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Background. COVID-19 represents one of the most signi�cant medical problems of our time. Aims. �is study is focused on the
question whether patients with in�ammatory bowel disease (IBD) who receive immunotherapies are more vulnerable to re-
spiratory tract infections and SARS-CoV-2 infections in comparison to medical sta�, as a cohort with an increased infection risk,
and to the general population in a COVID-19 hotspot.Methods.We analysed data regarding respiratory tract infections that were
collected in our IBD registry and compared themwith corresponding data frommedical employees in our associated Isarklinikum
hospital and from the healthy general population in Munich, Germany, over the same time frame in April and June 2020. Patients
were tested for SARS-CoV-2 immunoglobulins (Ig). Results. Symptoms of respiratory tract infections occurred equally frequent in
IBD patients with immunotherapies as compared to those without. Older age (>49 years), TNF-inhibitor, and ustekinumab
treatment showed a signi�cantly protective role in preventing respiratory tract symptomatic COVID-19 infections that occurred
in 0.45% of all our 1.091 IBD patients. Of those, 1.8% were positive for SARS-CoV-2 Ig, identically to the general population of
Munich with also 1.8% positivity. Whilst more than 3% of all COVID-19 subjects of the general population died during the �rst
wave, none of our IBD patients died or needed referral to the ICU or oxygen treatment. Conclusions. In our study, IBD patients are
as susceptible to respiratory tract infections or SARS-CoV-2 as the normal population. �ere is no evidence of an association
between IBD therapies and increased risk of COVID-19. Interestingly, a reduced rate of COVID-19 deaths in IBD patients, the
majority on immunomodulator therapy, was observed, compared to the general population. �erefore, no evidence was found to
suggest that IBD medication should be withheld, and adherence should be encouraged to prevent �ares. In addition to older age
(>49 years), TNF inhibitors and ustekinumab show a protective role in preventing respiratory tract infections. In addition, these
results add to the growing evidence that supports further investigation of TNF inhibitors as a possible treatment in the early course
of severe COVID-19.

1. Introduction

Coronavirus disease 2019 (COVID-19), caused by the severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2),
developed into a pandemic and was declared a global

emergency by theWHO in early 2020 [1, 2]. In Germany, the
�rst con�rmed case of COVID-19 was registered on January
27th of 2020 [3] and the virus spread to 13 of 16 federal states
within one month [4]. In Germany, the exponential increase
in newly con�rmed cases during the �rst wave had reached a
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total of 155,193 cases on April 27, 2020 (187 per 100,000
inhabitants over a period of 7 days) with a hotspot in
Munich. In May 2020, the symptomatic infection rate was
0.46%, and a mortality of 3.4%, particularly amongst old and
sick patients, was recorded [5].

Susceptibility to SARS-CoV-2, a potential greater risk of
developing COVID-19 and an increased risk of progression
to severe disease courses or even death compared to the
general population, was, and still is, a concern among
physicians and patients with inflammatory bowel disease
(IBD). Background of this concern is the increased risk of
infections due to immunotherapies and the expression of the
receptor angiotensin-converting-enzyme (ACE) 2 and the
transmembrane serine protease (TMPRSS) 2, which medi-
ates SARS-CoV-2 entry into the cells in the esophagus and
enhanced in about 30% in the small intestine. In more than
11% of confirmed COVID-19 cases, patients presented
gastrointestinal symptoms, such as nausea, vomiting, or
diarrhoea. Physiopathologically, the GI tract can be affected
by direct viral infection of the esophageal or intestinal ep-
ithelium, secondary by viremia following lung infection.
Further, ACE2 is involved in the regulation of the intestinal
microflora [6]. ACE2 and TMPRSS are significantly upre-
gulated in IBD with mucosal inflammation [7, 8] and
therefore may even increase host susceptibility. Meanwhile,
international cohorts described no increased risk of
symptomatic COVID-19 for patients with IBD [9, 10].

As numbers of asymptomatic or minimally symptomatic
SARS-CoV-2 carriers are unknown, we only have estimates
on actual numbers of SARS-CoV-2 infections [11–13]. In
addition, the numbers of confirmed cases depend on access
to healthcare, laboratory availability, and the criteria applied
to select the individuals who should be tested [14].�erefore,
the real infection rates, as well as rates of hospitalization and
mortality, remain to be established in IBD patients. �e
analysis of patient cohorts can lead to reliable results and
allow choosing the best therapy in times of the SARS-CoV-2
pandemic.

According to the suggestions of the European Crohn’s
and Colitis Organization (ECCO) in March 2020 [15], we
continued our regular ambulatory service for all IBD pa-
tients and started an observational study. We administered
immunosuppressants, immunomodulating therapies per-
oral, intravenous, or subcutaneous (p.o., i.v., or s.c.) and
even started new immunotherapies. Only appointments of
patients who felt unwell, reported fever and cough, or had
contact with SARS-CoV-2 positive patients were postponed
for two weeks.

