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Background: Respiratory tract infections are among the most common causes of acute illnesses, with viruses accounting for the 
majority of cases, particularly in outpatient settings. Regression-based study designs have been commonly employed to estimate the 
burden of influenza; however, these estimates frequently suffer from a lack of timeliness, and numerous countries face limitations due 
to insufficient virological data. Specifically for the northern region of Anhui Province, the local profile and infection patterns of 
respiratory pathogens remain not well-documented. This study seeks to contribute to bridging these knowledge gaps.
Methods: A total of 15,774 patients with acute respiratory tract infections treated at the First Affiliated Hospital of Bengbu Medical 
University from January 1, 2020, to December 31, 2022 were included. Associations between pathogen detection and demographic 
variables were analyzed. IgM antibodies against multiple respiratory pathogens were detected using serological methods. Paired serum 
and throat swab samples from 374 non-COVID-19 patients were tested using both IgM antibody assays and multiplex nucleic acid 
amplification to compare diagnostic efficacy.
Results: The overall IgM antibody positivity rate was 24.45%, with annual rates of 17.58% in 2020, 28.66% in 2021, and 25.83% in 
2022. The highest detection rate was for Mycoplasma pneumoniae (MP; 15.22%), followed by Influenza B virus (IFBV; 3.75%) and 
Legionella (LP; 2.15%). Seasonal detection rates were 21.62% in spring, 26.31% in summer, 29.83% in autumn, and 20.40% in winter. 
Females had a higher detection rate (26.06%) than males (23.05%). Detection rates by age group were 33.83% in children, 13.81% in 
adolescents, 3.39% in young adults, 14.61% in middle-aged individuals, and 19.39% in the elderly. Nucleic acid testing demonstrated 
a higher positivity rate compared with IgM antibody testing.
Conclusion: The detection rate of pathogen-specific IgM antibodies in respiratory tract infections varies by year, season, sex, and age. 
Nucleic acid testing provides superior diagnostic sensitivity compared with IgM antibody detection and should be prioritized in 
clinical practice.
Keywords: respiratory tract infections, immunoglobulin M antibody, nucleic acid tests, Mycoplasma pneumoniae, influenza virus

Introduction
Respiratory tract infections represent the most prevalent cause of acute illness in developed nations, with an estimated annual 
incidence of 500 million non-influenza viral respiratory infections in the United States.1,2 In China, acute respiratory tract 
infections are the leading cause of mortality among children under five years of age, imposing a significant burden on both 
families and the healthcare system.3 These infections are characterized by a range of clinical manifestations, including fever, 
sore throat, cough, expectoration, and wheezing, and can be attributed to various pathogens. Notably, over 80% of these 
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infections are viral in origin, with atypical pathogens such as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
Mycoplasma pneumoniae (MP), and Chlamydia pneumoniae also posing substantial risks to public health.4

The early identification of the causative agents is crucial for the effective treatment and prevention of acute respiratory tract 
infections. Current diagnostic methods include immunological assays, pathogen isolation and culture, and nucleic acid detection 
techniques.5 Accurate and timely pathogen identification enables targeted clinical interventions, thereby improving patient 
outcomes. Nucleic acid detection methods are particularly advantageous due to their high sensitivity and specificity, enabling 
detailed pathogen identification and the early diagnosis of latent infections.6 Clinicians must select the appropriate diagnostic 
approach based on the individual patient’s condition. Despite the availability of these techniques, there remains a notable gap in 
the detailed epidemiological data, including a head-to-head comparison of IgM serology and nucleic acid testing, specifically for 
the Northern Anhui region. Filling this gap is essential for optimizing local diagnostic protocols and clinical management. 
Therefore, this study aimed to compare the diagnostic results for common respiratory pathogens obtained from serum IgM 
antibody testing and nucleic acid testing.

Materials and Methods
Ethical and Safety Issues
This study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of 
The First Affiliated Hospital of Bengbu Medical University (Approval No. 2022208). Written informed consent was 
obtained from all participants or their legal guardians. All data were anonymized to ensure confidentiality. Laboratory 
procedures followed BSL-2 safety protocols. The publication of this manuscript was approved by the Institutional Ethics 
Committee of Bengbu Medical College (Approval No. [2023] 389).

