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Epidemiological changes in respiratory
pathogen transmission among children
with acute respiratory infections during the
COVID-19 pandemic in Kunming, China
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Abstract

Background Acute respiratory infections are a leading cause of morbidity and mortality in children. However,
studies on the prevalence of respiratory viruses among children with acute respiratory infections in Kunming, China,
are lacking. Therefore, we aimed to investigate the epidemiological characteristics of respiratory pathogens among
children with acute respiratory infections in Kunming during the coronavirus disease 2019 pandemic.

Methods Nasopharyngeal swab samples were collected from 4956 children with acute respiratory infections at
Yunnan Provincial First People’s Hospital between January 2020 and December 2022, patients with COVID-19 were
excluded from the study. Multiplex reverse transcription polymerase chain reaction was used to detect respiratory
pathogens.

Results The frequency of respiratory pathogens among children was significantly lower in 2020 than in 2021

and 2022. The following pathogens had the highest prevalence rates (in descending order) from 2020 to 2022:
HRV>RSV>PIV > ADV > MP; HRV > RSV >HADV > PIV > MP and HRV > Mp > HADV > H3N2 > HMPV. The overall frequency
of respiratory pathogens exhibited an inverted U-shape with increasing age among the children. Human bocavirus,
human parainfluenza virus, and human respiratory syncytial virus were the dominant respiratory viruses in children
aged < 3 years, whereas Mycoplasma pneumoniae was the dominant respiratory pathogen in children aged > 3 years.
HRV has the highest prevalence and is the main pathogen of mixed infection. The prevalence of the influenza A virus
has decreased significantly, whereas HRSV and Mp are found to be seasonal.

Conclusions Our findings offer an objective evaluation of transmission dynamics and epidemiological shifts in
respiratory pathogens during the coronavirus disease 2019 pandemic in Kunming, serving as a basis for informed
decision-making, prevention, and treatment strategies.
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Background

Acute respiratory infections (ARIs) are one of the leading
causes of childhood mortality in children aged less than
5 years worldwide [1], and up to 90% of ARIs in children
are attributable to respiratory viruses [2]. The lack of an
etiological diagnosis is the primary reason why over 50%
of ARI cases receive unnecessary or inappropriate anti-
biotic prescriptions [3]. Given that children with ARIs
often exhibit similar clinical symptoms, the etiological
diagnosis of ARIs requires clinical laboratory confirma-
tion and cannot be identified based on clinical symptoms
and signs alone [4, 5]. Owing to the advancements in
molecular biology technology over the past twenty years,
several newly discovered viruses, including human boca-
virus (Boca), human respiratory syncytial virus (HRSV),
human metapneumovirus (HMPV), human parainflu-
enza virus (HPIV), and human coronavirus (HCOV),
have been identified [2, 6]. Respiratory viral infections
are primarily spread through contact and droplet routes
[7]. Moreover, these infections are generally considerably
more prevalent in children than in adults, especially as
co-infections with different viral species [8].

The prevalence of respiratory viruses in children with
ARIs varies across regions and seasons [9]. Kunming
is the capital of Yunnan Province in Southwest China,
with a resident population of 8.46 million. Its advanta-
geous geographical location contributes to its pleasant
climate. Although the Han Chinese constitute the major-
ity, Kunming is a city with a diverse ethnic composition,
with significant populations of Yi, Bai, Hani, Dai, and
other ethnic minority groups residing in it. To the best of
our knowledge, studies on the prevalence of respiratory
viruses among children with ARIs in Kunming are lack-
ing. Therefore, the epidemiological shifts in respiratory
viruses among children with ARIs must be examined to
facilitate the establishment of a comprehensive spectrum
of respiratory viruses and the formulation of precise
diagnosis and treatment strategies for ARIs.

