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Abstract 

Background Lower respiratory tract infections (LRTIs) are one of the leading causes of hospital admissions 
among children. In this study, we aimed to describe the epidemiological characteristics of viral pathogens associated 
with LRTIs in hospitalized children in Yan’an; this has yet to be reported in the literature and may guide public health 
interventions and resource allocation in this region.

Methods Between June 2021 and May 2023, we conducted a retrospective analysis of the results of viral detection 
using oral pharyngeal swabs from 4565 children with LRTIs in the Inpatient Department of Yan’an University Affili-
ated Hospital. Eleven respiratory viruses, including influenza A virus (Flu A), influenza A H1N1 virus (H1N1), seasonal 
influenza A H3N2 virus (H3N2), influenza B virus (Flu B), parainfluenza virus (HPIV), adenovirus (HADV), bocavirus 
(HBoV), rhinovirus (HRV), metapneumovirus (HNPV), coronavirus (HCoV), and respiratory syncytial virus (HRSV), were 
confirmed by applying a multiplex real-time polymerase chain reaction (PCR) kit for respiratory viruses. We evaluated 
the epidemiological features of infections caused by respiratory pathogens, including aging, gender and the seasonal 
variations of different pathogens, and explored the high-risk factors associated with virus-caused pneumonia.

Results At least one virus was detected in all 4565 cases; the positivity rate was 27.95%. We also detected a total 
of 1,276 cases with mixed infections (with two or more viruses). Of the positive cases, 59.3% were male and 40.7% 
were female (x2 = 0.41, P = 0.68). The highest positivity rates for respiratory pathogens were observed for HRSV, HRV, 
and HADV, at 5.98%, 5.67%, and 4.38%, respectively. We also observed variations in the number and positivity rates 
of respiratory pathogen infections by season, age and gender. HPIV (x2 = 12.05, P < 0.05) and HADV (x2 = 11.73, P < 0.05) 
were more common in children under three years-of-age. Notably, with the exception of the 1 to < 3 years age group, 
males consistently demonstrated elevated infection rates across other age groups.

Conclusions Our analysis revealed that respiratory pathogen infections varied by gender, season, and age 
in the enrolled population of children.

Keywords Children, Respiratory tract infections, Respiratory virus, Epidemiology

Background
Respiratory viruses are the main cause of lower respira-
tory tract illnesses (LRTIs) in the pediatric population 
[1]. The Global Burden of Disease (2019) study reported 
that LRTIs are the second highest cause of health burden 
in children [2] while severe pneumonia was reported as 
the major cause of morbidity and mortality in children, 
especially those under five years-of-age [3]. These LRTIs 
are also known to impose significant financial strain on 
families [4]. According to the World Health Organization 
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(WHO), LRTIs and pneumonia account for more than 
4 million deaths annually [5].

Over the last few decades, the diagnostic work up of 
clinical infections has changed significantly, especially 
with the rapid development of molecular diagnostic 
methods [6, 7]. In particular, the multiplex polymerase 
chain reaction (PCR) assay has been confirmed as a sig-
nificantly more advanced tool for the clinical detection of 
potential pathogens. This method is used to detect a wide 
range of respiratory pathogens, including, but not limited 
to, influenza viruses (A and B), human rhinovirus (HRV), 
respiratory syncytial virus (HRSV), human adenovi-
rus (HADV), human parainfluenza viruses (HPIV), and 
human metapneumovirus (HMPV), providing a com-
prehensive approach to identifying potential infectious 
agents in respiratory illnesses [8, 9].

In Yan’an, previous studies have not employed a multi-
plex PCR assay platform to assess local epidemic patho-
gens and their detection rates in this specific population. 
This study aimed to describe the epidemiological charac-
teristics of eleven respiratory viruses detected in pediat-
ric patients, focusing on factors such as age, gender, and 
seasonal variations of different pathogens. In addition, we 
explored the high-risk factors associated with pneumonia 
caused by these viruses.

Participants and methods
This retrospective study was approved by the Ethics 
Committee of the Yan’an University Affiliated Hospital, 
China (Reference: S-S20230003).