Study Design and Participant Inclusion
This was a cross-sectional study. Patients diagnosed with respiratory tract infections at the First Affiliated Hospital of 
Bengbu Medical University between January 1, 2020, and December 31, 2022, were considered for inclusion. The 
primary inclusion criterion was the availability of a serum sample for immunoglobulin M (IgM) antibody testing. For the 
comparative diagnostic analysis, an additional criterion was the availability of a paired throat swab sample for nucleic 
acid testing. Patients with confirmed COVID-19 were excluded from the comparative analysis subgroup.

Patients and Sample Collection
Between January 1, 2020, and December 31, 022, a total of 15,774 patients diagnosed with respiratory tract infections 
were admitted to the First Affiliated Hospital of Bengbu Medical University, the largest comprehensive hospital in 
northern Anhui Province, with over 3,800 beds and an annual patient volume exceeding 2.2 million visits. Among the 
patients included in this study, 8,430 were male and 7,344 were female. Participants were stratified into five age groups: 
children (3–14 years), adolescents (15–18 years), young adults (19–40 years), middle-aged adults (41–65 years), and 
elderly adults (66–85 years).

Additionally, 374 adult patients with acute respiratory infections (excluding COVID-19) who were treated in the 
Department of Respiratory Medicine at the First Affiliated Hospital of Bengbu Medical University between January 2022 
and May 2022 were enrolled for comparative diagnostic analysis. These patients underwent both serum IgM antibody 
testing and nucleic acid testing for respiratory pathogens.

To detect IgM antibody, serum or plasma anticoagulated with EDTA, heparin, or citrate was collected and promptly 
transported to the Immunology Division of the Key Laboratory of the Respiratory Department. Samples were stored at 
4°C until analysis. For the detection of respiratory viruses, nasopharyngeal and oropharyngeal swabs were obtained from 
each patient, combined, and placed in viral transport medium. These samples were immediately transported to the 
Molecular Diagnostics Division of the same laboratory and stored at −80°C until testing.
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Detection of IgM Antibodies Against Respiratory Pathogens
IgM antibodies were detected using a respiratory pathogen detection kit (Oon Medical Experimental Diagnosis Company, 
Germany) based on an indirect Immunofluorescence (IF) assay. Briefly, diluted patient serum was incubated with 
antigen-coated slides. If specific IgM antibodies were present, they bound to their corresponding antigens. After washing, 
fluorescein isothiocyanate (FITC)-labeled anti-human IgM antibodies were added, and specific fluorescence patterns 
were observed under a fluorescence microscope.

Prior to testing, immunoglobulin G (IgG) antibodies were removed from patient samples using immunoabsorption to 
prevent false-positive results caused by rheumatoid factors (RF) or false-negative results due to competitive binding with 
specific IgG. RF adsorbents were also used to remove RF from the samples. For qualitative testing, the initial dilution of 
the sample was 1:10 (and 1:100 for Legionella pneumophila). When using IgG absorbents, 16.6 µL of the sample was 
mixed with 150 µL of the adsorbent, vortexed for 4 seconds, incubated at room temperature for 15 minutes, and 
centrifuged for 5 minutes at 2000 rpm at room temperature. For dilution of 1:100, the supernatant was further diluted 
1:10 with phosphate buffer saline (PBS).

The IF protocol was as follows: 30 µL of diluted serum was added to each designated reaction area of the sample 
plate. Antigen-coated slides were placed face-down in the grooves and incubated at 18–25 °C for 30 minutes. After 
washing with PBS, 25 μL of FITC-labeled anti-human IgM antibody was added, followed by a second incubation for 
30 minutes protected from light. Slides were washed again, mounted with glycerol/PBS, and examined under a fluores
cence microscope. Representative images are shown in Figures 1 and 2 presents a positive Mycoplasma pneumoniae IgM 
fluorescence pattern.

