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Introduction: The novel coronavirus disease 2019 (COVID-19) has rapidly spread across the globe. Pre-existing
comorbidities have been found to have a dramatic effect on the disease course. We sought to analyze the ef-
fect of asthma on the disease progression and outcomes of COVID-19 patients.

Methods: We conducted a multi-center retrospective study of positively confirmed COVID-19 patients. The pri-
mary outcome of interest was in-hospital mortality. Secondary outcomes were the Intensive Care Unit (ICU)
admission, intubation, mechanical ventilation, and length of hospital stay.

Results: A total of 502 COVID-19 adult patients (72 asthma and 430 non-asthma cohorts) with mean age of 60.7
years were included in the study. The frequency of asthma in hospitalized cohorts was 14.3%. Univariate analysis
revealed that asthma patients were more likely to be obese (75% versus 54.2%, p = 0.001), with a higher fre-
quency of intubation (40.3% versus 27.8%, p = 0.036), and required a longer duration of hospitalization (15.1 +
12.5 versus 11.5 + 10.6, p = 0.015). After adjustment, multivariable analysis showed that asthmatic patients
were not associated with higher risk of ICU admission (OR = 1.81, 95%CI = 0.98-3.09, p = 0.06), endotracheal
intubation (OR = 1.77, 95%CI = 0.99-3.04, p = 0.06) or complications (OR = 1.37, 95%CI = 0.82-2.31, p =
0.23). Asthmatic patients were not associated with higher odds of prolonged hospital length of stay (OR = 1.48,
95%CI = 0.82-2.66, p = 0.20) or with ICU stay (OR = 0.76, 95%CI = 0.28-2.02, p = 0.58). Kaplan-Meier curve
showed no significant difference in the overall survival of the two groups (p = 0.65).

Conclusion: Despite the increased prevalence of hospitalization in elder asthmatic COVID-19 patients, after
adjustment for other variables, it was neither associated with increased severity nor worse outcomes.

Introduction COVID-19’s disease course is essential to guiding treatment approaches

and optimizing individual patient outcomes.

Since its initial description in late 2019, the novel coronavirus
(COVID-19) has become a global pandemic, overwhelming our health-
care systems and depleting resource stockpiles [1]. In some pandemic
hotspots, physicians have had to make difficult decisions regarding
lifesaving interventions due to a lack of supplies such as ventilators [2].
Further complicating management of this disease, COVID-19 has a broad
clinical presentation. Patients can be asymptomatic carriers or have mild
non-respiratory and respiratory symptoms. On the other hand, the virus
can also present with severe pneumonia or lethal respiratory failure.
Because of these severe outcomes, gaining an understanding of

Preexisting comorbidities can have a dramatic impact on the course
of a COVID-19 infection. It is, therefore, crucial to identify which
comorbidities most contribute to severe infections, which may influence
individual patient care plans [3]. To better understand these relation-
ships, the Centers for Disease Control and Prevention (CDC) is actively
incorporating new and emerging data to update their treatment rec-
ommendations for patients with varying comorbid conditions.
Currently, the CDC reports that asthma is present in about 17% of
hospitalized COVID-19 patients, making it the fourth most prevalent
comorbidity behind hypertension, obesity, and diabetes [4]. Obese and
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diabetic patients have been categorized as high-risk, but there is still
limited data regarding the impact of bronchial asthma on COVID-19
outcomes [5].

Because asthma is a chronic lung disease, it follows that asthmatics
are at a greater risk for negative outcomes with a respiratory virus.
However, there is a debate over the expected outcomes in COVID-19
infected patients with asthma. Some members of the coronaviridiae
family that are associated with the common cold have been linked to
asthma exacerbations [6]. In contrast, Jackson et al. reported an
observed protective relationship for asthma and atopic conditions in
COVID-19 patients [7]. In efforts to explain this phenomenon, it was
proposed that patients with asthma and ectopic diseases may exhibit a
lower concentration of respiratory tract angiotensin-converting enzyme
(ACE) receptors in patients. As has been widely reported, ACE receptors
and specifically, ACE2, are known to be the host receptor site for
SARS-CoV-2 [7,8].

