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Protective effect of inhaled
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Background: The aim of this study was to determine the differences in the

characteristics of Mycoplasma pneumoniae pneumonia (MPP) in children with

and without asthma and in children with asthma with and without inhaled

corticosteroid (ICS) therapy in order to determine the risk factors for asthma

exacerbation and the effect of regular ICS therapy on children with asthma

with MPP.

Materials and methods: Children with MPP were divided into two groups

according to whether they had a history of asthma. Children with asthma were

further divided into an ICS therapy group and a group without ICS therapy.

The clinical characteristics, laboratory test results, and pulmonary images

were compared between the children with and without asthma. Differences

in the severity of acute exacerbation were compared between the children

with asthma in the ICS therapy and without ICS therapy groups. Multivariable

logistic regression was used to determine the risk factors for exacerbation of

MPP in children with asthma.

Results: In children with MPP, the differences in the eosinophil counts; total

immunoglobulin E (IgE), C-reactive protein, procalcitonin (PCT), and lactate

dehydrogenase (LDH) levels; and fever duration, wheezing, extrapulmonary

complications, oxygen saturation < 92%, severe pneumonia, pleural effusion,

co-infection with other pathogens, and lobar pneumonia between children

with and without asthma were statistically significant. Among children with

asthma with MPP, those in the ICS therapy group were less likely to experience

an exacerbation, and exacerbations were less severe than those in the without

ICS therapy group. The multivariable logistic regression analysis showed that

the ICS therapy was an independent protective factor against exacerbation.

Conclusion: Among children with MPP, the chance of wheezing was higher in

children with asthma than in children without asthma. The ICS therapy was a

protective factor against exacerbation in children with asthma with MPP.
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Introduction

Asthma is the most common chronic airway disease
in children. The main clinical manifestations are repeated
wheezing, cough, shortness of breath, and chest tightness, often
accompanied by reversible airflow restriction. Children
with asthma are often hospitalized for exacerbations,
which increases family costs (1). Children with asthma
also suffer from prolonged illness due to recurrence, with
decreased lung function (2), which affects the quality of
life (3). Therefore, it is particularly important to use a
standardized approach for treating children with asthma.
Clinicians recommend inhaled corticosteroid (ICS) therapy
for children with asthma, followed by the guidelines of
the Global Initiative for Asthma (GINA) or other regional
guidelines to prevent asthmatic attacks (4, 5). Low-dose
ICS therapy is more effective than intermittent therapy in
preschool children with asthma (6) and is effective at preventing
death from asthma (7). ICS can reduce the frequency of
rehospitalizations and recurrent respiratory infections in
children with asthma (8), the cost of hospitalization, and
the dosage of oral glucocorticoids required (9). A meta-
analysis has found that ICS therapy can reduce the risk
of requiring intravenous glucocorticoid therapy for acute
episodes by 17% (10). Randomized controlled trials have
shown that long-term ICS therapy significantly reduces the
risk associated with oral glucocorticoid therapy for treating
the exacerbations of asthma (11). Several studies have focused
on the relationship between infection and exacerbation
of asthma (12–14) and the underlying mechanisms.
However, the effect of ICS on the clinical characteristics of
exacerbations in children with asthma and the effect of ICS
therapy on children with asthma after the infection have
not been reported.

Mycoplasma pneumoniae (MP) is one of the most common
pathogens of lower respiratory tract infections in children (15,
16). It is also a common cause of asthma exacerbation (17,
18). MP infection is associated with refractory asthma and
can lead to decreased lung function (19, 20). Several studies
have focused on the mechanism underlying exacerbation of
asthma after MP infection, but few studies have investigated
the effect of ICS on the clinical characteristics of children
with asthma after MP infection. Therefore, this study has
investigated the differences in clinical characteristics, laboratory
test results, and pulmonary imaging findings in children
with MP pneumonia (MPP) with and without asthma, and

Abbreviations: MP, Mycoplasma pneumoniae; MPP, Mycoplasma
pneumoniae pneumonia; ICS, inhaled corticosteroid; CRP, C-reactive
protein; ALT, alanine aminotransferase; GINA, Global Initiative for
Asthma; PCT, procalcitonin; LDH, lactate dehydrogenase; CT, computed
tomography; HRCT, high-resolution computed tomography; IgE/M,
immunoglobulin E/M.

children with asthma with and without ICS therapy, in
order to determine the risk factors for exacerbation and the
effectiveness of ICS in preventing exacerbation in children with
asthma with MPP.

