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ABSTRACT

Background: Data from the 2009 influenza pandemic suggested asthma might protect from
severe disease in hospitalized patients. Asthma does not appear to increase risk for hospitalization
or mortality with COVID-19.

Objective: This study was undertaken to see if atopy actually protected those hospitalized with
COVID-19.

Methods: Retrospective chart review on all patients testing positive for SARS-CoV-2 over
2 months at a major adult and pediatric tertiary referral center hospital. Charts were evaluated for
history of atopic disease, as were the need for ICU admission, requirement for supplemental ox-
ygen and/or intubation, and in hospital mortality.

Results: No significant differences in outcomes for patients (n = 275) based on atopic disease
were noted: ICU admission, 43% versus 44.7% (atopic versus no atopic disease, respectively;
p = 0.84); supplemental oxygen use, 79.1% versus 73.6% (p = 0.36); intubation rate, 35.8% versus
36.5% (p = 0.92); and mortality rate, 13.4% versus 20.7% (p = 0.19). More patients with atopic
disease had COPD listed as a diagnosis in their chart (38.8% versus 17.3%, p < 0.001). COPD was
associated with an increased rate of ICU admission (aOR = 2.22 (1.15, 4.30) p = 0.02) and intu-
bation (aOR = 2.05 (1.07, 3.92) p = 0.03). After adjusting for COPD, patients with atopic disease
had a trend for reduced mortality (aOR 0.55 (0.23, 1.28), p = 0.16), but those with asthma did not
(p > 0.2).

Conclusion: Severity of COVID-19 in hospitalized patients does not differ based on atopic status.
However, adjusting for presence of COPD led to a suggestion of possible reduced severity in
patients with atopy but not asthma.
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INTRODUCTION

With the novel severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) pandemic
there has been concern that patients with asthma
might develop more severe disease. Indeed,
asthma was listed by the U.S. Centers for Disease
Control and Prevention (CDC) as a potential risk
factor early in the pandemic.” Further, non-SARS
coronaviruses have been reported to drive pul-
monary symptoms including asthma exacerba-
tions.? However, the initial case series of patients
with Coronavirus Disease 2019 (COVID-19) from
Wuhan, China, did not list asthma as a coexisting
disorder® A subsequent case series of 24
critically ill patients in Seattle, Washington, found
asthma as a coexisting disorder in 14% of
patients® which is similar to the 13.6% prevalence
of patients reporting ever having asthma in the
2018 Summary Health Statistics: National Health
Interview Survey.® More recently, data from
Chicago, lllinois, found no increased risk of
hospitalization due to SARS-CoV-2 in patients
with asthma® and additional data from New York
did not find increased mortality in those with
asthma who were hospitalized with COVID-19.7 A
retrospective chart review of Korean patients
showed a risk of more severe disease with
COVID-19 in patients with atopic disease, but this
risk was small with an adjusted odds ratio of 1.29
and 95% confidence interval of 1.02-1.66. In this
study, asthma was not found to be a risk factor for
severe disease, but when stratified into allergic
asthma (defined as asthma plus allergic rhinitis or
atopic dermatitis) versus non-allergic asthma, non-
allergic asthma was found to have a greater risk for
severe outcomes, with allergic asthma having no
increased risk.®

While the data overall suggest no increased risk
of severity or mortality associated with SARS-CoV-
2 infections in asthma patients, there are reasons
to believe asthma or atopic disease might be
protective - a recent study of Italian patients found
decreased risk of severe COVID-19 disease in
patients with atopic disease.? Further, during the
H1N1 influenza pandemic, patients with asthma
who were hospitalized with influenza had lower
mortality, decreased risk of intensive care unit
(ICU) stay, and need for mechanical
ventilation.’® Other than the ltalian study,

whether a similar level of protection could be
seen with the current pandemic respiratory virus,
SARS-CoV-2, is not known. With conflicting cur-
rent data, this study was undertaken to better
determine the relationship between atopic dis-
ease (including asthma) and severity of COVID-19
in hospitalized patients.

