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Background

Research from multiple regions indicates that Coronavirus disease of 2019 (COVID-19) pandemic has altered the epidemiological characteristics of respiratory viruses.





Methods

This single-center retrospective study included children hospitalized for lower respiratory tract infections (LRTIs) from 2017 to mid-2024. Data on respiratory syncytial virus (RSV), adenovirus (ADV), influenza A virus (IAV), influenza B virus (IBV), and parainfluenza virus (PIV)—were collected and analyzed across pre-pandemic, pandemic, and post-pandemic periods.





Results

A total of 59173 children were included. Detection rates were 34.97% (8553/24459) pre-pandemic, 21.93% (4621/21067) during the pandemic, and 21.64% (2953/13647) post-pandemic. Mixed infections rates significantly decreased during the pandemic (0.78%) and post-pandemic (0.78%) compared to pre-pandemic levels (1.63%) (P < 0.001). RSV was the most prevalent virus across all periods (P < 0.001). Following non-pharmaceutical interventions (NPIs) in 2020, detection rates declined significantly. After restrictions eased in 2021, RSV, PIV, and IBV surged, while IAV continued to decline until its resurgence in spring 2023 (P < 0.001). Certain viruses showed altered seasonal patterns: during the spring and summer of 2021, RSV detection rates exceeded those of previous years, while the expected winter 2022 peak was delayed by approximately six months. IAV peaks disappeared during winters of 2020 and 2021, peaking in spring 2023. IBV peaked in autumn 2021 and winter 2023. PIV had an unusual rise in summer 2020, peaking in autumn, delayed by about five months. The peak in the first half of 2024 returned to its normal timing. ADV appeared to be unaffected, with increased detection in 2022, and decreased in 2023 and 2024.





Conclusion

Epidemiological patterns of respiratory viruses have been altered by multiple influencing factors. The significance of vaccination, hygiene practices, public health interventions and etc. was emphasized in addressing pandemics. Additionally, ongoing dynamic monitoring is essential due to the evolving epidemiology.
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1 Background

Respiratory infections are recognized as one of the leading causes of morbidity and mortality among children worldwide (1). COVID-19 is caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). After its initial report in Wuhan at the end of 2019 (2), it rapidly spread worldwide, resulting in millions of hospitalizations and deaths. Various countries implemented a series of stringent NPIs, including, but not limited to, mask-wearing, hand hygiene, social distancing, school closures, travel restrictions, and lockdowns (3). From March 2020 to March 2021, up to one-quarter of countries enforced strict NPIs (4). While these measures successfully mitigated the transmission of COVID-19, they also suppressed the circulation of other pathogens transmitted via airborne or fecal-oral routes, leading to altered seasonal patterns and atypical epidemic peaks (5–8). However, studies have indicated that some characteristics of respiratory virus epidemiology exhibited new variations instead of previous patterns, including changes in infection severity, age distribution, subtypes, and overall trends (9–11). The potential for these changes to result in more severe epidemics in the future remains unknown.




2 Methods



2.1 Study design

This single-center retrospective study was conducted at the Department of Respiratory Medicine, Children’s Hospital of Chongqing Medical University. Hospitalized children (<18 years) with LRTIs from January 1st, 2017, to June 1st, 2024, were included. Exclusion criteria were: 1) severe deformities such as large atrial or ventricular septal defects, bronchopulmonary dysplasia, dextrocardia, and neuromuscular diseases; 2) malignant tumors, primary immunodeficiencies, or immunosuppressive therapy during hospitalization. Children with severe congenital cardiopulmonary deformities may exhibit increased susceptibility to viral infections due to anatomical abnormalities. Additionally, children with malignant tumors, immune deficiencies, or those receiving immunosuppressive therapy may experience immune dysfunction, resulting in infection patterns, clinical presentations, and disease severity that differ significantly from the general population. Excluding these special cases ensures the scientific rigor, reliability, and broader applicability of the results, thereby contributing to more accurate and meaningful conclusions.

Children were grouped by age (<1, 1-3, 3-6, >6 years). Study period was divided into: pre-pandemic (January 1st, 2017, to December 31st, 2019), pandemic (January 1st, 2020, to December 31st, 2021) and post-pandemic (January 1st, 2022, to May 31st, 2024), based on the implementation and relaxation of restrictions. Seasons were classified by Chinese climatic conditions: spring (March-May), summer (June-August), autumn (September-November), and winter (December-February).




