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Abstract
Background: It is unclear whether asthma and its allergic phenotype are risk factors 
for hospitalization or severe disease from SARS- CoV- 2.
Methods: All patients over 28 days old testing positive for SARS- CoV- 2 between 
March 1 and September 30, 2020, were retrospectively identified and characterized 
through electronic analysis at Stanford. A sub- cohort was followed prospectively to 
evaluate long- term COVID- 19 symptoms.
Results: 168,190 patients underwent SARS- CoV- 2 testing, and 6,976 (4.15%) tested 
positive. In a multivariate analysis, asthma was not an independent risk factor for 
hospitalization (OR 1.12 [95% CI 0.86, 1.45], p = .40). Among SARS- CoV- 2- positive 
asthmatics, allergic asthma lowered the risk of hospitalization and had a protective 
effect compared with non- allergic asthma (OR 0.52 [0.28, 0.91], p = .026); there was 
no association between baseline medication use as characterized by GINA and hos-
pitalization risk. Patients with severe COVID- 19 disease had lower eosinophil levels 
during hospitalization compared with patients with mild or asymptomatic disease, 
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1  |  INTRODUC TION

The role of comorbid conditions in susceptibility to SARS- CoV- 2 in-
fection and the severity of its associated disease, COVID- 19, has been 
an area of ongoing investigation since the start of the pandemic. It is 
well known that viral infections are a common cause for asthma exac-
erbations requiring hospitalization, and previous studies have shown 
associations between infections with common respiratory viruses and 
coronaviruses (OC43 and 229E) and asthma exacerbations in both 
pediatric and adult patients.1,2 Given that SARS- CoV- 2 is a respira-
tory illness which causes viral pneumonia as a primary manifestation, 
experts initially suspected the virus might exert a similar effect and 
that those with underlying respiratory illnesses, such as asthma, might 
be at higher risk for poor outcomes from infection with the virus. 
As such, at the onset of the pandemic, both the Centers for Disease 

Control and Prevention and the World Health Organization advised 
that patients with asthma may be at greater risk for severe illness.

Despite this initial hypothesis, the published data regarding the 
effect of comorbid asthma on clinical outcomes have been discrep-
ant. Although findings vary regionally, asthma prevalence in pa-
tients hospitalized with COVID- 19 appears to be lower than in the 
general populations of Brazil, China, Italy, Russia, Saudi Arabia, and 
Sweden.3- 6 In addition, several systematic reviews and multi- site 
studies have reported no increased risk for COVID- 19 infection, se-
vere COVID- 19 illness, or hospitalization in asthmatics after adjusting 
for potential confounders.7- 12 The mortality rate among asthmatics 
with COVID- 19 may even be lower than that reported in the general 
non- asthmatic population with COVID- 19.13 Conversely, in cohorts 
of COVID- 19 patients within the United States, recent studies have 
revealed the asthma prevalence to be up to 11% greater than the 

independent of asthma status (p = .0014). In a patient sub- cohort followed longitu-
dinally, asthmatics and non- asthmatics had similar time to resolution of COVID- 19 
symptoms, particularly lower respiratory symptoms.
Conclusions: Asthma is not a risk factor for more severe COVID- 19 disease. Allergic 
asthmatics were half as likely to be hospitalized with COVID- 19 compared with non- 
allergic asthmatics. Lower levels of eosinophil counts (allergic biomarkers) were asso-
ciated with a more severe COVID- 19 disease trajectory. Recovery was similar among 
asthmatics and non- asthmatics with over 50% of patients reporting ongoing lower 
respiratory symptoms 3 months post- infection.

