Journal Pre-proof

Prevalence of Asthma in Hospitalized and Non-Hospitalized Children with COVID-19

G Chandler Floyd, BA, Jesse W. Dudley, MS, Rui Xiao, PhD, Chris Feudtner, MD, . S
PhD, MPH, Kiara Taquechel, BS, Kristen Miller, MD, Sarah E. Henrickson, MD, PhD, [l
David A. Hill, MD, PhD, Chén C. Kenyon, MD, MSHP

PII: S2213-2198(21)00243-9
DOI: https://doi.org/10.1016/j.jaip.2021.02.038
Reference: JAIP 3463

To appearin:  The Journal of Allergy and Clinical Immunology: In Practice

Received Date: 18 December 2020
Revised Date: 12 February 2021
Accepted Date: 12 February 2021

Please cite this article as: Floyd GC, Dudley JW, Xiao R, Feudtner C, Taquechel K, Miller K, Henrickson
SE, Hill DA, Kenyon CC, Prevalence of Asthma in Hospitalized and Non-Hospitalized Children

with COVID-19, The Journal of Allergy and Clinical Immunology: In Practice (2021), doi: https://
doi.org/10.1016/j.jaip.2021.02.038.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2021 Published by Elsevier Inc. on behalf of the American Academy of Allergy, Asthma & Immunology


https://doi.org/10.1016/j.jaip.2021.02.038
https://doi.org/10.1016/j.jaip.2021.02.038
https://doi.org/10.1016/j.jaip.2021.02.038

O 00N O

10

12
13
14
15
16
17
18

19

20
21
22
23
24
25

26
27
28
29
30

31
32

33

Prevalence of Asthma in Hospitalized and Non-Hosplized Children with COVID-19

G Chandler Floyd, BA Jesse W Dudley, MSRui Xiao, PhB, Chris Feudtner, MD, PhD,
MPH,*’ Kiara Taquechel, BSKristen Miller, MD®’, Sarah E Henrickson, MD, PAB’, David
A Hill, MD, PhD**’, Chén C Kenyon, MD, MSHP"’

Affiliations:

PolicyLab and Center for Pediatric Clinical Effeetess, Children's Hospital of Philadelphia,
Philadelphia, PA, USA

’Department of Biomedical and Health Informaticsil@en's Hospital of Philadelphia,
Philadelphia, PA, USA

3Department of Biostatistics, Epidemiology and Infiatics, Perelman School of Medicine,
University of Pennsylvania, Philadelphia, PA, USA

“Department of Pediatrics, Perelman School of MeeicUniversity of Pennsylvania,
Philadelphia, PA, USA

>Division of Allergy and Immunology, Children’s Hasal of Philadelphia, Philadelphia, PA,
USA

®Division of Pulmonary Medicine, Children’s Hospitsfl Philadelphia, Philadelphia, PA, USA
"Department of Pediatrics, Children’s Hospital ofi@&telphia, Philadelphia, PA, USA

Corresponding Author:

Chén Kenyon, MD, MSHP, Children's Hospital of Ptéfphia, Roberts Center for Pediatric
Research, 10floor , 2716 South St, Philadelphia, PA 19146

Phone: 1 (267) 426-6339

Fax: 1 (267) 425-1067

Email: kenyonc@email.chop.edu

Funding Statement: This work was supported by the National Institugéblealth awards (grant
no. K23HL136842 to C.C.K., grant no. DK116668 t&\[H., and grant no. KO8AI135091 to
S.E.H.). S.E.H.'s effort was also supported byBheoughs Wellcome Fund CAMS award. The
funders had no influence on the design of the stindgrpretation of findings, or the decision to
publish.

Disclosure of Potential Conflicts of interestThe authors have no potential conflicts of interest
to disclose.



34

35
36
37

38

39

Clinical Implications

In our cohort of 979 children with PCR-confirmed ZID-19, 205 (21%) had asthma, a number
consistent with previously published asthma prevadeestimates within our network. Asthma
diagnosis was negatively associated with COVID-&Bted hospitalization.

Word Count: 1000 words
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While initial reports of the novel coronavirus dise 2019 (COVID-19) showed limited
and non-severe manifestations in children, morenexeports have begun to describe more
serious illness in children, including patient dweristics associated with hospitalization and
death®? During the early stages of the pandemic, the drfiimtes’ (US) Centers for Disease
Control and Prevention listed moderate to sevdierasas a potential risk factor for severe
COVID-19, yet there is little data to support tassertion in children and published data in
adults are conflicting=> The largest cohort of pediatric COVID-19 positpagients in the US
included only descriptive statistics on underlyaunditions and severity and did not delineate
diagnosis-specific associations with hospitalizafido help address these gaps in knowledge,
we completed a retrospective cohort study in aelggdiatric cohort of patients with polymerase
chain reaction (PCR) confirmed COVID-19 to deterenine association between current asthma

and hospitalization.

