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Immunosuppressive Therapy and Risk of COVID-19 Infection
in Patients With Inflammatory Bowel Diseases

Kristin E. Burke, MD, MPH,*"# Bharati Kochar, MD, MSCR,*"* Jessica R. Allegretti, MD, MPH,"*
Rachel W. Winter, MD, MPH,™* Paul Lochhead, MBChB, PhD,*" Hamed Khalili, MD, MPH,** Francis P. Colizzo,
MD,** Matthew J. Hamilton, MD,"* Walter W. Chan, MD, MPH,"* and Ashwin N. Ananthakrishnan, MD, MPH**

Background: The effect of immunosuppressive treatment for immune-mediated diseases on risk of the novel coronavirus disease 2019 (COVID-
19) has not been established. We aimed to define the effect of targeted biologic and immunomodulator therapy on risk of COVID-19 in a multi-
institutional cohort of patients with inflammatory bowel disease (IBD).

Methods: We identified patients 18 years and older who received care for IBD at Partners Healthcare between January 2019 and April 2020.
The primary outcome was development of COVID-19 defined as a positive polymerase chain reaction test for severe acute respiratory syndrome
coronavirus 2. Multivariable regression models were used to examine the effect of immunosuppression on risk of COVID-19 and its outcomes.

Results: In a cohort of 5302 IBD patients, 39 (0.7%) developed COVID-19. There was no difference in age, sex, or race between IBD patients
with and without COVID-19. The rate of COVID-19 was similar between patients treated with immunosuppression (0.8%) compared with those
who were not (0.64%; P = 0.55). After adjusting for age, sex, race, and comorbidities, use of immunosuppressive therapy was not associated with
an increased risk of COVID-19 (odds ratio, 1.73; 95% confidence interval, 0.82-3.63). The presence of obesity was associated with a higher risk
of COVID-19 (odds ratio, 8.29; 95% confidence interval, 3.72-18.47). There were 7 hospitalizations, 3 intensive care unit stays, and 1 death. Older
age and obesity but not immunosuppressive treatment were associated with severe COVID-19 infection.

Conclusions: The use of systemic immunosuppression was not associated with an increased risk of COVID-19 in a multi-institutional cohort

of patients with IBD.
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INTRODUCTION
The emergence of the severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) causing coronavirus disease 2019
(COVID-19) led to a global pandemic affecting over 38 mil-
lion individuals worldwide and resulting in over 1.09 million
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deaths to date. Though the virus causes multi-organ sequelae,
it most commonly manifests as a respiratory disease ranging in
severity from a mild upper respiratory illness to severe pneu-
monia, acute respiratory distress syndrome (ARDS), multi-
organ failure, and death.? Due to the recent emergence of
SARS-CoV-2, risk factors for contracting the illness are poorly
understood. Data from the initial wave of infections in China,
Europe, and the United States suggest that older individuals
and those with underlying comorbidities may be at greatest
risk.'* Included in the latter group are patients who are immu-
nosuppressed, either as a consequence of underlying disease
or pharmacologic treatment.”> ¢ Inflammatory bowel diseases,
including ulcerative colitis (UC) and Crohn’s disease (CD),
are debilitating immune-mediated diseases affecting nearly 7
million individuals worldwide.” Systemic immunosuppression
through use of targeted biologics or small molecules is the cor-
nerstone of effective IBD management.*® Consequently, the
interplay between immunosuppression and COVID-19 infec-
tion in patients with IBD is a pressing clinical question.
Several studies have now been published examining the
impact of IBD diagnosis on outcomes after COVID-19 di-
sease.!” " These have shown that immunosuppression is not
associated with worse outcomes among those with COVID-
19 disease and that outcomes in patients with IBD are com-
parable with those without underlying IBD. However, an
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important challenge in extrapolating those findings concluding
that immunosuppression does not influence risk of acquisi-
tion of disease is the potential for inherent bias in the studies
published thus far. Because testing for the SARS-CoV-2 virus
is not universal in those with suspicious symptomes, it is plau-
sible and indeed likely that the threshold for testing is lower in
those with immunosuppression since it may more directly im-
pact interruption of such therapy. In contrast, testing may be
reserved for more severe illness in those not on immunosup-
pression and thus not deemed high risk. This would bias away
from demonstrating harm with immunosuppression. However,
one can surmise that this lower threshold for testing would in-
troduce a bias in the opposite direction in estimating risk of
disease acquisition inasmuch as the higher rate of testing in
an immunosuppressed population would actually bias toward
demonstrating higher risk of documented infection. Thus in
the absence of universal testing, complementary studies exam-
ining impact of immunosuppression on COVID-19 risk and
COVID-19 outcomes are both required to accurately impact
our practice. The only prior study that has attempted to eval-
uate risk of disease related to drug exposure used the American
Veterans affairs cohort and was limited by ability to examine
only thiopurine and antitumor necrosis factor (anti-TNF) ex-
posure but not that of other biologics or combination therapy.
Furthermore, it consisted predominantly of older (mean age
63 years) male patients.'””> Consequently, there is an important
gap in the literature examining the effect of novel non-TNF
biologics and combination therapy on risk of SARS-CoV-2
virus acquisition and COVID-19 disease.