METHODS
Chart review methods

This study was approved by the Institutional
Review Board (IRB) of both hospitals. A retro-
spective chart review of all patients admitted from
3/1/20 (prior to any COVID-19 admissions)
through 5/5/20 to Ohio State University Wexner
Medical Center (OSUWMC) and Nationwide
Children's Hospital (NCH) in Columbus, Ohio was
performed. We included all patients admitted to
either hospital who had a positive SARS-CoV-2 test
at any point during their admission. Both
OSUWMC and NCH initially only tested patients
who were symptomatic or had known contacts
with confirmed COVID-19. On 4/9/20 NCH began
testing all admitted patients, while OSUWMC
continued testing only those with symptoms or
known COVID-19 contacts during the study
period. Testing at both institutions was performed
by real time polymerase chain reaction (RT-PCR) in
the clinical laboratories of each institution. Patients
were included if they were admitted for any reason
and subsequently were found to have positive
testing during their hospitalization. Patients were
excluded if they did not have SARS-CoV-2 testing,
had negative SARS-CoV-2 testing, or were still
admitted on 5/5/20 (n = 20). A total of 275 sub-
jects met inclusion criteria, and their charts were
evaluated for any history of atopic disease (defined
as asthma, allergic rhinitis, atopic dermatitis/
eczema, or food allergy) and subsequent hospital
course. Allergic rhinitis and food allergy were
classified as confirmed or reported based on the
presence of confirmatory radioallergosorbent test
(RAST) or skin prick testing. When possible, asthma
was stratified by disease severity. The primary
endpoint was ICU admission, used as a surrogate
marker of disease severity. Secondary endpoints
included length of stay, supplemental oxygen
requirement, ICU length of stay, and whether
intubation was required. Laboratory values of


https://doi.org/10.1016/j.waojou.2021.100508

Volume 14, No. 2, Month 2021

interleukin-6 (IL-6) and C-reactive protein (CRP), as
markers of disease severity, were evaluated for
correlation with atopic disease.

Statistical analysis

Patient characteristics were compared between
patients with and without atopic disease by t-test
or chi-square test. Outcomes were compared be-
tween atopic disease (and specific atopic disease)
by chi-square tests for binary outcomes and Wil-
coxon rank-sum tests for continuous outcomes.
Unadjusted comparison of primary outcomes was
performed with both confirmed and reported
atopic disease. Results were similar between pa-
tients with confirmed and reported atopic disease
(data not shown); therefore, subsequent statistical
analyses were performed using confirmed atopic
disease. Multivariable logistic regression was used
to compare outcomes (ICU admission, supple-
mental oxygen, intubation, and mortality) between
patients with and without atopic disease adjusting
for age, sex, race, admission diagnosis, obesity,
and chronic obstructive pulmonary disease
(COPD) status. An additional exploratory analysis
was done in the subset of patients who did not
have COPD, and their outcomes compared with
those of subjects with or without confirmed atopic
disease.

RESULTS
Demographics

Based on our inclusion and exclusion criteria,
295 subjects were identified across both hospitals;
however, due to a lack of outcome data, 20 sub-
jects who were not discharged by the time of data
analysis were excluded from our analysis. The
characteristics of the remaining 275 subjects are
shown in Table I. Thirteen pediatric patients were
from NCH, while 262 adults were hospitalized at
the OSUWMC.

As shown in Table |, there were no differences in
the age, sex, and race of those subjects with or
without atopic disease. However, those with
atopic disease had COVID-19 listed as their
admission diagnosis more frequently (91%) than
those hospitalized without atopic disease (78.9%,
p = 0.02). Also, subjects with atopic disease were
more likely to have a diagnosis of COPD (38.8%)
than those without atopic disease (17.3%,

p < 0.001; overall prevalence of COPD in our
cohort was 22.5%). No difference was seen in the
frequency of congestive heart failure, chronic kid-
ney disease, hypertension, obesity, or type-2 dia-
betes between those with and without atopic
disease (Table I). Although there was a trend
toward increased frequency in the atopic
subjects, coronary artery disease was not
significantly different between the two groups
(20.9% versus 12.5%, atopic versus non-atopic,
p = 0.09).

Patient medications

A total of 5 subjects with asthma without COPD
were on inhaled corticosteroid (ICS) therapy and 7
were on ICS and long-acting beta agonist (ICS-
LABA) therapy, while 2 subjects with asthma and
COPD were on ICS therapy and 12 were on ICS-
LABA therapy, and 0 subjects with COPD without
asthma were on ICS and 14 were on ICS-LABA
therapy (eTable IV). There were no significant dif-
ferences between ICS usage between groups
(p = 0.07). No subjects were on anti-allergic bio-
logic therapies, defined as omalizumab, benrali-
zumab, mepolizumab, or dupilumab. Inpatient
usage of systemic steroids, convalescent plasma,
remdesivir, and tocilizumab were similar among
both the subjects with atopic disease and those
without (steroids: 37.3% with atopic disease versus
30.7% without; convalescent plasma: 7.5% with
versus 3.4% without; remdesivir: 1.5% with versus
1% without; tocilizumab 9% with versus 12.5%
without).

