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Abstract: Over the last 2years the lives of millions have changed because of the emergence
of Coronavirus disease 2019 (COVID-19). Patients living with inflammatory bowel disease
(IBD) represent a sizable population with their own sets of challenges to providers in the wake
of so much uncertainty. The Centers for Disease Control considers immunocompromised
individuals at higher risk of infection and complications from COVID-19. Early in the pandemic,
the specific risks for IBD patients were unclear as guidance was based on expert opinion
regarding the management of IBD during a COVID-19 era. Fortunately, after considerable
work in the field, the overwhelming evidence suggests that IBD patients as a whole do not
appear to be at increased risk for more severe disease from COVID-19. Certain risk factors
such as age, steroids, comorbidities, combination immunomodulatory therapy, and IBD
disease activity have been associated with worse outcomes. Most IBD medications are low
risk, with the exception of immunomodulator monotherapy and combination therapy with
thiopurine and anti-TNF. Vaccination remains safe and effective for all IBD patients, although
additional booster doses may be necessary, particularly in patients taking anti-TNF agents.
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Introduction

Over the last 2years the lives of millions have
changed because of the emergence of Coronavirus
disease 2019 (COVID-19). After the World
Health Organization declared a global pandemic,
lockdowns, restrictions, and changes to daily liv-
ing began to take shape all over the globe.
Inflammatory bowel disease (IBD) is a chronic
inflammatory disorder of the gastrointestinal sys-
tem that consists principally of two conditions,
ulcerative colitis (UC) and Crohn’s disease (CD),
characterized by a dysregulated immune response
in the intestine.! As a result, the current mainstay
of treatment for IBD is the use of immunosup-
pressive drugs aimed at targeting the immune sys-
tem. It has been well established that these agents
increase the risk for serious and opportunistic
infections.!»> The Centers for Disease Control
considers immunocompromised individuals at
higher risk of infection and complications from
COVID-19.3# Early in the pandemic, the specific
risks for IBD patients were unclear. Early guid-
ance was based on expert opinion and was pro-
vided by national and international societies, such

as the American Gastroenterological Association
(AGA)>° and the International Organization of
the Study of Inflammatory Bowel Disease
(IOIBD) on the management of IBD during a
COVID pandemic.” However, much research on
COVID-19 and IBD has been conducted since
the early days of the pandemic. We aim to provide
an overview of the current evidence on the risks of
COVID-19 in IBD patients, safety of commonly
used IBD medications in COVID-19, treating the
IBD patient with COVID-19, and COVID-19
vaccination.

COVID-19 risk in IBD

Risk of infection

Early in the pandemic, studies of COVID-19 out-
comes in the IBD community were limited.
Many investigations, primarily out of Europe,
reported concerning data regarding a height-
ened risk of COVID-19 in IBD patients. An
Italian prospective observational cohort of 79
IBD patients published in March 2020 observed

Ther Adv Gastroenterol
2023, Vol. 16:1-16

DOI: 10.1177/
17562848231176450

© The Authorl(s), 2023.
Article reuse guidelines:
sagepub.com/journals-
permissions

Correspondence to:
Nicholas Scalzo
Department of Medicine,
Icahn School of Medicine
at Mount Sinai, One
Gustave L Levy Place,
Department of Medicine
Box 1118, New York, NY
10029-6574, USA.
nicholas.scalzo@
mountsinai.org

Ryan C. Ungaro

The Dr. Henry D.
Janowitz Division of
Gastroenterology, Icahn
School of Medicine at
Mount Sinai, New York,
NY, USA

journals.sagepub.com/home/tag

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
provided the original work is attributed as specified on the Sage and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/tag
mailto:nicholas.scalzo@mountsinai.org
mailto:nicholas.scalzo@mountsinai.org

THERAPEUTIC ADVANCES in

Gastroenterology

Volume 16

a 28% hospitalization rate and 8% mortality from
COVID-19.89 Another observational study from a
single tertiary IBD center in Italy reported a high
incidence of COVID-19 infection in IBD patients
compared to non-IBD patients.!® A larger follow-
up Dutch study emerged from Creemers ez al.
who observed a similarly higher rate of COVID-
19-related hospitalization in IBD patients wversus
the general population.!! Importantly, these early
accounts were limited by sample size and likely
differential access to testing.

These early numbers caused concern for IBD pro-
viders and patients alike as they suggested possible
increased risk of infection and worse outcomes.
Fortunately, after considerable work in the field
over the last 2years of the pandemic, the over-
whelming evidence suggests that IBD patients are
not at increased risk for COVID-19 infec-
tion.:812-17 Hadi er al.'* discovered a lower inci-
dence rate ratio (IRR) for COVID-19 amongst
IBD patients compared to non-IBD patients (IRR
0.79, 95% CI: 0.72-0.86). Furthermore, Singh
et al.’5 reported no increase in the relative risk of
COVID-19 in IBD compared to general popula-
tion, with no difference between UC or CD.
Researchers from that same study did note a
heightened risk for adverse outcomes (hospitaliza-
tion and death) from COVID-19 in UC compared
to CD.15 The rationale for this finding was hypoth-
esized to be that UC patients were older in this
study.!’> A Canadian cohort study found preva-
lence of COVID-19 infection by polymerase chain
reaction (PCR) detection to be lower in IBD
patients (3.5%) compared to the general popula-
tion (4.3%).1° These results were supported by a
large meta-analysis performed by Tripathi ez al.!3
that included over 50,000 IBD patients who were
recognized to have a 1.01% prevalence of COVID-
19 infection. Of those infected with COVID-19,
CD comprised of 52.7% wersus 42.2% with UC.13
Regardless of the study, it remains hard to quan-
tify the impact of social behavior on the data
regarding infection rates in COVID-19, particu-
larly those from studies early in the pandemic. It is
likely that many patients with immune-mediated
diseases, including IBD, adhered more strictly to
government restrictions and social distancing,
thus decreasing infection risk in this population.

Risk of hospitalization, mechanical ventilation,

and death due to COVID-19

While the risk of acquiring COVID-19 does not
appear to be increased in IBD, once infected, the

data remains conflicted regarding the risk for hos-
pitalization. A multicenter study in the United
States found COVID-19 hospitalization and mor-
tality in IBD patients to be similar to the general
population.!® Parekh eral found comparable
results of hospitalization (26.4%) and case fatality
(3.1%) rates compared to non-IBD patients.818:1°
In contrast, a Swedish population-based cohort
reported IBD patients had a higher chance of hos-
pital admission (aHR=1.32, 95% CI 1.12-1.56),
but no difference in risk for development of to
severe COVID-19.16:20 A retrospective propen-
sity-matched cohort study has also suggested
increased rates of COVID-19 hospitalization in
IBD.!* However, large population-based studies
have not seen a clear increased risk in adverse out-
comes in IBD patients with COVID-19. In the
UK OpenSAFELY study, researchers analyzed a
cohort of over 17 million people, and discovered
the risk of COVID-19 hospitalization, ICU admis-
sion, and death was higher in patients with
immune-mediated inflammatory diseases after
adjusting for age, sex, smoking status, and other
comorbidities.!221  Compared to non-IBD
patients, the IBD population showed an increased
risk for hospital admission (HR 1.31, 95% CI
1.24-1.38) and death (HR 1.15, 95% CI 1.07—
1.24), but not for the need of mechanical ventila-
tion or renal replacement therapy (RR 1.0, 95%
CI 0.60-1.66).2! Similarly, a Dutch population
cohort study found higher incidence rates for hos-
pitalization from COVID-19 in IBD patients (4.7,
95% CI 3.0-7.1) versus the general population
(2.8, 95% CI 2.6-2.9).!! Reassuringly, research-
ers observed a similar rate of ICU admission
(12.5% wersus 15.7%, p=1.00) and mechanical
ventilation (6.3% versus 11.2%, p=1.00) between
IBD patients and the general population.!!

Risk factors for severe COVID-19 in IBD patients
Although IBD patients as a whole do not appear
to be at increased risk of adverse outcomes from
COVID-19, certain IBD patients may be at
increased risk. Risk factors for severe COVID-
19 (e.g. hospitalization, ICU admission, and
death) in IBD include advanced age, number of
comorbidities, systemic corticosteroid use,
combination immunomodulator and TNF
antagonist therapy, and IBD disease activity
(See Table 1).9,12,13,15,16,19,22—24

The Surveillance Epidemiology of Coronavirus
Under Research Exclusion for Inflammatory
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Table 1. Association between risk factors and severe COVID-19 disease. Severe COVID-19 disease is defined
as requiring hospitalization, ICU admission, mechanical ventilation, and/or death.

Risk factor Articles cited

Reported OR/aOR

Advanced age

=7 Comorbidities

Systemic corticosteroids

Combination
immunomodulator + anti-TNF

IBD disease activity

Brenner et al. (2020)

Rizzello et al. (2020)
Wetwittayakhlang et al. (2021)
Parekh et al. (2022)

Brenner et al. (2020)
Rizzello et al. (2020)
Wetwittayakhlang et al. (2021)

Brenner et al. (2020)
Parekh et al. (2022)
Wetwittayakhlang et al. (2021)

Ungaro et al. (2022)

Bezzio et al. (2020)*
Wetwittayakhlang et al. (2021)

aOR 1.04, 95% C1 1.01-1.02
OR 1.08, 95% CI 1.02-1.09
OR 11.1, 95% ClI: 1.8-68.0
aOR 1.03, 95% CI 1.02-1.04

aOR 2.9 95% CI 1.1-7.8
OR 3.1, 95% CI 1.2-7.6
OR: 4.9, 95% Cl: 0.8-28.6

aOR 6.9, 95% Cl1 2.3-20.5
aOR 2.90, 95% Cl 2.09-4.0
OR: 4.6, 95% ClI: 0.7-30.1

aOR 1.82, 95% Cl 1.26-2.62

OR 8.45, 95% CI1 1.26-56.56
OR 3.8, 95% CI1 0.7-20.8

*Association between risk factor and COVID-19 related death.

