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Abstract

Background The impact of COVID-19 on the epidemiology, clinical characteristics, and infection spectrum of viral and
bacterial respiratory infections in Western China is unknown.

Methods We conducted an interrupted time series analysis based on surveillance of acute respiratory infections (ARI) in
Western China to supplement the available data.

Results The positive rates of influenza virus, Streptococcus pneumoniae, and viral and bacterial coinfections decreased,
but parainfluenza virus, respiratory syncytial virus, human adenovirus, human rhinovirus, human bocavirus, non-typeable
Haemophilus influenzae, Mycoplasma pneumoniae, and Chlamydia pneumoniae infections increased after the onset of the
COVID-19 epidemic. The positive rate for viral infection in outpatients and children aged <5 years increased, but the positive
rates of bacterial infection and viral and bacterial coinfections decreased, and the proportion patients with clinical symptoms
of ARI decreased after the onset of the COVID-19 epidemic. Non-pharmacological interventions reduced the positive rates
of viral and bacterial infections in the short term but did not have a long-term limiting effect. Moreover, the proportion of
ARTI patients with severe clinical symptoms (dyspnea and pleural effusion) increased in the short term after COVID-19, but
in the long-term, it decreased.

Conclusions The epidemiology, clinical characteristics, and infection spectrum of viral and bacterial infections in Western
China have changed, and children will be a high-risk group for ARI after the COVID-19 epidemic. In addition, the reluc-
tance of ARI patients with mild clinical symptoms to seek medical care after COVID-19 should be considered. In the post-
COVID-19 era, we need to strengthen the surveillance of respiratory pathogens.

Introduction

After the 2019 novel coronavirus disease (COVID-19) out-
break, many countries adopted control measures to deal
with this disease [12, 33, 36, 39]. In mainland China, all
provinces launched the “first-level response” in January
Tianshan Shi, Xin Zhao and Xiaoshu Zhang contributed equally to 2020 to control the COVID-19 epidemic [26]. During the
this article. COVID-19 pandemic, the control measures adopted by
mainland China included blocking communities, traffic
control, restricting entry and exit, and working at home
[10, 20, 36]. These non-pharmaceutical interventions

Handling Editor: Zhongjie Shi.

> Xiaowei Ren
renxw @lzu.edu.cn

' Institute of Epidemiology and Health Statistics, School (NPIs) can help people maintain sufficient social distance
of Public Health, Lanzhou University, Lanzhou 730000, to block the transmission of SARS-CoV-2 [31]. Studies
Gansu, China have shown that NPIs applied during the COVID-19 pan-

2 Gansu Provincial Center for Disease Control and Prevention, demic had a major impact on other diseases as well. For

Lanzhou 730000, Gansu, China

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00705-023-05752-3&domain=pdf
http://orcid.org/0000-0002-8316-2755

120 Page2of11

T.Shi et al.

example, although it has been reported that COVID-19
control measures had an impact on cancer, respiratory
infections, digestive infections, zoonotic diseases, and
sexually transmitted diseases [8, 26, 29, 30], these studies
mainly examined the impact of NPIs on the incidence,
mortality, or diagnosis rates of these diseases, but not on
the epidemiology, clinical characteristics, and infection
spectrum. Studies have been conducted in Europe, Bra-
zil, North America, and Korea to explore the impact of
COVID-19 on viral and bacterial respiratory infections [1,
15, 35, 37], but in mainland China, the only such studies
were conducted in the eastern and southern regions [6, 23,
38], and there is a need to carry out such studies in West-
ern China, in particular because the level of medical care,
climate, and environment of Western China differ from
those of other regions of China [25]. Here, we used an
interrupted time series (ITS) design to explore the imme-
diate and long-term impact of the COVID-19 outbreak on
the epidemiology, infection spectrum, and clinical charac-
teristics of viral and bacterial respiratory infections. Our
findings can help in the surveillance and prevention of
viral and bacterial respiratory infections in Western China
in the post-COVID-19 era.