Atopic disease and COVID-19 severity

The frequency of atopic disease in all subjects
ranged from 24.4% to 33.1% (confirmed disease
versus reported disease) in subjects hospitalized
with COVID-19. Interestingly, this is lower than the
reported frequency of atopic disease (approxi-
mately 40%) in the United States.”" In our pediatric
cohort, 53% had reported atopic disease (23%
with confirmed atopic disease) with 7.6% having
asthma; however, due to the small sample size,
we analyzed the pediatric and adult data
together. As shown in Table 2, asthma was the
most prevalent atopic disease in our population
and was present in 21.8% of the patients
hospitalized with COVID-19. This is higher than
the current expected prevalence of asthma, which
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Variable Any Confirmed Atopic Disease

(n = 67)

No Confirmed Atopic Disease

Age, mean (SD)
Sex, male

Race

White
Black/African-

American
Other

Admission Diagnosis

COVID-19°
Other

Coronary artery
disease

Congestive heart
failure

Chronic kidney
disease

COPD"”
Hypertension

Type 2 diabetes
mellitus

Obesity

57.7 (18.2)
50 (74.6%)

36 (53.7%)
27 (40.3%)

4 (6.0%)
61 (91.0%)
6 (9.0%)
14 (20.9%)
10 (14.9%)

9 (13.4%)

26 (38.8%)
42 (62.7%)
22 (32.8%)

29 (43.3%)

(n = 208)
58.0 (18.5)
162 (77.9%)

108 (51.9%)
76 (36.5%)

24 (11.5%)

164 (78.9%)
44 (21.2%)

26 (12.5%)

20 (9.6%)

27 (13.0%)

36 (17.3%)
119 (57.2%)
63 (30.3%)

73 (35.1%)

0.92
0.58
0.41

0.02

0.09

0.23

0.92

<0.001
0.43
0.69

0.23

Table 1. Demographics of subjects admitted with COVID-19 Significance to emphasize statistical significance (p<0.05). a. COVID-19, coronavirus
disease 2019 b. COPD, chronic obstructive pulmonary disease

in Ohio is 9.4%."* Allergic rhinitis was found in  the United States."” While not designed to assess
11.3% of subjects, which is similar to the national  the risk of SARS-CoV-2 infection in subjects with
prevalence of this disease; food allergy was seen  or without asthma/atopy, these data would sug-
in 5.5%, slightly less than the 8% prevalence in  gest that patients with asthma were more likely to

Atopic Disease Category n (%)
Any confirmed atopic disease® 67 (24.4%)
Any reported atopic disease” 91 (33.1%)
Asthma 60 (21.8%)
Confirmed allergic rhinitis 2 (0.7%)
Reported allergic rhinitis 31 (11.3%)
Dermatitis/eczema 8 (2.9%)
Confirmed food allergy 3(1.1%)
Reported food allergy 15 (5.5%)

Table 2. Prevalence of atopic disease in study subjects a. One or more of asthma, confirmed allergic rhinitis, dermatitis/eczema, or confirmed food
allergy b. One or more of asthma, reported allergic rhinitis, dermatitis/eczema, or reported food allergy
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Outcome: Supplemental Oxygen

Variable

Any Confirmed Atopic Disease
Age

Male Sex

Race

White
African-American
Other

Admission for COVID-19 vs. Other Reason
COPD

CAD

Obesity

Outcome: ICU Admission

Adjusted Odds Ratio (95% Cl)
1.25 (0.58, 2.68)
1.04 (1.02, 1.06)
2.61(1.28, 5.34)

Reference
1.14 (0.59, 2.22
1.03 (0.37, 2.82

( )
( )
2.18 (1.04, 4.55)
1.95 (0.78, 4.84)
0.33(0.14, 0.79)
( )

1.82 (0.92, 3.61

0.57
<0.001
0.01

0.70
0.96

0.04
0.15
0.01
0.09

Variable

Any Confirmed Atopic Disease
Age

Male Sex

Race

White
African-American
Other

Admission for COVID-19 vs. Other Reason
COPD

CAD

Obesity

Outcome: Mortality
Variable

Adjusted Odds Ratio (95% Cl)
0.72 (0.38, 1.35)
1.02 (1.01, 1.04)
246 (1.27,4.77)

Reference
0.99 (0.57, 1.73
0.52 (0.19, 1.46

( )
( )
1.45(0.72, 2.92)
2.33(1.19, 4.55)
0.97 (0.47, 2.02)
1.78 (1.01, 3.14)

Adjusted Odds Ratio (95% ClI)

