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Background: To tackle the COVID-19 pandemic and mitigate viral transmission, mainland
China has implemented various disease prevention measures and arrangements. We hypothe-
size that these measures may be pose challenges to the management of pediatric asthma.
Here, we studied the situation of pediatric asthma in Chengdu during the COVID-19
pandemic and compared the pediatric asthma situation before so as to provide a reference
for designing effective management plan for pediatric asthma patients in the future facing the
outbreak of epidemic.

Methods: An observational study was done to compare the pediatric asthma situation in
Chengdu from 2017 to 2019 to the situation under COVID-19 pandemic. Asthma incidence,
severe asthma attack, air quality, temperature, and patient follow-up were examined.
Results: The number of monthly asthma cases decreased significantly in February 2020. The
number of asthma cases in 2017-2019 positively correlated with levels of particulate matter
PM , 5 (p = 0.006) and PM, (p = 0.005), while it negatively correlated with temperature (p =
0.048). No correlation was identified in 2020. A higher rate of severe asthma attack cases
(9.69%) was observed among asthma patients in 2020 (p = 0.014). Differences were
identified between the monthly severe asthma attack during the period 2017-2020
(p<0.001). The rate of severe asthma attack cases peaked in June and September 2020.
The percentage of patients who failed to undergo pulmonary function tests was 34.5% in
2020, remarkably higher than in the previous 3 years (p<0.001).

Conclusion: The situation and management of pediatric asthma during the 2020 COVID-19
pandemic differed from those in previous years, with more emphasis placed on disease
prevention practices and facilities. To design future pediatric asthma management practice,
the environmental and psychological impact on asthma management should also be considered.
Local areas should make good use of telemedicine to manage pediatric asthma effectively.
Keywords: asthma, pediatric, COVID-19

Background
In November 2019, COVID-19 was first reported in Wuhan, China. Since then, its
causative agent SARS-CoV-2 has spread everywhere in the world. The rapid
deterioration of infected patients, their high mortality rate and the high communal
transmission rate have quickly turned this infectious disease into a pandemic and
public health emergency.

Many disease prevention measures have been implemented in China with an aim
to mitigate transmission. During the COVID-19 pandemic, strict COVID-19-related
disease prevention policies have been implemented in Chengdu, China (Table 1).
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Table | COVID-19-Related Disease Prevention Measures and
Policies in Chengdu, China

Date Prevention Measure

24/1/2020 Sichuan Province activated Urgent Handling of Public

Health Emergency mechanism

25/1/2020 The Education Department of Sichuan Province
announces the suspension of all off-campus

training until effective control of COVID-19 pandemic

6/2/2020 Announcement of the Guidelines on Disease
Prevention for Kindergartens as well as Primary,
Secondary and

Higher Education in Sichuan Province

6/2/2020 Suspension of all education institutions in Sichuan

Province until late February

8/4/2020 The Department of Education in Sichuan Province
announces that the date for resuming schools depends
on the progress of disease prevention.
Sufficient personal hygiene products should be available

at schools and restaurants

6/5/2020 Resumption of different kinds of education institutions

2/9/2020 Memo about the disease prevention measures for
COVID-19 pandemics in autumn and winter
from the Department of Civil Affairs of Sichuan

Province

9/12/2020 The Commission of Health announces that there are
three medium-risk areas in Sichuan Province.

Relevant personnel should not leave the area, in

principle.

While the disease prevention measures have effectively
dampened disease transmission in Chengdu, this has
severely challenged conventional management of chronic
diseases, such as pediatric asthma. Populations will undeni-
ably have to fight with viruses for a long while, in addition
to social and environmental problems. In view of the pro-
found impacts of COVID-19 pandemic brought to the
world, better preventive measures should be formulated in
order to protect vulnerable pediatric asthma patients.

In the present study, we performed an observational study
to compare the pediatric asthma situation before and during
the COVID-19 pandemic in order to provide a reference for
effectively managing pediatric asthma in the future.