Recently, we described a part of our survey of our IBD
cohort [16], showing that the frequency of respiratory tract
infections was not increased, nor was the frequency of
COVID-19. Now, we extended our cohort characterization
by looking at the type of immunomodulation. We deter-
mined the prevalence of SARS-CoV-2 antibodies in our IBD
cohort and compared the results with PCR-proven symp-
tomatic SARS-CoV-2 infections. Data were related to those
from healthcare workers in our associated hospital as an
independent COVID-19 risk group. In addition, our IBD
data were compared to those of the general population in the

city of Munich during the same time period in the first half
year of 2020 describing 0.49% symptomatic COVID-19-
positive residents in 2,994 representative private households
and seropositivity for SARS-CoV-2 in 1.8% [14].

1.1. Materials, Methods, and Statistics. From April 1st until
May 31st, 2020, 1,200 patients of our IBD center were
contacted. As reported by the ethics committee [17], 1,091
successfully completed the questionnaire and 777 of them
agreed in serum analysis. Since the actual estimated number
of silent SARS-CoV-2 infections was probably high and
most infected individuals present with only light or mod-
erate symptoms of respiratory tract infection, we asked
patients for any of the following symptoms since the start of
the pandemic: cough, rhinitis, sore throat, fever and chills,
dyspnea, loss of smell (anosmia), or loss of taste (ageusia). In
addition, we asked for the results of SARS-CoV-2 RNA swab
tests and IBD-related information.

In those 777 patients, who agreed to antibody testing, we
took blood for measuring immunoglobulins against SARS-
CoV-2 offered between April 9 and June 30, 2020. If a
symptomatic respiratory tract infection was recalled, blood
was taken at least three weeks after this infection.

Blood plasma was extracted from whole blood and
frozen at −20°C until immunoglobulin (Ig) measurement. To
determine the presence of SARS-CoV-2 Ig, we used the
Elecsys® Anti-SARS-CoV-2 immunoassay (Roche Diag-
nostics Deutschland GmbH, Mannheim) against the nu-
cleocapsid antigen. �e test showed a sensitivity of 99.5%
(95% CI 97–100%) more than 14 days after an infection and
specificity of 99.81% (95% CI 99.67–99.90%) in a routine
panel. According to the manufacturer’s manual, Ig are still
measurable more than 60 days after infection with a very
high sensitivity.

In a second analysis, we asked health care workers
(physicians, nurses, and other personnel) of our associated
Isarklinikum hospital in Munich to complete the same
questionnaire [16] and to agree to serum analysis. Written
consent from all patients and individuals who completed the
questionnaire and gave blood for the study analysis was
obtained.

Respiratory tract infection rates in the general pop-
ulation were taken from a prospective study of the Uni-
versity of Munich that covered the same period. It has
recently been published by Pritsch et al. [14] and provided a
detailed description of the SARS-CoV-2 infections and
COVID-19 in Munich, Germany, between April and June
2020: 2,994 representative private households with 5,313
participants completed questionnaires and provided blood
samples. Symptomatic COVID-19 diseases were found in
0.49% of the general population at the end of this first disease
wave. Seropositivity for SARS-CoV-2 specific antibodies was
1.82%.

For statistical analyses, we first used the Shapiro–Wilk
test to test a Gaussian distribution of our data. If p> 0.1, we
went on with the t-test, if not, the Mann–WhitneyU test was
used. To compare the frequency distribution, the Chi-
squared test or Fisher’s exact test was applied. For
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investigation of factors that could have an influence on the
occurrence of symptoms of upper respiratory tract infec-
tions, logistic regression models were used.

2. Results

2.1. Characterization of the IBD Study Cohort. Of 1,091 IBD
patients completing the questionnaire between April and
June 2020, 53.4% (n� 583) had Crohn’s disease (CD), 46.6%
(n� 508) had ulcerative or indeterminate colitis (UC), 54.8%
(n� 598) were female, and 45.2% (n� 493) were male. �e
median age was 41.9 years, ranging from 18 to 89 years, and
68.8% of all patients were in remission as defined by the
respective scores CDAI for CD and MAYO for UC. 70.3%
(n� 767) of all patients were 18 to 49 years old, and 29.7%
(n� 324) of patients were older.�emedian disease duration
among all patients was 146.8 months, ranging from 0.5 to
650 months. Immunotherapies were given in 77.2% of pa-
tients (n� 842) and 22.8% of patients (n� 249) were not
receiving immunotherapies (Table 1).