0.30
0.01
0.01

0.98
0.21

0.30
0.01
0.94
0.05

Any Confirmed Atopic Disease
Age
Male Sex

Race

White
African-American
Other

Admission for COVID-19 vs. Other Reason

0.55 (0.23, 1.28)
1.05 (1.02, 1.08)
2.36 (0.94, 5.92)

Reference
1.12 (0.56, 2.23)
0.54 (0.11, 2.59)

1.10 (0.45, 2.67)

0.16
<0.001
0.07

0.75
0.44

0.84

(continued)
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Outcome: Mortality
Variable

COPD
CAD
Obesity

Outcome: Intubation

Variable

Any Confirmed Atopic Disease
Age
Male Sex

Race

White
African-American
Other

Admission for COVID-19 vs. Other Reason
COPD

CAD

Obesity

Adjusted Odds Ratio (95% Cl)
1.37 (0.65, 2.90)
0.94 (0.41, 2.16)
1.07 (0.53, 2.14)

0.89

Adjusted Odds Ratio (95% ClI)

0.77 (0.40, 1.47) 0.43
1.03 (1.01, 1.05) 0.01
2.74 (1.35, 5.58) 0.01
Reference
0.96 (0.54, 1.69) 0.88
0.61 (0.21, 1.83) 0.38
1.31 (0.63, 2.72) 0.47
2.14 (1.11, 4.14) 0.02
0.95 (0.45, 1.97) 0.88
1.90 (1.07, 3.38) 0.03

Table 3. (Continued) Multivariable analysis of risk for severe COVID-19 All multivariable models adjusted for age, sex, race, admission diagnosis
(COVID-19 vs. other), COPD, CAD, and obesity. Atopic disease refers to any confirmed atopic disease. a Coronavirus Disease 2019, b Chronic Obstructive

Pulmonary Disease, ¢ Coronary Artery Disease

be hospitalized with COVID-19 than would nor-
mally be expected from the general population,
while food allergy may have reduced the likeli-
hood of hospitalization with COVID-19 in our
population. It is important to stress, however, that
these are retrospective data and this study was not
designed to assess risk of infection, but rather
severity of disease in those already infected (and
hospitalized).

In our initial unadjusted comparison, no signifi-
cant differences in any of our primary or secondary
outcomes for patients stratified by atopic disease
(or any specific atopic disease) were noted
(eTable 1). Specifically, there were no differences in
the frequency of subjects who were admitted to
the ICU, required oxygen or intubation, or died
between those with confirmed or reported atopic
disease and those without. No differences were
seen between the atopic and non-atopic groups in
terms of total length of hospitalization or length of
ICU stay for those admitted to the ICU. In those

subjects in whom IL-6 and CRP levels were avail-
able, there was no difference in peak IL-6 or CRP
levels between the atopic and non-atopic groups.
Altogether, these data suggest that atopy and
asthma provide no increased or decreased risk of
severe disease when hospitalized with COVID-19.

Race and COVID-19 severity

In our population 37% of the admitted subjects
were Black. Since non-White race has been re-
ported as a risk factor for more severe COVID-19
disease,”®> we examined our data for
supplemental oxygen use, ICU admission, and
mortality stratified by race. As can be seen in
eTable Il, when stratifying by race, there were no
significant differences in any of these outcomes
between Black and White subjects.

Adjusted outcomes of COVID-19 severity

Because age, sex, obesity, and race have been
reported to increase risk for severe COVID-19
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disease, we performed multivariable regression
analysis to adjust for these variables.”*"* We also
included COPD and coronary artery disease (CAD)
in our adjusted models due to the increased
prevalence of these diseases in our atopic
population, and their reported association with
more severe COVID-19 disease.’® As shown in
Table 3, when adjusting for variables, having
atopic disease led to an adjusted odds ratio
(aOR) for ICU admission of 1.02 (95% CI: 1.01-
1.04) for age, 2.14 (1.13, 4.07) for male sex, and
2.22 (1.15, 4.30) for COPD. No other variables in
the model were associated with ICU admission.
Odds of intubation or supplemental oxygen
requirement were similarly increased with age,
male sex, and COPD in those with atopic
disease. Obesity was found to be associated with
an increased aOR for intubation of 1.90 (95% ClI:
1.07, 3.38) and increased aOR for ICU admission
of 1.78 (95% Cl: 1.01, 3.14). Coronary artery
disease was found to be protective of
supplemental oxygen need in our study (aOR
0.32 [0.13, 0.77], p = 0.01), although why
coronary artery disease would be protective in
this case is unclear.