As a novel viral respiratory disease, coronavirus dis-
ease 2019 (COVID-19) presents a huge challenge to
global health care [10]. A range of non-pharmaceutical
interventions (NPIs) have been implemented globally to
control the spread of COVID-19, such as mask use, hand
hygiene, social distancing, travel restrictions, school clo-
sures, screening, and isolation [11]. These measures were
implemented gradually in Kunming from February 2020
and were ultimately revoked entirely in December 2022.
Data from several studies indicate that the NPIs have led
to an overall decrease in the spread of respiratory viruses
[12]. However, with the lifting of the NPIs, some other
respiratory viruses have gradually developed an epidemic
propensity [13]. Thus, it is important to investigate the
epidemiological changes in respiratory viruses during the
COVID-19 pandemic.
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In this study, we aimed to investigate the epidemio-
logical characteristics of respiratory pathogens among
children with ARIs in Kunming during the COVID-19
pandemic. This study provides important insights into
better understanding the epidemiological shifts in respi-
ratory viruses among children with ARIs during the
COVID-19 pandemic in Kunming, offers a scientific
foundation for enhancing the quality of clinical diagnosis
and treatment, and establishes evidence to inform more
effective epidemic prevention strategies for the post-pan-
demic era.

Methods
Study population and sample collection
In total, 4956 patients who were diagnosed with ARIs
were continuously recruited at the First People’s Hospi-
tal of Yunnan Province from January 2020 to December
2022. The patients exhibited symptoms of acute respira-
tory tract diseases, including cough, sore throat, flu-like
symptoms (such as fever, fatigue, headache, nasal con-
gestion, and a runny nose), and difficulty breathing. The
inclusion criteria were as follows: (1) age<18 years; (2)
diagnosis of an ARI; and (3) received no clinical treat-
ment prior to sample collection. Importantly, for each
patient, only the results of the first specimen were col-
lected and analyzed during the course of the disease [12,
14]. Considering the extremely low frequency of COVID-
19, therefore, Patients with COVID-19 were excluded
from the study. This research was approved by the Insti-
tutional Review Board of the First People’s Hospital of
Yunnan Province and carried out strictly in accordance
with the Declaration of Helsinki. Informed consent was
obtained from the parents or guardians of all partici-
pants. Data were stored and analyzed anonymously.
Throat swabs were collected from each patient and
stored in sterile sample tubes containing cell preservation
solution (HEALTH Gene Technologies Co., Ltd., Ningbo,
China). Specimens were transported, stored at 4°C, and
tested for respiratory viruses within 24 h of collection.

Nucleic acid extraction and purification

Nucleic acid was extracted from clinical samples using
a Nucleic Acid Extraction or Purification Kit (HEALTH
Gene Technologies Co., Ltd., Ningbo, China), Nucleic
acid extraction and Purification reagents lots:211,109,002
. 220,118,010, 220,210,005. The entire extraction
process was conducted using automatic nucleic acid
extraction equipment. Nucleic acid was used to detect
respiratory pathogens and stored at —80C.

Detection of respiratory pathogens

The respiratory pathogens were detected using a Mul-
tiple Detection Kit for Thirteen Respiratory Pathogens
(13x kit; HEALTH Gene Technologies Co., Ltd., Ningbo,
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China), detection reagents lots: 201,117,005, 210,323,004,
220,329,007. The kit utilizes multiplex reverse transcrip-
tion polymerase chain reaction (RT-PCR) amplification
and automatic capillary electrophoresis to identify 11
respiratory pathogens, including human bocavirus(Boca),
human respiratory syncytial virus(HRSV), human rhi-
novirus (HRV), human coronavirus(HCOV), human
metapneumovirus(HMPV), human parainfluenza
virus(HPIV), human adenovirus (HADV), influenza
virus type A (InfA), InfA-HIN1, InfA-H3N2, influenza
virus type B (InfB), Mycoplasma Pneumoniae (Mp), and
chlamydia (Ch, including Chlamydia Trachomatis and
Chlamydia Pneumoniae), in a single analysis [15]. HCOV
detectable subtypes of coronavirus, excluding severe
acute respiratory syndrome coronavirus 2, include 229E,
NL63, HKU1, and OC43.

Statistical analysis

Statistical analysis was performed using SPSS statisti-
cal software (version 25.0, SPSS, Inc., Chicago, IL, USA).
The chi-square test was used to analyze the differences in
the frequency of respiratory pathogens between various
groups (i.e., sex, age, or season). A descriptive analysis
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was performed using absolute and relative frequencies
(percentages) of the variables studied. Differences were
considered statistically significant at P-values <0.05.

