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Mycoplasma pneumoniae (M. pneumoniae) is a significant pathogen causing community-acquired 
pneumonia in children aged 5 years and older. While numerous studies have demonstrated that M. 
pneumoniae infection can impair lung function, the dynamic changes in lung function following M. 
pneumoniae infection remain poorly understood. This study aimed to observe the dynamic changes 
in lung function after M. pneumoniae infection in children. Children with M. pneumoniae infection and 
healthy volunteers were recruited from Nanjing Gaochun People’s Hospital between February 2022 and 
January 2023. The M. pneumoniae-infected children were followed up for one year, with lung function 
assessed at admission, discharge, and at the 4th, 8th, and 12th months post-discharge. M. pneumoniae 
infection was found to be associated with lung function, which gradually recovered over time. Several 
factors were found to be associated with lung function, including lymphocyte count, albumin, 
prealbumin, carbon dioxide levels, A/G ratio, triglycerides, and apolipoprotein B. M. pneumoniae 
infection is indeed associated with pulmonary function in children.
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 M. pneumoniae pneumonia is a notable cause of community-acquired pneumonia (CAP) in children, 
contributing to 10% to 40% of pediatric hospitalizations for CAP1. M. pneumoniae, the causative agent of M. 
pneumoniae pneumonia, is the smallest pathogenic microorganism that can live independently in cell-free 
culture media, positioned between bacteria and viruses. M. pneumoniae pneumonia refers to the pulmonary 
inflammation caused by M. pneumoniae infection, which can involve the bronchi, bronchioles, alveoli, and 
pulmonary interstitium. The condition may progress to severe M. pneumoniae pneumonia (SMPP)2. Some 
patients may progress even with active treatment, which is known as refractory M. pneumoniae pneumonia3.

The incidence of M. pneumoniae pneumonia is increasing annually, particularly among children aged 5 to 
15 years4, with a notable trend toward younger age groups5. M. pneumoniae infections tend to occur in periodic 
outbreaks, with infection rates reaching 30% to 50% during epidemic years6. In 2023, during the Mycoplasma 
pneumoniae pandemic, data from the Shanghai Hospital Healthcare Quality Assessment and Improvement 
Platform revealed that M. pneumoniae pneumonia cases in Shanghai began to rise in June and July 2023, peaking 
in October and November7. In the eastern region of the country, analysis of over 30,000 PCR specimens and 
bronchoscopies showed a 50% positive rate for M. pneumoniae since July 20238.Pathogen surveillance revealed 
that, although multiple pathogens were detected, M. pneumoniae infection was the predominant one9. According 
to data from Beijing, in the fall and winter of 2023, the positive detection rate of M. pneumoniae was 25.4% in 
outpatients, 48.4% in hospitalized children, and as high as 61.1% in children with respiratory symptoms. In 
respiratory wards, over 50% of the hospitalized children were diagnosed with M. pneumoniae pneumonia10.

Multiple studies have shown that infection with M. pneumoniae may lead to a decline in lung function11, 12, 13, 
and M. pneumoniae is closely related to wheezing in children and even the onset of asthma14, 15, 16. Infection 
is the most important trigger for worsening asthma. Rhinovirus (RV) is a common cold virus and the most 
prevalent pathogen constantly spreading in the community. Respiratory syncytial virus (RSV) has long been 
considered the cause of lower respiratory tract infections in infants. Wheezing caused by both of these viruses 
is associated with subsequent asthma17. Human parainfluenza virus, coronavirus, influenza virus, adenovirus, 
bocavirus, and human metapneumovirus (hMPV) have also been detected in children with asthma. In addition 
to these viruses, bacteria such as Haemophilus influenzae, Streptococcus pneumoniae, Moraxella catarrhalis, M. 
pneumoniae, and Chlamydia pneumoniae, as well as parasites, have also been implicated18, 19. In spite of this, M. 
pneumoniae is one of the most studied pathogens during asthma attacks or exacerbation of wheezing20, 21, 22, 23.
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Although multiple studies have shown that M. pneumoniae pneumonia has an impact on lung function, 
there is currently limited and incomplete research on the characteristics of lung function during the recovery 
period after M. pneumoniae infection. In 1984, a study indicated that lung function impairment could still be 
observed three years after the initial infection with M. pneumoniae24. A retrospective clinical cohort study in 
2008 showed that M. pneumoniae infection in children aged 1/2 to 5 years old does not have long-term effects on 
lung function and bronchial hyperresponsiveness for 2–3 years after infection25.