Study site
This study was performed at the Pediatric Inpatient 
Department of Yan’an University Affiliated Hospital in 
Yan’an, Shanxi, China. Yan’an is located in the northern 
part of Shaanxi Province, Yan’an has a plateau continen-
tal monsoon climate; the northern part of this region has 
a semi-arid climate while the southern part has a semi-
humid climate.

Participants
Our study included all hospitalized children between 
the 1st of June 2021 and the 31st of May 2023 who had 
been diagnosed with LRTIs in the Inpatient Depart-
ment of Yan’an University Affiliated Hospital. Patients 
were included if they met the diagnostic criteria for 
acute upper respiratory tract infection or acute lower 
respiratory tract infection according to the national 
diagnostic criteria for pediatric respiratory tract infec-
tion. Patients were excluded if there was no pathogenic 
testing data available. These children had all been sub-
jected to 11 respiratory pathogen tests. For each patient, 
we collated a range of data from an electronic medical 

records system, including hospitalization number, sex, 
age, diagnosis, and the results of diagnostic tests. A 
total of 4,565 patients (2,664 males and 1,901 females) 
were included in our analysis (ages ranged from 0 to 14 
years). The patients were divided into four groups by 
age: <1 year (group I), 1–< 3 years (group II), 3–< 6 years 
(group III), and ≥ 6 years (group IV). Based on the cli-
matic conditions of China, the four seasons were catego-
rized as follows: March, April, and May were considered 
to be spring; June, July, and August were considered to 
be summer; September, October, and November were 
considered to be autumn; and December, January, and 
February of the next year were considered to be winter. 
The temperature and precipitation data in Yan’an were 
gathered from the China Meteorological Administration 
Government Website (https:// www. cma. gov. cn).

Specimen collection
Throat swabs for the nucleic acid testing of respiratory 
pathogens were collected within 24 h of a child’s admis-
sion by trained pediatric nurses. The collection process 
was as follows: (1) cleaning the child’s mouth and teeth 
to ensure that the area was free from any debris or con-
taminants, and (2) the application of a flocking swab to 
reach the child’s pharyngeal isthmus. The flocking swab 
was inserted gently into the child’s mouth and directed 
towards the pharyngeal isthmus, the narrow passage 
between the back of the mouth and the throat. The swab 
was then used to wipe the posterior pharyngeal wall and 
bilateral tonsils; rotational movements were used to max-
imize the contact surface. After sampling, the swab was 
swiftly extracted from the child’s pharyngeal isthmus and 
immediately placed in a sample tube containing 3 ml of 
the sample solution provided with the kit(ResP® 13 Res-
piratory Pathogen Multiplex Detection Kit, NINGBO 
HEALTH GENE TECHNOLOGIES Co., LTD). The sam-
ple tube was then sent for examination within 30 min to 
ensure the integrity of the collected sample.

PCR capillary electrophoresis fragment analysis for eleven 
respiratory pathogens
Assays were developed for 11 respiratory pathogens, 
including influenza A virus (Flu A), influenza A H1N1 
virus (H1N1), seasonal influenza A H3N2 virus (H3N2), 
influenza B virus (Flu B), parainfluenza virus (HPIV), 
respiratory syncytial virus (HRSV), bocavirus (HBoV), 
rhinovirus (HRV), metapneumovirus (HNPV), corona-
virus (HCoV), and adenovirus (HADV). This test com-
prehensively covers the clinical high positive rate and 
severe high-risk viruses, and can achieve the joint detec-
tion of multiple pathogens, thus providing a compre-
hensive, accurate and rapid detection method for the 
clinical diagnosis of acute respiratory infection and the 
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differential diagnosis of COVID-19. For each patient, 
throat swabs were collected and multiple fluorescence 
quantitative PCR tests were carried out in accordance 
with the instructions provided in a Respiratory Patho-
gen Detection Kit (Ningbo Haishi Gene Technology Co., 
Ltd., Ningbo, China). Eleven sets of specific primers were 
employed, and one-step reverse transcription polymerase 
chain reaction (RT-PCR) was performed in a single tube 
to amplify target fragments. The nucleic acid samples 
were amplified through a series of RT-PCR steps: first, 
pretreatment at 25℃ (5 min) for one cycle, reverse tran-
scription at 50℃ (15 min) for one cycle, and pre-denatur-
ation at 95℃ (2 min) for one cycle; secondly, denaturation 
at 94℃ (30 s), annealing at 65℃ (30 s), and extension at 
72℃ (60  s) for six cycles, a step that was repeated until 
the annealing temperature reached 60℃; there was a 1℃ 
touchdown every six cycles. third, denaturation at 94℃ 
(30  s), annealing at 60℃ (30  s), and extension at 72℃ 
(60  s) for 29 cycles; finally, the products were extended 
at 72℃ (10  min) for one cycle and were kept at 4℃ for 
one cycle. To separate amplification products of differ-
ent lengths, we performed capillary electrophoresis and 
the GenomeLab GeXP Genetic Analysis System (Beck-
man Coulter). The samples were analyzed by trained 
professionals who then generated a report based on their 
findings.