Materials and methods
Case sources

Active surveillance of acute respiratory infections (ARI) was
conducted from January 2010 to December 2020 in West-
ern China (Gansu, Qinghai, Xinjiang, and Inner Mongolia),
and at least 5000 ARI cases were recorded over each five-
year period. The case definition of ARI consisted of three
components: (1) acute infection manifestations including
at least one of the following: fever, elevated or decreased
white blood cell counts or abnormal white blood cell pro-
files, chills, decreased body temperature (considering age);
(2) respiratory clinical manifestations including at least one
of the following: cough (new or worsening), sputum produc-
tion, shortness of breath, abnormal breath sounds on aus-
cultation, or chest pain; and (3) chest X-ray suggestive of
inflammatory changes in the lungs. For patients meeting the
inclusion criteria, physicians or nurses at the sentinel hos-
pital used a standard questionnaire developed by the CDC
(China Center for Disease Control and Prevention) to collect
basic demographic information and clinical characteristics,
and specimens were collected at the same time. Informed
consent was obtained from patients for this surveillance
program, and this study was approved by the Ethics Review
Committee of the Gansu Provincial Center for Disease Con-
trol and Prevention (approval number 2018-007).
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Specimen collection

Each ARI surveillance laboratory collected blood speci-
mens, nasal/pharyngeal swabs, sputum, nasopharyngeal
aspirates, bronchoalveolar lavage fluid, thoracentesis fluid
specimens, and urine specimens from ARI patients. Blood
specimens, respiratory specimens and urine specimens were
sent for examination as soon as possible after collection.
Blood culture bottles were sent for testing within 24 hours
and were stored at room temperature (15-30°C). Other speci-
mens were stored at 4-8°C before sending for testing.

Virological methods

Viral nucleic acid from influenza virus (Flu), parainflu-
enza virus (PIV), respiratory syncytial virus (RSV), human
metapneumovirus (HMPV), human adenovirus (HAdV),
human coronavirus (HCoV), human rhinovirus (HRV), and
human bocavirus (HBoV) were extracted using commer-
cial kits (Invitrogen/QIAGEN/Roche/Promega) and auto-
mated nucleic acid extraction equipment (QIAGEN/Roche/
bioMerieux Applied Biosystems) for nucleic acid testing by
polymerase chain reaction (PCR) or reverse transcription
polymerase chain reaction (RT-PCR).

Bacteriological methods

In this study, bacteriological testing was performed by cul-
turing Pseudomonas aeruginosa (PA), Klebsiella pneumo-
niae (KP), Staphylococcus aureus (SA), Streptococcus pneu-
moniae (SP), non-typeable Haemophilus influenzae (NTHi),
Mycoplasma pneumoniae (MP), and Chlamydia pneumoniae
(CP). During sampling, we placed whole-blood specimens
in blood culture bottles for bacterial culture, while sputum,
nasopharyngeal aspirate, bronchoalveolar lavage fluid, and
thoracentesis fluid specimens were inoculated onto blood
agar medium, MacConkey agar medium, and chocolate
agar medium for bacterial culture after homogenization, pH
neutralization, or bacterial enrichment, and the plates were
incubated at 35 °C and 5-10% CO, in a humid environment
for 18-24 hours. After whole-blood specimens, sputum,
nasopharyngeal aspirate, bronchoalveolar lavage fluid, and
thoracentesis fluid specimens were cultured, we performed
preliminary isolation and identification of PA, KP, SA, SP,
and NTHi based on colony morphology, Gram staining, and
biochemical methods (using the API biochemical identifica-
tion system or the VITEK automatic bacterial identification
instrument). In addition, serum specimens were used for
CP antibody detection, and nasal/pharyngeal swab speci-
mens were used for MP and CP detection. Urine specimens
from ARI patients were not used for bacterial culture but
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were used for antigen detection of SP. For specimens with
negative results for bacterial isolation, we used commercial
kits (Invitrogen/QIAGEN/Roche/Promega) and automated
nucleic acid extraction equipment (QIAGEN/Roche/bioMer-
ieux/Applied Biosystems) to extract bacterial nucleic acids
and then used PCR or real-time PCR to detect PA, KP, SA,
SP, NTHi, MP, and CP.

Interrupted time series design

This study used an ITS design to analyze the immediate and
long-term impact of the COVID-19 outbreak on the posi-
tive rates of viral and bacterial infections in ARI patients.
We used January 2020 as the intervention time point and
the positivity rate as the outcome variable Y. The pre-inter-
vention time variable was X; (taking values of 1, 2, 3, ..., n),
the intervention variable was X, (0 prior to January 2020, 1
from January 2020), the post-intervention time variable was
X; (O prior to January 2020, with values of 0, 1, 2, ..., nin
order by month from January 2020), and & was the random
error term not explained by the outcome variable. The ITS
model was:

Y=F0+05X +B5X,+5X; +e

where 3, is the rate at the beginning, 3, represents the trend
in the rate before COVID-19, f3, is the level change in the
rate in the short term (within January 2020), which reflects
the immediate impact of COVID-19 on the rate, j; is the
slope change in the rate after the onset of the COVID-19
epidemic (from January 2020 to December 2020), which
reflects the long-term impact of COVID-19 on the rate, and
B,+p; represents the trend in the rate after COVID-19 [2,
22, 32].