2.2 Data and specimen collection

Demographic characteristics (name, gender, age, admission date and clinical diagnosis) and laboratory test results of the enrolled patients was extracted. Specimens of nasopharyngeal aspirate or bronchoalveolar lavage fluid were collected by trained nurses within 24 hours of hospitalization, following standard operating procedures. Patients for tracheal aspiration were positioned semi-recumbent after finishing oral hygiene. Suction catheters and negative pressure (80-120 mmHg) were selected based on age. After a test suction, the catheter was inserted into the trachea to collect deep secretions. BALF collection adhered to the Guideline of pediatric flexible bronchoscopy in China (12). Saline (37°C, 1 ml/kg per instillation, ≤20 ml per session, total ≤5-10 ml/kg) is sequentially infused through the bronchoscope’s working channel, followed by aspiration with a negative pressure of 100-200 mmHg (ensuring bronchial patency) to obtain BALF. The reabsorption rate of each lavage fluid was ≥40%. Samples were immediately transported to the laboratory and processed stringently following standardized experimental protocols. Virus antigens were detected using a multiplex direct immunofluorescence assay (M-DIFA) kit or a multiplex real-time quantitative polymerase chain reaction (MRT-PCR) targeting viral nucleic acid fragments. Both methods have been demonstrated in numerous studies to exhibit high sensitivity (typically 85-95%) and specificity (>95%) for viral detection, and are widely used for detecting various viruses (13). During the study, minor adjustments were made to some methods. However, these changes did not significantly impact the virus detection rate. Previous studies have also shown no statistical difference in the positive detection rates between the two methods (14). RSV, ADV, IAV, IBV and PIV are routinely tested for at the Department of Respiratory Medicine, Children’s Hospital of Chongqing Medical University, whereas other viruses are not included in the standard screening of all admitted children. To ensure data completeness, only these five viruses were included in our study. All experimental procedures were strictly adhered to according to the hospital’s standard operating protocols to ensure consistency in the detection methods across different years.

The study protocol was approved by the Ethics Committee of Children’s Hospital of Chongqing Medical University (File No. (2023)263). As this study is an observational retrospective study, and respiratory pathogen testing is a standard routine examination for children admitted due to respiratory infections, written informed consent was not required.




2.3 Statistical analysis

Detection rates of the five viruses, were compared before, during, and after the COVID-19 pandemic. Trends in viral detection rates over time and correlations between viral detection rates and age were analyzed to determine the seasonal patterns and age-specific differences in viral infections.

Categorical variables were expressed as numbers and percentages (n, %), while continuous variables were summarized as median and interquartile range (IQR) [M (P25, P75)]. Continuous variables were analyzed using Kruskal-Wallis test and categorical variables were compared using either the Pearson chi-square test or Fisher’s exact test. Monte Carlo method was used for categorical variables whose theoretical number less than 5 and account for more than 20%. P < 0.05 was considered statistically significant. Statistical analyses were performed using SPSS version 27.0 (IBM, New York, USA), while Microsoft Excel 2021 and R 4.2.1 were utilized for data visualization.





3 Results



3.1 General characteristics

According to the inclusion and exclusion criteria, a total of 59173 children were included, Among them, 24881 were younger than 1 year, 14773 were aged 1-3 years, 11475 were aged 3-6 years, and 8044 were older than 6 years. Overall, children under 3 years of age accounted for the majority of hospitalizations due to LRTIs, representing 77.4% pre-pandemic, 66% during the pandemic and 50% post-pandemic. The positive cases in each period accounted for the largest proportion of < 1 year old, accounting for more than half. Statistically significant differences across age groups were noted among virus-positive cases (P < 0.001), which were not observed in gender (P = 0.052, Table 1).


Table 1 | General characteristics of enrolled patients.






3.2 Virus detection

A total of 8,553 (34.97%), 4,621 (21.93%), and 2,953 (21.64%) cases were identified with respiratory viruses during the pre-pandemic, pandemic and post-pandemic, respectively. Significant statistical differences in detection rates were noted among the viruses across three periods (P < 0.001, Table 2). Specifically, RSV was detected in 9585 cases (16.20%), PIV in 4211 cases (7.12%), ADV in 1852 cases (3.13%), IAV in 888 cases (1.50%), and IBV in 265 cases (0.45%). RSV had the highest rates in all periods, accounting for 54.71%, 62.28%, and 68.68%, respectively.


Table 2 | Detection numbers and rates.