Method and Materials

This study was conducted within Chengdu Women’s and
Children’s Hospital, Chengdu, China. The data of the

patients suffering from asthma who had been confirmed
and followed up were collected from 2017 to 2020. The
diagnosis of asthma and severe asthma attacks was based
on Guidelines for Bronchial Asthma Prevent and
Management (2020 edition)' and the Recommendations
for Diagnosis and Management of Bronchial Asthma in
Children (2020).> A “big data” database source and
extraction was constructed through the merging of multi-
ple individual-level databases, included the Hospital
information system (HIS), Laboratory Information
System (LIS), Electronic Medical Record (ERM) and
System (NIS) of Chengdu
Women’s and Children’s Central Hospital, which was

Nursing Information
a special code identifier and the language exchange pro-
gram using extract-transform loading (ETL) to standar-
dize and effectively combine the data from multiple
sources. The data about PM, 5 (particulate matter in the
air <2.5um), PM,, (particulate matter in the air <10 pm)
the Chengdu
Meteorological Service. The data of asthma incidence,

and temperature were provided by

severe asthma attack, air quality, temperature, and

patient follow-up were analyzed. The study was
approved by the ethics committee of Chengdu Women’s
and Children’s Central Ethics
B2021(5).

SPSS 25.0 software was employed for the statistical

analysis in this study. Continuous, normally distributed

Hospital Number

data were reported as mean x) + standard deviation (s).
Skewed data were reported as median and interquartile
range. Categorical data were reported in quantities and
percentages. Pearson’s chi-square test was used to assess
differences in categorical data. The Pearson correlation
analysis was used to study the correlation between asthma
and PM,s, PM;, and temperature. Associations were
quantified as odds ratios (ORs) and 95% confidence inter-
vals (CIs). All tests were two-tailed, and p < 0.05 was
considered statistically significant.

Results

Information on pediatric asthma patients aged 3—18 years
was collected. A total of 26,482 cases were collected from
the system, comprising 16,250 males and 10,232 females,
from January 2017 to December 2020. The numbers of
asthma cases among children aged 3—18 years were 5608,
6784, 7420 and 6670, respectively. The pattern of monthly
pediatric asthma cases in 2020 was found to be different
from the patterns in 2017-2019, with a significant
decrease in February 2020 (Figure 1).
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Figure | The number of monthly pediatric asthma patients.

From 2017 to 2019, the number of asthma cases was
found to be positively correlated with levels of particulate
matter PM 2.5 (R = 0.446, p = 0.006) (Figure 2) and
PM10 (R = 0.456, p = 0.005) (Figure 3), while it nega-
tively correlated with temperature (R = —0.322, p =
0.048) (Figure 4, Figure 5, Figure 6,Figure 7). The num-
ber of asthma cases in 2020 was found to have no
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2019 ——2018 ——2017
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The rate of severe asthma attack in 2020 was
9.69%, higher than in 2019 (8.07%), 2018 (5.85%)
and 2017 (4.78%). Significant differences in the inci-
dence of severe asthma attack were observed across the
4 years (F=11.052 P=0.014) (Figure 8). Differences
were identified between the monthly severe asthma
attack incidents during the period 2017-2020: 2017

correlation with PM2.5, PMI0 or temperature (F = 40.4288, p<0.001), 2018 (F = 74.2423,
(Figures 5-7). p<0.001), 2019 (F = 34.0665, p = 0.004), and 2020
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Figure 2 Correlation between the number of pediatric asthma patients and PM2.5 from 2017 to 2019 (¥p<0.05).
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Figure 3 Correlation between the number of pediatric asthma patients and PM10 from 2017 to 2019 (*p<0.05).
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Figure 4 Correlation between the number of pediatric asthma patients and temperature from 2017 to 2019 (¥p<0.05).
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Figure 5 Correlation between the number of pediatric asthma patients and PM2.5 in 2020.
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Figure 6 Correlation between the number of pediatric asthma patients and PM10 in 2020.
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Figure 7 Correlation between the number of pediatric asthma patients and temperature in 2020. (Asthma= the number of pediatric asthma patients, Temp= temperature).
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Figure 8 The rate of severe asthma attacks in 2017-2020.