Considering that more than 19 million adults in the United States
have asthma [9], it is crucial to characterize asthma in the setting of
COVID-19. Therefore, we retrospectively evaluated hospitalized pa-
tients with laboratory-confirmed SARS-CoV-2, focusing on the differing
outcomes between asthmatic and non-asthmatic patients. This study
aimed to help further understand asthma’s impact on COVID-19 out-
comes, hopefully enabling physicians to tailor management and
resource allocation in response to the ongoing pandemic.

Methodology
Study population

Following Institutional Review Board (IRB) approval, data of hos-
pitalized patients with laboratory-confirmed SARS-CoV-2 infection was
gathered and entered into the web-based data collection platform,
RedCap. Patients included in the study presented to either University
Medical Center New Orleans (UMCNO), Tulane Medical Center (TMC),
Saint Francis Medical Center Monroe (SFMC), or Our Lady of the Lake
Regional Medical Center (OLOL) during the period between March 15 to
June 9, 2020.

Variables

A broad range of data was recorded, including but not limited to, the
following: demographics, medical history, comorbidities, clinical pre-
sentation, daily laboratory values, complications, and outcomes. Pa-
tients were excluded if they were below 18 years of age or did not have
recorded outcome data. Obesity was defined as body mass index (BMI)
>30 kg/m2 [10]. For severity assessment, the CURB-65 score was esti-
mated based on confusion status, respiratory rate>30, blood pressure
(systolic <90 mmHg or diastolic <60 mmHg), age >65 years, and blood
urea nitrogen level >19 mg/dL (>7 mmol/L), and ranged from 0 to 5
[11]. Quick Sequential Organ Failure Assessment (QSOFA) score was
calculated using Glasgow coma score <15, respiratory rate >22, and
systolic blood pressure <100, and was set to be a positive indicator for
the poor outcome if > 2 [12]. Horowitz index (PaO2/FIO2 ratio) was
calculated as the ratio of arterial oxygen partial pressure (PaO2 in
mmHg) to fractional inspired oxygen to determine a patient’s respira-
tory efficiency [13]. The neutrophil-lymphocyte ratio (NLR), an indi-
cator for poor outcome, was also estimated [14].

Outcomes

A comparison between the asthmatic and non-asthmatic cohorts was
performed. The primary outcome of interest was in-hospital mortality.
Secondary outcomes were risk of Intensive Care Unit (ICU) admission,
risk of endotracheal intubation, duration of mechanical ventilation, and
length of hospital stay. Clinical diagnosis of complications was made
using standard definitions such as the Risk, Injury, Failure, Loss of
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Kidney Function, and End-stage kidney disease (RIFLE) score for renal
injury [15]. Berlin criteria were also utilized to identify cases of acute
respiratory distress syndrome (ARDS) [16].

Statistical analysis

Data management was performed in SAS 9.4 (SAS Institute Inc., SAS
9.4, Cary, NC: SAS Institute Inc., 2013), and statistical analysis was car-
ried out using SPSS 26.0 (SPSS, Inc., Chicago, IL, USA) and STATA 16.0
(StataCorp. 2019. Stata Statistical Software: Release 16. College Station,
TX: StataCorp LLC). Continuous variables were described as medians and
interquartile ranges, while categorical data were presented as fre-
quencies and percentages. Chi-square or Fisher’s Exact tests were used
for categorical variables. Student’s t and Mann-Whitney U tests were
applied for quantitative variables to examine the difference between
asthmatic and non-asthmatics groups. Shapiro-Wilk test was used to test
the normality of the continuous variables. Kaplan-Meier survival anal-
ysis and the Log Rank test was used to compare the in-hospital mortality
in the two groups. Binary logistic regression analysis was used to assess
the role of asthma comorbidity in the outcomes of COVID-19 disease.
Age, gender, and obesity were adjusted in the model. Hosmer-Lemeshow
test was used to assess goodness-of-fit. Results were reported as odds
ratio (OR), and 95% confidence interval (CI) and two-sided p values
below 0.05 were set as significant.