Detection of Nucleic Acids of Respiratory Pathogens
The nucleic acid testing for respiratory pathogens was performed utilizing the SureX 13 Respiratory Pathogen Multiplex 
Detection Kit (Ningbo Heath Gene Technologies, China) and the SLAN-96S real-time PCR instrument (Shanghai 
Hongshi Medical Technology Co., Ltd., China). This assay utilizes multiplex fluorescent probe reverse transcription 
polymerase chain reaction (RT-PCR) with four detection channels (FAM, VIC, ROX, CY5) and melt curve analysis to 
simultaneously detect 13 respiratory pathogens. The FAM, VIC, and ROX channels designated for the amplification 
detection of target pathogens. Identification of these pathogens is based on the cycle threshold (Ct) values of the 
amplification signals recorded in each channel, as well as the rate of change in peak height within the specific melting 
temperature range associated with the target pathogens. The CY5 channel monitors endogenous internal control to ensure 
sample quality.

For amplification, the 20 μL reaction mixture contained 1 μL reverse transcriptase mix (reverse transcriptase and 
RNase inhibitor), 4 μL enzyme mix (hot-start DNA polymerase, dNTPs, MgCl2), 3 μL primer/probe working solution, 
7 μL DEPC-treated water, and 5 μL extracted nucleic acid. Reverse transcription was performed at 55 °C for 10 min. 
After adding samples, tubes were sealed, briefly centrifuged, placed on ice, and loaded into the PCR instrument. 
Fluorescence channels FAM, VIC, ROX, and CY5 were selected for amplification and detection.

Statistical Analysis
Statistical analysis was conducted using SPSS version 25.0 (IBM Corp., Armonk, NY, USA). Categorical variables were 
expressed as frequencies and percentages, and group comparisons were performed using the chi-square (χ2) test. 
Statistical significance was set at p-value of less than 0.05. The agreement between serum IgM antibody detection and 
nucleic acid testing was evaluated using the Kappa consistency test.

Results
Prevalence of Respiratory Viruses in Patient Groups
Among the 15,774 specimens analyzed, respiratory pathogen–specific IgM antibodies were detected in 3,857 cases, yielding 
an overall positivity rate of 24.45%. Annual detection rates were 17.58% in 2020, 28.66% in 2021, and 25.83% in 2022, with 
significant interannual variation (χ2 = 167.699, P < 0.001). The highest detection rate of respiratory pathogen IgM antibodies 
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was recorded for MP at 2,401 cases (15.22%), followed by IFVB at 591 cases (3.75%), and then by LP at 339 cases (2.15%). 
Detection rates for adenovirus (ADV) did not differ significantly across the three years (χ2 = 1.455, P = 0.483), whereas 
detection rates for other pathogens showed significant year-to-year variation (P < 0.05; Table 1).

Respiratory Viruses According to the Season of Infection
A comparative analysis of IgM antibody detection rates for respiratory pathogens among patients across different seasons 
revealed statistically significant differences (χ2 = 123.351, P < 0.001). The detection rate was highest in autumn (29.86%) 
and lowest in winter (20.49%). Additionally, the peak infection periods for various pathogens differed. Infections caused 
by IFVB and Respiratory Syncytial Virus (RSV) peaked in winter, whereas MP and LP infections peaked in autumn. 
Furthermore, the comparison of IgM antibody detection rates for IFVB, Parainfluenza virus (PIV), RSV, MP, Chlamydia 
pneumoniae (CP), LP, and Q fever rickettsiae (QFR) across different seasons demonstrated statistically significant 
differences (all P < 0.05; Figure 3).

Figure 1 Experimental operation of titration plate technology.The overarching process of indirect IF assay operations.
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Respiratory Viruses According to Age of Infection
IgM detection rates varied significantly across age groups, with the highest positivity observed in children (33.83%) and 
the lowest in young adults (3.39%). MP positivity was greatest among children (1,758 cases), lower in adolescents and 
young adults, and increased again in middle-aged and elderly individuals. This pattern suggests higher susceptibility to 
MP infection in populations with less mature or compromised immune systems, such as children and older adults. 
Statistically significant age-related differences were found for IFVB, PIV, RSV, MP, LP, and QFR (P < 0.05; Table 2).

Figure 2 Under the 20 × fluorescence microscope, scattered inclusions are observable within the cell envelope of the infected MP. These inclusions exhibit fine to coarse 
granular fluorescence, resembling large stars surrounded by numerous smaller stars in a night sky. The inclusions are indicated by the red arrow in the accompanying image.

