 0·94 (0·64–1·41) 0·74

CX-024414 (mRNA-1273; Moderna) 0·79 (0·49–1·30) 0·38

Ad.26.COV2.S (Janssen) 0·40 (0·09–1·15) 0·13

Combination of vaccines 0·28 (0·02–1·35) 0·22

Humoral determinants analyses (T2B! cohort only)

Multivariable model (N=2225; 108 events)‡

No seroconversion after full vaccination 1·00 (ref) ··

Seroconversion after full vaccination 0·58 (0·34–0·98) 0·044

Multivariable model (N=1983; 90 events)‡

Anti-RBD titre in AU/mL 

4·000 to <53·025 0·97 (0·50–1·88) 0·93

53·025 to <126·250 1·55 (0·88–2·73) 0·13

126·250 to <249·750§ 1·00 (ref) ··

≥249·750 0·57 (0·28–1·16) 0·12

Clinical determinants were studied in the combined cohort; humoral determinants were studied in the T2B! cohort 
only. The number of observations analysed in each model is shown (numbers varying due to selection for the model 
and/or missing data). AU=arbitrary units. RBD=receptor binding domain. T2B!=Target to-B! *Only the presented 
variables were included in the model. †Variables included were age, sex, obesity, cardiovascular disease, pulmonary 
disease, diabetes, SARS-CoV-2 infection before first vaccination, and vaccine type. ‡Variables included were age, sex, 
obesity, cardiovascular disease, pulmonary disease, diabetes, and vaccine type. §Third quartile was chosen as reference 
group on the basis of median antibody titres observed in controls with seroconversion (181 AU/mL [IQR 84–299]).

Table 2: Univariable and multivariable analyses of potential determinants for SARS-CoV-2 breakthrough 
infections
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be more likely to seek medical care than controls, which 
could result in a higher detection rate of asymptomatic 
cases.30 Our results suggest that an important proportion 
of asymptomatic breakthrough cases remain undetected, 
but that this proportion is similar among patients and 
controls. This finding implies that estimates of relative 
risk for severe SARS-CoV-2 breakthrough infections are 
unaffected by asymptomatic cases, whereas estimates of 
absolute risk could be overestimated.

The most important limitation of our study is that, 
despite the large number of participants studied, only a 
small proportion of individuals who had SARS-CoV-2 
breakthrough infections developed severe disease that 
required admission to hospital. Subsequently, we were 
not able to do detailed analyses of determinants of 
disease severity—in particular, analyses to investigate 
associations between the concentration of antibody titres 
and protection against COVID-19, and our results of 
these analyses should be interpreted with caution. 
Second, this study was largely conducted when the delta 
variant of SARS-CoV-2 was dominant, so we were unable 
to provide data for the currently dominant omicron 

variant. Healthy individuals are more susceptible to the 
omicron variant than to the delta variant, but their 
disease is less severe;28 whether this trend in 
susceptibility and severity also applies to patients with 
immune-mediated inflammatory diseases treated with 
immunosuppressants is not yet known. Third, previous 
studies have shown that protective immunity after 
SARS-CoV-2 vaccination wanes over time, particularly 
from 3 months after vaccination.31 However, antibody 
quality (ie, antibody diversity and affinity) increases with 
time,32 which might compensate for decreasing titres in 
persistence of protective immunity, but these processes 
might be impaired by immunosuppressant treatments 
such as TNF inhibitors.33 In our study, breakthrough 
infections mostly occurred at least 90 days after 
vaccination, but this timepoint coincided with the largest 
SARS-CoV-2 infection wave seen in the Netherlands to 
date, and so should be interpreted with caution. The 
incidence of SARS-CoV-2 infection in the Dutch 
population was low during the months preceding this 
infection wave, so, accordingly, only a small number of 
COVID-19 cases were reported during this period. 
Therefore, the small number of cases within 90 days 
after vaccination in both patients on immuno-
suppressants and controls precluded detailed analyses, 
and we were unable to assess whether protective 
immunity waned more rapidly in patients with immune-
mediated inflammatory diseases on immuno-
suppressants than in controls. Fourth, the incidence and 
severity of breakthrough infections might have been 
selectively influenced by the Dutch vaccination 
campaign, during which patients with immune-
mediated inflammatory diseases treated with anti-CD20 
therapies, mycophenolate mofetil, and S1P receptor 
modulators received a third vaccination whereas other 
patients with immune-mediated inflammatory diseases 
did not. Although added humoral and cellular effects of 
additional vaccinations in these patients seem low at 
best,5,23 a clinical effect on protection might exist, which 
could have led to an overestimation of our results. 
Additionally, these data were only collected in the 
Netherlands, and so further studies are needed 
internationally to confirm these findings elsewhere. 
Finally, we did not account for the extent to which people 
adhered to infection prevention measures, which might 
have differed between patients receiving immuno-
suppressants and controls,15 especially because 
participants were aware of their antibody titres. 
Therefore, we cannot exclude the possibility that the 
absence of increased risk of breakthrough infections in 
patients with immunosuppressants in our study is due 
to stricter adherence to preventive measures rather than 
effective immune responses after SARS-CoV-2 
vaccination.