Bowel Disease (SECURE-IBD) registry con-
ducted a number of studies on risk factors for
severe COVID-19. Bezzio er al. established early
in the pandemic a strong association between
both active IBD disease (OR 8.45, 95% CI 1.26—
56.56) and the Charlson Comorbidity Index
(CCI) (OR 16.66, 95% CI 1.80-153.9) and
death from COVID-19 in IBD patients.® The first
data published from SECURE-IBD by Brenner
et al. identified age (adjusted odds ratio [aOR]
1.04, 95% CI 1.01-1.02), greater than two
comorbidities (aOR 2.9 95% CI 1.1-7.8), sys-
temic corticosteroids (aOR 6.9, 95% CI 2.3—
20.5) and 5-aminosalicylic acid (5-ASA) use
(aOR 3.1, 95% CI 1.3-7.7) to be independent
risk factors for severe COVID-19 in IBD
patients.?> A more in-depth consideration of
comorbidities’ effect on COVID-19 outcomes
from the SECURE-IBD registry was published
by Parekh eral. Researchers from this group
adjusted for independent comorbidities and
expectantly found numerous non-IBD comorbid-
ities to be associated with worse outcomes, with
chronic kidney disease and chronic obstructive
pulmonary disease appearing to be the highest
risk conditions, conferring over a threefold higher
risk of increased hospitalization or death from
COVID-19.8%1% People living with multiple
comorbidities have long been shown to experi-
ence adverse events from COVID-19 infec-
tion.1%:26:27 A French nationwide study observed

that advanced age, diabetes, underlying cardio-
vascular or respiratory disease, and end-stage
renal diseases conferred an increased risk of
COVID-19-related hospital admission in IBD
patients.?® While Singh ez al. observed no differ-
ence in risk of severe COVID-19 according to the
presence of IBD [risk ratio (RR), 1.15, 95% CI
0.92-1.45), IBD patients who did progress to
severe COVID-19 were older and had more
comordibities.!® These reports have since been
validated in a larger cohort study at a tertiary care
referral center in Montreal, Quebec, Canada per-
formed by Wetwittayakhlang ez al.1 These stud-
ies highlight the key advances the field has made
in understanding how to risk stratify IBD patients
in terms of outcomes from COVID-19. Identifying
risk factors for severe disease can aid gastroenter-
ologists when advising patients on their COVID-
19 risk.

COVID-19 symptoms in IBD

Symptoms from COVID-19 in IBD patients mir-
rors the general population with 67.5% present-
ing with fever (most common) and cough
(59.6%).122° A Canadian study found that 22%
of IBD patients who tested positive for SARS-
CoV-2 were asymptomatic, and the majority
(70.7%) had mild symptoms of fever, myalgia,
and dysosmia.!'® Of note, GI symptoms appear to
occur in about 10% of cases.?® The most
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common GI symptoms for all patients from
COVID-19 illness are diarrhea, nausea, vomiting,
and abdominal discomfort.3® IBD patients did
show a higher tendency to exhibit GI symptoms.
Recently, Singh er al. published a meta-analysis of
the clinical manifestations of COVID-19 in IBD
patients and reported that diarrhea (8.19% versus
5.14%), nausea and vomiting (10.77% versus
4.31%), and abdominal pain (7.75% wversus
2.70%) all occurred more often in IBD patients
than their non-IBD counterparts.!® However, a
major challenge with these data, and in clinical
practice, is deciphering which GI symptoms are
manifestations of COVID-19 versus that due to
increased IBD disease activity.!® Careful evalua-
tion is required by clinicians to demarcate what
are symptoms of COVID-19 and what is related
to active disease so that flares do not go untreated.

Pathophysiologic connection between COVID-19
and IBD

High levels of SARS-CoV-2 viral RNA have been
found in the stool of over 50% of patients with
active infection.?%3! This led many researchers to
suspect a pathway of SARS-CoV-2 infection via
enterocytes in the intestines. Hoffman ez al. dis-
covered that SARS-CoV-2 utilizes the angioten-
sin-converting enzyme-2 (ACE2) receptor for cell
entry and the transmembrane serine protease
(TMPRSS) two to prime the SARS-CoV-2 S
spike protein.32 ACE2 is a carboxypeptidase that
converts angiotensin I to angiotensin, as well as
angiotensin II into angiotensin.31:33:3¢ ACE2’s
mechanism of action effectively inhibits the renin-
angiotensin-aldosterone system (RAAS) leading
to downstream vasodilation.?* While ACE2 is
found in numerous tissues throughout the body,
there are particularly high levels of expression in
the ileum, colon, and lung.!5-31:35> Upon infection
with SARS-CoV-2 ACE2 is downregulated in the
lungs, causing unopposed RAAS activation.3!
Meanwhile in enterocytes attachment of the viral
spike protein to ACE2 is followed by cleavage of
the S protein by TMPRSS2 thus facilitating cell
entry.15’31’33’34

Studies indicate that ACE2 levels are upregulated
in the setting of mucosal inflammation associated
with IBD.3%:37 Within the intestinal tract, ACE2 is
prominent on the surface of the terminal ileum
and colon, commonly affected by CD and
UC.36:37 Suarez-Farinas er al.3! studied large IBD
cohorts and found inflammation in IBD altered

ACE?2 levels within the different levels of the GI
tract, especially in the ileum and rectum. The
changes in expression of the ACE2 receptor seen
in IBD could potentially impact SARS-CoV2
binding and infectivity. IBD medications such as
corticosteroids, thiopurines or 5-ASA agents were
not associated with altered expression of
TMPRSS2.3! Notably, Anti-TNF therapy atten-
uated ACE2 and TMPRSS?2 activity in inflamed
large intestine and rectum, but did not show a
difference in the ileum compared with other bio-
logics.3! The complex interactions and immu-
nomodulation between COVID-19 and the gut in
IBD may be region-specific and much is left to
uncover regarding these observations.

IBD medications and COVID-19 risk

Systemic corticosteroids

Systemic corticosteroids have consistently been
shown to increase risk for the development of
severe COVID-19 in the IBD popula-
tion.>>12:13:22,23,:25 Analysis from the SECURE-IBD
database revealed that patients using corticoster-
oids were subject to a 6.9-fold risk of severe
COVID-19 and 11.6-fold risk of death from
COVID-19 illness.1%25 Several studies have sup-
ported the observation that systemic steroids use
in IBD worsens outcomes from COVID-19.16,17,38
However, this data has been appropriately con-
textualized in a recent review by Lin ez al. citing
unmeasured confounding variables between IBD
activity, the severity of COVID-19 infection, and
subsequent steroid administration.!2 It is beyond
reasonable to assume that patients receiving
enteral or parenteral steroids are in heightened
states of systemic inflammation related to their
underlying IBD activity. Additionally, the
RECOVERY trial in 2021 found reduced mortal-
ity from COVID-19 in hospitalized patients
receiving respiratory support.?® Studies in other
immune-meditated disease also suggest an
increased risk with steroids. In a cohort of hospi-
talized COVID-19 patients, being on steroids at
the time of viral infection was associated with an
8-fold increased risk of severe COVID-19 in peo-
ple with autoimmune and chronic inflammatory
conditions.*® Moreover, researchers have pro-
posed corticosteroids to be associated with
delayed clearance of viral RNA from the respira-
tory system.>40-41 It seems the harmful effects of
steroids in COVID-19 may be related to timing
and stage of infection with steroids impeding viral
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clearance earlier but potentially helping with
cytokine storm in more advanced and severe
COVID-19.22 In conclusion, IBD patients cur-
rently using corticosteroids (especially prednisone
>20mg per day) appear to still be at increased
risk of severe COVID-19. A more detailed discus-
sion regarding the current management of
patients receiving steroids will be discussed later
in this review (See IBD management in patients
with COVID-19).