Death during the hospitalization was signifi-
cantly increased only for age (aOR 1.05 [1.02,
1.08]), although there was a trend for male sex
(@aOR 2.32 [0.93, 5.77], p = 0.07). Neither COPD
nor any of the other the variables in our analysis
were associated with increased mortality in our
cohort. Interestingly, there was a slight trend for
protection from mortality in those with any
confirmed atopic disease (aOR 0.55 [0.23, 1.28],
p = 0.16).

There was a high prevalence of COPD among
both the general cohort and among asthmatic
patients. In order to evaluate if the data was
skewed by these subjects (ie, those with non-
atopic lung disease), we performed a sub-group
analysis excluding COPD patients and compared
primary outcomes for subjects with atopic disease
versus those without atopic disease (eTable llI).
There were no differences between any primary
outcomes; however, there were trends towards
decreased ICU admission (26.8% versus 41.3%,
p = 0.09) and intubation (22% versus 33.1%,
p = 0.16) in the subjects with atopic disease.

DISCUSSION

Previous studies have suggested no increased
risk of severe disease in patients with asthma. Our
data would support these findings, and we further
found no difference in severity of disease in those
with atopic disease beyond just asthma. We did
find that age, sex, obesity, and presence of COPD
as a diagnosis were associated with more severe
disease in atopic patients hospitalized with COVID-
19. These are risk factors that have been identified
in other studies, as well.’

Interestingly, the patients admitted with COVID-
19 had a much higher rate of asthma (21.8%) than
what is expected in Ohio (9.4%). This could sug-
gest that patients with asthma are more likely to be
hospitalized if they are infected with SARS-CoV-2
or even that they are more susceptible to the
infection. However, an even more likely explana-
tion is that having a history of asthma made it more
likely that the patient was hospitalized - especially
since the CDC listed asthma as a significant risk
factor for severe disease early in the pandemic. In
order to truly know if asthma is a risk factor for
infection, prospective studies would have to be
undertaken.

Our study is somewhat limited by differences in
patient population compared to other publications
and public health data. We demonstrated a much
higher prevalence of COPD (22.5%) in our whole
cohort compared to what the Ohio Department of
Health has reported for our region of Ohio
(5.4%)."° This suggests, like asthma, that the
presence of COPD could be a risk factor for
becoming infected with SARS-CoV-2 and/or be-
ing hospitalized once infected. Again, as discussed
above, an alternative explanation would be that
having COPD increased the likelihood of a physi-
cian wanting the patient admitted. Again, a pro-
spective study would be required to better
address this issue. Regardless of the increased
prevalence of COPD in our hospitalized patients,
our data demonstrate that having COPD as a
diagnosis significantly increased the risk of being
intubated and requiring an ICU admission.

We did not see evidence of a differential effect
of severity based on subject's race. This is in
contrast to early reports that Black patients had
increased mortality; however, this is in line with a
recent publication that demonstrated that the risk
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for in hospital mortality was actually associated
with sociodemographic and clinical characteristics,
not race.’® The Ohio census estimations for 2019
record people of Hispanic origin at 4% of the
Ohio population,”” which is mirrored in our data
with 3% of patients being of Hispanic origin
(included within the "Other” category in Table I).
This contrasts to the census data for the United
States showing 18.5% of the U.S. population is of
Hispanic origin."® Similar to data from Louisiana,
our study found that African American patients
made up a larger proportion of admitted COVID
patients than would be expected in the
community (37% of admissions, 13.1% of Ohio
population),” while disease severity and in-
hospital mortality was similar between Black and
White patients."®

Compared to other states, our study found a
higher rate in all subjects of ICU admission (44%
versus 34% [Louisiana], 14% [New York]) and
intubation (36% versus 26% [Louisiana], 12% [New
York]) but similar in-hospital mortality (19% versus
23.5% [Louisianal, 21% [New York])."®'? This
increased risk of ICU admission and intubation
may be explained by the increased prevalence of
COPD in our study, which was noted to be a risk
factor for both ICU admission and intubation.
Despite  these  differences, our  study
demonstrates no significant difference between
severe outcomes for patients with or without
atopic disease or asthma.

This retrospective review of patients admitted to
OSUWMC and NCH in Columbus, Ohio demon-
strated no increased rate of severity or mortality for
patients with pre-existing atopic disease, including
asthma. Similarly, we did not see any statistically
significant protection from COVID-19 disease
severity in patients with atopic disease or asthma.
COPD, age, obesity, and male sex demonstrated
the greatest risk of severe disease in our adjusted
models. Additional prospective studies will need
to be undertaken to determine whether asthma
and/or COPD increase the risk of hospitalization
and/or SARS-CoV-2 infection. Nonetheless, this
study adds to the mounting data that asthma and
atopy are not risk factors for severe COVID-19
disease, something that should be reassuring to
patients with these diseases.

