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Application of quantitative real-time PCR for identifying respiratory tract pathogens in outpatients with RTIs
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Introduction: Respiratory tract infections (RTIs) caused by various pathogens, including viruses, bacteria, and fungi, pose significant public health challenges worldwide. Understanding the etiology and epidemiology of RTIs is necessary for clinical management, rational drug use, formulation of preventive measures, and vaccine development.

Methods: Quantitative real-time PCR was used to detect and analyze respiratory pathogens in outpatients at a hospital in Suzhou, including FluA, FluB, RSV, ADV, HRV, MP, and SARS-CoV-2.

Results: Among the 27,031 respiratory and throat swab samples, the positive rate of virus detection accounts for 25.6%. MP, SARS-CoV-2, and FluA, in particular, showed high positive rates among children, adolescents, and adults. The highest infection rates of RSV, HRV, and ADV were found in patients under 5 years old. High rates of FluA and FluB were observed in patients aged 5–17 and 18–44 years. However, the highest rate of SARS-CoV-2 infection was primarily observed in older adults. Seasonally, the infection rates of SARS-CoV-2 and FluA were highest in spring, FluB, RSV, and ADV in winter, HRV in autumn, and MP in summer and autumn.

Conclusion: By analyzing the results of respiratory virus nucleic acid detection, we can gain a better understanding of the infection status of common respiratory viruses, providing a basis for clinical diagnosis and treatment.

Keywords
 quantitative real-time PCR; respiratory tract infection; outpatients; infection status; respiratory tract pathogens


Introduction

Respiratory tract infections (RTIs) pose a significant threat to human health and contribute to high rates of illness and mortality worldwide (1). RTIs are common conditions affecting the respiratory system. Based on the site of infection, these diseases can be categorized into upper respiratory tract infections (URTIs) and lower respiratory tract infections (LRTIs), which are typically caused by bacteria, viruses, and atypical pathogens (2, 3). Viruses are responsible for a significant proportion of respiratory diseases based on factors such as declining herd immunity or the introduction of new viral subtypes into the population, which contribute to the periodic occurrence of epidemics (4, 5). The primary causes of acute respiratory infections are RNA and DNA viruses that are through air, characterized by rapidly transmission and high infectivity. The epidemic characteristics of RTIs vary across regions and are influenced by factors such as the environment, geography, and economy, and have a tendency to cause regional outbreaks.

Nevertheless, it is difficult to confirm the etiology of RTIs without pathogen nucleic acid tests. Viral culture used to be the gold standard for diagnosis, but it is a tedious and time-consuming procedure and does not apply to acute respiratory virus infection (6). Similarly, serology has limited capability for accurate diagnosis due to its low sensitivity (7). Meanwhile, although antigen-based assays, such as the indirect or direct immunofluorescence antibody assay, are widely used because of their ease of use, they have limited sensitivity and specificity (8). The nucleic acid amplification test (NAAT) has played an increasingly important role, because it yields immediate results and has high sensitivity and specificity (9). Thus, NAAT has become the new standard method for detecting respiratory viruses. Recently, PCR fluorescent probe methods have been developed to detect respiratory tract pathogens (RTPs).

Understanding the prevalence and transmission patterns of RTPs is crucial for rational and standardized use of drugs, the implementation of preventive measures, and the development of vaccines (10, 11). We summarize the results of RTP nucleic acid tests and some clinical data from outpatients in the region to understand the epidemic distribution of RTIs. Currently, RTPs in clinical practice were detected by six kits for nucleic acid detection of respiratory pathogens, including influenza virus A (FluA), influenza virus B (FluB), respiratory syncytial virus (RSV), human rhinovirus (HRV), adenovirus (ADV), mycoplasma pneumoniae (MP), and SARS-CoV-2 (12).



Materials and methods


Subjects

A total of 27,031 throat swab samples were included from outpatients from January 2023 to February 2024. The patients were categorized into the following age groups: infants (<5 years), adolescents (5–17 years), young adults (18–44 years), middle-aged adults (45–64 years), and older adults (≥65 years). The seasons were defined as spring (March to May), summer (June to August), autumn (September to November), and winter (December to February).