Statistical analysis
Data are presented as number [n(%)] and were tested by 
Chi-squared tests with the Bonferroni correction method 
in SPSS Statistics for Windows, version 29.0 (IBMCorp., 
Armonk, N.Y., USA). Generalized linear regression was 
used to assess the relationships between independent and 
dependent variables while controlling for potential con-
founders. Then, we calculated odds ratios (ORs) with 95% 
confidence intervals (CIs). The models were adjusted for 
age, gender and season. Data were analyzed by R software 
(The R Foundation; http:// www.r- proje ct. org; version 4.2.1) 

and EmpowerStats software (www. empow ersta ts. net, X&Y 
solutions, Inc. Boston, Massachusetts). GraphPad Prism 9 
software was used for mapping. A P-value < 0.05 was con-
sidered to be statistically different.

Results
General characteristics of the enrolled patients
Of the 4565 cases included in our analysis, 1276 were 
positive for at least one virus, with a total positivity rate 
of 27.95%. There were 2664 males and 1901 females 
included in our analysis, with a mean age of 3.3 ± 2.9 
years; 1068 were under 1 year-of-age, 1050 were 1–3 
years-of-age, 1519 were 3–6 years-of-age, and 928 were 
over 6 years-of-age. Positive cases involved 757 (59.3%) 
males and 519 (40.7%) females. The positive rates of 
the 11 respiratory pathogen assays were 5.98% (HRSV), 
5.67% (HRV), 4.38% (HADV), 3.68% (HNPV), 2.83% 
(HPIV), 2.74% (Flu A), 1.97% (H3N2), 1.82% (H1N1), 
1.80% (Flu B), 1.10% (HBoV), and 0.35% (HCoV), respec-
tively. There was no significant difference in gender 
between the groups in terms of positive pathogen detec-
tion(x2 = 0.41, P = 0.68), although the age groups showed 
a statistically significant difference ( x2 = 57.05, P < 0.001, 
Table  1). As shown in Fig.  1, the number and positive 
rates of respiratory pathogen detection varied by sea-
son and age. The number and positive rate of respiratory 
virus testing exhibited a trough during winter, especially 
in January and February. However, the total positive rate 
of the 11 viral infections peaked in March on an annual 
basis. The positive rates of respiratory pathogen detec-
tion were highest in the 3–< 6 years-of-age group. There 
are significant differences in respiratory virus infec-
tion rates from June 2021 to May 2024 based on gender 
and age (P < 0.001), as illustrated in Fig.  2. The infec-
tion proportions for both males and females, along with 
various age groups, exhibit significant variation across 
the months (Supplemental Table  E1 and E2). Specifi-
cally, females showed higher infection rates in July 2021, 

Table 1 General characteristics of children infected with respiratory pathogens

The information provided is displayed as a percentage (n). The chi-squared examination for discrete variables. InfA is an abbreviation for influenza A, H1N1 refers 
to influenza A H1N1 virus, H3N2 represents seasonal influenza A H3N2 virus, Flu B stands for influenza B virus, HPIV denotes parainfluenza virus, HADV signifies 
adenovirus, HBoV indicates bocavirus, HRV represents rhinovirus, HNPV refers to metapneumovirus, HCoV stands for coronavirus, and HRSV represents respiratory 
syncytial virus

