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Abstract

Purpose We aimed to determine the changes in the frequency of respiratory pathogens and severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) during containment of the 2019 coronavirus disease pandemic and elucidate the epide-
miological interference that may have occurred after lifting pandemic measures.

Methods A total of 4,770 Nasopharyngeal swab samples were collected from children with ARTIs from the First People’s
Hospital of Yunnan Province between January 2022 and December 2023 and subjected to nucleic acid testing for 13 types of
respiratory pathogens and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).

Results The frequency of pathogens among children from 2020 to 2022 was in the following order:
HRV >Mp>HADV >H3N2>HMPV and HRV >HRSV >HPIV>HINI1 >H3N2. In weeks 1 to 3 of 2023, the frequency
of pathogens significantly declined, and then HIN1 rebounded significantly in 2023. HRV, HRSV, and H3N2 showed a
shift in the season of high frequency. Patterns of multi-pathogen infections were more complex in 2023 than in 2022, with
HRV having a higher frequency and co-infection rate than other pathogens. These changes may have been associated with
interference caused by the resurgence of SARS-CoV-2 prevalence, in addition to being influenced by changes in pandemic
containment and lifting measures.

Conclusions The frequency rate of common respiratory pathogens among children was not significantly different and
remained high. The study findings help elucidate the aforementioned unique historical period and effectively control respira-
tory tract infections to reduce the harm to pediatric health caused by respiratory pathogens.
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Introduction

Acute respiratory infections (ARIs) are infectious diseases
with high incidence and mortality rates worldwide [1, 2].
Respiratory pathogens are the main cause of ARTIs in chil-
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dren, with 90% of respiratory tract infections (RTIs) in
infants and young children caused by respiratory viruses
[3]. In China, viral infection rates of up to 46.9% have been
reported in children aged <5 years [2]. Innate and adaptive
immunity plays important roles in restricting respiratory
infections [4, 5]. Children are vulnerable to different types
of infections, especially ARIs, because their immune sys-
tem are not fully developed, leading to attenuated resistance
and increased susceptibility to infections [6—8]. Respiratory
viruses have high transmission abilities and frequency rates
among children [9-11]. Additionally, co-infections with
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multiple pathogens are very common and prone to misdiag-
noses and missed diagnoses by clinicians [12].

Following the official designation of coronavirus disease
(COVID-19) as a global pandemic by the World Health
Organization on March 11, 2020, nonpharmaceutical inter-
ventions, such as face mask-wearing, hand hygiene, social
distancing, quarantine, travel restrictions, and school clo-
sures, were implemented by countries worldwide to con-
trol the pandemic [13]. These policies have evolved over
the course of the COVID-19 pandemic, with regional and
national differences in their ongoing use. The Chinese gov-
ernment established a prevention and control policy involv-
ing restricting the flow of people since the outbreak in Hubeli,
China, in January 2020 [14, 15]. From the closure of Wuhan
in 2020 to the dynamic zero COVID policy, precise preven-
tion and control has prevented the spread of new coronavi-
rus strains [ 16, 17]. With the weakening of the pathogenicity
of COVID-19, the popularization of vaccination, and the
accumulation of experience in prevention and control, the
transmission of respiratory pathogens among children has
to a certain extent been curbed [13]. On December 7, 2022,
China adjusted and optimized its pandemic prevention and
control strategies [15]. Afterwards, Omicron rapidly spread
throughout China, and cases have peaked. The complete lift-
ing of pandemic containment and mitigation measures has
led to a sharp decline in the use of face masks, resumption of
public events, and reopening of public places and schools.
Children have since faced the transition from a period of
low-pathogen exposure to a restriction-free period. With the
increase in opportunistic infections, whether the frequency
of respiratory pathogens has undergone a rapid resurgence
is unclear.