K E Y W O R D S
asthma, COVID- 19, eosinophils, SARS- CoV- 2

G R A P H I C A L  A B S T R A C T
Asthma is not a risk factor for more severe COVID- 19 disease. Allergic asthmatics are half as likely to be hospitalized compared with 
non- allergic asthmatics and lower levels of eosinophil counts (allergic biomarkers) are associated with a more severe COVID- 19 disease 
trajectory. Recovery is similar among asthmatics and non- asthmatics.
Abbreviations: COVID, coronavirus disease 2019
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national average,14 while also suggesting that asthma may be a risk 
factor for poor clinical outcomes. A retrospective, single- center re-
view of patients who tested positive for SARS- CoV- 2 in Washington, 
D.C., documented an increased risk for intubation in patients with 
asthma as compared to those without asthma.15 However, in a sepa-
rate study from Denver, Colorado, there was no association between 
asthma and risk for intubation.16 More recently, a large cohort study 
from the United Kingdom showed that asthmatics aged 16– 49 were 
more likely to receive critical care.17 However, the authors note that 
asthmatics did not necessarily have more clinically severe disease, so 
the increased rates of critical care for these patients may have been 
due to other factors, such as provider preference for closer monitor-
ing given underlying respiratory disease. This same study also showed 
increased mortality for severe asthmatics, although the definition of 
severe asthma was based on patient self- reports of maintenance med-
ications taken in the 2 weeks prior to hospital admission.

Previous studies have also suggested that patients with a 
non- allergic asthma phenotype may be at increased risk for se-
vere COVID- 19 disease when compared to patients with allergic 
asthma.18,19 The angiotensin- converting enzyme 2 (ACE2) receptor 
has previously been identified as the cellular receptor for SARS- 
CoV- 2, and reduced ACE2 expression has been reported in patients 
with allergic asthma, which would support a possible protective ef-
fect of an allergic asthma phenotype on COVID- 19 disease sever-
ity.20 However, there has also been concern that higher expression of 
transmembrane protease serine 2 (TMPRSS2) found among asthmat-
ics may facilitate SARS- CoV- 2 cell entry given TMPRSS2's role in the 
necessary cleavage of the spike protein.21 A single- center retrospec-
tive analysis of patients presenting to the emergency department at a 
tertiary academic hospital in the Bronx, New York, supported the role 
of pre- existing eosinophilia (AEC ≥150 cells/μl, a biomarker of allergic 
inflammation) as protective against hospitalization with COVID- 19 
infection.22 When a cohort of children under the age of 16 hospi-
talized with COVID- 19 in Wuhan were characterized, it was found 
that allergic status, including allergic rhinitis, drug allergy, atopic der-
matitis, and food allergy, did not confer increased risk for COVID- 19 
infection.23 Furthermore, in a South Korean study, patients with non- 
allergic asthma had a greater risk of SARS- CoV- 2 test positivity and 
worse clinical outcomes than patients with allergic asthma.18 Taken 
together, these findings suggest the nuanced role of asthma pheno-
types in predicting clinical outcomes of COVID- 19. Therefore, the 
aim of this study was to evaluate all patients who tested positive for 
SARS- CoV- 2 to determine the impact of asthma and asthma pheno-
types on disease severity and outcomes in COVID- 19 patients.

2  |  MATERIAL S AND METHODS

2.1  |  Data source

Our study was conducted at Stanford Health Care (SHC), an aca-
demic healthcare system that includes a tertiary and quaternary 
hospital, children's hospital, and affiliated clinics and acute care 

facilities. Patients who underwent FDA emergency use author-
ized SARS- CoV- 2 nucleic acid amplification tests from either nasal, 
nasopharyngeal swab, or bronchoalveolar lavage from March 1, 
2020, to September 30, 2020, were included. Electronic health 
record (EHR) data on the SARS- CoV- 2- positive patients were also 
obtained. This study was reviewed and approved with a waiver of 
consent by the Stanford Administrative Panel on Human Subjects 
in Medical Research.