Flu A H1N1 H3N2 Flu B HPIV HADV HBoV HRV HNPV HCoV HRSV P

Parameters n = 125 n = 83 n = 90 n = 82 n = 129 n = 200 n = 50 n = 259 n = 168 n = 16 n = 273

Sex (Male) 80 (64) 56 (67.47) 55 (61.11) 41 (50) 76 (58.91) 122 (61) 29 (58) 151 (58.3) 95 (56.55) 8 (50) 167 (61.17) 0.609

Age (years)

< 1 17 (13.6) 10 (12.05) 11 (12.22) 6 (7.32) 29 (22.48) 26 (13) 5 (10) 65 (25.1) 20 (11.9) 4 (25) 101 (37) < 0.001

1-< 3 18 (14.4) 16 (19.28) 11 (12.22) 10 (12.2) 42 (32.56) 55 (27.5) 23 (46) 72 (27.8) 36 (21.43) 3 (18.75) 75 (27.47)

3-< 6 54 (43.2) 27 (32.53) 44 (48.89) 39 (47.56) 51 (39.53) 78 (39) 22 (44) 81 (31.27) 102 (60.71) 6 (37.5) 83 (30.4)

≥ 6 36 (28.8) 30 (36.14) 24 (26.67) 27 (32.93) 7 (5.43) 41 (20.5) 0 (0) 41 (15.83) 10 (5.95) 3 (18.75) 14 (5.13)

http://www.r-project.org
http://www.empowerstats.net
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November 2021, December 2021, March 2022, May 2022, 
and December 2022. In contrast, males had higher infec-
tion rates in the remaining months. And except for the 
1-<3 years age group, male infection rates were generally 
higher.

Seasonal, age and gender distribution of various 
respiratory pathogens
As shown in Fig.  3, the positivity rate and number of 
HADV detections exhibited multiple peaks in various 
months, and were highest during winter (October and 
November) in 2022, especially in terms of FluA and 

H3N2. The HRSV peak occurred in November and 
December 2021 but fell rapidly in January. Thereafter, 
the prevalence of HRSV remained low until April 2023. 
In 2021, the first wave of HRV peaked in September, 
followed by a second and third wave in March and July 
2022, but exhibited a clear trough in December and Jan-
uary every year. The positivity of FluB peaked in March 
2022 whereas H1N1 peaked in the same month in 2023. 
Subsequently, peak HNPV positivity was detected 
in spring and summer (April to June) in 2022. HRSV 
and HRV predominated in the < 3 years-of-age group 
(Fig.  4). HNPV were common in the 3–6 years-of-age 

Fig. 1 The detection of pathogens in children with acute respiratory infections. a Monthly distributions of the pathogens detected, and b the 
distribution of pathogens by age

Fig. 2 The detection of pathogens in children with acute respiratory infections by gender. a Monthly distributions of the pathogens detected, 
and b the distribution of pathogens by age
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group, whereas HBoV and HRV were predominant 
in the ≥ 6 years-of-age group. Figure  5 illustrates the 
trends in respiratory virus infections, highlighting the 
gender distribution and mean age of children with 
viral respiratory tract infections across different sea-
sons. The mean age indicates a general upwards trend, 
suggesting that the mean age of infected individuals 
tended to increase over time, reaching a peak of 5.3 
years between Dec 2022 to Feb 2023, coinciding with 
peak infection rates.

Single/co‑infections and association between age/gender 
and type of virus infection
The proportion of viral infection among the 1276 virus-
positive children, and the number of samples tested for 
11 types of viruses, was categorized quarterly, along 
with their proportion of total samples, as shown in 
Supplemental Table E3. Overall, from June 2021 to May 
2024, single virus infections consistently dominated 
across all seasons. We also observed that the propor-
tion of single virus infections in boys was significantly 
higher than that in girls We also found that multiple 

infections significantly increased between September 
and November 2022, particularly among males and 
children over 3 years-of-age (Fig.  6). In other periods, 
the proportion of dual infections was relatively low, 
with the lowest occurrence observed from November 
2021 to February 2022 (Supplemental Table  E4 and 
Fig. 7). The most common co-infection of two respira-
tory viruses was Flu A and H3N2, followed closely by 
Flu A and H1N1 (Fig.  8). After stratifying by gender 
and age, a comparison of the number and proportion 
of dual infections revealed that dual infections were 
significantly more common in children under 6 years 
of age, with boys being more likely to be infected than 
girls (Supplemental Table  E5). In addition, the num-
ber of triple virus infections rose significantly between 
September and November 2022, with minimal occur-
rences in other time frames. A summary of the patterns 
of triple and quadruple infections can be found in Sup-
plemental Table  E6. Notably, during the same period, 
a 5-year-old girl tested positive for four viruses simul-
taneously for the first time: Flu A, H3N2, HPIV, and 
HADV.