This study was approved by the Ethics Committee of The Second Affiliated Hospital of Soochow University (JD-LK-2020-041-02), and all participants provided written informed consent.



Research methods

Viral nucleic acid was extracted from the collected throat swab samples according to the manufacturer’s instructions. Then, the PCR fluorescent probe amplification method was performed, and the results of respiratory pathogen detection were analyzed.



Sample nucleate preparation

The collected throat swab samples were placed in the virus inactivation sampling tube (Zhejiang Gongdong Medical Technology, Z10001) (3 mL, Gongdong). After mixing by shaking, 300 μL of the sample was added to the Nucleic Acid Extraction Purification kit (64-T) (Sansure Biotech, 20210488) using the nucleic acid extraction instrument (Natch 32A), and the corresponding program was started. The extraction procedure was completed after approximately 15 to 30 min. The deep-well plate was then removed and the nucleic acids were transferred for further use.



PCR amplification operation procedure

The Six Respiratory Pathogens Nucleic Acid Diagnostic Kit (PCR-Fluorescence Probing) (Sansure Biotech, 20213400256) comprised solution A, solution B, and enzyme mix. The total amplification system for each sample was 50 μL: 43.5 μL of PCR Mix A or B, 1.5 μL of enzyme mix, and 5 μL of the prepared test specimen. Then, the mixture was shaken and centrifuged, and the PCR reaction tubes were placed into the specimen wells of the automatic PCR analytical instrument for medical analysis (SLAN-96S, Shanghai Hongshi) for amplification. When the reactions were completed, the results were automatically saved, along with the numerical Ct value. The time cycle parameters set are shown below:
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The SARS-CoV-2 and Influenza A/B Virus Multiplex Nucleic Acid Diagnostic Kit (PCR-Fluorescence Probing) (Sansure Biotech, 20213401060) comprised solution A, solution B, and enzyme mix. The total amplification system for each sample was 50 μL: 26 μL of SARS-CoV-2/Inf A/B-PCR Mix, 4 μL of enzyme mix, and 20 μL of the prepared test specimen. Then, the mixture was shaken and centrifuged, and the PCR reaction tubes were placed into the specimen wells of the automatic PCR analytical instrument for medical analysis (SLAN-96S, Shanghai Hongshi) for amplification. When the reactions were completed, the results were automatically saved, along with the numerical Ct value. The time cycle parameters set are shown below:
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Statistical analysis

Data analysis was performed using Prism 9.5 software. Infection rates among respiratory pathogens were compared using the chi-squared test. A probability (P) of less than 0.05 was considered statistically significant.




Results


Respiratory pathogen nucleic acid test result analysis

The study tested 27,031 throat swab samples of outpatients from almost all ages, and the total positive rate accounted for 25.6%. The first symptoms of outpatients were primarily abnormal cough, lung sounds, fever, and abnormal bronchial sounds. Information on the demographics and clinical characteristics of patients is shown in Table 1. A total of 6,919 patients (25.6%) tested positive for at least one pathogen, and 341 (1.26%) of these patients were co-infected with multiple pathogens, which were more common in infants and adolescents (Figure 1). The most common viruses were MP, SARS-CoV-2, and FluA, followed by RSV, HRV, and ADV (Figure 2). The least common etiological agent discovered in this study was FluB, which tested positive, and accounted for 3.4% (Table 1).



TABLE 1 Patient demographics and clinical characteristics.
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FIGURE 1
 Single respiratory virus infection rate. Infants: <5 years; adolescents: 5–17 years; young adults: 18–44 years; middle-aged adults: 45–64 years; older adults: ≥65 years.
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FIGURE 2
 Mixed infection with more than two pathogens. FluA, influenza virus a; FluB, influenza virus b; RSV, respiratory syncytial virus; HRV, human rhinovirus; ADV, adenovirus; MP, mycoplasma pneumoniae; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. Positive rate (%) = positive cases/total cases (100%).