Using an institutional informatics platform, we comprehensively 
characterized a cohort of patients who tested positive for SARS- 
CoV- 2 and further categorized them by baseline asthma diagnosis 
using the International Classification of Disease (ICD- 9/10) diag-
nostic codes (Table S1) and hospitalization status.24 Patients were 
categorized as having allergic asthma if they had at least one ICD- 10 
code for a coexisting allergic disorder (Table S2). Patients younger 
than 28 days old and those without additional encounters or ICD- 
10 codes within our EHR besides their SARS- CoV- 2 diagnostic test 
were excluded from further analysis. Inpatients were defined as 
patients hospitalized at SHC within 14 days of a positive test for 
SARS- CoV- 2.

Asthma severity was categorized according to the five steps in 
the GINA 2020 guidelines.25 Each patient who was hospitalized was 
graded at peak COVID- 19 disease severity during their hospitaliza-
tion and classified according to the five severity of illness categories 
from the National Institutes of Health (NIH) COVID- 19 Treatment 
Guidelines (Table S3).26 Additionally, we identified patients who 
were enrolled in a prospective, longitudinal study (NCT# 04373148) 
to qualitatively assess clinical and immunological parameters in per-
sons testing positive for SARS- CoV- 2. Visits were conducted at pre-
specified intervals, and symptom surveys were administered.

2.2  |  Statistical analysis

We compared demographic characteristics between asthmatic 
and non- asthmatic inpatients using the Wilcoxon rank- sum test for 
continuous variables, chi- square test, or Fisher's exact test for cat-
egorical variables. Binary logistic regression was used to determine 
the association between asthma and risk of hospitalizations among 
SARS- CoV- 2- positive patients, and ordinal logistic regression was 
used to determine the association between asthma and COVID- 19 
disease severity among hospitalized patients. To quantitate the con-
tributions of other known confounding factors to COVID- 19 hos-
pitalizations and COVID- 19 disease severity, we used three models 
in each analysis: the first model (unadjusted) univariately analyzed 
the effects of asthma, the second model used a multivariate anal-
ysis adjusted for demographics (age, BMI, ethnicity), and the third 
model used a multivariate analysis adjusted for both demographics 
and known COVID- 19- related comorbidities associated with more 
severe disease (diabetes, coronary heart disease, and hyperten-
sion).27,28 Adjusted odds ratios (ORs) and 95% confidence intervals 
(CIs) were calculated for each model. We evaluated the relation-
ship between laboratory values at admission and COVID- 19 disease 
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severity using ordinal regression models as an exploratory analysis. 
The interaction between each laboratory value and asthma status 
was also analyzed in the model. Bonferroni correction for multiple 
comparisons was applied for laboratory values and false discov-
ery rate (FDR) was controlled at the 10% level. Absolute eosino-
phil counts from hospitalization were grouped by collection time 
into admission, during, and discharge values. Admission eosinophil 
counts were collected within 3 days prior to admission, discharge 
eosinophil counts were collected on the day of discharge, and during 
hospitalization, eosinophil counts were collected between admis-
sion and discharge counts. The median value was chosen to use as 
the per- person count whether a patient had multiple values at any 
of the three timepoints. A mixed- effect model was constructed to 
assess change in eosinophil counts during hospitalization in those 
patients that did not receive systemic steroids. In the sub- cohort 
analysis among those enrolled in a prospective, longitudinal study 
(NCT# 04373148), the time from symptom onset to resolution was 
compared between asthmatic and non- asthmatic patients using the 
Kaplan- Meier curve and log- rank test. All analyses were performed 
in R language (version 4.0.3) and packages stats (version 4.0.3), ordi-
nal (version 2019.12.10).

3  |  RESULTS

3.1  |  Cohort characteristics

Between March 1, 2020 and September 30, 2020, 168,190 patients 
underwent SARS- CoV- 2 diagnostic testing at SHC (Figure 1). 5,596 
SARS- CoV- 2- positive patients were included in the analysis: 605 
(10.8%) of patients were hospitalized at SHC, including 100 patients 
(16.5%) with a diagnosis of asthma. SARS- CoV- 2- positive outpatients 

were also included (4,991), and 498 (9.98%) were identified as asth-
matic. In our cohort, cases and hospitalizations first peaked in March 
2020 and then again in July 2020 (Figure S1).

