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Abstract

Background The burden and characteristics of respiratory viral infections in children hospitalized for acute respira-
tory tract infections (ARTIs) during the post-COVID-19 pandemic era are unclear. We analyzed the epidemiological
and clinical characteristics of pediatric patients hospitalized with common respiratory virus infections before and after
relaxation of non-pharmaceutical interventions in Hangzhou, China and evaluated the diagnostic value of the six-
panel respiratory pathogen detection system.

Methods Six types of respiratory viruses were detected in respiratory samples from children with suspected ARTIs
by multiplex real-time quantitative polymerase chain reaction (RT-gPCR). Changes in virus detection rates and epide-
miological and clinical characteristics, obtained from electronic health records, were analyzed. Binary logistic regres-
sion was used to identify respiratory tract infections risk factors. Multiplex RT-gPCR and targeted next-generation
sequencing results were compared in random samples.

Results Among the 11,056 pediatric samples, 3228 tested positive for one or more of six common respiratory patho-
gens. RSV and PIV-3 detection rates differed significantly across age groups (both P<0.001), and were more com-
mon in younger children. PIV-1 was more common in infants, toddlers, and preschoolers than in school-age children
(P<0.001). FluB was predominantly detected in school-age children (P <0.001). RSV-, ADV-, and PIV-1-positivity rates
were higher in 2022 than in 2023. Seasonal viral patterns differed across years. RSV (OR 9.156. 95% CI 5.905-14.195)
and PIV-3 (OR 1.683,95% Cl 1.133-2.501) were risk factors for lower respiratory tract infections. RSV-positivity was asso-
ciated with severe pneumonia (P=0.044). PIV-3 (OR 0.391, 95% CI 0.170-0.899), summer season (OR 1.982, 95% Cl
1.117-3.519), and younger age (OR 0.938, 95% Cl 0.893-0.986) influenced pneumonia severity. Multiplex RT-gPCR
showed good diagnostic performance.

Conclusion After changes in COVID-19 prevention and control strategies, six common respiratory viruses in children
were prevalent in 2022-2023, with different seasonal epidemic characteristics and age proclivities. RSV and PIV-3
cause lower, and FluA, FluB, and ADV more typically cause upper respiratory tract infections. Infancy and summer
season influence severe pneumonia risk. Multiplex RT-gPCR is valuable for accurate and timely detection of respiratory
viruses in children, which facilitates management, treatment, and prevention of ARTIs.
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Background

Acute respiratory tract infections (ARTIs), particu-
larly among children, are a major public health concern
worldwide [1]. ARTIs are caused by various pathogens,
including bacteria, mycoplasmas, Chlamydia, fungi,
parasites, and viruses. Among these pathogens, viruses
are the leading cause of ARTIs in children [2]. Com-
mon viral pathogens associated with ARTIs in children
include influenza virus (Flu), respiratory syncytial virus
(RSV), rhinovirus, parainfluenza virus (PIV), and ade-
novirus (ADV).

The immature immune and respiratory systems of
children, particularly those of infants and preschool-
aged children, render them susceptible to the harm-
ful effects of viral respiratory infections. Infections
occurring early in life can hinder lung development
and increase the risk of asthma [3, 4]. The diagnosis of
virus-induced ARTIs is challenging because of similar
symptoms and changes on clinical images observed
across different viral type infections. In addition, the
same viral pathogen can manifest with various clinical
presentations [5]. Consequently, accurate and timely
detection of these viruses in children with respiratory
infections is essential for a precise diagnosis and to
facilitate optimal clinical management strategies, while
reducing the excessive use of antibiotics [6].

Traditional diagnostic methods, such as viral cul-
ture and serological tests, are time-consuming and have
limitations in terms of sensitivity and specificity. There-
fore, accurate and rapid diagnostic methods are needed
to identify specific viral pathogens that cause ARTIs in
children. In recent years, advances in molecular detec-
tion and gene sequencing techniques have significantly
improved our ability to identify respiratory pathogens.
According to the Chinese Center for Disease Control and
Prevention, ARTIs in children are commonly caused by
Flu, RSV, rhinovirus, PIV, and ADV [7]. Multiple viral
pathogens can be detected in a single test in clinical sam-
ples by using multiplex real-time quantitative polymerase
chain reaction (RT-qPCR), a high-throughput technique
that provides rapid and accurate results.

Furthermore, after the emergence of COVID-19, the
government implemented non-pharmacological inter-
ventions (NPIs), such as wearing masks and social
distancing measures, to reduce the transmission of
SARS-CoV-2 [8, 9]. In late 2022, the government stopped
implementing NPIs. Since then, there have been limited
reports emerging on the incidence, age distribution, sea-
sonal patterns, geographical variations, and pathogens
associated with certain infectious diseases, in compari-
son to the conditions before the onset of the COVID-19
pandemic.[10]. Therefore, the epidemiological and clini-
cal characteristics of pediatric patients hospitalized with
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common respiratory virus infections before and after
relaxation of NPIs remain to be explored.

This study evaluated the clinical applications and epi-
demiological characteristics of common pediatric respir-
atory pathogens during the post-pandemic era, detected
by using multiplex assays, to determine the prevalence,
distribution, and clinical manifestations of respiratory
viruses in different pediatric age groups. Furthermore, we
evaluated the utility of multiplex RT-qPCR and targeted
next-generation sequencing (tNGS) for diagnosing and
characterizing respiratory viral infections, to provide a
basis for improving diagnostic strategies, guiding clinical
management, and implementing preventive measures.