Table 1 A Comparative Analysis of IgM Antibody Detection for Respiratory 
Pathogens in Specimens Collected from 2020 to 2022 [n (%)]

Year 2020 2021 2022 χ2 P Total

n 4386 5116 6272 15774

IFVA 21(0.48) 19(0.37) 8(0.13) 11.626 0.03 48(0.30)

IFVB 146(3.33) 428(8.37) 17(0.27) 515.631 <0.001 591(3.75)
PIV 16(0.37) 41(0.80) 100(1.59) 43.417 <0.001 157(0.99)

ADV 24(0.55) 24(0.47) 40(0.64) 1.455 0.483 88(0.56)

RSV 44(1.00) 43(0.84) 35(0.56) 7.117 0.028 122(0.77)
MP 442(10.08) 819(16.01) 1140(18.18) 135.195 <0.001 2401(15.22)

CP 11(0.25) 12(0.24) 4(0.06) 7.076 0.029 27(0.17)

LP 57(1.30) 46(0.89) 236(3.76) 131.818 <0.001 339(2.15)
QFR 10(0.23) 34(0.67) 40(0.64) 10.669 0.005 84(0.53)

Total 771(17.58) 1466(28.66) 1620(25.83) 167.699 <0.001 3857(24.45)

Abbreviations: IFVA, Influenza AVirus; IFVB, Influenza BVirus; PIV, Para influenza Virus; ADV, 
Adenovirus; RSV, Respiratory Syncytial; MP, Mycoplasma Pneumoniae; CP, Chlamydia Pneumoniae; LP, 
Legionella; QFR, Q Fever Rickettsiae.
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Respiratory Viruses Based on the Gender of the Infected Individuals
Among 8,430 male patients, the IgM antibody positivity rate was 23.05%, compared with 26.06% among 7,344 female 
patients (χ2 = 19.341, P < 0.001). Furthermore, comparisons of the detection rates of IgM antibodies to IFVB,MP, and 
QFR between genders revealed statistically significant differences (χ2 = 6.296, 17.522, 5.938, all P < 0.05). However, the 
detection rates of IgM antibodies for other pathogens did not show statistically significant differences when compared 
across genders (P>0.05; Table 3).

Figure 3 A Comparative Analysis of IgM Antibody Detection for Respiratory Pathogens in Specimens Collected Across Different Seasons.

Table 2 A Comparative Analysis of IgM Antibody Detection for Respiratory Pathogens in Specimens Collected from 
Patients Across Various Age Groups [n (%)]

Age 
Groups

Children 
Group

Adolescent 
Group

The Young Adults 
Group

The Middle-Age 
Group

The Elderly 
Group

χ2 P

3-14 Years 15-18 Years 19-40 Years 41-65 Years 66-85 Years

n 8202 268 1475 2833 2996

IFVA 26 (0.32) 1 (0.37) 1 (0.07) 7 (0.25) 13 (0.43) 4.770 0.312
IFVB 450 (5.49) 11 (4.10) 14 (0.95) 56 (1.98) 61 (2.04) 150.36 <0.001

PIV 95 (1.16) 2 (0.75) 7 (0.48) 17 (0.60) 37 (1.24) 12.590 0.013

ADV 52 (0.63) 1 (0.37) 5 (0.34) 12 (0.42) 18 (0.60) 3.316 0.506
RSV 35 (0.43) 0 (0) 2 (0.14) 65 (2.29) 20 (0.67) 108.57 <0.001

