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Multi-dimensional epidemiology
of pediatric acute respiratory
tract infection in Ningbo,

China (2020-2024): age-

speci c susceptibility,

pathogen dynamics, and
epidemiological trends

Min Jiang', Qian Sun’, Xuedan Qiu, Qianru Mei, Yanye Tu,
Feng Wang* and Qingcao Li*

Department of Clinical Laboratory, The Af liated Lihuili Hospital of Ningbo University, Ningbo, China

Background: Pediatric acute respiratory tract infection (ARTI) constitutes a major
global health threat. Since 2020, global containment measures have disrupted
pathogen circulation patterns, leading to altered epidemiological pro les across
multiple pathogens with marked regional heterogeneity. Current research in
Ningbo predominantly focuses on single-pathogen surveillance or short-term
monitoring, lacking systematic analysis of multi-pathogen interactive dynamics,
age-speci c susceptibility mechanisms, and co-infections.

Methods: Clinical data from all 191,967 pediatric patients with ARTI at Ningbo
LiHuili Hospital (2020—2024) were collected. Laboratory testing including
in uenza A/B virus (IFV-A/B) detection, Mycoplasma pneumoniae (MP) testing,
13 respiratory pathogens analysis, and bacterial culture was systematically
integrated and analyzed.

Results: From 2020 and 2024, the number of ARTI cases initially increased and
then decreased, peaking in 2023. The incidence was highest in autumn and
lowest in summer. Among all cases, 75,001 (39.07%) were diagnosed with acute
lower respiratory infection (ALRI), with children aged 6 years exhibiting the
highest susceptibility. Of the 41,766 cases tested, the overall pathogen
detection rate was 67.61%. IFV-A/B, Human Parain uenza Virus (HPIV), and
Human Adenovirus (HAdV) were more frequently detected in acute upper
respiratory tract infections (AURI) (P < 0.05), while Human Rhinovirus (HRV),
Respiratory Syncytial Virus (RSV), and MP were predominantly identi ed in ALRI
cases (P < 0.05). Each pathogen exhibited age-speci ¢ susceptibility patterns.
Several pathogens, such as IFV-A, MP, and HAdV, displayed distinctive epidemic
peaks. Co-infections were common, with a 17.38% co-infection rate observed in
the group tested for 13 respiratory pathogens, and a higher co-infection rate of
39.49% when testing combined respiratory pathogens and bacteria. Correlation
analysis among pathogens revealed predominant antagonistic interactions
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between viruses, positive associations among bacteria, and generally positive
interactions between viruses and bacteria, though overall correlation strengths
were weak.

Conclusion: Pediatric ARTI exhibit age-speci ¢ susceptibility and pathogen
variation. The 2023—2024 resurgence demands precision control strategies for
optimized intervention.

KEYWORDS

acute respiratory tract infection, epidemic characteristics, Ningbo, pathogen, pediatric

1 Introduction particular focus on the epidemiological features and evolving trends
of respiratory infections during the post-pandemic era. To provide a

Acute respiratory tract infection (ARTI) remains one of thebasis for optimizing the prevention and control strategies and

leading causes of morbidity and mortality among childrerfliagnosis and treatment plans odspiratory tract infections

worldwide (i et al., 202)L It is estimated that over 40 million in children.

pediatric infections occur annually, resulting in approximately

650,000 deathsCpllaro et al., 2093 The etiological agents of

pediatric ARTI are highly diverse, including viruses such a2 Methods

respiratory syncytial virus (RSV), inenza virus, and human

rhinovirus (HRV), as well as bacteria and mycoplasiiaeq 2.1 Study population

et al.,, 2022Wu et al., 2023Zhao et al., 2024 However, the

clinical manifestations of infections caused by different pathogens Clinical data were collected from pediatric patients agedt 0

often overlap considerablyna co-infections are frequent, years who were diagnosed with ARTI at Ningbo Lihuili Hospital,

contributing to diagnostic challenges and the overuse difetween January 1, 2020 and December 31, 2024. ARTI waide

antibiotics ghu et al., 2026 These circumstances highlight anas the presence of new-onset symptoms such as cough, sputum

urgent need for precision diagnostics and treatment. production, rhinorrhea, fever, sore throat, or abnormal lung
Since the beginning of the 21st century, the world has witnessadscultation ndings. The data encompassed multiple variables,

several pandemics of respiratory infectious diseasese( al., including sex, age, time of infémt, clinical manifestations,