Overall detection rates were the highest during pre-pandemic and slightly elevated during the post-pandemic relative to the pandemic period, with the exception of ADV, which exhibited a significantly lower detection rate during post-pandemic (0.25%) compared to the pandemic (1.36%). During the pre-pandemic, IAV was the predominant subtype, whereas IBV showed a slightly higher detection rate during the pandemic. A total of 670 co-infection cases (≥2 viruses detected) were observed, with detection numbers and detection rates of 399 (1.63%), 164 (0.78%), and 107 (0.78%) across the three periods, showing significant statistical differences (P < 0.001, Table 2).

The detection rates and counts of viruses in same seasons during the three periods were statistically different (P < 0.05, Table 3). Following the restrictions’ relaxation, an increase in RSV detection rates was noted during summer and autumn, while a decrease occurred in autumn and winter, contrasting with the trends observed for PIV. Additionally, increased detection rates of influenza viruses were found in spring and autumn.


Table 3 | Detection numbers and rates by season.






3.3 Age distribution

RSV was identified as the most prevalent virus across all periods in <3 years group, followed by PIV (Figure 1). In >3 years group, ADV exhibited the highest detection rates during the pre-pandemic and pandemic, while RSV predominated during the post-pandemic. ADV constituted a low percentage (<5%) of detected viruses during the post-pandemic across all age groups.




Figure 1 | Proportion of detected viruses. Numbers in parentheses indicate the total number of detections for each age group across three periods.



The overall detection rate of viruses was highest in the <1 year group, with rates of 46.52%, 31.45%, and 40.73% during three periods, respectively, showing a decline with increasing age (Figure 2A). Overall, the detection rates remained relatively low during pandemic. Detection rates were comparable to or slightly higher during post-pandemic than those during pandemic (Figures 2B, C, E, F). However, the detection rate of ADV significantly decreased after the relaxation of restrictions (Figure 2D).




Figure 2 | The detection rates of each virus across three time periods (pre-pandemic, pandemic, post-pandemic) and four age groups (<1y, 1-3y, 3-6y, >6y). Blue represents pre-pandemic, red represents during the pandemic, and green represents post-pandemic. (A) Overall detection rates of viruses across three time periods and four age groups. (B) Changes in the detection rate of RSV across three time periods and four age groups. (C) Changes in the detection rate of PIV across three time periods and four age groups. (D) Changes in the detection rate of ADV across three time periods and four age groups. (E) Changes in the detection rate of IVA across three time periods and four age groups. (F) Changes in the detection rate of IVB across three time periods and four age groups.






3.4 Changes in seasonal patterns

Following NPIs in 2020, detection rates of five viruses declined significantly and seasonal patterns have changed (Figure 3A).




Figure 3 | The temporal variation in virus detection rates from 2017.1.1-2024.6.1. Note. Horizontal axis represents time, with a label displayed every three months to indicate each season. Vertical axis indicates detection rate. (A) The fitting curves for the detection rates of different viruses. Different colors represent the detection rates of various viruses: yellow for ADV, red for IVA, orange for IVB, blue for PIV, and purple for RSV. The y-axis (detection rate) values are 0.0, 0.2, 0.4, 0.6, and 0.8. (B) The daily detection rate of RSV. The y-axis values are 0.0, 0.2, 0.4, 0.6, and 0.8. (C) The daily detection rate of ADV. The y-axis (detection rate) values are 0.0, 0.1, 0.2, 0.3, and 0.4. (D) The daily detection rate of PIV. The y-axis (detection rate) values are 0.0, 0.1, 0.2, 0.3, and 0.4. (E) The daily detection rate of IVA. The y-axis (detection rate) values are 0.0, 0.1, 0.2, and 0.3. (F) The daily detection rate of IVB. The y-axis (detection rate) values are 0.0, 0.05, and 0.15.



From 2017 to 2020, RSV epidemic peaks regularly occurred between November and February. Detection rates significantly declined from 36.00% in January to 12.85% in February 2020, remaining below 4% for the subsequent seven months, while the winter peak of 43.84% wasn’t lower than previous years. In spring and summer 2021, detection rates remained above 10%, exceeding those of previous years, while a decline was noted in spring and summer 2022 with an average of 1.0%(95% CI, 0.72-1.37%). The expected epidemic peak for autumn and winter 2022 was delayed until April and May 2023, with summer and autumn detection rates significantly higher than in previous years. A small peak in February 2024 reached only half of the levels of previous years (22.74%) (Figure 3B).