In this study, we aimed to use data from a large, multi-
institutional cohort of patients with IBD in Massachusetts,
the state with the third highest number of cases of COVID-
19 infections in the United States to accomplish 4 things: (1)
define the risk of documented COVID-19 disease in patients
on aminosalicylates, anti-TNF, and non-TNF biologics; (2) ex-
amine the impact of combination therapy on disease risk; (3)
compare risk factors in an IBD cohort that underwent testing
and were confirmed negative for the SARS-CoV-2 virus to ac-
count for selection bias in testing; and (4) define the impact of
immunosuppression and comorbidity on disease outcomes.
Defining this risk accurately is of critical relevance to the man-
agement of IBD and other immune-mediated diseases that rely
on systemic immunosuppression for disease control.

METHODS

Study Population

This study included patients receiving care at 2 tertiary re-
ferral hospitals in Boston, the Massachusetts General Hospital
(MGH) and Brigham and Women’s Hospital (BWH), and
other participating hospitals within the Partners HealthCare
system. Partners HealthCare is the largest health care provider
in Massachusetts and provides primary, secondary, and tertiary
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referral care to residents of New England. The study popula-
tion was identified using the Partners Research Patient Data
Repository (RPDR) and active query of gastroenterologists
at MGH and BWH to find cases. Use of RPDR has been de-
scribed in prior publications.'* * In brief, RPDR is an automat-
ically and continually updated data repository that warehouses
information obtained from any health care encounter within
the Partners HealthCare system, including all inpatient and
ambulatory encounters, procedures and laboratory and radio-
logic tests that occur in any of the affiliated hospitals.

For this study, we identified eligible patients age
18 years and older with at least 1 International Classification
of Diseases 10th edition (ICD-10) code for CD (K50.x) or
UC (K51.x) between January 1, 2019, and April 25, 2020. In
addition, to accurately define the denominator as patients
actively receiving care for IBD, we also required at least 1 pre-
scription for any of the following: (1) oral aminosalicylate
(mesalamine, balsalazide, sulfasalazine); (2) immunomodulator
(azathioprine, mercaptopurine, methotrexate); (3) biologic
including tumor necrosis factor-a antagonists (anti-TNF),
anti-integrins (vedolizumab), anti-interleukin 12/23 agents
(ustekinumab); or (4) janus kinase inhibitor (tofacitinib) during
this period. This approach of combining diagnosis codes and
prescriptions demonstrated good accuracy for case ascertain-
ment in prior studies of IBD."