Materials and methods

Participants and inclusion and
exclusion criteria

We retrospectively analyzed the medical records of
children hospitalized with MPP in the pediatric pulmonary
department of Shengjing Hospital in Shenyang, Liaoning,
China, from June 2016 to December 2021. Among
children with more than one hospital admission for MPP
during the study period, only the data from the first
admission were included in the analysis. Children with
congenital pulmonary dysplasia, airway malformation,
congenital immune deficiency disease, congenital heart
disease, malnutrition, bronchiolitis obliterans, bronchial
foreign bodies, or congenital metabolic diseases were
excluded. The requirement for informed consent was
waived by the ethics committee. The differences in the
basic characteristics, clinical characteristics, laboratory
test results, and pulmonary imaging findings between
the children with MPP with and without asthma, and
between children with asthma with and without ICS
therapy were analyzed. Multivariable logistic regression
analysis was used to identify the risk factors for
exacerbation and to assess the effect of ICS on children
with asthma with MPP.

Study definitions

Mycoplasma pneumoniae infection was diagnosed
based on positive MP-immunoglobulin M (IgM) antibody
test results detected by serological testing and a positive
MP-DNA polymerase chain reaction test result of a
nasopharyngeal swab sample. Patients with only one
positive result were excluded. MP IgM results with a
signal-to-cutoff (S/CO) ratio of > 1.1 were defined as
positive, those with a S/CO of 0.8–1.1 were defined as
weak positive, and those with a S/CO of < 0.8 were
defined as negative. MP antibody (IgM antibody kit;
Shenzhen PuRuiKang Biological Technology, Co., Ltd.,
Shenzhen, China) and MP-DNA screening and identification
(MP-DNA detection kit; Shenzhen PuRuiKang Biological
Technology, Co., Ltd., Shenzhen, China) were performed
within 24 h after admission. Pneumonia was diagnosed
based on the patient’s symptoms (fever, cough, and/or
rapid breathing) and clinical evidence of pneumonia
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FIGURE 1

Chart for patient grouping. Three hundred sixty children hospitalized for MPP were retrospectively analyzed. Based on the history of asthma,
120 hospitalized MPP children with asthma were randomly selected, and 240 MPP children without asthma were selected as control. According
to the history of treatment, children with asthma with MPP were further divided into two groups: ICS therapy and without ICS therapy groups.

(tachypnea, chest recession, and/or adventitious sounds
on lung auscultation) with radiographic signs (infiltrates
or consolidation). Severe pneumonia was defined as
pneumonia requiring either invasive or non-invasive
respiratory support, pediatric intensive care unit care,
or when the illness resulted in death. The criteria for
asthma diagnosis and the severity of exacerbation were
determined according to the GINA 2016 guidelines for
the diagnosis and treatment of asthma (4). Asthma
exacerbations are episodes characterized by a progressive
increase in symptoms of shortness of breath, cough,
wheezing, or chest tightness and a progressive decrease in
lung function (4).

Data collection

The clinical records of the children were retrospectively
reviewed and the following data were collected: age, sex,
fever duration, length of hospital stay, cases of wheezing,
severe pneumonia, fibrobronchoscopic treatment, oxygen
saturation < 92%, extrapulmonary complications (e.g.,
myocarditis, hepatitis, encephalitis, thrombocytopenic
purpura, autoimmune hemolysis, and skin and mucosal
damage), pleural effusion, mechanical ventilation, and
co-infection with other pathogens (e.g., Chlamydia,
adenoviruses, rhinoviruses, or respiratory syncytial virus).
Laboratory tests on admission included the neutrophil
count, eosinophil count, lymphocyte count, and the levels
of C-reactive protein (CRP), procalcitonin (PCT), alanine
aminotransferase (ALT), lactate dehydrogenase (LDH),
and total immunoglobulin E (IgE). Imaging included chest
computed tomography (CT) or X-ray. Children with wheezing
required a high-resolution CT (HRCT) scan to exclude

abnormal airway development and to observe the small
airway changes. Small airway lesions, involvement of multiple
lobes, and lobar pulmonary on chest HRCT scan were
recorded. Two chest radiography specialists independently
reviewed the images.

