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Relationship between
meteorological and environmental
factors and acute exacerbation for
pediatric bronchial asthma:
Comparative study before and after
COVID-19 in Suzhou

Suyu Guo', Dongmei Chen', Jiawei Chen', Canhong Zhu, Li Huang*
and Zhengrong Chen*

Department of Respiratory Medicine, Children’s Hospital of Soochow University, Suzhou, China

Objective: Climate and environmental change is a well-known factor causing
bronchial asthma in children. After the outbreak of coronavirus disease (COVID-19),
climate and environmental changes have occurred. The present study investigated
the relationship between climate changes (meteorological and environmental factors)
and the number of hospitalizations for pediatric bronchial asthma in Suzhou before
and after the COVID-19 pandemic.

Methods: From 2017 to 2021, data on daily inpatients diagnosed with bronchial
asthma at Children’s Hospital of Soochow University were collected. Suzhou
Meteorological and Environmental Protection Bureau provided daily meteorological
and environmental data. To assess the relationship between bronchial asthma-related
hospitalizations and meteorological and environmental factors, partial correlation
and multiple stepwise regression analyses were used. To estimate the effects of
meteorological and environmental variables on the development of bronchial asthma
in children, the autoregressive integrated moving average (ARIMA) model was used.

Results: After the COVID-19 outbreak, both the rate of acute exacerbation of
bronchial asthma and the infection rate of pathogenic respiratory syncytial virus
decreased, whereas the proportion of school-aged children and the infection rate of
human rhinovirus increased. After the pandemic, the incidence of an acute asthma
attack was negatively correlated with monthly mean temperature and positively
correlated with PM, 5. Stepwise regression analysis showed that monthly mean
temperature and Oz were independent covariates (risk factors) for the rate of acute
asthma exacerbations. The ARIMA (1, 0, 0) (O, O, 0) 12 model can be used to predict
temperature changes associated with bronchial asthma.

Conclusion: Meteorological and environmental factors are related to bronchial
asthma development in children. The influence of meteorological and environmental
factors on bronchial asthma may be helpful in predicting the incidence and
attack rates.
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1. Introduction

The coronavirus disease (COVID-19) outbreak in China has
been the largest outbreak of atypical pneumonia since the outbreak
of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) (1). Due to the rapid spread of COVID-19 from person
to person, the Chinese government declared a national public
health emergency and implemented a series of stringent prevention
and control measures, including self-isolation, social isolation,
community containment, traffic reduction, and a suspension of
industrial and trade activities (2). COVID-19-related lockdown
has improved ambient air pollution and air quality in many
regions (3, 4), consequently reducing the incidence of respiratory
diseases such as asthma. Epidemiological studies have proved the
correlation between weather changes and environmental pollution
and the outpatient visits of children with asthma (5), and
confirmed that long-term exposure to air pollutants can increase
the prevalence of asthma and asthma symptoms in children to
varying degrees (6, 7). A study of ten European cities showed
that 14% of childhood asthma flare-ups and 15% of childhood
asthma exacerbations were associated with exposure to road traffic
pollutants (8).

The average incidence of asthma in developing countries is
3-5%, compared to more than 20% in developed countries (9).
The overall prevalence rate of childhood asthma in China from
2011 to 2018 was 3.3% (10). In recent years, the prevalence of
asthma in children has increased to 4.42% (11).The purpose
of this study was to investigate the relationship between
meteorological and environmental factors and the number of
pediatric bronchial asthma hospitalizations in Suzhou before
and after the COVID-19 pandemic from 2017 to 2021 by
taking advantage of changes in meteorology and environment
caused by the prevention and control strategies and lockdown
COVID-19 pandemic.
We can gather evidence on the effects of meteorological and

restrictions implemented during the
environmental changes on human health and provide directions
for better prevention and treatment of bronchial asthma in
clinical practice by observing the potential reversibility of the
effects of meteorological and environmental changes on bronchial
asthma. This study focuses on bronchial asthma because it is a
common respiratory disease in children and a clinical and public
health priority.