2023. Among them, the coronavirus disease 2019 (COVID-19)ospitalization status, and pathogen detection results. Exclusion

pandemic and the associated implementation of noneriteria were as follows: (1) neonates (<28 days post-birth); (2)

pharmaceutical interventions (NPIs) sigoantly altered the con rmed cases of COVID-19; (3) children with recurrent chronic

transmission dynamics of respiory pathogens, driving the respiratory infections or underlying comorbidities

activity levels of many pathogens to historical lo@sdqw et al., (immunode ciency disorders, cong#al cardiopulmonary

2023 Sun et al., 2094Nonetheless, prolonged social isolation andliseases, etc.); (4) re-admitted patients and cases with incomplete

protective measures have led to insignt immune stimulation medical records. A total of 191,967 clinical cases were ultimately

within populations, resultig in the phenomenon known as included in the analysis.

“immunity debt (Baker et al., 202@ohen et al., 2031As NPIs

have gradually been lifted, abnormal rebounds of respiratory

pathogens have been reported in various countries, includin2 Grouping

Singapore Chan et al., 2091 Israel Amar et al., 202Q the

United States, and Germangi(ger et al., 20¥4However, the The cricoid cartilage was used as an anatomical reference point

timing, intensity, and composition of these rebounds have varigd differentiate between acute upper respiratory infections (AURI)

signi cantly across regions, emphasizing the critical need fand acute lower respiratory infections (ALRBh( et al., 2025

localized surveillance. AURI included infections occurring above the cricoid cartilage,
To date, studies conducted in Ningbo have largely focused soch as pharyngitis, rhinitis, and tonsillitis, while ALRI involved

individual pathogens or short-term surveillande(g et al., 2034 infections below the cricoidactilage, such as bronchitis,

Comprehensive analyses examining multi-pathogen dynamics, ageenchiolitis, and pneumonia. Patients were further categorized

speci ¢ susceptibility patterns, and co-infection characteristics aisto three age groups: <3 years (infant and toddler groufs)y8ars

lacking. In this study, we retrospectively analyzed pediatric ARTpreschool group), and-44 years (school-age group). This

cases from Ningbo LiHuiLi Hospital between 2020 and 2024, withcdassi cation was based on common pediatric developmental
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stages and exposure risks: the <3 years group encompasses infantdated at 37°C with 5% GQor 18-24 hours. Pick a single
and toddlers who are experiencing both rapid immune maturationolony of medium size and evenly spread it on the sample target.
and rst-time exposures in community settings; th® §ears group Cover it with 1L of matrix, and after it dries, identify it using a
represents preschool children with expanding social contacts; améss spectrometer (Zhongyuan Huiji Biotechnology, Chonggqing,
the 6-14 years group comprises school-aged children with moxehina). The main bacterial species ideatl includedStreptococcus
mature immune systems. Seasonal distribution wahetk as pneumonia¢SP),Haemophilus parairuenzagHP), Haemophilus
follows: spring (March to May), summer (June to August)in uenzagHlIl), Staphylococcus aurei®?), Moraxella catarrhalis
autumn (September to November), and winter (DecembgMC), Acinetobacter baumanr(ifB), Klebsiella pneumonid&P),

to February). and Escherichia cofEC).