Treatment modalities

The diagnosis and treatment of MPP were performed
according to the community guidelines for acquired pneumonia
issued by the State Administration of the National Health
Commission of the People’s Republic of China and national
guidelines published in 2019 (21, 22). All the children received
standard treatment for MPP, which included supportive
care, invasive or non-invasive ventilation, and macrolide
antibiotics, as necessary. Intravenous immunoglobulin
was administered to children with persistent fever, and
methylprednisolone was administered to children with severe
disease causing a rapid increase in respiratory distress,
at the discretion of the treating physician. Children with
wheezing were treated with a bronchodilator to relax
the airway. Children with MPP with fever duration of
less than 48 h, without wheezing, with relieved cough,
and a decrease in infiltrates or the consolidation area
on chest imaging after admission were discharged from
the hospital. Children with asthma had regular follow-up
visits scheduled.

Patient selection

Based on the history of asthma, 120 children with
asthma hospitalized with MPP were randomly selected,
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TABLE 1 Baseline characteristics of children with MPP with and without asthma.

Variable Without-asthma (n = 240) n (%) Asthma (n = 120) n (%) X2 P-value

Sex 3.472 0.062

Male n (%) 111 (46.25%) 68 (56.67%)

Female n (%) 129 (53.75%) 52 (43.33%)

Age 1.693 0.193

≥ 6 years n (%) 87 (36.25%) 52 (43.33%)

< 6 years n (%) 153 (63.75%) 68 (56.67%)

and 240 children with MPP without asthma were selected
as controls. According to their history of treatment, the
children with MPP and asthma were further divided into
two groups, namely, with ICS therapy (more than 3 months)
and without ICS therapy groups (Figure 1). ICS therapy
was defined according to the GINA guidelines. Patients
were required to have regular follow-up consultations and a
follow-up within 3 months after therapy modification until
discontinuation (4).

Statistical analysis

Normally distributed continuous variables were
summarized using means ± standard deviations, and
independent samples t-tests were used to assess the
significance of differences between groups. Non-normally
distributed continuous variables were summarized
as medians and interquartile ranges (IQRs), and the
rank-sum test was used to assess the significance of
differences between groups. ANOVA was used for
counting data, and the mean rank test was used
if the theoretical frequency was < 5 or the total
number of cases was < 40. The Chi-square test
was used to assess the significance of differences in
categorical variables between groups, and multivariable
logistic regression analysis was used to identify the
risk factors associated with acute asthma attacks in
children with MPP. As the criteria for diagnosis and
treatment of children with asthma aged less than and
over 6 years are different (4, 23), we analyzed the
characteristics separately. All statistical analyses were
conducted using SPSS 20.0 (IBM Corp., Armonk, NY,
United States). Two-sided P-values < 0.05 were considered
statistically significant.

Results

The records of 360 children aged 1–14 years, hospitalized
for MPP from June 2016 to December 2021, were included
in the analysis.

Baseline characteristics of children
with Mycoplasma pneumoniae
pneumonia with and without asthma

There were no statistically significant differences in sex
and age between the children with MPP with and without
asthma (Table 1).

Clinical characteristics of children with
Mycoplasma pneumoniae pneumonia
with and without asthma

There were statistically significant differences in the
eosinophil counts, total IgE, and CRP, PCT, and LDH levels
between the children with MPP with and without asthma.
There were no significant differences in the white blood
cell count, neutrophil count, monocyte count, or ALT
levels between the two groups. There were statistically
significant differences between the two groups in the
duration of fever and incidence of wheezing, extrapulmonary
complications, oxygen saturation < 92%, severe pneumonia,
pleural effusion, and co-infection with other pathogens.
There were no statistically significant differences in the
length of hospital stay, the incidence of severe cough,
or the need for mechanical ventilation between the two
groups. There was a significant difference in the incidence of
lobar pneumonia, but there were no statistically significant
differences in the incidence of small airway changes and
multilobar involvement in pulmonary imaging between the two
groups (Table 2).