Definition of COVID-19 Infection

The primary study outcome was development of
COVID-19, defined as a positive polymerase chain reaction
(PCR) test for SARS-CoV-2 on nasopharyngeal swab. Each
positive case was reviewed, and diagnosis was confirmed by an
attending gastroenterologist. During the study period, there
was no screening of asymptomatic patients. Only patients who
met criteria for significant symptoms (fever and respiratory ill-
ness) were referred for SARS-CoV?2 testing. For each case, we
extracted information on whether the infection was severe, de-
fined as COVID-19 resulting in hospitalization, intensive care
unit (ICU) stay, or death. Medication use at the time of de-
velopment of COVID-19 disease was also ascertained for each
case.

Covariates

We extracted relevant covariates from the electronic med-
ical record: age, sex, race, and type of IBD (CD or UC). Race
was defined dichotomously as white or nonwhite, with the latter
including those with missing or unstated race. We identified the
presence of common comorbidities that could potentially in-
fluence COVID-19 outcomes, including asthma, diabetes mel-
litus (DM), hypertension, and obesity,' through ICD-10 codes
for these conditions. We obtained information on medication
exposures since January 2019 pertinent to the management of
IBD. Patients were placed into ordinal categories of mutually
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exclusive therapeutic regimens, including aminosalicylates,
immunomodulators, anti-TNFs (infliximab, adalimumab,
certolizumab pegol, golimumab), vedolizumab, ustekinumab,
tofacitnib, or combination biologic-immunomodulator therapy
(“combination therapy”). We also assessed use of corticoster-
oids. Patients sequentially on multiple biologics during the
study period were assigned to the category of most recent
exposure.

Statistical Analysis

The study was approved by the institutional review board
of Partners HealthCare. Continuous variables were expressed
as means with standard deviations and compared using ¢ tests,
whereas categorical variables were defined using proportions
and compared using ¥? square tests (with the Fisher modifi-
cation when appropriate). First, we performed univariate lo-
gistic regression identifying factors associated with acquiring
COVID-19 infection. Variables significant in the univariate
analysis at P < (.15 or those that had been previously described
to modify risk for or outcomes of COVID-19 were included
in multivariable regression models to identify independent pre-
dictors of infection. To ensure that the findings were not due to
selection bias in referral for testing, as a sensitivity analysis we
compared patients with positive SARS-CoV-2 PCR with those
who tested negative. We then performed an analysis restricted
to cases to identify predictors of a severe COVID-19 disease.
Analyses were conducted using Stata 15.2 (StataCorp, College
Station, TX).

RESULTS

Study Population

The study included a total of 5302 patients with IBD
with a mean age of 46.5 years (range 18-99 years). Just under
half of the cohort were men (49%), and most were white
(89%). Fifty-eight percent had CD. Hypertension was the most
common comorbidity (21% of the cohort), followed by diabetes
(6.5%), asthma (6.5%), and obesity (6.2%). The most common
immunosuppressive regimen used was TNF-antagonist mono-
therapy in 29.7% of the cohort. The percentage of biologic
users on combination therapy ranged from 10.5% among
vedolizumab users to 23.0% of TNF-antagonist users. Just over
one third of the cohort (35.3%) had received a prescription for
mesalamine alone. Twenty percent had received a prescription
for prednisone.

A total of 39 patients (0.7%) developed COVID-19 in-
fection. Of these, 7 resulted in severe disease (7 hospitalized,
3 ICU, 1 death). To provide context, the number of cases in
Massachusetts as of May 15, 2020, was 80,497 out of an es-
timated population of 6.9 million (rate of infection 11 cases
per 1000 individuals [1.1%]). Table 1 compares the character-
istics of IBD patients who developed COVID-19 to the rest

TABLE 1. Characteristics of the Study Cohort, Stratified
by COVID-19 Infection Status