2. Materials and methods

2.1 Research object

Bronchial asthma patients aged <14 years who were

hospitalized in the Respiratory Department of Children’s

Hospital Affiliated with Soochow University from January
1, 2017, to December 31, 2021, were included in this
study. Demographic  data, clinical characteristics, and

laboratory test results of all pediatric patients were collected
retrospectively and analyzed. The study was conducted with
the approval of the Institutional Human Ethics Committee of
Soochow University.
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2.2. Surveillance of common respiratory
viruses

A standard protocol was followed to collect nasopharyngeal
aspirate samples from hospitalized children with bronchial asthma.
Within 24 h of admission, these samples were obtained from the
patients by inserting a sterile plastic catheter through the nasal cavity
into the hypopharynx. Light Diagnostics Respiratory Viral Screen
DFA (Chemicon International, USA, from 2001 to 2005; D3 Ultra™
DFA Respiratory Virus Screening & ID Kit, Diagnostic Hybrids
Inc., USA, from 2006 to 2011) was used to detect the respiratory
syncytial virus (RSV); Influenza virus A (IV-A)and Influenza virus
B (IV-B); paravienzA-1, —2, and —3; and adenovirus. Human
metapneumovirus, human rhinovirus (HRV), and Mycoplasma
pneumoniae (MP) were detected by real-time polymerase chain
reaction (Applied Biosystems, Foster City, CA, USA). The daily
total number of positive etiological cases was routinely checked
and recorded, together with the number of hospitalizations for
bronchial asthma.

2.3. Meteorological environment data

Suzhou is located in the southeast part of the Yangtze River
Delta (longitude 120° E, latitude 31° N), which is a special
economic zone in the marine climatic zone of the north subtropical
monsoon region. Data of meteorological variables, namely, daily
average temperature (°C), average relative humidity (%), total rainfall
(Mm), total sunshine hours (H), and average wind speed (m/s)
in Suzhou were collected from Suzhou Meteorological Bureau.
Data of environmental variables, namely, PM; 5 (ug/m3), PM;g
(pg/m?), NO; (ng/m?), SO; (jg/m?), CO (jug/m?), and O3 (ug/m?),
were collected from Suzhou Environmental Protection Bureau.
Meteorological data were obtained hourly, and daily average values
were calculated. Monthly average values were calculated based on
the daily average values of temperature, relative humidity, and wind
speed. Total rainfall and sunshine hours were calculated as the total
values for the month.

2.4. Statistical analysis

The percentage of samples that tested positive for respiratory
pathogens was calculated on a monthly basis. We used a monthly
series rather than a weekly series to reduce the amount of data.
The analysis of variance was used to compare numerical data. The
correlation between the incidence of acute bronchial asthma attacks
and meteorological and environmental factors was assessed using
Spearman’s rank correlation analysis. Because of the collinearity
of meteorological factors, partial correlation analysis was used to
examine the relationship between meteorological and environmental
factors and the incidence of acute bronchial asthma attacks. We used
stepwise regression analysis after selecting the variables to examine
the relationship between meteorological and environmental factors
and the number of hospitalizations for asthmatic disorders.

Using the autoregressive integrated moving average (ARIMA)
model, the expert modeling program in SPSS software was used
to analyze multiple time series. The optimal ARIMA model is
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TABLE 1 Demographic and clinical characteristics of children hospitalized for bronchial asthma before and after the COVID-19 outbreak.

Before the COVID-19 pandemic After the COVID-19 outbreak P
Demographic
Bronchial asthma [n (%)] ‘ 668 (11.2) ‘ 319 (9.6) ‘ 0.016
Sex
Male [n (%)] 360 (53.9) 189 (59.2) 0.113
Female [n (%)] 308 (46.1) 130 (40.8)
Age distribution
Preschool [n (%)] 460 (68.9) 175 (54.9) 0.000
School-age [n (%)] 160 (24.0) 133 (41.7)
Adolescence [n (%)] 48 (7.1) 11 (3.4)
Clinical characteristics
Cough [n (%)] 649 (97.2) 312 (97.8) 0.551
Fever [n (%)] 424 (63.5) 197 (61.8) 0.601
Wheezing [n (%)] 527 (78.9) 244 (76.5) 0.393
Breathlessness [n (%)] 170 (25.4) 51 (16.0) 0.001
dyspnea [n (%)] 154 (23.1) 50 (15.7) 0.007
Season
Spring [n (%)] 161 (24.1) 64 (20.1) 0.022
Summer [n (%)] 105 (15.7) 33(10.3)
Autumn [n (%)] 138 (20.7) 83 (26.0)
Winter [n (%)] 264 (39.5) 139 (43.6)