Statistical analysis

This study included the epidemiology, clinical signs and
symptoms, and laboratory test results for respiratory path-
ogens for 12,805 ARI patients. Age was expressed as the
median and interquartile range (IQR), rates were compared
using Pearson's chi-square test, and rates for different groups
were then subjected to multiple comparisons if statistically
significant differences were found. Fitting of ITS data was
done using a Poisson regression model. Because the num-
ber of ARI patients did not obey the Poisson distribution,
we modeled directly using the number of monthly targeted
cases and then included the number of ARI patients (log-
transformed) as an offset variable in order to transform back
to rates. In addition, we used Fourier terms (pairs of sine and
cosine functions) in ITS to adjust the seasonality/periodicity
of the rate. Pearson's chi-square test and ITS were performed

using Stata 15.0 software, and the histograms were produced
using Origin 2021. All testing was two-sided with signifi-
cance determined at P < 0.05.

Results

Comparative analysis of the epidemiology of ARI
in Western China before and after COVID-19

A total of 12,805 ARI patients were surveilled in senti-
nel hospitals in Western China from 2010 to 2020. These
included 7774 (60.71%) males and 5031 (39.29%) females.
The minimum age of ARI patients was 0 years, the maxi-
mum age was 108 years, and the median age was 13 years
(IQR: 4-53 years). There were no statistically significant
differences in the gender distribution and the positive rate
of viral infection in ARI of the patients before and after
the onset of the COVID-19 epidemic (P > 0.05) (Table 1).
However, there were differences in the age distribution of the
patients and the seasonal distribution of ARI before and after
COVID-19 (P < 0.001). Multiple comparisons showed that
the proportion of ARI patients aged <5 years increased but
the proportion of ARI patients aged 15-59 years decreased
after COVID-19. The proportion of ARI cases occurring
in spring and autumn increased and those in summer and
winter decreased after COVID-19 (P < 0.05). The propor-
tion of outpatients decreased but the proportion of inpatients
increased after COVID-19 (P < 0.05). The positive rate of
bacterial infection in ARI patients decreased after COVID-
19 (P < 0.001), and the positive rate of viral and bacterial
coinfections in ARI patients decreased after COVID-19 (P
< 0.001).

Changes in the viral and bacterial infection
spectrum of ARI cases in Western China
before and after COVID-19

Before COVID-19, Flu had the highest positive rate (9.22%),
and HBoV had the lowest (0.44%). After COVID-19, HRV
had the highest positive rate (6.47%), and HMPV had the
lowest (0.54%) (Fig. 1A). The greatest decrease in the
positive rate of Flu (growth rate = -79.50%) was observed
after COVID-19, and a decrease in the positive rates of
HMPV (growth rate = -53.45%) and HCoV (growth rate =
-42.11%) was also observed. However, the greatest increase
in the positive rate of HBoV (growth rate = 236.36%) was
observed after COVID-19, and an increase in the positive
rate of PIV (growth rate = 58.94%), RSV (growth rate =
49.88%), HAdV (growth rate = 102.50%), and HRV (growth
rate = 62.56%) was also observed. Before COVID-19, SP
had the highest positive rate (6.95%), and PA (0.16%) and
SA (0.16%) had the lowest (Fig. 1B). After COVID-19, CP
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Table 1 ComParative analys%s Variable Number (%) of acute respiratory )(2 P-value
of the epidemiology of ARI in infections
Western China before and after
COVID-19 2010-2019 2020
Gender Male 7319 (60.67) 455 (61.40) 0.158 0.691
Female 4745 (39.33) 286 (38.60)
Age <5 3613 (29.95) 273 (36.84) 29.06 <0.001
5-14 2550 (21.14) 161 (21.73)
15-59 3462 (28.70) 150 (20.24)
>60 2439 (20.22) 157 (21.19)
Season Spring 2543 (21.08) 208 (28.07) 40.47 <0.001
Summer 2465 (20.43) 117 (15.79)
Autumn 3454 (28.63) 247 (33.33)
Winter 3602 (29.86) 169 (22.81)
Consultations Outpatient 5292 (43.87) 295 (39.81) 4.667 0.031
Inpatient 6772 (56.13) 446 (60.19)
Viral infection Positive 2760 (22.88) 165 (22.27) 0.148 0.701
Negative 9304 (77.12) 576 (77.73)
Bacterial infection Positive 1286 (10.66) 19 (2.56) 49.99 <0.001
Negative 10778 (89.34) 722 (97.44)
Viral and bacterial co-  Positive 366 (3.03) 3 (0.40) 17.241 <0.001
infections Negative 11698 (96.97) 738 (99.60)

