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Abstract 

Objective  To analyze the epidemic characteristics of common respiratory tract infection pathogens in children 
with respiratory tract infection, and provide scientific basis for the prevention and control of respiratory tract infection.

Methods  A retrospective collection of clinical data was conducted on 11,538 children with respiratory tract infec-
tions at Luoyang Maternal and Child Health Hospital from December 2022 to November 2023. The types of respiratory 
tract infections, including upper and lower respiratory tract infections, as well as five respiratory pathogens: influenza 
A virus (influenza A), influenza B virus (influenza B virus, adenovirus (ADV), respiratory syncytial virus (RSV), and Myco-
plasma pneumoniae (MP) infections, were analyzed and compared for different genders, ages, temperatures, and air 
quality in different months; And the changes of five pathogens in children with respiratory tract infections of different 
disease severity.

Results  From December 2022 to November 2023, a total of 11,538 children with respiratory infections were included 
in the analysis, including 6436 males and 5102 females, with an age of 4.92 ± 2.03 years. The proportion of upper respira-
tory tract infections is as high as 72.17%, and lower respiratory tract infections account for 27.83%. Among them, 2387 were 
positive for Flu A antigen, with a positive rate of 20.69%, 51 cases were positive for Flu B antigen, and the positive rate 
was 0.4%, 1296 cases were positive for adv antigen, with a positive rate of 11.23%, 868 cases were positive for RSV 
antigen, with a positive rate of 7.52%, 2481 cases were positive for MP IgM antibody or MP antigen, and the positive 
rate was 21.50%. Flu B in male children The infection rate of ADV and MP was higher than that of female children 
(p < 0.05); Among children in different age groups, the older the age, the older the Flu A The higher the infection rate 
of MP (p < 0.05), the higher the positive rate of RSV in children with younger age (p < 0.05). The positive rate of ADV 
in children aged 3–6 years and > 6 years was higher than that in children aged 0–3 years (p < 0.05); Flu A and MP are 
popular throughout the year, and the positive rate peaks during the period of temperature rise and air quality decline 
from February to March, and during the period of temperature drop and air quality index rise from August to Novem-
ber, The positive rate of RSV peaked after the turning point of temperature rise from March to April. The infection rate 
was higher during the period of sharp decline in air quality from March to May and sharp decline in temperature 
in November, The positive rate of ADV was higher at the turning point of temperature rise from February to March, 
and then the infection rate decreased. During the period of sharp temperature drop from August to November, 
the positive rate increased sharply, and the peak of infection occurred; As the disease worsens, The positive rates 
of Flu A, Flu B, RSV, MP and combined infection with more than two pathogens were all increased (p < 0.05).
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Introduction
Acute respiratory infection (ARI) can be divided into 
upper respiratory tract infections and lower respira-
tory tract infections based on the site of infection. 
Upper respiratory tract infections include the common 
cold, acute pharyngitis, laryngitis, acute tonsillitis, 
and other related conditions, while lower respiratory 
tract infections include acute pneumonia and bron-
chitis [1, 2].ARI is mostly caused by influenza A virus 
(Flu A), influenza B virus (Flu B), adenovirus (ADV), 
Mycoplasma pneumoniae (MP), and other pathogens 
that enter the human nasal cavity, throat, tonsils, and 
other parts, leading to inflammation. This can result 
in symptoms such as fever, throat discomfort, hoarse-
ness, cough, expectoration, and others [3]. Some 
patients may also experience severe symptoms such as 
shortness of breath, chest pain, and hemoptysis, which 
can pose a serious threat to their health [4]. According 
to World Health Organization data, millions of chil-
dren die each year due to complications caused by res-
piratory diseases, particularly in developing countries 
[5]. The trend of respiratory pathogens in children 
in China has changed before and after the pandemic. 
In early 2023, with the adjustment and appropriate 
relaxation of national epidemic prevention policies, 
multiple outbreaks of respiratory pathogens occurred 
in various regions [6]. There are also differences in 
the types and epidemic characteristics of pathogens 
across different areas and medical institutions [7, 8]. 
In this study, five common respiratory pathogens were 
detected in children with respiratory tract infections 
treated at Luoyang Maternal and Child Health Hospi-
tal from December 2022 to November 2023. The aim 
was to analyze the relevant epidemiological character-
istics and provide a scientific basis for the prevention 
and treatment of respiratory tract infections in chil-
dren in this region. This study holds significant value 
for doctors and public health departments in formu-
lating more effective prevention strategies, optimizing 
resource allocation, and protecting children’s health.