Primary statistical analysis showed no differences in age
or disease activity between the respective patient groups with
and without immunotherapies, but patients with immu-
notherapies had more often CD (p> 0.001), and patients
with no immunotherapies had more often UC (p< 0.001).
Patients with immunotherapies were more often male
(p � 0.003) and had longer disease duration than patients
without immunotherapy (p � 0.048). More patients with no
immunotherapies were female, as compared to female pa-
tients with immunotherapies (p � 0.003, Table 2). Distri-
bution of age, sex, disease, disease duration, and activity
within the respective immunomodulatory medication
groups can also be found in Table 2.

Distribution of age sex, disease, disease duration, and
activity among respective and immunomodulatory status
within the older (>49) and the younger (18–49) patient
groups are shown in Table 3.

2.2. Symptoms of Respiratory Tract Infections among IBD
Patients with andwithout Immunotherapies. Any symptoms
of respiratory tract infections occurred less frequently in

patients with immunotherapy (34.8%) than in patients
without (42.6%, p � 0.025).

When differentiating between moderate symptoms of
respiratory tract infection (like coughing, rhinitis, or sore
throat) and severe symptoms (like fever, chills, or anosmia),
neither moderate nor severe symptoms occurred more
frequently in patients with immunotherapy than in patients
without (moderate: 12.4% vs 15.7%, p � 0.174 and severe:
22.5% vs 26.9%, p � 0.079, Figure 1).

To investigate the factors influencing the occurrence of
those symptoms, we applied logistic regression analysis for
the following predictor variables: immunotherapy, type of
IBD (UC or CD), age, sex, age at diagnosis, and remission
status, respectively.

After including all variables, regression analysis identi-
fied immunotherapy and older age as the only significant
factors protecting from the occurrence of symptoms of
upper respiratory tract infections:

(i) Immunotherapy: Odds ratio (OR) 0.713 (95% CI
[0.52; 0.978], p � 0.036).

(ii) Older age: OR 0.977 (95% CI [0.965; 0.988],
p< 0.001).

Symptoms of respiratory tract infections among IBD
patients with specific immunotherapies were compared to
patients without immunotherapies.

Subgroup analyses were performed for the major
immunotherapies; overall symptoms of respiratory tract
infections were significantly less frequent in patients
treated with ustekinumab (31.8%, p � 0.031), infliximab
(31.6%, p � 0.005), and all TNF inhibitors (infliximab,
adalimumab, and golimumab; 34.5%, p � 0.033) as
compared to patients without immunotherapies (42.6%).
No difference was seen in the vedolizumab group
(p � 0.492) (Figure 2).

To investigate the factors influencing the occurrence of
symptoms among patients within the different immuno-
therapy groups, we again applied logistic regression analysis
for the following predictor variables: type of immunotherapy
(all TNF inhibitors, infliximab, or ustekinumab), age, age at
diagnosis, and remission status, respectively .

Table 1: Characteristics of the IBD cohort.

Ulcerative colitis or Crohn’s disease n (%)
Total number 1091 (100)
Patients 18 to 49 years 767 (70.3)
Patients older than 49 years 324 (29.7)
Female 599 (54.9)
No immunotherapies 249 (22.8)
Steroids only 8 (0.7)
TNF-alpha blockers: infliximab, adalimumab, golimumab 475 (43.5)
Infliximab 370 (33.9)
Adalimumab 95 (8.7)
Golimumab 9 (0.8)
IL 13/23 antibody: ustekinumab 154 (14.1)
Anti-integrin: vedolizumab 146 (13.4)
Immunotherapy combinations 45 (4.1)
Others (tofacitinib, purine analogues, methotrexate) 14 (1.3)
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Receiving either TNF-blockers, infliximab, or usteki-
numab, respectively, and age were the only significant
factors protecting from the occurrence of symptoms of
upper respiratory tract infections:

(i) All TNF-blockers: OR 0.656 (95% CI [0.46; 0.936],
p � 0.020).

(ii) Infliximab: OR 0.572 (95% CI [0.39; 0.831],
p � 0.003).

(iii) Ustekinumab: OR of 0.631 (95% CI [0.38;
0.991],p< 0.046).

Symptoms of respiratory tract infections among young
and old IBD patients with and without immunotherapies are
compared.

To clarify the influence of age on symptoms of respi-
ratory tract infections, we compared IBD patients older than
49 years to patients younger than 50 years with and without
immunotherapies:

(i) Older IBD patients had less frequent symptoms
than younger IBD patients (26.9% vs 40.7%,
p< 0.001).

(ii) Older IBD patients without immunotherapies had
not more symptoms than younger IBD patients
without immunotherapies (37.7% vs 44.8%,
p � 0.295)

(iii) Older IBD patients with immunotherapies had less
symptoms than younger patients with immuno-
therapies (23.5% vs 39.5%, p< 0.001).