Results

Overall frequency of respiratory pathogens

A total of 4956 patients with ARIs, excluding COVID-
19 positives, were recruited, comprising 1158, 2128, and
1670 patients enlisted in 2020, 2021, and 2022, respec-
tively. The overall frequency of respiratory pathogens
in children with ARIs from 2020 to 2022 was 58.17%
(95% confidence interval (CI), 56.80-59.55%) (Table 1).
The overall frequency was significantly higher in 2022
(59.40%, 95% CI, 57.04—61.76%) and 2021 (61.65%, 95%
CI, 59.59-63.72%) than in 2020 (50.00%, 95% CI, 47.12—
52.88%) (P<0.001). Although the proportion of boys was
higher than that of girls (57.67% vs. 42.33%), the overall
frequency of respiratory pathogens did not differ signifi-
cantly between the sexes (59.31% vs. 56.63%, P=0.059).

Distribution of each Respiratory Pathogen
As shown in Table 1, the five most detected patho-
gens were HRV (21.29%, 95% CI, 20.15-22.43%), HRSV

Table 1 Frequencies of respiratory pathogens in children with ARIs from 2020 to 2022

->2020,N=1158

->2021,N=2128

->2022,N=1670 Total, N=4956

Characteristics

Age, N (%)
0-28 days 5(043) 39(1.83)
->1-11months 259 (22.37) 398 (18.70)
1-3 years 374 (32.30) 663 (31.16)
4-6 years 179 (15.46) 383 (18.00)
->7-17years 341 (29.45) 645 (30.31)
Gender, N (%)
Male 673 (58.12) 1225 (57.57)
Female 485 (41.88) 903 (42.43)

Detection of pathogens,
N (%, 95% Cl)

33(1.98) 77 (1.55)
256 (15.33) 913 (1842)
426 (25.51) 1463 (29.52)
353 (21.14) 915 (18.46)
602 (36.05) 1588 (32.04)
960 (57.49) 2858 (57.67)
710 (42.51) 2098 (42.33)

HRV 236 (20.38,18.06-22.70) 517 (24.30,22.47-26.12) 302 (18.08, 16.24-19.93) 1055 (21.29, 20.15-22.43)
Boca 16 (1.38,0.71-2.06) 31(1.46,0.95-1.97) 21(1.26,0.72-1.79) 68 (1.37,1.05-1.70)
HPIV 77 (6.65,5.21-8.09) 128 (6.02, 5.00-7.03) (4 07,3.12-5.02) 273 (5.51,4.87-6.14)
HCOV 22(1.90,1.11-2.69) 13 (0.61,0.28-0.94) 0(1.80, 1.16-2.43) 65 (1.31,0.99-1.63)
HRSV 107 (9.24,7.57-10.91) 184 (8.65, 7.45-9.84) 1(3.05,2.23-3.898) 342 (6.90,6.19-7.61)
InfA 7(147,0.77-2.16) 5(0.24,0.03-0.44) (5 27,4.20-6.34) 0(222,1.81-2.63)
09H1 2(0.17) 0 1(0.06) 3(0.06)

H3N2 15 (1.30, 0.64-1.95) 0 83(4.97,3.93-6.01) 98 (1.98,1.59-2.37)
HMPV 16 (1.38,0.71-2. 06) 95 (4.46, 3.59-5.34) 78 (4.67, 3.66-5.68) 189 (3.81,3.28-4.35)
HADV 41 (3.54,2.47-4.61) 171 (8.04, 6.88-9.20) 120 (7.19,5.95-8.43) 332 (6.70, 6.00-7.40)
Ch 5(043,0.05-0.81) 8(0.38,0.12-0.64) (O 84,0.40-1.28) 27 (0.54,0.34-0.75)
InfB 4(1.21,0.58-1.84) 52(244,1.79-3.10) 0(2.99,2.18-3.81) 116 (2.34,1.92-2.76)
Mp 28(242,1.53-3.31) 108 (5.08, 4.14-6.01) 170 (WOA18, 8.73-11.63) 306 (6.17,5.50-6.84)
Total 579 (50.00,47.12-52.88) 1312 (61.65,59.59-63.72) 992 (59.40, 57.04-61.76) 2883 (58.17,56.80-59.55)

Notes: 95% Cl, 95% Confidence interval; ARIs, acute respiratory infections; HRV, human rhinovirus; Boca, human bocavirus; HPIV, human parainfluenza virus; HCOV,
human coronavirus; HRSV, human respiratory syncytial virus; InfA, influenza virus type A, InfA-H1N1, InfA-H3N2; HMPV, human metapneumovirus; HADV, human
adenovirus; Ch, chlamydia; influenza virus type B (InfB); Mp, Mycoplasma pneumoniae. Ch including Chlamydia Trachomatis and Chlamydia Pneumoniae, in a single
analysis. HCOV detectable subtypes of coronavirus, excluding severe acute respiratory syndrome coronavirus 2, include 229E, NL63, HKU1, and OC43.



