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Abstract
Conflicting data about inflammatory bowel disease [IBD] and immunosuppressants are risk factors for severe COVID-19 
confuse patients and healthcare providers. Clinical reports with longer follow-up are lacking. A retrospective search was 
performed for severe COVID-19 (hospital admission and/or mortality) one year after the SARS-CoV-2 outbreak in an IBD 
cohort from one of the most affected Dutch regions. Cohort characteristics were explored by value-based healthcare data, 
including immunotherapy. COVID-19 cases were detected by ICD-10 codes and further examined for IBD determinants 
(including medication) and COVID-19 characteristics (intensive care admission, respiratory support, treatment, mortality). 
The national mortality register was consulted, ensuring detection of patients that died without admission. Results were 
compared with regional and national general population registries. The IBD cohort consisted of 1453 patients (51% Crohn’s 
disease, 54% women, 39.9% using immunotherapy), including children. Biologics use increased during the study. Eight 
cases (0.55%) had severe COVID-19: seven were hospitalized (0.48%, 95% confidence interval [CI] 0.21–1.04), and two 
died (0.14%, CI 0.002–0.55). Six patients had comorbidity, one used immunotherapy, and four had no medication. Both 
deceased patients were older than 80 years, had severe comorbidity, but used no immunotherapy. Hospitalization occurred 
significantly more in the IBD cohort than regionally (0.18%, CI 0.17–0.19, p = 0.015), but not significantly more than 
nationally (0.28%, CI 0.279–0.284). Mortality was equal in IBD patients, regionally (0.11%, CI 0.10–0.12) and nationally 
(0.13%, CI 0.125–0.128). Neither IBD nor immunosuppressants are associated with increased risks of severe COVID-19 in 
an observational study with one-year follow-up.
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Introduction

Since the first detected case in China in December 2019, 
severe acute respiratory syndrome–coronavirus type 2 
(SARS-CoV-2) is affecting mankind socially, economically 
and medically. The infectious disease caused by this coro-
navirus from 2019 is named COVID-19 [1]. Risk factors 
for COVID-19 are male gender, age > 70 years, obesity, 
hypertension, cardiovascular disease, diabetes, obstructive 
sleep apnea syndrome (OSAS), kidney diseases and immu-
nodeficiencies [2–5]. Mortality in confirmed SARS-CoV-2 
infected persons is 2.7% worldwide [6]. Inflammatory bowel 
disease (IBD) patients are known to be susceptible to infec-
tions, especially when using immunotherapy [7]. Therefore, 
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these patients have been considered at risk of SARS-CoV-2 
infections and development of (severe) COVID-19.

Several mechanisms of SARS-CoV-2 infection are impor-
tant to understand the possible interaction with IBD. At 
first, SARS-CoV-2 binds to target cells via surface angio-
tensin converting enzyme 2 (ACE2) receptors, which are 
extensively present on epithelial cells in the lungs, kidneys, 
vessels and in the terminal ileum and colon [8, 9]. SARS-
CoV-2 down-regulates ACE2, increasing angiotensin II lev-
els, which lead to organ injury, inflammation or oxidative 
stress and multi-organ failure [8]. Secondly, coronaviruses 
fuse with the host cell by spike protein activation, which 
is mediated by host cell proteases [10]. Also, natural killer 
cells (NK) are important in the hyperinflammatory cytokine 
response that is seen in severe COVID-19 presentations [10]. 
At last, the gut microbiota may play a role in SARS-CoV-2 
infection. Specific microbiome patterns have been associated 
with increased SARS-CoV-2 viral infectivity due to upregu-
lation of ACE-receptors [8, 11]. Also, the virus itself affects 
the gut microbiota, which play an important role in general 
host immunology but also in susceptibility for respiratory 
infections via the gut-lung axis [11, 12]. Several clinical 
trials have been initiated to examine the therapeutic options 
of microbiota in COVID-19 [12].

When focusing on IBD, ACE2 receptor expression is 
increased in the bowel and inflammation correlates with 
down-regulation of ACE2 [10]. Also protease activity is 
increased [13]. NK cells are important in the overreacting 
immune system of IBD patients [10, 14]. Gut microbiome 
shows dysbiosis in IBD, which may lead to increased frailty 
for SARS-CoV-2 infection.

These considerations have led to several expert opin-
ions warning IBD patients and their immunosuppressive 
medication, such as corticosteroids, immunomodulators 
(thiopurines and methotrexate) and biologic agents (anti-
tumor necrosis factor (TNF), anti-integrin, interleukin (IL) 
12/23 antagonists, Janus kinase (JAK) inhibitors) [15–17]. 
Nevertheless, in March 2020 some reports mentioned that 
IBD patients were hardly seen in hospitals in outbreak 
regions, suggesting some protective effect of immuno-
suppressants [18, 19]. Gradually, more articles were pub-
lished, either about theoretical mechanisms of action or 
clinical experiences, but only about small cohorts or a 
short follow-up of 4 months after the SARS-CoV-2 out-
break [10, 20–25]. Therefore the IBD team of the Catha-
rina Hospital Eindhoven (CHE) decided to perform a 
retrospective cohort study examining the incidence of 
severe COVID-19 in IBD patients in the first year after 
the SARS-CoV-2 outbreak.