had the highest positive rate (1.08%), and PA and SA were
not detected. The greatest decrease in the positive rate of PA
(growth rate = -100.00%) and SA (growth rate = -100.00%)
was observed after COVID-19, and KP (growth rate =
-85.56%), SP (growth rate = -92.23%), NTHi (growth rate
=-72.45%), and MP (growth rate = -65.28%) also showed a
decrease in the positive rate. Before COVID-19, the positive
rate of viral and bacterial coinfections in ARI patients was
3.03%, with coinfections with two pathogens (1.76%) being
the most frequent and coinfections with four or more patho-
gens (0.16%) being the least frequent (Table 1 and Fig. 1C).
After COVID-19, the rates of coinfections with two (growth
rate = -84.66%), three (growth rate = -87.96%), and four or
more pathogens (growth rate = -100.00%) decreased.

Changes in the positive rates of viral and bacterial
infections in ARI patients with different
characteristics before and after COVID-19

After COVID-19, the positive rate of bacterial infections
in male (growth rate = -76.66%) and female (growth rate
= -74.61%) patients decreased (Fig. 1E), and the positive
rate of viral and bacterial coinfections in male (growth rate
= -85.94%) and female (growth rate = -87.89%) patients
also decreased (Fig. 1F). The positive rate of viral infec-
tion in patients aged <5 years (growth rate = 45.76%)
increased, but in patients aged 5-14 years (growth rate
= -13.80%), 15-59 years (growth rate = -47.40%), and
>60 years (growth rate = -57.72%), it decreased (Fig. 1G).
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The positive rate of bacterial infection in patients aged <5
years (growth rate = -91.59%), 5-14 years (growth rate
= -83.53%), 15-59 years (growth rate = -69.56%), and
>60 years (growth rate = -67.63%) decreased (Fig. 1H),
and the positive rate of viral and bacterial coinfections in
patients aged <5 years (growth rate = -100.00%), 5-14
years (growth rate = -100.00%), 15-59 years (growth
rate = -82.04%), and >60 years (growth rate = -80.28%)
also decreased (Fig. 1I). After COVID-19, the posi-
tive rate of viral infections in ARI patients decreased
in spring (growth rate = -77.39%) and winter (growth
rate = -48.65%) but increased in summer (growth rate =
34.29%) and autumn (growth rate = 125.55%) (Fig. 1J).
The positive rate of bacterial infection in ARI patients in
spring (growth rate = -79.13%), summer (growth rate =
-80.21%), autumn (growth rate = -68.65%), and winter
(growth rate = -80.51%) decreased (Fig. 1K), and the posi-
tive rate of viral and bacterial coinfections in ARI patients
in spring (growth rate = -100.00%), summer (growth rate
=-100.00%), autumn (growth rate = -85.77%), and winter
(growth rate = -74.84%) also decreased (Fig. 1L). The
positive rate of viral infection in outpatients (growth rate
= 62.76%) increased, but in inpatients (growth rate =
-39.46%) it decreased (Fig. IM). The positive rate of bac-
terial infection in outpatients (growth rate = -70.88%) and
inpatients (growth rate = -78.10%) decreased (Fig. 1N).
The positive rate of viral and bacterial coinfections in out-
patients (growth rate = -73.44%) and inpatients (growth
rate = -89.77%) also decreased (Fig. 10).
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Fig.1 Changes in ARI in Western China before and after COVID-19. Red bars indicate the positive rate before COVID-19, and blue bars indi-

cate the positive rate after COVID-19.

Comparative analysis of the clinical
characteristics of ARI patients in Western China
before and after COVID-19

After COVID-19, the proportion of ARI patients with fever
and pleural effusion increased (P < 0.05) (Table 2). How-
ever, the proportion of ARI patients with cough, runny nose,
expectoration, chest pain, dyspnea, headache, fatigue, and
pulmonary rales decreased after COVID-19 (P < 0.05).
There was no significant difference in the proportion of ARI
patients with sore throat, tachypnoea, abdominal pain, or
diarrhea before and after COVID-19 (P > 0.05).