We extracted electronic health records (EHR),uditlg demographics, clinical
characteristics, and asthma medications for alticdn aged 21 years and under with a positive
PCR test for SARS-CoV-2 at any Children’s HospataPhiladelphia setting (drive-through
testing, outpatient, emergency department (EDipatient) between 3/17/20-8/26/20. Presence
of a current asthma diagnosis was determined @sirgxisting EHR asthma registry definition,
which required that they met either of the followicriteria at the time of testing: (1) encounter
diagnosis for asthma (International ClassificatiéDisease, 10 Revision, code J45) within the
past one year or an active problem list diagnasiga$thma AND a prescription for an asthma-
specific medication in the last year; OR (2) anvacpersistent asthma diagnosis on the problem
list. COVID-19 hospitalizations were defined as &gpitalization within 14 days of a first

positive PCR for SARS-CoV-2. To account for potahtionfounding, multivariable logistic
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regression was used to calculate adjusted odas @iRs) for COVID-19 hospitalization. Since
all hospitalized patients were screened for COV®@eh admission regardless of symptoms or
exposure risk, unlike other care settings, we peréal a secondary analysis including only
hospitalizations determined to be COVID-19-relatadchart review by board-certified
pediatricians (KM, SHE, DAH, CCK) to investigate fdifferential confounding by testing
indication. For patients with a current asthma dasgs, we classified asthma severity based
upon asthma medications prescribed within the getore a first COVID-19 positive PCR,
using tiers modeled from the Global INitiative #ssthma guidelines for asthma severity. The
association between asthma controller prescriptousCOVID-19 hospitalization was

examined using the Fisher’'s exact test.

From 3/17/20-8/26/20, 979 patients ages 0-21 yteated positive for COVID-19 within
our health system. Of these patients, 205 (21%)xhnaattive asthma diagnosis at the time of
testing. One hundred twenty-one patients (12%) Wwespitalized with COVID-19, 11 of whom

had a current asthma diagnosis. (Table 1)

In bivariate modeling, asthma was associated witdtwar odds of COVID-19
hospitalization (OR: 0.34; 95% CI: 0.16-0.65; F081). In the adjusted model (Table 2), asthma
diagnosis remained associated with a lower odd@¥¥ID-19 hospitalization compared to

children without asthma (OR: 0.28; 95%CI: 0.14-0 B5.001).

The frequency of patients with an asthma contrafledication prescription was higher
in the subgroup of patients with COVID-19 hosp#ations compared to those who were not
hospitalized (82% vs 41%, respectively, P=0.01)nQige, only two children were prescribed a

biologic for asthma and neither of these childremenhospitalized. (Figure E1)



85 In the sensitivity analysis, 74 of the 121 hospmttions (61%) were determined to be
86 COVID-related. In the multivariable sensitivity dy&is regression, the association between
87 asthma and lower odds of hospitalization remai@: (0.40; 95%CI: 0.19-0.84; P = 0.02)

88 (Table 2)

89 In this study, we report data on asthma prevalancdeodds of hospitalization among a
90 cohort of children who tested positive for COVID-ft&m a large pediatric health system.

91  Despite an asthma prevalence (21%) in COVID pasitivildren that is nearly identical to the
92 asthma prevalence within the health system’s pgmare network, asthma was inversely

93  associated with COVID-19 hospitalization, both ur anain analysis and sensitivity analysis.
94  Results from small cohorts of children with COVIB-fhave demonstrated relatively high

95 prevalence of asthma in hospitalized children (482 However, in addition to smaller sample
96 sizes, these studies either did not describe hewdefined asthniar used a less specific

97  definition, such as asthma diagnosis in the lag&8$, which might inflate the prevalence. In
98 these studies, children with asthma did not haliglaer risk of severe hospital outcomes, such
99  as ICU admission or deatff.Our results add to these previous findings angesithat asthma

100 may actually be associated with lower hospital@atisk in children.

101 There are several suggested mechanisms for a @btemtective effect of asthma against
102  severe COVID-19. First, concern for COVID-19 cagssevere asthma exacerbations may have
103 led to increased adherence to protective behakli@physical distancing, mask-wearing, and
104  asthma controller medication adherénse children with asthma may have had a lowerdmrd
105 of COVID-19 symptoms when they presented. Secoady e the pandemic, inhaled steroids
106  were hypothesized to protect against severe CO\AR thus lower the risk of hospitalization.