Comparison of RTPI between both sexes

Overall, the total infection rate of RTPs in women was no different from that in men (26.24% vs. 25.04%). Among them, 14,872 were male and 12,159 were female (Table 1).



Comparison of RTPI among age groups

There were significant differences in infection rates among various age groups. The total infection rate was highest in patients aged <5 years (60.62%) and 5–17 years (55.96%). The order of infection rates in all age groups was as follows: <5 years: MP > RSV > SARS-CoV-2 > HRV > FluA > ADV > FluB; 5–17 years: MP > SARS-CoV-2 > FluA> HRV > ADV > RSV > FluB; 18–44 years: MP > FluA > SARS-CoV-2 > FluB> HRV > ADV > RSV; 45–64 years: SARS-CoV-2 > MP > FluA > HRV > RSV > FluB > ADV; and ≥65 years: SARS-CoV-2 > FluA > MP ≈ RSV ≈ HRV > FluB > ADV. The highest infection rates for RSV, HRV, and ADV were found in patients aged <5 years. High rates of FluA and FluB were observed in the 5–17 and 18–44-year age groups. However, the highest rate of SARS-CoV-2 was observed in patients aged ≥65 years, followed by those aged <5 years (Table 2).



TABLE 2 Positive rate of each respiratory tract pathogen in all age groups.
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Comparison of RTPI among seasons

The study showed that RTPIs had clear seasonal variations. FluA was prevalent in spring, autumn, and winter, but its prevalence was very low in summer. FluB was primarily prevalent in winter, with very low occurrences in spring, summer, and autumn. The peak seasons for RSV infection were spring and winter. HRV was mainly prevalent in spring, autumn, and winter. ADV was most prevalent in winter, with an infection rate of 10.88%. The infection rate of MP remained high throughout all four seasons, while SARS-CoV-2 was primarily prevalent in spring and summer (Figure 3).

[image: Figure 3]

FIGURE 3
 Seasonal distribution of RTPs in outpatients with RTs. FluA, influenza virus a; FluB, influenza virus b; RSV, respiratory syncytial virus; HRV, human rhinovirus; ADV, adenovirus; MP, mycoplasma pneumoniae; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. Positive rate (%) = positive cases/total cases (100%).





Discussion

Various pathogens have been reported to cause emerging, re-emerging, and novel infectious diseases, leading to global epidemics. Viruses and some atypical pathogens (such as MP) can affect people of all ages, particularly vulnerable groups such as infants, older adults, patients with chronic diseases, and immunocompromised individuals (13). Viral RTIs typically present with symptoms such as cough, fever, fatigue, muscle pain, runny nose, and sweating (14). Our study also showed that the symptoms of patients at the time of presentation were mainly fever, cough, and pulmonary symptoms. Patients with viral pneumonia often exhibit the same symptoms as those with non-pneumonic viral infections, but the treatments are completely different (15). Therefore, physicians can use NAATs to ensure accurate diagnoses and reduce the unnecessary use of antibiotics. In addition, NAATs can act as a predictor of regional epidemics, and the corresponding prevention and control measures can be made in time.

The NAATs have reached a level of sensitivity, accuracy, and practicality that is routine for gene-level measurement in clinical laboratories (16, 17). Herein, a total of 6,919 throat swab samples (25.74%) were positive for a single pathogen, while the rate of mixed infections with multiple pathogens was 1.26%. MP and SARS-CoV-2 were the most commonly detected pathogens, followed by FluA, RSV, and HRV. The infection rate of FluB was only 2.75%, and it mainly occurred in winter.

The results of the data analysis revealed that infants, young children, older adults, and patients with chronic diseases are particularly susceptible to the virus. This finding is most likely due to reduced immune function or weaker resistance in these groups (14). Additionally, factors such as season and age contribute to differences in the groups infected with various respiratory pathogen infections (18, 19).

According to statistical analysis, FluA infections primarily occurred in young adults aged 18–44 years and in children and adolescents aged 5–17 years. The seasonal pattern of FluA had a particular peak in spring. Moreover, there were notable differences in the distribution of FluA and FluB infections across different age groups and seasons. In the region, the infection rate of FluA was much higher than that of FluB. Epidemiological studies have shown that seasonal climate changes and temperature variations are significantly correlated with virus survival and transmission rates (20, 21).

