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The seasonality and epidemiology of viral acute respiratory infections (ARIs) have changed since 
the coronavirus disease 2019 pandemic. However, molecular-based ARI surveillance has not been 
conducted in Japan. We developed a regional surveillance program to define the local epidemiology 
of ARIs. Between December 2023 and March 2024, 2,992 upper respiratory samples collected from 
patients suspected of having ARIs at five facilities in Kyoto City, Japan, were tested for SARS-CoV-2, 
influenza virus, and respiratory syncytial virus (RSV) using RT‒PCR. Samples negative for these viruses 
were randomly selected for testing with the FilmArray Respiratory Panel, and the detection rates of 
other viruses were estimated. SARS-CoV-2, influenza virus, and RSV were detected in 598 (20.3%), 
165 (5.6%), and 40 (1.4%) of the 2,949 samples with valid RT‒PCR results, respectively. The most 
prevalent viruses in the < 6, 6–17, 18–64, and ≥ 65 year age groups were rhinovirus/enterovirus, RSV, 
and SARS-CoV-2; influenza virus, seasonal coronavirus, and rhinovirus/enterovirus; SARS-CoV-2, 
seasonal coronavirus, and influenza virus; and SARS-CoV-2, seasonal coronavirus, and influenza virus, 
respectively. Significant differences in the detection rates of these viruses were detected between the 
age groups. This study highlights the importance of age-stratified molecular-based surveillance for a 
comprehensive understanding of the epidemiology of ARIs.
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The seasonality and epidemiology of viral acute respiratory infections (ARIs) have changed since the beginning 
of the coronavirus disease 2019 (COVID-19) pandemic in 20201,2. For example, the seasonal peak of human 
respiratory syncytial virus (RSV) infection in Japan shifted from autumn to summer after no peak was observed 
in 20203. The COVID-19 pandemic has highlighted the importance of reliable molecular detection tests (nucleic 
acid amplification tests) for the diagnosis and control of this disease4. Although molecular testing platforms 
for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) have been introduced in many Japanese 
hospitals, rapid antigen tests that have lower detection sensitivity than do molecular tests5,6 are the mainstay 
of diagnostic methods for respiratory viral infections, including COVID-19 and influenza7. Rapid antigen tests 
for RSV, adenovirus, and human metapneumovirus are available for in vitro diagnostics but are not used for 
adults due to a lack of reimbursement. Recently, multiplexed molecular assays that can detect SARS-CoV-2, 
influenza virus, and RSV (SARS-CoV-2/Flu/RSV) simultaneously and the BioFire FilmArray molecular panel 
assay, which can additionally detect adenovirus, seasonal human coronavirus, human metapneumovirus, human 
parainfluenza virus, Bordetella pertussis, Bordetella parapertussis, Chlamydia pneumoniae, and Mycoplasma 
pneumoniae, have become available8,9. Despite increasing recognition of the importance of molecular assays for 
clinical management, antimicrobial stewardship, and infection control10,11, these tests are usually performed for 
a limited number of patients because of their high cost and lack of availability in the majority of hospitals and 
clinics.

Japan has a case-based national sentinel surveillance (National Epidemiological Surveillance of Infectious 
Diseases, NESID) program, which is based on the Infectious Diseases Control Law12, for only SARS-CoV-2/Flu/
RSV among respiratory viral infections. Surveillance for COVID-19 transitioned from all-case reports to sentinel 
surveillance in May 2024. Currently, COVID-19 cases are defined based on clinical diagnosis and positive rapid 
antigen or molecular detection tests. COVID-19 cases can also be diagnosed based on clinical diagnosis if they 
have confirmed COVID-19 in their family members. Influenza and RSV cases are defined based on a clinical 
diagnosis and positive rapid antigen tests. Clinical diagnosis was made according to clinicians’ discretion without 
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defined criteria. In Kyoto city, which has a population of approximately 1 million, 69 medical institutions (43 
pediatric sites, 22 clinics, and 4 hospitals) report the number of influenza and COVID-19 cases, and 43 pediatric 
sentinel sites report the number of RSV cases weekly. This surveillance program may not accurately represent 
epidemiology because the spectrum of pathogens, targeted populations, and diagnostic methods are limited. For 
example, RSV surveillance does not target adults or elderly individuals with RSV, who have more severe disease 
than do those with COVID-19 or influenza13.