Materials and methods

Study design and population

We examined the complete IBD cohort from CHE, including 
children. CHE is a referral and teaching hospital for gastro-
enterology and intensive care medicine, located in Southeast 
Brabant in the Netherlands. This has been one of the most 
SARS-CoV-2-affected Dutch regions from the start of the 
outbreak on February 27, 2020. A search for IBD patients 
with severe COVID-19 was performed in this cohort.

At first, the CHE-IBD cohort was determined by search-
ing for the unique financial codes 601 (Crohn’s disease, CD) 
and 602 (ulcerative colitis, UC) defined by the Dutch Health 
Authority, registered in the hospital financial registration 
system. Undetermined colitis (IBD-U) has no specific finan-
cial code and is registered as 601 or 602. Two specific time 
intervals were chosen: one year prior to February 28, 2020, 
and one year before February 28, 2021, covering the first 
year after the first detected COVID-19 case in the Nether-
lands at February 27, 2020. The registration of this specific 
IBD financial declaration code indicates that an individual 
patient has undergone at least one IBD-related consultation 
in the last year before a specific time point. Therefore, pos-
sibly deceased patients were also detected by these searches 
covering two consecutive years. The cohort was examined 
for age, gender and IBD type, and a cross-sectional meas-
urement of prescribed immunotherapy and mesalamine was 
performed at both time points using value-based healthcare 
data. Then, IBD patients with COVID-19-related admission 
were identified by combining the financial codes 601 and 
602 with thesaurus code 0,000,093,409, 0,000,093,408 or 
0,000,093,442, which define (suspicion on) acute respiratory 
illness by SARS-CoV-2 or gastro-enteritis due to COVID-19, 
referring to ICD-10 codes U07.1 and Z03.8. At last, a search 
for IBD patients that died in the same time period without 
hospital admission was performed in the national Basic Reg-
ister of Persons (BRP) for deceased inhabitants [26].

CHE-IBD cohort findings were compared with regional 
and national COVID-19-related hospital admission and 
mortality rates, for different age categories from the gen-
eral population. Therefore, the open access publications 
of the National Intensive Care Evaluation Foundation 
(NICE), the National Institute for Public Health and the 
Environment (Rijks Instituut voor Volksgezondheid en 
Milieu—RIVM), Statistics Netherlands (CBS) and Prov-
ince of Brabant were explored [27–30]. COVID-19-related 
national mortality was determined in three ways: hospital 
mortality, registered mortality in SARS-CoV-2 positive 
tested persons and excess mortality in the general popula-
tion, compared to previous years.
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Outcomes, definitions and data collection

Severe COVID-19 was defined as SARS-CoV-2 infection 
necessitating hospital admission and/or causing death. Mild 
COVID-19 was considered as not clinically relevant and thus 
not included.

All possible cases found by the above-mentioned searches 
were further explored by examination of the electronic patient 
records, to determine whether admission or death was related 
to COVID-19. Data collected from these cases included patient 
demographics, determinants of their COVID-19 admission 
(duration, ICU admission, COVID therapy, need for respira-
tory support, mortality) and IBD characteristics (type accord-
ing to Montreal classification, disease activity according to 
Global Physician Assessment duration, medication including 
immunosuppressants, last outpatient contact and endoscopy 
findings) [31]. All patient-related data were documented in an 
anonymized way.

Statistical analysis

Descriptive statistics were used for baseline data and vari-
ables related to IBD and COVID-19. Continuous variables 
were tested using a two-sampled t-test and are expressed as 
medians and interquartile range (IQR 25–75%).

Categorical variables were tested using a Chi-squared test 
and are expressed as numbers and percentages. Frequencies 
were compared between the CHE-IBD cohort and the general 
population in the region and nationally using Chi-squared test 
with continuity corrections as is appropriate for small sam-
ple sizes. A p-value of < 0.05 was considered statistically 
significant.

To assess COVID-19 incidences in the CHE-IBD cohort, 
the number of severe COVID-19 cases in the one-year follow-
up period was divided by the total IBD study cohort. The 95% 
confidence intervals for a single proportion with continuity 
corrections were counted for all incidences. These calculations 
were performed in the same way for the regional and national 
general population.

All analyses were performed with IBM SPSS statistical 
software package version 25 (Armonk, NY).