Abbreviations

CDC: Centers for Disease Control and Prevention; COPD:
Chronic Obstructive Pulmonary Disease; COVID-19: Coro-
navirus Disease 2019; CRP: C Reactive Peptide; ICS:
Inhaled corticosteroid; ICU: Intensive Care Unit; Il-6: Inter-
leukin 6; LABA: Long acting beta agonist; NHANES: Na-
tional Health and Nutrition Examination Survey; RAST:
Radioallergosorbent test; RT-PCR: Real time polymerase
chain reaction; SARS-CoV-2: Severe acute respiratory syn-
drome coronavirus 2

Financial support

The project described was supported by Award Number
UL1TR002733 from the National Center for Advancing
Translational Sciences, National Institutes of Health, United
States of America. The content is solely the responsibility of
the authors and does not necessarily represent the official
views of the National Center for Advancing Translational
Sciences or the National Institutes of Health.

Author contributions

DTT, PUO, RR, RS, BP, and MG contributed to conception.
DTT, DN, RR, and PUO contributed to data collection. KP
contributed to statistical analysis. All authors contributed to
manuscript preparation and review.

Availability of data and materials

The data that support the findings of this study are
available on request from the corresponding author. The
data are not publicly available due to HIPAA requirements
and requirement for IRB approval for data release.

Consent for publications

All authors give consent for the article Severity of COVID-
19 in Hospitalized Patients With and Without Atopic Dis-
ease to be published in the World Allergy Organization
Journal.

Ethics approval

This study was approved by the Institutional Review Board
(IRB) of Nationwide Children's Hospital (NCH) and The
Ohio State University Wexner Medical Center (OSUWMC).

Declaration of competing interest

Mitchell Grayson: Medical advisory board
participant for Aimmune, DBV, GlaxoSmithKline,
and Genzyme; Director and Treasurer of the ABAI;
Associate Editor of the Annals of Allergy, Asthma,
and Immunology; Chair of the Medical Scientific
Council of the Asthma and Allergy Foundation of
America; Member of the Scientific Advisory Com-
mittee of the American Lung Association; Member


https://doi.org/10.1016/j.waojou.2021.100508

Volume 14, No. 2, Month 2021

of the American Academy of Allergy, Asthma, and
Immunology COVID-19 Task Force.

Princess Ogbogu: Advisory board member for
AstraZeneca and  GlaxoSmithKline; Medical
consultant for AstraZeneca; Member of the Board
of Directors of the ABAI.

All other authors have no conflicts of interest to
disclose.

Acknowledgements

The authors would like to thank Eric McLaughlin, MS for his
contribution of statistical analysis for the manuscript
revision.

Appendix ASupplementary data
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.waojou.2021.100508.

Author details

“Division of Allergy and Immunology, Department of
Pediatrics, Nationwide Children's Hospital, The Ohio
State University College of Medicine, Columbus, OH, USA.
PDivision of Allergy and Immunology, Department of
Otolaryngology, The Ohio State University Wexner Medical
Center, Columbus, OH, USA. “College of Medicine, The
Ohio State University, Columbus, OH, USA. dCenter for
Biostatistics, Department of Biomedical Informatics, The
Ohio State University, Columbus, OH, USA. The Abigail
Wexner Research Institute at Nationwide Children's
Hospital, Columbus, OH, USA. The Ohio State University
Wexner Medical Center/Nationwide Children's Hospital
World Allergy Organization Center of Excellence,
Columbus, Ohio, USA.

REFERENCES

1. Centers for Disease Control and Prevention [Internet]. COVID-
19 People with Moderate to Severe Asthma; c2020 [cited 2020
Jul 22]. Available from: https://www.cdc.gov/coronavirus/
2019-ncov/need-extra-precautions/asthma.html.

2. Zheng X, Xu Y, Guan W, Li-Feng L. Regional, age and
respiratory-secretion-specific prevalence of respiratory viruses
associated with asthma exacerbation: a literature review. Arch
Virol. 2018;163:845-853.

3. Guan W, Ni Z, Hu Y, et al. Clinical characteristics of coronavirus
disease 2019 in China. N Engl J Med. 2020,;382:1708-1720.

4. Bhatraju P, Ghassemieh B, Nichols M, et al. Covid-19 in
critically ill patients in the Seattle region - case series. N Engl J
Med. 2020;382:2012-2022.