2.3 Laboratory testing 2.4 Statistical analysis

Based on clinical requirements, different laboratory tests were All statistical analyses were performed using SPSS version 29.0
performed on pediatric ARTI patients. These tests are main(yBM Corp., Armonk, NY, USA). Continuous variables that were
carried out on patients who are suspected of having a specinot normally distributed were described as medians and
pathogen infection, whose condition progresses rapidly, or whoterquartile ranges M (P25, P75) and compared using the
need to rule out severe infections. Four types of laboratory data wé&teuskal-Wallis rank sum test. Categorical variables were
collected in this study: detection of imlenza A/B viruses (IFV-A/B; described as frequencies and percentages, and comparisons were
Sansure Biotech, Changsha, China), detectioMpéoplasma made using Pearstnchi-squared test or Fisherexact test, as
pneumoniag MP; Mole Bioscience, Jiangsu, China), detection @ppropriate. Restricted cubic spline (RCS) regression models were
13 respiratory pathogens (Health Genetech, Ningbo, China), aagplied to assess the age-speqositive rates of ALRI and to
bacterial culture. Detection of IFV-A/B, MP, and the 13 respiratorgalculate the odds ratios (OR) for positivity across different
pathogens was performed using Polymerase Chain Reaction (PCpjthogens, with 4 knots placed at the 5%, 35%, 65%, and 95%
based nucleic acid assays. All respiratory samples were collegtextentiles. RCS analyses were performed usidgrtis package
during the early phase of illness3 days after symptom onset) and in R software version 4.0.5 (R Foundation for Statistical Computing,
included nasopharyngeal swabs, throat swabs, and nasopharyngerkliand, New Zealand) with 3 degrees of freedom to balance
aspirates. Samples are collected using swabs with villi. Pediatéxibility and overtting avoidance. A two-sideB-value of <0.05
nurses who have received ued training perform the operation was considered statistically sigrant.
according to the standard (insert the swab into the nasopharynx
and rotate it for at least 3 times, and keep it there fdibseconds),
and then immediately place the swab into 3 mL of viral cultured Result
medium. These samples should be sent to the laboratory for testing
within 4 hours. If immediate testing is not possible, they can b8.1 General clinical characteristics of
stored at 4°C for 72 hours. After thoroughly mixing the samplepatients
using a vortex mixer, nucleic acid extraction and testing are carried
out according to the reagent instructions. The PCR arngtion A total of 191,967 pediatric ARTI cases were included in this
procedure and performance (sensitivity, speity) of the kit are study. Details are shown ifiable 1 The number of ARTI cases
detailed in the Supplementary aterials. The 13 respiratory increased year by year from 2020 to 2023, peaking at 50,364 cases in
pathogens tested included menza A virus (IFV-A, types H7N9, 2023, followed by a slight decline to 45,562 cases in 2024. Male
H1N1, H3N2, H5N2), Inuenza B virus (IFV-B, types Victoria and patients accounted for 53.06% of the cohort, consistent with the