Based on the detection results of RSV, HRV, and ADV, infections can occur in any age group. RSV is primarily prevalent in spring and winter, with the highest infection risk observed among infants under 5 years old. However, certain groups, such as older adults, infants under 6 months of age, and individuals with compromised immune systems, may develop severe illness requiring further treatment, such as acetaminophen for fever reduction and salbutamol for wheezing relief (22). HRV is prevalent in autumn, winter, and spring, with infants under 5 years old and some children and adolescents being the most susceptible. This poses a significant health risk to infants and young children. The virus is currently believed to contribute to the worsening of chronic lung diseases, such as asthma, bronchiectasis, COPD, and bronchiolitis, which are among the leading causes of morbidity and mortality among older adults worldwide (23). Additionally, ADV infections mainly occur in winter, affecting infants, young children, and some adolescents, particularly those with low immune function. ADV is more likely to exacerbate illness and even increase the risk of death. Currently, there is no specific antiviral drug for adenovirus infection, so most treatments focus on symptom relief (24, 25).

The analysis showed that SARS-CoV-2 had a high infection rate across all age groups, with an overall positive rate of 14.52%, which is primarily prevalent in spring and summer. It can be inferred that, since the outbreak of SARS-CoV-2 in 2019, changes in the epidemic situation and adjustments in prevention and control strategies have led to a decline in the spread of the virus. Individuals with natural immunity or those who have been vaccinated may have developed immunity, which is a major factor in the decline of the SARS-CoV-2 epidemic (26). While there was no significant difference in SARS-CoV-2 infection rates between different age groups, the infection rate was higher among individuals over 65 years old than in other age groups. This variability may be due to the gradual decline in immune function with age, making them a group that is particularly susceptible to SARS-CoV-2 infection.

MP is the smallest prokaryotic pathogenic microorganism that is capable of invading not only the human respiratory system but also the cardiovascular, digestive, and nervous systems (27). When MP infection is confirmed, the primary treatment method is drug therapy, with macrolide antibiotics such as azithromycin, clarithromycin, and roxithromycin being the first choice (28). Proper use of antibiotics can alleviate symptoms and shorten the duration of the disease. MP is more common in school-age children over 5 years old; imaging typically shows bronchitis or bronchopneumonia (29). Therefore, precise diagnosis of pathogens in a timely manner can effectively guide clinical treatment and prevent antibiotic misuse. According to respiratory pathogen detection results in our hospital, MP infection accounted for 34.07% of single pathogen infections and was prevalent year-round. MP infection rates among male and female participants were equal, with the highest infection rates occurring in the 5 to 17-year-old age group, particularly in summer and autumn, which warrants close attention.

From the results of the analysis of local respiratory pathogens tested by quantitative real-time PCR, we can understand the epidemic characteristics of pathogens. This reminds us of the importance of non-drug preventive measures and the need to improve immunity. After infection, accurate diagnosis and standardized treatment are crucial. Furthermore, these measures can reduce the economic burden on patients and society and make effective use of healthcare resources.



Conclusion

The landscape of respiratory infections is complex and continuously evolving, influenced by factors such as pathogen mutation, population immunity, and environmental changes. Ongoing research and public health efforts are essential to better understand these infections, develop precision diagnostic and treatment strategies, and implement effective prevention measures.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

This work has been carried out in accordance with the Declaration of Helsinki (2000) of the World Medical Association. This study was approved by the Ethics Committee of the Second Affiliated Hospital of Soochow University (JD-LK-2020-041-02). All participants provided written informed consent.