In the present study, the city of Kunming, China, was
selected as the study area for the investigation of changes
in the frequency of common respiratory pathogens among
children in the post-pandemic era. Kunming is on the south-
western border of China and has a resident population of
over 8.6 million. It serves as China’s key gateway to South-
east Asia and South Asia and possesses unique climatic and
population distribution characteristics. However, its health-
care infrastructure is relatively underdeveloped, resulting in
heavier disease burdens in the region. To our knowledge, rel-
evant studies have not been conducted in this region. There-
fore, the objectives of this study were to determine changes
in the circulation of respiratory pathogens and severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) during
and after the containment of the 2019 coronavirus disease
pandemic and to assess epidemiological interference that
may have occurred after pandemic measures were lifted.
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Materials and methods
Study population

The study population included individuals under the age
of 18 recruited between January 2022 and December 2023
from the First People’s Hospital of Yunnan Province in
China. The inclusion criteria were as follows: (1) age<18
years; (2) no clinical treatment administered before sample
collection; and (3) a diagnosis of ARIs. ARIs were defined
as illnesses with (1) onset within 7 d; (2) at least two respi-
ratory symptoms from the following list: nasal discharge,
nasal obstruction, sneezing, sore throat, cough, malaise,
chills, and headache; and (3) a Jackson score of >2 [18].
The exclusion criteria were as follows: (1) concomitant
major diseases; (2) incomplete clinical data; or (3) presence
of immunodeficiency.

Before commencement, the study was approved by the
institutional review board of the First People’s Hospital of
Yunnan Province (Approval Number: KHLL2023-KY055),
and informed consent was obtained from the parents or
guardians of all participants. The parents or guardians were
informed of the laboratory results of pathogen detection.

Sample collection

For each participant, one nasopharyngeal swab sample was
taken on the day of the clinic visit or the day after and stored
at 4 °C in a sterile sample tube containing cell preservation
solution (HEALTH Gene Technologies Co., Ltd., Ningbo,
China). All testing procedures were completed within 24 h
of sample collection.

Nucleic acid extraction

Nucleic acid was extracted from clinical samples using a
Nucleic Acid Extraction or Purification Kit (HEALTH Gene
Technologies Co., Ltd., Ningbo, China), and the extracted
nucleic acid was stored at —80 °C. An automated nucleic
acid extraction system (Smart LabAssist-32; Taiwan
Advanced Nanotech Inc, Taiwan) was used.

Pathogen detection

Detection of respiratory pathogens was performed using a
Multiple Detection Kit for Thirteen Respiratory Pathogens
(13x kit, HEALTH Gene Technologies Co., Ltd.). Instru-
ments used to detect respiratory pathogens included a
PCR thermal cycler A300 (Hangzhou LongGene Scientific
Instruments Co, Ltd, China) and Applied Biosystems 3500
Dx analyzer (Thermo Fisher Scientific, USA). The detected
pathogens included the following: Influenza virus types A
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(InfA), InfA-HIN1pdm09, InfA-H3N2, influenza virus
types B (InfB), human respiratory syncytial virus (HRSV),
human parainfluenza virus (HPIV), human coronavirus
(HCOV), human rhinovirus (HRV), human metapneu-
movirus (HMPV), bocavirus (Boca), human adenovirus
(HADV), chlamydia (Ch: including Chlamydia trachomatis
and Chlamydia pneumoniae), and Mycoplasma pneumoniae
(Mp). The SARS-CoV-2 detection kits used in this study
(50x kit) were purchased from Shanghai BioGerm Medical
Biotechnology Co., Ltd. (Shanghai, China).