MP 1758 (21.43) 14 (5.20) 20 (1.36) 239 (8.44) 347 (12.25) 604.8 <0.001

CP 15 (0.18) 0 (0) 0 (0) 5 (0.18) 7(0.23) 3.743 0.442
LP 277 (3.38) 3 (1.12) 1 (0.07) 12 (0.42) 47 (1.57) 135.1 <0.001

QFR 67 (0.82) 5 (1.87) 0 (0) 1 (0.04) 11 (0.37) 44.19 <0.001

Total 2775 (33.83) 37 (13.81) 50 (3.39) 414 (14.61) 581 (19.39) 949.1 <0.001

Abbreviations: IFVA, Influenza AVirus; IFVB, Influenza BVirus; PIV, Para influenza Virus; ADV, Adenovirus; RSV, Respiratory Syncytial Virus; MP, Mycoplasma 
Pneumoniae; CP, Chlamydia Pneumoniae; LP, Legionella; QFR, Q Fever Rickettsiae.
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Comparison of Serum IgM Antibody Test Results and Nucleic Acid Test Outcomes
Among the 374 comparison samples analyzed, 110 (29.40%) were positive by serum IgM testing, whereas 126 (33.69%) 
were positive by nucleic acid testing. The positive rate for nucleic acid testing was significantly higher than that for 
serum IgM antibody testing, with a statistically significant difference observed (P = 0.007). Agreement between the two 
methods was substantial (Kappa = 0.809, P < 0.001). Serum IgM antibody and nucleic acid detection were employed to 
assess seven common respiratory pathogens. For seven common respiratory pathogens, agreement was high (Kappa > 
0.75, P < 0.001) for influenza A virus (IFVA), IFVB, PIV, RSV, and MP. ADV showed moderate agreement (Kappa = 
0.492, P < 0.001) (Figure 4).

Discussion
Acute airway infections represent a prevalent health concern among humans. In recent years, the predominant etiology of 
acute respiratory tract infections has shifted from bacterial to viral and atypical respiratory pathogen infections, largely 
due to the widespread use of antimicrobial agents.7 Clinical management varies depending on the causative agent; 
therefore, accurate pathogen identification is critical for guiding practice, ensuring the rational use of antibiotics, and 
mitigating antimicrobial resistance.8

In this study, we assessed the prevalence of common respiratory viruses in hospitalized and outpatient cases with 
acute respiratory infection symptoms and analyzed virus distribution over a two-year period. Our results are consistent 
with previously published studies that investigated the etiology of acute respiratory infection, especially those focused on 
people with lower respiratory tract infections.9,10 Since the emergence of the COVID-19 pandemic, which is attributed to 
the SARS-CoV-2, a series of non-pharmaceutical interventions were rapidly implemented to mitigate the virus’s 
transmission.11 In addition to efforts aimed at controlling the spread of COVID-19, the epidemiology of atypical 
pathogens, including MP, has experienced notable changes as a result of these interventions. Our results show 
a decline in acute respiratory infection cases in 2020 compared to 2021, with the MP detection rate falling from 
16.01% to 10.08%. These findings align with previous research outcomes.12 Furthermore, the number of positive cases of 
MP in other regions of China significantly decreased in 2020 due to the public health response to COVID-19.13 As 
pandemic restrictions eased in 2022, increased gatherings and reduced adherence to preventive measures led to 
a resurgence of viral infections, particularly MP, PIV, and LP.

This rate is largely consistent with those reported in existing literature both domestically and internationally.14 

Notably, the detection rate of IgM antibodies for MP was 15.22%, followed by IFVB and LP, while the detection rate 

Table 3 A Comparative Analysis of IgM Antibody 
Detection for Respiratory Pathogens in Specimens 
Collected from Patients of Varying Genders[n (%)]

Sex Male Female χ2 P

n 8430 7344

IFVA 20(0.24) 26(0.35) 1.851 0.178
IFVB 286(3.39) 305(4.15) 6.296 0.012

PIV 77(0.91) 81(1.10) 1.421 0.233

ADV 46(0.55) 42(0.57) 0.048 0.826
RSV 66(0.78) 56(0.76) 2.54 0.111

MP 1189(14.10) 1212(16.5) 17.52 <0.001
CP 15(0.18) 12(0.16) 0.049 0.825

LP 188(2.23) 152(2.07) 0.48 0.488

QFR 56(0.66) 28(0.38) 5.938 0.015
Total 1943(23.05) 1914(26.06) 19.341 <0.001

Abbreviations: IFVA, Influenza AVirus; IFVB, Influenza BVirus; PIV, 
Para influenza Virus; ADV, Adenovirus; RSV, Respiratory Syncytial; MP, 
Mycoplasma Pneumoniae; CP, Chlamydia Pneumoniae; LP, Legionella; 
QFR, Q Fever Rickettsiae.
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for mixed infections was relatively low. Consequently, MP emerges as the predominant pathogen responsible for acute 
respiratory tract infections in adults within this region. These findings corroborate previous conclusions that MP infection 
is the typical respiratory pathogen with the highest daily detection rate reported in domestic pneumonia cases.15