Risk factors for asthma exacerbation in
children with asthma with Mycoplasma
pneumoniae pneumonia

Many children with asthma with MPP experienced
acute episodes of asthma. The basic characteristics, clinical
characteristics, laboratory test results, and pulmonary imaging
findings of children with asthma with MPP with and without
asthma exacerbation are shown in Table 3. Multivariable logistic
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TABLE 2 Clinical characteristics of the children with MPP with and without asthma.

Variable Without-asthma (n = 240) n (%) Asthma (n = 120) n (%) Z/X2 P-value

Laboratory test

White blood cell count (×109/L) 8.48 (5.81,11.18) 9.19 (6.64,12.08) −1.892 0.058

Neutrophil count (×109/L) 4.90 (3.10,7.40) 5.60 (3.13,9.28) −1.777 0.076

Leukomonocyte count (×109/L) 2.20 (1.60,2.90) 2.15 (1.50,3.20) −0.008 0.994

Eosinophils count (×109/L) 0.06 (0.01,0.19) 0.20 (0.04,0.40) −5.536 0.010*

Total IgE (IU/mL) 74.51 (28.34,181.15) 186.30 (61.25,575.85) −4.012 < 0.001*

CRP (mg/L) 14.10 (4.69,29.85) 7.30 (2.47,14.58) 4.511 < 0.001*

PCT (ng/mL) 0.10 (0.06,0.24) 0.07 (0.05,0.12) 4.363 < 0.001*

LDH (U/L) 276.00 (245.50,327.50) 240.00 (218.50,277.75) 5.350 < 0.001*

ALT (U/L) 13.00 (10.00,19.75) 12.00 (10.00,19.00) 0.717 0.473

Clinical characteristics

length of hospital stay (day) 8.00 (6.00,9.00) 7.00 (6.00,9.00) 1.501 0.133

Fever duration (day) 8.00 (5.00,10.00) 4.50 (2.00,7.00) 5.415 < 0.001*

Wheezing n (%) 215.77 < 0.001*

Y 23 (9.58%) 106 (88.33%)

N 217 (90.42%) 14 (11.67%)

Extrapulmonary complications n (%) 6.197 0.013*

Y 20 (8.33%) 2 (1.67%)

N 220 (91.67%) 118 (98.33%)

Oxygen saturation < 92% n (%) 31.250 < 0.001*

Y 9 (3.75%) 27 (22.50%)

N 231 (96.25%) 93 (77.50%)

Severe pneumonia n (%) 5.863 0.015*

Y 73 (12.08%) 40 (37.74%)

N 167 (69.58%) 66 (62.26%)

Pleural effusion n (%) 8.371 0.004*

Y 31 (12.92%) 4 (3.33%)

N 209 (87.08%) 116 (96.67%)

Need for Mechanical ventilation n (%) 1.934 0.164

Y 3 (1.25%) 5 (4.17%)

N 237 (98.75%) 115 (95.83%)

Co-infection with other pathogens n (%) 10.655 0.001*

Y 100 (41.67%) 29 (24.17%)

N 140 (58.33%) 91 (75.83%)

Pulmonary images

Small airway changes n (%) 0.33 0.566

Y 7 (2.92%) 8 (6.67%)

N 233 (97.08%) 112 (93.33%)

Multilobe involvement (≥ 3) n (%) 0.632 0.426

Y 30 (12.50%) 21 (17.50%)

N 210 (87.50%) 99 (82.50%)

Lobar pulmonary n (%) 24.863 < 0.001*

Y 36 (15.00%) 4 (3.33%)

N 204 (85.00%) 116 (96.67%)

*P < 0.05, compare with children with MPP with asthma statistically significant. CRP, C-reactive protein; PCT, procalcitonin; LDH, lactate dehydrogenase; ALT, alanine transaminase.

regression analysis revealed that allergen exposure, severe
pneumonia, co-infection with other pathogens, and higher
total IgE levels were not associated with asthma exacerbation

in children with asthma with MPP. However, ICS therapy was
found to be a protective factor against asthma exacerbation in
children with asthma [odds ratio (OR): 0.167] (Table 4).
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TABLE 3 Basic and clinical characteristics of the children with MPP with asthma exacerbation.