Zhang et al. BMC Infectious Diseases (2024) 24:826

(6.90%, 95% CI, 6.19-7.61%), HADV (6.70%, 95% CI,
6.00-7.40%), Mp (6.17%, 95% CI, 5.50—6.84%), and HPIV
(5.51%, 95% CI, 4.87-6.14%). Although the frequency of
respiratory pathogens from throat swab samples of chil-
dren with ARIs has been changing since 2020, that of
HRV remained the highest of all pathogens. During the
COVID-19 pandemic, the frequencys of HRSV and HPIV
gradually decreased. The frequency of HRSV decreased
from 9.24% in 2020 to 3.05% in 2022 (P<0.0001), and that
of HPIV dropped from 6.65% in 2020 to 4.07% in 2022
(P=0.002). Conversely, the frequencys of HMPV and
Mp exhibited a gradual increase, from 1.38% in 2020 to
4.67% in 2022 and from 2.42% in 2020 to 10.18% in 2022,
respectively (P<0.0001). Moreover, the frequency of
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in 2021 and 2022 (8.04% and 7.19%, respectively;
P<0.0001). The frequency of InfA was markedly low in
2020 (1.47%) and 2021 (0.24%) but significantly increased
to 5.27% in 2022 (P<0.0001), and the H3N2 type was
more prevalent than the HIN1 type in 2022 (4.97% vs.
0.06%, P<0.0001) (Fig. 1).

Frequency of respiratory pathogens among various age
groups

As shown in Table 2, patients were categorized into five
age groups: 0-28 days, 1-12 months, 1-3 years, 4-6
years, and =7 years [12]. A comparison of the frequencies
of respiratory pathogens across these age groups revealed
an inverted U-shaped trend in pathogen prevalence with

HADYV was only 3.54% in 2020 but significantly increased  age. Specifically, the highest frequency was observed in
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Fig. 1 Distribution of each respiratory pathogen among children with acute respiratory infections in Kunming, 2020-2022. The length of the colored
bars and the number indicate the frequency of each pathogen. The frequencies of the HIN1 and H3N2 subtypes of influenza A were calculated. From
2020 to 2021, the frequencies of some pathogens increased significantly, including Rhinovirus (20.4% vs. 24.3%, P=0.011), Metapneumovirus (1.4% vs.
4.5%, P<0.0001), Adenovirus (3.5% vs. 8.0%, P<0.0001), Influenza B (1.2% vs. 2.4%, P=0.016), and Mycoplasma pneumoniae (2.4% vs. 5.1%, P<0.0001).
Conversely, the frequencies of some pathogens decreased significantly from 2020 to 2021, including coronavirus (1.9% vs. 0.6%, P=0.001) and influenza
A (1.5% vs. 0.2%, P<0.0001). Furthermore, the frequencies of some pathogens increased significantly from 2021 to 2022, including coronavirus (0.6% vs.
1.8%, P=0.001) and Mycoplasma pneumoniae (5.1% vs. 10.2%, P < 0.0001). However, the frequencies of some pathogens decreased significantly from 2021
to 2022, including rhinovirus (24.3% vs. 18.1%, P < 0.0001), parainfluenza (6.0% vs. 4.1%, P=0.007), and respiratory syncytial virus (8.6% vs. 3.1%, P < 0.0001)
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Table 2 Frequencies of respiratory pathogens among various age groups in children with ARIs