Fig. 3 Monthly distributions showing the detection of 11 respiratory pathogens: a the positive rate of pathogen detection, and b the number 
of pathogens

Fig. 4 The detection of eleven respiratory pathogens in children stratified by age: a the positivity rate for pathogenic detection, and b the number 
of pathogens detected
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The associations between age/season/gender and various 
respiratory pathogens
As shown in Tables  2 and 3, multivariate regression 
analysis revealed that FluA infections occurred more 
often among children aged ≥ 6 years-age and in autumn 

(P < 0.01); H1N1 was also commonly found in children 
aged ≥ 6 years-of-age and occurred more commonly in 
spring (P < 0.01). H3N2 predominated in children aged 
3–6 years and majorly in the autumn season (P < 0.01); 
FluB was commonly detected in children aged ≥ 6 

Fig. 5 Gender Distribution and Mean Age of Children with Viral Respiratory Tract Infections by each Season (June 2021 to May 2024)

Fig. 6 Percentage of single and multiple virus detections by season, gender, and age group (June 2021 to May 2024). a The number 
and percentage of single virus and multiple virus tests for boys and girls across each season. b The number and percentage of single virus 
and multiple virus tests categorized by four age groups for each season
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years-of-age and was mostly detected during spring 
(P < 0.01). HPIV was mostly detected in children aged < 3 
years-of-age and mainly during summer (P < 0.01). HADV 
was mostly detected in children aged < 3 years-of-age and 
tended to peak in the autumn (P < 0.01). HBoV was com-
monly detected in children aged 1–3 years-of-age and 
mainly in summer (P < 0.01). HRV was mostly detected 
in children aged < 3 years-of-age and peaked in the sum-
mer (P < 0.01). HNPV was most commonly detected in 
children aged 3–6 years-of-age and in spring (P < 0.01). 
HCoV was mostly detected in children aged < 1 year-of-
age and ≥ 6 years-of-age (P < 0.01) but peaked in spring. 
HRSV was most commonly detected in children aged < 1 
year-of-age and during the autumn and winter (P < 0.01). 
Table 4 shows a significant relationship between gender 
and the risk of respiratory virus infections. For all viruses 
except Flu B, HRV, and HCoV, females exhibited lower 
odds ratios (ORs), thus suggesting a reduced risk of infec-
tion compared to males, although this difference was not 
statistically significant.

Discussion
Between early 2020 and December 2022, a wide range of 
stringent non-pharmaceutical interventions (NPIs) were 
used to combat the COVID-19 pandemic, including 

mask-wearing, school closures, and social distancing. 
This strategy not only reduced the transmission of the 
Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) but also influenced the prevalence patterns of 
other common respiratory viruses [10]. For instance, 
social distancing, mask-wearing, and enhanced hygiene 
practices contributed to a marked decline in the circu-
lation of influenza and other respiratory viruses, which 
typically follow seasonal patterns. Health data from vari-
ous regions showed a significant drop in flu cases dur-
ing periods when COVID-19 restrictions were in place, 
thus suggesting that the interventions for controlling the 
pandemic inadvertently suppressed the transmission of 
these other viruses. This phenomenon has provided a 
unique opportunity to study the effects of public health 
strategies on a range of respiratory illnesses, potentially 
offering insights into more effective approaches to man-
age viral diseases in the future. Due to the strict imple-
mentation of these NPIs, the incidence of SARS-CoV-2 
was significantly reduced, and individuals infected with 
the virus were promptly transferred to specialized infec-
tious disease hospitals for appropriate medical care. 
Consequently, the scope of this study on hospitalized 
children did not involve individuals diagnosed with 
COVID-19.