Yamagata lineages), Human Adenovirus (HAdV, types B, C, and Bgneral population structure i€hina, with no statistically
Human Bocavirus (HBoV), Human Rhinovirus (HRV), Humansigni cant differences across the study ye&s (0.131). Among
Parain uenza Virus (HPIV, types 1-4), Human Coronavirusthe included ARTI cases, 39.07% were diagnosed with ALRI, and
(HCoV, types 229E, OC43, NL63, and HKU1), Respiratorthe annual ALRI infection rates differed sigeéntly (P < 0.001),
Syncytial Virus (RSV, subgroups A and B), Humarnwith the highest rate observed in 2021 (43.19%), followed by 2024
Metapneumovirus (HMPV),Chlamydia (CH, including (40.95%), 2022 (40.74%), and 2020 (38.10%). Additionally, 4.32% of
Chlamydia trachomatisand Chlamydia pneumonige and ARTI patients required hospitalization due to disease severity.
Mycoplasma pneumonid®iP). Although IFV-A/B and MP were Seasonality also sigmiantly in uenced ARTI incidenceP(<
included in both the standalone tests and the 13 respiratoi®.001), with the highest number of cases reported in autumn
pathogens, they served complementary roles in the analysis g28.25%) and the lowest in summer (22.82%). The median age of
were not redundantly counted. HIN1 and H3N2 were treated dhe patients was 7 years, and sigrant differences in age
subtypes of IFV-A and not analyzed separately. For bacteridistribution were observed across different yeRrs 0.001), with
culture, upper respiratory tract specimens (nasal swabs, thrabe proportion of patients aged-64 years declining progressively
swabs, sputum) were inoculated onto blood agar plates afrdm 77.91% to 53.53%.
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TABLE 1 General information of ARTI from 2020 to 2024.
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Overall 2020 2021 2022 2023 2024
Characteristics P-value
n=191967 (%) n=21127 (%) n=34733 (%) n=40181 (%) n=50364 (%) n=45562 (%)
Sex 0.131
Male 101856(53.06) 11315(53.56) 18446(53.11) 21451(53.39) 26647(52.91) 23997(52.67)
Female 90111(46.94) 9812(46.44) 16287(46.89) 18730(46.61) 23717(47.09) 21565(47.33)
Disease <0.001
AURI 116966(60.93) 13077(61.90) 19732(56.81) 23812(59.26) 33440(66.40) 26905(59.05)
ALRI 75001(39.07) 8050(38.10) 15001(43.19 16369(40.74) 16924(33.60) 18657(40.95)
Type of patients <0.001
Outpatient 183665(95.68) 20132(95.29) 33521(96.51) 38886(96.78) 48225(95.75) 42901(94.16)
Inpatient 8302(4.32) 995(4.71) 1212(3.49) 1295(3.22 2139(4.25) 2661 (5.84)
Season <0.001
Spring 47168(24.57) 2313(10.95) 7479(21.53 11141(27.73) 14512(28.81) 11723(25.73)
Summer 43805(22.82) 3488(16.51) 9245(26.62 10539(26.23) 10658(21.16) 9875(21.67)
Autumn 54223(28.25) 8448(39.99) 10681(30.75 9551(23.77) 16431(32.62) 9112(20.00)
Winter 46771(24.36) 6878(32.56) 7328(21.10) 8950(22.27) 8763(17.40) 14852(32.60)
Age group <0.001
<3 years 13733(7.15) 0(0.00) 13(0.04) 1605(3.99 4962 (9.85) 7153(15/70)
3-5 years 56281(29.32) 4666(22.09) 9216(26.53) 12970(32.28) 15411(30.60) 14018(30.77)
6-14 years 121953(63.53) 16461(77.91 25504(73.43) 25606(63.73) 29991(59.55) 24391(53.53)
Age(years)* 7 [5-9] 7[] 715-9] 6[5-9] 6 [4-9] 6 [3-8] <0.001