Author contributions

LQ: Conceptualization, Writing – original draft, Writing – review & editing. YY: Conceptualization, Formal analysis, Writing – original draft, Writing – review & editing. ZX: Conceptualization, Resources, Writing – original draft, Writing – review & editing. HW: Conceptualization, Data curation, Writing – original draft, Writing – review & editing. ZP: Conceptualization, Formal analysis, Writing – original draft, Writing – review & editing. DZ: Conceptualization, Writing – original draft, Writing – review & editing. RL: Conceptualization, Data curation, Writing – original draft, Writing – review & editing. HZ: Writing – original draft, Writing – review & editing. XX: Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was supported by the Project of MOE Key Laboratory of Geriatric Diseases and Immunology of Soochow University (Project No. KJS2403) to XX.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Mao, T, Kim, J, Peña-Hernández, MA, Valle, G, Moriyama, M, Luyten, S , et al. Intranasal neomycin evokes broad-Spectrum antiviral immunity in the upper respiratory tract. Proc Natl Acad Sci USA. (2024) 121:e2319566121. doi: 10.1073/pnas.2319566121 

 2. Chhabra, P, Garg, S, Mittal, SK, Satyanarayan, L, Mehra, M, and Sharma, N. Magnitude of acute respiratory infections in under five. Indian Pediatr. (1993) 30:1315–9.

 3. Clementi, N, Ghosh, S, De Santis, M, Castelli, M, Criscuolo, E, Zanoni, I , et al. Viral respiratory pathogens and lung injury. Clin Microbiol Rev. (2021) 34:e00103-20. doi: 10.1128/cmr.00103-20 

 4. Fendrick, AM, Monto, AS, Nightengale, B, and Sarnes, M. The economic burden of non-influenza-related viral respiratory tract infection in the United States. Arch Intern Med. (2003) 163:487–94. doi: 10.1001/archinte.163.4.487 

 5. Koo, HJ, Lim, S, Choe, J, Choi, SH, Sung, H, and Do, KH. Radiographic and Ct features of viral pneumonia. Radiographics. (2018) 38:719–39. doi: 10.1148/rg.2018170048 

 6. Baron, EJ, Miller, JM, Weinstein, MP, Richter, SS, Gilligan, PH, Thomson, RB Jr , et al. A guide to utilization of the microbiology Laboratory for Diagnosis of infectious diseases: 2013 recommendations by the Infectious Diseases Society of America (Idsa) and the American Society for Microbiology (Asm)(a). Clin Infect Dis. (2013) 57:e22–e121. doi: 10.1093/cid/cit278 

 7. Theel, ES, and McAdam, AJ. What about serology? A Micro-comic strip. J Clin Microbiol. (2019) 57:e00797-19. doi: 10.1128/jcm.00797-19 

 8. Adminstration USFD. (2020). Recommendations for clinical Laboaratory improvement Amedments of 1988 (Clia) waiver applications for manufactures of in vitro diagnostic devices. Available online at: https://www.fda.gov/regulatory-information/search-fda-guidance-documents/recommendationsclinical-laboratory-improvement-amendments-1988-clia-waiver-applications (Accessed April 22, 2025).

 9. Wen, S, Lv, F, Chen, X, Zhu, L, Li, H, Lin, L , et al. Application of a nucleic acid-based multiplex kit to identify viral and atypical bacterial Aetiology of lower respiratory tract infection in hospitalized children. J Med Microbiol. (2019) 68:1211–8. doi: 10.1099/jmm.0.001006 

 10. Manuel, O, López-Medrano, F, Keiser, L, Welte, T, Carratalà, J, Cordero, E , et al. Influenza and other respiratory virus infections in solid organ transplant recipients. Clin Microbiol Infect. (2014) 20:102–8. doi: 10.1111/1469-0691.12595 

 11. Flight, W, and Jones, A. The diagnosis and Management of Respiratory Viral Infections in cystic fibrosis. Expert Rev Respir Med. (2017) 11:221–7. Epub 2017/01/31. doi: 10.1080/17476348.2017.1288102 

 12. Jackson, CB, Farzan, M, Chen, B, and Choe, H. Mechanisms of Sars-Cov-2 entry into cells. Nat Rev Mol Cell Biol. (2022) 23:3–20. doi: 10.1038/s41580-021-00418-x 