mainly used by the normalized Bayesian information criterion
(BIC) value, coefficient of determination (R?), root mean square
error (RMSE), and mean absolute percentage error (MAPE).
The Ljung-Box Q test was used to assess whether the residual
sequence was white noise. To examine the temporal correlation
between temperature and asthma development, we fitted models
with different lag structures from a month (lag 0) to <2 months
(lag 2) using the distributed lag model of SPSS Expert Modeler
(automatic model selection) and the customized ARIMA model. The
expert modeling program automatically selected parameters such as
estimator, standard deviation (standard error), P-value, stationary R2
value, and normalized BIC. In this case, the data from 2017 to 2019
(estimation period) were used for the multiple time series analysis
based on the ARIMA model to analyze the impact of meteorological
and environmental factors on bronchial asthma development. We
then projected the incidence of asthmatic disorders from 2020 to 2021
(evaluation period) to assess the predictive power of the model.

All statistical tests were two-tailed, and P<0.05 was considered to
indicate statistical significance. SPSS software version 23.0 (SPSS Inc.,
Chicago, IL, USA), was used for all data analyses.

3. Results

3.1. Characteristics of children with
bronchial asthma

Medical records of 9,322 children with acute respiratory tract
infections were screened, and relevant data were collected (Table 1).
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Before the COVID-19 pandemic, 5,984 acute respiratory tract
infection cases were identified, of which 668 (11.2%) cases were
diagnosed as bronchial asthma. After the COVID-19 pandemic, 3,338
cases of acute respiratory tract infection were identified, of which
319 (9.6%) cases were diagnosed as bronchial asthma. The number
of hospitalizations for bronchial asthma after the pandemic was
significantly lower than before the pandemic (P < 0.05). Before
and after the pandemic, the number of boys with bronchial asthma
was 360 (53.9%) and 189 (53.2%), with an insignificant difference
(P > 0.05). The age distribution of children with asthma ranged
from 3 to 5 years of preschool age, 6-10 years of school age,
and 10 to 18 years of adolescence. Current diagnostic criteria for
bronchial asthma are mainly applied to older children (12). The
diagnosis of asthma in children under 6 years old is still a challenging
clinical problem. At present, asthma risk factor prediction models are
often used in foreign countries to judge the probability of asthma
in wheezing children (11). Adolescence is a transitional period
for children to become adults, which has its unique physiological
and psychological characteristics. Adolescent asthma has a higher
incidence, mortality and poor treatment compliance, with a more
pronounced disease burden compared to younger children. The
characteristics of adolescence determine the difference between the
management model of asthma in adolescence and that of children and
adults (13, 14). So this paper is divided into pre-school age, school age
and adolescence. It has been added. Children with bronchial asthma
were mostly pre-school age (460 cases, 68.9%) before the pandemic
and school-age (133 cases, 41.7%) after the pandemic. However, the
proportion of school-age children with bronchial asthma after the
pandemic was significantly lower than before the pandemic (P <
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FIGURE 1

Distribution of pathogens in the nasopharyngeal samples of children
with bronchial asthma. RSV, respiratory syncytial virus; HRV, human
rhinovirus; MP, Mycoplasma pneumoniae; HBoV, human bocavirus;
Pinf, parainfluenza virus; Inf, influenza virus; ADV, adenovirus; hMPV,
human metapneumovirus.

0.05). The results of the univariate analysis showed that the number of
children with bronchial asthma who experienced shortness of breath
and dyspnea (clinical symptoms) decreased after the pandemic when
compared with that before the pandemic, with a significant difference
(P < 0.05). On the contrary, no significant difference was observed
in the number of children with bronchial asthma who experienced
cough, fever, and wheezing (clinical symptoms) before and after the
pandemic (P > 0.05). Overall, the incidence of bronchial asthma
was highest in winter and lowest in summer. When comparing the
data before and after the pandemic, the proportion of asthma-related
hospitalizations increased in autumn and winter and decreased in
spring and summer after the pandemic, with a significant difference
(P < 0.05).