5-ASA (Mesalamine/Sulfasalazine)
5-aminosalicylic acid (5-ASA) agents, primarily
mesalamine, are helpful agents in mild to moder-
ate UC. In the early days of the pandemic, many
gastroenterology societies, including Crohn’s &
Colitis UK and Crohn’s and Colitis Canada rec-
ommended continuing these agents as prescribed,
regardless of COVID-19 status.* Early in the pan-
demic there were conflicting reports in the litera-
ture regarding their deleterious effect in IBD
patients diagnosed with COVID-19 infection.
Initial studies from the SECURE-IBD registry
reported that mesalamine and sulfasalazine
increased the risk of severe COVID-19 (13.9%)
compared to no 5-ASA (5.2%) (aOR 1.70, 95%
CI 1.26-2.29) and to anti-TNF agents (aOR
3.52, 95% CI 1.93-6.45).23 These reports were
surprising as 5-ASA had generally not been asso-
ciated with risks related to infections. However,
this risk with 5-ASA did not appear to be accurate
as more research emerged. Attauabi ez al. pub-
lished two studies focusing on Danish-population
cohorts that revealed no association between
5-ASA medications and worsened COVID 19
outcomes.!%4243 Updated data from SECURE-
IBD observed that 5-ASA mesalamines did not
lead to worse outcomes.?? To explain these dis-
crepancies, researchers referenced inherent
reporting bias, as patients on 5-ASAs may have
participated in less social distancing precautions
than patients on immunosuppressive agents and
milder COVID-19 symptoms may have been less
likely identified earlier in the pandemic due to less
frequent encounters with their doctors than those
on immunosuppression.12.22

Budesonide

There are limited clinical data concentrating on
the safety of budesonide use in IBD patients
infected with COVID-19. Although no obvious
signal has been observed, the SECURE-IBD

registry had insufficient numbers of patients on
budesonide to fully evaluate its effect on COVID-
19 outcomes.>23 However, the wide consensus
amongst experts in the field is that these agents
are widely accepted as safe. The British Society of
Gastroenterology supported the continued use of
budesonide during COVID-19 pandemic, citing
no increased risk of adverse COVID-19 out-
comes.* IBD patients with asymptomatic or mild
COVID symptoms on systemic corticosteroids
are recommended to be transitioned to budeson-
ide if feasible.>234* More studies are needed
regarding their effect on outcomes, but as of now
these agents should be continued as clinically
indicated.>7:23:44

Anti-TNFs, immunomodulators, and

combination therapy

The most recent analysis from SECURE-IBD
found anti-TNF monotherapy was associated
with decreased odds of COVID-19-related hospi-
talization (aOR 0.58, 95% CI 0.50-0.69), severe
COVID-19 (aOR 0.50, 95% CI 0.33-0.78) and
death (aOR 0.44, 95% CI 0.26-0.76).2?
Additionally, the study reported an increased risk
of hospitalization or death (aOR 1.82, 95% CI
1.26-2.62) with anti-TNF and thiopurine
(azathioprine/6-mercaptopurine) combination
therapy.?? This was consistent with prior studies
that similarly found an increased risk for serious
infection in IBD patients on thiopurine and anti-
TNF combination therapy.2-25 In contrast, meth-
otrexate (MTX) and TNF antagonist combination
therapy was not associated with severe COVID-
19, hospitalization, or death.?2 MTX monother-
apy was not associated with increased risk of
severe COVID-19 or death but did trend toward
higher odds of hospitalization.> Recently pub-
lished pooled analysis has reinforced the lower
rates of hospitalization and death from COVID-
19 in patients with immune-mediated inflamma-
tory diseases on anti-TNF monotherapy
compared with MTX monotherapy, thiopurine
monotherapy, and anti-TNF and thiopurine
combination therapy.¥® Many studies have pro-
posed a protective effect against COVID-19 with
anti-TNF agents for IBD patients.512,15:22,46
Bamias er al.4® observed favorable COVID-19
disease course in IBD patients on TNF antago-
nism (OR 0.4, 95% CI 0.16-0.99). Impressively,
Tripathi er al. found a lower risk of hospitalization
and ICU admission for patients on TNF antago-
nists versus both corticosteroids and 5-ASA
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agents, but not death.!? It is thought that by
diminishing TNF activity, the risk of cytokine
cascade seen in severe COVID-19 disease and
acute respiratory distress syndrome (ARDS) may
be lessened on anti-TNF therapy.12:23:25 Data
from Israel supports this theory, as COVID-19
disease severity appears to be considerably lower
in IBD patients on anti-TNF therapy.! Recent
meta-analysis by Kokkotis ez al.4” confirmed anti-
TNF therapy is associated with a decrease in the
risk for hospitalization (OR 0.53, 95% CI 0.42—
0.67) and severe COVID-19 (ICU admission or
death) (OR 0.63, 95% CI 0.41-0.96) in patients
with immune-mediated diseases compared to no
anti-TNF therapy in the general population after
controlling for validated risk factors.

Notably, some studies have not appreciated an
increased risk of COVID-19 with combination
therapy. Alrashed er al.#8 conducted a meta-anal-
ysis of 18 studies from multiple countries includ-
ing, the United States, Italy, and the UK, and
found combination therapy of anti-TNF and
immunomodulators did not heighten the risk of
COVID-19 hospitalization (RR 0.98, 95% CI
0.81-1.18). These findings were supported in a
large retrospective national cohort study of over
30,000 IBD patients that reported immunomod-
ulators were not associated with an increased risk
of COVID-19, as either monotherapy or in com-
bination with an anti-TNF.!7

Anti-IL 12/23

Anti-interleukin therapy has become an exciting
new therapy in the world of biologics for IBD
patients, as new studies examining ustekinumab
and risankizumab emerged prior to the start of
the pandemic. Both ustekinumab and
Risankizumab are human IgG monoclonal anti-
bodies targeted at interleukin (IL) — 23 recep-
tor, with ustekinumab also having IL.-12 activity,
leading to inhibition of proinflammatory cytokines
on T cells, natural killer cells, and antigen pre-
senting cells (APC).#° The cytokine storm associ-
ated with COVID-19 has been shown to involve
I1-6 and IL-12; however, it is still unclear if IL.-23
has arole.5° Overall, IL.-12/23 antagonism appears
to be safe during COVID-19, with several studies
suggesting a beneficial effect. Data from
SECURE-IBD revealed that the use of usteki-
numab in IBD patients decreased risk of hospi-
talization from COVID-19 (aOR 0.44, 95% CI
0.36-0.54) and developing severe COVID-19

(aOR 0.43, 95% CI 0.26-0.71).%12:2223 When
compared with other biologics, IL-12/23 and
integrin blockers were not associated with signifi-
cantly different risk as TNF monotherapy (aOR
0.98, 95% CI 0.12-8.06 and aOR 2.42, 95% CI
0.59-9.96, respectively).?223 Moreover, IL-12/23
antagonists appear to have similar effect as anti-
TNF agents on the risk of severe COVID-19.22:23
In a small Israeli study, 12 IBD patients received
ustekinumab and not a single patient advanced to
severe COVID-19.! Kridin eral. (2021)5! and
Hansel ez al.52 found a similar decrease in hospi-
talization rate for patients with Psoriasis currently
on IL.-12/23 blockade. Researchers have pro-
posed that by hindering the cell signaling path-
ways from the IL-12/23 receptor, the severe
inflammatory response and cytokine storm pro-
duced by SARS-CoV-2 infection is stifled in
patients on these medications.>> The AGA rec-
ommended IBD patients who do not test positive
for COVID-19 to continue these medications
during the pandemic.® As the pandemic has pro-
gressed, these collective results are very reassur-
ing that use of interleukin antagonists for IBD
patients is safe during the COVID pandemic.

Anti-Integrins

Anti-integrin agents such as vedolizumab (VDZ)
are unique in that they are the gut-selective class
of biologics. Many studies have shown their high
safety profile with low incidence of serious infec-
tions, crediting anti-integrins lack of systemic
effect.’* However, integrin antagonism’s role in
COVID-19 outcomes has been less than clear.
Early studies reported increased risk of COVID-
19 in patients on VDZ. A large case series from
Italy by Ardizone ez al. found a lower incidence of
symptomatic SARS-CoV-2-infection in non-gut-
selective treatments compared to gut-selective
agents.’> A large national cohort from the
Veterans Affairs Healthcare System showed VDZ
increased risk of COVID-19 infection relative to
5-ASA derivatives (HR 1.70, 95% CI 1.16-2.48,
$»=0.006).17 Furthermore, using data from
SECURE-IBD, Agrawal ezal. revealed that
patients on VDZ monotherapy were 38% more
likely to be hospitalized from COVID-19 com-
pared to those on anti-TNF monotherapy.3¢
Moreover, researchers from this same study
found a higher rate new-onset GI symptoms in
the VDZ group (29.6%) compared to anti-TNF
monotherapy (19.2%).>¢ However, as time has
progressed and more data is collected, we have
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seen a shift in our understanding of VDZ and
COVID-19. More recent findings from the
SECURE-IBD registry support VDZ to be cor-
related with a decreased risk of COVID-19-
related hospitalization or death (aOR 0.66, 95%
CI 0.56-0.78) and no association with a risk of
severe COVID-19.%12:22 Other studies around the
world have supported this result.! Many have
attributed the disappeared risk of VDZ to be a
result of earlier studies being underpowered.!2:22
Overall, these conclusions reinforce that the anti-
integrin class of biologics are safe for IBD patients
and do not increase the risk of worse outcomes
from COVID-19.