“** The Kruskal-Wallis rank sum test was used, and the data are presented as Median [IQR]. For the ress Bhassprared test was applied, and the data are shown as n (%).

The curve indicated that ALRI incidence rose steadily with age
during early childhood (&6 years) but declined progressively after 6
years of age.

From 2020 to 2023, the incidence of ARTI in children showed
periodic uctuations. The lowest values in each year occurred in
February. However, the epidemic pattern changed in 2024, and 863 Pathogen detection rates in ARTI
monthly lowest value was postponed to August. A substantial surge
in ARTI cases was observed in 2023, with an abnormal peak of Among the 191,967 pediatric ARTI patients, 41,766 (21.76%)
8,035 cases in March, representing a 151.17% increase comparethtierwent pathogen testing. The largest number of tests was
the overall monthly average (3,199 cases) for 22@R4 conducted for inuenza A/B viruses (39,886 cases), followed by
(Figure 1A. The number of ALRI cases increased annually, witMycoplasma pneumonia@0,335 cases), the 13 respiratory
signi cant monthly variationsK < 0.001). November consistently pathogens (17,824 cases), and bacterial culture (788 cases). The
recorded the highest number and proportion of ALRI cases. loverall pathogen detection rate was 67.61% (28,240/41,766), as
contrast, February had the fewest cases, while March exhibited #t@wn in Figure 2 Table 2summarizes the detection rates of
lowest infection rateHigure 1B. Age-specic analysis revealed that common pathogens in ARTI cases. Sigant differences were
ALRI cases increased with age from 0 to 6 years, but decreased whBerved in the detection rates of IFV-A, IFV-B, HPIV, HMPV,
age from 7 to 14 years. Notably, the prevalence of AURI also varigddV, HCoV, HRV, HBoV, RSV, CH, MP, and SA between AURI
signi cantly across different age groups<(0.001), as illustrated in and ALRI casesP(< 0.05). Speceally, IFV-A, IFV-B, HPIV,
Figure 1C To further elucidate the relationship between age andAdV, and HCoV were more frequently detected in AURI, while
ALRI susceptibility, an RCS regression model was employa¢MPV, HRV, HBoV, RSV, CH, MP, and SA were more prevalent
As shown inFigure 10 the age-spect risk curve displayed in ALRI. Overall, IFV-A had the highest detection rate (31.87%),
an unimodal distribution, wi the highest susceptibility followed by HRV (24.42%). Among bacteria, SA (22.46%) and HlI
observed between 5 and 7 years of age, peaking at 6 ye@s89%) were the most commonly detected species.

3.2 Monthly and age-speci c patterns of
ARTI
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FIGURE 1
Distribution of ALRI and AURI among children. (A) Monthly numbers of ALRI and AURI cases from January 2020 to December 2024 (n=191,967).
(B) Monthly variation in ALRI and AURI cases across different months (n=191,967). (C) Distribution of ALRI and AURI cases across different ages
(n=191,967). (D) Nonlinear analysis of the risk of ALRI in children aged 0—14 years (n=191,967). The colored shaded areas represent the 95%
con dence intervals for the odds ratios (OR). The dotted line represents the reference standard with an OR value of 1.
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FIGURE 2

Pathogen detection in acute respiratory tract infections (ARTI). (A) Sankey diagram illustrating the number of pathogen tests performed and the
corresponding positive detection rates across different disease categories (n=191,967). (B) Proportional Venn diagram showing the speci ¢ numbers
of tests conducted for in uenza A/B viruses, Mycoplasma pneumoniae (MP), the 13 respiratory pathogens, and bacterial cultures (n=41,766).
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TABLE 2 Detection of different Pathogens in AURI/ALRI.

Overall ALRI
Pathogens Positive Positive Positive
N (%) N (%) N (%)
IFV-A 39886 12712(31.87) 26477 10842(40.95) 13409 1870(13.94) <0.001
IFV-B 39886 3678(9.22) 26477 3010(11.37) 13409 668(4.98) <0.001
HPIV 17824 1268(7.11) 6830 538(7.88) 10994 730(6.64) 0.002
HMPV 17824 1261(7.07) 6830 312(4.57) 10994 949(8.63) <0.001
HAdV 17824 2108(11.83) 6830 1257(18.40) 10994 851(7.74) <0.001
HCoV 17824 523(2.93) 6830 264(3.87) 10994 259(2.36) <0.001
HRV 17824 4352(24.42) 6830 1492(21.84) 10994 2860(26.01) <0.001
HBoV 17824 294(1.65) 6830 79(1.16) 10994 215(1.96) <0.001
RSV 17824 1324(7.43) 6830 217(3.18) 10994 1107(10.07) <0.001
CH 17824 285(1.60) 6830 72(1.05) 10994 213(1.94) <0.001
MP 20335 3773(18.55) 7734 619(8.00) 12601 3154(25.03) <0.001
SP 788 19(2.41) 107 3(2.80) 681 16(2/35) 0.734*
HP 788 17(2.16) 107 1(0.94) 681 16(2.35) 0.493*
HI 788 70(8.89) 107 7(6.54) 681 526(9.25) 0.360
SA 788 177(22.46) 107 10(9.35) 681 167(24.52) <0.001
MC 788 34(4.31) 107 3(2.80) 681 31(4.55) 0.608*
AB 788 10(1.27) 107 2(1.87) 681 8(1.17) 0.633*
KP 788 30(3.81) 107 4(3.74) 681 26(3.82) 1.000*
EC 788 32(4.01) 107 7(6.54) 681 25(3.67) 0.183*

“** Fishets exact probability method used, and the rest was used Pea@ursquared test. Data were expressed as n (%).