Interrupted time series analysis in the impact
of COVID-19 on the epidemiology of ARl in Western
China

The proportion of ARI patients aged <5 years and 15-59
years decreased by 55.90% and increased by 109.70%

immediately after COVID-19 (within January 2020),
respectively (Table 3). The slope in the proportion of
ARI patients aged <5 years and 15-59 years increased
by 21.40% and decreased by 20.50%, respectively, after
COVID-19 (from January 2020 to December 2020), and
the proportion of ARI patients aged <5 years and 15-59
years increased by 19.20% and decreased by 20.50%,
respectively, per month after COVID-19. However, we
cannot determine whether NPIs after COVID-19 had an
immediate or long-term impact on the hospitalization rate
of ARI patients. The positive rates of viral infection and
bacterial infection in ARI patients decreased by 78.10%
and 23.50%, respectively, immediately after COVID-
19. The slope in the positive rates of viral infection and
bacterial infection in ARI patients increased by 20.10%
and 4.00%, respectively, after COVID-19, and the posi-
tive rates of viral infection and bacterial infection in ARI
patients increased by 21.70% and 5.30%, respectively, per
month after COVID-19.

@ Springer
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Table 2 Comparative analysis of the clinical characteristics of ARI
patients in Western China before and after COVID-19

Symptom Number (%) of acute res- 7 P-value
piratory infections
2010-2019 2020
Fever Yes 10144 (84.08) 668 (90.15) 19.531 <0.001
No 1920 (15.92) 73 (9.85)
Cough Yes 9065 (75.14) 516 (69.64) 11.232  0.001
No 2999 (24.86) 225 (30.36)
Runny nose Yes 2764 (22.91) 96 (12.96) 39.890 <0.001
No 9300 (77.09) 645 (87.04)
Sore throat Yes 3166 (26.24) 185(24.97) 0.589 0.443

No 8898 (73.76) 556 (75.03)
Expectoration  Yes 5014 (41.56) 244 (32.93) 21.500 <0.001
No 7050 (58.44) 497 (67.07)

Chest pain Yes 1022 (8.47) 44 (5.94) 5.872 0.015
No 11042 (91.53) 697 (94.06)

Tachypnoea Yes 1287 (10.67) 80 (10.80) 0.012 0.913
No 10777 (89.33) 661 (89.20)

Dyspnea Yes 1331 (11.03) 55(7.42) 9.428 0.002

No 10733 (88.97) 686 (92.58)

Headache Yes 2017 (16.72) 80 (10.80) 17.884 <0.001
No 10047 (83.28) 661 (89.20)

Fatigue Yes 3018 (25.02) 101 (13.63) 49.125 <0.001
No 9046 (74.98) 640 (86.37)

Abdominal Yes 285 (2.36) 13 (1.75) 1.135 0.287
pain No 11779 (97.64) 728 (98.25)

Diarrhea Yes 300 (2.49) 17 (2.29) 0.107 0.743

No 11764 (97.51) 724 (97.71)

Pulmonary Yes 2574 (21.34) 83 (11.20) 43.609 <0.001
rales No 9490 (78.66) 658 (88.80)
Pleural effu- Yes 554 (4.59) 47 (6.34) 4.785 0.029
sion No 11511 (95.41) 694 (93.66)

Interrupted time series analysis of the impact
of COVID-19 on the clinical characteristics of ARI
patients in Western China

The proportion of ARI patients with cough, chest pain, and
pulmonary rales decreased by 17.80%, 56.40%, and 39.20%,
and the proportion of ARI patients with dyspnea increased
by 87.10% immediately after COVID-19 (within January
2020) (Table 4). The slope in the proportion of ARI patients
with runny nose, expectoration, dyspnea, headache, fatigue,
and pleural effusion decreased by 12.80%, 7.80%, 8.30%,
7.60%, 9.90%, and 10.90%, respectively, after COVID-19
(from January 2020 to December 2020), and the slope in
the proportion of ARI patients with chest pain increased by
16.40% after COVID-19. The proportion of ARI patients
with runny nose, expectoration, dyspnea, headache, fatigue,
and pleural effusion decreased by 11.70%, 6.60%, 9.50%,
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7.80%, 10.70%, and 9.00%, respectively, per month after
COVID-19, and the proportion of ARI patients with chest
pain increased by 14.60% per month after COVID-19.