Therefore, we have designed this study to observe the impact of M. pneumoniae pneumonia on lung function 
and the dynamic effects of infection on lung function for up to one year; this is the advantage of this study. We 
collected lung function data on admission, discharge, and at 4, 8, and 12 months post- discharge. The results 
showed that M. pneumoniae infection is indeed associated with pulmonary function in children. Meanwhile, 
we identified several admission blood parameters—lymphocyte percentage, albumin, LDH, creatinine, calcium, 
sodium, uric acid, and total CO₂—that may influence pulmonary function, providing a useful clinical reference 
for future studies.

Children who were enrolled at Nanjing Gaochun People’s Hospital from February 2022 to January 2023 
were included in this study. The study population comprised 61 volunteers with pneumonia infected with M. 
pneumoniae and 40 healthy volunteers (Figure 1). There were no significant differences between the two groups 
in terms of gender, age, or other demographic characteristics (P >0.05). The study was approved by the research 
ethics committee of our institution (Approval number: 2022-003-01).

Inclusion and exclusion criteria
The following inclusion criteria were applied: M. pneumoniae pneumonia Inclusion Criteria: (1)Patients 
with acute respiratory tract infection(cough, fever, or other symptoms) within 2 weeks of onset. (2)Positive 
Mycoplasma pneumoniae PCR test in sputum samples and Positive Mycoplasma pneumoniae IgM antibody 
test in serum. (3)Pneumonia confirmed by chest X-rays or CT scans, showing patchy infiltrates, segmental or 
pulmonary consolidation, atelectasis, and pleural effusion. (4)Age between 6 and 14 years.

Healthy Volunteers Inclusion Criteria: (1)Age between 6 and 14 years. (2)No fever, respiratory infection, 
or wheezing in the past 2 weeks, and no history of asthma. (3)No other diseases that may affect lung function.

Patients meeting the following criteria were excluded: (1)Patients with pneumonia who tested positive 
for respiratory virus by PCR, had positive sputum cultures, or had positive PPD results. (2)Patients with 
pneumothorax, pulmonary bullae, otitis media, tympanic membrane perforation, hemoptysis within the past 
month, or a hernia prone to incarceration. (3)Patients who suffered from pneumonia again after discharge, had 
underlying diseases (such as asthma, primary immunodeficiency, congenital heart disease, congenital airway 
and lung developmental abnormalities, etc.), or were diagnosed with tuberculosis or tuberculosis infection. (4)
Uncooperative or psychotic children.

Definitions related to Mycoplasma pneumoniae pneumonia
The M. pneumoniae pneumonia group was stratified into categories of severe versus non-severe, consolidation 
versus non-consolidation, and refractory versus non-refractory, depending on their condition at hospital 
admission and radiological features.

Severe M. pneumoniae pneumonia (SMPP): Meeting any one of the following criteria: (1) persistent high 
fever (above 39 °C) ≥ 5 days or fever ≥ 7 days, with no downward trend of heat peak; (2) suffering from wheezing, 
shortness of breath, dyspnea, chest pain, hemoptysis, etc.; (3) experiencing extrapulmonary complications but 
the criteria for critical illness are not met; (4) in a resting state, inhaled air results in a pulse oxygen level ≤ 0.93; 
(5) presenting with one of the following imaging manifestations: (i) a single lung lobe ≥ 2/3 is involved with 
uniform high-density consolidation or two or more lung lobes have high-density consolidation (regardless of 
the size of the involved area), which can be accompanied by moderate to large pleural effusion and can also be 
accompanied by localized bronchiolitis; (ii) single lung diffuse or bilateral lobar bronchiolitis ≥ 4/5, which can 
be combined with bronchitis, and there is the formation of mucus plug leading to atelectasis; (6) the clinical 

Fig. 1.  There were no significant differences between the two groups in terms of gender, age, or other 
demographic characteristics (P >0.05). The.
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symptoms worsen progressively, and the imaging shows that the range of lesions progressed more than 50% 
within 24–48 h; (7) C-reactive protein (CRP), lactate dehydrogenase (LDH), and/or D-dimer levels increase 
significantly.