Statistical analysis

The results were comparatively analyzed based on the
period and age group. The cases selected for the study were
divided into 2022 and 2023 groups based on the time point
of sample collection (before or after the lifting of pandemic
containment and mitigation measures), and the two groups
were further divided into five subgroups based on age

Table 1 Overall frequency of 13 respiratory pathogens in different
years

Characteristics 2022 2023 P
(n=1669) (n=3101)

Pathogens positive, n (%)
Total 879(52.67) 1623(52.34) 0.829
Single 750(44.94) 1407(45.37) 0.773
Mixed 129(7.73) 215(6.93) 0.311
Human rhinovirus 304(18.21) 479(15.45) 0.014
Bocavirus 23(1.38) 51(1.64) 0.477
Human parainfluenza  69(4.13) 192(6.19) 0.003
virus
Human coronavirus 32(1.92) 57(1.84) 0.847
Human respiratory 55(3.30) 262(8.45) 0.000
syncytial virus
Influenza virus types A 89(5.33) 352(11.35) 0.000
InfA-HIN1 1 (0.06) 187(6.03) 0.000
InfA-H3N2 85(5.09) 155(5.00) 0.887
Human 79(4.73) 135(4.35) 0.545
metapneumovirus
Human adenovirus 123(7.37) 65(2.09) 0.000
Chlamydia 14(0.84) 12(0.39) 0.043
Influenza virus types B 51(3.06) 60(1.93) 0.014
Mycoplasma 179(10.72) 78(4.74) 0.000
pneumoniae

Age positive, n (%)
0-28 days 3(0.18) 7(0.22) 0.741
1-12 months 122(7.31) 274(8.83) 0.068
1-3 years 270(16.18) 558(17.99) 0.114
4-6 years 225(13.48) 334(10.77) 0.006
> 7 years 259(15.52) 450(14.51) 0.351

Gender
Male(cases) 959 1786
Positive, n (%) 516(53.81) 972(54.42) 0.757
Female(cases) 710 1315
Positive, n (%) 363(51.13) 651(49.51) 0.486

ranges: 2022: 0-28 d, 1-12 months, 1-3 years), 4—6 years,
and >7 years; 2023: 0-28 d, 1-12 months, 1-3 years, 4-6
years, and >7 years. A descriptive analysis was performed
using absolute and relative frequencies (percentages) of the
variables studied. Statistical analysis was performed using
SPSS statistical software (version 26.0, SPSS, Inc., Chi-
cago, USA) [19, 20]. Plotting was performed using Origin-
Pro 2021. Count data are expressed as the number of cases
and percentages, and the x* test was used to compare groups.
P <0.05 was considered a statistically significant difference,
with a test level 0.=0.05 (bilateral).

Results

Of the 4,770 cases that met the required criteria, 1,669
(959 males and 710 females) were included in the study
in 2022, and 3,101 (1,786 males and 1,315 females) in the
study in 2023. The cases studied in 2022 were distributed
as follows according to age groups: 0-28 d (20.00+2.94;
32 cases), 1-12 months (5.60+3.15; 257 cases), 1-3
years (2.10+0.85; 426 cases), 46 years (4.79+0.78;
351 cases), and > 7 years (10.39+2.81; 603 cases); 2023:
0-28 d (16.14+4.39; 27 cases), 1-12 months (6.03 +3.22;
531 cases), 1-3 years (2.19+0.85; 867 cases), 4—6 years
(4.73 £0.81; 570 cases), and > 7 years (10.98 +3.36; 1,106
cases) (Table S3).

In2022, the frequency of positivity was 52.67%, and 2023,
52.34%. The difference in the frequency rate between the 2
years was not significant (P> 0.05), nor were the differences
in single-pathogen infections and multi-pathogen infec-
tions before and after the lifting of pandemic containment
and mitigation measures (P> 0.05). In 2022, the following
pathogens had the highest frequency rates (in descend-
ing order): HRV>Mp>HADV>InfA-H3N2>HMPYV,
whereas InfA-HIN1pdmO09 had the lowest frequency rate.
In 2023, the pathogens with the highest frequency rates were
HRV >HRSV > HPIV > InfA-HIN1pdm09 > InfA-H3N2,
whereas Ch had the lowest frequency rate. The difference
in frequency rates between the 2 years was significant for
HRV, HPIV, HRSV, InfA-HIN1pdm09, HADV, InfB, and
Mp (P<0.05). Among all age groups, the group aged 1-3
years had the highest infection rates, followed by the group
aged > 7 years, whereas patients aged 0—28 d had the lowest
infection rates. Boys had higher frequency rates than girls
(Table 1; Fig. 1).