Methods

Study population

We enrolled 11,056 children with suspected ARTIs who
were hospitalized at Hangzhou Children’s Hospital from
March 2022 to February 2024. Their median age was
4 years (range, 31 days—17 years). The cohort comprised
5,862 boys (53%) and 5,194 girls (47%).

The inclusion criteria were age under 17 years and
presence of at least two of the following symptoms: fever
(>38.0 °C), sore throat, cough, hoarseness, runny nose,
nasal congestion/purulent pharyngeal exudate, rapid
breathing, or wet rales. Patients with autoimmune dis-
eases, immunodeficiency, repeated the detection within
2 weeks, or a primary diagnosis unrelated to respiratory
diseases were excluded from the study.

This observational study was conducted in compliance
with the Declaration of Helsinki and approved by the
Hangzhou Children’s Hospital Clinical Research Ethics
Committee (Protocol Number: No. 2021-IRB-74). Patient
privacy was protected through encryption of all identifia-
ble information in the electronic database. Informed con-
sent was not required as no interventions were involved,
and no patient-identifiable information was included in
this study.

Specimen collection and testing

Nasopharyngeal swabs were collected from all hospital-
ized patients by trained medical personnel following
standardized protocols. Nasal swabs were mixed with
1 mL extraction buffer containing surfactant. The sam-
ples were stored at a temperature of 2—-8 °C for a maxi-
mum of 8 h before further processing. Nucleic acids were
extracted from each specimen using a viral nucleic acid
extraction kit (TTANLONG, Xi'an, China). A multiplex
RT-qPCR assay with Tagman probe (X-ABT, Beijing,
China) was used with an ABI7500 system (Thermo Fisher
Scientific, Waltham, MA, USA) to detect six respiratory
viruses: RSV, FluA, FluB, PIV-1, PIV-3, and ADV. The
multiplex RT-qPCR was carried out at 45 °C for 10 min,



Wau et al. Virology Journal (2024) 21:168

followed by 5 min at 95 °C, and then 45 cycles of 15 s
at 95 °C and 45 s at 60 °C. The results were interpreted
according to the manufacturer’s instructions provided
with the assay kit.

tNGS

Total nucleic acids were either extracted manually or
automatedly using a MagPure Viral DNA/RNA Kit
(IVD5412, Magen Biotechnology, Guangzhou, China)
on the KingFisher " Flex Purification Platform (Thermo
Fisher Scientific). Nuclease-free water (Invitrogen,
Waltham, MA, USA) used in the extraction process and
also served as non-template-control to monitor for pos-
sible contamination.

Reverse transcription, multiplex PCR preamplification,
and library preparation for tNGS were performed using
the URP50TM Respiratory Pathogen Microorganism
Multiplex Testing Kit (KingCreate, Guangzhou, China).
Nucleic acid concentration was measured in all samples
using an Equalbit DNA HS Assay Kit (Vazyme Biotech
Co., Ltd, Nanjing, China) with an Invitrogen™ Qubit""
3.0/4.0 (Thermo Fisher Scientific) to ensure a library con-
centration of > 0.5 ng/pL; if this was not achieved, nucleic
acid was re-extracted or libraries were re-constructed.
Qualified libraries were used as inputs for sequencing,
which was performed on the KM MiniSeq Dx-CN plat-
form (KingCreate).

Data collection

Clinical data, including age, sex, nasopharyngeal swab
collection date, clinical diagnosis results, and multi-
plex RT-qPCR test results for the six respiratory viruses
were extracted from the laboratory information system
of Hangzhou Children’s Hospital. ARTIs in children
were grouped into four categories based on age: infants
(<1 year), toddlers (1-3 years), preschoolers (3—7 years),
and school-aged children (7-17 years). ARTIs in children
were grouped into four categories based on the season
in Hangzhou: spring (March to May), summer (June to
August), autumn (September to November), and winter
(December to February). ARTIs were classified as upper
respiratory tract infections (URTIs) or lower respiratory
tract infections (LRTIs), based on the inferior border of
the cricoid cartilage. URTIs included pharyngitis, rhini-
tis, tonsillitis, and influenza without lower respiratory
tract symptoms, whereas LRTIs included bronchitis,
bronchiolitis, and pneumonia.

Statistical analysis

Statistical analyses were performed using the SPSS soft-
ware (version 26.0; IBM SPSS, Inc., Armonk, NY, USA).
Count (percentage) data were used for analysis. The
95% confidence interval (CI) for the detection rate was
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calculated based on the approximate normal distribution
method. The chi-square test was used to analyze the pos-
itivity rates for the six common respiratory pathogens in
different sexes, ages, seasons, and clinical diagnoses. The
chi-square trend test was conducted to compare multiple
groups. Multivariate analysis was performed using binary
logistic regression analysis, and P<0.05 was considered
statistically significant. Sensitivity, specificity, positive-
predictive value (PPV), and negative-predictive value
(NPV) were calculated to analyze the diagnostic perfor-
mance of multiplex RT-qPCR.

Results

Overall findings of the six-panel respiratory pathogen
detection assay

Among the 11,056 collected samples from pediatric
patients, 3228 cases tested positive for at least one of the
six common respiratory pathogens, with an overall detec-
tion rate of 29.20% (95% confidence interval [CI]: 28.35—
30.06%). Among the 3228 positive cases, 3,078 (95.35%;
95% CI 94.57-96.05%) were single-pathogen positive,
while 150 cases (4.65%; 95% CI 3.95-5.43%) were mixed-
pathogen positive. The detection rates from highest to
lowest of each of the six pathogens was in the order RSV,
FluA, PIV-3, FluB, ADV, and PIV-1, with detection rates
of 13.58% (95% CI 12.95-14.23%), 4.79% (95% CI 4.40—
5.20%), 4.52% (95% CI 4.14—4.92%), 3.12% (95% CI 2.80—
3.46%), 2.67% (95% CI 2.38-2.99%), and 1.90% (95% CI
1.65-2.17%), respectively. Among the 150 patients with
mixed-pathogen infections, 148 showed dual positivity,
whereas two showed triple positivity. The top-three com-
binations of mixed infections were RSV +PIV-3 (32.67%,
49/150), RSV+ADV (20.67%, 31/150), and RSV +FluB
(9.33%, 14/150) (Table 1 and Additional file 1).