Subjects and methods
Objective
A total of 11,538 children with respiratory tract infec-
tions admitted to Luoyang Maternal and Child Health 
Hospital from December 2022 to November 2023 were 
selected as the study subjects. The main symptoms 
included cough, sore throat, headache, fever, dyspnea, 
and other respiratory tract infection symptoms. Among 
them, 6,436 were male and 5,102 were female, with an 
average age of 5.93 ± 1.82 years (range, 0–16 years). The 
types of diseases included acute tonsillitis, acute laryn-
gitis, acute angina, bronchopneumonia, acute tracheitis, 
community-acquired pneumonia, lobar pneumonia, and 
others.

Inclusion criteria
The diagnosis of respiratory tract infection meets the rel-
evant standards outlined in Zhu Futang Practical Pediat-
rics (8th Edition).

The diagnosis of children in the severe pneumonia 
group met the diagnostic criteria for severe cases as per 
the Guidelines for the Diagnosis and Treatment of Myco-
plasma Pneumoniae Pneumonia in Children (2023 Edi-
tion). The criteria include meeting any of the following 
conditions:

•	 Continuous high fever (above 39  °C) for ≥ 5 days or 
fever for ≥ 7  days with no downward trend in peak 
temperature.

•	 Presence of one or more of the following symptoms: 
wheezing, shortness of breath, dyspnea, chest pain, 
or hemoptysis.

•	 Occurrence of extrapulmonary complications that do 
not meet the criteria for critical illness.

•	 Pulse oxygen saturation ≤ 0.93 at rest while breathing 
room air.

•	 Imaging findings of any of the following:

•	 .Involvement of a single lobe ≥ 2/3 with uniform 
high-density consolidation, or two or more lobes 
with high-density consolidation (regardless of the 

Conclusion  After the new coronavirus epidemic in 2022, Flu A and MP have the highest infection rate of respiratory 
pathogens in children, showing a peak growth in general, with epidemic characteristics changing with environmental 
temperature, air quality and seasons. The main disease type is upper respiratory tract infection, MP and adv infec-
tions were mainly in male children, Flu A, MP and ADV infections are more common in older children, RSV infection 
was more common in younger children; Flu A, Flu B, RSV and MP infection and the co infection of more than two 
pathogens may more easily lead to the occurrence of severe pneumonia.
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size of the involved area), potentially accompanied 
by moderate to massive pleural effusion or local-
ized bronchiolitis.

•	Diffuse or bilateral bronchiolitis involving ≥ 4/5 of 
lobes in one lung, possibly complicated by bron-
chitis and mucus plug formation leading to atelec-
tasis.

•	Clinical symptoms that gradually worsen, with 
imaging showing lesion progression of more than 
50% within 24–48 h.

•	Significant elevation of one or more of the follow-
ing: C-reactive protein (CRP), lactate dehydroge-
nase (LDH), or D-dimer.

Exclusion criteria

•	 Combined immunodeficiency disease.
•	 Congenital organ dysfunction or hematopoietic dys-

function.
•	 Patients with other infectious diseases who have 

been taking hormones, immunosuppressive drugs, or 
other medications in the past 7 days.

•	 Patients with incomplete clinical data.
•	 This study was approved by the medical ethics com-

mittee of the hospital.

Method
Data collection
The medical records of the children were retrieved 
through the hospital’s LIS system. General data, includ-
ing gender, age, clinical symptoms, disease types, and 
laboratory test results from the respiratory tract panel, 
were collected. Positive results were defined as positive 
findings from the respiratory tract panel’s antigen (anti-
body) or nucleic acid tests.

Testing procedures
The five joint tests for respiratory tract infections 
included detection of the following: Flu A antigen, Flu B 
antigen, RSV antigen, ADV antigen, MP antigen, or MP 
IgM antibody. Upon admission, throat swabs from the 
patient’s posterior pharyngeal wall, tonsil crypts, lateral 
walls, and other areas were collected before medication 
and immediately sent for inspection.

