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� For urban children and adolescents, little is known
regarding whether current asthma is associated with an
increased or decreased risk of SARS-CoV-2 test
positivity. We found no association between current
pediatric asthma and positive tests in such a population.
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) test positivity among patients with asthma has not been well
studied,1 especially among urban, minority, and under-resourced
children and adolescents, a population with a disproportionately
higher prevalence of both asthma2 and coronavirus disease 2019
(COVID-19).3 Recent research suggests that pediatric patients
with asthma may be protected with a lower risk of SARS-CoV-2
test positivity,4,5 possibly related to a lower expression of the
gene encoding angiotensin-converting enzyme 2 (ACE2).6 In
addition, SARS-CoV-2 testing among children with current
asthma may be subject to referral bias.4 Specifically, clinicians
may test children with current asthma at a lower threshold (with
milder symptoms, after more limited exposure, or because
asthma symptoms can mimic those of COVID-19), yielding a
misleadingly lower rate of test positivity. We therefore hypoth-
esized that the proportion of positive tests for SARS-CoV-2 in
children and adolescents with current asthma in the District of
Columbia (DC) (an urban, largely minority, and under-
resourced population) would be lower than the proportion
among those without asthma. We further hypothesized that this
difference would persist after controlling for the presence of
COVID-19 symptoms or exposure.

We assembled a cross-sectional case series of all DC residents
aged 2 to 17 years tested for SARS-CoV-2 by nasopharyngeal
polymerase chain reaction at Children’s National Hospital
(CNH) in Washington, DC from March 13 to November 19,
2020. We included only first test results for all patients to reduce
the effect of an individual testing rate on test positivity. In a
subset of these participants, we were able to determine the
presence or absence of COVID-19 symptoms or exposure.
Symptomatic/exposed patients were identified from a previously
described drive-through and walk-up testing site.3,7 Children
tested at this site were referred by a physician if there was concern
for COVID-19 symptoms or exposure.3,7 Asymptomatic and
unexposed patients were identified from CNH’s pre-procedural
testing clinic. Children tested in this clinic did not have
COVID-19 symptoms or known exposure and were tested as a
precaution before a planned medical procedure. Participants with
current asthma were identified from a previously described
0

population-based registry of DC children with asthma.8 Persis-
tent asthma was defined by any of the following in the preceding
12 months: �2 or more asthma-related emergency department
visits, �1 asthma-related hospitalizations, prescription for an
asthma controller medication, or any International Classification
of Diseases (Tenth Edition) code for persistent asthma. All
children with current asthma who did not meet criteria for
persistent asthma were classified as intermittent asthma.

Three multivariable logistic regression analyses were per-
formed. The first determined the independent association
between current asthma and positive tests for SARS-CoV-2
among all participants. The second identified predictors of a
positive test only among participants with current asthma
(both those with persistent asthma and intermittent asthma).
The third model assessed the role of referral bias by con-
trolling for the presence or absence of COVID-19 symptoms
or exposure in the subpopulation with that variable defined.
Results are reported as odds ratios (with 95% confidence in-
tervals [CIs]) adjusted for age, sex, race/ethnicity, insurance
status, and asthma status. CNH’s institutional review board
approved the study.

A total of 5906 participants were tested for SARS-CoV-2
including 1471 (24.9%) with current asthma, of whom 801
(13.6% of total) had persistent asthma. The 1471 children with
current asthma tested for COVID-19 represent 9.4% of all
children with current asthma in DC according to the city-wide
pediatric asthma registry.8 Compared with all DC children
with current asthma, those tested for COVID-19 were signifi-
cantly more likely to be younger, non-Black or Hispanic, pub-
licly insured, and have persistent asthma. Of the entire study
population, 18% (1066/5906) had defined COVID-19 symp-
toms or exposure. This group consisted of 412 patients with
symptoms or exposure (tested at a drive-through site) and 654
asymptomatic and unexposed patients (tested pre-procedure)
(Table I).