Baseline characteristics for all patients including sex, smoking 
history, BMI, race, and ethnicity were comparable between hospital-
ized and non- hospitalized patients with and without asthma (Table 1). 
Hospitalized asthmatics were significantly older than non- hospitalized 
asthmatics, but there was no significant difference in age between 
hospitalized patients with and without asthma. Moreover, chronic ob-
structive pulmonary disease (COPD), chronic renal disease, obesity, and 
other chronic lung disease were significantly more prevalent among 
hospitalized asthmatics compared with the other groups (Table 1). 
Furthermore, there were no significant differences in COVID- 19 ther-
apies received by inpatients with and without asthma, including antivi-
rals, anti- inflammatories, antibiotics, and steroids (Table S5).

3.2  |  Asthma phenotypes and COVID- 19 risk

In a univariate analysis, asthma was significantly associated with 
hospitalization for COVID- 19 (Figure 2A,B, unadjusted; OR 1.53 
[95% CI 1.2, 1.93], p < .001). This association remained significant 
after adjusting for age, gender, and ethnicity (Figure 2B, adjusted 
for demographics; OR 1.55 [95% CI 1.21, 1.97], p < .001). However, 
after we adjusted for known comorbidities associated with more 
severe disease (ie, diabetes, obesity, coronary heart disease, and 
hypertension),27,28 asthma was no longer a significant risk factor 
for hospitalization (Figure 2B, adjusted for demographics and co-
existing conditions; OR 1.12 [95% CI 0.86, 1.45], p = .40). Twenty 
percent of hospitalized asthmatics were critical, compared to 21% 
of non- asthmatic patients (Figure 3A). Additionally, asthma was 
not significantly associated with COVID- 19 disease severity among 

F I G U R E  1  Consort diagram
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hospitalized inpatients in univariate (Figure 3B, unadjusted model; 
OR 1.14 [0.78, 1.67], p = .48) or multivariate analysis when adjusted 
for age, race, sex, and common comorbidities (Figure 3B, adjusted 
for demographics; OR 1.28 [0.84, 1.95], p = .24; adjusted for de-
mographics and coexisting conditions; OR 1.21 [0.8, 1.85], p = .37).

In our asthmatic cohort, 167 patients (27.9%: 148 outpatients, 19 
inpatients) were identified as having an allergic asthma phenotype 
(Figure 4A). Allergic asthma was significantly associated with a lower 
risk of hospitalization as compared to non- allergic asthma in both 
univariate (Figure 4B, unadjusted; OR 0.55 [0.31, 0.92], p = .029) 
and multivariate analysis (Figure 4B, adjusted for demographics; OR 
0.54 [0.3, 0.93], p = .031); adjusted for demographics and coexisting 
conditions; OR 0.52 [0.28, 0.91], p = .026). For hospitalized patients, 
allergic asthma status did not correlate with disease severity in any 
of the analyses (Figure 4C,D). To explore the effect of additional al-
lergic conditions on COVID- 19 outcomes, we also modeled the ef-
fect of allergic rhinitis on risk of hospitalization and disease severity. 
We similarly found that patients with allergic rhinitis were less likely 
to be hospitalized after controlling for demographics and coexisting 
conditions including asthma (OR 0.58 [0.4, 0.83], p = .004), and there 
was no significant association with disease severity (OR 1.03 [0.57, 
1.85], p = .93).

Eosinophil counts prior to COVID- 19 infection (historical eosin-
ophils), an allergic biomarker, were available for 2,070 patients (398 
inpatients and 1,672 outpatients) and significantly higher (Kruskal- 
Wallis test, p < .0001) in asthmatics (Figure S2). Furthermore, when 
assessing absolute eosinophil counts (AECs) during hospitalization 
in patients without steroid, those with severe COVID- 19 disease 
had lower eosinophil levels during hospitalization as compared to 

patients with less severe disease, independent of asthma status 
(p = .0014, Figure 5).