Refractory M. pneumoniae pneumonia (RMPP): M. pneumoniae pneumonia patients who, after receiving 
standard macrolide antibiotic treatment for 7 days or more, still have persistent fever, worsening clinical 
symptoms and radiological findings on pulmonary imaging, and develop extrapulmonary complications.

Pulmonary consolidation in M. pneumoniae pneumonia: X-ray or computed tomography (CT) findings 
reveal large, uniform, high-density infiltrative consolidation shadows in the lung segments or lobes.

Detection methods for M. pneumoniae etiology
Chemiluminescence was used to detect M. pneumoniae antibodies (IgM and IgG), and polymerase chain 
reaction (PCR) was performed on sputum specimens to determine the presence of Mycoplasma infection within 
24 h of admission.

Instruments and reagents
Sterile sputum cups were purchased from Zhejiang Gongdong Medical Technology Co., Ltd. the M. pneumoniae 
nucleic acid detection kits were provided by Daan Gene Co., Ltd. of Sun Yat-sen University, and the M. pneumoniae 
serological test (lgG/lgM) detection kits were purchased from Shenzhen Yahuilong Biotechnology Co., Ltd. 
The main instruments used include the real-time fluorescent quantitative PCR instrument (model ABI 7500) 
produced by Thermo Fisher Scientific (Shanghai) Instruments Co., Ltd., the automatic nucleic acid extractor 
(model GeneRotex96) produced by Xi’an Tianlong Technology Co., Ltd., and the Yehoon chemiluminescence 
analyzer (model iFlash 3000) produced by Yehoon Biotechnology Co., Ltd.

Specimen collection
Sputum specimen collection: Since children often cannot cough up sputum on their own, sputum specimens 
can be collected using a negative pressure sputum aspirator and then placed into a sterile sputum cup for 
examination. Plasma specimen collection: 2 mL of venous blood can be collected through venipuncture and 
injected into the M. pneumoniae serological test (lgG/lgM) kit for testing.

The specific detection steps
Sputum M. pneumoniae-DNA detection  Four times the volume of normal saline compared to the sputum vol-
ume was added to the sputum specimen, which was then thoroughly mixed by shaking or by repeated aspiration 
and dispensing using a 1 mL pipette tip. The mixture was placed in a refrigerator at 4℃ overnight to allow for 
complete liquefaction of the sputum. After that, 1 to 1.5 mL of the liquefied sputum was transferred to a centri-
fuge tube and centrifuged at 12,000 rpm for 5 min. The supernatant was discarded, and 50 µL of DNA extraction 
solution was added to the sediment, which was thoroughly mixed. The mixture was then treated at a constant 
temperature of 100℃ for 10 min, followed by centrifugation at 12,000 rpm for 5 min. 2 µL of the supernatant 
was taken for PCR amplification detection. During the experiment, negative and weak positive quality control 
samples, blanks, and positive quantitative reference samples (10⁵, 10⁶, 10⁷, 10⁸ gene copies/mL) were all set up. 
All operations were strictly carried out in accordance with the instructions.

M. pneumoniae serological test (lgGlg/M) detection  Detection was performed using direct chemilumines-
cence technology (this is an automated instrument-based detection, including the first incubation, washing, 
the second incubation, re-washing, excitation, and reading). The concentration of IgG was determined through 
a calibration curve, while the IgM analyzer automatically compared the relative luminescence intensity (RLU) 
generated by the sample with the cutoff value calculated from the M. pneumoniae IgM calibrator. All operations 
were strictly performed in accordance with the instructions.