Fig. 7 Gender Distribution and Mean Age of Children with dual Viral Respiratory Tract Infections by each Season (June 2021 to May 2024)
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The rigorous enforcement of NPIs effectively curbed 
the transmission of SARS-CoV-2 [11]. As a result, the 
infection rate of other respiratory pathogens typically 
linked to acute respiratory infections was reduced fur-
ther, dropping to 27.9% compared to its previous value 
prior to the COVID-19 pandemic. In this study, we found 
that the highest positivity rates for respiratory pathogens 
were observed for HRSV, HRV, and HADV, at 5.98%, 
5.67%, and 4.38%, respectively. This study reveals that 
even amidst the implementation of NPIs in our region, 
HRSV infections continued to demonstrate signifi-
cant recurrence, accompanied by pronounced epidemic 
peaks. It is noteworthy that with the gradual implemen-
tation of NPIs, HRSV infections experienced a prolonged 
period of low incidence; however, they remain prone to 
potential seasonal outbreaks or epidemics. During this 
period, however, rhinoviruses experienced three epi-
demic peaks. Although the positive rate of HRV infec-
tions has been declining, the potential for a resurgence of 
HRV outbreaks remains uncertain following the relaxa-
tion of these measures. Additionally, it is important to 
note that HAD exhibited a gradually increasing positive 
rate during the later stages of the NPIs, reaching a peak 
in the winter of 2022 (October and November). Previous 
research conducted in South Korea indicates that under 

clinical surveillance systems, the scale of localized trans-
mission of HRSV and six other viruses, including HRV, is 
approximately half of what it was prior to the NPIs [12]. 
Additionally, reports from Taiwan highlight instances 
of HRSV infections occurring post-relaxation of NPIs, 
despite strict limitations on international entry, with no 
concurrent influenza outbreaks observed [13]. Interest-
ingly, the impact of NPIs was not uniform across all com-
mon respiratory viruses: rhinoviruses and adenoviruses 
continued to circulate in Australia during the pandemic, 
even after the initial disruption of normal transmission 
[14]. However, during the implementation of COVID-
19-related restrictions, studies found that the genetic 
diversity of RSV in Australia significantly decreased [15]. 
Conversely, epidemiological modeling studies conducted 
in the United States by Baker et  al. [16]. suggested that 
prolonged NPI periods may lead to an accumulation of 
infants susceptible to HRSV, thereby increasing the like-
lihood of localized transmission post-NPIs. This under-
scores the necessity for ongoing and vigilant monitoring 
of HRSV recurrence in real-world scenarios, particu-
larly in the context of lifting NPIs. Simultaneously, we 
observed that in the later stages of the NPIs, peaks of 
Influenza A virus and H3N2 infections also emerged. 
Notably, these two viruses were the most prevalent in the 

Fig. 8 Heat map shows co-infection of two respiratory viruses
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dual infection cases identified in this study, indicating a 
clear co-infection phenomenon. This suggests that as 
NPIs were relaxed, the interactions between different res-
piratory viruses intensified, leading to an increased inci-
dence of co-infections. The concurrent peaks of Influenza 
A and H3N2 highlight the potential for complex epidemi-
ological dynamics in the post-NPIs environment, raising 
concerns about the implications for public health and the 
management of respiratory viral infections. Understand-
ing these interactions is crucial for developing effective 
strategies to monitor and control viral infections in pop-
ulations, especially during the respiratory virus season.

These findings align with a previous study conducted 
in Shanghai, which reported a similar reduction in the 
infection rate of viral respiratory pathogens to 27.5% [17]. 
In the present study, our analyses revealed that HRSV, 
HRV, and HADV were the most prevalent pathogens 
detected in children suffering from LRTIs, rather than 
HIPV and HMPV [18]. This finding suggests that the 
implementation of NPIs may have influenced the preva-
lence and pathogenicity of common respiratory patho-
gens, such as influenza, RSV, rhinovirus, and adenovirus. 
The observed reduction in infection rates and the over-
all impact on the transmission dynamics of these viruses 
highlight the potential broader effects of NPIs on respira-
tory health beyond their intended target of SARS-CoV-2. 
This has significant implications for public health strat-
egies and warrants further investigation into the long-
term consequences of pandemic control measures on the 
epidemiology of respiratory infections.