Ethical considerations

This non-interventional study was approved by the Medi-
cal Ethical Committee United (MEC-U, reference number 
W16.113). Individual cases were asked for signed informed 
consent, or when deceased, their relatives were contacted.

Patient and public involvement statement

The Dutch IBD patient organization (Crohn&Colitis NL) 
supports the design and findings of the study and will be 
engaged in results dissemination.

Results

Baseline characteristics of the IBD cohort

The CHE-IBD cohort counted 1428 patients at February 
28, 2020, and 1453 on February 28, 2021, a non-signifi-
cant increase of 1.8%. Patient characteristics are shown 
in Table 1. Distribution of gender, age and type of dis-
ease did not change significantly during the study interval. 
The proportion of patients with CD (51%) was slightly 
higher than UC, and 54% were females. Almost half of the 
cohort was younger than 50 years old (51.3% and 50.4%) 
and 14.7% was ≥ 70 years old, increasing to 15.9% (not 
significant—NS).

Cross-sectional examination of prescribed medication in 
the CHE-IBD cohort at start of the corona outbreak showed 
that 251 patients (17.6%) used a biologic agent, 354 (24.8%) 
had an immunomodulator (thiopurine/methotrexate), and 
130 (9.1%) corticosteroids (predniso(lo)ne) (Table 2.). One 
year later these counts showed 312 (21.5%), 356 (24.5%) 
and 125 (8.6%) patients, respectively, which changed only 
significantly for biologics (CI 15.7–19.7 and 19.4–23.7, 
p = 0.010).

At the start, 564 patients (39.5%) used at least one immu-
nosuppressive, including 11.2% with only biologic, 18.4% 
with immunomodulator, 6.2% using double immunotherapy 
(biologic agent combined with immunomodulator) and 0.1% 
with triple immunotherapy (biologic, immunomodulator and 
corticosteroid). At the endpoint, 580 (39.9%) patients used at 
least one immunosuppressive, of which 12.9% had only bio-
logic, 16% immunomodulator, 7.9% double and 0.6% triple 
immunotherapy. Overall, immunosuppressant medication 
did not change significantly. Mesalamine was used by 31% 
of patients at both time points.

The relation between age and immunotherapy is depicted 
in Table 3. No significant changes in medication per age 
group were found. The patient group ≥ 70 years old, most at 
risk of COVID-19, increased from 210 to 232 patients (NS) 
and used more biologics and immunomodulators (NS) dur-
ing the study interval. Fifteen patients (6.5%) used biologics, 
35 (15.1%) had thiopurines, 8 (3.4%) used predniso(lo)ne, 
and 3 (1.3%) used methotrexate at the end of the study inter-
val. At both time points, four patients used double immuno-
therapy (1.9% and 1.7%, respectively) and none had triple 
therapy. Thus, 46 persons (19.8%) of this age group used at 
least one immunosuppressive.
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COVID‑19‑related hospital admissions and mortality 
in the CHE‑IBD cohort

Between February 28, 2020 and 2021, eight of 1453 CHE-
IBD patients met the inclusion criteria for severe COVID-19 

(0.55%). Detailed characteristics of these cases are described 
in Table 4. Seven cases were admitted (0.48%), of which one 
died. Another patient passed away at home without hospitali-
zation. Thus, overall COVID-19-related mortality was 0.14% 
in the CHE-IBD cohort and 25% in the eight patients affected 

Table 1  Demographic characteristics of the CHE-IBD cohort at start and end of the study interval

CD, Crohn’s disease; UC, ulcerative colitis; IBD, inflammatory bowel disease
Using a Chi-squared test, the distribution of gender and type of disease did not change significantly. Using a two-sample t test, the distribution of 
age did not change significantly

February 28, 2020 February 28, 2021 Delta over study 
interval Number 
(%)

CD UC Total IBD (%) CD UC Total IBD (% of 
cohort)

Number (%)

Total (%) 737 (51.6) 691 (48.4) 1428 (100) 748 (51.4) 705 (48.6) 1453 (100)  + 25 (+ 1.8)
Gender
Female 444 329 773 (54.1) 450 347 797 (54.9)  + 24 (+ 3.1)
Male 293 362 655 (45.9) 298 358 656 (45.1)  + 1 (+ 0.2)
Age (years)
0–17 35 17 52 (3.6) 33 17 50 (3.4) − 2 (− 4.0)
18–24 57 36 93 (6.5) 60 40 100 (6.9)  + 7 (+ 7.5)
25–39 212 151 363 (25.4) 209 150 359 (24.7) − 4 (− 1.1)
40–49 122 104 226 (15.8) 123 101 224 (15.4) − 2 (− 0.9)
50–59 120 115 235 (16.5) 128 122 250 (17.2)  + 15 (+ 6.4)
60–69 108 141 249 (17.4) 101 137 237 (16.3) − 12 (+ 4.8)
70–79 67 101 168 (11.8) 75 113 188 (12.9)  + 20 (+ 11.9)
 ≥ 80 16 26 42 (2.9) 19 25 44 (3.0)  + 2 (+ 4.8)