107  This relationship, however, is still unclear and thajority of children in our cohort were not on
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controller medication$ Lastly, there is associative evidence that suggesderlying allergic

inflammation may protect against SARS-COV-2 infestor severe COVID-19 outcom@s.

There are several limitations to this analysisstFgiven our retrospective study design,
we were not able to determine causality. Second;Hiddren who only presented to the ED or
inpatient setting, we could not ascertain pastragtencounters to primary care outside of our
network and thus asthma in hospitalized childranidcbe undercounted. However, our manual
chart review of all hospitalized children did ndéentify missed asthma diagnoses in the
hospitalized cohort. Lastly, our results reflee gxperience of a single pediatric health system.
Larger, multicenter studies are needed to confirenabserved negative association between
asthma diagnosis and COVID-related hospitalizatisnyell as elucidate how asthma severity

may affect COVID-19 outcomes.
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All Patients | Non-Hospitalized Hospitalized
(n=979) (n = 858) (n=121)
Age (years)
0-4 279 (28) 232 (27) 47 (39)
5-11 225 (23) 194 (23) 31 (26)
12-17 328 (34) 291 (34) 37 (31)
18-21 147 (15) 141 (16) 6 (5)
Sex
Male 504 (51) 431 (50) 73 (60)
Race, n (%)
Black 421 (43) 370 (43) 51 (42)
Non-Black 558 (57) 488 (57) 70 (58)
Ethnicity, n (%)
Hispanic or Latino 145 (15) 121 (14) 24 (20)
Insurance Payer Status, n (%)
Medicaid 477 (49) 399 (47) 78 (64)
Private/Unknown 502 (51) 459 (53) 43 (36)
Obesity Diagnosis, n (%) 101 (10) 91 (11) 10 (8)
Complex Chronic Conditions, n
(%)
0 615 (63) 575 (67) 40 (33)
1 175 (18) 746 (17) 29 (24)
2+ 189 (19) 137 (16) 52 (43)
Asthma Diagnosis, n (%) 205 (21) 194 (23) 11 (9)
Asthma Treatment, n (%)*
SABA Only 117 (57) 115 (59) 2 (18)
ICS or LM 58 (28) 52 (27) 6 (55)
ICS/LABA or ICS+LM 28 (14) 25 (13) 3(27)
Biologic 2(1) 2(1) 0 (0)
Systemic corticosteroid 65 (32) 58 (30) 7 (64)

Table 1 — Demographic and clinical characteristicef COVID-19 patients stratified by

hospitalization status

* Percentages represent the proportion of patiemisrvihe asthma cohort who were prescribed
asthma medications in the year preceding positMeSCoV-2 test. Categories are mutually

exclusive with the exception of systemic corticosids SABA only: short-acting-beta-agonist
only; ICSor LM: inhaled corticosteroids or leukotriene modifi€2S/LABA or ICS+ LM:
inhaled corticosteroid with long-acting-beta-agbnisinhaled corticosteroid and leukotriene

modifier




158  Table 2 — Multivariable model results demonstratingthe odds of hospitalization by model
159  covariate in (1) main model (all hospitalizations ocurring within 14 days of a positive PCR
160 for COVID-19) and (2) sensitivity analysis (COVID-D related hospitalizations determined

161 by chart review)

Main multivariable model

Sensitivity analysis model

Covariate Odds Ratio ( 95%CI) P-ValueOdds Ratio ( 95%CI) P-Value
Asthma 0.28 (0.14-0.55) <0.001 0.40 (0.19-0.84 0.02
Age

0-4 1.65 (0.99-2.76) .053 1.86 (0.99-3.50) .055

5-11 1.47 (0.86-2.53) .16 1.36 (0.68-2.71) .39

12+ (Reference) - - - -
Sex

Male 1.85 (1.21-2.82) 0.004 2.08 (1.22-3.52) 0.007
Race

Black 1.07 (0.67-1.70) 0.79 1.06 (0.60-1.89) 0.83
Ethnicity

Hispanic or Latino 1.11 (0.61-2.01) 0.73 0.98 (0.47-2.06) 0.96
Payer

Medicaid 1.85 (1.17-2.93) 0.009 2.54 (1.40-4.62) 0.002
Obesity Diagnosis 0.76 (0.36-1.63) 0.49 0.66 (0.24-1.80 0.42
Complex Chronic
Conditions