In addition, our analyses confirmed the prevalence of 
common respiratory pathogens during the winter and 
spring seasons; this information was consistent with pre-
vious research findings [19]. Based on the significant dif-
ferences in respiratory virus infection rates found in this 
study regarding gender and age, it was first noted that 
males had higher infection rates in most months, which 
may be related to biological response differences in virus 
infections between genders. For example, the immune 
system of males may be more easily suppressed than 
that of females in certain situations. Additionally, male 
children may participate in outdoor activities more fre-
quently, increasing their chances of exposure to viruses, 
which may further lead to an increase in infection rates. 
In the analysis of age groups, it was found that, except 
for the 1-<3 years age group, males generally had higher 
infection rates in other age groups. Furthermore, we 
observed that these occurrences were more prominent in 
children aged 3–6 years-of-age. This could be attributed 
to the fact that children in this age group had recently 
started attending kindergarten and engaging in collective 
activities, thus making it challenging for them to consist-
ently adhere to NPIs during outdoor activities [20].

The rate of respiratory viral infections is usually sea-
sonal [21], with peaks occurring during specific times 
of the year, often in the fall and winter months. The epi-
demiology of these infections can vary across different 
countries and populations [22, 23], and is influenced 
by factors such as climate, population density, social 
behaviors, and healthcare infrastructure. For example, 
in temperate regions, influenza and RSV infections typi-
cally exhibit distinct seasonal patterns, while in tropical 
regions, the patterns may differ due to less pronounced 
seasonal variations. In addition, variations in vaccina-
tion coverage, age distribution, and immune status within 
populations can further impact the epidemiological pat-
terns of respiratory viral infections. Understanding these 
patterns in more detail is crucial for developing targeted 
public health interventions and optimizing healthcare 
resources to effectively mitigate the impact of respiratory 
pathogens. Moreover, the pattern of viral spread usually 
occurs between October, November, and March, with 
peak incidence in January and February [24]. In the pre-
sent study, localized outbreaks of influenza viruses were 
observed in October, November, and March, with differ-
ent circulating strains each year. However, unlike previ-
ous epidemics, we revealed the underestimation of cases 
in both January and February. This underestimation was 
identified by the comprehensive analysis of surveillance 
data, including clinical testing, hospital admissions, and 
community-based monitoring. The general findings of 
this study align with previous research [25–27], as HRSV 
and HRV were identified as the most detectable respira-
tory pathogens during this period. The underestimation 
of cases in January and February may be attributed to 
factors such as limited testing capacity, asymptomatic 
or mild cases going unreported, and challenges in dif-
ferentiating COVID-19 from other respiratory infections 
based on clinical symptoms alone. This highlights the 
importance of robust surveillance systems and accurate 
diagnostic tools to capture the true burden of respiratory 
infections, especially during public health emergencies. 
Furthermore, it is worth noting that the peak prevalence 
of HRSV occurred between October and December 
2021; this was followed by a sharp decline which did not 
continue into 2022. This observation raises the possibil-
ity of interference between respiratory viruses, where the 
presence of one virus affects the transmission or patho-
genicity of another [28]. Interference in this context may 
be caused by a phenomenon known as viral interfer-
ence, where the immune response triggered by one virus 
can impede the replication or spread of a different virus 
[24]. Furthermore, competition for susceptible hosts and 
resources within the host’s respiratory tract may also 
contribute to the observed patterns of viral prevalence. 
Understanding the mechanisms of interference and 
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competition between respiratory viruses is essential for 
elucidating the complex dynamics of co-circulating path-
ogens and their implications for public health interven-
tions and vaccine development. In addition, it is possible 
that the peak of SARS-CoV-2 infection during the sum-
mer months could have potentially influenced the preva-
lence of H1N1 [29]. Furthermore, previous research has 
shown that HRSV tends to circulate more among infants 
and exhibits a decreasing trend as age increases [28]. 
This suggests that infants and young children are more 
susceptible to HRSV infections, while older individuals 
may have acquired immunity or reduced susceptibility 
due to previous exposure. Understanding the age-related 
patterns of HRSV circulation is crucial for targeting vac-
cination efforts and implementing preventive measures 
to protect the most vulnerable populations, particularly 
infants and young children, from severe respiratory ill-
ness caused by HRSV. This suggests that NPIs may not 
have exerted a significant influence on the seasonality 
and population characteristics of HRSV. However, this 
does not rule out the possibility that the stricter enforce-
ment of NPIs could be associated with increasing age. 
It is important to consider the potential impact of NPIs 
on different age groups and population subgroups when 
evaluating their effectiveness in mitigating the trans-
mission of respiratory viruses. In addition, the interplay 
between NPIs, age-related immunity, and viral circula-
tion dynamics warrants further investigation to better 
understand the complex interactions shaping the epi-
demiology of HRSV and inform public health strategies 
aimed at controlling respiratory infections.