The respiratory tract pentaplex test was performed 
using the colloidal gold method to detect antigens. The 
reagent used was a kit produced by Hangzhou Innova-
tive Biological Detection and Control Technology Co., 
Ltd. For detecting IgM antibodies against Mycoplasma 
pneumoniae in children’s serum, the passive gel method 
was employed. Three milliliters of venous blood were 

drawn within 1–7 days after the onset of the disease, and 
the serum was collected by centrifugation (3500  rpm, 
10  min). The detection was performed using a kit pro-
duced by Wantai Biopharmaceutical Co., Ltd.

Reverse transcription polymerase chain reaction 
(RT-PCR) was used to detect the nucleic acids of the 
five pathogens in the respiratory tract. The nucleic acid 
detection kit used was produced by Da’an Gene Co., Ltd. 
of Sun Yat-sen University, with a test result of > 1 × 103 
copies/ml indicating a positive result.

Statistical analysis
SPSS 25.0 statistical software was used for data analy-
sis. The number of cases (n) and percentages (%) of the 
categorical data were reported. The Chi-square test was 
employed for comparing rates, with a p-value of < 0.05 
considered statistically significant.

Results
Detection of respiratory pathogens using a five-joint test 
in children with respiratory tract infections from Decem-
ber 2022 to November 2023 revealed that among 11,538 
children, Flu A and Mycoplasma pneumoniae (MP) were 
the pathogens with the highest detection rates, with posi-
tive rates exceeding 20% (see Table 1).

Among all enrolled children, upper respiratory tract 
infections, which include diseases with acute inflam-
mation of the nasal cavity, pharynx, or throat (such as 
tonsillitis, acute laryngitis, rhinitis, herpetic angina, and 
bacterial pharyngotonsillitis), were identified in 8,324 
cases, accounting for 72.17%. Lower respiratory tract 
infections, involving the trachea, bronchus, and lungs 
(including acute tracheitis, pneumonia, and broncho-
pneumonia), were identified in 3,214 cases, accounting 
for 27.86%. The clinical diagnoses of all enrolled patients 
are shown in Table 2.

Among all enrolled children with respiratory tract 
infections, there were 5,102 females (44.22%) and 6,436 
males (55.78%). The infection rates of Flu B, ADV, and 
MP were higher in males compared to females. There was 

Table 1  The number and positive rate of infection with five 
pathogens

Flu A is influenza A virus, Flu B is influenza B virus, ADV is adenovirus, RSV is 
respiratory syncytial virus, MP is Mycoplasma pneumoniae

Number of positive Positive rate (%)

Flu A 2387 20.69

Flu B 51 0.4

RSV 868 7.52

ADV 1296 11.23

MP 2481 21.50
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no statistically significant difference in the infection rates 
of Flu A and RSV between the two groups, as shown in 
Table 3.

A comparison of the positive rates of five patho-
gens across different age groups revealed the following: 
Older children had a higher infection rate of Flu A and 

Mycoplasma pneumoniae (MP), while younger chil-
dren had a higher positive rate of RSV. The positive rate 
of ADV was higher in the 3–6 year old and > 6 year old 
groups compared to the 0–3  year old group, but there 
was no significant difference between the 3–6  year 
old and > 6  year old groups. There was no significant 

Table 2  clinical diagnosis of all enrolled patients

Diagnosis Number of cases Proportion (%)

Upper respiratory tract infection

  Tonsillitis 1925 16.68%

  Acute suppurative tonsillitis 1201 10.41%

  Acute sinusitis 680 5.89%

  Rhinitis 389 3.37%

  Acute laryngitis 824 7.14%

  Acute angina 592 5.13%

  Herpetic angina 365 3.16%

  Acute Epiglottitis 29 0.25%

  Other 2319 20.10%

Lower respiratory tract infection

  Bronchopneumonia 1358 11.77%

  Community acquired pneumonia, non severe 621 5.38%

  Lobar pneumonia 389 3.37%

  Pneumonia 121 1.05%

  Segmental pneumonia 111 0.96%

  Community acquired pneumonia, severe 103 0.89%

  Acute tracheitis 511 4.43%

Table 3  Comparison of positive rates of five respiratory pathogens in different gender groups [n (%)]