Table 2  The use of immunosuppressive therapy and oral mesalamine in the CHE-IBD cohort at start and end of the study interval

CD Crohn’s disease; UC ulcerative colitis; IBD inflammatory bowel disease; n, total number of patients at that timepoint; CI95%, 95% confi-
dence interval; po per orally; sc subcutaneously

February 28, 2020 February 28, 2021 Delta over study interval

n = 1428 patients n = 1453 patients

Medication CD UC Total IBD (%) CI95% CD UC Total IBD (%) CI Number (%)

Infliximab 86 39 125 (8.8) 7.3–10.4 105 41 146 (10.0) 8.6–11.8  + 21 (+ 16.8)
Adalimumab 41 14 55 (3.9) 2.9–5.0 53 19 72 (5.0) 3.9–6.2  + 17 (+ 30.9)
Golimumab 0 5 5 (0.4) 0.12–0.87 0 5 5 (0.3) 0.12–0.85 0 (0)
Vedolizumab 21 13 34 (2.4) 1.7–3.3 21 21 42 (2.9) 2.0–3.9  + 8 (+ 23.5)
Ustekinumab 28 2 30 (2.1) 1.4–3.0 39 7 46 (3.2) 2.4–4.2  + 16 (+ 53.3)
Tofacitinib 0 2 2 (0.1) 0.02–0.56 0 1 1 (0.1) 0.0–0.44 − 1 (− 50)
Thiopurines 229 117 346 (24.2) 22.0–26.6 229 118 347 (23.9) 21.7–26.2  + 1 (0.3)
Methotrexate sc 6 2 8 (0.6) 0.26–1.2 7 2 9 (0.6) 0.30–1.21  + 1 (+ 12.5)
Budesonide po 38 40 78 (5.5) 4.4–6.8 40 40 80 (5.5) 4.41–6.84  + 2 (+ 2.6)
Predniso(lo)ne po 21 31 52 (3.6) 2.8–4.8 24 21 45 (3.1) 2.29–4.16 − 7 (− 13.5)
Mesalamine 96 348 444 (31.1) 28.7–33.6 88 357 446 (30.7) 28.3–33.2  + 2 (+ 0.5)
Single biologic agent 110 50 160 (11.2) 9.6–13.0 138 50 188 (12.9) 11.3–14.8  + 28 (+ 17.5)
Single immunomodulator 169 94 263 (18.4) 16.5–20.5 156 76 232 (16.0) 14.1–18.0 − 30 (− 11.4)
Double immunotherapy 65 24 89 (6.2) 5.1–7.6 75 40 115 (7.9) 6.60–9.45  + 26 (+ 29.2)
Triple immunotherapy 1 1 2 (0.1) 0.02–0.5 5 4 9 (0.6) 0.30–1.21  + 7 (+ 350)
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with severe COVID-19. All affected patients were men, with a 
median age of 68.5 years (IQR 62–84), and six patients (75%) 
were 70 years or older. All patients were affected in the sec-
ond outbreak: one in October 2020, one in December 2020, 
three in January 2021 and three in February 2021. Median 
hospitalization time of all surviving patients was 12.5 days 
(IQR 10–15). Six patients had UC (75%), and both cases with 
CD (25%) died. Four recovered patients had UC, in remission 
for years, of whom three did not have any medication and 
one used a thiopurine. Two had mild UC, treated with oral 
mesalamine.

Four patients were overweight (50%), one had obesity 
(12.5%), and median body mass index (BMI) was 27.7 kg/
m2 (IQR 24.1–29.4). Six men (62.5%) had other comorbidity 
such as type 2 diabetes mellitus, OSAS, hypertension and 
hypothyroid disease. One patient was treated on the ICU 
with intravenous dexamethasone, tocilizumab and posi-
tive airway pressure support (Optiflow™) for five days and 
recovered. Two patients had neither comorbidity nor obesity.

The first patient who died was 84 years old and had ileitis 
terminalis due to Crohn’s disease (A3L1B3) in remission for 
years without any medication (Table 4, patient 2). Remis-
sion was confirmed by his gastroenterologist a few weeks 
before COVID-admission. He passed away after an admis-
sion of 15 days due to respiratory insufficiency caused by 
COVID-19 pneumonia. He received palliative care without 
mechanical ventilation because of his preexisting medical 
condition with significant comorbidity such as obesity (BMI 
29.8), diabetes mellitus type 2 with micro- and macroangi-
opathy, including myocardial infarction with heart failure, 
nephropathy and retinopathy.