Age and sex characteristics of six respiratory pathogen
infections in children

The detection rates of six common respiratory pathogens
varied among different age groups in children, with the
highest detection rate of 51.50% (95% CI 48.63—54.36%)
in the infant group, followed by 42.01% (95% CI 40.01—
44.03%) in the toddler group, 26.49% (95% CI 25.21—
27.80%) in the preschool group, and 14.05% (95% CI
12.82-15.35%) in the school-age group. The differences
were statistically significant (x*=821.261, P<0.001).

In the univariate chi-square test, the highest RSV
detection rate was found in the infant group at 31.39%
(95% CI 28.78-34.10%), followed by 24.67% (95% CI
22.94-26.46%) in the toddler group, 10.92% (95% CI
10.03-11.86%) in the preschool group, and 1.55% (95%
CI 1.14-2.06%) in the school-age group. The differences
in positive detection rates among the age groups were
statistically significant (x*=965.212, P<0.001).
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Table 1 General characteristics of enrolled children

Characteristics RSV FluA PIV-3 FluB ADV PIV-1 Total

Total positive samples 1501 (13.58) 529 (4.79) 500 (4.52) 345 (3.12) 295 (2.67) 210 (1.90) 3228 (29.20)
Single infections 1391 512 432 315 239 189 3078
Co-infections 110 17 68 30 56 21 150

Sex

Boys (n=5862) 817 (13.94) 297 (5.07) 264 (4.50) 191 (3.26) 169 (2.88) 113(1.93) 1778 (30.33)
Girls (n=5194) 684 (13.17) 232 (4.47) 236 (4.54) 154 (2.96) 126 (2.43) 97 (1.87) 1450 (27.92)
xz 1.320 2.045 0.003 0.690 2.043 0.025 7.648

P 0.251 0.153 0.956 0406 0.153 0.872 0.006

Age group (years)

Infant group 378 (31.39) 52(432) 141 (11.71) 31(.57) 26 (2.16) 27 (2.24) 620 (51.50)
(age <1 year,n=1204)

Toddler group 582 (24.67) 103 (4.37) 201 (8.52) 53 (2.25) 65 (2.76) 38(1.61) 991 (42.01)
(age 1to <3 years, n=2359)

Preschool group (age 3 to< 7 years, n=4533) 495 (10.92) 221 (4.88) 137 (3.02) 136 (3.00) 135 (2.98) 128 (2.82) 1201 (26.49)
School-age group (age 7 to 17 years, n=2960) 46 (1.55) 153 (5.17) 21(0.71) 125 (4.22) 69 (2.33) 17 (0.57) 416 (14.05)
xz 965.212 2521 354.712 19.262 4241 50492 821.261

P <0.001 0472 <0.001 <0.001 0.237 <0.001 <0.001

Data are presented as n (%) and were analyzed using the chi-square test for categorical variables. Abbreviations: FIuA Influenza Virus A, FluB Influenza Virus B, RSV

Respiratory Syncytial Virus, PIV Parainfluenza Virus, ADV Adenovirus

The PIV-3 detection rate showed a similar pattern to
RSV, with higher detection rates in the infant and tod-
dler groups (11.71%, 95% CI 9.95-13.66%; 8.52%, 95% CI
7.42-9.72%), and a significant decrease in detection rate
in children above 3 years old. The differences in detection
rates among the four age groups were statistically signifi-
cant (x*=354.712, P<0.001). PIV-1 was relatively more
common in the infant, toddler, and preschool groups,
and less common in the school-age group (x*=50.492,
P<0.001).

FluB showed a higher detection rate in school-age
children and a lower detection rate in infants and tod-
dlers, with statistically significant differences among
the age groups (x*=19.262, P<0.001). FluA and ADV
showed no statistically significant differences in detection
rates among different age groups in children (y*=2.521,
P=0.472; x*=4.241, P=0.237) (Table 1).

The overall detection rate in boys was 30.33% (95%
CI 29.15-31.52%), while that in girls was 27.92% (95%
CI 26.70-29.16%). The difference in overall detec-
tion rates between the sexes was statistically significant
(x>*=7.648, P=0.006). However, no significant difference
in the detection rates of individual pathogens were found
between boys and girls in univariate chi-square analysis.

Comparison of detection rates of six respiratory pathogens
in children during 2022-2023

In 2022, of a total of 1625 cases, 593 cases were positive
for at least one of the six common respiratory pathogens,
with a detection rate of 36.49% (95% CI 34.14—38.88%).

In 2023, of a total of 9,431 cases, 2,635 cases were positive
for at least one of the six common respiratory pathogens,
with a detection rate of 27.94% (95% CI 27.04—-28.86%).
The overall detection rate in 2022 was statistically sig-
nificantly higher than that in 2023 (x> =48.634, P<0.001).
Further analysis of the detection rates of individual path-
ogens between these two years showed that the detection
rates of RSV, ADV, and PIV1 were significantly higher
in 2022 than in 2023 (x*=31.772, P<0.001; x*=25.237,
P<0.001; x*=151.887, P<0.001). The detection rate of
influenza B virus was statistically significantly higher in
2023 (3.66%) than in 2022 (0.00%, 0/1625; x2=60.156,
P<0.001). There were no statistically significant dif-
ferences in the detection rates of influenza A virus and
parainfluenza virus type 3 between these two years
(Table 2).