Pathogens Age Group N, (%) P-value?
0-28 days ->1-11months 1-3 years 4-6 years ->7-17years <3 years ->3-17years
HRV 9(11.69) 161 (17.63) 391 (26.73) 237 (25.90) 257 (16.18) 61(22.87) 494 (19.74) 0.007
Boca 1(1.30) 4(1.53) 46 (3.14) 5(0.55) 2(0.13) 61(2.49) 7(0.28) <0.001
HPIV 0 77 (843) 130 (8.89) 43 (4.70) 23(1.45) 207 (8.44) 66 (2.64) <0.001
HCOV 0 15 (1.64) 19 (1.30) 9(0.98) 2(1.39) 34(1.39) 31(1.24) 0.648
HRSV 6(7.79) 155 (16.98) 134(9.16) (3 39) ( 1) 295 (12.03) 47 (1.88) <0.001
InfA 0 11 (1.20) 37(253) 1(339) 1(1.95) 48 (1.96) 62 (2.48) 0214
09H1 0 0 2(0.14) 0.11) 0 2(0.08) 1(0.04) 0.986
H3N2 0 10 (1.10) 31212 (3.28) 27 (1.70) 41(1.67) 57(2.28) 0.126
HMPV 0 25(2.74) 88(6.02) (5 46) 6 (1.64) 113 (4.61) 76 (3.04) 0.004
HADV 0 26 (2.85) 126 (8.61) 13) 69 (4.35) 152 (6.20) 180 (7.19) 0.161
Ch 0 15 (1.64) 2(0.14) ( 1) 9(0.57) 17 (0.69) 10 (0.40) 0.160
InfB 0 9(0.99) 32(2.19) 26 (2.84) 49 (3.09) 41(1.67) 75 (3.00) 0.002
Mp 0 12(1.31) 49 (3.35) 71(7.76) 174 (10.96) 61(2.49) 245 (9.79) <0.001
Total 16 (20.78) 520 (56.96) 1054 (72.04) 615 (67.21) 678 (42.70) 1590 (64.82) 1293 (51.66) <0.001

Notes: a, P-values were calculated for the differences in the prevalence of various respiratory pathogens between infants under 3 years and children over 3years.

ARls, acute respiratory infections

children aged 1-3 years (72.04%), followed by those aged
4—6 years (67.21%) and 1-12 months (56.96%). Nota-
bly, the rate was considerably lower in children aged>7
years (42.70%) and infants aged 0-28 days (20.78%).
HRYV was the most prevalent respiratory pathogen in all
age groups. The frequency of HRV demonstrated a sig-
nificant increase with age among children under 3 years,
rising from 11.69% in infants aged 0-28 days to 26.73%
in children aged 1-3 years (P=0.003). However, it gradu-
ally decreased in children aged over 3 years, especially in
those aged>7 years, decreasing significantly to 16.18%
(P<0.0001). Furthermore, the prevalence of other respi-
ratory pathogens also varied across different age groups.
The frequency of HRSV was the highest in infants aged
1-12 months and the lowest among children aged>7
years (16.98% vs. 1.01%, P<0.0001). Only three patho-
gens, namely HRV (11.69%), Boca (1.30%), and HRSV
(7.79%), were detected in newborns aged 0-28 days.
Therefore, except for newborns aged 0-28 days, the fre-
quency of HADV was the lowest in infants aged 1-12
months and the highest in children aged 4—6 years (2.85%
vs. 12.13%, P<0.0001). The frequencys of InfB and Mp
exhibited a gradual increase with age, rising from 0.99%
and 1.31-3.09% and 10.96%, respectively.

We also analyzed the frequency of respiratory patho-
gens in infants aged<3 years and children aged >3 years.
As shown in Table 2, the overall frequency of respiratory
pathogens among infants aged <3 years was significantly
higher than that among children aged>3 years (64.82%
vs. 51.66%, P<0.0001). The frequencies of HRV, Boca,
HPIV, and HRSV in infants <3 years were all significantly
higher than those in children aged>3 years (22.87% vs.
19.74%, P=0.007; 2.49% vs. 0.28%, P<0.0001; 8.44%
vs. 2.64%, P<0.0001; and 12.03% vs. 1.88%, P<0.0001;
respectively), whereas that of Mp was significantly lower

in infants aged<3 years than in children aged>3 years
(2.49% vs. 9.79%, P<0.0001).

