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Purpose: Mycoplasma pneumoniae (MP)-segmental/lobar pneumonia represents a growing proportion of Mycoplasma pneumoniae 
pneumonia (MPP) in children. We aimed to identify the clinical characteristics and risk factors for MP-segmental/lobar pneumonia in 
children to facilitate early diagnosis and intervention.
Methods: We conducted a retrospective cohort study at a tertiary pediatric center in Chongqing, China, involving 1406 children 
hospitalized for MPP from January to December 2023. Based on imaging findings, patients were categorized into MP-ordinary 
pneumonia group and MP-segmental/lobar pneumonia group. Clinical data were compared, and univariate and multivariate logistic 
regression analyses were performed to identify independent risk factors. The predictive performance was assessed using receiver 
operating characteristic (ROC) curves.
Results: The MP-segmental/lobar pneumonia group exhibited a significantly longer duration of pre-admission fever, longer hospital stays, and 
higher rates of bronchoscopy, respiratory failure, and pulmonary complications. (all P < 0.05). Logistic regression analysis identified the 
following independent risk factors for MP-segmental/lobar pneumonia: sex, days with fever prior to admission, C-reactive protein (CRP), 
D-dimer, lactate dehydrogenase (LDH), platelet–lymphocyte ratio (PLR), and platelet (PLT). ROC curve analysis identified five primary 
predictive indicators (days with fever prior to admission >5.5 days, D-dimer >0.539mg/L, CRP >11.33mg/L, LDH >309.5U/L, PLR >155.815) 
and two secondary predictive indicators (PLT >340.5×109/L, female sex) based on predicted efficacy. The combined use of these seven 
indicators further enhanced predictive performance (AUC = 0.741, 95% CI: 0.715–0.766).
Conclusion: MP-segmental/lobar pneumonia exhibits more pronounced clinical symptoms and elevated inflammatory markers. The 
seven clinical indicators—days with fever prior to admission, CRP, D-dimer, LDH, PLR, PLT and female sex—serve as useful 
predictive markers for segmental/lobar pneumonia caused by MP. These indicators aid clinicians in the early diagnosis and interven
tion of MPP, thereby preventing its progression to segmental/lobar pneumonia.
Keywords: Mycoplasma pneumoniae, segmental/lobar pneumonia, clinical features, risk factors, predictive indicators

Introduction
Mycoplasma pneumoniae (MP) is an important pathogen responsible for respiratory infections in children. It is one of the 
smallest known self-replicating organisms, possessing a streamlined and highly stable genome, lacking a cell wall, and 
exhibiting unique disease manifestations.1 Over recent years, Mycoplasma pneumoniae infections has gradually increased 
in community-acquired pneumonia (CAP) among children, accounting for approximately 10% to 30% of all CAP and 
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upper respiratory tract (URT) infection cases.2 MP is not only a common pathogen causing CAP in school-aged and 
preschool children, but is also frequently observed in infants and young children.3 Although most cases of Mycoplasma 
pneumoniae pneumonia (MPP) are mild and self-limiting, a minority of pediatric patients may develop severe and life- 
threatening pneumonia accompanied by extrapulmonary manifestations affecting virtually all organ systems.4,5

Segmental/lobar pneumonia is a type of CAP in children. It is an acute inflammatory lung disease caused by 
pathogenic microbial infection, primarily affecting more than one segment of lung tissue and potentially progressing 
to lobar involvement after fusion.6 In recent years, the incidence of segmental/lobar pneumonia in children caused by MP 
infection has been gradually increasing.7 Typical clinical symptoms include cough, fever, shortness of breath, among 
others. When the disease further progresses, it may be accompanied by atelectasis, pulmonary necrosis, pulmonary 
abscess, and in severe cases, complications such as acute respiratory distress syndrome, multiple organ dysfunction 
syndrome, or respiratory failure.8 Based on the current spatio-temporal-regional epidemiology of MP globally, MP 
infection poses varying degrees of healthcare burden on medical systems in all countries.9 For example, in China during 
2023, MP infection rates were high in many regions. Furthermore, in this epidemic, the incidence of acute, severe, and 
critical cases was significantly elevated.10