Seasonal characteristics of six respiratory pathogen
infections in children

In the analysis of the seasonal prevalence characteristics
of various pathogens in 2022 and 2023, we found that
RSV had a high prevalence during the autumn and win-
ter seasons of 2022, with an extremely low prevalence
during the summer season, displaying a typical seasonal
pattern. However, in 2023, RSV showed a year-round
prevalence, with the highest detection rate in the sum-
mer season at 16.18% (95% CI 14.76—17.68%), followed
by 14.61% (95% CI 13.25-16.05%) in winter, 13.09%
(95% CI 10.97-15.45%) in spring, and 8.97% (95% CI
8.04-9.97%) in autumn. The seasonal prevalence pattern
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Table 2 Detection of respiratory viruses among different years and seasons

Characteristics RSV FluA PIV-3 FluB ADV PIV-1 Total

Year

2022 293 (18.03) 74 (4.55) 86 (5.29) 0(0.00) 74 (4.55) 94 (5.78) 593 (36.49)
2023 1208 (12.81) 455 (4.82) 414 (4.39) 345 (3.66) 221 (2.34) 116 (1.23) 2635 (27.94)
)(2 31.772 0.167 2410 60.156 25.237 151.887 48.634

p <0.001 0.682 0.121 <0.001 <0.001 <0.001 <0.001
Seasons

Spring (n=917) 120 (13.09) 121 (13.20) 19 (2.07) 2(0.22) 15 (1.64) 1(0.11) 272 (29.66)
Summer (n=2,521) 408 (16.18) 7(0.28) 254 (10.08) 0(0.00) 35(1.39) 16 (0.63) 682 (27.05)
Autumn (n=3,467) 311(897) 156 (4.50) 107 (3.09) 4(0.12) 52 (1.50) 74(2.13) 682 (19.67)
Winter (n=2,526) 369 (14.61) 171 (6.77) 34 (1.35) 339(1342) 119 (4.71) 25(0.99) 999 (39.55)
X 78.842 275.046 275.700 933.046 84.710 41.383 289.151

p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

We exclusively examined the seasonal characteristics of viruses in 2023. Data are presented as n (%) and were analyzed using the chi-square test for categorical

variables

of RSV differed significantly between 2022 and 2023
(x*=192.807, P<0.001).

FluA showed a normal prevalence in the winter of 2022,
with a relatively low prevalence in other seasons. How-
ever, in 2023, FluA had a high prevalence in the spring, at
13.20% (95% CI 11.08-15.56%), followed by 6.77% (95%
CI 5.82-7.82%) in the winter, and the lowest prevalence,
0.28% (95% CI 0.11-0.57%), in the summer. The seasonal
prevalence pattern of FluA differed significantly between
2022 and 2023 (x>=34.277, P<0.001).

FluB was not detected in 2022, but in 2023, a sudden
outbreak of this virus occurred during the winter sea-
son, with a prevalence of 13.42% (95% CI 12.11-14.81%),
but with an extremely low prevalence in the other three
seasons. The seasonal prevalence of FluB differed signifi-
cantly between 2022 and 2023 (x>=654.487, P<0.001).

PIV-3 was prevalent during the summer and autumn
seasons of 2022, but in 2023, its prevalence was 10.08%
(95% CI 8.93-11.32%) during only the summer season,
with a low prevalence in the other three seasons. The sea-
sonal prevalence pattern of PIV-3 differed significantly
between 2022 and 2023 (x>=109.484, P<0.001).

PIV-1 was prevalent during the autumn seasons of
2022 and 2023: 9.47% (95% CI 7.59-11.63%) and 2.13%
(95% CI 1.68-2.67%), respectively. The seasonal preva-
lence pattern of PIV-1 differed significantly between
these years (x*>=19.009, P<0.001).

ADV had a relatively high prevalence during the
autumn and winter seasons of 2022, but in 2023, it had
a high prevalence during the winter season, at 4.71%
(95% CI 3.92-5.61%), whereas its prevalence was low in
the other three seasons. The seasonal prevalence pat-
tern of ADV differed significantly between the two years
(x>=42.837, P<0.001) (Fig. 1).

Further analysis was conducted in this study to inves-
tigate the distribution characteristics of seasons of six
common pediatric respiratory pathogens during the
year 2023. Results revealed significant differences in the
seasonal detection rates of these respiratory pathogens
throughout the year (p<0.001).The distribution of six
pathogens in the four seasonal groups in 2023 was shown
in Table 2.

Multivariate regression analysis of the impact of factors
influencing six-panel respiratory pathogen infections
Using multivariate logistic regression analysis, we exam-
ined the relationship between each pathogen and age, sex
and seasons. Pearson’s correlation coefficients express the
linear relation between variables. The data showed no
correlation between any two pathogens, with coefficients
consistently <0.1 (Additional file 2). For RSV, the odds
ratio (OR) for age was 0.622 (95% CI 0.601-0.644), indi-
cating that a younger age was associated with a higher
risk of RSV infection. For PIV-3, the OR for age was 0.622
(95% CI 0.587-0.660), also suggesting that younger age is
associated with a higher risk of PIV-3 infection. For PIV-
1, the OR for age was 0.782 (95% CI 0.725-0.842), indi-
cating that a younger age was associated with a higher
risk of PIV-1 infection. For FluA and ADYV, after multi-
variate logistic regression analysis, the ORs for age were
0.961 (95% CI 0.931-0.991) and 0.953 (95% CI 0.911-
0.997), respectively, suggesting that younger children
were only slightly more at risk of FluA and ADV infec-
tions, although the differences were still statistically sig-
nificant (Wald=6.311, P=0.012; Wald =4.461, P=0.035,
respectively). However, in the case of FluB, no significant
correlation with age was found by logistic regression
analysis, indicating that age does not notably affect the
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Fig. 1 Comparison of respiratory virus-positivity rates for different seasons in 2022 and 2023

risk of FluB infection. In multivariate logistic regression
analysis, sex group exhibited statistically non-significant
association (Table 3).