3.4 Month|y_speci C patterns of pathogens outbreak risk. Additionally, HBoV and CH showed increased
detection toward the end of 2024. It is noteworthy that HRV

The detection rates of IFV-A, IFV-B, HPIV, HMPV, HAdV, maintained sustained circulation from 2020 to 2024, with a
HCoV, HRV, RSV, CH, MP, and HI varied signantly across marked increase in detection after October 2023. Further details
different yearsR < 0.05 Figure 3A, while HBoV and SA were not for other pathogens are provided fitgures 3¢D.
signi cant. Due to low detection numbers, other bacterial species
were not included in the analysis. Seasonality was also found to
signi cantly in uence pathogen detection. IFV-A, IFV-B, HPIV,3.5 Age-speci c patterns of pathogens
HMPV, HAdV, HCoV, HRV, HBoV, RSV, and MP exhibited clear
seasonaluctuations P < 0.05Figure 3B. To further delineate the Except for SA and HI, other bacterial species were excluded
monthly detection patterns of each pathogeimures 3CD were  from the analysis due to their low detection numbers. The results
generated. The results showed that, most respiratory pathogemgwed signicant differences in the detection rates of all pathogens
demonstrated signcantly higher detection levels in 262824  across different age groug< 0.05 Figure 4A. To further clarify
compared to 202@022. Speccally, IFV-A exhibited three the distribution of pathogens among different age groups,
epidemic peaks (July 2022, March 2023, and December 20Z3)yjures 4B C were generated, revealing nonlinear relationships
IFV-B experienced a minor outbreak in March 2022, followed bietween pathogen infection rates and age. Sgalti, susceptibility
a major epidemic in July 2024. HPIV showed bimodal peaks i IFV-A, IFV-B, and CH increased with age, while susceptibility to
October 2023 and July 2024, while HMPV peaked in January 20841V, RSV, and HBoV decreased as age increased. In contrast,
and demonstrated another upward trend in December 2024. HAdMusceptibility to HMPV, HAdV, HRV, and MPrst increased and
and MP experienced concentrated outbreaks in July 2024 atibn decreased with age. Most pathogens displayed heightened
October 2023, respectively. RSV exhibited multiple smaller peassceptibility in children unde6 years old, including HPIV,
before a continuous rise at the end of 2024, indicating a potentidCoV, HRV, HBoV, RSV, SA, and HI. Conversely, IFV-A, IFV-
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FIGURE 3

Distribution of common respiratory pathogens. (A) Detection rates of each pathogen from 2020 to 2024; the ve dots within the dashed boxes
represent the detection rates for each year from 2020 to 2024. Different letters indicate that P < 0.05 among each subgroup (IFV-A/B, n = 39,886;
HPIV, HMPV, HAdV, HCoV, HRV, HBoV, RSV, CH, n = 17,824; MP, n = 20,335; SA/HI, n = 788). (B) Seasonal detection rates of each pathogen; the
four dots within the dashed boxes represent the detection rates for spring, summer, autumn, and winter, respectively. Different letters indicate that P
< 0.05 among each subgroup (The data is the same as that in Figure A). (C) Monthly detection trends of various pathogens from January 2020 to
December 2024, with the black dashed line indicating the overall monthly average detection rate (The data is the same as that in Figure A). (D)
Summary of pathogen detection trends from January 2020 to December 2024, where dark blue indicates months with detection rates above the
overall monthly average and light blue indicates months below the overall average (The data is the same as that in Figure A).
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