HRYV had the highest frequency rate among all pathogens.
In January 2023, all pathogens exhibited an interruption in
frequency except for HRSV, HMPYV, and Mp, which had
low frequency rates. The frequency of InfA-HIN1pdmO09
experienced an interruption in 2022 but rebounded from
March to June 2023. Compared to 2022, the frequency
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Fig. 1 Distribution of respira-
tory pathogens between 2022
and 2023. The frequency of each
pathogen was calculated with the
numerator being the number of
patients infected with that patho-
gen and the denominator being
the total number of patients
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Mp
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HADV

HMPV

rates of HADV and Mp in 2023 were reduced, with sig-
nificant differences in January, March, April, June, and July
(P>0.05). The season of high frequency of HRV shifted
from late spring to early summer in 2022 to late autumn
to early winter in 2023. For HRSV and InfA-H3N2, a shift
occurred from late winter to early spring to late summer to
early winter. The changes in the season of high frequency of
all other pathogens were not significant (Fig. 2).

Most pathogens were prevalent in children aged 1-3
years and exhibited obvious umbrella-shaped distribution
characteristics with non-significant differences in frequency
rates before and after the lifting of pandemic containment
and mitigation measures. The InfA-HIN1pdm09 infec-
tion rate increased with an increase in patient age after the
rebound of InfA-HINI1pdm09 frequency in 2023, and the
Mp infection rate was also highest in older children. HRSV
was the most common respiratory virus among children
aged <2 years. Except for Mp and InfA-HIN1pdm09, all
other pathogens exhibited a significant decrease in the fre-
quency rates in older children (P> 0.05) (Fig. 3).

SARS-CoV-2 was undetected from week 1 to week
49 in 2022. SARS-CoV-2 was detected from week 50 of
2022 until the last week of 2023, with the highest frequency
rate being 43.75% in week 52 of 2022. The second highest
frequency was 42.11% in week 16 of 2023. The frequency
sharply declined from week 44 (Fig. 4 and Table S4).
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The differences in co-infection rates before and after the
lifting of pandemic containment and mitigation measures
were not significant (P> 0.05). However, the patterns of
multi-pathogen infections were more complex in 2023, as
evidenced by the higher rate of triple-pathogen infections
and the detection of a case of quadruple-pathogen infection
(HRV-Boca-HPIV-HADV). The most common co-infection
combination patterns were HRV-Mp, HRV-HPIV, and HRV-
HADV in 2022, and HRV-Mp, HRV-HPIV and HRV-HRSV
in 2023. HRV had the highest co-infection rate among all
pathogens. During the study screening, only six cases of co-
infection with SARS-CoV-2 and other viruses were detected
(Fig. 5 and Table S5).

Discussion

Respiratory viruses are key pathogens that induce ARTIs
and are the main cause of hospital admissions and deaths
among children in low-income countries [21-23]. The
rapid development of molecular diagnostic techniques has
allowed for the widespread application of multiplex respira-
tory virus nucleic acid testing methods in clinical practice.
Epidemiological interference among respiratory viruses
can affect virus frequency at the host and population levels
and interfere with the subsequent frequency and duration of
a certain virus or type of virus [24-27]. Mitigation measures
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Fig. 2 Frequency trends and changes in the seasons of high frequency
in 2022 and 2023. The length of the colored bars indicates pathogen
frequency. *P<0.05, where two groups are significantly different.
HRV had the highest frequency rate among all pathogens. Compared
to those in 2022, the frequency rates of HRV in 2023 were reduced in
January, March, April, May, June, July, and August (P> 0.05). In Janu-

were gradually eased in countries worldwide with the pro-
gression of the COVID-19 pandemic over time. Whether
the revival of global travel, relaxation of protective mea-
sures, and reopening of public places and schools have led
to a resurgence in respiratory viruses in children, or whether
the lifting of pandemic containment and mitigation mea-
sures and the frequency of COVID-19 have interfered with
the transmission of other respiratory pathogens are unclear.