We developed a local surveillance framework based on molecular testing for COVID-19 (CovPCRnet) 
in Kyoto and its neighboring regions. After the withdrawal of the COVID-19 containment strategy by the 
government in May 2023, we enhanced this framework to include other common viral pathogens to conduct 
molecular-based regional surveillance that can fill knowledge gaps in NSEID. In this study, we report the age-
stratified epidemiology of viral ARIs in the 2023–24 winter season in Kyoto city, Japan.

Results
A total of 2,992 upper respiratory samples were obtained, and 2,949 samples that yielded valid CDC RT‒PCR 
results were included in the analysis (Table 1 and Supplementary Table S1). SARS-CoV-2, influenza virus, and 
RSV were detected in 598 (20.3%), 165 (5.6%), and 40 (1.4%) of the samples, respectively. Among the remaining 
2,155 SARS-CoV-2/Flu/RSV-negative samples, 928 (43.1%) were selected for FilmArray testing. Random 
selection was applied to samples from three facilities that provided > 200 samples and was not applied to those 
from the other two facilities that had fewer samples from the ≥ 65  year age group (53.5–83.5% vs. 0–12.2%; 
Supplementary Fig. S1). This selection resulted in a relatively lower proportion of samples from the ≥ 65 year 
age group for FilmArray testing (Table 1). FilmArray detected seasonal coronavirus, rhinovirus/enterovirus, 
metapneumovirus, parainfluenza virus, and adenovirus in 86 (9.3%), 82 (8.8%), 26 (2.8%), 12 (1.4%), and 11 
(1.2%) of the 928 samples, respectively. FilmArray detected SARS-CoV-2 in 4 samples (0.4%), whereas influenza 
virus and RSV were not detected. Based on these FilmArray results, the detection rates of viruses other than 
SARS-CoV-2/Flu/RSV were estimated as follows: seasonal coronavirus, 6.8%; rhinovirus/enterovirus, 6.5%; 
metapneumovirus, 2.0%; parainfluenza virus, 1.0%; and adenovirus, 0.9% (Figs. 1 and 2). The three most 
prevalent viruses were rhinovirus/enterovirus (32.6%), RSV (15.4%), and SARS-CoV-2 (9.8%) in the < 6 year 
age group; influenza virus (15.9%), seasonal coronavirus (14.3%), and rhinovirus/enterovirus (9.5%) in the 
6–17 year age group; and SARS-CoV-2 (24.4% and 18.6%), seasonal coronavirus (8.6% and 3.6%), and influenza 
virus (8.2% and 2.8%) in the 18–64 and ≥ 65 year age groups, respectively. SARS-CoV-2, seasonal coronavirus, 
rhinovirus/enterovirus, and influenza virus were most commonly detected in the 18–64, 6–17, < 6, and 6–17 year 
age groups, respectively (Fig. 2). RSV was most commonly detected in the < 6 year age group (15.4%), followed 
by the 6–17 year age group (2.3%). The 18–64 and ≥ 65 year age groups had lower detection rates (0.8% and 
0.6%, respectively). Adenovirus and parainfluenza virus were most commonly detected in the < 6 year age group 
(Fig. 2). Metapneumovirus was most commonly detected in the 6–17 year age group. Influenza virus A, RSV A, 
coronavirus OC43, and parainfluenza virus 1 were the most common subtypes across all age groups, except for 
the higher detection rate of influenza virus B than influenza virus A in the 6–17 year age group (Supplementary 
Fig. S2). Only one sample was positive for bacterial pathogens (Mycoplasma pneumoniae in the 6–17 year age 
group; Supplementary Fig. S2). Multiple pathogens (combinations of SARS-CoV-2, influenza virus, or RSV) 
were detected in 0.3–1.1% of the samples in each age group (Supplementary Fig. S3a). Among the 928 SARS-
CoV-2/Flu/RSV-negative samples, multiple pathogens were detected most frequently in the < 6 year age group 
(13.9%) but were not common in the other groups (0–1.4%; Supplementary Fig. S3b).