Collection of pulmonary function data
Pulmonary function tests were conducted using the Japanese MINATO pulmonary function instrument. The 
participant should sit upright with the head kept in a natural horizontal position, attach a nose clip, and bite the 
mouthpiece firmly without allowing any air leakage. Avoid tight belts, chest straps, or clothing. Before the test, 
allow the participant to practice 1–2 times. During the measurement, the participant is required to complete the 
test at least 3 times, with the best 2 results having an error of less than 5%. The best value should be recorded as 
the parameter.

Lung function tests were performed on the first day after admission, the day of discharge, and at 4, 8, and 
12 months post-discharge. For the healthy group, data were collected only on the first day of admission. The 
following lung function indices were monitored and compared between the two groups: forced expiratory 
volume in 1 s (FEV1), forced vital capacity (FVC), peak expiratory flow (PEF), Forced Expiratory Flow at 25% 
of vital capacity (FEF25), Forced Expiratory Flow at 50% of vital capacity (FEF50), and Forced Expiratory Flow 
at 75% of vital capacity (FEF75).

We used the Zapletal equation to calculate the predicted values, which is mainly used to predict pulmonary 
function parameters in children, including FVC, FEV1, and PEF, etc. These formulas usually calculate the 
predicted values based on age, gender, and height26.

According to the guidelines of the European Respiratory Society/American Thoracic Society and the domestic 
guidelines for pediatric lung function27, 28, FVC, FEV1, and PEF greater than 80% of the predicted value are 
considered normal. An FEV1/FVC ratio of 80% or above is also considered normal. Additionally, a maximal 
mid-expiratory flow (MMEF), FEF50, and FEF75 greater than 65% of the predicted value are deemed normal. 
In this study, we selected some of these values for documentation: FVC, FEV1, PEF, FEF25, FEF50, and FEF75.
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Specifically, the classification is as follows29: Forced vital capacity (FVC), forced expiratory volume in 1 s 
(FEV1), and peak expiratory flow (PEF) ≥ 80% of the predicted value were considered normal. An FEV1/FVC 
ratio >80% was also considered normal. Mid-expiratory flow (MMEF), forced expiratory flow at 50% of vital 
capacity (FEF50), and forced expiratory flow at 75% of vital capacity (FEF75) ≥ 65% of the predicted value were 
considered normal. An FEV1/FVC ratio < 0.80 was defined as large airway disorder (LAD). When two or more 
of FEF25, FEF50, and FEF75 were below 65% of the predicted value, the patient was considered to have small 
airway dysfunction (SAD). Patients with LAD and/or SAD were defined as having airway disorder (AD). In 
this study, the pulmonary function values presented were ratios of the measured values to the predicted values.

Statistical methods
Statistical analyses were conducted using SPSS software (version 27). Descriptive statistics were performed on 
the clinical data of the study population and are expressed as mean ± standard deviation (SD) for continuous 
variables and percentages for categorical variables. Normally distributed data were presented as mean ± standard 
deviation (SD) and analyzed using parametric tests; non-normally distributed data were expressed as median 
(interquartile range, IQR) and analyzed with non-parametric methods. One-way repeated measures ANOVA 
was used to assess the effect of time on pulmonary function indices. Independent-sample t-tests were performed 
for continuous variables that followed a normal distribution. Linear regression models were used for correlation 
analysis, and χ² tests were conducted for categorical data. GraphPad Prism 8 was used to visualize variability 
between multiple groups, and R software (version 4.4.0, corrplot 0.95, URL link: ​h​t​t​p​s​:​/​/​c​r​a​n​.​r​-​p​r​o​j​e​c​t​.​o​r​g​/​m​i​r​r​o​
r​s​.​h​t​m​l​​​​​) was employed to visualize the correlation between lung function indices and blood indices at admission. 
A p-value of less than 0.05 was considered statistically significant.