To further understand asthma phenotypes, we assessed outpa-
tient controller or rescue medication use for SARS- CoV- 2- positive 
asthmatics with available records (368 patients, 61.6%: 307 outpa-
tients, 61 inpatients); 213 patients were prescribed GINA step 1– 2 
therapies (57.9%). Among COVID- 19 hospitalized asthmatic inpa-
tients, the majority of patients were prescribed GINA step 1 ther-
apies (n = 25, 41%); four patients (6.6%) were prescribed GINA step 
5 therapies. In asthmatics, there was no association between GINA 
classification and the risk for hospitalization (p = .22) or severity of 
illness (p = .62; Figure S3A,B).

Non- allergic phenotypes of asthma were also assessed. There 
were 32 patients (14 hospitalized and 18 not hospitalized) in our co-
hort with a diagnosis of asthma/COPD overlap (Figure S4A). Patients 
with a diagnosis of both asthma/COPD were more likely to be hospi-
talized in univariate analysis (Figure S4B— unadjusted; OR 5.71 [2.77, 
11.52], p < .0001) and multivariate analysis adjusted for demograph-
ics (OR 3.08 [1.46, 6.4], p = .0026). However, this relationship did 
not persist for either group in multivariate analysis after adjusting 
for demographics and comorbid conditions (OR 1.69 [0.76, 3.7], 
p = .19). For hospitalized patients, those with COPD only showed 
significantly increased odds of clinical severity in univariate analysis 
(Figure S4C,D— unadjusted; OR 3.9 [1.75, 9.02], p = .001), which did 
not persist when adjusting for demographics and comorbid condi-
tions in multivariate analysis (p = .15).

Among COVID- 19 hospitalized patients in our cohort, we as-
sessed the association between eighteen laboratory values collected 
at admission and COVID- 19 severity in asthmatic and non- asthmatic 

F I G U R E  2  Association between asthma status and hospitalization. Legend: A, Numbers and percentages of hospitalizations stratified by 
asthma status. B, Forest plot indicating the odds ratio of asthma status on hospitalization in univariate analysis and adjusted odds ratios in 
multivariate analysis (adjusted for demographic data and adjusted for demographic data and other coexisting conditions). Medians and 95% 
CI are shown
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inpatients. Among these, WBC count, lymphocyte count, monocyte 
count, lymphocyte/neutrophil ratio, procalcitonin, CRP, LDH, AST, 
ALT, procalcitonin, CK, and creatinine were significantly associated 
with COVID- 19 severity, regardless of asthma status (FDR < 0.1, 
Table S4).

3.3  |  Long- term symptoms after 
COVID- 19 infection

To determine the long- term effect of SARS- CoV- 2 infection and 
time to resolution of symptoms in asthmatic and non- asthmatic 
patients, we prospectively collected symptom data from a co-
hort of SARS- CoV- 2- positive patients (35 asthmatic and 76 non- 
asthmatic) over recurring visits. The majority of patients (91%) 
reported initial symptoms from COVID- 19 infection (Figure 6A,B); 
less than 10% were asymptomatic (3 [8.6%] asthmatic and 7 [9.2%] 
non- asthmatic patients). The percentage of patients reporting 
symptoms declined over an 8- months follow- up period in both 
groups. Most patients still reported symptoms at 30 days (96.9% 
in asthmatic and 98.6% in non- asthmatic), 60 days (84.4% in asth-
matic and 89.9% in non- asthmatic), and 90 days (75% in asthmatic 
and 76.8% in the non- asthmatic). The median follow- up time 
was 141 days. There was no difference in time to resolution of 
symptoms between the groups (Figure 6C, median: 215 days vs 
133 days, log- rank test p = .40). Additionally, resolution of lower 
respiratory symptoms did not differ between asthmatics and 
non- asthmatics (Figure 6D) with more than 50% of both groups 

still reporting lower respiratory symptoms 90 days after initial 
symptoms. Persistent symptoms for individual asthmatics were 
reported in all organ systems (Figure S5).