3.2. Etiological characteristics

Nasopharyngeal secretion samples of 987 children with bronchial
asthma were assessed, and one or more pathogens were detected
in 708 (71.7%) samples. The top three pathogens detected were
MP (23.58%), HRV (23.44%), and RSV (16.38%; Figure 1). As for
the seasonal distribution patterns of these three most common
respiratory viruses (Table 2), RSV detection rate showed no change
when comparing the data before and after the pandemic. RSV activity
showed a significant peak in winter. When compared to before
the pandemic, the RSV detection rate in each season decreased
significantly after the pandemic. Furthermore, HRV activity peaked
in autumn/winter, and HRV detection rates in summer, autumn,
and winter after the pandemic were significantly higher than before.
The detection rate of MP peaked in the summer/autumn, and the
detection rate in the summer and autumn increased significantly after
the pandemic when compared to before the pandemic. Regarding the
age distribution of the three respiratory viruses (Table 3), the RSV
detection rate was mainly concentrated in pre-school age after the
pandemic compared to before the pandemic. The HRV detection rate
was mainly concentrated in pre-school age before the pandemic and
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at school age after the pandemic. The detection rate of the viruses
in all age groups after the pandemic was higher than before, with a
significant difference. MP detection rate was concentrated in school-
age before the pandemic and adolescence after the pandemic. The
detection rate after the pandemic was significantly higher than before,
with a significant difference.

3.3. Data description of meteorological and
environmental factors

Annual mean values of meteorological and environmental factors
from 2017 to 2021 were recorded (Table 4). No significant difference
was noted in meteorological factors when comparing the data before
and after the pandemic. After the pandemic, NO,, SO, PM;5s,
and PMj levels decreased when compared with those before the
pandemic, with significant differences (P < 0.05). Contrarily, O3
levels increased after the pandemic when compared with those
before the pandemic, with significant differences (P < 0.05). Monthly
average data of meteorological and environmental variables were
recorded (Figure 2).

3.4. Partial correlation analysis of
meteorological and environmental factors
with asthma prevalence before and after the
pandemic

According to the results of partial correlation analysis (Table 5),
the incidence of an acute asthma attack was negatively correlated
with monthly mean temperature (P < 0.001, r = —0.755 [before the
pandemic]; P < 0.001, » = —0.900 [after the pandemic]) and O3 (P <
0.05, r = —0.373 [before the pandemic]; P < 0.001, r = —0.804 [after
the pandemic]) and positively correlated with PM, 5 (P < 0.05, r =
0.454 [after the pandemic]).

3.5. Multiple stepwise regression analysis of
meteorological and environmental factors
and bronchial asthma development

Multiple regression analysis was performed to determine the
most critical meteorological and environmental factors, taking into
account the correlation between meteorological and environmental
factors. Based on inflation factor variance (VIF), we excluded
PM,5 and PMj after the pandemic and continued to perform
stepwise regression analysis on the remaining variables (Table 6).
The incidence of acute asthma attacks was negatively correlated with
monthly mean temperature and O3 before and after the pandemic.

3.6. Construction of the autoregressive
integrated moving average sliding model

In stepwise regression analyses, monthly mean temperature and

O3 were independent covariates significantly associated with the rate
of acute asthma exacerbations. Therefore, we established a multiple
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TABLE 2 Seasonal distribution of common respiratory pathogens in children with bronchial asthma before and after the COVID-19 outbreak.

Before the After the Before the After the Before the After the
COVID-19 COVID-19 COVID-19 COVID-19 COVID-19 COVID-19
pandemic outbreak pandemic outbreak pandemic outbreak
Spring 22 (13.7%) 4(6.3%) 14 (8.7%) 5 (7.8%) 24 (14.9%) 6 (9.4%)
Summer 4(3.8%) 0(0) 4(3.8%) 6 (18.2%) 44 (41.9%) 14 (42.4%)
Autumn 18 (13.0%) 8(9.1%) 29 (21.0%) 21 (25.3%) 32(23.2%) 29 (34.9%)
Winter 43 (16.3%) 17 (12.2%) 47 (17.8%) 40 (28.8%) 13 (4.9%) 5 (3.6%)
X 10411 8.489 21.534 11.758 77.988 54.566
p 0.015 0.037 0.000 0.008 0.000 0.000

TABLE 3 Age distribution of common respiratory pathogens in children with bronchial asthma before and after the COVID-19 outbreak.