Discussion

NPIs have a significant limiting effect on the epidemic of
COVID-19 and also have some limiting effects on other dis-
eases [8, 11, 15, 16, 18]. In this study, we found that the epi-
demiology of ARI patients in Western China changed after
COVID-19. One of these changes was that the proportion of
children aged <5 years increased after COVID-19. This may
be related to a significant decrease in the stringency of NPIs
after China's COVID-19 prevention and control strategy
shifted from “first-level response” to “normalized control”
in May 2020 [26], and many kindergartens started to reopen
during the “normalized-control” period [5]. However, chil-
dren aged <5 years are a high-risk group for ARI, and there-
fore, decreasing the stringency of NPIs would be expected
to increase the incidence of ARI in children [14]. Secondly,
awareness of personal disease prevention measures in chil-
dren is lower than in other age groups, and NPIs are less
effective for children than for adults [28]. This may have
contributed to the increased rate of ARI in children aged <5
years after COVID-19. Therefore, in the post-COVID-19
era, we should focus on the prevention of ARI in children.
RSV is one of the most common pathogens causing ARI
in children aged <5 years [7, 9], and this study found the
positive rate of RSV after COVID-19 to be higher than that
before COVID-19, which may also be one of the reasons
for the increase in the proportion of ARI patients aged <5
years after COVID-19. We also found that the number of
ARTI patients was lower in winter 2020 than that in winter
during the pre-COVID-19 period. January to February 2020
(winter) was the most severe period of the COVID-19 epi-
demic in China, and implementation of the highest level of
public health control during that period inevitably reduced
the incidence of ARI [21, 34]. After that, with the effective
control of COVID-19, we observed an increase in the rate
of hospitalization of ARI patients. It is known that a higher
proportion of ARI patients with milder clinical symptoms
are seen as outpatients and that a higher proportion of ARI
patients with more-severe symptoms are hospitalized. Dur-
ing the COVID-19 pandemic, some ARI patients with milder
symptoms might have refused to go to the hospital for fear of
developing COVID-19 [10], while ARI patients with more-
severe symptoms are admitted to the hospital for essential
treatment, led to a higher relative proportion of hospitaliza-
tion of ARI patients after COVID-19.

After COVID-19, the positive rate of Flu decreased sig-
nificantly, while the positive rate of PIV, RSV, and HRV
increased, which is consistent with the results of other
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Table 3 Immediate and long-term impact of COVID-19 on the epidemiology of ARI in Western China

Group Trend RR 95%CI P-value
<5 years Trend before COVID-19 (January 2018 to December 2019) 0.982 0.973 t0 0.991 <0.001
Level change after COVID-19 (within January 2020) 0.441 0.314 t0 0.619 <0.001
Trend change after COVID-19 (January 2020 to December 2020) 1.214 1.166 to 1.263 <0.001
Trend after COVID-19 (January 2020 to December 2020) 1.192 1.145 to 1.240 <0.001
15-59 years Trend before COVID-19 (January 2018 to December 2019) 1.000 0.989 to 1.011 0.983
Level change after COVID-19 (within January 2020) 2.097 1.581 to 2.782 <0.001
Trend change after COVID-19 (January 2020 to December 2020) 0.795 0.751 to 0.842 <0.001
Trend after COVID-19 (January 2020 to December 2020) 0.795 0.751 t0 0.842 <0.001
Inpatient Trend before COVID-19 (January 2018 to December 2019) 1.003 0.996 to 1.009 0.422
Level change after COVID-19 (within January 2020) 0.923 0.755 t0 1.129 0.437
Trend change after COVID-19 (January 2020 to December 2020) 0.997 0.969 to 1.026 0.842
Trend after COVID-19 (January 2020 to December 2020) 1.000 0.972 to 1.029 0.991
Viral infection Trend before COVID-19 (January 2018 to December 2019) 1.013 1.003 to 1.024 0.014
Level change after COVID-19 (within January 2020) 0.219 0.147 t0 0.328 <0.001
Trend change after COVID-19 (January 2020 to December 2020) 1.201 1.145 to 1.259 <0.001
Trend after COVID-19 (January 2020 to December 2020) 1.217 1.160 to 1.276 <0.001
Bacterial infection Trend before COVID-19 (January 2018 to December 2019) 1.013 1.006 to 1.020 <0.001
Level change after COVID-19 (within January 2020) 0.765 0.619 to 0.946 0.010
Trend change after COVID-19 (January 2020 to December 2020) 1.040 1.012 to 1.068 <0.001
Trend after COVID-19 (January 2020 to December 2020) 1.053 1.025 to 1.081 <0.001