5. Summary Health Statistics. National Health Interview Survey
[Internet]. Atlanta (GA): Centers for Disease Control and
Prevention; 2018. c2018 [cited 2020 Jul 22]. Available from:

https://ftp.cdc.gov/pub/Health_Statistics/NCHS/NHIS/SHS/
2018_SHS_Table_A-2.pdf.

. Chhiba K, Patel G, Vu T, et al. Prevalence and characterization

of asthma in hospitalized and non-hospitalized patients with
COVID-19. J Allergy Clin Immunol. 2020;146(2):307-314.

. Lieberman-Cribbin W, Rapp J, Alpert N, Tuminello S, Taioli E.

The impace of asthma on mortality in patients with COVID-19.
Chest. 2020;158(6):2290-2291.

. Yang J, Koh H, Moon S, et al. Allergic disorders and

susceptibility to and severity of COVID-19: a nationwide cohort
study. J Allergy Clin Immunol. 2020;146(4):790-798.

. Scala E, Abeni D, Tedeschi A, et al. Atopic status protects from

severe complications of COVID-19. Allergy. 2020. https://doi.
org/10.1111/all.14551. Epub 2020 Aug 16.

. Myles P, Semple M, Lim W, et al. Predictors of clinical outcome

in a national hospitalized cohort across both waves of the
influenza A/H1N1 pandemic 2009-2010 in the UK. Thorax.
2012;67:709-717.

. American Academy of Allergy, Asthma, and Immunology

[Internet]. Newsroom Allergy Statistics; c2020 [cited 7/17/
2020]. AAAAI. Available from: https://www.aaaai.org/about-
aaaai/newsroom/allergy-statistics.

. 2018 Behavioral Risk Factor Surveillance System (BRFSS)

[Internet]. Atlanta (GA): Centers for Disease Control and
Prevention. c2018 [cited 2020 Jul 17]. Available from: https://
www.cdc.gov/brfss/annual_data/annual_2018.html.

. Centers for Disease Control and Prevention [Internet]. COVID-

19 Racial & Ethnic Minority Groups; c2020 [cited 2020 Jul 24].
Available from: https://www.cdc.gov/coronavirus/2019-ncov/
need-extra-precautions/racial-ethnic-minorities.html.

. Zheng Z, Peng F, Xu B, et al. Risk factors of critical & mortal

COVID-19 cases: a systematic literature review and meta-
analysis. J Infect. 2020;146:110-118.

. Ohio Department of Health [Internet]. Prevalence of Chronic

Obstructive Pulmonary Disease (COPD) Among Ohio Adults
Age 18+; 2015. c2017 [cited 2020 Jul 22]. Available from:
https://odh.ohio.gov/wps/wcm/connect/gov/136a7028-a8a2-
423f-a839-5{38d3b39390/2015+Regional+ COPD+Prev.pdf?
MOD=AJPERES&CONVERT _
TO=url&CACHEID=ROOTWORKSPACE.Z18_
M1HGGIKON0JOO0QO9DDDDM3000-136a7028-a8a2-423f-
a839-5f38d3b39390-mtglAmt.

. Price-Haywood E, Burton J, Fort D, Seoane L. Hospitalization

and mortality among Black patients and white patients with
covid-19. N Engl J Med. 2020;382:2534-2543.

. United States Census Bureau [Internet]. Quick Facts Ohio;

c2019 [cited 2020 Jul 22]. Available from: https://www.census.
gov/quickfacts/OH.

. United States Census Bureau [Internet]. Quick Facts United

States; c2019 [cited 2020 Jul 22]. Available from: https://www.
census.gov/quickfacts/fact/table/US/PST045219.

. Richardson S, Hirsch J, Narasimhan M, et al. Presenting

characteristics, comorbidities, and outcomes among 5700
patients hospitalized with COVID-19 in the New York city area.
J Am Med Assoc. 2020;323:2052-2059.