The results of multiple logistic regression analysis
showed that the OR for RSV infection in the summer
and winter seasons were 1.486 (95% CI 1.175-1.880)
and 2.046 (95% CI 1.607-2.606), respectively. Thus, RSV
exhibited a bimodal seasonal pattern, with peaks in the
summer and winter of 2023. For FluA virus, the ORs
for seasonal infection were 0.021 (95% CI 0.010-0.045)
in summer, 0.319 (95% CI 0.246-0.413) in autumn, and
0.622 (95% CI 0.481-0.804) in winter. Compared with
the peak of infections in the spring season, the other
three seasons were considered low-risk fact periods.
For FluB, the OR for winter infection was 73.930 (95%
CI 18.336-298.072), indicating a high risk of outbreaks.
For human PIV-3, the ORs for the summer and autumn
seasons were 6.166 (95% CI 3.812-9.973) and 2.449 (95%
CI 1.480-4.051), respectively, with the highest risk of
PIV-3 infection occurring in the summer season. Human
PIV-1 predominantly circulated during autumn and win-
ter seasons, with ORs for autunm and winter seasons
were 26.690 (95% CI 3.690-193.051) and 14.230 (95% CI
1.914-105.824). ADV had a high prevalence in the win-
ter season, with an OR of 3.466 (95% CI 1.999-6.011)
(Table 3).

Diagnostic value of the six-panel respiratory pathogen
detection assay for LRTls and severe pneumonia

In total, 9431 children were enrolled as study participants
for 2023. As shown in Additional File 3, the positivity rate
for the six pathogens in patients with URTIs (32.62%,
95% CI 29.27-36.10%) was significantly higher than that

observed in patients with LRTIs (27.53%, 95% CI 26.59—
28.48%; P<0.001). We designated one as the outcome for
LRTIs and O as the outcome for URTIs, considering them
as the dependent variables. Additionally, we considered
the six pathogens, age, sex, and season of onset as inde-
pendent variables for conducting binary logistic regres-
sion analysis. As shown in Table 4, RSV (OR 9.156. 95%
CI 5.905-14.195, P<0.001) and PIV-3 (OR 1.683, 95% CI
1.133-2.501, P=0.010) were identified as significant risk
factors for LRTIs, while FluA (OR 0.347, 95% CI 0.263—
0.456, P<0.001), FluB (OR 0.421, 95% CI 0.286-0.619,
P<0.001), and ADV (OR 0.249, 95% CI 0.171-0.361,
P<0.001) were more likely to cause URTIs. In 2023, com-
pared to spring, the likelihood of LRTIs was higher dur-
ing summer (OR 3.996, 95% CI 3.199-4.993, P<0.001),
autumn (OR 9.181, 95% CI 7.179-11.741, P<0.001), and
winter (OR 5.385, 95% CI 4.223-6.867, P<0.001).

An older age was found to be associated with a higher
risk of developing LRTIs (OR 1.296, 95% CI 1.253-1.340,
P<0.001). Girls were more likely to experience such
infections (OR 1.254, 95% CI 1.063-1.479, P=0.007)
(Table 4). Notably, PIV-1 did not show any differences in
its association with LRTIs or URTIs.