Results
Characteristics of the study population

A total of 502 confirmed positive COVID-19 patients were identified
from multiple hospitals in Louisiana, including 72 bronchial asthma
patients and 430 non-asthmatic controls. Their mean age was 60.6 +
13.9 years and 60.8 + 15.7 years, respectively (p = 0.89). There was no
observed age or gender difference. Females accounted for 54.2% (39
patients) in the asthma group versus 52.0% (222 patients) in the non-
asthma group (p = 0.79). The frequency of obesity among asthmatic
patients (75%) was significantly higher than those without current
asthma (54.2%), p = 0.001. On admission, asthma cohorts presented
with greater respiratory rate (24.14 + 7.03 vs 21.77 + 7.20 breaths per
minute, p = 0.015) and lower bicarbonate level (21.73 + 5.41 vs 24.67
+ 3.57 mEq/L, p = 0.022). No other significant differences were found
regarding clinical and laboratory features (Table 1).

Outcomes of asthma patients

Univariate analysis of COVID-19 outcomes revealed that asthma was
significantly associated with higher rate of endotracheal intubation
(40.3% vs 27.8%, p = 0.036), mechanical ventilation (both invasive and
non-invasive) (70.7% vs 52.2%, p = 0.039), and longer hospital length
of stay (15.14 + 12.48 days vs 11.51 + 10.58 days, p = 0.015). Asthma
was not associated with a higher rate of Intensive Care Unit (ICU)
admission (22.2% vs 14.9%, p = 0.12), acute respiratory distress syn-
drome (37.5% vs 30.9%, p = 0.27), or death (9.7% vs 13.5%, p = 0.45)
among COVID-19 patients. No other clinical and laboratory findings
were different between patients with and without asthma (Table 2).