JAK inhibitors

Tofacitinib is a Janus kinase inhibitor (JAKi), pre-
dominately JAK1 and JAK3 with functional selec-
tivity for JAK2, that was recently approved for the
treatment of UC in 2018 by the Food and Drug
Administration (FDA).575° Regarding risk of
infections, Sandborn ez al. showed tofacitinib use
increases the risk of herpes zoster infection.’® A
major concern for gastroenterologists with using
JAKi agents during COVID-19 is the risk for
thromboembolic events, as safety trials have
reported an increased incidence of thromboem-
bolic events with tofaticinib.5°-%1 Notably, SARS-
CoV-2 infection raises the risk for thrombotic
events, which carries over a fivefold higher risk for
all-cause mortality in ICU patients.62:63
Interestingly, when compared to other IBD medi-
cations, Agrawal er al. reported on a subgroup
from the SECURE-IBD database that found
tofacitinib to not be associated with an elevated
risk for severe COVID-19, hospitalization, or
death.512:63 Although this analysis was a small
sample size, with only 37 patients receiving tofac-
itinib, none developed thrombotic events.®® In
their guidelines, the AGA has recommended the
continued use of JAKi in IBD patients during the
COVID-19 pandemic.5:¢ Recently, JAKi agents
have become an area of growing research regard-
ing their potential therapeutic benefit in the
management of COVID-19. Guimaries er al.
published findings showing tofacitinib to decrease
the risk of respiratory failure and death from
COVID-19 pneumonia in hospitalized patients.5*
Targeting the JAK/STAT pathway has been
linked to the pathogenesis of the hyperimmune
response seen in SARS-CoV-2 infection.
Inhibition of the intracellular transduction path-
ways has been suggested to decrease the release of

cytokines, effectively blunting the hyperinflam-
matory state leading to ARIDS.48:59:63:64 Bronte
et al. designed an observational, longitudinal trial
of 20 patients infected with COVID-19 treated
with baricitinib, a JAK1/JAK?2 inhibitor.%5 Patients
treated with baricitinib were associated with sig-
nificant fall in serum IL-6, IL-1f3, and TNF-a
levels that clinically resulted in a reduction in the
need of oxygen therapy and prevented progres-
sion to severe COVID-19 disease.?3% A recent
meta-analysis found that tofacitinib did not
increase the risk of COVID-19-related hospitali-
zation in IBD patients (RR=0.81, 95% CI 0.49—
1.33, p=0.40).%® As of now, there are limited data
on JAK inhibitors though the available results are
reassuring.

IBD management in patients with COVID-19

Medical management

The COVID-19 pandemic has brought with it an
ever-changing climate, with new lessons con-
stantly developing. Consequently, this state of
flux provides a difficult context for providers to
guide patients without a wealth of available data.
The optimal medical management of IBD
patients found to be infected with SARS-CoV-2
must be personalized depending on a variety of
factors. To accommodate a personalized
approach, multiple societies and experts provided
consensus recommendations regarding a frame-
work to approach COVID-19 in the IBD patient.
The IOIBD, AGA, and European Crohn’s and
Colitis Organization (ECCO) have recommended
that infusions and therapy should be continued,
with the exception of corticosteroids.67-12,24,66,67
Ungaro er al. provided updated data from over
6000 patients finding biologics to have no associ-
ation with an increased risk of worsened COVID-
19 outcomes and are safe to continue during the
pandemic.?%23 Switching from intravenous for-
mulations of anti-TNF therapy to subcutaneous
routes is not recommended.5-24%¢ Systemic corti-
costeroids (especially prednisone >20mg/day)
have steadily been associated with severe-
COVIDI19 in the IBD population, and expert
consensus suggests that when appropriate,
patients should be tapered off or switched to
budesonide.?:7:12,22-25,66,68 However, the treatment
of hospitalized patients with severe COVID-19
includes high dose steroids to combat the pro-
gression to ARDS. The RECOVERY trial found
patients treated with dexamethasone to have a
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lower mortality compared to standard care in
mechanically ventilated patients (29.3% wversus
41.4%; rate ratio 0.64, 95% CI 0.51-0.81).3° The
effect of steroids is most likely related to the phase
of the COVID-19 disease course. Early in infec-
tion, during viral replication, steroids appear to
be harmful compared to a potentially beneficial
impact later in severe COVID-19 when a more
inflammatory response is present. Patients who
present with an acute severe UC (ASUCQC) flare
are typically also treated with parenteral steroids.

Currently, the guidelines from the IOIBD state
for patients who test positive for SARS-CoV-2 on
PCR immunosuppressive therapy should be held
for a minimum of 10days from symptom onset
and restarted at least 3 days (72h) after symptoms
have resolved.?>12:24:66 Regardless of disease sever-
ity, patients are advised to hold thiopurines,
methotrexate, and tofacitinib.12:°¢ In addition,
5-ASA agents, rectal therapies, and budesonide
are all safe to continue throughout the course of
the infection.®12 However, there is recent evi-
dence that suggests continued biologic use in sta-
ble patients does not worsen COVID-19
outcomes. Khan ez al. recently published a retro-
spective cohort study from the Veteran Affairs
Health System database that concluded no evi-
dence of exacerbation of COVID-19 symptoms
in a 2-week post-infusion follow-up period.®°
Stable IBD outpatients infected with SARS-
CoV-2 did not require medications, oxygen,
emergency room visit, or hospitalization.®® These
findings suggest the current guidelines may
appear too strict, and in fact due to the half-lives
of many of these agents, detectable drug levels are
still present during this hold period. Moreover,
multiple studies have identified IBD activity to be
an independent risk factor for developing severe
COVID-19.16:24 Therefore, it is imperative not to
delay biologic therapy longer than is absolutely
necessary. This is often dictated by local infection
control policies if patients are going to a health-
care facility, for example for biologic infusions. As
more data becomes readily available, the approach
to immunosuppression in IBD patients may con-
tinue to change, and a personalized approach is
always favored. Recently, Hashash er al. pub-
lished findings from a small retrospective cohort
revealing after propensity-score matching, IBD
patients who received nirmatrelvir and ritonavir
(Paxlovid® Pfizer. Freiburg, Germany) were at
lower risk for hospitalization (aOR 0.35, 95% CI
0.17-0.74) compared to IBD patients who did

not receive the drug.’”? No patients in the treat-
ment arm required admission to an ICU, were
intubated, or died compared to a mortality rate of
1.8% of the control IBD group.”’® While the sam-
ple size was relatively small, targeting high-risk
IBD patients to receive antiviral therapy early in
the disease course could potentially improve
COVID-19 outcomes.

The role of biologics for the direct treatment of
COVID-19 has had an interesting journey during
the pandemic. A French case report by Michot
et al. was the first to report the successful treat-
ment of COVID-19 respiratory failure with tocili-
zumab, an anti-IL6 antibody.”! This early report
provided encouraging evidence for the potential
benefit in targeting steps in the inflammatory
cytokine pathway to help combat COVID-19. In
response, a plea by Feldman er al. was published
calling for clinical trials investigating anti-TNF
therapy for the targeted treatment of COVID-
19.72 As a result, multiple studies have looked at
this interaction, however, few targeted biologic
studies have been performed in the clinical con-
text of concurrent IBD and COVID-19 infection.
Dolinger et al. reported a pediatric case of a
14-year-old patient recently diagnosed with CD
with multisystem inflammatory syndrome in chil-
dren due to an active COVID-19 infection effec-
tively treated with infliximab.”? Additionally,
clinicians observed higher levels of pro-inflamma-
tory cytokines, namely TNF-a and IL-6, are pre-
sent in concomitant IBD and COVID-19 than in
either entity alone.”® Follow-up studies from both
Bezzio er al.7* and Alhalabi er al.7> have demon-
strated the safety and efficacy of infliximab induc-
tion in patients with ASUC and acute COVID-19
pneumonia. In the former study, researchers
appreciated a resolution of pulmonary symptoms
in addition to IBD remission after treatment with
anti-TNF therapy.’* The aforementioned case
studies are promising for providers facing difficult
clinical dilemmas and support the notion that
addressing the intestinal pathology in severe IBD
flares must take priority. Reports examining other
classes of biologics have also yielded optimistic
outcomes. Festa ez al. recently published a case of
a patient who previously failed anti-TNF therapy
that presented with steroid-refractory ASUC and
a positive COVID-19 PCR achieving successful
remission with administration of tofacitinib.”®
Tofacitinib, as previously described, is a nonse-
lective JAK inhibitor that has activity against IL-6
and has been shown to be effective in decreasing
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the rate of respiratory failure and death in patients
hospitalized with COVID-19 pneumonia.®76
This Italian case report is the first to describe
intentional treatment with tofacitinib in ASUC
and COVID-19 infection. However, a notable
difference from the infliximab cases was the fact
that the patient treated with tofacitinib had an
asymptomatic COVID-19 infection. Lastly,
Reiker er al. 7" recently used tacrolimus as a bridg-
ing therapy in ASUC and symptomatic COVID-
19 infection in an inpatient setting. More research
is needed for the safety of calcineurin inhibition in
patients with IBD and COVID-19, but it may
provide an effective alternative to steroid refrac-
tory disease in patients with a high risk of surgical
intervention.