(F = 86.3918, p<0.001). (Figure 9). The incidence of
19.18% in September 2020 was markedly higher than
in the previous year.

The number of patients failing to receive their sched-
uled treatment was no difference in 2018-2020 (F=1.245
P=0.496) (Figure 10). Significantly more patients failed to
attend pulmonary function tests in 2020 than in 2017-2019
(F=418.3 P<0.001) (Figure 10).

8.07%

2019

2019 =2018 m=2017
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2018 2017
Year
Discussion

Bronchial asthma (asthma) is the most common chronic
respiratory disease among children. In recent years, the
incidence of pediatric asthma has exceeded that of adult
asthma, and the number of pediatric asthma continues
to increase around the world. In the 20 years up to
2010, the incidence of bronchial asthma in mainland
China has grown by 147.9%, affecting 3.02% of the
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Figure 9 Monthly rate of severe asthma attacks in 2017-2020.
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Figure 10 The percentage of patients failing to adjust their drug treatments and attend pulmonary function tests in 2017-2020.

population.® Although asthma is currently incurable,
good management of the disease can effectively control
progression, minimizing the side effects and improving
long-term quality of life. Working against this, how-
ever, is the COVID-19 pandemic, which has severely

threatened public health by infecting more than

3 million people, and it has exacted great economic
losses around the world. In this context, we investigated
the asthma situations of children in Chengdu during the
COVID-19 pandemic in order to provide a reference for
future management and improvement of pediatric
asthma.
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From the data on asthma patients aged 3—18 years in
Chengdu, the overall number of patients remained steady
in the period of 2017-2020. From 2017 to 2019, the
number of asthma cases positively correlated with PM, 5
and PM,, levels, and it negatively correlated with tem-
perature. These results are consistent with previous work.*
Chengdu is located in the southwest part of China, with
a humid, foggy winter and a freezing, dry autumn. The dry
conditions can make people less comfortable, compromis-
ing homeostasis in the human body and increasing risk of
asthma. This may explain why the number of asthma cases
usually peaks in January and February. Surprisingly, the
number of asthma cases in 2020 was found to be unrelated
to the air quality and temperature. It is suspected wearing
a mask reduces the impact of air pollution and climate on
asthma.

In order to mitigate COVID-19 disease transmission,
unprecedented disease prevention measures were imple-
mented in Chengdu, as in other places in China. The
of Public
Responses” was activated on 24 January 2020, and the

“Urgent Handling Health Emergency
disease prevention guidelines for primary, secondary and
tertiary education were published in February 2020, which
postponed the opening of schools. We suspect that the
policies increased citizens’ attention to the COVID-19
epidemic immediately. With limited outdoor activities
and less exposure to cold air and air pollutants, cross-
infection due to crowd gatherings has markedly decreased,
resulting in a significant decline in the number of asthma
cases in February 2020.

Recent research points out that during the COVID-19
pandemic, the number of emergency hospital visits due to
severe asthma attack has significantly decreased.’
However, the analysis period of that study was relatively
short. Here we retrospectively investigated cases of severe
asthma attacks among children in 2020, with a focus on
the long-term impact of COVID-19 pandemic on asthma
patients. There will be more factors that influence the
severe asthma attacks. In our study, we found that pedia-
tric severe asthma attacks in 2020 were notably more
frequent than in previous years (Figure 9). The differential
pattern of the monthly pediatric incident rate in 2020
further supported the importance of using severe asthma
attacks as a risk factor of the disease.

Owning to the disease prevention arrangements in
2020, schools in Chengdu have different start dates, and
they only gradually resumed from May 2020. The normal
start date of the summer semester is September. With more