Comparison stratified by obesity showed both asthmatic and non-
asthmatic patients had overall similar demographic features, present-
ing manifestations and comorbidities in each subgroup. However, clin-
ical courses differed significantly between some groups (Table 3). On
comparison to non-asthmatic obese patients, obese asthmatic patients
were more likely to develop sepsis (25.9% vs 14.2%, p = 0.042), had
higher risk of ICU admission (48.1% vs 33.2%, p = 0.042), and required
prolonged intubation (2.73 + 3.63 days vs 1.38 &+ 2.07, p = 0.032).
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Table 1
Baseline characteristics of COVID-19 patients at admission.
Characteristics Non-asthma Asthma (n P-
(n = 430) =72) value
Age Mean + SD 60.8 + 15.7 60.6 + 0.89
13.9
18-49 years 91 (21.3) 20 (27.8) 0.20
50-64 years 155 (36.2) 29 (40.3)
>65 years 182 (42.5) 23 (31.9)
Sex Female 222 (52.0) 39 (54.2) 0.79
Male 205 (48.0) 33 (45.8)
Race African American 325 (75.6) 50 (69.4) 0.09
White 66 (15.3) 18 (25.0)
Not Reported 39 (9.1) 4 (5.6)
BMI, kg/m? Mean =+ SD 3290 £832 3579 + 0.034
9.43
Smoking None 299 (69.5) 47 (65.3) 0.71
Past smoker 94 (21.9) 17 (23.6)
Current smoker 37 (8.6) 8(11.1)
Chief complaint ~ Shortness of breath 231 (53.7) 44 (61.1) 0.25
Fever 94 (21.9) 14 (19.4) 0.76
Cough 93 (21.6) 21 (29.2) 0.17
Flu-like symptoms 26 (6) 6 (8.3) 0.44
Fatigue 28 (6.5) 4 (5.6) 0.71
Chest pain 10 (2.3) 3(4.2) 0.41
Altered mental status 64 (14.9) 6 (8.3) 0.20
Headache 3(0.7) 2(2.8) 0.15
Nausea, vomiting, 27 (6.3) 4 (5.6) 0.81
diarrhea
Comorbidities Hypertension 306 (71.2) 51 (70.8) 0.95
Diabetes 183 (42.6) 28 (38.9) 0.60
Chronic heart failure 46 (10.7) 4 (5.6) 0.20
Arrhythmia 43 (10) 5(6.9) 0.52
COPD 31(7.2) 5(6.9) 0.93
Chronic kidney 68 (15.8) 8 (11.1) 0.37
disease
Cancer 47 (10.9) 8(11.1) 0.96
Coronary artery 46 (10.7) 3(4.2) 0.08
disease
Cerebrovascular 34(7.9) 4(5.6) 0.63
disease
Obesity 233 (54.2) 54 (75) 0.001
Severity qSOFA score 0.69 £+ 0.70 0.89 + 0.06
0.72
CURB65 score 1.47 +£1.13 1.33 + 0.41
1.20
Orientation Glasgow coma score 13.59 +£3.11 13.57 + 0.98
3.57
Vital signs Temperature 99.47 £1.67 99.75 + 0.24
2.09
Pulse rate 89.31 + 93.78 + 0.09
19.41 20.38
Systolic blood 125.52 + 127.41 + 0.51
pressure 21.06 20.20
Diastolic blood 73.66 + 73.73 £ 0.97
pressure 15.30 13.44
Mean arterial 100.89 + 101.75 + 0.73
pressure 18.52 18.93
Respiratory rate 21.77 £7.20 2414 + 0.015
7.03
ABG findings SaO, 92.99 + 7.80 93.59 + 0.57
7.94
PH respiratory 7.26 £1.01 7.39 = 0.51
0.08
PaCO, 39.24 + 38.08 + 0.68
13.75 10.53
PaO, 89.67 + 82.39 + 0.62
67.34 78.09
HCO3 24.67 +£3.57 21.73 + 0.022
5.41
FiO, (%) 40.52 + 43.18 + 0.78
29.58 30.99
Pa0,/FiO; ratio 244.62 + 236.00 + 0.82
111.31 115.17
Laboratory White blood cells 8.18 + 5.70 7.95 + 0.77
findings 3.46
Hemoglobin 12.11 + 2.03 0.64
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Table 1 (continued)

Characteristics Non-asthma Asthma (n P-
(n = 430) =72) value
11.97 +
2.31
Hematocrit 36.16 + 5.91 36.70 + 0.62
5.93
Platelet count 236.56 + 246.15 + 0.51
104.9 103.
Neutrophil count 7.08 +£9.91 6.20 + 0.50
3.25
Lymphocyte count 1.33 +1.95 1.09 + 0.34
0.43
Neutrophil 7.97 +10.42 6.55 + 0.30
lymphocyte ratio 4.51
Serum sodium 204.48 + 137.24 + 0.65
902.78 24.9
Serum potassium 4.09 +1.11 4.08 + 0.98
0.86
Serum chloride 101.47 + 101.82 + 0.82
8.85 4.03
Calcium corrected 9.01 + 0.66 8.99 + 0.88
0.86
Random blood sugar 145.04 + 155.97 + 0.36
86.29 88.81
Blood urea nitrogen 26.50 + 2295 + 0.20
20.20 20.89
Serum creatinine 1.82 + 2.05 1.57 + 0.37
1.88
Albumin 3.24 + 0.56 3.36 + 0.18
0.59
Bilirubin 0.64 + 0.49 0.52 + 0.23
0.19
Alkaline phosphatase ~ 77.07 + 65.54 + 0.22
45.08 19.23
AST 48.59 + 53.63 + 0.53
35.23 38.84
ALT 33.01 + 45.67 + 0.05
27.20 35.96
Anion gap 12.22 + 10.61 + 0.50
10.08 2.68
Lactic acid 52.89 + 1.75 + 0.51
104.58 0.78
Troponin 3.04 +14.72 0.60 + 0.78
0.94
HbAlc 7.51 + 2.81 9.80 + 0.33
4.81
C-reactive protein 48.21 + 38.47 + 0.64
63.08 58.98
Procalcitonin 11.49 + 0.24 + 0.51
66.12 0.22
Ferritin 987.87 £ 1632.3 + 0.26
1881.3 3293.5