The mean monthly number of COVID-19 cases per sentinel site reported by the NESID program peaked 
between January and February (Fig. 3). The monthly mean number of positive samples per site for SARS-CoV-2 
showed a similar trend, which was largely influenced by the samples obtained from the 18–64 and ≥ 65 year 
age groups. For influenza cases, the NESID data revealed high numbers in December–February and a lower 
number in March. A gradual monthly decrease was observed in the 18–64 and ≥ 65 year age groups, whereas 
the 6–17  year age group peaked in January, and the < 6  year age group had a second peak in February. For 
RSV, the NESID data showed nearly zero cases in December–February and an increase in March. The total 
number of positive samples per site from all age groups tended to increase. Positive samples from the 18–64 year 
age group were present in all months and increased over time. The samples from < 6 year age group, followed 
by ≥ 65 and 18–64 year age groups contributed to a large increase in March. The monthly trends for seasonal 

Variable Number of samples (%)

Age group

 < 6 years 6–17 years 18–64 years  ≥ 65 years

Samples collected 2,992 (100%) 124 (100%) 88 (100%) 1,191 (100%) 1,589 (100%)

Valid CDC RT‒PCR assay resultsa 2,949a (98.6%) 123 (99.2%) 88 (100%) 1,178 (98.9%) 1,560 (98.2%)

Outpatientb 2,267 (76.9%) 95 (77.2%) 68 (77.3%) 1,006 (85.4%) 1,098 (70.4%)

Negative for SARS-CoV-2/Flu/RSV by two CDC RT‒PCR assays 2,155 (73.1%) 82 (66.7%) 65 (73.9%) 786 (66.7%) 1,222 (78.3%)

Tested by FilmArray 928 (43.1%) 43 (52.4%) 31 (47.7%) 444 (56.5%) 410 (33.6%)

Tested positive for pathogens other than SARS-CoV-2/Flu/RSV by FilmArrayc 204 (22.0%) 29 (67.4%) 15 (48.4%) 118 (26.6%) 42 (10.2%)

Table 1.  Number of clinical samples in each age group. aNasopharyngeal swabs, n = 2,522; nasal swabs, 
n = 427. bThe remaining samples were collected from hospitalized inpatients. cAll the other samples tested 
negative, and there were no invalid results.
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coronavirus, rhinovirus/enterovirus, metapneumovirus, parainfluenza virus, and adenovirus detections are 
shown in Supplementary Fig. S4.

Discussion
This molecular-based regional surveillance for viral ARIs was designed to address several limitations of the 
current surveillance, NESID. First, the spectrum of pathogens (only SARS-CoV-2/Flu/RSV) in the NESID is 
limited. Second, sampling and reporting biases are present. The participating sites are concentrated in pediatric 
clinics. In particular, RSV cases have been limited to children. Cases are determined at the clinician’s discretion 
without defined criteria, and microbiological diagnosis is mostly dependent on rapid antigen tests. Third, only 
the mean number of cases per site without age information was reported, without denominators. In contrast, our 
surveillance targets a broader spectrum of pathogens from all age groups and can generate age-stratified positive 
sample counts and rates. Our laboratory-based surveillance performed centralized molecular testing, which 
can provide highly accurate detection of pathogens compared with rapid antigen tests at each site. The collected 
clinical samples can also be used for further testing (e.g., genomic analysis and viral culture) and research.

According to our surveillance program, we estimated the prevalence of viral ARIs for each age group. The 
detection rates of respiratory viruses, except for that of metapneumovirus, significantly varied according to age 
group (Fig. 2). These results are concordant with those of previous studies that reported different prevalences of 
pathogens according to age, period, and region14–16. The discrepancies in the monthly trends and the number of 
cases or positive samples between the NESID and our data (Fig. 3) can be largely explained by the sampling bias 
of NESID toward children, although differences in the sampling sites might also have affected the data. These 
observations confirmed the importance of age-stratified local surveillance.

The viruses detected in this study are all considered causes of hospital admission17 and pneumonia18,19. 
Among these, SARS-CoV-2/Flu/RSV are especially important because of their prevalence and the availability 
of vaccines and therapeutics. Following recent approval of vaccines for elderly individuals and maternal 
immunization20, our surveillance provides valuable data regarding adult RSV infections. Data for viruses other 
than SARS-CoV-2/Flu/RSV are of public health importance because these viruses can cause endemics14–17 and 
outbreaks within facilities21,22. Previous reports indicate that the detection of viruses other than SARS-CoV-2/
Flu/RSV has led to the identification of causative organisms in ARI outbreaks due to unknown etiology, the 
initiation and cessation of isolation and transmission-based precautions in outbreak settings or routine screening 
activities for symptomatic and asymptomatic admissions, and the avoidance of mixing patients with different 
organisms11,21–25. In a clinical setting, the detection of these viruses may facilitate subsequent modifications of 
empiric broad-spectrum antimicrobials, even in the absence of specific interventions.