The second deceased case, patient 8, was an 87-year-old 
male known with ileitis terminalis due to Crohn’s disease 
(A3L1B1) and mild disease activity at the outpatient clinic 
control three weeks before he died. He had mild abdomi-
nal pain, calprotectin 590 µg/g and CRP 4.5 mg/L. It was 
decided during this check to increase budesonide daily dose 
from 6 to 9 mg orally. Two weeks later, he became ill due to 
PCR-confirmed SARS-CoV-2 infection, was given support-
ive care at home and passed away after a few days. He was 
not admitted because of his age and significant comorbidity 
such as obesity (BMI 28.1), macro- and microangiopathy 
with heart and kidney failure, cerebrovascular accidents and 
atrial fibrillation.

During the research interval, another nine CHE-IBD 
patients died due to non-COVID-19-related causes: malig-
nancy (4), pulmonary disease (2), cardiovascular disease (2) 
or dementia (1).
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Incidence of severe COVID‑19 in the regional 
and national general population

The CHE-IBD cohort incidences of COVID-19-associated 
hospital admission (Table 5) and mortality (Table 6) were 
compared with the regional and national registries in the 
general population, as reported on March 2, 2021 [29, 30]. 
COVID-related hospitalizations were only significantly 
different in the overall CHE-IBD cohort versus the total 
regional general population: 0.48% (CI95 0.21–1.04) ver-
sus 0.18% (CI95 0.17–0.19, p = 0.015). Overall, CHE-IBD 
admission rates did not differ significantly from hospitaliza-
tions in the national general population.

From the national reports, it can be calculated that 48.937 
of all Dutch inhabitants older than 18 years old (0.28%) 
were hospitalized due to COVID-19 in the first year after 
the SARS-CoV-2 epidemic outbreak, of whom 5769 patients 
died (11.8%) (Table 6).

Overall COVID-19 mortality in CHE-IBD was 0.14% 
(CI95 0.002–0.55), which corresponds with regional find-
ings (0.11%, CI95 0.10–0.12). The national mortality in the 
general population was expressed in three ways. Registered 
hospital mortality was 0.03%. Overall mortality in SARS-
CoV-2-positive tested persons, including those without 
hospitalization, was 0.09%. COVID-19-related mortality 
was also determined by overall excess mortality, which was 
22.000 persons in the first year after SARS-CoV-2 outbreak 
[28]. This 14.3% excess compared to previous years has been 
assigned to SARS-CoV-2. In all age groups, no significant 
difference was found between CHE-IBD and regional or 
national mortality.

Further examination of age distribution shows that half 
of CHE-IBD cohort was older than 50 years (49.6%), which 
is significantly higher than regionally (35%) and nationally 
(39%). The amount of patients ≥ 70 years old was not sig-
nificantly different. Mortality was only seen in CHE-IBD 
patients ≥ 80 years old, of whom one died while hospital-
ized (2.3%). National hospital mortality was lower, but most 
patients from this group died outside hospitals: COVID-19 
registered mortality was 69% and excess mortality 77% 
higher than in hospitalized patients. The national registry 
showed also that 90.5% of all reported COVID-19-related 
deaths occurred in patients ≥ 70 years. Moreover, 99.3% of 
all mortality is seen in cases ≥ 50 years old.

Discussion

This retrospective monocenter cohort study, including the 
first year after the SARS-CoV-2 outbreak, shows that nei-
ther inflammatory bowel disease nor the use of immunosup-
pressants were associated with an increased risk of severe 
COVID-19. Only 0.55% of patients of this IBD cohort from C
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Table 5  COVID-19-related hospital admission after the first year of the SARS-CoV-19 outbreak in the Netherlands, measured in the CHE-IBD 
cohort, the general population in the region Eindhoven (Southeast Brabant) and in the Netherlands, related to age

CHE-IBD Catharina Hospital Eindhoven inflammatory bowel disease cohort; CI 95% confidence interval; in bold: significantly different

CHE-IBD cohort Region of Southeast Brabant National registry in the Netherlands

Hospital admission % 
(number)

Patients on 
February 28, 
2021 (%)

Hospital admission % 
(number)

Inhabitants (%) Hospital admission % 
(number)

Inhabitants (%)

All ages 0.48% (7) CI 0.21–1.04 1453 (100) 0.18% (1390) CI 
0.17–0.19 (p = 0.015)

780.800 (100) 0.28% (48.937) CI 
0.279–0.284

17.414.000 (100)

 ≥ 18 0.50% (7) CI 0.21–1.07 1406 (97) 0.22% (1390) CI 
0.21–0.24

620.000 (79) 0.35% (48.579) CI 
0.342–0.348)

14.076.755 (81)