(iv) Older IBD patients with immunotherapies had less
symptoms than older IBD patients without im-
munotherapies (23.5% vs 37.7%, p � 0.014)
(Figure 3).

We therefore again applied two logistic regression an-
alyses and found that in patients with immunotherapies age
older than 49 years was protective against any respiratory
tract infection symptoms (OR of 0.470, 95% CI [0.336;
0.659], p< 0.001). In the second analysis, we found out that
in patients older than 49 years, immunotherapy is protective
against any respiratory tract infection symptoms (OR of
0.508; 95% CI [0.294; 0.877], p � 0.015).

Table 3: Patients’ characteristics of young versus old patients.

Patients 18–49 years n (%) Patients >49 years n (%)
Total number 767 (70.3) 324 (29.7)
CD 412 (53.7) 171 (52.8)
UC 355 (46.3) 153 (47.2)
Female 420 (54.8) 178 (54.9)
No immunotherapy 172 (22.4) 77 (23.8)
With immunotherapy 595 (77.6) 247 (76.2)
TNF-alpha blockers: infliximab, adalimumab, golimumab 347 (45.2) 128 (27.0)
Infliximab 272 (35.5) 98 (26.5)
Adalimumab 70 (9.1) 25 (26.3)
Ustekinumab 104 (13.6) 50 (32.5)
Vedolizumab 107 (14.9) 39 (26.7)
Immunotherapy combinations 42 (5.5) 3 (6.7)

No immunotherapy
total n = 249

p = 0.025

n = 189 (22.5%)

n = 67 (26.9%)

Immunotherapy
total n = 842

n = 39 (15.7%) n = 104 (12.3%)
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Figure 1: Symptoms of respiratory tract infections: moderate in
grey (cough, rhinitis, and sore throat) and severe in black (fever,
chills, and anosmia) in patients with or without immunotherapies.
Patients with immunotherapies show significant less respiratory
symptoms (p � 0.025).

No
immunotherapy

total n = 249

p = 0.033

n = 108
(22.7%) n = 79

(21.3%)
n = 33

(21.4%)

Anti-TNF
total n = 475

Infliximab
total n = 370

Anti-IL12/23 
ustekinumab
total n = 154

Anti-integrin
total n = 146

p = 0.005
p = 0.031
p = not significant

n = 39
(15.7%)

n = 26
(17.8%)n = 56

(11.8%)
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(21.2%)
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Figure 2: Symptoms of respiratory tract infections in IBD patients:
moderate in grey (cough, rhinitis, and sore throat) and severe in
black (fever, chills, and anosmia), in patients without immuno-
therapy or according to their immunotherapies. Patients with anti-
TNF, infliximab, and ustekinumab treatment show significant less
respiratory symptoms compared to those with no immunother-
apies (p< 0.05).
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2.3. Characterization of the Health Care Workers Including
Symptoms of Respiratory Tract Infections. In the tertiary
Isarklinikum hospital, 435 health care professionals (nurses,
doctors) completed the questionnaire. �e median age was
38 years (17–70), 339 (78%) were female, and 348 (80.0%) of
those employees were 18 to 49 years old, whilst 87 (20.0%)
were 50 to 89 years old.

Among all 435 study participants, overall symptoms of
respiratory tract infections occurred in 155 medical em-
ployees. Of all 155 participants with symptoms, 78%
(n� 121) were female, and 85% (n� 132) were 18 to 49 years
old. 90 (20.7%) presented with only mild and moderate
symptoms like coughing, rhinitis, or sore throat. Severe
symptoms of respiratory tract infections like fever, chills,
and anosmia occurred in 65 participants (14.9%).

2.4. Prevalence of SARS-CoV-2 infections and the Develop-
ment ofCOVID-19 in the IBDCohort. Of all 1,091 patients of
our IBD study, who completed the questionnaire, 58 had
received a SARS-CoV-2 rt-qPCR swab test due to respiratory
symptoms. Of those, five (0.45%) patients were SARS-CoV-2
positive; all of them presented with severe symptoms.

In addition, in 777 patients in our study from whom also
blood was taken, we found the serological signs of an in-
fection with SARS-CoV-2 by detecting anti-SARS-CoV-2
immunoglobulins in 14 patients (1.8%). �ose 14 included
the five positive swabs and identified another nine patients,
in whom no swab test had been performed, because no
COVID-19 had been suspected by the patients or their
physicians. Of those 14 patients, 7 had CD and 7 were fe-
male; their median age was 40.5 years (29–79), 11 received
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)

No Immunotherapy
18 –49 years
total n = 172

Immunotherapy

n = 20 (26.0%)

n = 47 (27.3%)

n = 30 (17.4%)
n = 9 (11.7%) n = 81 (13.6%)

n = 23 (9.3%)
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Figure 3: Symptoms of respiratory tract infections: moderate in grey (cough, rhinitis, and sore throat) and severe in black (fever, chills, and
anosmia) in patients without (left) or with immunotherapy (right) according to the patients’ age. Old patients with immunotherapy show
less symptoms than old patients without immunotherapy (p< 0.001). Further, old patients with immunotherapy show less symptoms than
young patients with immunotherapy (p< 0.001). Older IBD patients without immunotherapy had not more symptoms than younger IBD
patients without immunotherapies (p � 0.295).