The concurrent presentation of ASUC and
SARS-CoV-2 infection, symptomatic or asymp-
tomatic presents a particularly challenging navi-
gation for the care of a vulnerable subgroup. A
review by Chebli er al. recommended the man-
agement of ASUC in patients with asymptomatic
or mild-to-moderate SARS-CoV-2 infection must
prioritize the intestinal inflammation related to
IBD.78 Additionally, all patients presenting with
ASUC, regardless of infection severity of COVID-
19, should undergo testing for superimposed
infections (CMYV, Clostridium difficle, etc.) and
surgical consultation while admitted.”® Gajendran
et al. discussed the uncertainty in the field regard-
ing patients who present with ASUC and COVID-
19 pneumonia.®® Based on the findings of the
RECOVERY trial, Gajendran et al., along with
the ECCO and AGA, recommend that high doses
of parenteral steroids should be given in this situ-
ation, followed by rescue therapy with a biologic
just as they would otherwise.%%-%8:78 The doses and
class of steroids in these patients remains compli-
cated and should be individualized based on the
severity of symptoms from the two disease enti-
ties. Allez er al.” proposed to limit the steroid
dose to under 40 mg/d when possible in mild-to-
moderate COVID-19. However, in hospitalized
patients with ASUC, steroids and surgery should
not be delayed despite concomitant COVID-19
pneumonia.®® Vigano er al. emphasized that cur-
rent data supports that biologics remain the first-
line treatment for induction and maintenance of
remission in cases of ASUC and concurrent
COVID-19.8° Bourgonje et al.8! (2021) recently
described the importance of not delaying therapy
in a three consecutive case series of patients with
ASUC and COVID-19, in which postponement

of intravenous steroids led to a poor surgical out-
come. The increased surgical risk of COVID-19
infection must be considered against the risk of
delaying intervention in ASUC. Surgical consul-
tation is necessary in presentations of ASUC, as
colectomy is often required (27% of cases).?? To
understand the impact of COVID-19 on the clini-
cal practices and management of ASUC in more
detail, the COVID-19 pandemic response of
assessment, endoscopy, and treatment in acute
severe ulcerative colitis (PROTECT-ASUC)
multicentered, case-control study was designed in
the UK.#¥ PROTECT-ASUC confirmed that
compared to pre-pandemic times, the COVID-19
pandemic saw an increase in primary and rescue
therapy with biologic agents (46% wversus 36%:;
p»=0.0064), but that colectomy rates remained
consistent (16 versus 13%; p=0.26).83 Researchers
also found the risk of infection after colectomy
was low (2%) and not associated with adverse
outcomes.?3 Additionally, Somashekhar er al
found the risk of COVID-19 infection for the
healthcare team during laparoscopic or open sur-
geries is low, as there is little evidence of viral
transmission.®* In summary, the current recom-
mendation from the ECCO-COVID taskforce is
to perform emergency colectomy in ASUC and
simultaneous COVID-19 that fails to respond to
medical therapy.®® More data are needed looking
specifically at colectomy performed in COVID-
19-infected patients. Discussions from a RAND
panel of experts concluded that anticoagulation
prophylaxis should not only be given in all hospi-
talized patients with ASUC and COVID-19, but
also extended upon discharge given the height-
ened risk of venous thromboembolism.?8:80:85

COVID-19 triggering IBD flare

Hadi et al. retrospectively analyzed over 850,000
patients across various healthcare organizations
in the United States and identified over 4300 IBD
patients who had been diagnosed with COVID-
19 infection.!* Researchers determined those with
a IBD flare at 1 month post infection to be 5.3%
and at 3months 6.8%.14 Similar findings were
reported from a Canadian cohort study that
reported 9.8% of IBD patients presented with an
acute flare of their disease after COVID-19 infec-
tion.!® In a multicenter case control study, Hong
et al. found mild to moderate COVID-19 was not
associated with an increased risk of adverse IBD
outcomes (i.e. IBD associated hospitalization or
surgery) (aHR 2.43, 95% CI 1.00-5.86) whereas
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severe COVID-19 did show an increased risk
(aHR 0.84, 95% CI 0.44-1.42).86 Whether
COVID-19 infection alone can trigger an IBD
flare remains unclear; current data suggests infec-
tion severity is likely the driving factor. Larger
studies are needed to provide clarity.

Vaccinations

As vaccination against COVID-19 became more
readily available, it provided its own set of ques-
tions and speculations amongst the population,
especially those with immune-mediated inflam-
matory diseases. The safety and efficacy phase
three trials for COVID-19 vaccines did not
include patients with IBD.87 In order to dissuade
from vaccine hesitancy, numerous medical socie-
ties, including the American College of
Rheumatology (ACR) and the British Society of
Gastroenterology IBD section, recommended
vaccinating all patients with IBD, despite a com-
plete knowledge of the safety and efficacy in this
patient population.87-8° Results from a panel from
the IOIBD recommended vaccinating all IBD
patients as soon as possible regardless of immune-
modifying therapy use.®®

Historically non-live vaccines are believed to be
safe in all IBD patients, no matter what therapy
they are on. In terms of efficacy, certain immune
modifying agents, namely anti-TNFs have been
associated with a decreased immune response fol-
lowing vaccination.?® Compared with immuno-
competent individuals, studies have shown
decreased immunity to pneumococcal (PSV-23)
and hepatitis B virus in patients on immunomod-
ulators and anti-TNF therapy.®!-93 The two cur-
rent mRNA vaccines include Moderna’s 1273
and Pfizer BioNtech’s BNT162b2, both of which
are mRNA vaccines that form neutralizing anti-
bodies to the SARS-CoV-2 spike protein via T
cells.8” Another common vaccine that’s available
in the UK is an adenovirus vaccine, ChAdOx1
nCoV-19. The RECOVER study in Israel pro-
spectively examined 258 patients (185 IBD)
mRNA vaccine (BNT162b2) responses.®*
Importantly, the study showed the vaccine to be
extremely safe, as IBD activity was not affected,
and the rate of adverse events were similar across
all groups (infection rate ~2%).%¢ Moreover, all
patients regardless of therapy were found to be
seropositive after the second dose, although anti-
TNF patients had lower antibody levels of
protection.%*

While vaccines appeared to be safe for IBD
patients, efficacy for patients on biologics or
immunomodulators remained a concern. Kennedy
et al. published findings from a multicenter pro-
spective, observational cohort study (CLARITY-
IBD) in the UK which reported lower antibody
levels in patients treated with infliximab (81%
seroconversion) versus vedolizumab (97.1% sero-
conversion) after receiving the first dose of
BN162b2 or ChAdOx1 nCoV-19 vaccines.?”
Additionally, patients on immunomodulators
were associated with a decreased protection
after vaccination.®> Higher seroconversion rates
in infliximab-treated patients after the second
dose were observed, leading researchers to recom-
mend not delaying second doses for IBD
patients.®> These findings were supported by
Chanchlani ez al. who reported higher seropositiv-
ity rates in IBD patients who had undetectable
anti-TNF drug levels.?® In the United States, the
Partnership to Report Effectiveness of Vaccination
in populations Excluded from the iNitial Trials of
COVID (PREVENT-COVID) investigated the
response of two-dose mRNA vaccine in 317n IBD
patients.%7 Researchers found that 300 out of the
317 patients had detectable antibody levels after
the second dose.®” Additionally, the study appre-
ciated a lower proportion of detectable antibodies
in patients on corticosteroids (85%) versus not on
steroids (95%).°7 Studies examining other classes
of biologics have recently shed more light on the
efficacy of vaccination in different subgroups of
IBD patients. Alexander ez al.®8 reported findings
from the VIP study that included 483 IBD patients
treated with six different immunosuppressive
therapies across nine different centers in the UK.
No difference was found in geometric mean anti-
body concentrations for ustekinumab (582.4u/
mL), vedolizumab (954.0U/mL), or thiopurine
monotherapy (1019.8 U/mL) compared to healthy
controls.*® However, significantly reduced levels
were observed in patients treated with infliximab
(156.8), infliximab and thiopurine combination
therapy (111.1U/mL), and tofacitinib (429.5U/
mL) compared to the healthy controls (1578.3 U/
mL).%8 Consistently, anti-TNF has been shown to
have a considerable impact on long-term protec-
tion from COVID-19 after vaccination. Recent
data from the CLARITY-IBD patient cohort
reported a significantly higher rate of breakthrough
infection with infliximab (13.7%) compared to
vedolizumab (7%) in IBD patients who had
received three vaccine doses.?® Reassuringly,
Spiera er al. found that IBD patients who received
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at least two vaccine doses typically had milder dis-
ease courses from breakthrough SARS-CoV-2
infection with only 5.7% hospitalized, 3.4% with
severe COVID-19, and 1.1% mortality.!°® In
response to these studies, the Effectiveness and
Safety of COVID-19 Vaccine in Patients with
Inflammatory Bowel Disease Treated with
Immunomodulatory or Biological Drugs per-
formed a prospective, case-control study assess-
ing humoral responses to COVID-19 vaccines in
IBD patients across immunomodulatory thera-
pies compared to healthy controls. Macaluso
et al. found similar effects of anti-TNF therapy,
but also showed IBD patients without treatment
or on 5-ASAs had significantly lower levels of anti-
SARS-CoV-2 IgG levels compared to healthy
controls [median OD 1.72 interquartile range
(IQR) 1.0-4.1, p<<0.001].191 This data argues
that the lower response appreciated in IBD
patients to the COVID-19 vaccines may be inde-
pendent of immunomodulatory therapy; however,
more studies are needed to confirm.!0!

Additional booster doses may be of considerable
benefit in patients on anti-TNF therapy. However,
very limited information regarding booster vac-
cines in the IBD population is available at this
moment. The HERCULES trial is a multicenter,
prospective study in the United States assessing
total serum SARS-CoV-2 antibody concentra-
tions following a third vaccine dose (7=85) com-
pared to a two-dose series (#=139) in an IBD
cohort as its primary outcome.192 After the third
dose, all patients were found to be seropositive
(100%) and have significantly higher antibody
concentration than those in the two-dose
series.192 This study also observed a lower anti-
body level in patients on corticosteroids, anti-
TNF monotherapy and anti-TNF
combo-therapy.192 Overall, substantial evidence
has provided reassurance that vaccines targeting
the SARS-CoV-2 are safe and effective, with a
caveat for certain medications. For patients on
immunosuppression, in particular steroids, anti-
TNF, combo-therapy and JAKi booster doses are
encouraged to attain detectable antibodies.