ADV exhibits a distinct seasonal pattern, peaking in summer and declining by March every four years (15). ADV was prevalent throughout 2019 [monthly average 8.69% (95% CI, 8.16-9.46%)], and showed a significant peak in summer 2019 (16.19%) and a notable decrease in spring 2020 [monthly average 0.72% (95% CI, 0.33-1.37%)], with no distinct peak. Detection rates increased in 2022 [monthly average 5.8% (95% CI, 5.22-6.35%)] and a summer peak was noted (12.5%). Throughout 2023, detection rates significantly declined [monthly average 0.20% (95% CI, 0.12-0.31%)], with recovery not observed until spring 2024 (Figure 3C).

The epidemic peaks of PIV from 2017 to 2019 regularly showed in spring and summer. Detection rates significantly declined in spring 2020 and resurged in August 2020, culminating in a peak in the autumn, approximately five months later. Following the dual peaks in July (12.23%) and October (11.6%) 2021, a marked decrease was observed. Furthermore, it peaked in summer 2023 at 16.97% and increased in May 2024(Figure 3D).

A significant decline in both IAV and IBV detection was observed in February 2020, with IAV almost undetectable throughout the pandemic. The seasonal pattern of IAV completely disappeared during the winters of 2020 and 2021, and the peak wasn’t observed until March 2023 (10.16%). In contrast, IBV detection rate increased in autumn 2021 and winter 2023 and slightly increased in the winter 2024, while remained at an almost negligible level at other time. (Figures 3E, F).





4 Discussion



4.1 Pre-pandemic period

Previous studies have indicated that the prevalence of RSV starts from late summer in tropical regions, reaching temperate areas during winter, with the peak typically occurring between December and March in the Northern Hemisphere (16). The prevalence of influenza is about 0-3 months later than RSV, usually peaks in spring and winter. Additionally, ADV showed higher detection rates in North China during winter and spring, while southern regions exhibited peaks in summer (17) Furthermore, the common PIV 3 in China are usually prevalent from late spring to summer, with lower detection rates in winter (18, 19).The data in this study reveal that the epidemiological trends of the five respiratory viruses were distinct and regular before the pandemic. Specifically, the prevalence of RSV was observed from November to February, similar to influenza viruses. An overall high detection rate and a summer peak of ADV (16.19%) was observed during its popular year of 2019. PIV was prevalent during spring and summer.




4.2 Pandemic period

NPIs implemented globally during 2020 significantly altered social behavior and disrupted the epidemiological patterns of respiratory viruses. Consequently, hospitalizations in children for LRTIs and respiratory virus detection rates sharply decreased in 2020. Our data showed that while the RSV winter peak in 2020 (43.84%) was not lower than previous years, the peak was absent in 2022. Researches from countries and regions, such as Asia, Europe and Australia, reported a delay of 3 to 12 months for the expected RSV peak in 2020 (5, 9, 20–28), with peaks occurring in spring to autumn 2021, exceeding previous years. The seasonal patterns of IAV and IBV were absent during the pandemic, and the disappearance in 2020 was similarly reported in the US, Italy, Australia, Europe and New Zealand (27, 29–32). The data from the Chongqing indicate that the influenza vaccination rates were 1.13% for 2017-2018, 0.67% for 2018-2019, 1.18% for 2019-2020, and 2.67% for 2020-2021. The decline in the vaccination rate during 2018-2019 was primarily attributed to the negative news, which led to a decrease in public confidence in the vaccine, resulting in a nationwide drop in influenza vaccination coverage. Notably, the substantial increase in vaccination rates in 2020-2021 may be linked to the heightened public health awareness triggered by the COVID-19 pandemic (33).In contrast, the detection rate of ADV remained stable as other non-enveloped viruses (34), peaking at 12.50% in the summer of 2022, consistent with global findings (27, 35–38). Finally, the detection rate of PIV significantly declined in 2020, with the spring-summer peak delayed by approximately five months until autumn, as observed in South Korea (39).




4.3 Post-pandemic period

Circulation patterns of certain virus did not return to the previous and remained atypical. RSV’s abnormal peaks persisted, with debates on infection severity—some studies report worsened (10, 40), alleviated (9, 41, 42), or unchanged (43–45) symptoms, likely due to host differences. In children over 3, the dominant virus shifted from ADV to RSV, in line with Australian reports of increased RSV in older children (11, 46). IAV had a significant peak in March 2023, while IBV remained nearly absent, slightly increasing in winter 2024. Influenza infection rates are returning to pre-pandemic levels, with H3N2 dominant in 2022, replaced by H1N1 in early 2023 (35, 39, 47, 48). PIV detection remained low until it peaked at 16.97% in summer 2023, now returning to pre-pandemic trends (29).