Table 4: Patients’ characteristics with positive SARS-CoV-2 Ig tests. Patients in bold were swab test positive.

Patients Age in
years Sex Disease �erapy Symptoms Travel history

A. K. 30 Female CD Infliximab every 8 weeks i.v. Cough, rhinitis Sri Lanka 03/
2020

A. S. 53 Male CD Infliximab every 8 weeks i.v. Headache, limb pain, anosmia
E. M. 49 Male CD Budesonide p.o. Sore throat, fever Austria 03/2020
M. C. 32 Female CD Infliximab every 8 weeks i.v. Cough, rhinitis, headache, dyspnea Egypt 03/2020

P. C. 45 Female CD Infliximab every 6 weeks i.v. Cough, limb pain, dyspnea,
abdominal pain and shingles

R. C. 29 Female CD Adalimumab 40mg every 2 weeks s.c. Cough, rhinitis, sore throat,
abdominal pain Austria 03/2020

W. F. 46 Male CD Ustekinumab 90mg every 8 weeks s.c. plus
50mg azathioprine daily p.o.

Cough, rhinitis, sore throat,
abdominal pain

Netherlands 02/
2020

B. P. 45 Male UC Mesalazine daily p.o. Cough, rhinitis, sore throat Austria 02/2020
C. M. 29 Female UC Adalimumab 80mg every 2 weeks s.c. Cough, chills
R. V. 29 Female UC Vedolizumab 300mg every 8 weeks i.v. Cough, sore throat, chills
R. R. 36 Male UC Infliximab every 8 weeks i.v. Cough, sore throat
S. M. 36 Male UC Vedolizumab 300mg every 8 weeks i.v. Cough, rhinitis, expectoration
S. V. 79 Male UC Infliximab every 8 weeks i.v. Fatigue, loss of wight
W. M. 29 Female UC Mesalazine daily p.o. Cough, rhinitis, fatigue
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biological therapies, of which eight consisted of TNF in-
hibitors, one of ustekinumab, and two of vedolizumab. �e
remaining three patients were treated with oral mesalazine
and/or budesonide (Table 4). None of our 14 infected pa-
tients needed oxygen therapy or had to be admitted to a
hospital; eight patients suffered from only moderate
symptoms of respiratory tract infection; and one patient
recalled only fatigue. Five suffered from severe symptoms of
respiratory tract infection. �ey all were home quarantined,
and their disease-course remained uneventful, and immu-
notherapies were continued.

2.5. Prevalence of SARS-CoV-2 Infections and the Develop-
ment of COVID-19 in Hospital Employees. All participating
435 hospital employees provided blood for SARS-CoV-2 Ig
analysis. Of those, 13 (2.99%) employees were positive; all of
them in the age between 18 up to 49 years and 7 (53.8%) were
female. Six of those 13 reported no symptoms, one reported
moderate, and six reported severe symptoms. In five of those
13, no swab test had been performed because no COVID-19
had been suspected by the patients or their physicians.

Of all participants, 17 (3.9%) were taking immuno-
suppressives and only one of them got infected with SARS-
CoV-2. No participants needed oxygen therapy or had to be
admitted to a hospital; all disease courses remained
uneventful.

3. Discussion

In this study, we made three major observations. First, we
found that IBD patients showed a comparable rate of SARS-
CoV-2 seropositivity (1.8%) as the local general population
without a higher mortality or morbidity from COVID-19.
Second, we could show that non-COVID respiratory tract
infections occurred equally frequent in IBD patients with
immunotherapies as compared to those without. And third,
we saw that among those IBD patients, older age (>49 years)
or taking TNF inhibitors, especially infliximab or usteki-
numab, protected from respiratory tract infections.

Further, we show that a questionnaire can collect exact
medical data and discriminate between mild and severe
symptoms without a face-to-face contact between doctor
and the patient. Potentially, this can be a start of a remote
patient monitoring in our IBD cohort. For example, Sinagra
and colleagues already showed that telemedicine in IBD
patients is very well accepted and an effective tool in
monitoring the disease activity in quiescent and mild IBD
[18], even subsequent COVID-19. Remote patient moni-
toring (e.g., phone calls, video consultations, and ques-
tionnaires) not only reduce potential infection transmission
risks but also enable more patient contacts in an increasing
IBD patient cohort worldwide.