There are no surveillance systems that target a broad range of respiratory viruses in Japan. Only several 
retrospective studies from a single institution using FilmArray tests have been reported. One study conducted 
in Yamanashi that compared the COVID-19 pandemic and post-COVID-19 (May–September 2023) periods 
revealed an increase in overall pathogen detection rates (specifically, metapneumovirus, rhinovirus/enterovirus, 

Fig. 1.  Detection rates of respiratory viruses according to age group, 2023–24 winter season, Kyoto, Japan. The 
detection rates of SARS-CoV-2/Flu/RSV were calculated for 2,949 samples, and those of the other pathogens 
were estimated from a subset of 928 SARS-CoV-2/Flu/RSV-negative samples that underwent FilmArray 
testing. FilmArray results for SARS-CoV-2/Flu/RSV were not considered. Subtypes of influenza virus (A and 
B), RSV (A and B), seasonal human coronavirus (229E, HKU1, NL63, and OC43), and human parainfluenza 
virus (1–4) are shown in Supplementary Fig. S2.
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and RSV) in all age groups15. In children ≤ 10 years old, the positivity rates of adenovirus, Bordetella pertussis, and 
parainfluenza viruses 2 and 4 also increased, whereas the positivity rates of SARS-CoV-2, seasonal coronaviruses 
HKU1 and OC43, and parainfluenza virus 1 decreased. During the COVID-19 pandemic (2022–2022), a study 
in Nara detected a higher positivity rate for rhinovirus/enterovirus than SARS-CoV-2 throughout most of the 
study period and peaks of RSV and parainfluenza virus 3 detection in the summer of 202116. A large-scale 
study that examined > 50,000 samples obtained from inpatients or children for whom admission was planned 
in the USA reported the resurgence of viruses other than SARS-CoV-2 during 202217. Among pediatric patients 
aged < 18 years, rhinovirus/enterovirus had the highest incidence in almost all months, with distinct seasonal 
increases in the incidence of different viruses in the following order: seasonal coronavirus, influenza virus, 
metapneumovirus, parainfluenza virus, and RSV. Our results indicate that viruses other than SARS-CoV-2/Flu/
RSV cause ARIs more frequently. Rhinovirus/enterovirus was the most prevalently detected in the < 6 year age 
group; seasonal coronavirus and rhinovirus/enterovirus were more prevalent than SARS-CoV-2 and influenza 
virus were in the 6–17 year age group; and seasonal coronavirus was more prevalent than influenza virus was in 
the ≥ 18 year age group. These epidemiological data highlight the importance of a real-time local surveillance 
program with molecular diagnostics that cover a broad range of viruses.

Multiplexed pathogen detection assays can detect viral coinfections14,26. A recent study in the USA revealed 
that viral coinfection occurred more frequently in children (21% vs. 4% in those < 18 and ≥ 18 years, respectively), 
and coinfection rates were much lower than expected on the basis of the incidence of each virus, suggesting 
the presence of viral exclusionary effects17. Our data also revealed a relatively high rate of multiple viruses in 
children, which was in line with these observations.

This study has several limitations. We probably underestimated the detection rates of viruses other than 
SARS-CoV-2/Flu/RSV because of the presence of coinfections in SARS-CoV-2/Flu/RSV-positive samples. This 
bias may not have a large impact because SARS-CoV-2, influenza virus, and RSV are associated with the lowest 
probability of coinfection17. Sampling bias could be present due to the relatively low numbers of participating 

Fig. 2.  Comparison of the detection rates of respiratory viruses among different age groups, 2023–24 winter 
season, Kyoto, Japan. The detection rates of SARS-CoV-2/Flu/RSV were calculated for 2,949 samples (panel a), 
and those of the other pathogens were calculated for a subset of 928 SARS-CoV-2/Flu/RSV-negative samples 
that underwent FilmArray testing (panel b). The data in panel b are not estimated for 2,966 samples. Asterisks 
indicate a P value of < 0.05.
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facilities and samples from children and the use of a random sampling strategy for FilmArray testing. Notably, 
this surveillance is based on the test positivity of symptomatic patients and may include recovered patients with 
prolonged viral shedding from prior infection episodes.