COVID-positive  COVID-negative

Characteristic (n=39) (n =5263) P
Mean age (in years) (SD)  45.6 (18.8) 46.6 (18.3) 0.74
Sex 0.18
Male 38% 49%
Female 62% S51%
Race 0.81
White 90% 89%
Nonwhite / missing 10% 11%
IBD-type 0.063
Crohn’s disease 44% 58%
Ulcerative colitis 56% 42%
Comorbidities
Obesity 28% 6% <
0.001
Diabetes mellitus 8% 7% 0.71
Hypertension 18% 21% 0.70
Asthma 10% 6% 0.31
Medication category 0.38
S-aminosalicylates 31% 35%
Immunomodulator 8% 11%
TNF-antagonists 33% 25%
Vedolizumab 18% 11%
Ustekinumab 0% 7%
Tofacitinib 0% 1%
Combination therapy* 10% 10%
Prednisone use 0.95
No 79% 80%
Yes 21% 20%

*Combination therapy refers to use of TNF-antagonists, vedolizumab, or ustekinumab
in combination with an immunomodulator (azathioprine, mercaptopurine,
methotrexate).

of the cohort. There was no difference in age, sex, or race be-
tween the 2 groups. There was a trend toward fewer patients
with CD among the cases (44%) compared with controls (58%;
P =0.063). Among the comorbidities, obesity was much more
prevalent among cases (28%) compared with controls (6%;
P < 0.001), but there was no difference in prevalence of dia-
betes, hypertension, or asthma. Older age was not associated
with higher risk of COVID-19 infection in this cohort, likely re-
flecting the relatively young age distribution of this population.

We observed no effect of medication exposure on the risk
of COVID-19 infection in patients with IBD. The frequency
of infection among those only on aminosalicylate therapy was
0.64%, which was similar to 0.5% on immunomodulators, 1%
on TNF-antagonists, and 1.2% on vedolizumab monotherapy.
Four infections occurred in those on combination biologic-
immunomodulator therapy, whereas none were noted in those
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FIGURE 1. Risk of COVID-19 infection by medication category.

on either ustekinumab or tofacitinib alone (Fig. 1). Overall,
the rate of COVID-19 infection was similar between those not
treated with immunosuppression (0.64%) and those treated
with immunosuppression (0.8%; P = 0.55). Corticosteroid
use in the past year was not associated with risk of COVID-
19 infection in our cohort (users 0.37% vs nonusers 0.36%;
P =0.95). On multivariable analysis adjusting for age, sex, race,
IBD-type, and comorbidity, use of any immunosuppressive
therapy was not associated with an increased risk of COVID-
19 infection (odds ratio [OR], 1.73; 95% CI, 0.82-3.63). The
only significant independent predictors were a diagnosis of CD
(OR, 0.46; 95% CI, 0.23-0.91) and obesity (OR, 8.29; 95% CI,
3.72-18.47). Separately, compared with no immunosuppres-
sion, the use of conventional immunomodulators (OR, 0.89;
95% CI, 0.33-2.44), anti-TNFs (OR, 1.58; 95% CI, 0.70-3.54),
or vedolizumab (OR, 1.87; 95% CI, 0.71-4.94) was not associ-
ated with an increase in risk of COVID-19 infection. Similar
results were obtained when restricting the analysis to only IBD
patients who had been tested for COVID-19, comparing those
with positive PCR testing to those with confirmed negative
tests (OR, 0.78; 95% CI, 0.28-2.17; Supplemental Table 1).
Table 2 compares patients who developed severe COVID-
19 with those with mild disease. Those who developed se-
vere disease were likely to be older (mean age 65.4 years vs
41.2 years; P = 0.001) and female (P = 0.02). They were also
more likely to be obese (71% vs 19%), have diabetes (29% vs
3%), have hypertension (57% vs 9%), or have asthma (29% vs
6%; P = 0.078). Interestingly, the proportion of patients on
any immunosuppression was lower in those with severe disease
(29%) compared with those with mild disease (78%; P = 0.010).
However on multivariable analysis, only older age (P = 0.018)
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and obesity (P = 0.033) were associated with severe disease, and
immunosuppression use was no longer statistically significant
(P=0.27).