Seasonal distribution of respiratory pathogens

We further investigated the seasonal distribution of com-
mon respiratory pathogens during the three research
periods from 2020 to 2022 (Fig. 2). As HRV was the most
common respiratory pathogen, its spread was detected in
every season from January 2020 to December 2022, with
an activity peak in June and July of each year. Similarly,
during the three research periods, the spread of HADV
was detected throughout the year. The frequency of
HADYV was distributed almost evenly throughout 2020,
except for a slight increase in March. The epidemic peak
of HADV in 2021 and 2022 primarily occurred in win-
ter, with a notable maximum activity observed in Decem-
ber 2021 and January 2022, amounting to 16.01% and
18.82%, respectively. HMPV exhibited a different trend;
it was scarcely detected from February to August 2020. In
contrast, the virus was consistently detected throughout
2021 and 2022, and peaks of the epidemic were observed
in January and December 2021, as well as in July and
August 2022. The spread of HRSV and Mp exhibited an
obvious seasonal distribution pattern, with a higher prev-
alence in the winter months. InfA was detected only in
January (12.60%) and February (1.96%) throughout 2020,
but was barely detected after February 2020. However,
no new influenza incidences were detected until March
2021. The frequency of InfA was low in 2021, and influ-
enza cases were detected only in March (0.64%) and
September (3.51%). In contrast, except for April and
December, the spread of InfA was detected throughout
2022, with an activity peak in July (11.11%) and August
(13.86%).
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Fig. 2 Seasonal distribution of each respiratory pathogen during the three research periods from 2020 to 2022. The distributions of the HIN1 and H3N2

subtypes of influenza A are not listed

Table 3 Coinfection pattern of respiratory pathogen in children

with ARls
Coinfection Coinfection rate N, (%)
pattern ->2020, ->2021, ->2022, Total,
N=1158 N=2128 N=1670 N=4956
HRV-HADV 5(043) 1(1.46) 13(0.78) 49(0.99)
HRV-HPIV 11 (0.95) 8(0.85) 15 (0.90) 4(0.89)
HRV-HRSV 11(0.95) 26(1.22) 7(042) 44(0.89)
HRV-Mp 2(0.17) 4(0.66) 22(1.32) 8(0.77)
HRV-HMPV 2(0.17) 4(1.13) 8(0.48) 4 (0.69)
HRV-Boca 3(0.26) (O 56) 8(0.48) 3(0.46)
HADV-Mp 0 6(0.28) 8(0.48) 4(0.28)
HRV-HCOV 3(0.26) 4(0.19) 5(0.30) 2(0.24)
HRSV-HADV 1(0.09) 9(042) 1(0.06) 1(0.22)
HPIV-HRSV 7 (0.60) 3(0.14) 0 10 (0.20)

Notes: only common coinfection patterns of respiratory pathogen in children
with ARIs were listed. ARIs, acute respiratory infections

Coinfection Pattern of respiratory pathogens

We also analyzed the coinfection pattern of respiratory
pathogens in children with ARIs. Although single infec-
tion was the predominant pattern, 7.77% (385/4956) of
children with ARIs were infected with two pathogens
at the same time. Moreover, there was a high viral-viral

coinfection rate in children, and Rhinovirus coinfection
with other pathogens was the most common pattern.
During the research periods spanning 2020 to 2022, the
most prevalent co-infection patterns were HRV-HADV
(0.99%), HRV-HPIV (0.89%), HRV-HRSV (0.89%), HRV-
Mp (0.77%), and HRV-HMPV (0.69%). The coinfec-
tion pattern underwent annual changes. Specifically, in
2020, the dominant patterns were HRV-HPIV (0.95%)
and HRV-HRSV (0.95%). In 2021, HRV-HADV (1.46%)
emerged as the most common, followed by HRV-HRSV
(1.22%) and HRV-HMPV (1.13%). Notably, in 2022, the
coinfection rate of HRV-Mp reached its peak at 1.32%
among children. Comprehensive details are presented in
Table 3; Fig. 3.

Discussion

During COVID-19, many restrictive public health mea-
sures were implemented worldwide, which dramatically
impacted the spread of other common respiratory patho-
gens. However, as the COVID-19 pandemic progressed,
these measures were gradually lifted. In this study,
we investigated the prevalence of respiratory patho-
gens among children with ARIs during the COVID-19
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Fig. 3 Coinfection pattern of respiratory pathogens in children with acute respiratory infections. Coinfection rates were calculated pairwise. The numera-
tor was the number of patients co-infected with both pathogens, and the denominator was the total number of patients who were tested for both
pathogens. The bigger size and darker color of the circles indicate higher coinfection rates between two pathogens