We demonstrated the differences in the detection rates and trends of respiratory viruses among age 
groups using the developed local molecular surveillance program. This surveillance is unique in terms of age 
stratification, the molecular detection basis for SARS-CoV-2/Flu/RSV, and the inclusion of a broad range of 
viruses. Our data will help accurately elucidate the epidemiology of viral ARIs at different ages and may help 
clinicians and public health professionals plan infection control and prevention strategies. Further detailed 
analysis, including viral genomics, will enhance our knowledge of the spread of respiratory viruses.

Methods
Clinical specimens
Between December 2023 and March 2024, all nasopharyngeal or nasal swabs in viral transport medium that 
were collected for molecular testing for SARS-CoV-2 or SARS-CoV-2/Flu/RSV because of the clinical suspicion 
of ARIs, including COVID-19, at five acute care hospitals or PCR testing centers were sent to the reference 
laboratory at Kyoto University (Supplementary Table S1). The collected patient information included age and 
outpatient/inpatient status. The definitions of outpatient and inpatient status were determined based on the 
patient’s location at the time of specimen collection.

Molecular diagnosis
RNA was extracted from 200 μL samples using a MagNA Pure 96 DNA and Viral NA Small Volume Kit and a 
MagNA Pure 96 Instrument (Roche, Basel, Switzerland) and was eluted in a final volume of 50 μL. The CDC 
Influenza SARS-CoV-2 Multiplex assay was performed with TaqPath 1-Step Multiplex Master Mix (Thermo 
Fisher Scientific) following the instructions (https://www.​cdc.gov/coro​navirus/2019​-ncov/lab/m​ultiplex.html). 
Samples that yielded invalid results due to negative human RNase P internal control results were excluded 
from the analysis. The CDC RSV duplex assay was performed following the original protocol27. RT‒PCR was 
performed on a QuantStudio5 Real-Time PCR System (Thermo Fisher Scientific). Samples that tested negative 
for SARS-CoV-2/Flu/RSV by these two assays were randomly selected (if > 200 samples were collected from a 
facility) for FilmArray® Respiratory Panel 2.1 (bioMérieux Japan, Tokyo, Japan) testing. A systematic random 
sampling approach was applied to select samples in the order in which they were received. Every third sample 
was picked starting from the first sample in the sequence. The detection rates of respiratory viruses other than 

Fig. 3.  Monthly changes in the mean number of positive samples per site of SARS-CoV-2 (panel a), influenza 
virus (panel b), and RSV (panel c) among different age groups and the mean number of cases per sentinel site 
according to the National Epidemiological Surveillance of Infectious Diseases (NESID) program in Kyoto city, 
Japan.
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SARS-CoV-2/Flu/RSV (seasonal coronavirus, rhinovirus/enterovirus, metapneumovirus, parainfluenza virus, 
and adenovirus) were estimated via the following formula: the rate that tested negative for SARS-CoV-2/Flu/
RSV multiplied by the positive rate of the FilmArray results. The FilmArray results for SARS-CoV-2/Flu/RSV 
were not used. Surveillance data were made public on the laboratory website and updated regularly.

Statistical analysis
The detection rates of pathogens were calculated according to four age groups: < 6 (infants and preschoolers), 
6–17 (school-aged), 18–64 (adults), and ≥ 65 (elderly) years. Fisher’s exact test with Bonferroni correction 
(two-tailed) was applied for multiple comparisons to compare the positive rates among the age groups. A p 
value < 0.05 was considered to indicate statistical significance. All the statistical analyses were performed using 
the R software (https://cran.r-project.org).

NESID data for the number of cases of COVID-19, influenza, and RSV infection were obtained from the 
official webpage of the Kyoto City Institute of Public Health ​(​​​h​​​​t​t​​p​s​​:​/​​/​​w​​w​w​.​​c​i​t​y​​.​​​​k​​​y​​​o​​​t​​​o​.​l​g​.​j​p​/​m​e​n​u​3​/​c​a​t​e​g​o​r​y​/​4​1​-​6​
-​3​-​0​-​0​-​0​-​0​-​0​-​0​-​0​.​h​t​m​l​​​​​)​.​​

Data availability
Data is provided within the manuscript or supplementary information files.
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