MPP is not accompanied by segmental/lobar lesions in the early stages. Timely and effective treatment of MPP before 
it progresses to segmental/lobar pneumonia can prevent its progression to refractory pneumonia, necrotizing pneumonia, 
and other acute and critical conditions, thereby minimizing both pulmonary and extrapulmonary complications. Previous 
studies have reported that in MP-segmental/lobar pneumonia, pediatric patients exhibit significantly longer fever 
duration, hospital stays, and higher rates of pleural effusion and co-infections compared to those with MP-ordinary 
pneumonia.7,11 Additionally, inflammatory markers such as C-reactive protein, white blood cell, erythrocyte sedimenta
tion rate, platelet, etc., were also significantly elevated. Therefore, early identification of risk factors for MPP progression 
to segmental/lobar pneumonia is important for the timely control of disease progression, reduction of serious pulmonary 
complications, and improvement of prognosis. In this study, we retrospectively analyzed the clinical characteristics of 
children with segmental/lobar pneumonia due to MP infection, identified the risk factors for progression of MPP to MP- 
segmental/lobar pneumonia, and provided evidence for early intervention and treatment of MPP for clinical pediatricians.

Methods
Study Design and Population
This retrospective study included children diagnosed with MPP who were admitted to the Children’s Hospital of 
Chongqing Medical University between January and December 2023. These children were screened according to the 
inclusion and exclusion criteria. They were categorized into an MP-ordinary pneumonia group and an MP-segmental 
/lobar pneumonia group based on their imaging manifestations. This study was conducted in accordance with the ethical 
principles of the Declaration of Helsinki, in compliance with the RECORD (REporting of studies Conducted using 
Observational Routinely collected health Data) guidelines and was approved by the Institutional Review Board (IRB) of 
the Children’s Hospital of Chongqing Medical University (No. 2024–440).

Inclusion Criteria: ① All included children met the diagnostic criteria for MPP as stipulated in the Chinese 
Guidelines for the Diagnosis and Treatment of Mycoplasma Pneumoniae Pneumonia in Chinese Children (2023 
Edition): clinical presentation of fever and cough, which may be accompanied by headache, rhinorrhea, or sore throat, 
with imaging demonstrating inflammatory involvement of the bronchi, bronchioles, alveoli, or pulmonary interstitium, 
and combining either or both of the following: (i) a single serum MP antibody titer ≥1:160 (via passive agglutination 
method) or a ≥4-fold increase in MP antibody titer in paired sera; (ii) positive MP-DNA or MP-RNA testing. ② Meeting 
the diagnostic criteria for segmental/lobar pneumonia: presence of clinical symptoms of respiratory infection (eg, fever 
and/or cough) with chest imaging revealing homogeneous consolidative shadows in one or more pulmonary segments or 
lobes.6,8 ③ 29 days ≤ age ≤ 14 years. ④ Availability of complete clinical data.

Exclusion Criteria: ① A history of underlying respiratory diseases, such as pulmonary tumors, bronchial asthma, 
bronchial foreign bodies, hospital-acquired pneumonia, pulmonary tuberculosis, or recurrent lower respiratory tract 
infections. ② Patients in the recovery phase, defined as a disease duration of over 4 weeks, accompanied by a stable 
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temperature at least 1 week, or imaging showing the lesions with clear improvement. ③ Individuals exist congenital 
developmental abnormalities, including cardiovascular system (eg, atrial septal defect, ventricular septal defect, patent 
ductus arteriosus) and respiratory system (eg, tracheoesophageal fistula, airway malformations). ④ Individuals with 
congenital immunodeficiency, genetic mutations, hematologic malignancies and solid tumors. ⑤ A recent history of 
major trauma, emergency surgery, or being in the postoperative period. ⑥ Extensive missing clinical data or transfer to 
another hospital during the course of treatment.