Flu A is influenza A virus, Flu B is influenza B virus, Adv is adenovirus, RSV is respiratory syncytial virus, MP is Mycoplasma pneumoniae

Gender n Flu A Flu B ADV RSV MP

Male 6436 1365 (21.21) 48 (0.75) 860 (13.36) 489 (7.60) 1637 (25.44)

Female 5102 1022 (20.03) 3 (0.06) 436 (8.55) 379 (7.43) 844 (16.54)

Total 11,538 2387 (20.68) 51 (0.4) 1296 (11.23) 868 (7.52) 2481 (21.50)

χ2 2.405 30.520 66.220 0.117 133.329

P  > 0.05  < 0.05  < 0.05  > 0.05  < 0.05

Table 4  Comparison of positive rates of different pathogens in all enrolled patients at different ages [n (%)]

Flu A is influenza A virus, Flu B is influenza B virus, Adv is adenovirus, RSV is respiratory syncytial virus, MP is Mycoplasma pneumoniae
a Indicates comparison with the 3–6-year-old group, P < 0.05
b Refers to the comparison with the > 6-year-old group, P < 0.05

Age n Flu A Flu B ADV RSV MP

0–3 years old 7800 463 (5.94)a,b 29 (0.37) 513 (6.58)a,b 681 (8.73)a,b 691 (8.86)a,b

3–6 years old 2283 789 (34.565)b 13 (0.57) 459 (20.11) 144 (6.31)b 945 (41.40)b

 > 6 years old 1455 1035 (71.13) 9 (0.62) 324 (22.27) 43 (2.96) 845 (58.08)

χ2 1330.557 2.747 527.522 64.837 2426.851

P  < 0.05  > 0.05  < 0.05  < 0.05  < 0.05
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difference in the positive rate of Flu B across different age 
groups (see Table 4).

Temperature and air quality changes in the region 
across different months affected the infection rates of five 
respiratory pathogens
Flu A and Mycoplasma pneumoniae (MP) were preva-
lent throughout the year, with positive rates peaking 
from February to March, when temperatures rise and air 
quality declines, and again from August to November, 
when temperatures decrease and the air quality index 
increases.

RSV had its highest positive rate after the temperature 
began to rise from March to April. The infection rate was 
notably higher during periods of sharp air quality decline 
from March to May and a sharp temperature drop in 
November.

ADV showed a higher positive rate at the temperature 
rise turning point from February to March, followed by a 
decrease in infection rate. During the sharp temperature 
drop from August to November, the positive rate sharply 
increased, reaching its peak.

These trends are illustrated in Fig. 1.

Infection of five respiratory pathogens by disease severity
There were 8,324 cases of upper respiratory tract infec-
tions, accounting for 72.14%, including acute suppu-
rative tonsillitis, tonsillitis, acute laryngitis, and acute 
angina. There were 2,611 cases of non-severe pneumonia, 
accounting for 22.63%, and 603 cases of severe pneumo-
nia, accounting for 5.22%.

As the severity of the disease increased, the positive 
rates of Flu A, Flu B, RSV, MP, and infections involving 
more than two pathogens also increased. The infection 

Fig. 1  The positive rate of five respiratory pathogens, as well as the changes in temperature and air quality index in this region from December 
2022 to November 2023. Note: the data in the figure are from the meteorological data of the region published by the China Meteorological 
Administration

Table 5  Comparison of infection rates of five respiratory pathogens with different disease severity [n (%)]

Flu A is influenza A virus, Flu B is influenza B virus, ADV is adenovirus, RSV is respiratory syncytial virus, MP is Mycoplasma pneumoniae
a Indicates the comparison between this group and non severe pneumonia group, P < 0.05
b Indicates the comparison between this group and the severe pneumonia group, P < 0.05

Flu A Flu B ADV RSV MP Co-infection

upper respiratory tract infection 1327 (15.94)a,b 17 (0.2)a,b 1032 (12.40)a 684 (8.21)a,b 1503 (18.06)a,b 2437 (29.28)a,b

Non severe pneumonia 823 (31.52)b 23 (0.8)b 201 (7.70)b 111 (4.25)a,b 764 (29.26)b 965 (36.96)b

Severe pneumonia 237 (39.30) 11 (1.82) 63 (10.45) 73 (12.11) 214 (35.49) 384 (63.68)

χ2 428.353 48.302 44.421 64.146 62.883 328.198

P  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05



Page 6 of 8Wang et al. BMC Infectious Diseases          (2024) 24:879 

rate of ADV was highest in children with upper respira-
tory tract infections, with no significant difference com-
pared to the severe pneumonia group (see Table 5).