4  |  DISCUSSION

We evaluated the role of asthma, asthma phenotypes, and GINA 
class on COVID- 19 infection severity in a diverse population 
of patients spanning from pre- hospitalization to 8 months post- 
hospitalization. Asthma does not independently increase the risk 
for hospitalization, severe disease, or long- term symptoms in 
COVID- 19. More importantly, allergic asthma appears to protect 
against hospitalization.

Our study extensively evaluated 5,596 patients infected with 
the SARS- CoV- 2 virus. Obesity, cardiovascular disease, and diabe-
tes have been identified as risk factors for more severe COVID- 19 
infection.27,28 When controlling for these comorbid conditions in 
our cohort, we discerned that asthmatic patients did not have an 
increased risk for hospitalization. Using the NIH COVID- 19 severity 
guidelines, we rigorously characterized all patients hospitalized from 
March to September 2020. We believe this more meticulous pheno-
typing of clinical severity for patients in our cohort adds validity to 
our findings as conflicting findings from other studies may in part 
be due to the use of surrogate endpoints such as need for critical 
care or intensive care unit admission which are often affected by 
external factors. We determined that asthmatic patients hospital-
ized with COVID- 19 were older than those who were treated as 

F I G U R E  3  Association between asthma status and COVID- 19 severity among COVID- 19 hospitalized patients. Legend: A, The frequency 
of inpatients in each severity category stratified by asthma status. B, Forest plot indicating the odds ratio and 95% confidence interval 
(CI) of asthma status on COVID- 19 severity from logistic regression models in univariate analysis and multivariable analysis (adjusted for 
demographic data and adjusted for demographic data and other coexisting conditions)
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outpatients; however, they did not have an increased risk for more 
severe COVID- 19 infection compared with non- asthmatics with sim-
ilar comorbid conditions.

The finding from our cohort that allergic asthmatics are half as 
likely to be hospitalized with COVID- 19 infection implies that certain 
asthma phenotypes may have a protective effect. The ACE2 recep-
tor is upregulated in diabetes and hypertension, conditions known to 
increase the risk for severe COVID- 19 disease.29 However, RNA ex-
periments on nasal and bronchial epithelial cells from patients with 
allergic sensitization and allergic asthma showed downregulation of 

ACE2 expression, which may explain the potential protective effect 
of allergic asthma.20 Patients with allergic rhinitis also had lower 
rates of hospitalization in our cohort, independent of asthma status, 
suggesting that allergic asthma may not be the only atopic condition 
with a potential protective effect.

Furthermore, one phenotype of allergic asthma is character-
ized by elevated eosinophil counts. In our cohort, asthmatics did 
have higher historical eosinophil counts than their non- asthmatic 
counterparts, although we were unable to stratify further based 
on baseline allergic phenotype. Eosinophils, which are widely 