Grouping Criteria: Patients were classified into two groups based on pulmonary imaging findings: the ordinary 
pneumonia group and the segmental/lobar pneumonia group. As shown in Figure 1, CT images of ordinary pneumonia 
typically present scattered linear or patchy opacities without consolidation of an entire segment or lobe. Segmental 
pneumonia is characterized by inflammatory lesions confined to one or more pulmonary segments. Progression to lobar 
pneumonia involves consolidation of an entire lobe, manifesting as a homogeneous high-density shadow on imaging.

Data Collection
This study systematically collected clinical information (sex, age, days of illness prior to admission, days of cough prior 
to admission, days of fever prior to admission, length of hospital stays, costs of hospitalization, bronchoscopy rate, and 
the incidence of respiratory failure and pulmonary complications, etc) from pediatric patients following admission. This 
included basic information, pre-admission medical history, and laboratory test results [white blood cell count (WBC), 
C-reactive protein (CRP), serum amyloid A (SAA), neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio 
(PLR), platelet (PLT), procalcitonin (PCT), fibrinogen (FIB), D-dimer, lactate dehydrogenase (LDH), alanine amino
transferase (ALT), aspartate aminotransferase (AST), total protein (TP), prealbumin (PAB), albumin (ALB), globulin 
(GLB), and albumin-to-globulin ratio (A/G), etc.] obtained within 24 hours after admission, as well as results of 
pulmonary imaging examinations (pre-admission outpatient examination or within 48 hours after admission), broncho
scopy findings, comprehensive complication assessment results, and pathogen testing results.

Microbial cultures were performed on blood, bronchoalveolar lavage fluid (BALF), and sputum specimens. Serologic 
testing for MP was conducted using the passive agglutination method. Molecular analyses included testing for MP 
antibiotic resistance genes (A2063G/A2064G) via fluorescent probe polymerase chain reaction and detection of respira
tory pathogens in BALF samples using a targeted amplification assay. Additionally, nasopharyngeal swabs were analyzed 

Figure 1 Characteristics of pulmonary imaging of MP-ordinary pneumonia, MP-segmental pneumonia, and MP-lobar pneumonia. 
Abbreviation: MP, Mycoplasma pneumoniae.
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for seven common respiratory pathogens by immunofluorescence assay. All pathogen detection and laboratory analyses, 
including measurements of WBC, CRP, D-dimer, LDH and etc., were performed by the Department of Clinical 
Laboratory at the Children’s Hospital of Chongqing Medical University, a facility operating in compliance with the 
ISO-15189 quality standard.

Statistical Analysis
Statistical analysis was conducted using SPSS 26.0 software. Quantitative data from both groups that met the criteria of 
normal distribution and homogeneity of variance were expressed as mean±standard deviation, with intergroup compar
isons made using the independent samples t-test. Non-normally distributed data were described using median and 
interquartile range (IQR), and compared between groups using the Mann–Whitney U-test. Categorical variables were 
expressed as n (%), with intergroup comparisons performed using the Chi-square test or Fisher’s exact test. Subsequently, 
univariate logistic regression analysis and multivariate logistic regression analysis were employed to identify independent 
risk factors for segmental/lobar pneumonia associated with Mycoplasma pneumoniae infection. Receiver operating 
characteristic (ROC) curves were generated using R software (version 4.3.1) and the RStudio programming environment 
to evaluate the predictive performance of each risk factor. P < 0.05 was considered statistically significant.