Among MP-positive cases, children had significantly higher rates than adults,16 likely due to differences in immunity and 
hygiene practices. Children aged 3–14 years were most affected from 2020 to 2022, with MP rates higher in younger children 
than adolescents, consistent with earlier studies.17–19 Recent studies indicate that the infection rate of LP in pediatric 
populations increases with age.20 While culture remains the gold standard for the diagnosis of Legionella, serological antibody 
testing is the most frequently employed laboratory method for diagnosing Legionella pneumonia.21 Our study found higher LP 
IgM positivity in children aged 3–14 years, particularly in preschoolers. LP can also cause extrapulmonary symptoms, and co- 
infection with MP may result in more severe illness,22 highlighting the need for early diagnosis and treatment.23

Seasonal variations in the infection rates of different pathogens were also observed. The study demonstrated that 
infection rates during the summer and autumn months were significantly higher than those in spring and winter. 
However, distinct patterns emerged among different pathogen categories; for instance, the peak incidence of IFVB 
infections occurred in winter and spring, while MP infections were most prevalent in summer and autumn.24,25 The 
methodologies employed for the detection of respiratory pathogens include microbial culture, serological testing, and 
molecular biology techniques.26 While microbial culture is a traditional method, it is often time-consuming and exhibits 
a low detection rate. Serological testing is frequently favored for its speed and convenience; however, it has the potential 
for false positive and false negative results.27 In the present study, we employed indirect immunofluorescence to identify 
IgM antibodies in serum samples, while atypical pathogen RNA was detected in nasopharyngeal specimens using PCR. 

Figure 4 Comparison of Serum IgM Antibody Test Results and Nucleic Acid Testing Outcomes.
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Conversely, several other studies have utilized passive agglutination methods to identify MP antibodies.13,28 Molecular 
approach offers rapid and precise identification of pathogens, thereby enhancing diagnostic accuracy.29 Molecular 
diagnostics allow rapid and precise identification, though limitations remain, including low sensitivity and predictive 
value.30–32 Consequently, both serological testing and PCR methods possess distinct advantages and disadvantages. An 
accurate diagnosis necessitates the integration of laboratory test results with clinical manifestations.33 Understanding 
regional epidemiology and promptly selecting appropriate diagnostic methods enables individualized treatment, prudent 
antibiotic use, and better public health interventions.

Nevertheless, our study faced several limitations. Firstly, this research is a single-center study, despite the fact that 
this hospital is the largest in Northern Anhui Province, China. The prevalence of atypical pathogens may vary in other 
provinces of China due to differences in climate, economic conditions, and lifestyles.34 Diagnostic results must be 
interpreted with clinical context and should not be the sole criterion for diagnosis. Influenza vaccination can cause IgM 
positivity, requiring vaccination history consideration.35,36 In nucleic acid testing, sequence variation, poor sample 
handling, or suboptimal laboratory conditions can cause false negatives or positives.37

Conclusion
This study clarifies the local epidemiology of respiratory infections and provides a critical evaluation of diagnostic 
methods. We identified Mycoplasma pneumoniae and Influenza B virus as the predominant pathogens, a finding 
consistent with broader national trends yet now specifically documented for Northern Anhui. Infections exhibited 
a distinct seasonal pattern, with a notably higher burden observed in school-aged children (3–14 years) – a group 
defined according to common clinical and public health reporting categories, as discussed in the study limitations. 
A key finding is the confirmed superior sensitivity of nucleic acid testing over IgM serology for early detection. 
This methodological comparison, supported by a high overall agreement (Kappa > 0.8) yet clear disparity in 
positivity rates, directly informs clinical laboratory strategy. It underscores that while both methods are reliable for 
surveillance, molecular diagnostics should be prioritized when clinical demands require maximal sensitivity. The 
observed epidemiological and diagnostic insights collectively argue for integrating sensitive molecular methods into 
season- and risk-aware diagnostic pathways. Future work should aim to translate these findings into cost-effective 
testing algorithms and employ finer age stratifications to further delineate within-group risk, as noted in our 
limitations.
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