 13. Zhang, Y, Wang, Y, Zhao, J, Xiong, Z, Fan, Y, Zhang, W , et al. Severity and mortality of respiratory syncytial virus vs influenza a infection in hospitalized adults in China. Influenza Other Respir Viruses. (2020) 14:483–90. doi: 10.1111/irv.12754 

 14. Stein, J, Louie, J, Flanders, S, Maselli, J, Hacker, JK, Drew, WL , et al. Performance characteristics of clinical diagnosis, a clinical decision rule, and a rapid influenza test in the detection of influenza infection in a community sample of adults. Ann Emerg Med. (2005) 46:412–9. doi: 10.1016/j.annemergmed.2005.05.020 

 15. Oliveira, EC, Marik, PE, and Colice, G. Influenza Pneumonia: A Descriptive Study. Chest. (2001) 119:1717–23. doi: 10.1378/chest.119.6.1717 

 16. Mocellin, S, Rossi, CR, Pilati, P, Nitti, D, and Marincola, FM. Quantitative real-time Pcr: a powerful ally in Cancer research. Trends Mol Med. (2003) 9:189–95. doi: 10.1016/s1471-4914(03)00047-9 

 17. Lin, CY, Hwang, D, Chiu, NC, Weng, LC, Liu, HF, Mu, JJ , et al. Increased detection of viruses in children with respiratory tract infection using Pcr. Int J Environ Res Public Health. (2020) 17:564. doi: 10.3390/ijerph17020564

 18. Moriyama, M, Hugentobler, WJ, and Iwasaki, A. Seasonality of respiratory viral infections. Annu Rev Virol. (2020) 7:83–101. doi: 10.1146/annurev-virology-012420-022445 

 19. Tahamtan, A, Samadizadeh, S, Rastegar, M, Nakstad, B, and Salimi, V. Respiratory syncytial virus infection: why does disease severity vary among individuals? Expert Rev Respir Med. (2020) 14:415–23. doi: 10.1080/17476348.2020.1724095 

 20. Li, Y, Reeves, RM, Wang, X, Bassat, Q, Brooks, WA, Cohen, C , et al. Global patterns in monthly activity of influenza virus, respiratory syncytial virus, parainfluenza virus, and Metapneumovirus: a systematic analysis. Lancet Glob Health. (2019) 7:e1031–45. doi: 10.1016/s2214-109x(19)30264-5 

 21. Metz, JA, and Finn, A. Influenza and humidity--why a bit more damp may be good for you! J Infect. (2015) 71:S54–8. doi: 10.1016/j.jinf.2015.04.013

 22. Baum, SG. Respiratory syncytial virus: another serious respiratory infection. Clin Infect Dis. (2021) 73:e164–5. doi: 10.1093/cid/ciaa723 

 23. Price, AS, and Kennedy, JL. T-helper 2 mechanisms involved in human rhinovirus infections and asthma. Ann Allergy Asthma Immunol. (2022) 129:681–91. doi: 10.1016/j.anai.2022.08.015 

 24. Lion, T. Adenovirus infections in immunocompetent and immunocompromised patients. Clin Microbiol Rev. (2014) 27:441–62. doi: 10.1128/cmr.00116-13 

 25. Schwartz, KL, Richardson, SE, MacGregor, D, Mahant, S, Raghuram, K, and Bitnun, A. Adenovirus-associated central nervous system disease in children. J Pediatr. (2019) 205:130–7. doi: 10.1016/j.jpeds.2018.09.036 

 26. Wack, S, Patton, T, and Ferris, LK. Covid-19 vaccine safety and efficacy in patients with immune-mediated inflammatory disease: review of available evidence. J Am Acad Dermatol. (2021) 85:1274–84. doi: 10.1016/j.jaad.2021.07.054 

 27. Zhu, Y, Luo, Y, Li, L, Jiang, X, Du, Y, Wang, J , et al. Immune response plays a role in Mycoplasma Pneumoniae pneumonia. Front Immunol. (2023) 14:1189647. doi: 10.3389/fimmu.2023.1189647 