The study was based at the First People’s Hospital of
Yunnan Province, which has over 2,000 hospital beds and
receives more than 2.5 million patients annually. Our results
revealed that the overall frequency rate of common respira-
tory pathogens among children was not significantly affected
by the pandemic containment and mitigation measures and
remained high throughout the study period. However, the
frequency rate determined in this study was considerably
higher than the reported rates of 32.1% in Australia [28] and
36% in Xuzhou, China [29], indicating significant regional
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ary 2023, all pathogens exhibited an interruption in frequency except
for HRSV, HMPV, and Mp. The frequency of InfA-HIN1 rebounded
significantly in 2023, and RSV increased in February to October
(P> 0.05). Conversely, the frequency rates of HADV and Mp in 2023
were reduced, with significant differences in January, March, April,
June, and July (P> 0.05)

differences in respiratory pathogen frequency in children.
Our results also indicated higher frequency rates in males
than in females in 2023, which is inconsistent with findings
reported in another study conducted in Guangzhou, China
[30].

The most prevalent pathogens differed before and after
the lifting of pandemic containment and mitigation mea-
sures. The frequency rates of Mp, HADV, and HMPV
significantly decreased in 2023, whereas those of influenza-
like viruses significantly increased in 2023 compared to
2022, with influenza virus A InfA-H1N1pdm09 and HPIV
showing the most notable rebound. The pathogens with the
highest frequency rates differed from those reported in other
studies conducted in China, which may be attributed to dif-
ferences in geographical region, study population, and sam-
ple size [3, 28]. HRV had the highest frequency rate during
the entire study period, which is in agreement with previ-
ously reported findings [27]. HRSV frequency negatively
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Fig. 3 Age distribution of pathogens in 2022 and 2023. The frequency
of most pathogens was highest in children aged 1-3 years and lowest
in those aged 0-28 days. Obvious umbrella-shaped distribution char-
acteristics were observed and with non-significant differences in over-

correlated with InfA frequency, which is consistent with
the results of a study conducted in Germany [31]. At4 to 6
weeks after the lifting of pandemic containment and miti-
gation measures, most pathogens exhibited an interruption
in frequency. This suggests that the resurgence in SARS-
CoV-2 frequency generated a certain degree of interference
at the host level, thereby causing a temporary decrease in
the susceptibility of the host to viral infections and inducing
an immune refractory period toward other pathogens. The
specific mechanisms of interference may be related to the
sustained upregulation of interferon-stimulated genes, che-
mokines, and cytokines caused by the frequency of COVID-
19 [32].

Children aged 1-3 years had the highest frequency rates,
which is consistent with previous findings [3]. Most patho-
gens exhibited obvious umbrella-shaped distribution charac-
teristics and non-significant differences in frequency before
and after the lifting of pandemic containment and mitigation
measures. This suggests that the immature immune system
of young children may have been insufficient to generate
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all frequency from 2022 to 2023 (P> 0.05). HRSV was most common
in children under 2 years of age, and Mp was predominant in the >7
years group. However, except for Mp and InfA-HINT, all other patho-
gens decreased in frequency in the > 7 years group in 2023 (P> 0.05)

immunity after infection, resulting in a higher tendency
for recurrent infections and cross-infections of respira-
tory pathogens. Interestingly, infants had the lowest infec-
tion rates, and most pathogens were undetected in this age
group. Further research is necessary to determine whether
the unique characteristics of respiratory pathogen infections
in infants are related to the immune refractory period caused
by immaturity of the immune system. RSV was most com-
mon among children aged <2 years, which is consistent
with a previous study [33]. In contrast, the Mp infection rate
gradually increased with an increase in age. Our results also
indicated the occurrence of a shift in the season of high fre-
quency of HRV, HRSV, and influenza virus A InfA-H3N2.
However, further tracking and monitoring will be required
to determine whether such shifts in the season of high fre-
quency are temporary or ongoing changes owing to the
short duration of the study.