RR, rate ratio; 95% CI, 95% confidence interval

similar studies [9, 24]. A study also found that RSV out-
breaks occurred after downgrading the stringency of NPIs
[9]. Therefore, surveillance of respiratory viruses such as
RSV needs to be strengthened in the future. After COVID-
19, the positive rate of bacterial infection in ARI patients
decreased, but the positive rate of viral infection in ARI
patients did not change. In particular, the positive rate of
bacterial infection (especially SP, NTHi, and MP) decreased
significantly in Western China after COVID-19, which is
consistent with findings from many countries around the
world [3, 4, 13]. A study has found that the dramatic decline
in infection rates of many respiratory bacteria after COVID-
19 corresponded to the timing of government responses to
COVID-19 and changes in the movement of people [4].
Therefore, the decrease in the positive rate of bacterial
infections after COVID-19 might have been due to NPIs
[19], and even the low-stringency NPIs still had a signifi-
cant limiting effect on bacterial infection. We also found that
the positive rate of viral and bacterial coinfections in ARI
patients decreased significantly after COVID-19, regardless
of gender, age, level of treatment, or season. This is due to
the overall decrease in bacterial respiratory infections due
to NPIs. The positive rate of viral infection in ARI patients
aged <5 years increased after COVID-19, as was also seen
in South Africa, where NPIs during COVID-19 changed
the infection spectrum, making children more likely to be
infected with other respiratory viruses [27]. The proportion

of ARI patients with clinical symptoms decreased after
COVID-19, which may be related to the decreased positive
rates of viral and bacterial infections after COVID-19. Previ-
ous studies have shown that HMPV infection or coinfection
with HMPV and other respiratory viruses increases the risk
of pneumonia and severe clinical symptoms [6]. In addi-
tion, coinfections with respiratory pathogens also increase
the risk and severity of clinical symptoms in ARI patients
[17]. Thus, the decrease in the positive rate of respiratory
pathogens after COVID-19 has caused a decrease in the pro-
portion of ARI patients with clinical symptoms [6].