Data are presented as mean and standard deviation or frequency and percentage.
BMI: body mass index. SaO,: oxygen saturation, PaO.: partial pressure of oxy-
gen, PaCO,: partial pressure of carbon dioxide, HCO3: bicarbonate, FiO,: Frac-
tion of inspired oxygen, AST: Aspartate transaminase, ALT: alanine
transaminase, HbAlc: glycosylated hemoglobin. Chi-square, Fisher’s Exact,
Student’s t, or Mann-Whitney U tests were used. P-value at <0.05 was consid-
ered significant.

Impact of asthma comorbidity on COVID-19 outcomes

Using multivariate regression analysis, bronchial asthma was not
associated with higher risk of ICU admission (OR = 1.81, 95%CI =
0.98-3.09, p = 0.06) and endotracheal intubation (OR = 1.77, 95%CI =
0.99-3.04, p = 0.06). In addition, the presence of asthma was not
associated with greater odds of complications (OR = 1.37, 95%CI =
0.82-2.31, p = 0.23), prolonged hospital length of stay (OR = 1.48, 95%
CI = 0.82-2.66, p = 0.20) nor with the duration of ICU stay (OR = 0.76,
95%CI = 0.28-2.02, p = 0.58) (Fig. 1A). Kaplan-Meier curve showed no
significant difference in overall survival of the two groups (p = 0.65)
(Fig. 1B).
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Table 2
Comparison of the outcomes between asthmatic and non-asthmatic groups.
Characteristics Non-asthma Asthma (n P
(n = 423) =72) value
Procedures Intubation 118 (27.8) 29 (40.3) 0.036
Extubation 76 (64.4) 25 (86.2) 0.026
Re-intubation 10 (13.2) 4 (16.0) 0.74
Mechanical 109 (52.2) 29 (70.7) 0.039
ventilation
ICU admission 63 (14.9) 16 (22.2) 0.12
Days of events Intubation days 1.69 + 2.53 2.62+3.53 0.13
Ventilation days 2.05 + 4.48 1.77 £2.70  0.72
ICU LOS 9.14 £7.22 9.00 + 7.65 0.93
ICU-free days 9.77 +10.16 12,17 + 0.10
10.68
Total LOS 11.51 + 15.14 + 0.015
10.58 12.48
Time to death 12.89 + 8.79 14.71 + 0.60
6.99
Complications None 216 (50.2) 30 (41.7) 0.20
One or more 214 (49.8) 42 (58.3)
Types of ARDS 133 (30.9) 27 (37.5) 0.27
complications REF/AKI 100 (23.3) 16 (22.2) 0.84
Sepsis 61 (14.2) 14 (19.4) 0.28
Bacteremia 28 (6.5) 6 (8.3) 0.61
Current state Still hospitalized 7 (1.6) 0(0) 0.60
Closed cases 423 (98.4) 72 (100)
Mortality Discharged alive 366 (86.5) 65 (90.3) 0.45
Died 57 (13.5) 7(09.7)
Death location ICU 5(8.8) 1(14.3) 0.51
Floor 52 (91.2) 6 (85.7)

Seven non-asthmatic cases were still hospitalized thus was excluded from the
analysis. ICU: intensive care unit, LOS: length of stay, ARDS: acute respiratory
distress syndrome, RF/AKI: renal failure/acute kidney injury. Chi-square,
Fisher’s Exact, or Student’s t were used. P-value at <0.05 was considered
significant.
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Discussion

As the COVID-19 pandemic evolves, countries consider policies to
protect those at increased risk of severe disease. To the best of our
knowledge, this is the first study evaluating the relationship between
asthma and COVID-19 outcomes in hospitalized patients in Louisiana. In
the 502 patients included, the prevalence of asthma was 14.3%. This
rate is higher than the national prevalence of asthma reported by the
CDC (7.7%), but in line with CDC reports on the prevalence of asthma in
COVID-19 patients [17]. This increased prevalence of asthma in
COVID-19 patients may be attributable to increased disease awareness
and concern to increased severity of the disease course among
asthmatics.