Before the After the Before the After the Before the After the
COVID-19 COVID-19 COVID-19 COVID-19 COVID-19 COVID-19
pandemic outbreak pandemic outbreak pandemic outbreak
Pre-school 81 (17.6%) 26 (14.9%) 75 (16.3%) 31 (17.7%) 69 (15%) 19 (10.9%)
School-age 5(3.1%) 3(2.3%) 16 (10%) 40 (30.1%) 42 (26.3%) 32 (24.1%)
Adolescence 1(2.1%) 0(0) 3(6.3%) 1(9.1%) 2 (4.2%) 3(27.3%)
X 27.448 18.598 6519 7.892 16.671 10.235
P 0.000 0.000 0.038 0.019 0.000 0.006

time series model based on changes in temperature and O3 (Table 7);
the results showed that R = 0.684 of the time series based on
temperature was the highest. Therefore, we chose temperature for
ARIMA analysis using the expert modeler (Figure 3). The ARIMA
(1, 0, 0) (0, 0, 0) 12 model had the most appropriate normalized
BIC (1.761); the RMSE value was 2.178, and the MAPE value was
20.582. The ARIMA model has a static R? value of 0.750, which is
automatically selected by the expert modeling program. In ARIMA
analysis, 0 month lag temperature (8 = —0.445, t = —10.523, P
< 0.001) had a significant negative effect on the number of acute
asthma exacerbations. The residual order was listed as white noise
based on the Ljung-Box test (P = 0.828), which met the model
evaluation criteria.

4. Conclusions and discussions

In China, ~4.2% of adults suffer from asthma, of which nearly
30%-50% develop from childhood (15). Environmental and genetic
factors, immunological parameters, diet and nutrition, and so on are
all risk factors for bronchial asthma in children (16, 17). Among these
risk factors, genetic factors are the most difficult to intervene with
on a large scale (18, 19). Environmental factors such as weather and
indoor and outdoor air pollution play a role in the current epidemic
of pediatric asthma attacks. The infection causes more than half of all
acute exacerbations of bronchial asthma in young children (20-23).

The present study found a significant decline in children
with acute exacerbations of bronchial asthma after the COVID-
19 pandemic. Large declines in visits for childhood asthma
exacerbations after the pandemic were noted in the northeastern
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United States (24) and the Netherlands (25). The number of children
hospitalized for bronchial asthma in the Slovenian region has also
decreased by 70% compared to the same period during the last 3 years
(26). On the one hand, this finding could be attributed to lifestyle
changes following the COVID-19 outbreak. Following the outbreak,
children in original childcare facilities, school environments, and
home care were instructed to adapt to home network course learning,
reduce gathering in public places, wash their hands frequently in daily
life, disinfect contact items regularly, and wear a face mask. To some
extent, these measures will aid in preventing or reducing respiratory
infectious diseases. The discovery, on the other hand, could be linked
to changes in meteorological and environmental factors following the
COVID-19 pandemic.

Our research showed that the meteorological factors of monthly
average temperature, humidity, rainfall, light speed, and wind speed
did not change significantly before and after the pandemic. In
contrast, the environmental factors NO,, SO, PM; 5, and PM;g
decreased after the pandemic when compared with those before the
pandemic, whereas O3 levels increased. This finding is consistent
with the result that the levels of all air pollutants decreased after the
pandemic in Central Sao Paulo (27), and only O3 levels increased.
During the most stringent level I response period in the Yangtze
River Delta region of China, the levels of the major pollutants
SOz, NOx, PM3 5, and VOCs decreased by 26, 47, 46, and 57%,
respectively (28), and ozone concentration increased by 32.9%.
A large number of studies have demonstrated that air pollution
affects the respiratory system through pulmonary inflammation
and oxidative stress, leading to short-term and long-term effects
of obstructive respiratory diseases (asthma and chronic obstructive
pulmonary disease [COPD]) and restrictive parenchymal lung
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TABLE 4 Annual mean values of meteorological and environmental variables before and after the outbreak of COVID-19.