 ≥ 50 0.97% (7) CI 0.42–2.09 720 (50) 0.45% (1244) CI 
0.42–0.47

277.000 (35) 0.62% (42.531) CI 
0.615–0.627

6.850.268 (39)

 ≥ 60 1.28% (6) CI 0.52–2.90 470 (32) 0.66% (1067) CI 
0.62–0.70

161.000 (21) 0.76% (34.750) CI 
0.755–0.770

4.557.268 (26)

 ≥ 70 1.73% (4) CI 0.5–4.65 232 (16) 0.68% (765) CI 
0.64–0.73

112.000 (14) 1.01% (24.456) CI 
1.00–1.02

2.423.220 (14)

 ≥ 80 4.5% (2) CI 0.79–16.70 44 (3) 0.89% (356) CI 
0.79–16.70

40.000 (5) 1.30% (11.028) CI 
1.28–1.32

848.801 (5)

Table 6  COVID-19-related mortality rate in the first year of the SARS-CoV-19 outbreak in the Netherlands, measured in the CHE-IBD cohort, 
the general population in the region Eindhoven (Southeast Brabant) and in the Netherlands, related to age

CHE-IBD Catharina Hospital inflammatory bowel disease cohort; n number; CI95 95% confidence interval; COVID-19 coronavirus disease 
2019; * in persons older than 65 years; in bold: significantly different

CHE-IBD cohort Region of Southeast Brabant National registry in the Netherlands

Mortality % 
(n) CI95

Patients at 
February 28, 
2021 (%)

Registered 
mortality % (n) 
CI95

Inhabitants 
(%)

Hospital 
mortality % 
(number)

Register over-
all COVID-19 
mortality % 
(n) CI95

Estimated 
excess mortal-
ity assigned to 
COVID -19% 
(n) CI95

Inhabitants (%)

All ages 0.14% (2) 
0.002–0.55

1453 (100) 0.11% (874) 
0.10–0.12

780.800 (100) 0.033% 
(5.769) 
0.032–0.034

0.09% 
(15.649) 
0.088–0.091

0.13% 
(22.000)

17.414.000 
(100)

 ≥ 18 0.14% (2) 
0.002–0.57

1406 (97) 0.14% (874) 
0.13 – 0.15

620.000 (79) 0.041% 
(5.769) 
0.040–0.042

0.11% 
(15.647) 
0.109–0.113

0.16% 
(21.998) 
0.154–
0.1581 

14.076.755 (81)

 ≥ 50 0.26% (2) 
0.048–1.11

720 (50) 0.31% (870) 
0.29 – 0.34

277.000 (35) 0.084% (5734) 
0.082 – 
0.086

0.23% 
(15.538) 
0.22–0.23

– 6.850.268 (39)

 ≥ 60 0.43% (2) 
0.074–1.70

470 (32) 0.53% (851) 
0.49 – 0.57

161.000 (21) 0.12% (5609) 
0.120–0.126

0.33% 
(15.234) 
0.329 – 
0.340

– 4.557.268 (26)

 ≥ 70 0.86% (2) 
0.14–3.4

232 (16) 0.72% (804) 
0.66 – 0.76

112.000 (14) 0.21% (5105) 
0.20 – 0.22

0.58% 
(14.155) 
0.57 – 0.59

0.78% 
(18.854)* 
0.767–0.789

2.423.220 (14)

 ≥ 80 4.5% (2) 
0.80–16.7

44 (3) 1.5% (602) 
1.39 – 1.63

40.000 (5) 0.37% (3170) 
0.36–0.39 
(p < 0.001)

1.22% 
(10.352) 
1.20–1.24

1.64% 
(13.972) 
1.62–1.67

848.801 (5)
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one of the most affected outbreak regions in the Netherlands 
were either admitted (0.48%) and/or died (0.14%) related to 
COVID-19. Seventy-five percent of these cases had comor-
bidity. Both deceased patients had multiple risk factors for 
severe COVID-19. It is unlikely that IBD or medication 
played a role in their fatal COVID-19 course.

The cumulative COVID-19-related hospital admis-
sion rate in the CHE-IBD cohort was significantly higher 
than regionally (0.18%), but equaled national rates. The 
regional registry, however, should be interpreted with cau-
tion, because of under-registration. Many patients from the 
strongly affected Southeast Brabant region have been trans-
ferred to hospitals outside this district, especially in the first 
outbreak. On the other hand, national admission rates are 
reliable, because all Dutch hospitals are reporting daily to a 
central registry [28].