Discussion
Acute respiratory infection (ARI) is a major health prob-
lem worldwide, with respiratory viruses being the pri-
mary source of infection. Common causes of ARI include 
rapid onset, low immune function, exposure to infec-
tious sources, and environmental factors [9–11].Acute 
upper respiratory tract infections are typically charac-
terized by mild disease and a short course, with a gener-
ally good prognosis for patients. In contrast, acute lower 
respiratory tract infections present with more severe 
symptoms. Without timely treatment, these infections 
can progress, especially in children, potentially leading 
to serious complications such as respiratory failure [12, 
13]. Furthermore, ARI patients with infections from mul-
tiple pathogens are more likely to experience symptoms 
such as cough, sore throat, shortness of breath, and dysp-
nea compared to those with a single pathogen infection. 
Therefore, implementing targeted prevention and control 
strategies based on the epidemic characteristics of patho-
gens is essential for effective disease management.

The results of this study indicated that from December 
2022 to November 2023, five types of respiratory patho-
gens were prevalent among children. Upper respiratory 
tract infections were the most common, with tonsillitis 
being the most frequent type. Flu A and Mycoplasma 
pneumoniae (MP) had the highest infection rates among 
the pathogens. Additionally, Flu B, ADV, and MP had 
higher infection rates in males compared to females [14]. 
Among different age groups, children older than 6 years 
had the highest infection rates of Flu A and MP, while 
the positive rate of RSV was highest in children aged 
0–3  years. These findings are consistent with studies 
from other regions, where RSV is predominantly preva-
lent among younger children [15]. In contrast, Flu A and 
MP were primarily found in older children in this study, 
which aligns with results from neighboring areas. This 
may be due to the school environment, which facilitates 
the spread of pathogens among this age group. How-
ever, the study observed a predominance of infections 
in males, which differs from other studies and may be 
attributed to sample selection bias [16].

Different respiratory pathogens exhibit varying epide-
miological patterns, typically showing seasonal epidemic 
characteristics influenced by factors such as environ-
mental temperature, humidity, and air quality. This study, 
which began monitoring respiratory pathogen infections 
after the release of the national epidemic prevention pol-
icy in January 2023, found that the prevalence of Flu A, 

Mycoplasma pneumoniae (MP), ADV, and RSV increased 
significantly [6].

The positive rates for these pathogens peaked with 
rising temperatures in spring from March to April, 
remained high during the summer, but declined as air 
quality decreased. Specifically:

•	 The positive rate of Flu A increased from 0.7% in 
December 2022 to 42.32% in March 2023, then 
decreased to 6.75% by July.

•	 The positive rate of RSV rose from 0.28% in Decem-
ber 2022 to 39.34% in April 2023, and then fell to 
1.72% by July.

•	 The positive rate of ADV increased from 0.28% in 
December to 8.77% in March, decreased to 2.79% in 
June, but rose again to 23.88% in November.

•	 Flu B remained prevalent at low levels throughout 
the study period, with Flu A and MP being the main 
prevalent pathogens.

Previous studies have indicated that RSV is prevalent 
from March to June in the Southern Hemisphere and 
from September to December in the Northern Hemi-
sphere. This study observed that RSV was mainly prev-
alent from March to May in the Northern Hemisphere, 
suggesting an earlier prevalence than usual for the year 
following the epidemic [17–19]. After an initial peak in 
infection from March to April, ADV showed a high-level 
epidemic state from August to November. Flu A and MP 
exhibited continuous prevalence across all four seasons, 
with further outbreaks in spring and winter. ADV not 
only showed an early epidemic trend but also had a nota-
ble epidemic period in winter [20]. Comparative analysis 
of respiratory pathogen detection data before and after 
the COVID-19 epidemic reveals significant differences 
in trends, reflecting changes in epidemic characteristics. 
These findings provide valuable insights for the preven-
tion and treatment of respiratory infectious diseases in 
children in this region.