Our initial univariate analysis of asthmatic patients showed signifi-
cantly higher rates of endotracheal intubation and mechanical ventila-
tion, and increased duration of hospital stay. Patients with asthma were
also more likely to be obese, a finding consistent with prior studies [18,
19]. As has been well-documented and widely reported, obesity alone
has been associated with poor clinical outcomes in hospitalized
COVID-19 patients [4]. Fittingly, in initial univariate analysis of obese
asthmatic, there were significantly elevated rates of sepsis, ICU admis-
sion, and prolonged intubation. However, after multivariate adjustment,
asthma comorbidity did not drive poor outcomes for our primary and
secondary endpoints of interest - ICU admission, intubation, mechanical
ventilation, ARDS, and case fatality rate. Although these results may not
be expected, there is a plausible mechanism, the downregulation of
ACE2 receptors, that could hypothetically account for these observa-
tions [20,21].

Early data published by Jackson et al. suggested that patients with
allergic asthma have decreased ACE2 expression in nasal and bronchial
epithelial cells [7]. The possible explanation for this observation is
two-fold. First, it has been postulated that type II immune modulation
decreases the expression of the receptor for cellular entry of COVID-19 —
ACE2 [22]. Second, individuals with chronic respiratory conditions

Table 3
Demographic and clinical outcomes of asthma and non-asthma patients stratified by obesity.
Characteristics Non-obese Obese
Non-asthma (n = 197) Asthma (n = 18) P value Non-asthma (n = 233) Asthma (n = 54) P-value

Age Mean + SD 65.02 + 16.32 59.50 + 18.30 0.18 58.28 + 14.38 57.09 +13.03 0.58

Sex Female 80 (41) 8 (44.4) 0.81 135 (57.9) 38 (71.7) 0.09
Male 115 (59) 10 (55.6) 98 (42.1) 15 (28.3)

Race African American 136 (69) 15 (83.3) 0.07 177 (76) 47 (87) 0.12
White 43 (21.8) 0(0) 38 (16.3) 3(5.6)
Not Reported 18 (9.1) 3(16.7) 18 (7.7) 4(7.4)

Smoking Active smokers 20 (10.2) 2(11.1) 0.98 17 (7.3) 6 (11.1) 0.48

Severity qSOFA 0.65 + 0.71 0.67 £+ 0.65 0.95 0.71 £ 0.69 0.95 + 0.74 0.05
CURB65 1.63 £ 1.16 1.58 £1.31 0.90 1.33 £1.08 1.25 +1.17 0.69
PF ratio 269.47 +118.89 207.67 + 67.00 0.39 229.33 + 104.62 248.14 + 133.52 0.67
Respiratory rate 20.96 + 6.98 20.94 + 5.04 0.99 22.48 +7.33 25.21 +7.32 0.022

Lab testing Ferritin 802.44 + 771.40 3192.06 + 5897.4 0.012 1121.2 + 2379.5 923.37 £+ 767.81 0.79
NLR 8.37 £ 8.81 6.10 + 4.33 0.34 7.61 £11.68 6.69 + 4.60 0.61

Procedures Intubation 37 (19.2) 6 (33.3) 0.22 81 (34.9) 23 (42.6) 0.29
Extubation 22 (59.5) 5(83.3) 0.39 54 (66.7) 20 (87) 0.06
Re-intubation 3(13.6) 2 (40) 0.22 7 (13) 2 (10) 0.73
Mechanical ventilation 35 (39.8) 5 (62.5) 0.27 74 (61.2) 24 (72.7) 0.22
ICU admission 42 (21.4) 4(22.2) 0.93 77 (33.2) 26 (48.1) 0.042