Overall, registered mortality was comparable between 
the CHE-IBD cohort (0.14%), regionally (0.11%) and 
nationally (0.09%) for all age groups. In the general popu-
lation, however, most COVID-19 cases older than 80 years 
died outside hospitals as expected, leading to significantly 
lower hospital mortality. In reality, regional and national 
rates are underestimated, because SARS-CoV-2 infec-
tions have not always been recognized. Especially in the 
first outbreak, when COVID-19 was not well known yet, 
and testing capacity was scarce. Also worth noting is that 
COVID-19-related mortality is non-notifiable in the Neth-
erlands. For instance, in retirement and nursing homes 
COVID-19-associated mortality has been underestimated 
in the beginning of the pandemic, which is also reflected 
in the excess overall mortality in the Netherlands com-
pared to other years. Epidemiological models estimated 
that COVID-19 mortality was even 41% higher than the 
registered 15,649 persons, increasing mortality to 0.13% 
in the general population [29].

According to literature, age ≥ 70 years old is a risk factor 
for severe COVID-19 including mortality [2, 5]. In this age 
group, admission and mortality were not significantly differ-
ent between CHE-IBD cohort and general population. This 
is important, because 19.8% of CHE-IBD patients ≥ 70 years 
used at least one immunosuppressive. When systemic cor-
ticosteroids are included as well, this was even 26.3%. Our 
results also show that severe COVID-19 played no role in 
IBD patients below 50 years old, while this group formed 
50% of the cohort. In accordance, regionally and nationally 
only 0.50% and 0.70% of COVID-19-deceased patients were 
younger than 50.

What could be the explanation for our findings? Although 
our study was not designed to examine causality, some 
hypothetical answers may be given, based on the article by 
Neurath that was already published in May 2020 [12]. This 
describes SARS-CoV-2 infection mechanisms, including the 
important role of ACE2, ACE2 receptors and cytokines, the 

analogy of those with IBD and, finally, effects of several 
immunosuppressants on both in detail. It suggests that IBD 
itself could be protective because increased expression of 
soluble ACE2 in this disease may result in a competitive 
binding partner for SARS-CoV. Thereby virus particles are 
sequestrated, preventing their binding to the cellular full-
length ACE2 protein [6, 19]. Also its influence on ACE2 
plays an important role in the renin–angiotensin–aldoster-
one system (RAAS), regulating the balance between pro-
inflammatory effects that lead to tissue damage and even 
multi-organ failure and on the other hand anti-inflammatory 
pathways controlling tissue protection [12].

Besides, immunosuppressants used in IBD therapy may 
have a protective role. At first, tumor necrosis factor (TNF), 
which is an important target in biologic therapy in IBD, 
regulates the cleavage of membrane ACE2. Also, NK cells 
which are important in the hyperinflammatory cytokines 
response in severe COVID-19 presentations, are crucial in 
IBD [12, 14, 20, 22]. These cells and cytokines are sup-
pressed by immunomodulators and biologics, tempering 
COVID-19 course with less auto-destruction of pulmo-
nary cells. Potential therapeutic effects of dexamethasone 
and tocilizumab on COVID-19 underline this protective 
theory [32, 33]. These were also given to all six recovered 
patients from our cohort (dexamethasone), including the 
ICU-admitted case (tocilizumab). It is still unclear whether 
immunosuppressants have different effects at specific stages 
of SARS-CoV-2 infection: corticosteroids are considered a 
worse factor in infection, but seem helpful in decreasing the 
hyperinflammatory reaction in severe COVID-19 [32].

Based on these concepts, an explanation for our find-
ings could therefore be that a significant part (39.9%) of 
CHE-IBD patients was treated with immunosuppressants, 
and even 8.5% with combined immunotherapy. Only one of 
347 thiopurine users (0.29%) was admitted, but recovered 
eventually. All other affected cases had either no medication, 
or only mesalamine or budesonide. Thus, severe COVID-
19 was only found in one of 580 patients (0.17%) using 
immunotherapy. Our findings contradict the conclusions 
of the SECURE-IBD registry that warned for worse out-
comes of COVID-19-related to combined immunotherapy, 
thiopurines and even mesalamine [25]. This international 
digital registry, based on voluntary registration of COVID-
19 cases, is, however, influenced by reporting, testing and 
selection bias as discussed recently [34]. This is illustrated 
by the high percentage of reported COVID-19 needing ICU 
admission (18%), the high overall mortality rate (3.4%) and 
large amount of TNF-antagonists (39%) in reported cases, 
suggesting that milder cases were under-reported. The reg-
istry also describes only 3 months in the spring of 2020 and 
does not provide information about cohort characteristics 
wherefrom these patients come, such as age distribution and 
immunotherapy. In our CHE-IBD cohort mesalamine was 
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only used by two severe COVID-19 cases, out of 446 mesa-
lamine users (0.45%).