Variable Exacerbation (n = 106) Without exacerbation (n = 14) t/χ 2/z P

Sex 0.459 0.498

Male n (%) 58 9

Female n (%) 48 5

Age 0.137 0.711

≥ 6 years n (%) 51 6

< 6 years n (%) 55 8

ICS therapy n (%) 53 (50%) 12 (85.71%) 6.354 0.012*

Co-infection with other pathogens n (%) 22 (20.75%) 7 (50%) 4.286 0.038*

Allergen exposure n (%) 38 (35.85%) 9 (64.29%) 4.197 0.040*

Small airway changes n (%) 7 (6.60%) 1 (7.14%) – 1.000

Total IgE 214.50 (68.79,576.00) 64.37 (28.21,189.78) 2.184 0.029*

Eosinophils count (×109/L) 0.20 (0.04,0.40) 0.18 (0.04,0.42) 0.200 0.841

Severe pneumonia n (%) 43 (40.57) 3 (21.43%) 1.916 0.166

CRP 7.13 (2.57,13.70) 14.42 (2.00,24.13) 0.764 0.445

*P < 0.05, compare with children with MPP without asthma exacerbation statistically significant.

TABLE 4 Risk factors for exacerbation to MPP children with asthma by multivariate logistic analysis.

Variable Exacerbation
(n = 106) n (%)

Without exacerbation
(n = 14) n (%)

X2 P-value Odds ratio 95%
(confidence interval)

ICS therapy n (%) 53 (50%) 12 (85.71) 5.169 0.023* 0.167 (0.036,0.781)

Total IgE (IU/mL) 432.26 ± 562.06 116.16 ± 206.56 0.040 1.005 (1.000–1.010)

Allergen explosure n (%) 38 (35.85%) 9 (64.29%) 4.197 0.286 0.377 (0.063–2.264)

Co-infection with other pathogens n (%) 22 (20.75%) 7 (50%) 2.700 0.298 0.404 (0.073–2.229)

*P < 0.05, compare with without exacerbation group statistically significant.

Differences in clinical characteristics
between the children with asthma with
and without inhaled corticosteroid
therapy after Mycoplasma pneumoniae
pneumonia

The differences in clinical characteristics, laboratory tests,
and pulmonary images between children with asthma with and
without ICS therapy after MPP are shown in Table 5. There were
statistically significant differences in the incidence of asthma
exacerbation and fever duration, but there were no statistically
significant differences in the laboratory test results or pulmonary
imaging findings between the two groups.

Differences in the severity of asthma
exacerbation between the children
with asthma with and without inhaled
corticosteroid therapy after
Mycoplasma pneumoniae pneumonia

The children aged less than 6 years (36 children
in the ICS therapy group and 29 children in the

without ICS therapy group) were divided into three
groups (without attack, mild, and severe degree). The
children aged above 6 years with acute exacerbation
(29 children in the ICS therapy group and 26 children
in the without ICS therapy group) were divided into
five groups (without attack, mild, moderate, severe,
and life-threatening). Among children aged less than
6 years, the severity of exacerbation in the ICS therapy
group was milder than those in the without ICS
therapy group, but there was no significant difference
between the two groups among children aged more than
6 years (Table 6).

Discussion

Bronchial asthma is a chronic inflammatory airway
disease, which is usually characterized by bronchospasm
and airway hyperresponsiveness. Various pathogens
can cause damage to the airway epithelium. MP is a
common pathogen that causes respiratory tract infections
in children. It can induce various inflammatory cells
to produce inflammatory factors [e.g., interleukin 4
(IL-4), IL-13, CC motif chemokine ligand 17 (CCL17),
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TABLE 5 Clinical characteristics of children with MPP with asthma.