Results
Relevant data of the two groups
The following table shows the relevant data (Table  1), including gender, age of the two groups, and clinical 
symptoms, radiography, routine blood test + CRP, blood biochemistryof the M. pneumoniae pneumonia group 
within 24  h of admission. It indicates no statistically significant difference in gender and age distribution. 
Additionally, in the M. pneumoniae pneumonia group, it has a very high percentage of fever (91.8%), and 19.67% 
of individuals were suffering from pulmonary consolidation.

Lung function after M. pneumoniae pneumonia infection tends to recover gradually within 
one year
Compared with the healthy group, children with M. pneumoniae pneumonia exhibited a significant reduction in 
nearly all measured pulmonary-function parameters (Supplementary Fig. 1). Nevertheless, FVC, FEV1, PEFR, 
FEF25, FEF50 and FEF75 improved progressively over the follow-up period. The following table (Table 2) shows 
that the changes in pulmonary function indices over time are statistically significant (P < 0.05), indicating that 
time had a significant impact on pulmonary function. To visually represent these comparisons more intuitively, 
we created violin plots in the figure below (Fig. 2).

Data are presented as Mean ± SD. The analysis revealed that the differences in pulmonary function values 
across different time points were all statistically significant (P < 0.05). Furthermore, in the pairwise comparisons 
of pulmonary function indices at different time points, the mean differences compared with the baseline values 
at admission progressively increased. The vast majority of the results were statistically significant between every 
two time points(P < 0.05).

Fig2. Relationship between each lung function index and time in the M. pneumoniae pneumonia group. 
Violin plots showing the changes in different pulmonary function indicators over time. The indicators in the 
plots include: FVC, FEV1, PEF, FEF25, FEF50, and FEF75. Median and quartiles are indicated by dashed lines: 
the median (large dashes) and the interquartile range (small dashes). The y-axis represents the ratio of the 
best measured values of pulmonary ventilation function parameters to the predicted values using the Zapletal 
equation.

The symbol “⨅” indicates a statistically significant difference between the two groups, with P < 0.05.

Comparison of lung function indices between different groups
The M. pneumoniae pneumonia group was stratified into categories of severe versus non-severe, consolidation 
versus non-consolidation, and refractory versus non-refractory, depending on their condition at hospital 
admission and radiological features. Notably, significant differences in lung function indices were observed only 
among a few subgroups(as shown in Figs. 3, 4, 5). As depicted in Figs. 3-5, lung function parameters showed 
a recovery trend over time. This observation indicates that the disparities in lung function indices were not 
statistically significant across the groups, including FVC, FEV1, PEF, FEF25, FEF50, and FEF75. Consequently, 
this finding suggests that the extent of lung function impairment following M. pneumoniae infection is not 
contingent upon the severity of the disease.

The symbol “⨅” indicates a statistically significant difference between the two groups, with P < 0.05.
The symbol “⨅” indicates a statistically significant difference between the two groups, with P < 0.05.
The symbol “⨅” indicates a statistically significant difference between the two groups, with P < 0.05.

Lung function at each time period correlates with specific blood indices on admission
To visualize the relationships between lung function and blood indicators at admission over five distinct 
time periods, we created the heatmaps shown below (Fig.  6). The color in the heatmaps represents the size 
of the correlation coefficients: the deeper the color, the stronger the relationship between the two variables. 
Specifically, blue indicates a positive correlation between the variables, while red indicates a negative correlation. 
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Factors

Total MPP group Healthy group

P value(n = 101) (n = 61) (n = 40)

Gender (n, %) 0.467

Male 46(45.5) 26(42.6) 20(50.0)

Female 55(54.5) 35(57.4) 20(50.0)

Age 9.5 ± 1.6 9.4 ± 1.6 9.7 ± 1.6 0.404

Proportion born prematurely (n, %) 9 (8.9) 5 (8.2) 4 (10.0) 0.756

Tobacco smoke exposure (n, %) 62 (61.4) 34 (55.7) 28 (70.0) 0.150

Oxygen therapy at birth (n, %) 13 (12.9) 8 (13.1) 5 (12.5) 0.928

Nutritional status (n, %) 0.544

Underweight 8 (7.9) 6 (9.8) 2 (5.0)