DISCUSSION

In the 6 months since COVID-19 was declared a global
pandemic, much remains unknown about risk factors for di-
sease. Although initial data suggested immunosuppression
increases risk, this was based on small numbers of patients
receiving systemic chemotherapy for malignancy and immu-
nosuppression for organ transplantation.> ® Those receiving
targeted therapy for autoimmune disease were insufficiently
represented in these cohorts to determine risk. The absence of
robust data describing the risk of COVID-19 infections in this
population and a body of evidence linking IBD treatments to
increased risk of serious infections'®® have introduced sub-
stantial uncertainty into the management of patients on long-
term immunosuppression. In this large cohort, we reassuringly
identified no excess risk of COVID-19 infection among those
on various systemic and gut-targeted immunosuppressive ther-
apies for IBD when compared with those not on immunosup-
pression. We also identified no effect of immunosuppression on
severity of COVID-19, including need for hospitalization and
mortality. In contrast, other recognized comorbidities, particu-
larly obesity,! increased risk of development of COVID-19 in-
fection and severe disease in this population, consistent with
prior studies.?!

Our findings expand upon the experience described in
few published case series and cohort studies of patients with
IBD. Regarding risk of acquiring COVID-19, a retrospec-
tive review of IBD patients tested for COVID-19 within a
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TABLE 2. Characteristics of Patients with Mild or Severe
COVID-19 Infection

Severe COVID- Mild COVID-
Characteristic 19(m=7) 19 (n = 32) P
Mean age (in years) (SD)  65.4 (17.4) 41.3(16.4) 0.001
Sex 0.02
Male 0% 47%
Female 100% 53%
Race 0.078
White 71% 94%,
Nonwhite / missing 29% 6%
IBD-type 0.38
Crohn’s disease 29% 47%
Ulcerative colitis 1% 53%
Comorbidities
Obesity 1% 19% 0.005
Diabetes mellitus 29% 3% 0.02
Hypertension 57% 9% 0.003
Asthma 29% 6% 0.078
Medication category 0.05
S-aminosalicylates 1% 22%
Immunomodulator 0% 9%
TNF-antagonists 0% 41%
Vedolizumab 29% 16%
Ustekinumab 0% 0%
Tofacitinib 0% 0%
Combination therapy* 0% 13%
Prednisone use 0.83
No 75% 80%
Yes 25% 20%

*Combination therapy refers to use of TNF-antagonists, vedolizumab, or ustekinumab
in combination with an immunomodulator (azathioprine, mercaptopurine,
methotrexate).

northern California health system demonstrated no associa-
tion between immunosuppressive medication use and odds of
a positive test result, but this analysis included only 5 posi-
tive patients.”? Similarly, a combined analysis of French and
Italian cohorts revealed no increase in risk of COVID-19 in
IBD patients when compared with the estimated rate in the
general population. However, this study lacked a clearly de-
fined at-risk population to estimate association with different
treatments.”> Most other published studies of COVID-19 in
IBD have been case series of affected patients, attempting
to define predictors of severe disease. An Italian prospective
observational cohort of 79 patients with a diagnosis of IBD
and COVID-19 found no association between corticosteroid
(OR, 4.94; 95% ClI, 0.95-25.55), thiopurine (OR, 1.21; 95%
CI, 0.22-6.40), anti-TNF (OR, 1.18; 95% CI, 0.47-2.97), or
vedolizumab (OR, 0.53; 95% CI, 0.16-1.73) use and risk of

COVID-related pneumonia.?* There was also no association
between corticosteroid or anti-TNF use and death.?* Similarly,
data from the international SECURE-IBD registry for
COVID-19 infections reported that only 19% of patients on
antitumor necrosis factor monotherapy required hospitaliza-
tion and 1% died, rates which were lower than those observed
for patients on aminosalicylate therapy (46% hospitalized, 7%
died).” These findings may, in part, be a selection bias due
to use of immunosuppression only in individuals considered
“fitter.” Though consistent with the SECURE-IBD registry,
use of immunosuppression was more frequent among those
with milder disease in our cohort; upon adjusted analysis,
only age and obesity were independently predictive of disease
severity. In contrast to their study, we did not find an associa-
tion with corticosteroid use. However, this may be a reflection
of the relative inaccuracy of prescription dates to define active
steroid use, given its sporadic intermittent use.