F I G U R E  4  Association between allergic asthma and hospitalization and COVID- 19 severity. Legend: A, The frequency of hospitalization 
between allergic and non- allergic asthmatic among SARS- CoV- 2- positive patients. B, Forest plot showing the odds ratios and 95% CI of 
allergic asthma on hospitalization among asthmatic SARS- CoV- 2- positive patients from logistic regression models in univariate analysis and 
multivariable analysis (adjusted for demographic data and adjusted for demographic data and other coexisting conditions). C, The frequency 
of COVID- 19 severity between allergic and non- allergic asthmatic among inpatients. D, Forest plot showing the odds ratios and 95% CI 
of allergic asthma severity among inpatients from ordinal regression models in univariate analysis and multivariable analysis (adjusted for 
demographic data and adjusted for demographic data and other coexisting conditions)
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recognized as important markers for allergic inflammation, are 
also potent pro- inflammatory leukocytes with antiviral properties 
through the release of RNAses and reactive nitrogen species.21 
Interestingly, eosinopenia has been noted to be a marker of early 
severe COVID- 19 disease, which may result from eosinophil ex-
haustion, viral inhibition of eosinophil production, or induction of 
eosinophil apoptosis.4,30,31 In our study, patients with more se-
vere COVID- 19 disease had lower eosinophil counts throughout 
hospitalization, independent of asthma status. This is intriguing 
and lends further evidence to the potential important role eosin-
ophils may play in moderating COVID- 19 disease severity. Further 
studies are needed to elucidate the potentially protective role 
of eosinophils in COVID- 19 disease pathogenesis. This may also 
have implications for patients on biologics, which selectively in-
hibit the allergic inflammatory pathway leading to near complete 
eosinophil depletion.32 The importance of baseline asthma sever-
ity on the risk for SARS- CoV- 2 infection and COVID- 19 severity 
also warrants further investigation and may reflect associations 
between asthma therapies and COVID- 19 susceptibility and se-
verity. Recent studies from South Korea and the United Kingdom 
used various methods to assess asthma severity based on medica-
tion use and showed a possible risk for worse COVID- 19 outcomes 
but also a potential protective effect from inhaled corticosteroids 
in some subgroups of patients.33- 35 These results, while seemingly 
conflicting, highlight the nuanced aspects of asthma phenotypes. 
In our trial, we classified asthma severity according to the GINA 
guidelines and did not find an association between severity as 
based on the GINA scale and COVID- 19 clinical outcomes. As 
GINA classification implies increased steroid therapy with more 
severe asthma, it is possible that asthma medications mitigate 
any potential association between GINA category and COVID- 19 
severity. In vitro studies in airway epithelial cells have shown 

that certain inhaled glucocorticoids can reduce the replication of 
SARS- CoV- 2.36 Inhaled corticosteroids were also shown to down-
regulate expression of ACE2 and transmembrane protease serine 
2 (TMPRSS2) genes in sputum cells; these genes are critical for 
coding receptors involved in SARS- CoV- 2 viral entry.37,38

To our knowledge, we are also the first group to compare the 
long- term symptoms after COVID- 19 infection between asthmat-
ics and non- asthmatics. Between 10% and 80% of patients are es-
timated to experience prolonged symptoms from COVID- 19 up to 
2 months after diagnosis.39,40 The majority of patients in our study 
were followed for an average of 141 days, and most still reported 
symptoms at 60 and 90 days. There was no difference in time to 
resolution of any symptoms or importantly, in time to resolution 
of lower respiratory symptoms, between groups. These results 
suggest that patients with asthma are not at greater risk for long- 
term symptoms of COVID- 19 as compared with their non- asthmatic 
counterparts.

Our study has a few limitations. The data are generated from a sin-
gle academic institution from ICD- 10 codes extracted from the med-
ical record; however, we applied independent and consistent chart 
review, performing QA/QC on the data. Our approach and rigorous 
methodology enabled us the opportunity to confirm others' findings 
from larger cohorts. Moreover, we analyzed well- characterized, de-
tailed meta- data on each patient from multiple timepoints to highlight 
the disease course from pre- hospitalization to 8 months following 
symptom onset to assess clinical outcomes at many timepoints.

In conclusion, asthmatic patients do not have increased risk of 
hospitalization, more severe COVID- 19 disease, or long- term respi-
ratory symptoms. In fact, allergic asthmatics were protected from 
hospitalization with COVID- 19. Moreover, patients with more se-
vere COVID- 19 disease had lower eosinophil levels during hospital-
ization than those with less severe disease, independent of asthma 

F I G U R E  5  Eosinophil counts during 
hospitalization stratified by asthma 
status and COVID- 19 disease severity in 
patients without steroid usage. Legend: 
Admission eosinophil counts were 
collected within 3 days prior to admission, 
discharge eosinophil counts were 
collected on the day of discharge, and 
during hospitalization, eosinophil counts 
were collected in between admission and 
discharge counts
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status. Additional, multi- center studies are needed to evaluate the 
mechanisms by which eosinophils and atopic pathways may mitigate 
COVID- 19 disease severity.
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