Results
Comparison of Clinical Characteristics Between MP-Ordinary Pneumonia and 
MP-Segmental/Lobar Pneumonia
A retrospective study was conducted on 1956 pediatric patients diagnosed with MPP at the Children’s Hospital of 
Chongqing Medical University between January and December 2023. After screening based on the inclusion and 
exclusion criteria (Figure 2), 1406 children with MPP were enrolled in the study. Based on imaging findings, 

Figure 2 Flowchart of the study. 
Abbreviations: MP, Mycoplasma pneumoniae; Jan., January; Dec., December; CT, Computed Tomography.
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patients were categorized into the MP-ordinary pneumonia group (n=655) and the MP-segmental/lobar pneumonia 
group (n=751). The MP-segmental/lobar pneumonia group had a significantly higher proportion of females (421, 
56.1%) than the MP-ordinary pneumonia group (292, 44.6%) (P<0.001). Additionally, the MP-segmental/lobar 
pneumonia group exhibited significant increases compared to the MP-ordinary pneumonia group in the following 
variables: fever duration prior to admission, hospitalization costs, length of stay, bronchoscopy rate, and the 
incidence of respiratory failure and pulmonary complications (all P<0.001). There were no statistically significant 
differences between the two groups in terms of age (P=0.094), days of illness prior to admission (P=0.535), and 
combined infections rate (P=0.479) (Table 1).

Laboratory Findings of MP-Ordinary Pneumonia and MP-Segmental/Lobar Pneumonia
The MP-segmental/lobar pneumonia group demonstrated significantly higher levels of PLT, NLR, PLR, CRP, PCT, FIB, 
D-dimer, LDH, and ALT compared to the MP-ordinary pneumonia group (P< 0.05). Conversely, the MP-segmental/lobar 
pneumonia group had significantly lower levels of TP, PAB, ALB, and A/G compared to the MP-ordinary pneumonia 
group (P< 0.05). No significant differences were observed between the two groups for the following laboratory 
parameters: WBC (P=0.176), SAA (P=0.092), GLB, (P=0.989), AST, (P=0.183), AST/ALT ratio (P=0.443), 
Mycoplasma pneumoniae A2063G/A2064G drug resistance gene ratio (P=0.239), and bronchoalveolar lavage fluid 
(BALF) cell classification ratios-(neutrophils (P=0.66), lymphocytes (P=0.401), macrophages (P=0.394)), as well as 
BALF viscosity (P=0.424) (Table 2).

Table 1 Differences in Clinical Features Between MP-Ordinary Pneumonia and MP-Segmental/Lobar Pneumonia

Clinical information Total n=1406 Group

MP-Ordinary  
Pneumonia n=655

MP-Segmental/Lobar  
Pneumonia n=751

P

Age(years) 5.86±2.55 5.74±2.62 5.97±2.49 0.094
Sex [n (%)] <0.001

Male 693(49.3%) 363(55.4%) 330(43.9%)

Female 713(50.7%) 292(44.6%) 421(56.1%)
Days of illness prior to admission (days) 8(6, 10) 8(6. 10) 8(7, 10) 0.535

Days with fever prior to admission(days) 6(4, 8) 6(4, 8) 7(5, 8) <0.001

Days with cough prior to admission(days) 7(5, 10) 7(5, 10) 7(5, 9) 0.045
Length of hospital stays (days) 6(5, 8) 6(4, 7) 7(5, 8) <0.001

Costs of hospitalization (yuan) 8441.68(6514.125, 10890.44) 7815.8(5857.43, 9567.17) 10010.08(8036.65, 12287.76) <0.001

Flexible Fiberoptic Bronchoscope Ratio 640(45.5%) 159(24.3%) 481(64.0%) <0.001
Combined infection rate 0.479

N 1236(88.7%) 580(89.8%) 656(87.7%)

Combined bacterial infection 113(8.1%) 48(7.4%) 65(8.7%)
Combined viral infection 40(2.9%) 17(2.6%) 23(3.1%)

Mixed infection (bacteria + virus) 5(0.4%) 1(0.2%) 4(0.5%)

Combined respiratory failure rate 142(10.1%) 43(6.6%) 99(13.2%) <0.001
Complications [n (%)] <0.001