https://doi.org/10.1016/j.waojou.2021.100508
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/asthma.html
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/asthma.html
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref2
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref2
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref2
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref2
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref3
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref3
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref4
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref4
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref4
https://ftp.cdc.gov/pub/Health_Statistics/NCHS/NHIS/SHS/2018_SHS_Table_A-2.pdf
https://ftp.cdc.gov/pub/Health_Statistics/NCHS/NHIS/SHS/2018_SHS_Table_A-2.pdf
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref6
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref6
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref6
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref7
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref7
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref7
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref8
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref8
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref8
https://doi.org/10.1111/all.14551
https://doi.org/10.1111/all.14551
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref10
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref10
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref10
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref10
https://www.aaaai.org/about-aaaai/newsroom/allergy-statistics
https://www.aaaai.org/about-aaaai/newsroom/allergy-statistics
https://www.cdc.gov/brfss/annual_data/annual_2018.html
https://www.cdc.gov/brfss/annual_data/annual_2018.html
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/racial-ethnic-minorities.html
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/racial-ethnic-minorities.html
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref14
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref14
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref14
https://odh.ohio.gov/wps/wcm/connect/gov/136a7028-a8a2-423f-a839-5f38d3b39390/2015+Regional+COPD+Prev.pdf?MOD=AJPERES&amp;CONVERT_TO=url&amp;CACHEID=ROOTWORKSPACE.Z18_M1HGGIK0N0JO00QO9DDDDM3000-136a7028-a8a2-423f-a839-5f38d3b39390-mtqIAmt
https://odh.ohio.gov/wps/wcm/connect/gov/136a7028-a8a2-423f-a839-5f38d3b39390/2015+Regional+COPD+Prev.pdf?MOD=AJPERES&amp;CONVERT_TO=url&amp;CACHEID=ROOTWORKSPACE.Z18_M1HGGIK0N0JO00QO9DDDDM3000-136a7028-a8a2-423f-a839-5f38d3b39390-mtqIAmt
https://odh.ohio.gov/wps/wcm/connect/gov/136a7028-a8a2-423f-a839-5f38d3b39390/2015+Regional+COPD+Prev.pdf?MOD=AJPERES&amp;CONVERT_TO=url&amp;CACHEID=ROOTWORKSPACE.Z18_M1HGGIK0N0JO00QO9DDDDM3000-136a7028-a8a2-423f-a839-5f38d3b39390-mtqIAmt
https://odh.ohio.gov/wps/wcm/connect/gov/136a7028-a8a2-423f-a839-5f38d3b39390/2015+Regional+COPD+Prev.pdf?MOD=AJPERES&amp;CONVERT_TO=url&amp;CACHEID=ROOTWORKSPACE.Z18_M1HGGIK0N0JO00QO9DDDDM3000-136a7028-a8a2-423f-a839-5f38d3b39390-mtqIAmt
https://odh.ohio.gov/wps/wcm/connect/gov/136a7028-a8a2-423f-a839-5f38d3b39390/2015+Regional+COPD+Prev.pdf?MOD=AJPERES&amp;CONVERT_TO=url&amp;CACHEID=ROOTWORKSPACE.Z18_M1HGGIK0N0JO00QO9DDDDM3000-136a7028-a8a2-423f-a839-5f38d3b39390-mtqIAmt
https://odh.ohio.gov/wps/wcm/connect/gov/136a7028-a8a2-423f-a839-5f38d3b39390/2015+Regional+COPD+Prev.pdf?MOD=AJPERES&amp;CONVERT_TO=url&amp;CACHEID=ROOTWORKSPACE.Z18_M1HGGIK0N0JO00QO9DDDDM3000-136a7028-a8a2-423f-a839-5f38d3b39390-mtqIAmt
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref16
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref16
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref16
https://www.census.gov/quickfacts/OH
https://www.census.gov/quickfacts/OH
https://www.census.gov/quickfacts/fact/table/US/PST045219
https://www.census.gov/quickfacts/fact/table/US/PST045219
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref19
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref19
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref19
http://refhub.elsevier.com/S1939-4551(21)00002-8/sref19

	Severity of COVID-19 in hospitalized patients with and without atopic disease
	Introduction
	Methods
	Chart review methods
	Statistical analysis

	Results
	Demographics
	Patient medications
	Atopic disease and COVID-19 severity
	Race and COVID-19 severity
	Adjusted outcomes of COVID-19 severity

	Discussion
	Financial supportThe project described was supported by Award Number UL1TR002733 from the National Center for Advancing Tra ...
	Financial support
	Author contributionsDTT, PUO, RR, RS, BP, and MG contributed to conception. DTT, DN, RR, and PUO contributed to data collec ...
	Author contributions
	Availability of data and materialsThe data that support the findings of this study are available on request from the corres ...
	Availability of data and materials
	Consent for publicationsAll authors give consent for the article Severity of COVID-19 in Hospitalized Patients With and Wit ...
	Consent for publications
	Ethics approvalThis study was approved by the Institutional Review Board (IRB) of Nationwide Children's Hospital (NCH) and  ...
	Ethics approval
	Declaration of competing interest
	Acknowledgements
	Appendix A. Appendix ASupplementary dataSupplementary data to this article can be found online at https://doi.org/10.1016/j.waojou.2021 ...
	Appendix A. Supplementary data
	References