Conclusion

In summary, IBD patients as a whole do not
appear to be at increased risk for more severe dis-
ease from COVID-19. Certain risk factors such
as age, steroids, comorbidities, combination
immunomodulatory therapy, and IBD disease

activity have been associated with worse out-
comes. Most IBD medications are low risk, with
the exception of immunomodulator monother-
apy and combination therapy with thiopurine
and anti-TNF. Vaccination remains safe and
effective for all IBD patients, although additional
booster doses may be necessary, particularly in
patients taking anti-TNF agents.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Author contributions
Nicholas Scalzo: Conceptualization; Writing —
original draft; Writing — review & editing.

Ryan C. Ungaro: Conceptualization; Writing —
review & editing.

Acknowledgements
None.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: R. Ungaro is
funded by an NIH K23 Career Development
Award [K23 KD111995-01A1].

Competing interests

R. Ungaro has served as an advisory board mem-
ber or consultant for AbbVie, Bristol Myers
Squibb, Janssen, Pfizer and Takeda, and has
received research support from AbbVie, Bristol
Myers Squibb, Boehringer Ingelheim, Eli Lilly
and Pfizer.

Availability of data and materials
Not applicable.

ORCID iD
Nicholas Scalzo
7339-6788

https://orcid.org/0000-0001-

References
1. Lichtenstein L, Koslowsky B and Ben Ya’acov A.
COVID-19 in patients with inflammatory bowel

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag
https://orcid.org/0000-0001-7339-6788
https://orcid.org/0000-0001-7339-6788

THERAPEUTIC ADVANCES in

Gastroenterology Volume 16
disease: the Israeli experience. Vaccines 2022; 10: inflammatory bowel disease: propensity matched
376. research network analysis. Aliment Pharmacol Ther

20225 55: 191-200.

2. Kirchgesner J, Lemaitre M, Carrat F, er al. Risk
of serious and opportunistic infections associated 15. Singh AK, Jena A, Kumar-M P, ez al. Risk and
with treatment of inflammatory bowel diseases. outcomes of coronavirus disease in patients with
Gastroenterology 2018; 155: 337-346.¢10. inflammatory bowel disease: a systematic review

ta-analysis. United Eur G [

3. Centers for Disease Control and Prevention. zr(;czl lm g_al?;if ;168 nited Eur Gastroenterol J
Coronavirus (COVID-19). https://www.cdc.gov/ > '
coronavirus/2019-ncov/index.html (accessed 13 16. Wetwittayakhlang P, Albader F, Golovics PA,
October, 2022) Last updated May 11, 2023. et al. Clinical outcomes of COVID-19 and impact

. . on disease course in patients with inflammatory
+ Gr0§ sberg LB.’ Pellish RS, Chelf.etz AS, et a.l ) bowel disease. Can F Gastroenterol Hepatol 2021;
Review of societal recommendations regarding
. o 2021:7591141.
management of patients with inflammatory bowel
disease during the SARS-CoV-2 pandemic. 17. Khan N, Mahmud N, Trivedi C, ez al. Risk
Inflamm Bowel Dis 20215 27: 940-946. factors for SARS-CoV-2 infection and course of

5. Kamath C and Brenner EJ. The safe use of COVID-19 dllsease in patients with IBD in the
. . . . Veterans Affair Healthcare System. Guz 20215 70:
inflammatory bowel disease therapies during the 1657-1664
COVID-19 pandemic. Curr Res Pharmacol Drug ’

Discov 2022; 3: 100101. 18. Singh S, Khan A, Chowdhry M, ez al. Risk of

6. Rubin DT, Feuerstein JD, Wang AY, ez al. severe Coronavirus disease 2019 in patients

.. . with inflammatory bowel disease in the United
AGA clinical practice update on management .

. . . States: a multicenter research Network Study.
of inflammatory bowel disease during the Gastroenterology 2020 159: 1575-1578.c4
COVID-19 pandemic: expert commentary. zy > ’ o
Gastroenterology 202035 159: 350-357. 19. Parekh R, Zhang X, Ungaro RC, er al.

7. Rubin DT, Abreu MT, Rai V, er al. Management Presence of cor.norl?ldme.s as.soc1at.ed Wlth.

. . S . severe coronavirus infection in patients with
of patients with Crohn’s disease and ulcerative . . N o
. . . . inflammatory bowel disease. Dig Dis Sci. 67:
colitis during the Coronavirus disease-2019
. . . 1271-1277.
pandemic: results of an International Meeting.
Gastroenterology 2020; 159: 6-13.¢6. 20. Ludvigsson JF, Axelrad J, Halfvarson J, ez al.
8. Horst S. Covid-19 and patients with IBD: who is Inflammatory bovs./el dl.s case and qsk of severe
. . .. . COVID-19: a nationwide population-based
at highest risk for severe complications? Dig Dis . ;
Sei 2022 67: 10901091 cohort study in Sweden. United Eur Gastroenterol
o ees o ' ¥2021; 9: 177-192.

9. Bezzo C, Sa1b§n1 S, Va'rmla A’. et al. O},ltcomes 21. MacKenna B, Kennedy NA and Mehrkar A.
of COVID-19 in 79 patients with IBD in Italy: an Risk of severe COVID-19 outcomes associated
IG-IBD study. Gut 2020; 69: 1213-1217. L. . . .

with immune-mediated inflammatory diseases
10. Rizzello F, Calabrese C, Salice M, et al. COVID- and immune-modifying therapies: a nationwide
19 in IBD: the experience of a single tertiary IBD cohort study in the OpenSAFELY platform.
center. Dig Liver Dis 2021; 53: 271-276. Lancet Rheumatol 2022; 4: €490-e506.
11. Creemers RH, Rezazadeh Ardabili A, Jonkers 22. Ungaro RC, Brenner EJ, Agrawal M, ez al.
DM, et al. Severe COVID-19 in inflammatory Impact of medications on COVID-19 outcomes
bowel disease patients in a population-based in inflammatory bowel disease: analysis of more
setting. PLoS One 2021; 16: ¢0258271. than 6000 patients from an international registry.
12. Lin S, Lau LH, Chanchlani N, ez al. Recent Gastroenterology 2022; 162: 316-319.¢5.
advances in clinical practice: management of 23. Ungaro RC, Brenner EJ, Gearry RB, ez al. Effect
inflammatory bowel disease during the COVID- of IBD medications on COVID-19 outcomes:
19 pandemic. Gut 2022; 71: 1426-1439. results from an international registry. Guz 2021;
13. Tripathi K, Godoy Brewer G, Thu Nguyen M, 70:725-732.
et al. COVID-19 and outcomes in patients with 24. El Ouali S, Rubin DT, Cohen BL, ez al. Optimal
inflammatory bowel disease: systematic review inflammatory bowel disease management during
and meta-analysis. Inflamm Bowel Dis 2022; 28: the global coronavirus disease 2019 pandemic.
1265-1279. Curr Opin Gastroenterol 2021; 37: 313-319.
14. Hadi Y, Dulai PS, Kupec ], ez al. Incidence, 25. Brenner EJ, Ungaro RC, Gearry RB, er al.

outcomes, and impact of COVID-19 on

Corticosteroids, but not TNF antagonists, are

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag
https://www.cdc.gov/coronavirus/2019-ncov/index.html
https://www.cdc.gov/coronavirus/2019-ncov/index.html

N Scalzo and RC Ungaro

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

associated with adverse COVID-19 outcomes in
patients with inflammatory bowel diseases: results
from an International Registry. Gastroenterology
2020; 159: 481-491.¢3.

Henry BM and Lippi G. Chronic kidney disease
is associated with severe coronavirus disease 2019
(COVID-19) infection. Int Urol Nephrol 2020; 52:
1193-1194.

Dai W, Wu J, Li T, er al. Clinical outcomes for
COVID-19 patients with diabetes mellitus treated
with convalescent plasma transfusion in Wuhan,
China. ¥ Med Virol 2021; 93: 2321-2331.

Meyer A, Semenzato L, Zureik M, ez al. Risk of
severe COVID-19 in patients treated with IBD
medications: a French nationwide study. Aliment
Pharmacol Ther 20215 54: 160-166.

Singh AK, Jena A, Kumar-M P, ez al. Clinical
presentation of COVID-19 in patients with
inflammatory bowel disease: a systematic review
and meta-analysis. Intest Res 2022; 20: 134—143.

Cha MH, Regueiro M and Sandhu DS.
Gastrointestinal and hepatic manifestations of
COVID-19: a comprehensive review. World ¥
Gastroenterol 2020; 26: 2323-2332.

Suarez-Farinas M, Tokuyama M, Wei G, ez al.
Intestinal inflammation modulates the expression
of ACE2 and TMPRSS2 and potentially overlaps
with the pathogenesis of SARS-CoV-2-related
disease. Gastroenterology 2021; 160: 287-301.¢20.

Hoffmann M, Kleine-Weber H, Schroeder S,
et al. SARS-CoV-2 cell entry depends on ACE2
and TMPRSS2 and is blocked by a clinically
proven protease inhibitor. Cell 2020; 181:
271-280.e8.