In summary, we found that the incidence of SARS-CoV-2 
breakthrough infections in patients with immune-
mediated inflammatory diseases on immuno suppressants 

Figure 3: Severity of breakthrough infection in patients with immune-
mediated inflammatory diseases on immunosuppressants and combined 
controls, for both cohorts combined
Severity of SARS-CoV-2 breakthrough infections categorised using the WHO 
COVID-19 Clinical Progression Scale.16 Combined controls includes patients 
with immune-mediated inflammatory diseases not on immunosuppressants 
and healthy controls. 
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was similar to that of controls, and that infections were 
mostly mild. A SARS-CoV-2 infection before vaccination 
and the presence of a humoral response after SARS-CoV-2 

vaccination were associated with reduced odds of 
breakthrough infection. Anti-CD20 therapy might 
increase patients’ susceptibility to severe SARS-CoV-2 

Patients with immune-mediated 
inflammatory disease on 
immunosuppressants (n=148)

Patients with immune-mediated 
inflammatory disease patients  not 
on immunosuppressants (n=52)

Healthy controls (n=33)

Ambulatory care 
(n=140)

Hospitalised or 
deceased (n=8)

Ambulatory care 
(n=49)

Hospitalised or 
deceased (n=3)

Ambulatory 
care (n=31)

Hospitalised or 
deceased (n=2)

Demographic characteristics

Age, years 49 (13) 60 (10) 50 (15) 57 (17) 56 (12) 62 (5)

Sex

Female 87 (62%) 3 (38%) 31 (63%) 1 (33%) 24 (77%) 0 

Male 53 (38%) 5 (63%) 18 (37%) 2 (67%) 7 (23%) 2 (100%)

Clinical characteristics

Comorbidities

Cardiovascular disease 12 (9%) 2 (25%) 3 (6%) 2 (67%) 2 (6%) 1 (50%)

Chronic pulmonary disease 10 (7%) 2 (25%) 4 (8%) 1 (33%) 3 (10%) 1 (50%) 

Diabetes 9 (6%) 1 (13%) 5 (10%) 1 (33%) 1 (3%) 1 (50%)

Obesity 25 (18%) 2 (25%) 5 (10%) 2 (67%) 3 (10%) 1 (50%)

SARS-CoV-2 infection before first vaccination 

Total confirmed COVID-19 diagnoses 10 (7%) 0 3 (6%) 0 2 (6%) 0

PCR confirmed 4 (3%) 0 0 0 0 0

Serologically confirmed 6 (4%) 0 3 (6%) 0 2 (6%) 0

PCR and serologically confirmed 0 0 0 0 0 0

Immunosuppressants*

Methotrexate 35 (25%) 2 (25%) NA NA NA NA

Monotherapy 15 (11%) 1 (13%) NA NA NA NA

TNF inhibitor 48 (34%) 1 (13%) NA NA NA NA

Monotherapy 29 (21%) 1 (13%) NA NA NA NA

Anti-CD20 13 (9%) 3 (38%) NA NA NA NA

Monotherapy 9 (6%) 3 (38%) NA NA NA NA

Mycophenolate mofetil 3 (2%) 0 NA NA NA NA

Monotherapy 0 0 NA NA NA NA

S1P receptor modulator 5 (4%) 0 NA NA NA NA

Monotherapy 5 (4%) 0 NA NA NA NA

Other immunosuppressants† 70 (50%) 3 (38%) NA NA NA NA

Monotherapy 40 (29%) 2 (25%) NA NA NA NA

COVID-19 vaccine types

ChAdOx1 nCoV-19 (Oxford–
AstraZeneca)

18 (13%) 1 (13%) 5 (10%) 1 (33%) 10 (32%) 1 (50%)

BNT162b2 (Pfizer–BioNTech) 94 (67%) 5 (63%) 32 (65%) 2 (67%) 18 (58%) 1 (50%)

CX-024414 (mRNA-1273; Moderna) 25 (18%) 2 (25%) 10 (20%) 0 3 (10%) 0

Ad.26.COV2.S (Janssen) 1 (1%) 0 2 (4%) 0 0 0

Combination of vaccines 3 (2%) 0 0 0 0 0

Time since full vaccination, days 137 (115–162) 124 (110–172) 137 (89–166) 139 (NA) 155 (119–173) 64 (NA)

Additional vaccine dose during follow-up 21 (15%) 2 (25%) 2 (4%) 0 2 (6%) 1 (50%)

Additional vaccine received prior to 
breakthrough

15 (11%) 1 (13%) 1 (2%) 0 1 (3%) 0 

Data are n (%), mean (SD), or median (IQR). Patients were defined as being ambulatory if they had a WHO COVID-19 Clinical Progression Scale score of 1–3, and being 
hospitalised or having died if they had a WHO score of 4–10. NA=not applicable. *Patients could be treated with multiple immunosuppressants. †Other immunosuppressants 
include abatacept, belimumab, calcineurin inhibitors, cladribine, corticosteroids, dihydroorotate dehydrogenase (known as DHODH) inhibitors, dimethyl fumarate, 
dupilumab, eculizumab, glatiramer, hydroxychloroquine, IL-17A antagonists, IL-23 antagonists, immunoglobulin, interferon beta, JAK inhibitors, natalizumab, omalizumab, 
purine antagonists, tocilizumab, ustekinumab, vedolizumab, cyclophosphamide, anakinra, sarilumab, sulfasalazine, leflunomide, and azathioprine.

Table 3: Characteristics of patients with immune-mediated inflammatory disorder on and not on immunosuppressants compared with controls who had 
a SARS-CoV-2 breakthrough infection, by severity of breakthrough infection 
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breakthrough infections, but traditional risk factors also 
continue to have a crucial contribution to the disease 
course of COVID-19. Therefore, our data suggest that 
most patients with immune-mediated inflammatory 
diseases should not necessarily be seen as being at high 
risk for severe COVID-19, although caution might still be 
warranted in patients who do not seroconvert after 
vaccination. Additionally, we believe that integrating other 
risk factors (eg, comorbidities and age) should become 
standard practice when discussing treatment options, 
SARS-CoV-2 vaccination strategies, and adherence to 
infection prevention measures with patients.
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