N 1059(75.3%) 577(88.1%) 482(64.2%)

Pleural effusion 127(9%) 22(3.4%) 105(14%)
Atelectasis 144(10.2%) 47(7.2%) 97(12.9%)

Necrotizing pneumonia 26(1.8%) 3(0.5%) 23(3.1%)

Plastic bronchitis 5(0.4%) 0 5(0.7%)
Pleural effusion + Atelectasis 45(3.2%) 6(0.9%) 39(5.2%)

Abbreviations: m, Male; f, Female; N, negative, MP, Mycoplasma pneumoniae.
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Comparison of Pathogen Detection results for MP-Ordinary Pneumonia and 
MP-Segmental/Lobar Pneumonia
The viral nasopharyngeal swab nucleic acid testing targeted seven common respiratory viruses (Figure 3A and B). In 
the MP-segment/lobar pneumonia group (719 tested), 652 cases were negative. Among positive results, respiratory 
syncytial virus (RSV) (14 cases) was most prevalent. In the MP-ordinary pneumonia group (617 tested), 599 cases 
were negative. Among positive results, RSV (6 cases) and parainfluenza virus 3 (PIV-3) (5 cases) were the most 
prevalent.

In the BALF pathogen nucleic acid detection results (Figure 3C), among the 95 cases in MPP-segmental/lobar 
pneumonia group, mixed infections (11 cases), Streptococcus pneumoniae (11 cases), and Methicillin-resistance 
Staphylococcus aureus (6 cases) were most prevalent. In MP-ordinary pneumonia group, 48 samples were tested, with 
Streptococcus pneumoniae (9 cases) and mixed infections (5 cases) being the most common.

Table 2 Differences in Laboratory Findings Between MP-Ordinary Pneumonia and MP-Segmental/Lobar Pneumonia

Laboratory Tests Total n=1406 Group

MP-Ordinary  
Pneumonia n=655

MP-Segmental/Lobar  
Pneumonia n=751

P

WBC (×109/L) 7.69±2.76 7.58±2.69 7.78±2.81 0.176
PLT(×109/L) 371.95±119.91 361.69±116.95 380.90±121.81 0.003

NLR 1.78(1.15, 2.61) 1.89(1.37, 2.62) 1.98(1.41, 2.93) <0.001

PLR 151.40(118.45, 195.28) 151.28(116.96, 192.27) 168.5(131.54, 216.4) <0.001
CRP (mg/L) 10(5.32, 17.36) 9.37(5.39, 14.56) 10.76(5.55, 19.6) <0.001

PCT (ng/mL) 0.09(0.05, 0.16) 0.08(0.05, 0.13) 0.1(0.06, 0.17) <0.001

SAA (mg/L) 60.28(32.91, 131.9) 57.14(32, 119.45) 74.6(35.29, 139.17) 0.092
FIB (g/L) 4.28±0.94 4.10±0.90 4.44±0.95 <0.001

D-dimer (mg/L) 0.54(0.36, 0.95) 0.43(0.29, 0.7) 0.67(0.43, 1.14) <0.001

LDH (U/L) 282(248, 327) 275(244, 315) 291(249, 337) <0.001
TP (g/L) 68.25±5.1 68.93±5.00 67.66±5.12 <0.001

PAB (mg/L) 110(93, 140) 110(93, 130) 105(92, 130) <0.001

ALB (g/L) 41.81±3.48 42.50±3.09 41.20±3.68 <0.001
GLB (g/L) 26.47±3.91 26.48±4.0 26.47±3.83 0.989

A/G 1.61±0.27 1.64±0.28 1.59±0.27 <0.001

AST (U/L) 32(27, 38) 31(27, 36) 38(27, 38) 0.183
ALT (U/L) 15(12, 20) 14(11, 17) 15(11, 20) 0.008

AST/ALT 2.23±1.02 2.26±0.85 2.21±1.15 0.443

A2063G/A2064G Drug Resistance Gene Ratio 0.239
Negative 230(29.4%) 104(31.7%) 126(27.8%)