Normal 71 (70.3) 43 (70.5) 29 (72.5)

Overweight 11 (10.9) 5 (8.2) 6 (15.0)

Obesity 10 (9.9) 7 (11.5) 3 (7.5)

Days from symptom onset to admission / 6.1 ± 2.2 None

Symptom (n, %)

Fever 56 56 (91.8) None

Diarrhea 4 4 (6.6) None

Rash 3 3 (4.9) None

Chest pain 2 2 (3.3) None

Radiography (n, %)

Pulmonary consolidation 12 12 (19.67) None

Pleural effusion 6 6 (9.8) None

Patchy infiltrates 49 49 (80.33) None

Routine blood test + CRP

WBC 10^9/L 61 7.49 ± 2.09 None

NEUT% 60 66.91 ± 8.6 None

LYM% 56 23.79 ± 7.67 None

NEUT 10^9/L 34 4.64 ± 1.55 None

LYM 10^9/L 29 1.59 ± 0.64 None

EO 10^9/L 27 0.19 ± 0.16 None

BASO 10^9/L 27 0.01 ± 0.02 None

RBC 10^12/L 46 4.37 ± 0.46 None

HGB g/L 61 123.02 ± 10.56 None

PLT 10^9/L 59 235 (193, 283) None

CRP mg/L 57 16.46 (6.55, 30.52) None

Blood biochemistry

TBIL umol/L 59 6.69 ± 2.85 None

DBIL umol/L 61 1.53 ± 0.53 None

TP g/L 61 69.08 ± 4.33 None

ALB g/L 61 40.2 ± 3.04 None

GLB g/L 61 28.88 ± 3.4 None

PA mg/L 28 125.75 ± 19.15 None

ALT U/L 61 15 (11, 20.5) None

AST U/L 61 34 (28.5, 40.5) None

γ-GT U/L 61 14.61 ± 4.12 None

m-AST U/L 29 22.24 ± 52.68 None

ALP U/L 60 159.5 (141.25, 215.25) None

LDH U/L 61 366.79 ± 106.5 None

CK U/L 61 127 (83.5, 191.5) None

TBA umol/L 61 34 (28.5, 40.5) None

CHE KU/L 61 6.42 ± 1.44 None

UREA mmol/L 61 3.47 ± 0.89 None

CRE umol/L 61 36.04 ± 8.49 None

UA umol/L 61 248 (196.5, 313.5) None

K + mmol/L 61 3.95 (3.71, 4.12) None

NA + mmol/L 61 136.13 ± 2.35 None

Continued
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Figure 6 demonstrates that lung function on admission is correlated with lymphocyte count, albumin, globulin, 
prealbumin, lactate dehydrogenase, carbon dioxide, blood sodium, blood calcium, blood glucose, A/G ratio, 
triglycerides, low-density cholesterol, and apolipoprotein B. Specifically, lung function on admission was 
positively correlated with lymphocyte count, albumin, prealbumin, and A/G ratio (P < 0.05), and negatively 
correlated with carbon dioxide, triglycerides, and apolipoprotein B (P < 0.05). These results highlight several 
potentially significant correlations that merit further investigation.

Discussion
In this study, we conducted the dynamic monitoring of lung function following M. Pneumoniae infection and 
observed that M. pneumoniae infection significantly impairs lung function in children. Specifically, during 
the early stages of M. pneumoniae infection, lung function was markedly reduced compared to that of healthy 
children. However, these indices gradually improved over time in the M. pneumoniae pneumonia group.