During the corona pandemic, we advised patients to 
continue immunosuppression to prevent relapse, need for 
corticosteroids and hospitalization, in accordance with the 
publication by AGA (American Gastroenterology Associa-
tion) [15]. No proactive switch to subcutaneous variants of 
intravenous biologics was promoted. Of course, all patients 
were instructed to follow the general hygiene advices con-
cerning COVID-19 prevention. Possibly, our IBD patients 
may have followed these hygiene measures more strictly 
than the general population, leading to less infections and 
consequently less severe COVID-19.

Our findings are in accordance with several other publica-
tions. The first suggestions from the clinical field that neither 
IBD nor immunotherapy is risk factor for severe COVID-19 
came from the early outbreak regions in China and Italy: no 
IBD patients were reported [1, 18, 20]. Consequently, larger 
cohort-studies showed that neither IBD nor immunosuppres-
sion is risk factor for severe COVID-19 [23, 24, 35, 36]. 
Derikx et al. described 0.18% hospitalization and 0.037% 
mortality in approximately 35.000 Dutch IBD patients, 
versus 0.085% and 0.045% in the general population [23]. 
Because of the short study interval of only four months, 
these findings are not comparable with our data. Also the 
percentage of this cohort that used immunosuppressive 
therapy was not described. Thiopurines and biologic agents 
were used in 24% and 17% of reported severely affected 
cases, respectively. A Danish study reported 0.10% admis-
sion and 0.022% mortality in approximately 18.000 IBD 
patients, versus 0.019% mortality in the general population 
in the first 4 months of the outbreak [24]. This study also 
included other immune-mediated inflammatory diseases and 
factors such as mental well-being, which distract from the 
main message that neither IBD nor immunosuppressants are 
risk factors for severe COVID-19. A cross-sectional study 
from Spain showed no greater severity of COVID-19 in IBD 
patients, but not all (87%) patients from the rather small 
cohort of 923 individuals were included [35]. However, this 
study described only a few months of the beginning of the 
pandemic. In a North American study, the prevalence of 
COVID-19 was equal in IBD patients and the general popu-
lation [36]. Immunosuppressives, which were used in 37% 
of patients, were no risk factor. This study also had a short 
follow-up, as it was already published in May 2020.

Despite these early published clinical reports and the 
above-mentioned theoretical concepts, the first warning 
advices for IBD patients on the SARS-CoV-2 outbreak were 
understandable, considering their well-known increased risk 
of several infections [7, 37, 38]. Nevertheless, recent interna-
tional and governmental advices still mention increased risks 
of IBD patients, especially when using immunotherapy, for 

example in guidelines about vaccination of IBD patients by 
BSG, Dutch RIVM and a review on immunology in COVID-
19 and IBD [29, 39, 40]. These differences in advices and 
publications confuse patients and gastroenterologists. Our 
study demonstrates that IBD patients, even when using 
immunotherapy, should not be worried more than other 
people for SARS-CoV-2 infections and severe COVID-19.

Strong points of this study are the robust and sober 
design. This is also the first article reporting one-year fol-
low-up data. The characteristics of the CHE-IBD cohort are 
representative for common daily practice. Besides, the CHE-
IBD cohort is situated in one of the most corona-affected 
regions in the Netherlands. Moreover, characteristics are 
well documented, including immunosuppressive therapy, by 
using value-based healthcare data. Determining the cohort 
by two measurements with a one-year interval is another 
strength, ensuring maximal inclusion. An extra search in the 
national mortality registry made sure no deaths were missed.

This study has also some limitations: at first, its retro-
spective monocenter design. Although the findings have 
high clinical value, no causality can be inferred. Also, it is 
unclear how many CHE-IBD patients were SARS-CoV-2 
infected: testing capacity was scarce in the beginning, and 
out-of-hospital PCR tests are not reported to the hospitals 
centrally; therefore, mild COVID-19 patients could not be 
examined. Our findings might suggest that patients have 
been extra careful, especially in the beginning of the out-
break: all severe cases were affected in the second outbreak. 
Also, patients may have been admitted to another hospital 
for COVID-19. This risk seems only small, because patients 
are well informed to contact us in case of fever or illness, 
especially when using immunotherapy. CHE admission 
capacity was limited in the first outbreak until June 2020, 
but during the whole period it was possible to admit severely 
ill patients. Also, IBD patients with immunosuppression are 
checked in the outpatient clinic every 3–6 months, and no 
other patients than the described eight cases have reported 
admission elsewhere, while several cases mentioned 
SARS-CoV-2 positivity with only mild complaints. Finally, 
regional and national mortality have been under-registered, 
especially for mortality outside the hospital. This strength-
ens the conclusion of our findings even more, whereas the 
CHE-IBD hospitalization and mortality rates are accurate.

In conclusion, this study demonstrates that neither IBD 
nor immunosuppressants are risk factors for severe COVID-
19. This is important information for IBD patients and 
healthcare providers, but also for other patients with chronic 
inflammatory diseases and immunosuppressive medication.
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