Of all 5906 participants tested, 410 (6.9%) were positive for
SARS-CoV-2, including 8.3% (122/1471) of all those with
current asthma, 7.5% (60/801) of those with persistent asthma,
and 6.5% (288/4435) of those without asthma. African Amer-
ican (AA) race, Hispanic ethnicity, and public insurance were
associated with a positive test in the entire cohort, and AA race
and Hispanic ethnicity were associated in the subset with asthma
(Table II).

There was no association between current asthma and positive
tests in the total population (adjusted odds ratio [aOR] ¼ 1.05,
95% CI ¼ 0.83-1.31) (Table II). In addition, having persistent
asthma was not associated with SARS-CoV2 positivity when
compared with not having asthma (aOR ¼ 0.98, 95%
CI ¼ 0.73-1.31) or having intermittent asthma (aOR ¼ 0.86,
95% CI ¼ 0.59-1.26). In the subpopulation with defined
COVID-19 symptoms or exposure (n ¼ 1066), there was also no
association between current asthma and positive tests
(aOR ¼ 1.03, 95% CI ¼ 0.57-1.85) (Table II). Furthermore,
we demonstrated no difference in COVID-19 test positivity by
current asthma status in the subset of 654 asymptomatic children
tested in the pre-procedural clinic (current asthma ¼ 1%, no
asthma ¼ 0.5%; P ¼ .69).
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TABLE I. Demographics of DC children aged 2-17 years tested for SARS-CoV-2 between March 13 and November 19, 2020

Characteristic

Entire population

Subpopulation with defined COVID-19

Symptoms or exposure

Total

(N [ 5906)

Asthma

(N [ 1471)

No asthma

(N [ 4435) P value*

Total

(N [ 1066)

Asthma

(N [ 248)

No asthma

(N [ 818) P value*

Mean age, SD (median) 8.50 (4.82, 8.00) 8.94 (4.51, 9.00) 8.35 (4.91, 8.00) <.001 8.11 (4.65, 7.00) 8.61 (4.47, 8.00) 7.96 (4.69, 7.00) .05

Age group (y), N (%)

2-11 4044 (68.5) 989 (67.2) 3055 (68.9) .238 777 (72.9) 172 (69.4) 605 (74.0) .15

12-17 1862 (31.5) 482 (32.8) 1380 (31.1) 289 (27.1) 76 (30.6) 213 (26.0)

Sex,† N (%)

Male 2997 (50.7) 830 (56.4) 2167 (48.9) .001 574 (53.8) 148 (59.7) 426 (52.1) .05

Female 2904 (49.2) 641 (43.6) 2263 (51.0) 492 (46.2) 100 (40.3) 392 (47.9)

Race/ethnicity, N (%)

Caucasian, non-Hispanic;
other; or unknown

2053 (34.8) 283 (19.2) 1770 (39.9) .001 397 (37.2) 66 (26.6) 331 (40.5) .001

African American 3054 (51.7) 1007 (68.5) 2047 (46.2) 496 (46.5) 146 (58.9) 350 (42.8)

Hispanic 799 (13.5) 181 (12.3) 618 (13.9) 173 (16.2) 36 (14.5) 137 (16.7)

Insurance, N (%)

Private 1831 (31.0) 183 (12.4) 1648 (37.2) .001 301 (28.2) 41 (16.5) 260 (31.8) .001

Public 3683 (62.4) 1205 (81.9) 2478 (55.9) 618 (58.0) 190 (76.6) 428 (52.3)

Other/unknown 392 (6.6) 83 (5.6) 309 (7.0) 147 (13.8) 17 (6.9) 130 (15.9)

COVID-19 symptoms or
exposure, N (%)

No 654 (61.4) 154 (62.1) 500 (61.1) .78

Yes 412 (38.6) 94 (37.9) 318 (38.9)

SD, Standard deviation.
*Univariate comparison (t-test or c2) between groups with and without asthma.
†Five participants in total population identified as nonbinary.
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TABLE II. Associations of demographic and clinical variables with positive tests for SARS-CoV-2 among DC residents aged 2-17 years

