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Characterization of asthma and risk factors for delayed SARS-
CoV-2 clearance in adult COVID-19 inpatients in Daegu

To the Editor,

The spread of the coronavirus disease 2019 (COVID-19) remains a
worsening global health crisis. Although many studies have reported
risk factors for severe COVID-19, asthma characterization in COVID-
19 is still controversial, with different early reports from China and
recent reports from Europe and the United States.’ Prolonged viral
shedding is a risk factor for poor outcome of COVID-19 and may as-
sist in inferring the immunological mechanism of virus elimination;
however, no large-scale studies have explored this subject.?

Daegu Metropolitan City, the fourth largest city in the Republic
of Korea with a population of 2.5 million, collected and shared a da-
tabase of COVID-19 patients hospitalized in 10 large general hos-
pitals. This study used the database to evaluate the prevalence of
asthma and clinical outcomes of COVID-19 according to asthma in
adult patients. The risk factors for delayed viral clearance were also
evaluated.

A total of 2311 patients were registered in the database; 46
duplicated cases and 65 pediatric cases were excluded, leading to
2200 patients in the final analysis. The prevalence of asthma in pa-
tients with COVID-19 was 3.2% which was similar to the prevalence
of asthma in the Korea National Health and Nutrition Examination
Survey (KNHANES) (Figure 1A and Table S1). The general pattern
of the prevalence of asthma by age-group in the KHANES was
U-shaped, and the prevalence in patients with COVID-19 was similar
but was lower in the 19-29-year age-group (2.1%) (Figure 1B).

Table S2 compares the characteristics between the asthma group
and the nonasthma group. Older age (>65 years), overweight (BMI
>25.0), and comorbidity of chronic obstructive pulmonary disease,
and initially presented with dyspnea and nausea/vomiting were
more common in the asthma group. Compared with the nonasthma
group, the asthma group had a higher mortality rate (13.6% vs 6.4%,
P = .02) and a greater need for high-flow oxygen therapy (18.2%
vs 10.5%, P = .048) (Figure 1C and Table S3). The higher mortality
rate in asthma patients was particularly noticeable in older patients,
overweight patients, and females. (Figure 1D). However, after ad-
justing for potential confounders, asthma had no significant associ-
ation with clinical outcomes of COVID-19 (Figure 2A and Table S4).
Meanwhile, older age, male gender, and comorbid diseases including
overweight, diabetes, chronic kidney disease, cancer, autoimmune
disease, dementia, and other psychological disorder were significant
risk factors for mortality (Tables S5 and Sé).

In multivariate analysis, asthma was not a risk factor for death.
However, asthma, a heterogeneous disease, may affect COVID-19
differently depending on asthma phenotype. Early-onset allergic
asthma is often accompanied by type 2 inflammation, while asthma

in obesity and elderly is more frequently accompanied by non-type

2 inflammation.® Recent studies have reported higher expression
of angiotensin-converting enzyme 2 (ACE2) and transmembrane
protease, serine 2 (TMPRSS2) in respiratory samples of neutro-
philic inflammation compared to eosinophilic inflammation asthma.*
The low prevalence of COVID-19 infection in those younger than
30 years old and a relatively high mortality rate in patients who were
female, overweight, and elderly in our study suggest that neutro-
philic asthma may be a risk factor for infection and poor prognosis
of COVID-19.°

In order to analyze the risk factors of delayed viral clearance,
patients were divided into two groups. The nondelayed viral clear-
ance group was defined as patients with two consecutive negative
real-time RT-PCR results at intervals of 224 hours within 30 days
since diagnosis. The delayed viral clearance group was defined as
patients with a positive real-time RT-PCR test after 30 days, without
two consecutive negative RT-PCR results. So, 906 patients were in-
cluded in the nondelayed viral clearance group and 415 patients in
the delayed viral clearance group. After adjusting for potential con-
founders, delayed viral clearance was not significantly associated
with asthma (Figure 1E and Table S4). Older age, underlying demen-
tia and psychological disorders other than dementia, initial symp-
tom of skin rash, and initial laboratory abnormalities of hemoglobin
<10 g/dL and C-reactive protein (CRP) 21.0 mg/dL were significant
risk factors for delayed viral clearance. On the other hand, male sex,
hypertension, and initial symptom of headache reduced the risk for
delayed viral clearance (Figure 2B and Table S7). When limited to
patients with no activity limitation (mild COVID-19 group), older age,
dementia, initial symptoms of skin rash and headache, and initial he-
moglobin < 10 g/dL still showed significant differences (Table S8).

Dementia and older age are identified as important risk fac-
tors for delayed viral clearance, while nervous system symptoms
such as headaches and an abnormal sense of smell reduced the
risk for delayed viral clearance. Previous studies have shown that
coronavirus can initially invade the peripheral nerves and enter
the central nervous system.6 The immunological function of the
brain is altered and dysregulated in neurodegenerative diseases,’
and it has also been reported that local neurological symptoms
such as headache and olfactory symptoms may be a biomarker of
the magnitude of a host's innate immune response to virus.® It can
be hypothesized that the immunological mechanism of detecting
and removing viruses that have infiltrated the central nervous sys-
tem in COVID-19 is important for virus clearance. Anemia and skin
rash, which was associated with increased risk, may also be related
to the mechanism of virus clearing, and further research on the
mechanism is needed. Since male sex, hypertension, and elevated
CRP did not show a significant difference in the mild COVID-19
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FIGURE 1 Characterization of asthma in adult COVID-19 inpatients. (A) Prevalence of asthma in COVID-19 and in the KNHANES. (B)
Prevalence by age-group in COVID-19 and in the KNHANES. (C) Univariate analysis of clinical outcomes according to asthma. (D) Death
and ongoing care according to the asthma subgroups. Abbreviations: KNHANES, Korea National Health and Nutrition Examination Survey;
COVID-19, coronavirus disease-2019; ICU, intensive care unit; BMI, body mass index. *P < .05

group, they may be more closely associated with severity of dis- our study covered almost all hospitalized patients diagnosed with

ease rather than viral clearance. COVID-19 in Daegu from February 2020 to May 2020, minimiz-

These data did not include asymptomatic or minimal symp- ing selection bias.” In addition, because most hospitals, follow-

tomatic patients who did not require hospitalization. However, ing the guidance from the Korea Centers for Disease Control &
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(A) Forest plot showing odds ratios (ORs) of asthma for the clinical outcomes. (B) Forest plot showing odds ratios (ORs) for

risk factors for delayed viral clearance (>30 d) of total patients (N = 1321; the nondelayed viral clearance group = 906, the delayed viral
clearance group = 415). ORs are adjusted for age, sex, body mass index, smoking history, underlying comorbidity, and medication for
COVID-19 by multivariate logistic regression model. Abbreviations: PCR, polymerase chain reaction; SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2; COVID-19, coronavirus disease 2019; Hb, hemoglobin; CRP, C-reactive protein
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Association between asthma and clinical mortality/morbidity
in COVID-19 patients using clinical epidemiologic data from
Korean Disease Control and Prevention

To the Editor,

Coronavirus disease 2019 (COVID-19) has rapidly spread worldwide,
posing a serious public health problem.! The prevalence of asthma
in COVID-19 patents differs among studies, with 0.0% reported in

Wuhan, China, and markedly higher prevalence rates of 17% and
14% reported in the United States (US) and the United Kingdom
(UK), respectively.>* Data from the UK showed that asthma was a

risk factor for severe COVID-19; however, another study from the
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