Variable Without ICS therapy (n = 55) n (%) ICS therapy (n = 65) n (%) Z/X2 P-value

Laboratory test

White blood cell count (×109/L) 9.72 ± 3.79 9.20 (6.70,12.15) 0.040 0.968

Neutrophil count (×109/L) 4.30 (2.60,9.20) 6.00 (3.65,9.30) −1.18 0.238

Leukomonocyte count (×109/L) 2.00 (1.30,3.60) 2.30 (1.60,2.95) −0.179 0.858

Eosinophils count (×109/L) 0.21 (0.04,0.40) 0.20 (0.04,0.40) 0.622 0.534

Total IgE (IU/mL) 203.65 (54.64,562.50) 186.00 (59.77,579.70) 0.095 0.924

CRP (mg/L) 6.91 (2.39,13.70) 8.70 (2.54,17.10) −0.737 0.461

PCT (ng/mL) 0.07 (0.05,0.11) 0.08 (0.05,0.16) −0.404 0.687

LDH (U/L) 246.00 (219.00,289.50) 239.00 (218.00,277.00) −0.461 0.645

ALT (U/L) 12.00 (9.00,19.00) 13.00 (10.00,20.00) −1.098 0.272

Clinical characteristics

length of hospital stay (day) 7.00 (6.00,8.00) 7.00 (6.00,9.00) −1.400 0.162

Fever duration (day) 4.00 (2.00,6.00) 5.00 (3.00,8.00) −1.980 0.048*

Cases of Exacerbation n (%) 6.354 0.012*

Y 53 (96.36%) 53 (81.54%)

N 2 (3.63%) 12 (18.46)

Extrapulmonary complications n (%) − 0.208

Y 2 (3.64%) 0 (0%)

N 53 (96.36%) 65 (100%)

Oxygen saturation < 92% n (%) 1.326 0.249

Y 15 (27.27%) 12 (18.46%)

N 40 (72.73%) 53 (81.54%)

Severe pneumoniae n (%) 0.017 0.897

Y 18 (32.73%) 22 (33.85%)

N 37 (67.27%) 43 (66.15%)

Pleural effusion n (%) 0.000 1.000

Y 2 (3.64%) 2 (3.08%)

N 53 (96.36%) 63 (96.92%)

Need for Mechanical ventilation n (%) 0.036 0.849

Y 3 (5.45%) 2 (3.08%)

N 52 (94.55%) 63 (96.92%)

Co-infection with other pathogens n (%) 3.373 0.066

Y 9 (16.36%) 20 (30.77%)

N 46 (83.64%) 45 (69.23%)

Pulmonary images

Small airway changes n (%) 0.015 0.903

Y 3 (5.45%) 5 (7.69%)

N 52 (94.55%) 60 (92.31%)

Multilobe involvement ( ≥ 3) n (%) 0.614 0.433

Y 8 (14.55%) 13 (20%)

N 47 (85.45%) 52 (80%)

Lobar pulmonary n (%) 0.116 0.734

Y 1 (1.82%) 3 (4.62%)

N 54 (98.18%) 62 (95.38%)

*P < 0.05, compare with ICS therapy group statistically significant.

CCL22, and transforming growth factor-beta (TGF-
β)], and can increase airway hyperreactivity (24). The
P1 and HMW1 proteins secreted by MP can help the
pathogen adhere to airway epithelial cells and resist

cilial clearance (25). The hydrogen peroxide and CARDS
TX secreted by MP can damage the airway and induce
large inflammatory cell infiltrations, leading to lung
consolidation (26).
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In this study, we compared the differences in laboratory
test results, clinical characteristics, and pulmonary
imaging of children with MPP with and without asthma.
There were significant differences in the eosinophil
counts and total IgE levels between the children with
MPP with and without asthma. The reason for the
difference may be related to the allergen exposure of
children with asthma, which is unrelated to the MPP.
Therefore, allergen exposure avoidance is important for
children with asthma. In this study, we also found that
the levels of CRP, ALT, and PCT and the incidence
of wheezing, extrapulmonary complications, oxygen
saturation < 92%, severe pneumonia, pleural effusion,
and lobar pulmonary perfusion of the children with
MPP and asthma were lower than those of the children
with MPP without asthma. These clinical features are
indicators of serious MPP, which suggests that the severity
of children with asthma with MPP is milder than that
of children without asthma with MPP. This may be
due to the use of glucocorticoids to treat acute attack.
To the best of our knowledge, no previous studies have
reported on the clinical characteristics of children with
asthma with MPP.