Boca, human bocavirus; Ch, chlamydia; HADY, human adenovirus; HCOV, human coronavirus; HMPV, human metapneumovirus; HPIV, human parainflu-
enza virus; HRSV, human respiratory syncytial virus; HRV, human rhinovirus; InfA, influenza A; InfB, influenza B; Mp, Mycoplasma pneumoniae

pandemic, and analyzed and compared the epidemiologi-
cal changes in 13 respiratory pathogens among children
of different ages between 2020 and 2022 to determine
the impact of the COVID-19 pandemic on other com-
mon respiratory pathogens. This study showed the lowest
prevalence in 2020, followed by a rebound in prevalence.
In addition, Boca, HPIV, and HRSV were the dominant
respiratory viruses in young children, whereas MP was
the dominant respiratory pathogen in children aged>3

years. The prevalence of influenza A virus decreased
significantly, whereas HRV remained highly prevalent
throughout the study period. Our results indicated that
the frequency of respiratory pathogens among children
with ARIs was significantly lower in 2020 than in 2021
and 2022, followed by a rebound in prevalence, and coin-
cides with the implementation of NPI measures and
subsequent relaxation, which is consistent with previ-
ous research [12, 13, 16]. One possible explanation for
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this phenomenon is that implementing restrictive pub-
lic health measures over a long period at the beginning
of the pandemic curtailed the spread of other respira-
tory pathogens to some extent [17]. This impact was
short-lived, as the frequency of common respiratory
pathogens among affected children increased as various
public health measures were lifted in the subsequent two
years. Although the transmission of common respiratory
pathogens in children was disrupted during the COVID-
19 pandemic, the duration and magnitude of this disrup-
tion varied among pathogens. In 2020, the prevalence of
HADYV and Mp was low (3.54% and 2.42%, respectively)
but gradually increased from 2021 onwards, with their
frequencys increasing to 8.04% and 5.08%, respectively.
By 2022, the HADV frequency decreased slightly to
7.19%, whereas the Mp frequency continued to increase
to 10.18%. In contrast, the transmissions of Boca and Ch
have been maintained at low levels since 2020 and were
not significantly affected by the COVID-19 pandemic.
The transmission of InfA was maintained at low levels
in 2020 and 2021, with frequencys of 1.47% and 0.24%,
respectively. However, the transmission was more active
in 2022, especially the H3N2 strain, with the frequency
increasing from 1.30% in 2020 to 4.97% currently. Simi-
larly, transmission of InfB remained at low levels dur-
ing the early stages of the pandemic, with frequencys of
1.21% in 2020, but its frequency gradually increased to
2.44% and 2.99% in 2021 and 2022, respectively. Imple-
menting restrictive public health measures at the begin-
ning of the pandemic resulted in a prolonged period
without natural exposure to influenza viruses, and the
decreased transmission of influenza virus over the past
two years may foreshadow the severity of the upcoming
influenza season. Lower levels of herd immunity, espe-
cially in younger children, may predict more widespread
disease and potentially more severe illness when the
transmission of the influenza virus resumes [18]. There-
fore, transmission levels of common respiratory patho-
gens may continue to undergo alterations as public health
measures are adjusted, and further evaluation is war-
ranted to assess changes in the transmission of each com-
mon pathogen in the post-pandemic era.

The changes observed in the level of HRV transmis-
sion warrant attention. Even during the first half of 2020,
which was a critical period for COVID-19 prevention and
control, the frequency of HRV reached 9.37% (31/331),
which was considerably higher than that of other patho-
gens. In the second half of 2020, the frequency of HRV
significantly escalated to 24.55% (203/827) and subse-
quently sustained high levels in the ensuing years (24.30%
in 2021 and 18.18% in 2022). Importantly, under strict
epidemic prevention and control measures, maintaining
a higher frequency may be intricately linked to the stabil-
ity, diversity, and persistence of HRV. As a non-enveloped
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virus, the unique transmission patterns and shifts in pre-
dominant strains of HRV warrant further investigation
[16, 19].