Donoghue M, Hsieh F, Baronas E, er al. A
novel angiotensin-converting enzyme-related
carboxypeptidase (ACE2) converts angiotensin I
to angiotensin 1-9. Circ Res 2000; 87: E1-E9.

Hikmet F, Méar L, Edvinsson, et al. The protein
expression profile of ACE2 in human tissues. Mol
Syst Biol 2020; 16: €9610.

Hamming I, Timens W, Bulthuis ML, ez al.
Tissue distribution of ACE2 protein, the
functional receptor for SARS coronavirus. A
first step in understanding SARS pathogenesis. ¥
Pathol 2004; 203: 631-637.

Neurath MF. COVID-19 and immunomodulation
in IBD. Guz 2020; 69: 1335-1342.

Garg M, Royce SG, Tikellis C, er al. Imbalance
of the renin-angiotensin system may contribute
to inflammation and fibrosis in IBD: a novel
therapeutic target? Gur 2020; 69: 841-851.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Velayos FS, Dusendang JR and Schmittdiel JA.
Prior immunosuppressive therapy and severe
illness among patients diagnosed with SARS-
CoV-2: a community-based study. ¥ Gen Intern
Med 20215 36: 3794-3801.

Horby P, Lim WS, Emberson JR, ez al.
Dexamethasone in hospitalized patients with
Covid-19. New Engl ¥ Med 2021; 384: 693-704.

Ungaro RC, Agrawal M, Park S, ez al.
Autoimmune and chronic inflammatory disease
patients with COVID-19. ACR Open Rheumatol
2021;3: 111-115.

Russell CD, Millar JE and Baillie JK. Clinical
evidence does not support corticosteroid
treatment for 2019-nCoV lung injury. Lancet
2020; 395: 473-475.

Attauabi M, Seidelin J, Burisch ], ez al.
Association between 5-aminosalicylates in
patients with IBD and risk of severe COVID-19:
an artefactual result of research methodology?
Gur 2021; 70: 2020-2022.

Attauabi M, Seidelin ]JB, Felding OK, ez al.
Coronavirus disease 2019, immune-mediated
inflammatory diseases and immunosuppressive
therapies — a Danish population-based cohort
study. ¥ Autovmmun 2021; 118: 102613.

Rosiou K, Ong Ming SANE, Kumar A, ez al.
Comparative outcomes of budesonide MMX
versus prednisolone for ulcerative colitis: results
from a British retrospective multi-centre real-
world Study. ¥ Clin Med 2021; 10: 4329.

Izadi Z, Brenner EJ and Mahil SK. Association
between tumor necrosis factor inhibitors and the
risk of hospitalization or death among patients
with immune-mediated inflammatory disease
and COVID-19. ¥AMA Netw Open 2021; 4:
e2129639.

Bamias G, Kokkotis G, Christidou A, et al. The
natural history of COVID-19 in patients with
inflammatory bowel disease: a nationwide study
by the Hellenic Society for the study of IBD.
Eur ¥ Gastroenterol Hepatol 20213 33(1S Suppl.):
e810—e817.

Kokkotis G, Kitsou K, Xynogalas I, ez al.
Systematic review with meta-analysis: COVID-
19 outcomes in patients receiving anti-TNF
treatments. Aliment Pharmacol Ther 20225 55:
154-167.

Alrashed F, Alasfour H and Shehab M. Impact of
biologics and small molecules for inflammatory
bowel disease on COVID-19-related
hospitalization and mortality: a systematic review
and meta-analysis. JGH Open 2022; 6: 241-250.

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

THERAPEUTIC ADVANCES in

Gastroenterology Volume 16

49. Benson JM, Peritt D, Scallon B]J, ez al. Discovery Arthritis. European Medicines Agency. https://
and mechanism of ustekinumab: a human www.ema.europa.eu/en/news/increased-risk-
monoclonal antibody targeting interleukin-12 and blood-clots-lungs-death-higher-dose-xeljanz-
interleukin-23 for treatment of immune-mediated tofacitinib-rheumatoid-arthritis (accessed 13
disorders. mAbs 2011; 3: 535-545. October 2022).

50. Pasrija R and Naime M. The deregulated 61. Xeljanz. Xeljanz XR (tofacitinib): Drug
immune reaction and cytokines release Safery Communication—Due to an Increased
storm (CRS) in COVID-19 disease. Inr Risk of Blood Clots and Death with Higher
Immunopharmacol 20215 90: 107225. Dose. FDA. https://www.fda.gov/safety/

51. Kridin K, Schonmann Y, Damiani G, et al. mel’.dical'pm‘iuc.t'.s?ff;y'inforfmaﬁon/ xeljanz-
Tumor necrosis factor inhibitors are associated )(;e ]a.nZ—Xr—tO;CI.tllil lbl rudg—sla ety—c((;n;mu}rll ication-
with a decreased risk of COVID-19-associated ue-increased-ris-blood-clots-and-deat

e L. . . e (accessed on 13 October 2022).
hospitalization in patients with psoriasis-A
population-based cohort study. Dermatol Ther 62. Klok FA, Kruip MJHA, van der Meer NJM, er al.
2021; 34: e15003. Confirmation of the high cumulative incidence
. . . of thrombotic complications in critically ill ICU

32. Hans.el K, Zangrilli A, Blar}Chl L,etal. A patients with COVID-19: an updated analysis.
n}ultlgenter stgdy on.eff.ectlvenes‘s and safety of Thromb Res 2020; 191: 148-150.
risankizumab in psoriasis: an Italian 16-week
real-life experience during the COVID-19 63. Agrawal M, Brenner EJ, Zhang X, ez al.
pandemic. ¥ Eur Acad Dermatol Venereol 2021; 35: Characteristics and outcomes of IBD patients
el69-170. with COVID-19 on tofacitinib therapy in the

SECURE-IBD Registry. Inflamm Bowel Dis 2021;

53. Henderson LA, Canna SW, Schulert GS, 27: 585-589.
et al. On the alert for Cytokine Storm:
immunopathology in COVID-19. Arthritis 64. Guimardes PO, Quirk D, Furtado RH, ez al.
Rheumarol 2020; 72: 1059-1063. Tofacitinib in patients hospitalized with Covid-19

pneumonia. New Engl § Med 2021; 385: 406—

54. Colombel JF, Sands BE, Rutgeerts P, ez al. The 415.
safety of vedolizumab for ulcerative colitis and
Crohn’s disease. Gur 2017; 66: 839-851. 65. Bronte V, Ugel S, Tinazzi E, ez al. Baricitinib

restrains the immune dysregulation in patients

55. Ardizzone S, Ferretti F, Monico MG, et al. with severe COVID-19. ¥ Clin Investig 2020; 130:
Lower incidence of COVID-19 in patients with 6409-6416.
inflammatory bowel disease treated with non-gut
selective biologic therapy. ¥ Gastroenterol Hepatol 66. Magro F, Rahier JF, Abreu C, ez al. Inflammatory
2021; 36: 3050-3055. bowel disease management during the COVID-

19 outbreak: the ten Do’s and Don’ts from the

56. Agrawal M, Zhang X, Brenner EJ, ez al. The ECCO-COVID Taskforce. ¥ Crohns Colitis 2020;
impact of vedolizumab on COVID-19 outcomes 14 (14 Suppl 3): S798-S806.
among adult IBD patients in the SECURE-IBD
Registry. ¥ Crohns Colitis 2021; 15: 1877-1884. 67. Zingone F, Buda A and Savarino E. Reply

to comment: Screening for active COVID-

57. Palasik BN and Wang H. Tofacitinib, the first 19 infection prior to biologic therapy in IBD
oral Janus kinase inhibitor approved for adult patients: primum non ndcére. Dig Liver Dis 2020;
ulcerative colitis. ¥ Pharm Pract 2021; 34: 52: 1248-1249.

913-921.
68. Gajendran M, Perisetti A, Aziz M, et al.

58. Sandborn W], Su C, Sands BE, er al. Tofacitinib Inflammatory bowel disease amid the COVID-
as induction and maintenance therapy for 19 pandemic: impact, management strategies,
ulcerative colitis. New Engl ¥ Med 2017; 376: and lessons learned. Ann Gastroenterol 2020; 33:
1723-1736. 591-602.

59. Dudek P, Fabisiak A, Zatorski H, ez al. 69. Khan N, Patel M and Sundararajan R. Impact of
Efficacy, safety and future perspectives of JAK biologics on SARS-COV-2 disease course when
inhibitors in the IBD treatment. ¥ Clin Med infused within 2 weeks of acquiring the infection
2021; 10: 5660. among IBD patients. Clin Gastroenterol Hepatol

60. European Medicines Agency. Increased Risk of 2023; 21: 232-233.

Blood Clots in Lungs and Death with Higher 70. Hashash JG, Desai A, Kochhar GS, er al. Efficacy
Dose of Xeljanz (Tofacitinib) for Rheumatoid of Paxlovid and lagevrio for COVID-19 infection
14 journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag
https://www.ema.europa.eu/en/news/increased-risk-blood-clots-lungs-death-higher-dose-xeljanz-tofacitinib-rheumatoid-arthritis
https://www.ema.europa.eu/en/news/increased-risk-blood-clots-lungs-death-higher-dose-xeljanz-tofacitinib-rheumatoid-arthritis
https://www.ema.europa.eu/en/news/increased-risk-blood-clots-lungs-death-higher-dose-xeljanz-tofacitinib-rheumatoid-arthritis
https://www.ema.europa.eu/en/news/increased-risk-blood-clots-lungs-death-higher-dose-xeljanz-tofacitinib-rheumatoid-arthritis
https://www.fda.gov/safety/medical-product-safety-information/xeljanz-xeljanz-xr-tofacitinibdrug-safety-communication-due-increased-risk-blood-clots-and-death
https://www.fda.gov/safety/medical-product-safety-information/xeljanz-xeljanz-xr-tofacitinibdrug-safety-communication-due-increased-risk-blood-clots-and-death
https://www.fda.gov/safety/medical-product-safety-information/xeljanz-xeljanz-xr-tofacitinibdrug-safety-communication-due-increased-risk-blood-clots-and-death
https://www.fda.gov/safety/medical-product-safety-information/xeljanz-xeljanz-xr-tofacitinibdrug-safety-communication-due-increased-risk-blood-clots-and-death

N Scalzo and RC Ungaro

71.