Variable

All participants (N [ 5906) Participants with asthma (N [ 1471)

Participants with defined COVID-19 s

ymptoms/exposure (N [ 1066)

Positive

test, N (%) aOR (95% CI)*

Positive

test, N (%) aOR (95% CI)* Positive test, N (%) aOR (95% CI)†

Current asthma

No asthma 288 (6.5) Reference 56 (6.8) Reference

Asthma 122 (8.3) 1.05 (0.83-1.31) 23 (9.3) 1.03 (0.57-1.85)

Persistent asthma

No asthma 288 (6.5) Reference 56 (6.8) Reference

Persistent asthma 60 (7.5) 0.98 (0.73-1.31) 10 (7.6) 1.14 (0.55-2.34)

Age group (y)

2-11 278 (6.9) Reference 82 (8.3) Reference 52 (6.7) Reference

12-17 132 (7.1) 0.96 (0.77-1.20) 40 (8.3) 1.00 (0.66-1.50) 27 (9.3) 1.13 (0.66-1.95)

Sex

Male 211 (7.0) Reference 70 (8.4) Reference 39 (6.8) Reference

Female 199 (6.9) 0.97 (0.79-1.19) 52 (8.1) 0.97 (0.66-1.44) 40 (8.1) 1.07 (0.65-1.78)

Race/ethnicity

Caucasian, non-Hispanic;
other; or unknown

55 (2.7) Reference 9 (3.2) Reference 9 (2.3) Reference

African American 238 (7.8) 1.95 (1.39-2.73) 76 (7.5) 2.30 (1.10-4.76) 43 (8.7) 2.91 (1.29-6.57)

Hispanic 117 (14.6) 4.10 (2.86-5.89) 37 (20.4) 7.06 (3.22-15.50) 27 (15.6) 7.00 (2.92-16.79)

Insurance

Private 44 (2.4) Reference 8 (4.4) Reference 8 (2.7) Reference

Public 333 (9.0) 2.55 (1.78-3.66) 106 (8.8) 1.35 (0.62-2.93) 55 (8.9) 2.67 (1.16-6.19)

COVID-19 symptoms or
exposurez

No (n ¼ 654) 6 (0.9) Reference

Yes (n ¼ 412) 73 (17.7) 26.6 (11.2-62.9)

CI, Confidence interval; aOR, adjusted odds ratio.
*Multivariable logistic regression with adjustment for age, sex, insurance, race/ethnicity, and asthma status.
†Multivariable logistic regression with adjustment for age, sex, insurance, race/ethnicity, asthma status, and COVID-19 symptoms/exposure.
zChildren without COVID-19 symptoms/exposure were the subset of patients who had been tested in the CNH pre-procedural testing clinic. Children with COVID-19
symptoms/exposure were the subset of patients who were tested at the drive-through and walk-up testing site for symptomatic/exposed children.
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We found no significant negative or positive association be-
tween current asthma and a positive test for SARS-CoV-2 in a
large population of urban and largely under-resourced children
and adolescents from a city with a prevalence of pediatric asthma
50% higher than the national mean.9 This finding remained
unchanged after controlling for the presence of COVID-19
symptoms or exposure in a subpopulation, suggesting that it is
unlikely that having current asthma precipitated a referral bias
causing clinicians or families to test patients with asthma at a
lower threshold of symptoms or exposure or those with mild
asthma exacerbations. Finally, we found no difference when we
examined the proportion of COVID-19 test positivity by current
asthma status in the subset of asymptomatic children, a group
that did not experience testing bias because all children pre-
senting to the pre-procedural testing clinic were tested.