We enrolled 8,680 pediatric patients clinically diag-
nosed with LRTIs, such as pneumonia, in 2023 and cat-
egorized them into two groups based on the severity of
pneumonia: severe pneumonia and non-severe pneumo-
nia. The overall positivity rate for the six pathogens in the
severe pneumonia group was 25.23% (56/222), whereas
that in the non-severe pneumonia group was 27.60%
(2334/8458). The positivity rate for RSV in the severe
pneumonia group was higher than that in the non-severe
pneumonia group (x*=4.051, P=0.044). Single-factor
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Table 3 Multivariate regression analysis of the impact of factors influencing six-panel respiratory pathogen infections
Dependent Independent variable Beta Standard error Wald OR[95% Cl] P
variable
FIuA Age —0.040 0.016 6311 0.961[0.931-0.991] 0.012
Boys (Ref)
Girls -0.179 0.100 3.208 0.836 [0.688-1.017] 0.073
Spring (Ref)
Summer —3.871 0392 97.734 0.021 [0.010-0.045] <0.001
Autumn -1.143 0.131 75.656 0.319[0.246-0.413] <0.001
Winter -0475 0.131 13.151 0.622 [0.481-0.804] <0.001
FluB Age -0.019 0.018 1.161 0.981[0.948-1.016] 0.281
Boys (Ref)
Girls -0.229 0118 3.730 0.796 [0.631-1.003] 0.053
Spring (Ref)
Summer —-15.103 789.085 0.000 0.000 [0.000-0.000] 0.985
Autumn -0.718 0.868 0.684 0.488 [0.089-2.672] 0.408
Winter 4303 0711 36.593 73.930[18.336-298.072] <0.001
ADV Age —0.048 0.023 4461 0.953[0.911-0.997] 0.035
Boys (Ref)
Girls -0.251 0.139 3.238 0.778[0.592-1.023] 0.072
Spring (Ref)
Summer -0.229 0314 0.529 0.796 [0.430-1.473] 0467
Autumn -0.077 0.298 0.067 0.925[0.516-1.661] 0.795
Winter 1.243 0.281 19.583 3466 [1.999-6.011] <0.001
PIV-1 Age -0.246 0.038 41.695 0.782 [0.725-0.842] <0.001
Boys (Ref)
Girls -0.140 0.191 0.538 0.869 [0.598-1.264] 0463
Spring (Ref)
Summer 1.905 1.034 3.397 6.720 [0.886-50.953] 0.065
Autumn 3.284 1.010 10.584 26.690 [3.690-193.051] 0.001
Winter 2.655 1.024 6.729 14.230[1.914-105.824] 0.009
PIV-3 Age -0474 0.030 246.251 0.622 [0.587-0.660] <0.001
Boys (Ref)
Girls 0.133 0.106 1579 1.143[0.928-1.407] 0.209
Spring (Ref)
Summer 1.819 0.245 54.987 6.166 [3.812-9.973] <0.001
Autumn 0.896 0.257 12.163 2449 [1.480-4.051] <0.001
Winter 0.043 0.298 0.021 1.044 [0.582-1.874] 0.885
RSV Age —-0474 0.018 719.578 0.622 [0.601-0. 644} <0.001
Boys (Ref)
Girls 0.066 0.067 0.962 1.068 [0.936-1.219] 0327
Spring (Ref)
Summer 0.396 0.120 10.939 1.486 [1.175-1.880] 0.001
Autumn 0.072 0.123 0.348 1.075[0.845-1.367] 0.555
Winter 0.716 0.123 33.693 2.046 [1.607-2.606] <0.001

analysis revealed that RSV infection was significantly
associated with the development of severe pneumonia

(OR 1.447, 95% CI 1.025-2.042) (Additional File 3).

Binary logistic regression analysis was conducted to
determine the factors associated with severe pneumonia.

In this study, patients with severe pneumonia were
defined as 1, and those with non-severe pneumonia, as
0. The independent variables included the six pathogens,
along with age, sex, and season. PIV-3 infection was asso-
ciated with non-severe pneumonia (OR 0.391, 95% CI
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Table 4 Multivariate logistic regression analysis of factors influencing lower respiratory tract infections

Independent variable Beta Standard error Wald OR[95% Cl] P

Age 0.259 0.017 229.542 1.296 [1.253-1.340] <0.001
Boys (Ref)

Girls 0.226 0.084 7.188 1.254[1.063-1.479] 0.007
Spring (Ref)

Summer 1.385 0114 148.761 3.996 [3.199-4.993] <0.001
Autumn 2217 0.125 312.246 9.181[7.179-11.741] <0.001
Winter 1.684 0.124 184.213 5.385 [4.223-6.867] <0.001
FIuA -1.059 0.140 57.203 0.347 [0.263-0.456] <0.001
FluB —0.865 0.197 19.392 0421 [0.286-0.619] <0.001
ADV -1.391 0.190 53.351 0.249[0.171-0.361] <0.001
PIV-1 1.039 0.593 3.070 2.826 0.884-9.031] 0.080
PIV-3 0.521 0.202 6.648 1.683[1.133-2.501] 0.010
RSV 2214 0.224 97.960 9.156 [5.905-14.195] <0.001

Table 5 Multivariate logistic regression analysis of factors
influencing severe pneumonia

Independent Beta Standard Wald OR[95% Cl] P

variable error

Age -0.064 0.025 6.378 0.938[0.893- 0.012
0.986]

Boys (Ref)

Girls -0.062 0.137 0.202 0940[0.718-  0.653
1.230]

Spring (Ref)

Summer 0684  0.293 5460 1.982[1.117- 0.019
3.519]

Autumn 0.026 0300 0.008 1.026 [0.570- 0.931
1.847]

Winter 0036 0314 0.013 1.037[0561- 0.908
1.918]

FIuA -0414 0462 0.802 0661 [0.267-  0.370
1.636]

FluB —0449 0528 0.724 0638[0.227-  0.395
1.796]

ADV —1466 1.007 2,120 0231[0.032-  0.145
1.660]

PIV-1 —1.088 1.010 1.160 0337[0.047-  0.281
2438]

PIV-3 —0.940 0425 4891 0391[0.170-  0.027
0.899]

RSV 0.089  0.191 0216 1.093[0.752- 0642
1.588]

0.170-0.899, P=0.027). The incidence of severe pneumo-
nia was influenced by both season and age, with a higher
occurrence observed during summer (OR 1.982, 95% CI
1.117-3.519, P=0.019). Additionally, younger age groups
exhibited a higher risk for this condition (OR 0.938, 95%
CI 0.893-0.986, P=0.012) (Table 5). After adjusting for
seasonal and age-related factors, multivariate regression

analysis revealed no statistically significant differ-
ence in RSV infection between non-severe and severe
pneumonia.

Evaluation of the diagnostic performance of the six-panel
respiratory pathogen panel using tNGS

We randomly selected 138 patients from 8680 clini-
cal cases diagnosed with LRTI in 2023. Among them,
77 patients tested positive in the respiratory panel test
(including 12 cases of mixed infections), while 61 tested
negative. These cases were verified using tNGS of respir-
atory pathogens. The agreement between the multiplex
respiratory panel test and tNGS overall and for each of
the viruses are shown in Table 6.