To our actual knowledge about the SARS-CoV-2, early
events in the pathogenesis of SARS-CoV-2 infection in-
clude attachment of the viral spike protein to epithelial
ACE2 and cleavage by TMPRSS2, which facilitates viral
entry into the cytoplasm of the host cell [19]. Since in-
testinal inflammation upregulates the ACE2 receptor and

the TMPRSS2 protease, IBD patients may be at an in-
creased risk for SARS-CoV-2-infection and might be prone
to a more severe disease course. Further, the presence of
autoantibodies (antinuclear antibodies (ANA), anti-
cardiolipin antibodies, and anti-β2-glycoprotein anti-
bodies) is elevated in COVID 19 hospitalized patients. �e
most prominent are nuclear ANAs in 25 up to 50%, often
seen in IBD patients too. Patients tested positive for au-
toantibodies had a significantly more severe prognosis than
others [20, 21]. It may be that autoantibodies are reflecting
a pathogenetic role of immune dysregulation. Since the
patients’ numbers are small (12 to 64 patients per study)
and the methods of antibody detection are different, no
clinical consequence can be concluded so far.

Besides this, the therapeutic armamentarium for patients
with IBD includes immunosuppressives, like purine ana-
logues or methotrexate, and immunomodulators, like TNF
inhibitors, and non-TNF-targeted biologics and targeted
small-molecule therapies [22]. However, these therapies
could weaken the immune system and potentially place IBD
patients at increased risk of infections and infectious
complications. Consequentially, there is a concern that IBD
patients are at greater risk of infection with SARS-CoV-2
and at increased risk of progressing to a more severe clinical
course or even death compared to the general population. In
addition, if an IBD patient develops COVID-19, there was a
lack of guidance on medication management.

Our data did not reveal any evidence that IBD patients
who receive immunotherapies have an increased risk for
respiratory tract infections or a higher severity if they get
infected. Of note, older patients seem to show reduced signs
overall. �erefore, unlike commonly suspected for many
years [23, 24], we found no evidence that immunotherapies
expose older people to a higher risk of symptomatic re-
spiratory tract infections. �is observed phenomenon of a
potential beneficent influence of immunotherapies among
older patients could lead to further studies in geriatric
infectiology.

Further, our studied IBD patients showed an incidence
rate of symptomatic SARS-CoV-2 infections (0.45 and
0.49%) that was comparable with the general population [5]
in the same city within the same time frame in 2020. �e
course of SARS-CoV-2 infections in all IBD patients (re-
ceiving immunotherapies or not) was mild and uneventful.
None of our IBD patients needed oxygen therapy, respi-
ratory therapy, or ICU treatment. �ere was no difference in
the prevalence and disease course between patients with or
without immunotherapy. None of our patients died or
needed hospitalization, oxygen, or ICU treatment. A small
cohort of IBD patients who is under medical surveillance
cannot fully be compared with the general population re-
garding mortality. However, the fact that 3.4% of patients
with COVID-19 died in the general population in Munich
[5] during the same time does at least shed a positive light on
the impact of immunotherapies. �erefore, our data provide
additional support that immunotherapies should not be
stopped or delayed during the COVID-19 crisis. Immu-
notherapy did not increase infection rates, neither in young
and old patients, nor did it attenuate the disease course of
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COVID-19 to the worse. �is is in accordance with the
observational results of the Surveillance Epidemiology of
Coronavirus under Research Exclusion for IBD (SECURE-
IBD) registry [25]. 7,038 COVID-19 cases were reported
until March 26, 2022, with diverse disease activities,
comorbidities, and therapies. In the SECURE-IBD registry,
lowest numbers of hospitalization, ICU treatment, or death
of IBD patients are described in patients with TNF-inhibitor
treatment.

Further, two other large worldwide registries of indi-
viduals with immune-mediated inflammatory diseases have
demonstrated an inverse association of anti-TNF-alpha use
and the severity of COVID-19-related outcomes [26, 27].
TNF-alpha is a proinflammatory cytokine that is intimately
involved in excess inflammation. An early increase and
high levels of TNF-alpha in COVID-19 predicts mortality
[28–30]. Furthermore, TNF-alpha is involved in key fea-
tures of COVID-19 with poor outcome: elevated TNF-
alpha levels have been associated with increased capillary
leaking and the risk of thrombosis in ARDS [31, 32] and the
action of neutrophils [33]. Karki et al. describe the use of
neutralizing TNF-alpha- and IFG-antibodies in a mouse
model of SARS-CoV-2; the combination increases the
survival from 14 up to 50% [34]. Stallmach et al. retro-
spectively collected data on the rescue use of anti-TNF in
patients suffering severe COVID-19 and they found a re-
duced mortality [35] with only one of seven infliximab-
(IFX-) treated patients dying as compared to one-third of
17 patients without IFX.