Before the COVID-19 pandemic  After the COVID-19 outbreak t P
Mean temperature (°C) 17.76 +8.64 18.10 +8.14 —0.155 0.877
Relative humidity (%) 72.47 +5.45 73.62 £6.40 —0.745 0.459
Total rainfall (mm) 139.19 £70.64 120.27 £14.92 0.275 0.893
Total sunshine (h) 136.01 +42.03 128.87 £40.41 0.568 0.687
Wind velocity (m/s) 2.57 £0.31 2.67 £0.39 2.424 0.059
NO, (lkg/m3) 4591 £12.48 33.46 £11.59 3.895 0.000
SO2 (g/m?) 9.34 £4.59 5.75 £1.29 4.438 0.000
CO (png/m?) 0.99 £0.38 0.96 £0.23 0.449 0.685
03 (ug/m3) 129.58 +48.44 144.04 +42.30 —1.191 0.039
PM2.5 (ug/m3) 41.43 £15.54 30.55 +£12.45 2.866 0.006
PM10 (lkg/m3) 63.48 £17.84 47.79 £14.15 3.614 0.000
TABLE 5 Partial correlation analysis of meteorological and environmental
factors with the incidence of bronchial asthma before and after the
A COVID-19 outbreak.
o 500 r 25
= 450 Before the After the
= 400 F 20 COVID-19 COVID-19
£ 3%0 S andemic outbreak
S 300 F15 & :
£ 250 E Mean temperature (°C) —0.755** —0.900**
F 200 I 10 2
& 150 Relative humidity (%) 0.274 0341
< 100 ‘ ; 5
g %0 \/ \/ Total rainfall (mm) 0.139 —0.112
TR RS YRR D WA e s 8N Total sunshine (h) 0.270 0.289
822355238532 882388%83§ ) )
‘Wind velocity (m/s) —0.052 —0.230
e temperature(°C) =====humidity(%) ee rain fall(mm)
sunshine(h) e wind speed(m/s) ====asthmatic(%) NO; (png/m?) —0.269 —0.021
SO2 (jLg/m?) —0.001 0.215
B CO (ng/m3 0.200 0.001
03 (jLg/m?) —0.373* —0.804**
g PM2.5 (jug/m?) 0.454 0.576*
=)
§ PMI0 (jug/m®) 0.035 —0327

Environmental indicator value

SES5338383232RQRJ&EIH
§5255535853585288528
s N O2 (Ug/M3) e SO2 (UG/M3) s CO (Ug/M3)

w== 03 (Ug/M3)  =====PM2.5 (ug/m3) === PM10 (ug/m3)

— 2 sthmatic(%)

FIGURE 2
(A, B) Data description of meteorological and environmental variables.

diseases (fibrosis) (29, 30). Children exposed to high concentrations
of NO; are more likely to suffer from respiratory diseases, especially
virus-induced asthma (23).

In our study, the increase in O3 levels is attributed to a significant
reduction in NOx emissions during transportation, resulting in
lower ozone titration (31). PMy 5 reduces atmospheric visibility and
significantly blocks ultraviolet rays, causing ozone to rise. Some
studies have found that ozone may have antiviral activity when
exposed to it concurrently with virus infection (32). However, ozone
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*P < 0.05; %P <P 0.01.

must be available in high concentrations to reduce the airborne
viral suspension, which is not the case at current environmental
levels. Therefore, we expect that the overall effect of ozone will
not reduce viral loads in humans or animals but rather weaken
immune responses.

We also conducted a partial correlation analysis between acute
asthma attack rate and environmental factors before and after the
pandemic and found a positive correlation with PM, s after the
pandemic but not before the pandemic. This could imply that when
environmental pollution is reduced, and pollution indicators are
reduced, PM; 5 has the strongest correlation with acute exacerbation
of bronchial asthma. A 222-child study found that children living
in areas with higher levels of PM; 5 had significantly lower levels of
salivary lectins, one of the main antimicrobial proteins and peptides
(33). A study conducted in Hefei, China, showed a significant
short-term association between ambient PM; 5 levels and increased
pneumonia-related hospitalizations (34). PM; 5 emitted by vehicles
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TABLE 6 Multiple stepwise regression analysis of the relationship between meteorological and environmental factors and bronchial asthma development
before and after the COVID-19 pandemic.