Limited data from other mechanistic6 and population-based
studies4,5 have suggested that asthma may be protective against
SARS-CoV-2 test positivity. Jackson et al6 reported lower
expression of the ACE2 gene in nasal epithelial cells of 11-year-
old urban children with asthma or atopy (high IgE levels). Bailey
et al4 reported test results from 135,794 patients <25 years old
from 8 US academic pediatric centers and noted a significant
negative association between asthma and positive tests (stan-
dardized ratio ¼ 0.86, 95% CI ¼ 0.80-0.91). However, their
population had far fewer AA and Hispanic participants than ours
(26% vs 65.2%, respectively) and far fewer participants with
public insurance (36% vs 62.4%, respectively). This study also
did not control for COVID-19 symptoms or exposure. In a
study of 37,469 Israelis (including 602 patients aged 5-19 years),
Green et al5 found a lower odds of positive tests among people
with asthma (aOR ¼ 0.73, 95% CI ¼ 0.61-0.90). Their pop-
ulation also differed markedly from ours, and it included only
patients referred for testing because of symptoms or exposure.

Consistent with prior data among children and adolescents,3,4

minority racial/ethnic status and public insurance were associated
with positive tests. These disparities are troubling and should
drive increased public health efforts to slow transmission of the
virus in such populations through social distancing, masks, and
vaccinations. However, given that we did not find current
asthma to be associated with SARS-CoV-2 positivity, a diagnosis
of asthma alone may not be a reason to keep a child from
attending school. This may be especially relevant given the social
inequities affecting racial and ethnic minority children that are
inherent to the pandemic.

There are several limitations. First, our tested group is drawn
from a single urban population. Results may differ in other
populations. Second, we are unable to adjust for propensity to be
exposed to the virus and be tested for it. For the latter, however,
we were able to demonstrate similar results in a small subset of
patients without testing bias, the pre-procedural testing group.
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Third, it is possible that if children were tested too early during
their illness course, they could have had a false-negative COVID
test result. However, this should affect both children with and
without asthma equally. Finally, we were unable to distinguish
between symptoms and exposure in the drive-through cohort.

In conclusion, we believe that the risk of SARS-CoV-2 posi-
tivity may vary across specific patient groups with asthma.
Clinicians should not assume that current asthma protects
against COVID-19, and they should refer their pediatric patients
with asthma for testing for SARS-CoV-2 using the same criteria
as they use for their patients without asthma.

Acknowledgments
We thank Ranjodh Badh for maintaining the electronic data

warehouse; James M. Chamberlain, MD, for assistance in
extracting data; and Gia Badolato, MPH, for assistance in
assembling SARS-CoV-2 drive-through testing site data.
aCenter for Translational Research, Children’s National Research Institute, Wash-
ington, DC

bDivision of Emergency Medicine, Children’s National Hospital, Washington, DC
cDivision of Allergy and Immunology, Children’s National Hospital, Washington,
DC

dDivision of Pathology and Laboratory Medicine, Children’s National Hospital,
Washington, DC

*These authors contributed equally to this work.
This study was supported by a grant from EJF Philanthropies, Washington, DC to
S. J. Teach and by grant funding (K23AI104780) from the National Institutes of
Health to W. J. Sheehan. The sponsors had no role in study design; in the
collection, analysis, and interpretation of data; in the writing of the report; or in the
decision to submit the article for publication.

S. J. Patel reports funding from the National Institutes of Health (NIH) and an
honorarium from Pediatrics in Review outside of the submitted work. W. J.
Sheehan reports funding from the NIH and consulting fees from GlaxoSmithKline
outside of the submitted work. S. J. Teach reports funding from the NIH and EJF
Philanthropies and royalty payments from UptoDate outside of the submitted
work. The rest of the authors declare that they have no relevant conflicts of
interest.

Received for publication March 3, 2021; revised June 6, 2021; accepted for
publication June 16, 2021.

Available online July 12, 2021.
Corresponding author: Stephen J. Teach, MD, MPH, Children’s National Hospital,
111 Michigan Ave NW, Washington, DC 20010. E-mail: steach@
childrensnational.org.

2213-2198
� 2021 American Academy of Allergy, Asthma & Immunology
https://doi.org/10.1016/j.jaip.2021.06.036

REFERENCES

1. Castro-Rodriguez JA, Forno E. Asthma and COVID-19 in children: A systematic
review and call for data. Pediatr Pulmonol 2020;55:2412-8.