Inhaled corticosteroid is the first-choice treatment for
bronchial asthma. It can maintain a certain concentration
of glucocorticoids in the airway, causing a certain inhibitory
effect on airway hyperresponsiveness, and can reduce the
dosage of glucocorticoids required during exacerbations.
Compared with oral and systemic corticosteroids, ICS can
directly reach the site with lower side effects and work
synergistically with systemic glucocorticoids in patients
with life-threatening diseases (27). Many children with
asthma in this study experienced exacerbations after MPP,
but some children with asthma did not. ICS therapy
prevented exacerbations in children with asthma with
MPP. However, allergen exposure and co-infection were
risk factors for exacerbation in children with asthma.
Therefore, long-term treatment of ICS in children with
asthma can reduce the severity of acute attacks, and
exposure to allergens should be avoided. Antibiotic use
(28) and family history of asthma (29) are risk factors for
recurrent hospitalization for acute attacks in children with
asthma. Children with asthma require chronic treatment
and medium- and high-dose ICS should be used in the
acute stage and low-dose ICS should be used in the
remission stage after the acute stage. Treatment should
be continued for 3 months before deciding whether to
reduce the dosage. Therefore, in this study, we selected
patients with asthma who had been on ICS therapy for
more than 3 months in order to avoid the bias of results
caused by the difference in the dose of ICS. We divided
children with asthma with MPP into two groups, namely,
ICS therapy and without ICS therapy groups, according
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to whether they were treated with ICS for 3 months after
asthma diagnosis. There were significant differences in
the incidence of asthma exacerbation and fever duration,
but there were no differences in the laboratory test results
and pulmonary imaging findings among children with
asthma with and without ICS therapy. The severity of the
exacerbation in the ICS therapy group was milder than
that in the without ICS therapy group of children aged
less than 6 years. There were also significant differences
in the fever duration and incidence of wheezing between
the groups. The reason for the difference in fever
duration may be because glucocorticoid use shortened
the fever duration.

We analyzed the differences in the severity of asthma
exacerbation between the children with asthma with and
without ICS therapy after MPP. Among children with
asthma aged less than 6 years, the exacerbations in the
ICS therapy group were less severe than those in the
without ICS therapy group, but there was no significant
difference between the two groups of children aged more
than 6 years. This suggests that ICS therapy after asthma
diagnosis can reduce the severity of exacerbation in
children with asthma aged less than 6 years. The onset
of asthma before the age of 6 years is an important risk
factor (30), but the effect of ICS therapy after asthma
diagnosis on children with asthma exacerbation has
not been reported previously. Among children with
asthma, long-term wellness control is very important
in daily life and for mental health. Therefore, children
with asthma should have regular follow-ups scheduled
and should take part in self-management according to
an asthma action plan (31) to reduce recurrence and
maintain asthma wellness control. This can lead to
reductions in medical costs related to rehospitalization
(32) and side effects of systemic steroid application due
to exacerbation.

In summary, in this study, we can conclude that
among children with MPP, the chance of wheezing
was higher in children with asthma than in children
without asthma. ICS therapy was a protective factor
against exacerbation in children with asthma with
MPP. This study has some limitations. First, it was a
retrospective study. There are no studies to date on
the long-term outcomes of children with asthma with
MPP; therefore, we decided to assess the frequency of
acute episodes and the impact of MPP on children with
asthma after they had been discharged. Differences in
the education level of the children’s guardians may affect
their knowledge of diseases, which may influence the
choice of treatment methods for children with asthma
before hospitalization with acute episodes (33), such as the
inhaled drug choice. This may also have influenced the
hospitalization rate.
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