In this study, the infection rates among three groups of 
children—those with upper respiratory tract infections, 
non-severe pneumonia, and severe pneumonia—were 
compared. The results showed a progressive increase in 
infection rates, with co-infection of two or more patho-
gens being most prevalent among children with severe 
pneumonia, reaching 63.68%. This indicates that a larger 
scope of infection and more severe pneumonia are asso-
ciated with higher pathogen infection rates. Co-infection 
can severely impair immune function, leading to immune 
imbalance and extrapulmonary complications, which 
are highly detrimental to children [21]. Additionally, in 
clinical practice, bacterial and viral infections, as well as 
mixed infections, can present with similar symptoms of 
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acute respiratory tract infection in children, making them 
difficult to distinguish. This often leads to empirical anti-
biotic use, particularly in infants. However, the misuse 
of antibiotics can drive pathogen variation and contrib-
ute to immune escape. Therefore, it is crucial to enhance 
pathogen detection capabilities, ensure early diagnosis 
and treatment, avoid antibiotic overuse, and prevent the 
occurrence of multiple infections and severe pneumonia 
[22].

Additionally, during the COVID-19 epidemic, the 
response to national epidemic prevention policies 
involved non-pharmacological interventions (NPIs), such 
as home isolation, reduced population contact, and pro-
longed mask-wearing [23]. These measures may have led 
to “immune debt”, potentially affecting children nega-
tively once the pandemic is under control [24]. During 
the epidemic, some parents avoided hospital visits due to 
fear of infection, delaying treatment for other conditions. 
This delay could weaken children’s immune systems and 
contribute to immune debt. Furthermore, NPIs reduced 
exposure to viruses and bacteria, leading to less immune 
stimulation and training. This decrease in immune train-
ing and antibody levels increases children’s susceptibility 
to infections, making them more prone to diseases [25].
Immune debt may partly explain the recent outbreaks of 
respiratory pathogens, such as Flu A, Flu B, ADV, and 
RSV, in children. Moreover, after the epidemic, previ-
ously prevalent viruses might exhibit new variants, pos-
ing additional challenges. This variation can decrease 
population immunity, potentially causing a resurgence in 
pediatric respiratory infections, which might contribute 
to multiple infections and severe pneumonia [26]. The 
decline in vaccination coverage and the potential rise 
in vaccine-preventable disease cases highlight the need 
for strengthened supplementary vaccination efforts by 
epidemic prevention departments [12]. Mathematical 
models suggest that the impact of immune debt could 
lead to more severe RSV and flu epidemics in the coming 
years. The results of this study align with this prediction, 
emphasizing the need to consider immune debt in post-
epidemic disease prevention and control strategies [27]. 
Therefore, it is crucial to maintain personal protection 
measures and enhance immunity through vaccination 
and other preventive strategies.

To summarize, this study found that infection rates for 
various respiratory pathogens in children showed dis-
tinct epidemic characteristics after the epidemic. Upper 
respiratory tract infections were the most common, and 
co-infection with multiple pathogens increased the like-
lihood of developing severe pneumonia. Flu A, Myco-
plasma pneumoniae (MP), ADV, and RSV exhibited high 
infection rates, with Flu A and MP showing a tendency to 
affect older age groups. These pathogens demonstrated 

seasonal epidemic patterns, with trends of advancing or 
delaying the epidemic period.

Preventive and protective measures are essential for 
infants and children of all ages, particularly those older 
than 3 years. Vaccination can help reduce infections and 
lower the risk of severe illness and death.

This study has some limitations. Due to the high out-
patient workload and staff shortages during the epidemic 
outbreak season, the colloidal gold method was used for 
rapid screening of some respiratory pathogens. How-
ever, since the principle and sensitivity of the colloidal 
gold method differ from those of the PCR method, this 
may have led to missed detections [28]. Future research 
should address this limitation by optimizing the screen-
ing methods and conducting studies with a larger sample 
size and multiple centers.
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