Suárez-Fariñas et al. [8] describe multiple gene sets with
a significant overlap between COVID-19 response genes
and genes associated with active IBD. Further, they ob-
served that key driver genes, which were upregulated with
COVID-19 and IBD inflammation (e.g., CXCL1, GBP4,
SOCS3, PARP14, and PARP9), were downregulated fol-
lowing the use of infliximab. In addition, anti-TNF-alpha
was able to reduce the enteric expression of ACE2 and
TMPRSS [8].

In conclusion, IBD patients do not appear to be more
susceptible or vulnerable to SARS-CoV-2 infections or other
respiratory tract infections. �ere is no evidence of an as-
sociation between IBD therapies and an increased risk of
COVID-19 and IBD therapies should not be stopped nor
delayed. Being older than 49 years and taking TNF blockers
or ustekinumab might indicate a protective role in pre-
venting respiratory tract infections.

Our data support further investigation of the use of anti-
TNF agents in the early time course of patients with severe
COVID-19.

Data Availability

�e data that support the findings of this study are available
upon request from the corresponding author.

Conflicts of Interest

�e authors declare that they have no conflicts of interest
regarding the publication of this paper.

Acknowledgments

�is work was financially supported by Biogen Int GmbH,
Baar, Switzerland.

References

[1] H. A. Rothan and S. N. Byrareddy, “�e epidemiology and
pathogenesis of coronavirus disease (COVID-19) outbreak,”
Journal of Autoimmunity, vol. 109, 2020.

[2] C. Sohrabi, Z. Alsafi, N. ’O’Neill et al., “World Health Or-
ganization declares global emergency: a review of the 2019
novel coronavirus (COVID-19),” International Journal of
Surgery, vol. 76, pp. 71–76, 2020.

[3] C. Rothe, M. Schunk, P. Sothmann et al., “Transmission of
2019-nCoV infection from an asymptomatic contact in
Germany,” New England Journal of Medicine, vol. 382, no. 10,
pp. 970-971, 2020.

[4] Robert-Koch-Institut, “COVID-19: fallzahlen in deutschland
und weltweit,” 2020, https://www.rki.de/DE/Content/InfAZ/
N/Neuartiges_Coronavirus//Fallzahlen.html.

[5] Muenchen.de, “Current corona figures for munich,” 2020,
https://www.muenchen.de/rathaus/Stadtinfos/Coronavirus-
Fallzahlen.html#Fallzahlen 2020.

[6] M.-J. Mucino-Bermejo, “COVID-19 and the gastrointestinal
tract,” Gastroenterology Insights, vol. 12, no. 4, pp. 394–404,
2021.

[7] M. Garg, L. M. Burrell, E. Velkoska et al., “Upregulation of
circulating components of the alternative renin-angiotensin
system in inflammatory bowel disease: a pilot study,” Journal
of the Renin-Angiotensin-Aldosterone System, vol. 16, no. 3,
pp. 559–569, 2015.

[8] M. Suárez-Fariñas, M. Tokuyama, G. Wei et al., “Intestinal
inflammation modulates the expression of ACE2 and
TMPRSS2 and potentially overlaps with the pathogenesis of
SARS-CoV-2-related disease,” Gastroenterology, vol. 160,
no. 1, pp. 287–301, 2021.

[9] R. Mao, J. Liang, J. Shen et al., “Implications of COVID-19 for
patients with pre-existing digestive diseases,” ;e Lancet
Gastroenterology and Hepatology, vol. 5, no. 5, pp. 425–427,
2020.

[10] L. Norsa, A. Indriolo, N. Sansotta, P. Cosimo, S. Greco, and
L. ’D’Antiga, “Uneventful course in patients with inflam-
matory bowel disease during the severe acute respiratory
syndrome coronavirus 2 outbreak in northern Italy,” Gas-
troenterology, vol. 159, no. 1, pp. 371-372, 2020.

[11] D. Adam, “Special report: the simulations driving the world’s
response to COVID-19,” Nature, vol. 580, 2020.

[12] M. A. Khafaie and F. Rahim, “Cross-country comparison of
case fatality rates of COVID-19/SARS-COV-2,” Osong Public
Health and Research Perspectives, vol. 11, no. 2, pp. 74–80,
2020.

[13] M. Park, A. R. Cook, J. T. Lim, Y. Sun, and B. L. Dickens, “A
systematic review of COVID-19 epidemiology based on
current evidence,” Journal of Clinical Medicine, vol. 9, no. 4,
p. 967, 2020.