In contrast, HRV can be detected in almost every sea-
son; this is because HRV is a non-enveloped virus, and 
is relatively resistant to ethanol-containing disinfectants 
[30]; furthermore, this virus can survive on environmen-
tal surfaces over a prolonged period of time [31]. In this 
study, we found that HRV was prevalent throughout the 
year, except for the winter, and was common in all age 
groups. Prior to the COVID-19 epidemic, higher hos-
pitalization rates were observed in years where the pre-
dominant circulating virus was influenza in southeast 
China [32]. However, with the implementation of NPIs, 
the dominant strains of influenza virus have not changed 
[33], although there has been a significant decline in the 
detection rate over time, which is now reported to be 
6.4%. Similar trends have been observed in other areas 
such as Shanghai [17], Hong Kong [34], and New Zealand 
[35], where the implementation of NPIs has resulted in a 
reduction in the detection rate of influenza virus.

There are some limitations to our study that should be 
considered. Firstly, we did not take into account bacte-
rial infections and infections caused by atypical patho-
gens. Atypical pathogens are agents that cause respiratory 

infections but are not detected by standard bacterial 
cultures or methods, often requiring specific serologi-
cal or molecular tests for diagnosis. Examples include 
Mycoplasma pneumoniae, Chlamydophila pneumoniae, 
and Legionella pneumophila. These organisms can lead 
to clinical presentations that are similar to those caused 
by typical respiratory pathogens, and their exclusion 
from our analysis could have potentially contributed to 
an underestimation of the total burden of respiratory 
infections recorded in our data. Secondly, the observa-
tion period was not extensive enough to provide a com-
prehensive understanding of the trends and dynamics of 
respiratory infections over time. Additionally, patients 
with comorbidities, such as high body mass index (BMI), 
asthma, and hay fever were not excluded from the analy-
sis. Our primary focus was the trends of pathogen preva-
lence; the collection of comprehensive data regarding 
comorbidities was limited, particularly among hospital-
ized patients. This limitation may affect the interpretation 
of our results, as the presence of these conditions could 
influence the severity of respiratory infections and the 
associated pathogen profiles.

In conclusion, this study highlights the need for age, 
gender and season-specific surveillance and prevention 
strategies, which could lead to more effective control of 
respiratory infections in pediatric populations. To build 
on the knowledge from this study, future research should 
aim to explore the underlying mechanisms that contrib-
ute to the observed variations in pathogen prevalence, 
such as differences in immunity, social behavior, and 
environmental factors. Additionally, longitudinal studies 
could provide a better understanding of the long-term 
health impacts of these infections and the effectiveness 
of interventions over time. The development of more 
targeted vaccines and treatment protocols, considering 
these demographic factors, could also be an essential 
next step in reducing the disease burden among children.

Conclusion
Our analysis found that the prevalence of respiratory 
pathogen infections varied by age, gender and season in 
the enrolled population of children. The highest positivity 
rates were observed for HRSV, HRV, and HADV. Influenza 
A and H3N2 were more common in the autumn season, 
while H1N1 and influenza B were more common in the 
spring. HPIV and HADV were more prevalent in children 
under 3 years-of-age, while HBoV and HRV predominated 
in children aged 1–3 years-of-age. The findings highlight 
the importance of considering gender, season, and age 
when studying respiratory pathogen infections in children.
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