Before December 2022, China had adopted a differ-
ent response strategy from other countries. SARS-CoV-2
was undetected from week 1 to week 49 in 2022; precise
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Fig. 4 Weekly frequency of 13 respiratory pathogens and SARS-
COV-2 in 2022 and 2023. The frequency of COVID-19 sharply
increased from week 50 of 2022 and continued to be an epidemic.
Conversely, common respiratory pathogens significantly declined in

prevention and control prevented the spread of the new
coronavirus. Since the lifting of pandemic containment and
mitigation measures in December 2022, the frequency of
COVID-19 sharply increased and continued to be an epi-
demic; however, in weeks 1 to 3 of 2023, common respi-
ratory pathogens significantly declined and reached their
lowest level. This finding demonstrates the existence of
an obvious negative correlation between the frequency of
COVID-19 and other pathogens, which is consistent with
the finding of a previous study (Fig. 4) [24].

Co-infections with pathogens were mainly dominated
by double-pathogen infections; however, the patterns of co-
infection became more complex in 2023. It remains unclear
whether such changes in co-infection patterns are related
to re-entry into the period of high exposure to bacteria and
viruses. However, such a phenomenon should receive ade-
quate attention from clinical fields, communities, and epi-
demic prevention and control authorities. The co-infection
rate of HRV was considerably higher than that of all other
pathogens and the elucidation of the mechanisms of co-
infections is currently a focal topic in research [28]. Screen-
ing for SARS-CoV-2 revealed the presence of only six cases
of co-infection with SARS-CoV-2 and other pathogens,
which again demonstrates the existence of viral interference
between COVID-19 frequency and other pathogens.
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weeks 1 to 3 of 2023 and reached their lowest level. Negative correla-
tions were evident between the frequency of COVID-19 and that of
other pathogens

Despite our promising results, this study also had cer-
tain limitations. (1) The study was confined to Kunming,
China, which could limit the generalizability of the find-
ings to other regions with different climatic and population
characteristics. Clinical and epidemiologic features of some
other diseases may be linked to the geographic regions asso-
ciated with the subjects [34, 35]. (2) Only a limited range
of respiratory pathogens were included in the study, which
may not encompass all bacteria and viruses that cause respi-
ratory tract symptoms in children and those that are detected
using other diagnostic tools, e.g., culture, antigen testing,
and sequencing [36—41]. (3) Samples were collected from a
single hospital over a short period, so studies with a longer
study period and wider sample range will be conducted in
the future to fully capture long-term trends and epidemio-
logical shifts.

The present study, for the first time, presents valuable
insights into the changes in the types and frequency patterns
of common respiratory pathogens in children with ARTIs
in Kunming during the post-COVID-19 pandemic period
under the influence of changes in pandemic prevention and
control measures and interference caused by the COVID-
19 pandemic. These findings enhance our understanding of
the interactions among respiratory pathogens, serve as valu-
able data for this unique historical period, and are of great

@ Springer



European Journal of Clinical Microbiology & Infectious Diseases

InfB |-

HADV

HMPV -

InfA -

HRSV |-

HCOV |-

HPIV |-

Boca |-

HRYV |

Coinfection %

1.00
3.25

5.50

7.75

10.00

InfB |-

HADV [

HMPV |-

InfA |-

HRSV |-

HCOV -

HPIV |-

Boca |-

HRV |

Boca HPIV HCOV HRSV InfA

Fig. 5 Co-infection pairwise calculation of composition ratio in dif-
ferent years (upper is 2022, lower is 2023). The numerator was the
number of patients co-infected with ‘X’ and °Y,” and the denominator

significance for the effective control of RTIs and the reduc-
tion of the harm caused to pediatric health by respiratory
pathogens.
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