ITS analysis showed a decrease in the proportion of ARI
patients aged <5 years in the short term after COVID-19,
which may be related to the closure of the kindergarten after
COVID-19. We also found a decrease in the positive rates
of both respiratory viral and bacterial infections in the short
term after COVID-19, suggesting that NPIs had an equally
significant limiting effect on the transmission of respiratory
pathogens. However, in the long term, the proportion of ARI
patients aged <5 years and the positive rates of respiratory
viral and bacterial infections increased throughout the post-
COVID-19 period, which may be related to the reopening
of kindergartens and children's low awareness of protective
measures. This finding suggests that we need to be vigilant
for the resurgence of respiratory viruses and bacteria in the
future. In addition, changes in the seasonality, positive rate,
and infection spectrum of respiratory pathogens caused by
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Table 4 Immediate and long-term impact of COVID-19 on the clinical characteristics of ARI patients in Western China
Symptom Trend RR 95% CI P-value
Fever Trend before COVID-19 (January 2018 to December 2019) 1.005 0.999 to 1.010 0.112
Level change after COVID-19 (within January 2020) 0.958 0.812 to 1.129 0.607
Trend change after COVID-19 (January 2020 to December 2020) 0.993 0.971 t0 1.016 0.548
Trend after COVID-19 (January 2020 to December 2020) 0.998 0.975 to 1.020 0.830
Cough Trend before COVID-19 (January 2018 to December 2019) 1.004 0.998 to 1.010 0.189
Level change after COVID-19 (within January 2020) 0.822 0.686 to 0.985 0.034
Trend change after COVID-19 (January 2020 to December 2020) 1.004 0.980 to 1.029 0.739
Trend after COVID-19 (January 2020 to December 2020) 1.008 0.984 to 1.034 0.512
Runny nose Trend before COVID-19 (January 2018 to December 2019) 1.013 1.001 to 1.024 0.029
Level change after COVID-19 (within January 2020) 0.880 0.620 to 1.250 0.477
Trend change after COVID-19 (January 2020 to December 2020) 0.872 0.820 t0 0.928 <0.001
Trend after COVID-19 (January 2020 to December 2020) 0.883 0.831 t0 0.939 <0.001
Expectoration Trend before COVID-19 (January 2018 to December 2019) 1.012 1.004 to 1.021 0.003
Level change after COVID-19 (within January 2020) 0.924 0.731 to 1.169 0.511
Trend change after COVID-19 (January 2020 to December 2020) 0.922 0.889 to 0.957 <0.001
Trend after COVID-19 (January 2020 to December 2020) 0.934 0.900 to 0.968 <0.001
Chest pain Trend before COVID-19 (January 2018 to December 2019) 0.984 0.965 to 1.004 0.115
Level change after COVID-19 (within January 2020) 0.436 0.211 to 0.904 0.026
Trend change after COVID-19 (January 2020 to December 2020) 1.164 1.068 to 1.268 0.001
Trend after COVID-19 (January 2020 to December 2020) 1.146 1.052 to 1.248 0.002
Dyspnea Trend before COVID-19 (January 2018 to December 2019) 0.987 0.969 to 1.006 0.178
Level change after COVID-19 (within January 2020) 1.871 1.172 to 2.987 0.009
Trend change after COVID-19 (January 2020 to December 2020) 0.917 0.849 t0 0.991 0.028
Trend after COVID-19 (January 2020 to December 2020) 0.905 0.840 to 0.976 0.009
Headache Trend before COVID-19 (January 2018 to December 2019) 0.998 0.984 to 1.011 0.743
Level change after COVID-19 (within January 2020) 1.120 0.733 to 1.710 0.601
Trend change after COVID-19 (January 2020 to December 2020) 0.924 0.866 to 0.987 0.018
Trend after COVID-19 (January 2020 to December 2020) 0.922 0.864 to 0.984 0.015
Fatigue Trend before COVID-19 (January 2018 to December 2019) 0.996 0.985 to 1.008 0.540
Level change after COVID-19 (within January 2020) 1.110 0.779 to 1.581 0.565
Trend change after COVID-19 (January 2020 to December 2020) 0.901 0.846 to 0.959 0.001
Trend after COVID-19 (January 2020 to December 2020) 0.897 0.843 to 0.955 0.001
Pulmonary rales Trend before COVID-19 (January 2018 to December 2019) 0.983 0.972 t0 0.993 0.001
Level change after COVID-19 (within January 2020) 0.608 0.415 to 0.890 0.011
Trend change after COVID-19 (January 2020 to December 2020) 0.990 0.931 to 1.053 0.750
Trend after COVID-19 (January 2020 to December 2020) 0.973 0.915to0 1.034 0.378
Pleural effusion Trend before COVID-19 (January 2018 to December 2019) 1.021 0.997 to 1.045 0.091
Level change after COVID-19 (within January 2020) 1.556 0.871 to 2.782 0.136
Trend change after COVID-19 (January 2020 to December 2020) 0.891 0.814 to 0.976 0.013
Trend after COVID-19 (January 2020 to December 2020) 0.910 0.831 to 0.996 0.040

RR, rate ratio; 95% CI, 95% confidence interval

NPIs during the COVID-19 pandemic may lead to a decline
in the population's immunity to these pathogens [6, 7]. It has
been shown that RSV antibody levels in women and infants
decreased after COVID-19 [6]. This could lead to larger
and more-serious outbreaks of some respiratory pathogens.
Therefore, for Western China, where the level of medical
resources is not highly developed [25], it is very important

@ Springer

to strengthen the surveillance of respiratory pathogens to
protect the health of the people in this region and also to
reduce the impact on medical resources. ITS analysis also
showed that the proportion of ARI patients with cough,
chest pain, and pulmonary rales decreased in the short term
after COVID-19. This phenomenon may be related to traf-
fic control, community closures, and fear of developing
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COVID-19, which discouraged some ARI patients with
less-severe clinical symptoms from actively seeking care.
However, the proportion of ARI patients with severe clini-
cal symptoms (dyspnea and pleural effusion) increased in
the short term after COVID-19 due to the urgent need for
treatment. Thus, there was an increase in the proportion of
ARI patients with dyspnea and pleural effusion in the short
term after COVID-19.

Our study fills a gap in our knowledge about changes in
ARI in Western China and contributes to their future preven-
tion and control, but it has some limitations. First, changes
in the epidemiology, clinical characteristics, and pathogen
spectrum of ARI might have been due to decreased ARI
surveillance after COVID-19 rather than NPIs. Second, the
COVID-19 pandemic is likely to have changed the behavior
of people seeking medical care, resulting in a higher pro-
portion of infections with respiratory pathogens remaining
undetected. Third, our study did not consider other factors
that may impact the clinical characteristics, such as pre-
visit medications or improvements in treatment. Finally,
the ARI surveillance program was discontinued at the end
of 2020, and subsequent developments were therefore not
investigated.
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