people gathering in schools and classrooms, the indoor air
would be more static, which increases the chances of
cross-infection of respiratory diseases and amplifies the
risk of severe asthma attacks. Therefore, severe asthma
attacks peaked in June and September 2020. In addition,
people have adopted different more hygienic lifestyles
such as wearing masks and frequently using disinfectants.
Undoubtably, these practices can effectively curb viral
transmission. However, there are studies showing that
using N95 or KF94 masks increases the risk for chronic
disease patients with impaired pulmonary function® and
that frequent disinfectant usage may affect the respiratory
tract of newborns, increasing the risk of pediatric asthma.’
Zok et al showed that weekly usage of air fresheners may
also be a risk factor of severe asthma onset.® Considering
the fact that 60-80% of allergic asthma cases involve
pulmonary asthma,” minimizing exposure to allergens
should be the most effective method to control asthma.
The frequent usage of alcoholic and chlorinated allergic
disease prevention materials may be a risk factor of severe
asthma attacks, contributing to the increase in the inci-
dence of severe asthma attacks among children during the
COVID-19 pandemic. Since certain disease prevention
practices such as masks and disinfection are expected to
persist even after the pandemic, we have to design ways to
minimize the impacts of these measures on pediatric
asthma patients so as to achieve effective asthma
management.

At the same time, psychological and emotional factors
are also important factors that may affect asthma manage-
ment of the pediatric patients.'® During the COVID-19
pandemic, 7-53% of the individuals in China have experi-
enced a psychological crisis. Although children may have
experienced less fear towards COVID-19 due to their
limited knowledge of the disease, their prolonged isola-
tion, reduced exercise and the negative emotions of the
family members may contribute to negative emotions
among pediatric asthma patients, which may affect asthma
control of pediatric asthma patients.'' '

Certainly, the parents maybe postpone hospital visits
because they were scared of the risks of exposing their
child or themselves to COVID-19, unless their child man-
ifested severe asthma attacks. The fact is that the propor-
tion of severe cases increased while the total number
maybe decreased relatively.

With the recent advance of e-commerce within the
region, a paradigm shift has occurred from the traditional
practice of purchasing drugs in the hospital and pharmacy
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to a practice of purchasing them online in Chengdu. If any
clinical discomfort occurs, patients’ family members may
choose to purchase asthma drugs by themselves instead of
attending follow-up medical examinations. From 2018 to
2020, there is no difference in the number of pediatric
asthma patients who did not return to the hospital to
receive planned medical treatments. But during the
COVID-19 pandemic in 2020, 34.56% of the patients
failed to attend their scheduled pulmonary function tests,
which is markedly higher than in previous years. During
the pandemic, pediatric asthma patients were advised to
avoid frequent hospital visits and minimize the usage of
equipment contacting the respiratory tract,'* resulting in
more patients failing to attend pulmonary function tests.
Without regular pulmonary function testing and timely
adjustment of asthma drug administration, only relying
on clinical diagnosis of pediatric asthma patients may not
effectively manage the disease and it may contribute to
severe asthma attacks. This further supports the impor-
tance of both clinical examination and pulmonary function
tests for managing asthma. In addition, the fact that chil-
dren did not assess their asthma condition using peak flow
meters illustrates that telemedicine has yet to replace tradi-
tional face-to-face medical examination. Family pulmon-
ary function testing surveillance and long-range medical
examinations are important for chronic asthma manage-
ment in pediatric patients.

Conclusion

Although currently there is no evidence showing that
asthma is a risk factor contributing to the COVID-19
infection or severity of the disease,'” studies have found
that good asthma management can reduce the risk of
severe asthma attacks during the pandemic.'® Based on
the present study, we propose that more emphasis should
be placed on disease prevention facilities and on the
impacts of environmental and psychological factors on
asthma management when designing treatment plans. We
recommend proactively implementing telemedicine in
asthma management in order to ensure effective pediatric
asthma management during sudden pandemics.

The major limitation of this study is that even though
we recruited data from a Level 3 Grade A general pediatric
hospital with patients coming from urban and rural areas
of Chengdu, only one hospital was chosen. Thus, the
sample may contain selection bias, and the results may
not be generalizable to all patient populations.

Abbreviations

COVID-19, coronavirus disease 2019; PM 2.5, particulate
matter in the air <2.5um; PM 10, Particulate matter in the
air <10pm; N95 mask, NIOSH NO95 respirator dust mask;
KF94 mask, KF94 respirator dust mask; MFDS, Ministry
of Food and Drug Safety.
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