0 (Reference) - - - -

1 3.58 (2.10-6.12) <0.001 3.51 (1.79-6.90) <0.001

2+ 6.54 (4.04-10.59) <0.001 7.37 (4.05-13.41) | <0.001

162
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Online Repository
M ethods
Data Sour ce and | dentification of COVID-19

This retrospective cohort study was conductedeatCthildren’s Hospital of Philadelphia
(CHOP), a free-standing pediatric hospital withragpmately 2500 asthma-related
hospitalizations and 6000 ED visits annually. Weapnted data for all children aged 21 and
under with a positive polymerase chain reactionRPtest for SARS-CoV-2 at any CHOP
setting (drive-through testing, outpatient, EDingratient) between March 7 August 28.
Mandatory pre-procedural testing was implemente¥arch 24 and pre-admission testing for
all hospitalized patients began on Apfl We included children ages 18-21 since the triamsit
to adult care often occurs late for children witiianic conditions at our institution and to allow
for internal reliability and validity testing of ogohort definition with institutional data
definitions of COVID-positive patients. Testing iodtions at drive through, outpatient, and ED

sites included patients having symptoms of COVIDal®aving a recent high-risk exposure.
Deter mination of Asthma Severity

For those patients with a current asthma diagnegs;lassified asthma severity based upon
asthma medications prescribed within the year paar first COVID-19 positive PCR. We
broke down asthma severity into 4 tiers from lovhigh based on prescription for: (1) SABA
only, (2) ICS or leukotriene modifier, (3) ICS almhg-acting beta-agonist combination
medication (ICS/LABA) OR ICS and leukotriene moeifiand (4) asthma biologic. These tiers

were modeled from the Global INitiative for Asthigaidelines for asthma severity.
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To account for whether patients with asthma hastcant asthma exacerbation, systemic
corticosteroids prescribed within the year prioatfirst SARS CoV-2 positive PCR were also

included.

Demographics and Comor bidities

Demographic characteristics included age categary(female/male), race (Black/non-Black),
ethnicity (Hispanic/non-Hispanic), and payer (MeadiZnon-Medicaid). Diagnoses for obesity
were identified through ICD-10 codes. The numbecarfiplex chronic conditions (CCC) were

guantified using a validated set of ICD-10 codes.

Statistical Analysis

We compared demographics and clinical charactesisitween hospitalized and non-
hospitalized children using Fisher’s exact or Giuare tests as appropriate for categorical
variables. Multivariable logistic regression wasdiso calculate adjusted odds ratios (ORs) as
well as the 95% confidence interval (Cl) for COVIDB-hospitalization. The multivariable
models included variables that have been showe tsbociated with both severe COVID-19
and asthma in prior studies (i.e. sex, age, rahajaty, obesity, medical complexity), as well as
additional covariates that were associated witlpitalization in bivariate analysis at a
significance level of P <0.2. The association berv€OVID-19 hospitalization and asthma
controller prescription (inhaled corticosteroid 8% leukotriene modifier, inhaled
corticosteroid/long acting beta-agonist combina(i@5/LABA), or a biologic in the preceding
year) was examined using the Fisher’s exact tésérahan multivariable logistic regression, due

to low prevalence of hospitalization in childrerthvasthma.
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We performed a secondary analysis including onBpitalizations determined to be COVID-19-
related on chart review to investigate for diffarainconfounding by testing indication. One of
four board-certified pediatricians (KM, SEH, DAHCK) abstracted the charts of children with
COVID-19 hospitalization using a standardized teatglHospitalizations were considered
COVID-19-related based upon treating physician duentation. When relevant documentation
was not present, this determination was made bghbk#&acting physician based upon recent
symptoms consistent with COVID-19 and a plausilathplogic mechanism. Cases where this
distinction was unclear were reviewed by the grang final consensus was consistent with

initial determination in eight of the nine cases.

Statistical analyses were completed in STATA 1a§8Torp LLC, College Station, Texas). The
CHORP institutional review board reviewed the stadg determined that it did not meet the

criteria for human subjects research.
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FigureLegends

Figure E1: Number of non-hospitalizedPénel A) and hospitalized patientBdnel B) grouped
by four different asthma medication severity catesgoSABA only, short-acting-beta-agonist
only; ICSor LM, inhaled corticosteroids or leukotriene modifierSUCABA or ICS + LM,
inhaled corticosteroid with long-acting-beta-agbnisinhaled corticosteroid and leukotriene
modifier; Biologic