4.4 Potential influencing factors and coping strategies

Epidemiology changes of respiratory viruses may result from combined effects of the implementation of NPIs, population immune responses, viral interactions, viral mutations and etc. First, NPIs impact respiratory viruses (49), with non-enveloped viruses (e.g., ADV, rhinoviruses) being more resistant to inactivation by alcohol-based sanitizers (50, 51) and masks (52), than enveloped viruses like RSV and influenza. Second, stringent restrictions have prevented the population from getting natural infections, resulting in a lack of immune memory against pathogens, referred to as “immunological debt”, causing abnormal viral prevalence after restrictions were eased (53). The mechanisms underlying immune memory may include: immune evasion and viral mutation (such as SARS-CoV-2, which can evade immune detection by altering surface antigen structures or suppressing immune responses, as well as reducing host immune system recognition through antigen drift and antigenic recombination) (54); immune tolerance and chronic infection (for instance, immune debt may lead to long-term, low-level persistent infections, extending the duration of outbreaks, or it may induce immune tolerance in the host) (53); a decline in the herd immunity threshold (when herd immunity is not sufficiently stimulated to reach the threshold, leading to the vigorous spread of a new wave of the virus) (55, 56); delayed recovery of the immune system (i.e., when host symptoms resolve, the immune system may not have fully recovered, resulting in a weakened immune response to other viruses) (57); and the interaction between vaccination and immune debt (in regions with low vaccination coverage, immune debt may contribute to more frequent viral transmission). Third, viral interactions have been observed in both vivo and vitro (58). Influenza can suppress SARS-CoV-2 replication (58–60), while SARS-CoV-2 can affect other virus patterns. Competition mechanisms may include direct competition for host resources, superinfection exclusion (SIE), which refers to the phenomenon in which host cells initially infected by one pathogen block further infection by the same or other viruses (particularly similar viruses) for a period of time (61), and the suppression of other viruses by producing specific immune-suppressive molecules or modulating the host’s immune response (58). Homologous viruses may inhibit other subtypes or strains through cross-reactive immune responses (62), while heterologous viruses (e.g., RSV, coronaviruses, influenza) may restrict others via interferon production (63). Fourthly, continuous mutations alter viral traits, transmissibility and epidemiological patterns (64), explaining changes like delayed RSV peaks and the disappearance of influenza (65–71). These complex factors complicate future respiratory infection predictions in children. Vaccination not only enhances immune memory, providing immediate protection, but also contributes to the maintenance of long-term immunity, thereby reducing the burden of viral infections. Thus, increasing immunity levels, boosting vaccination rates, and prioritizing the protection of high-risk populations may effectively mitigate the public health risks associated with immune debt. Additionally, the integration of other public health interventions will further strengthen the immune barrier, reducing disease burden and the risk of epidemic resurgence. Vaccination represents the core strategy for addressing immune debt (72, 73). In addition, continuous dynamic monitoring is also vitally important.




4.5 Strengths and limitations

This study is the first to systematically collect and analyze epidemiological data on common respiratory viruses among children in Chongqing, while also summarizing findings from similar global research. However, several limitations were identified. First, as a single-center retrospective study conducted at the Children’s Hospital of Chongqing Medical University, the results may not be generalizable to a broader population. Large-scale multicenter studies are needed to provide more comprehensive insights for the prevention and control of respiratory viral infections. Second, the study only included the five most common viruses identified in the hospital’s respiratory department, limiting its scope. Future research should aim to include a wider range of viruses and subtypes for a more complete analysis.

This study systematically collected and analyzed epidemiological data on common respiratory viruses among children in Chongqing, summarizing global research findings. However, limitations include being a single-center retrospective study, which may not represent a larger population. Large-scale multicenter studies are needed for broader insights. Additionally, only the five most common viruses at the hospital’s respiratory department were included, so future research should analyze more viruses and subtypes.





5 Conclusion

This study included 59,173 hospitalized children with LRTIs from 2017 to mid-2024, analyzing the impact of COVID-19 pandemic on pediatric respiratory infection epidemiology in combination with relevant global studies. NPIs were found to affect the seasonal patterns of viruses like RSV and influenza. Potential explanations for atypical epidemics after the relaxation of restrictions were discussed. Whether previous epidemic patterns will return or new patterns will be formed requires further study. The importance of vaccination, hygiene practices, and public health interventions was emphasized. Additionally, continuous dynamic monitoring is crucial to address evolving viral epidemiology.
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