The present study included more boys than girls
(57.67% vs. 42.33%). However, similar frequencys of
respiratory pathogens were observed in both sexes
(59.31% vs. 56.63%, P=0.059), suggesting that respiratory
pathogen infection is not related to sex but may be influ-
enced by age in children. Our findings demonstrated that
the overall frequency of respiratory pathogens was signif-
icantly higher among infants and children aged <3 years
than among children aged>3 years (64.82% vs. 51.66%,
P<0.0001), with the overall frequency of respiratory
pathogens among children aged 1-3 years being the high-
est among all age groups (72.04%). A possible reason for
this observation is that children aged <3 years are immu-
nonaive and more susceptible to pathogens. Children of
different ages have different levels of immunity, experi-
ence different living environments, and exhibit different
behaviors, contributing to differences in the prevalence of
common respiratory pathogens among age groups [20].
Our results suggest that children aged<3 years must be
monitored for Boca, HPIV, and HRSV infections, which
are detected at significantly higher rates in this age group
than in those aged >3 years. In contrast, children aged >3
years must be monitored for Mp, a pathogen whose fre-
quency is significantly higher in these children than in
those aged<3 years. A previous study reported that the
prevalence of Mp was highest in school-aged children,
with some transmission among children aged 1-5 years,
whereas infants and toddlers aged>1 year were rarely
infected by Mp [21]. Consistently, our results revealed
that the frequency of Mp in infants and children aged<1
year was only 1.21% (12/990), whereas that among
schoolchildren aged >7 years was 10.96%, which was the
highest among all age groups. Our findings suggest that
Mp affects children aged<1 year, despite the low fre-
quency observed in these children. In addition, the differ-
ences in frequencies of HRV in children of different ages
were not compared, and it was detected at relatively high
rates in children of all ages, making it one of the most
common respiratory pathogens in children with ARIs.

Seasonality is a major factor affecting pathogen trans-
mission [22]. Our findings suggest a clear seasonal dis-
tribution of HRSV and Mp transmission, with relatively
high frequencies in winter. In contrast, HRV was preva-
lent throughout the year, with peak transmission from
June to July each year. Notably, InfA was detected solely
in January (12.60%) and February (1.96%) of 2020, and
almost no InfA was observed after February 2020, with
no new influenza cases recorded until March 2021.
However, the overall frequency of InfA in 2021 was low,
with cases detected only in March (0.64%) and Sep-
tember (3.51%) 2021. The spread of InfA was detected
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throughout 2022, except in April and December, with
peak activity in July (11.11%) and August (13.86%).
However, from 2020 to 2021, the infection rate of RSV
in children aged<3 years remained high, which was
inconsistent with that reported in Netherlands and Italy
[23, 24], indicating that there were great differences in
prevalence among regions. In 2022, with the rebound of
the influenza virus, the prevalence of RSV decreased sig-
nificantly. The prevalence of RSV and influenza showed
a negative correlation trend, which was consistent with
the Netherlands [25], but the related interference needs
further study. Concerning seasonal epidemics of influ-
enza and HRSV are the cause of substantial morbidity
and mortality among children [26].Therefore, We need to
be vigilant for outbreaks of RSV and influenza, whereas
closely monitoring seasonal and epidemiological changes
in common respiratory pathogens.

To the best of our knowledge, the present study is the
first to focus on the epidemiological characteristics of
respiratory pathogens among children with ARIs in the
Kunming area during the COVID-19 pandemic. The
study data were obtained during the COVID-19 pan-
demic, and a cohort of children with relatively high fre-
quencies of respiratory pathogens was selected, and
excluded patients with COVID-19. The uniform back-
ground data on individuals in this population enables an
objective and accurate assessment of the transmission
dynamics in respiratory pathogens in this region, and
provides important insights to better understand the epi-
demiological shifts in respiratory viruses among children
with ARIs during the COVID-19 pandemic in Kunming,
offers a scientific foundation for enhancing the quality of
clinical diagnosis and treatment, and establishes evidence
to inform more effective epidemic prevention strategies
for the post-pandemic era.

However, this study had limitations. First, the source of
samples was limited, limiting our comprehensive under-
standing of the epidemiological dynamics of respiratory
pathogens in Yunnan Province. Second, owing to the
lack of data on the detection of respiratory pathogens
in children with ARIs before COVID-19, the prevalence
of respiratory pathogens before and after the pandemic
could not be compared. Finally, bacterial pathogens were
not detected in this study owing to limitations in labora-
tory testing conditions.

Conclusions

In conclusion, we analyzed the epidemiological charac-
teristics of respiratory pathogens, including the overall
frequency, age distribution, seasonal distribution, and
coinfection pattern, among children with ARIs in Kun-
ming during the COVID-19 pandemic. Our results offer
an objective evaluation of transmission dynamics and
epidemiological shifts in respiratory pathogens during

Page 9 of 10

the COVID-19 pandemic in the Kunming area. The ini-
tial understanding of the interference between respira-
tory pathogens has enhanced our understanding of the
interaction between pathogens and serves as a basis for
informed decision-making, prevention, and treatment
strategies.
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