The lack of an effect of immunosuppression on
COVID-19 risk or severity may have several explanations.
First, SARS-CoV-2 infects the human host by binding the
angiotensin 1 converting enzyme 2 (ACE2) receptor, which is
then cleaved by transmembrane serine protease 2 (TMPRSS2)
to induce viral entry into the cell.?*>® The ACE2 receptor is ex-
pressed in many organs, including type 2 surfactant-secreting
alveolar cells of the lungs and gastrointestinal epithelial cells,
with highest concentrations in the duodenum, terminal ileum,
and colon.? * Burguefio et al recently demonstrated no sig-
nificant difference in ACE2 or TMPRSS2 expression in co-
lonic organoids derived from patients with ulcerative colitis
as compared with controls, supporting that ulcerative colitis
alone may not impact risk of COVID-19 infection.’! However,
expression of ACE2 was lower in patients on antitumor ne-
crosis factor drugs, vedolizumab, ustekinumab, and steroids
as compared with patients on no immunosuppression,* which
may limit viral entry and subsequent severity. Second, by
virtue of being grouped together in the high-risk category, it
is plausible that patients on systemic immunosuppression may
have practiced stricter quarantine measures and self-isolated
more rigorously than those not on such treatments, decreasing
their risk of viral infection. Third, COVID-19 has been asso-
ciated with a cytokine storm, and patients with severe disease
often demonstrate markedly elevated inflammatory cytokines
such as interleukin (IL)-6 on presentation.* Indeed, in addi-
tion to antiviral therapy, one of the avenues being explored
for COVID-19 treatment is targeted immunosuppression, in-
cluding IL-6 antagonists,? * with some even proposing a role
for steroids or TNF-antagonists.®

There are several implications to our results and strengths
to our study. To our knowledge, the present study is one of the
largest cohorts to date examining the impact of immunosup-
pression on risk of COVID-19 infection. Our findings suggest
that those on immunosuppression for IBD are not at higher
risk for COVID-19, nor are they at risk for more severe disease.
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Given the reliance on immunosuppression for effective man-
agement of several immune-mediated diseases, our findings
may provide broad reassurance to providers treating patients
with these diseases and support existing professional society
recommendations to continue immunosuppression in such pa-
tients during the COVID-19 pandemic.*** However, it should
also be acknowledged that our study period comprised prima-
rily a time where most may have been self-isolating, and thus
continued study is necessary once societies reopen and risk of
exposure is higher.

We readily acknowledge the limitations to our study. Due
to lack of widespread availability of testing, it is possible that
patients with mild symptoms may not have been tested and
thus not captured as cases in our analysis. Second, we did not
have granular information on dose of medications and relied
on the presence of a prescription for the relevant drug in the
past year. Patients who had self-discontinued treatment, partic-
ularly early in the pandemic, would not have been identified as
nonusers. Third, we did not have the ability to examine disease-
related factors, such as active inflammation, on COVID-19 risk.
Finally, though we supplemented case ascertainment by actively
querying treating providers, it is possible that some patients may
have been tested outside our health system and their providers
not notified.

In conclusion, immunosuppressive treatment for
management of IBD was not associated with an increase
in risk of COVID-19 infection in a large, multi-institution
cohort. Though our findings suggest that cautiously con-
tinuing such treatments for IBD is warranted, further
study is necessary during the next phase of the pandemic
with re-integration of society in the setting of ongoing
exposure risk.

SUPPLEMENTARY DATA
Supplementary data is available at Inflammatory Bowel Dis-
eases online.
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