Discussion

In this large-sample real-world cohort study, we found
that, among the 11,056 pediatric specimens tested,
the total positivity rate for the six different respiratory
viruses was 29.20% (95% CI 28.35-30.06%). In descend-
ing order, the positivity rates were 13.58% for RSV, 4.79%
for FluA, 4.52% for PIV-3, 3.12% for FluB, 2.67% for ADV,
and 1.90% for PIV-1. RSV and PIV-3 detection rates dif-
fered significantly across age groups (both P<0.001), and
were more common in younger children. PIV-1 was more
common in infants, toddlers, and preschoolers than in
school-age children (P<0.001). FluB was predominantly
detected in school-age children (P<0.001). RSV-, ADV-,
and PIV-1-positivity rates were higher in 2022 than in
2023. Seasonal viral patterns differed across years. RSV
(OR 9.156. 95% CI 5.905-14.195) and PIV-3 (OR 1.683,
95% CI 1.133-2.501) were risk factors for lower respira-
tory tract infections. RSV-positivity was associated with
severe pneumonia (P=0.044). PIV-3 (OR 0.391, 95%
CI 0.170-0.899), summer season (OR 1.982, 95% CI
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Table 6 Evaluation of the diagnostic performance of multiplex RT-gPCR for six respiratory viruses

Virus Se (%) [95% Cl] Sp (%) [95% CI] PPV (%) [95% Cl] NPV (%) [95% Cl] Kappa
RSV 93.55 [78.58-99.21] 100 [96.61-100.00] 100 [88.06—-100.00] 98.17 [93.54-99.78] 0.957
FIuA 94.12[71.31-99.85] 99.17 [95.48-99.98] 9412 [71.31-99.85] 99.17 [95.48-99.98] 0.933
PIV-3 100 [86.77-100.00] 100 [96.76-100.00] 100 [86.77-100.00] 100 [96.76-100.00] 1.000
FluB 75.00[19.41-99.37] 100 [97.28-100.00] 100 [29.24-100.00] 99.26 [95.94-99.98] 0.854
ADV 88.89 [51.75-99.72] 100 [97.18-100.00] 100 [63.06—-100.00] 99.23 [95.79-99.98] 0.937
PIV-1 100 [54.07-100.00] 100 [97.24-100.00] 100 [54.07-100.00] 100 [97.24-100.00] 1.000
Total 94.87 [87.38-98.58] 98.33 [91.05-99.96] 98.67 [92.80-99.97] 93.65 [84.53-98.24] 0.927

Se sensitivity, Sp specifitiy, PPV positive-predictive value, NPV negative-predictive value, C/ confidence interval

1.117-3.519), and younger age (OR 0.938, 95% CI 0.893—
0.986) influenced pneumonia severity. Multiplex RT-
qPCR showed good diagnostic performance.

In a previous study, 30.67% of children with ARTIs in
Shanghai were positive for at least one respiratory virus
[11], similar to our findings. The positivity rate for res-
piratory viruses in boys was higher than that in girls,
suggesting that boys may be more susceptible to viral
infections than girls, possibly because their higher activ-
ity levels increase their risk of infection. This was consist-
ent with the findings of previous studies [12, 13].

The incidence of respiratory viral infections decreased
with age. The positivity rate was highest among the
infant and toddler groups, which could be attributed to
the immaturity of the immune system in children under
3 years old. RSV is a prominent pathogen responsible
for respiratory infections in children under the age of
5 years [14]. This study demonstrated the extensive prev-
alence of RSV infections among children aged <3 years,
with a subsequent decline in infection rates as children
grow older [15]. Our study showed that the positivity
rate for PIV-3 was third after that for RSV and FluA. The
age distribution of PIV-3 infections closely resembled
that of RSV infection, with infants predominantly being
affected. Different PIV subtypes have different epide-
miological characteristics. The incidence rate of PIV-1
was lower than that of PIV-3, with the highest positivity
rates observed among preschool-aged children, which
was consistent with previous research findings [16, 17].
Our study provided novel evidence of the epidemiologi-
cal characteristics of these 6 respiratory viruses in this
region of China following NPI relaxation.

Autumn and winter are typically characterized by a
higher incidence of respiratory pathogens, primarily
due to the diminished local resistance of the children’s
respiratory mucosa caused by low temperatures [18].
Additionally, the enhanced stability of viruses in colder
environments facilitates their invasion of the respira-
tory tract [19]. However, the findings of this study indi-
cated that the seasonal prevalence of RSV in 2022 closely

aligned with that of pre-COVID-19 outbreak reports
and epidemic patterns [20]. RSV infections were infre-
quent during summer months and peaked during winter.
In contrast, an atypical pattern emerged in 2023, char-
acterized by a significantly higher infection rate, of up
to 16.18%, during summer followed by a sustained high
prevalence throughout the year. Following the relaxation
of NPIs, Germany and the United States, among other
countries, experienced an off-season RSV epidemic [21,
22]; moreover, New Zealand and Australia observed a
more than five-fold increase in RSV incidence as com-
pared to pre-epidemic levels [23]. Additionally, based on
2 years of monitoring data, PIV-3 was found to be mostly
prevalent during the summer season [17]. Both PIV-3
and RSV are highly prevalent among children under
the age of 3 years. Given the seasonal outbreak pattern
observed for RSV in 2023, our data suggest that is impor-
tant to conduct differential diagnostic tests to distin-
guish between RSV and PIV-3. The highest prevalence of
PIV-1 was observed during autumn. The FluA epidemic
reached its peak in the spring of 2023. Based on influ-
enza surveillance data from China, a wave of influenza
epidemics dominated by subtype A (HIN1) emerged
between mid-February and late April 2023 [24, 25]. This
analysis attributed the occurrence of this winter-like
outbreak to the relaxation of NPIs in late 2022, result-
ing in a significant number of individuals being infected
with COVID-19 from December 2022 to January 2023,
which subsequently delayed the onset of the FluA virus
infection from February to April 2023. Furthermore, an
outbreak of FluB occurred during the winter of 2023,
indicating the need for close monitoring of changes in
virus epidemiology.