[14] M. Pritsch, K. Radon, A. Bakuli et al., “Prevalence and risk
factors of infection in the representative COVID-19 cohort
Munich,” International Journal of Environmental Research
and Public Health, vol. 18, no. 7, 2021.

[15] “eNews,” 2020, https://www.ecco-ibd.eu/publications/covid-
19.html.

[16] C. H. Waggershauser, C. Tillack-Schreiber, C. Berchtold-
Benchieb, D. Szokodi, S. Howaldt, and T. Ochsenkühn,
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[23] Z. A. Borman, J. Côté-Daigneault, and J. F. Colombel, “�e
risk for opportunistic infections in inflammatory bowel dis-
ease with biologics: an update,” Expert Review of Gastroen-
terology & Hepatology, vol. 12, no. 11, 2018.

[24] J. Kirchgesner, M. Lemaitre, F. Carrat, M. Zureik,
F. Carbonnel, and R. Dray-Spira, “Risk of serious and op-
portunistic infections associated with treatment of inflam-
matory bowel diseases,” Gastroenterology, vol. 155, no. 2,
pp. 337–346, 2018.

[25] “SECURE-IBD database public data update,” 2020, https://
covidibd.org/current-data/.

[26] M. Gianfrancesco, K. L. Hyrich, J. Yazdany, P. M. Machado,
and P. C. Robinson, “COVID-19 global rheumatology alliance
registry, anti-IL-6 therapy, shared decision-making and pa-
tient outcomes. response to: ‘correspondence on ‘character-
istics associated with hospitalisation for COVID-19 in people
with rheumatic disease: data from the COVID-19 global
rheumatology alliance physician-reported registry’ by Gian-
francesco et al. compassionate use of tocilizumab in severe
COVID-19 with hyperinflammation prior to advent of clinical
trials—a real-world district general hospital experience’ by
Khan et al, ‘comment on ‘characteristics associated with
hospitalisation for COVID-19 in people with rheumatic
disease: data from the COVID-19 global rheumatology alli-
ance physician-reported registry’ by Gianfrancesco m et al’ by
Andreica et al and ‘COVID-19 outcomes in patients with
systemic autoimmune diseases treated with immunomodu-
latory drugs’ by Ansarin et al,” Annals of the Rheumatic
Diseases, vol. 79, no. 7, pp. 859–866, 2020.

[27] S. K. Mahil, N. Dand, K. J. Mason et al., “Factors associated
with adverse COVID-19 outcomes in patients with psoriasis-
insights from a global registry-based study,” ;e Journal of
Allergy and Clinical Immunology, vol. 147, no. 1, pp. 60–71,
2021.

[28] D. M. Del Valle, S. Kim-Schulze, H. H. Huang et al., “An
inflammatory cytokine signature predicts COVID-19 severity
and survival,” Nature Medicine, vol. 26, no. 10, 2020.

[29] T. Chen, D.Wu, H. Chen et al., “Clinical characteristics of 113
deceased patients with coronavirus disease 2019: retrospective
study,” British Medical Journal, vol. 368, 2020.

[30] C. Huang, Y. Wang, X. Li et al., “Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China,” ;e
Lancet, vol. 395, no. 10223, pp. 497–506, 2020.

[31] H. F. Dvorak, M. Detmar, K. P. Claffey, J. A. Nagy,
L. van de Water, and D. R. Senger, “Vascular permeability
factor/vascular endothelial growth factor: an important me-
diator of angiogenesis in malignancy and inflammation,”
International Archives of Allergy and Immunology, vol. 107,
no. 1-3, pp. 233–235, 1995.

[32] M. Aid, K. Busman-Sahay, S. J. Vidal et al., “Vascular disease
and thrombosis in SARS-CoV-2-infected rhesus macaques,”
Cell, vol. 183, 2020.

[33] F. P. Veras, M. C. Pontelli, C. M. Silva et al., “SARS-CoV-2-
triggered neutrophil extracellular traps mediate COVID-19
pathology,” Journal of Experimental Medicine, vol. 217, 2020.

[34] R. Karki, B. R. Sharma, S. Tuladhar et al., “Synergism of TNF-
alpha and IFN-gamma triggers inflammatory cell death, tissue
damage, and mortality in SARS-CoV-2 Infection and Cyto-
kine shock syndromes,” Cell, vol. 184, 2020.

[35] A. Stallmach, A. Kortgen, F. Gonnert, S. M. Coldewey,
P. Reuken, and M. Bauer, “Infliximab against severe COVID-
19-induced cytokine storm syndrome with organ failure-a
cautionary case series,” Critical Care, vol. 24, no. 1, p. 444,
2020.

Canadian Journal of Gastroenterology and Hepatology 9

https://covidibd.org/current-data/
https://covidibd.org/current-data/