Before the COVID-19 pandemic After the COVID-19 outbreak
Beta P Beta P

Mean temperature (°C) —0.827 0.000 —0.522 0.001
Relative humidity (%) 0.144 0.136 0.101 0.216
Total rainfall (mm) 0.174 0.135 —0.084 0.341
Total sunshine (h) 0.013 0.920 —0.114 0.106
Wind velocity (m/s) 0.048 0.652 —0.135 0.059
NO; (ng/m?) —0.235 0.226 —0.008 0.949
S02 (ug/m?) —0.105 0.458 0.019 0.836
CO (ng/m?) 0.032 0.830 0.105 0.369
03 (ng/m®) —0.293 0.026 —0.911 0.000

TABLE 7 Multivariate time-series model analysis for bronchial asthma from January 2017 to December 2021.

Parameter Lag time Model 1: without Model 2: with Model 3: with
meteorological factors meteorological factors environment factors
Estimate S.E. P Estimate S.E P Estimate S.E
MA Lag5 0.678 0.152 0.000
AR Lagl 0.644 0.164 0.000
temperature Lag0 —0.328 0.087 0.000
AR Lagl 0.636 0.117 0.000
03 Lag0 —0.065 0.013 0.000
Model 1: R-square = 0.268; Model 2: R-square = 0.684; Model 3: R-square = 0.600.
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FIGURE 3

With mean temperature as a covariate, the incidence of bronchial asthma was predicted based on the ARIMA (1, 0, 0) (0, 0, 0) model. There was a good
agreement between the observed and predicted incidence of bronchial asthma. LCL, lower confidence interval; UCL, upper confidence interval.

and industries increases the risk of hospitalization for asthma by altering the expression of viral receptors. Studies have shown
(35, 36). This could be because common pathogens that cause that, 2 days after exposure to PM; s, the expression level of ACE2
acute exacerbations of bronchial asthma to attach to PM-suspended  in the lungs of mice increases, suggesting that exposure to PM may
particles and enter children’s respiratory systems (37). Additionally,  alter viral entry by increasing the level of ACE2 of the SARS-CoV-
PM; 5 exposure can regulate viral attachment and entry into thebody 2 receptor (38). Exposure to PM can also tilt the adaptive immune
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response toward an allergic response. In vivo experiments have shown
that exposure to PM can promote allergic respiratory inflammation,
enhance TH2 and TH17 responses, and increase the production of
allergy-related IgE antibodies (39). Consistent with our results, an
experiment performed at the University of California showed that
PM, 5 exposure was associated with a higher chance of hospitalization
only in patients with asthma or COPD (40).

The present study found a decrease in the prevalence of RSV, a
common pathogen causing asthma, and an increase in the prevalence
of rhinoviruses. The decline in RSV infections is most likely linked
to lower levels of PM, 5 in the air. Studies at the individual level
have shown a certain correlation between PM; 5 exposure and the
incidence of respiratory infections. In children, both long-term and
short-term exposures to PM; 5 are associated with hospitalization for
RSV bronchiolitis, particularly in infancy (41). An experimental study
found that when RSV was attached to ultrafine particles and then
incubated in vitro with epithelial cells, the inflammatory response
was greater than when RSV was used alone (42). The presence of
fine particles can enhance viral infection and entry into the body in
the case of RSV (43). Mice exposed to ultrafine particles emitted by
combustion sources had a significantly reduced immune response
and lower levels of protective cytokines such as tumor necrosis
factor-a, lymphocytes, and interferons in bronchoalveolar lavage
fluid. They increased inflammation and infection severity after RSV
infection. HRV is another pathogen linked to asthma exacerbations
and asthmatic respiratory infections in children. During the COVID-
19 outbreak in Hong Kong (44), a large number of rhinoviruses
were still detected in viral biopositive specimens, a finding that was
consistent with our results. Liang et al. (45) showed that the use
of surgical masks could significantly reduce influenza transmission
through droplet infection but not HRV transmission. MP infection
rate did not change before and after the pandemic.