Additionally, when the M. pneumoniae pneumonia group was categorized based on the severity of the condition 
at the time of hospitalization (severe vs. non-severe, consolidation vs. non-consolidation, and refractory vs. non-

FVC FEV1 PEFR FEF25 FEF50 FEF75

On admission
(n = 61) 64.76 ± 14.93 64.19 ± 13.03 57.03 ± 14.42 56.47 ± 15.19 60.97 ± 19.39 64.49 ± 28.79

Discharge
(n = 61) 73.11 ± 14.93 71.11 ± 12.29 61.86 ± 15.48 64.56 ± 15.54 70.65 ± 20.66 67.51 ± 29.13

4 months later
(n = 50) 88.11 ± 11.17 86.69 ± 8.92 71.34 ± 14.43 74.52 ± 14.49 85.9 ± 18.26 83.63 ± 24.03

8 months later
(n = 51) 90.09 ± 12.34 88.67 ± 9.58 72.35 ± 14.91 75.78 ± 14.98 87 ± 18.14 81.29 ± 21.56

12 months later
(n = 42) 92.62 ± 9.79 90.37 ± 7.96 76.05 ± 12.97 79.2 ± 14.28 87.53 ± 17.61 81.32 ± 21.62

F value 31.848 31.79 24.922 11.357 10.337 4.982

P value <0.001 <0.001 <0.001 <0.001 <0.001 0.003

Table 2.  The pulmonary function values at each time point.

 

Factors

Total MPP group Healthy group

P value(n = 101) (n = 61) (n = 40)

Cl- mmol/L 61 101.87 ± 3.11 None

Ca mmol/L 61 2.28 (2.18, 2.355) None

TCO2 mmol/L 61 22.81 ± 2.75 None

Mg mmol/L 61 0.9 ± 0.06 None

Sfe umol/L 34 4.39 ± 2.59 None

Pi mmol/L 34 1.33 ± 0.23 None

GLU mmol/L 58 5.92 ± 0.98 None

A/G 57 1.42 ± 0.2 None

TG mmol/L 52 0.805 (0.68, 0.96) None

CHOL mmol/L 52 3.78 ± 0.7 None

HDL mmol/L 52 0.94 ± 0.16 None

LDL mmol/L 52 2.27 ± 0.54 None

Apo-A1 g/L 52 0.99 ± 0.16 None

Apo-Β g/L 52 0.68 ± 0.17 None

Table 1.  Demographic and baseline clinical characteristics of the study Population. Data are presented as 
absolute numbers with percentages in parentheses [n (%)], mean ± standard deviation, or median (P25, 
P75) MPP, M. pneumoniae pneumonia; WBC, White blood cell; NEUT,Neutrophil; LYM,Lymphocyte; 
EO,Eosinophil; BASO,Basophil; RBC,Red blood cell; HGB,Hemoglobin; PLT,Platelet; CRP, C-reactive protein; 
TBIL,Total Bilirubin; DBIL,Direct Bilirubin‌; TP,Total Protein; ALB,Albumin; GLB,Globulin; PA,Prealbumin; 
ALT,Alanine Aminotransferase; AST,Aspartate Aminotransferase; γ-GT,gamma-glutamyl transpeptidase; 
m-AST,mitochondrial-aspartate aminotransferase; ALP,Alkaline Phosphatase; LDH, Lactate dehydrogenase; 
CK,Creatine Kinase; TBA,Total Bile Acid‌; CHE,Cholinesterase; CRE,Creatinine; UA,Uric acid; TCO2,Total 
Carbon Dioxide; Sfe,Serum Iron; Pi,Phosphate Inorganic; GLU,Glucose; A/G,Albumin-to-Globulin Ratio; 
TG,Triglycerides; CHOL,Cholesterol; HDL,High-Density Lipoprotein; LDL,Low-Density Lipoprotein; Apo-
A1,apolipoprotein A-I; Apo-Β, apolipoprotein B P＞0.05 means there was no significant difference between the 
two groupsNone: There is no data for the healthy group
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refractory), no significant differences in lung function indices (FVC, FEV1, PEFR, FEF25, FEF50, FEF75) were 
found between the groups. All indices showed a trend toward recovery over time, suggesting that the degree of 
lung function impairment after M. pneumoniae infection is independent of the severity of the disease.