 28. Meyer Sauteur, PM, and Beeton, ML. Mycoplasma Pneumoniae: delayed re-emergence after Covid-19 pandemic restrictions. Lancet Microbe. (2024) 5:e100–1. doi: 10.1016/s2666-5247(23)00344-0 

 29. Tsai, TA, Tsai, CK, Kuo, KC, and Yu, HR. Rational stepwise approach for Mycoplasma Pneumoniae pneumonia in children. J Microbiol Immunol Infect. (2021) 54:557–65. doi: 10.1016/j.jmii.2020.10.002 


Copyright
 © 2025 Qi, Yang, Xu, Wang, Pan, Zhao, Liu, Zhang and Xie. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpubh-13-1531432-t002.jpg
Temperature  Time

1 Reverse transcription 50°C 5min 1

2 Pre-denaturation 95°C 1 min 1
Denaturation 95°C 105
Annealing, 60°C 205

3 extension, and a
fluorescence

detection





OPS/images/fpubh-13-1531432-t003.jpg
Characteristics
Pathogen infection rates (1 = 27,031)
Covinfection of pathogens

Sex

Male (n = 14,872)

Female (n = 12,159)

Age group

Infants (<5 years) (n = 1,356)

Adolescents (5-17 years) (n = 2,423)

Young adults (18-44 years) (n = 6,089)
Middle-aged adults (45-64 years) (1 = 5,525)

Older adults (265 years) (n = 11,586)

Clinical symptoms at presentation (n = 6,919)

Abnormal bronchial sounds
Abnormal pulmonary symptoms
Cough

Fever

Pant

n (%)
6919 (25.60)

341(1.26)

3,724 (25.04)

3,190 (26.24)

822 (60.62)
1,356 (55.96)
1,420 (23.32)
962 (17.41)

2,354(20.32)

1,245 (18.00)
2,214 (3200)
1,939 (28.00)
1,245 (18.00)

276 (4.00)





OPS/images/fpubh-13-1531432-g003.jpg
Infection rate (100%)

60

40

20

o

NS S
«\‘y«\"e"#\@"s‘é
&
<

Respiratory tract pathogens

== Spring

= Summer
Autumn
Winter





OPS/images/fpubh-13-1531432-t001.jpg
Temperature  Time

1 Reverse transcription 50°C 30 min 1

2 Pre-denaturation 95°C 1 min 1
Denaturation 95°C 155

R Annealing, extension, 60°C 30s "
and fluorescence
detection

4 Device cooling 25°C 105 1

(optional)





OPS/images/fpubh-13-1531432-t004.jpg
Respiratory Infants
tract

pathogen (<5 years)
FluA 9.66 (124/1283)
FluB 39(50/1283)
RSA 2051 (249/1214)
HRY 1071 (130/1214)
ADV 8.48 (103/1214)
MP 24.13 (306/1268)
SARS-CoV-2 15.66 (13/83)

Positive cases/total cases (100%)
Middle-aged adults
(45-64 years)

Adolescents
(5-17 years)

Young adults
(18-44 years)

1301 (244/1876) 14.02 (374/2668) 8.61(374/2668)
4.96 (93/1876) 4.95 (132/2668) 2.27(55/2668)
5.39 (83/1541) 121 (5/412) 2.28(9/394)
8.89 (137/1541) 4.61(19/412) 4.82(19/394)

766 (118/1541) 291 (12/412) 1.52(6/394)

64.56 (1,208/1871) 3119 (136/436) 1078 (44/408)

1084 (63/581) 1341 (755/5630) 1235 (628/5085)

Older adults

(=65 years)

9.2 (471/5119)
121 (62/5119)
425 (47/1106)
4,07 (45/1106)
118 (13/1106)
455 (52/1106)

1638 (1700/10379)

<0001
<0001
<0001
<0001
<0001
<0001

<0001

FluA, influenza virus a; Flub, influenza virus bs RSV, respiratory syncytial virus; HRY, human thinovirus; ADV, adenovirus; MP, mycoplasima preumoniae; SARS-CoV-2, severe actte

respiratory syndrome coronavirus 2.
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