After the pandemic, the incidence of acute bronchial asthma
in school-age and adolescent children increased. This may be
because, after the pandemic, kindergartens remained closed for
a long time and had turned to home care, which reduced cross-
infection in schools. Moreover, children were accompanied by
guardians to avoid exposure to adverse outdoor environments
such as sudden temperature changes. School-age children have
more opportunities for outside exposure (46) and are exposed
to large temperature changes. We discovered that the number
of children with severe symptoms such as shortness of breath
and dyspnea decreased, which could be due to the fact that the
symptoms of acute asthma exacerbation are similar to those of
COVID-19, and people are highly motivated to seek medical
attention. Early detection and treatment can reduce the risk of
complications caused by delayed treatment. Furthermore, an
online questionnaire survey (47, 48) suggested that medication
better during COVID-19 (49).
improved adherence may result in better asthma control and

adherence was Therefore,
fewer hospitalizations.

Our study found that the incidence of acute asthma attacks
before and after the pandemic was negatively correlated with monthly
average temperature and Osz. The multiple time series analysis
showed that the ARIMA model based on temperature had the highest
R? value and was the most significant. Therefore, we established a
temperature-based prediction model with a good degree of fit. A
study conducted in Shanghai, China, found that lower temperatures
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were associated with an increase in asthma hospitalizations with a
delay of 0-30 days (50), suggesting that cold weather is dangerous
for children suffering from wheezing. Most studies have found
that cold weather significantly impacts asthma visits or hospital
admissions (51, 52). The body’s immune response may be reduced
in cold environments, reducing the body’s ability to fight or kill
pathogens and increasing adrenaline production. Furthermore, a
drop in temperature stimulates the parasympathetic nervous system
to produce mediators such as cysteine leukotrienes, resulting in
increased bronchial smooth muscle contraction. Transient receptor
potential melastatin 8 (TRPMS8) is involved in the mechanism of cold
temperature activation. TRPMS8 has been studied as a potential trigger
for pediatric asthma exacerbations. The TRPMS8 receptor is involved
in cold-induced mucus hypersecretion through the Ca(2+)-PLC-
PIP2-Marcks signaling pathway (53). Fisher showed that TRPM8
is a key molecule responsible for respiratory sensations such as
dyspnea, cold-induced asthma, and cough (54). Exposure to cold
air may trigger airway obstruction and neutrophil inflammation
in the lungs (55). Cold-dry air stimulation-induced small airway
constriction has been observed in children with asthma (56, 57).
All the above findings indicated that the pandemic did not affect
monthly mean temperature and could predict the incidence of acute
asthma attacks.

This study, however, has some limitations. The generalizability of
our findings is limited due to the specific research field. Because of the
obvious spatial heterogeneity of temperature bands, different results
may be obtained. Therefore, we should apply our findings to other
regions or populations our results to other regions or populations
should be done with caution. Only inpatient children were counted;
mild asthma exacerbations treated in the outpatient or emergency
department were excluded from the study. With a retrospective
design, we relied on discharge codes to identify target subjects, which
may have excluded some potential subjects due to errors in the
discharge input process. We only looked at the relationship between
ambient temperature and more severe asthma exacerbations that
required hospitalization, which may have overestimated the effect of
temperature variations. Finally, due to statistical method limitations,
we have provided limited evidence on the relationship between
meteorological or environmental factors and the development of
asthma disease. More sophisticated models, such as Bayesian statistics
and distributed lag non-linear models, are required to provide more
evidence on environmental epidemiology and improve predictions.

Despite this, the source of bronchial asthma in our hospital
accounted for at least 90% of the local area, and our results well
reflect the population-based estimate for hospitalization. Moreover,
we included a large number of patients to eliminate information
deviation, and we used multiple linear regression analysis to
determine the meteorological and environmental risk factors for
bronchial asthma and the influence of the rate of bronchial asthma.
The findings of this study are useful and critical for predicting asthma
attack rates.
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