2. Akinbami LJ, Moorman JE, Simon AE, Schoendorf KC. Trends in racial dis-
parities for asthma outcomes among children 0 to 17 years, 2001-2010. J Allergy
Clin Immunol 2014;134:547-53.

3. Goyal MK, Simpson JN, Boyle MD, Badolato GM, Delaney M, McCarter R,
et al. Racial and/or ethnic and socioeconomic disparities of SARS-CoV-2
infection among children. Pediatrics 2020;146. e2020009951.

4. Bailey LC, Razzaghi H, Burrows EK, Bunnell HT, Camacho PEF,
Christakis DA, et al. Assessment of 135 794 pediatric patients tested for severe
acute respiratory syndrome coronavirus 2 across the United States. JAMA Pediatr
2021;175:176.

5. Green I, Merzon E, Vinker S, Golan-Cohen A, Magen E. COVID-19 suscepti-
bility in bronchial asthma. J Allergy Clin Immunol Pract 2021;9:684-92.

6. Jackson DJ, Busse WW, Bacharier LB, Kattan M, O’Connor GT, Wood RA,
et al. Association of respiratory allergy, asthma, and expression of the SARS-
CoV-2 receptor ACE2. J Allergy Clin Immunol 2020;146:203-6.

7. Simpson JN, Goyal MK, Cohen JS, Badolato GM, McGuire M, Ralph A, et al.
Results of testing children for severe acute respiratory syndrome coronavirus-2
through a community-based testing site. J Pediatr 2021;231:157-61.

8. Shelef DQ, Badolato GM, Badh R, Owotomo O, Kachroo N, Weissman M, et al.
Creation and validation of a citywide pediatric asthma registry for the District of
Columbia. J Asthma 2021;26:1-11.

9. Centers for Disease Control and Prevention. 2018 child asthma data: prevalence
tables. Available from: https://www.cdc.gov/asthma/brfss/2018/child/tableC1.
html. Accessed March 1, 2021.

mailto:steach@childrensnational.org
mailto:steach@childrensnational.org
https://doi.org/10.1016/j.jaip.2021.06.036
http://refhub.elsevier.com/S2213-2198(21)00767-4/sref1
http://refhub.elsevier.com/S2213-2198(21)00767-4/sref1
http://refhub.elsevier.com/S2213-2198(21)00767-4/sref2
http://refhub.elsevier.com/S2213-2198(21)00767-4/sref2
http://refhub.elsevier.com/S2213-2198(21)00767-4/sref2
http://refhub.elsevier.com/S2213-2198(21)00767-4/sref3
http://refhub.elsevier.com/S2213-2198(21)00767-4/sref3
http://refhub.elsevier.com/S2213-2198(21)00767-4/sref3
http://refhub.elsevier.com/S2213-2198(21)00767-4/sref4
http://refhub.elsevier.com/S2213-2198(21)00767-4/sref4
http://refhub.elsevier.com/S2213-2198(21)00767-4/sref4
http://refhub.elsevier.com/S2213-2198(21)00767-4/sref4
http://refhub.elsevier.com/S2213-2198(21)00767-4/sref5
http://refhub.elsevier.com/S2213-2198(21)00767-4/sref5
http://refhub.elsevier.com/S2213-2198(21)00767-4/sref6
http://refhub.elsevier.com/S2213-2198(21)00767-4/sref6
http://refhub.elsevier.com/S2213-2198(21)00767-4/sref6
http://refhub.elsevier.com/S2213-2198(21)00767-4/sref7
http://refhub.elsevier.com/S2213-2198(21)00767-4/sref7
http://refhub.elsevier.com/S2213-2198(21)00767-4/sref7
http://refhub.elsevier.com/S2213-2198(21)00767-4/sref8
http://refhub.elsevier.com/S2213-2198(21)00767-4/sref8
http://refhub.elsevier.com/S2213-2198(21)00767-4/sref8
https://www.cdc.gov/asthma/brfss/2018/child/tableC1.html
https://www.cdc.gov/asthma/brfss/2018/child/tableC1.html