As is well known, certain blood indicators are associated with the severity of pneumonia, such as CRP, LDH, 
WBC, NEUT, and D-dimer. Previous clinical studies30, 31, 32 have demonstrated that children with M. pneumoniae 
pneumonia and decreased peripheral blood lymphocyte counts exhibit more severe clinical manifestations, 
higher rates of pulmonary consolidation, and greater immune damage due to compromised cellular immune 
function. Meanwhile, children with M. pneumoniae pneumonia and abnormally low serum albumin levels 

Fig. 3.  Comparative analysis of lung function between severe and non-severe groups over time. Violin plots 
showing the changes in different pulmonary function indicators over time.The indicators in the plots include: 
FVC, FEV1, PEF, FEF25, FEF50, and FEF75. Median and quartiles are indicated by dashed lines: the median 
(large dashes) and the interquartile range (small dashes).

 

Fig. 2.  Relationship between each lung function index and time in the M. pneumoniae pneumonia group. 
Violin plots showing the changes in different pulmonary function indicators over time. The indicators in the 
plots include: FVC, FEV1, PEF, FEF25, FEF50, and FEF75. Median and quartiles are indicated by dashed 
lines: the median (large dashes) and the interquartile range (small dashes). The y-axis represents the ratio 
of the best measured values of pulmonary ventilation function parameters to the predicted values using the 
Zapletal equation. The symbol “⨅” indicates a statistically significant difference between the two groups, with 
(P < 0.05).
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are at higher risk of airway mucus hypersecretion33. Additionally, low serum albumin concentration has been 
associated with decreased survival in hospitalized pneumonia patients34. Triglycerides, which are products of 
blood lipid metabolism, have been shown to be significantly higher in patients with more severe pneumonia, 
resulting in prolonged hospitalization compared to those with milder pneumonia35, 36.Therefore, we investigated 
whether these indicators are also correlated with lung function. In the present study, we found that lung function 
in the M. pneumoniae pneumonia group at each stage was correlated with certain blood indices at admission. For 
example, lung function at admission was positively correlated with lymphocyte count, albumin, prealbumin, and 
A/G ratio, and negatively correlated with carbon dioxide, triglycerides, and apolipoprotein B; these observations 
require prospective validation.

Our results also showed that lung function indices in the M. pneumoniae pneumonia group were lower than 
those in the healthy group. This suggests that M. pneumoniae infection may damage the functional structure 
of children’s lungs through various mechanisms, thereby affecting lung function. Although several possible 
mechanisms have been proposedm, the underlying pathophysiological mechanisms of M. pneumoniae infection 
in the onset and exacerbation of childhood asthma are not yet fully understood. For example, bacterial cell 
components or virulence factors produced by M. pneumoniae infection proliferate in the host, enhancing the 
induction of pro-inflammatory cytokines, triggering lymphocyte activation, altering immune parameters, and 
leading to airway inflammation, which may trigger or exacerbate asthma37, 38, 39, 40.

However, this study has certain limitations. A total of 101 participants were enrolled, which may introduce 
data deviation due to the small sample size, single-center design, and limited follow-up period of only 1 year. 
Therefore, multicenter and longer-term studies are needed to further elucidate the relationship between M. 
pneumoniae infection and asthma.

Fig. 5.  Comparative analysis of lung function between refractory and non-refractory groups over time. Violin 
plots showing the changes in different pulmonary function indicators over time.The indicators in the plots 
include: FVC, FEV1, PEF, FEF25, FEF50, and FEF75. Median and quartiles are indicated by dashed lines: the 
median (large dashes) and the interquartile range (small dashes).

 

Fig. 4.  Comparative analysis of lung function between the consolidation and non-consolidation groups over 
time. Violin plots showing the changes in different pulmonary function indicators over time.The indicators in 
the plots include: FVC, FEV1, PEF, FEF25, FEF50, and FEF75. Median and quartiles are indicated by dashed 
lines: the median (large dashes) and the interquartile range (small dashes).
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In conclusion, M. pneumoniae infection is associated with impaired pulmonary function in children, which 
gradually improves over time.This study provides clinical data on the long-term effects of M. pneumoniae 
infection on children’s lung function.

Data availability
The raw data is available upon reasonable request from the corresponding authors.
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