Days of events Intubation days 2.45 + 3.30 2.00 £ 3.37 0.80 1.38 & 2.07 2.73 + 3.63 0.032
Ventilation days 0.91 + 2.85 0.63 £1.77 0.78 2.88 £5.23 2.11 £ 2.86 0.46
ICU LOS 8.11 +£7.17 7.50 £+ 4.95 0.91 9.00 £+ 6.84 7.50 + 5.02 0.54
Total LOS 11.72 £ 11.22 17.79 + 10.82 0.05 11.34 £+ 10.06 14.39 + 12,91 0.08

Complications None 107 (54.3) 9 (50) 0.81 109 (46.8) 21 (38.9) 0.36
One or more 90 (45.7) 9 (50) 124 (53.2) 33 (61.1)

Types of complications ARDS 45 (22.8) 5(27.8) 0.57 88 (37.8) 22 (40.7) 0.69
RE/AKI 44 (22.3) 3(16.7) 0.77 56 (24) 13 (24.1) 1.00
Sepsis 28 (14.2) 0(0) 0.14 33(14.2) 14 (25.9) 0.042
Bacteremia 17 (8.6) 0 (0) 0.37 11 (4.7) 6 (11.1) 0.07

Mortality Discharged alive 171 (89.1) 17 (94.4) 0.70 195 (84.4) 48 (88.9) 0.52
Died 21 (10.9) 1(5.6) 36 (15.6) 6(11.1)

PF ratio: PaO,: FiO, ratio, ICU: intensive care unit, LOS: length of stay, ARDS: acute respiratory distress syndrome, RF/AKI: renal failure/acute kidney injury.
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Fig. 1. Impact of bronchial asthma on COVID-19 outcomes. (A) Binary regression analysis was performed. Odds ratio (OR) with a 95% confidence interval (CI) was
reported. The vertical reference line was set at 1. P-value at <0.05 was considered significant. Data were adjusted by age, gender, and obesity. ARDS: acute res-
piratory distress syndrome, AKI: acute kidney injury, ICU: intensive care unit, LOS: length of stay. (B) Kaplan-Meier survival curve comparing survival duration of

asthma and non-asthma groups.

often use inhaled corticosteroids (ICS). The Severe Asthma Research
Program (SARP) demonstrated that ICS use in asthmatic patients leads
to decreased expression of ACE2 and TMPRSS2 - a host serine protease
which primes host cells for entry via the spike protein [23]. Additional in
vitro studies have demonstrated that treatment with ciclesonide, an ICS
used for suppressing asthma attacks, demonstrated viral suppression of
SARS-CoV-2 [24]. It must be remembered that these experimental
studies occurred in non-COVID-19 patients; nonetheless, the results
suggest further investigation is necessary to understand the possible
protective role of type 2 inflammation in asthma and COVID-19. Based
on these studies, it may be possible that ICS treatment is protective via
viral suppression or ACE2/TMPRSS2 reduction. These protective effects
may explain the lack of significant difference in outcomes among asth-
matic and non-asthmatic patients.

The potential limitations of this study include self-reporting of
asthma history and the inability to identify the severity of asthma. To
prevent false reporting, each patient’s home medications were reviewed
to confirm the diagnosis. Asthma severity may be assessed retrospec-
tively based on symptoms or via risk assessment requiring measurement
of airflow limitation using spirometry or Peak flow meter. However,
these Aerosol Generating Procedures (AGPs) may put healthcare
workers at an increased risk of coronavirus exposure.

The results of the current study show that while pre-existing asthma
is more prevalent in our COVID-19 cohort than in the general popula-
tion, after adjustment for other covariates, it was neither associated with
disease severity nor negative outcomes. Therefore, although a seemingly
poor prognosis, asthma does not imply a worse outcome than non-
asthmatics. This information can help physicians and researchers iden-
tify people with other underlying medical conditions at risk for more
severe COVID-19 disease.
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