Univariate analysis revealed that RSV and PIV-1 exhib-
ited a predisposition towards LRTIs, while multivariate
analysis identified RSV and PIV-3 as the primary influen-
tial factors for such infections. PIV infection can lead to
both URTIs and LRTIs, including common cold, pertus-
sis, bronchitis, bronchiolitis, and pneumonia [26]. PIV-1
is the leading cause of laryngitis, while PIV-3 exhibits a



Wu et al. Virology Journal (2024) 21:168

predilection for inducing LRTIs, such as bronchiolitis
and pneumonia, particularly in the pediatric population
[26, 27]. The likelihood of developing URTIs increases
when individuals are infected with FluA, FluB, and ADV.
The findings of a study conducted in Belgium indicated
that children who contract an influenza virus infection
exhibit a comparatively lower risk of developing associ-
ated complications than those infected with other res-
piratory viruses [28]. According to a hospital-based
surveillance study, the risk of severe ADV infection in
Vietnamese children was consistently low [29]. In addi-
tion, risk factors such as young age, season, and sex were
significantly associated with LRTIs.

Our study indicated that RSV is more commonly found
in patients with severe pneumonia than in those with
non-severe pneumonia, and that RSV is a high-risk fac-
tor for the development of severe pneumonia. These
findings were consistent with those of previous stud-
ies [30—32]. The pathogenesis of RSV infection involves
a complex interplay among multiple pathogenic factors,
immune system responses, and environmental influences
that exacerbate the disease in children [33]. Binary logis-
tic regression analysis suggested that PIV-3 was associ-
ated with non-severe pneumonia as the predominant
manifestation of LRTIs. A case—control study conducted
in seven countries across Africa and Asia revealed that
approximately 60% of children requiring hospitaliza-
tion for severe pneumonia were infected with viruses, of
which PIV accounted for approximately 5%. Moreover,
the proportion of PIV-3 cases varied according to the
severity of pneumonia. Notably, the prevalence of PIV-3
was lower in patients with severe pneumonia than in
those without severe pneumonia [33]. However, no com-
parison has been made with individuals suffering from
non-severe pneumonia. Further research is required to
address this issue. Additionally, young age and the sum-
mer season were identified as significant risk factors for
severe pneumonia.

The six-panel respiratory pathogen detection assay
is a testing kit that has been approved for listing by the
National Medical Products Administration in China
However, further validation is needed to assess its meth-
odological performance. We conducted comparative
verification experiments using the tNSG methodology.
tNGS technology can detect more than 100 common
respiratory infectious pathogens, including viruses, bac-
teria, and Mycoplasma pneumoniae. Additionally, it
can be used to identify specific viral genotypes. A total
of 138 patients were randomly selected for tNGS in this
study. The results demonstrated a high level of concord-
ance between tNGS and multiplex RT-qPCR, with 133
cases exhibiting identical detection outcomes for all six
pathogens. The overall concordance rate was 96.38%,
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indicating that multiplex RT-qPCR is a valuable diagnos-
tic tool that is fast and accurate, and covers target genes
commonly found in six respiratory viruses.

This study had several limitations. First, it was a retro-
spective study conducted at a single center, which may
restrict the generalizability of the findings. Future stud-
ies should consider recruiting participants from multiple
centers to enhance the external validity of the results.
Second, although the study focused on six common res-
piratory viruses, it did not include several other common
respiratory infectious pathogens, such as SARS-CoV-2,
rhinovirus, and Mycoplasma pneumoniae. Third, our
data provided only a snapshot of 2022-2023, emphasiz-
ing the importance of evaluating long-term trends in
positive rates in large samples across different age groups.

Conclusion

This study conducted a comparative analysis of the
prevalence and clinical diagnostic value of six common
respiratory pathogens in children in the Hangzhou area
before and after the adjustment for epidemic prevention
and control strategies in 2022-2023, with a large sam-
ple size. The overall detection rate of the six common
respiratory pathogens in children was 29.20% (95% CI
28.35-30.06%), and the prevalence of each pathogen was
determined. The six most common respiratory pathogens
in children had unique characteristics in terms of age and
season of infection. RSV, PIV-3, and PIV-1 were more
common in infants and young children, with a higher
probability of infection at younger ages. A slight nega-
tive correlation between FluA and ADV infection and
age was found, with a slightly higher infection rate in the
younger age groups. The prevalence rates and seasonal
characteristics of the six pathogens differed significantly
across 2022 and 2023. RSV showed a seasonal anomaly
with a peak in the summer of 2023, and seasonal peaks in
both summer and winter. PIV-3 and PIV-1 showed rela-
tively stable peaks in summer and autumn, respectively.
Therefore, the seasonal characteristics of FluA, FluB, and
ADYV should constantly be monitored. RSV and PIV-3
are high-risk factors for LRTIs, whereas FluA, FluB, and
ADV are more likely to cause URTIs. Young age and
summer season were high risk factors for severe pneu-
monia, whereas PIV-3 was a low-risk factor for severe
pneumonia. The six-panel respiratory pathogen assay
yields a high sensitivity and specificity, making it particu-
larly suitable for the clinical diagnosis of respiratory tract
infections in young children.
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