72.

73.

74.

75.

76.

717.

78.

79.

80.

81.

in patients with inflammatory bowel disease:
a propensity-matched study. Clin Gastroenterol
Hepatol 20235 21: 841-843.¢4.

Michot JM, Albiges L, Chaput N, ez al.
Tocilizumab, an anti-IL-6 receptor antibody, to
treat COVID-19-related respiratory failure: a case
report. Ann Oncol 2020; 31: 961-964.

Feldmann M, Maini RN, Woody JN, er al.
Trials of anti-tumour necrosis factor therapy for
COVID-19 are urgently needed. Lancer 2020,
395: 1407-14009.

Dolinger MT, Person H, Smith R, ez al. Pediatric
Crohn disease and multisystem inflammatory
syndrome in children (MIS-C) and COVID-19
treated with infliximab. ¥ Pediatr Gastroenterol
Nurr 2020; 71: 153-155.

Bezzio C, Manes G, Bini F, et al. Infliximab for
severe ulcerative colitis and subsequent SARS-
CoV-2 pneumonia: a stone for two birds. Guz.
20215 70: 623-624.

Alhalabi M, Eddin KA, Ali F, ez al. SARS-CoV-2
(COVID-19) pneumonia patient treated with
two doses of infliximab within 2 weeks for acute
severe ulcerative colitis: a case report. Medicine
2022; 101: e28722.

Festa S, De Biasio F, Aratari A, ez al. Intentional
treatment with tofacitinib in a patient with severe
refractory ulcerative colitis and concomitant
Sars-CoV-2 infection. Dig Liver Dis 2022; 54:
1598-1599.

Rieker L, Hofer J, Petzold G, er al. Induction of
remission with tacrolimus in a patient with severe
acute, cortisone refractory ulcerative colitis and
severe covid-19 pneumonia: a case report. BMC
Gastroenterol 20223 22: 22.

Chebli JMF, Queiroz NSF, Damido AOMC,

et al. How to manage inflammatory bowel disease
during the COVID-19 pandemic: a guide for the
practicing clinician. World ¥ Gastroenterol 2021;
27:1022-1042.

Allez M, Fleshner P, Gearry R, et al. Care of the

patient with IBD requiring hospitalisation during
the COVID-19 pandemic. ¥ Crohns Colitis 2020;

14: s774-s779.

Vigano C, Mulinacci G, Palermo A, et al. Impact
of COVID-19 on inflammatory bowel disease
practice and perspectives for the future. World ¥
Gastroenterol 20215 27: 5520-5535.

Bourgonje AR, van Linschoten RCA, West RL,
et al. Treatment of severe acute ulcerative colitis
in SARS-CoV-2 infected patients: report of three
cases and discussion of treatment options. Ther
Adv Gastroenterol 20215 14: 17562848211012595.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Turner D, Walsh CM, Steinhart AH, ez al.
Response to corticosteroids in severe ulcerative
colitis: a systematic review of the literature and a
meta-regression. Clin Gastroenterol Hepatol 2007
5:103-110.

Sebastian S, Walker GJ, Kennedy NA, ez al.
Assessment, endoscopy, and treatment in patients
with acute severe ulcerative colitis during the
COVID-19 pandemic (PROTECT-ASUC): a
multicentre, observational, case-control study.
Lancer Gastroenterol Hepatol 20215 6: 271-281.

Somashekhar SP, Acharya R, Saklani A, er al.
Adaptations and safety modifications to perform
safe minimal access surgery (MIS: Laparoscopy
and robotic) during the COVID-19 pandemic:
Practice Modifications Expert Panel consensus
guidelines from academia of Minimal Access
Surgical Oncology (AMASO). Indian ¥ Surg
Oncol 2021; 12: 210-220.

Din S, Kent A, Pollok RC, et al. Adaptations
to the British Society of Gastroenterology
guidelines on the management of acute severe
UC in the context of the COVID-19 pandemic:
a RAND appropriateness panel. Gut 2020; 69:
1769-1777.

Hong SJ, Bhattacharya S, Aboubakr A, er al.
COVID-19 is not associated with worse long-
term inflammatory bowel disease outcomes:
a multicenter case—control study. Therap Adv
Gastroenterol 20223 15: 17562848221132363.

Wellens J, Colombel JF, Satsangi J], er al. SARS-
CoV-2 vaccination in IBD: past lessons, current
evidence, and future challenges. ¥ Crohns Colitis
2021; 15: 1376-1386.

Alexander JL, Moran GW, Gaya DR, er al.
SARS-CoV-2 vaccination for patients with
inflammatory bowel disease: a British Society of
Gastroenterology inflammatory bowel disease
section and IBD Clinical Research Group
position statement. Lancet Gastroenterol Hepatol
20215 6: 218-224.

D'Amico F, Rabaud C, Peyrin-Biroulet L, ez al.
SARS-CoV-2 vaccination in IBD: more pros than
cons. Nat Rev Gastroenterol Hepatol 2021; 18:
211-213.

Siegel CA, Melmed GY, McGovern DP, er al.
SARS-CoV-2 vaccination for patients with
inflammatory bowel diseases: recommendations
from an international consensus meeting. Gut
20215 70: 635-640.

Kennedy NA, Goodhand JR, Bewshea C, ez al.
Anti-SARS-CoV-2 antibody responses are
attenuated in patients with IBD treated with
infliximab. Gur 2021; 70: 865-875.

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

THERAPEUTIC ADVANCES in

Gastroenterology Volume 16

92. Melmed GY, Agarwal N, Frenck RW, ez al. 98. Alexander JL, Kennedy NA, Ibraheim H,
Immunosuppression impairs response to et al. COVID-19 vaccine-induced antibody
pneumococcal polysaccharide vaccination in responses in immunosuppressed patients
patients with inflammatory bowel disease. Am ¥ with inflammatory bowel disease (VIP): a
Gastroenterol 2010; 105: 148-154. multicentre, prospective, case-control study.

93. Pratt Pk Jr, David N, Weber HC, ¢ al. Antibody Lancer Gastroenterol Hepatol 20223 7: 342-352.
response to Hepatitis B virus vaccine is impaired 99. Liu Z, Le K and Zhou X. Neutralising antibody
in patients with inflammatory bowel disease on potency against SARS-CoV-2 wild-type and
infliximab therapy. Inflamm Bowel Dis 2018; 24: omicron BA.1 and BA.4/5 variants in patients
380-386. with inflammatory bowel disease treated with

94. Edelman-Klapper H, Zittan E, Bar-Gil Shitrit infliximab and ve.:dolizumab after three doses of .
A, et al. Lower serologic response to COVID-19 COVID-19 vaccne (,CLARITY IBD): an analysis
mRNA vaccine in patients with inflammatory of a prospective multicentre cohort study. Lancet
bowel diseases treated with Anti-TNFa. Gastroenterol Hepatol 2023; 8: 145-156.
Gastroenterology 2022; 162: 454-467. 100. Spiera E, Ganjian DY, Zhang X, ez al. Outcomes

95. Kennedy NA, Lin S, Goodhand JR, e al. of COVID-19 infections in vaccinated patients
Infliximab is associated with attenuated with inflammatory bowel disease: data from an
immunogenicity to BNT162b2 and ChAdOx1 international registry. Inflamm Bowel Dis 2022;
nCoV-19 SARS-CoV-2 vaccines in patients with 28:1126-1129.

IBD. Guz 2021; 70: 1884-1893. 101. Macaluso FS, Principi M, Facciotti F,

96. Chanchlani N, Lin S, Chee D, et al. Adalimumab et al. Reduced humoral response to two
and infliximab impair SARS-CoV-2 antibody doses of COVID-19 vaccine in patients
responses: results from a therapeutic drug with inflammatory bowel disease: data from
monitoring study in 11 422 biologic-treated ESCAPE-IBD, an IG-IBD study. Dig Liver Dis
patients. ¥ Crohns Colitis 2022; 16: 389-397. 20235 55: 154-159.

97. Kappelman MD, Weaver KN, Boccieri M, 102. Schell TL, Knutson KL, Saha S, er al.

Visit Sage journals online
journals.sagepub.com/
home/tag

SSage journals

et al. Humoral immune response to messenger
RNA COVID-19 vaccines among patients with
inflammatory bowel disease. Gastroenterology
20215 161: 1340-1343.e2.

Humoral immunogenicity of 3 COVID-19
messenger RNA vaccine doses in patients with
inflammatory bowel disease. Inflamm Bowel Dis
2022; 28: 1781-1786.

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