Positive 551(70.6%) 224(68.3%) 327(72.2%)

BALF-Neutrophils ratio (%) 66(49.75, 78) 65(49, 77) 66(50, 78) 0.66
BALF-Lymphocyte ratio (%) 15(9, 23) 16(9, 23) 15(9, 23) 0.401

BALF-Macrophage ratio (%) 11(5, 20) 10(4, 20) 11(5, 20) 0.394
BALF-viscosity 0.424

Non-mucous 255(43.2%) 73(48.3%) 182(41.5%)

Small amount of mucus 158(26.8%) 39(25.8%) 119(27.1%)

Flocculent mucus 97(16.4%) 23(15.2%) 74(16.9%)

Viscous mucus 80(13.6%) 16(10.6) 64(14.6%)

Abbreviations: MP, Mycoplasma pneumoniae; WBC, white blood cell; CRP, C-reactive protein; SAA, serum amyloid A; NLR, neutrophil-to-lymphocyte ratio; TP, total 
protein; PLT, platelet; PCT, procalcitonin; FIB, fibrinogen; LDH, lactate dehydrogenase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; PLR, platelet-to- 
lymphocyte ratio; PAB, prealbumin; ALB, albumin; GLB, globulin; A/G, albumin-to-globulin ratio; BALF, bronchoalveolar lavage fluid.
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Figure 3 Comparison of respiratory virus nucleic acid detection results (A and B), BALF pathogen results (C), and microbial culture results (D) between the MP-ordinary 
pneumonia group and the MP-segmental/lobar pneumonia group. 
Notes: In Figure 3A and B, each color represented a different type of virus; in Figure 3C and D, colors represented different groups. 
Abbreviations: MP, Mycoplasma pneumoniae; BALF, bronchoalveolar lavage fluid; N, Negative; PIV-1, parainfluenza virus 1; PIV-2, parainfluenza virus 2; PIV-3, parainfluenza 
virus 3; IVA, influenza A virus; IVB, influenza B virus; RSV, respiratory syncytial virus; ADV, adenovirus; HI, Haemophilus influenzae; AB, Acinetobacter baumannii; KP, Klebsiella 
pneumoniae; PA, Pseudomonas aeruginosa; MC, Moraxella catarrhalis; BC, Burkholderia cepacia; MRSA, Methicillin-resistance Staphylococcus aureus; Mix-if, Mixed infection; S. 
maltophilia, Stenotrophomonas maltophilia; S.pn, Streptococcus pneumoniae; S.aureus, Staphylococcus aureus; C.albicans, Candida albicans; C.parapsilosis, Candida parapsilosis.
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Microbiological culture testing was performed on 748 specimens from the MP-segmental/lobar pneumonia group, 
with Streptococcus pneumoniae (22 cases), Haemophilus influenzae (8 cases), and Staphylococcus aureus (4 cases) being 
the most common pathogens. Among the 646 microbiological culture tests conducted on specimens from the MP- 
ordinary pneumonia group, Streptococcus pneumoniae (20 cases), Haemophilus influenzae (6 cases), and Staphylococcus 
aureus (3 cases) were also the most frequently identified pathogens (Figure 3D).

Logistic Regression and Receiver Operating Characteristic (ROC) Curve
Based on the statistical results in Tables 1 and 2, variables with statistical significance were selected. Further selection of 
variables with predictive value was conducted in conjunction with clinical practice. These were included in univariate 
logistic regression analysis, revealing the following factors associated with increased risk of MP-segmental/lobar 
pneumonia: sex (female), pre-admission fever and cough duration, high inflammation markers (CRP, NLR, PLR, PLT, 
PCT, FIB, D-dimer, LDH, ALT), low levels of TP, PAB, ALB, and A/G ratio.

To adjust for potential confounding factors, a multivariate logistic regression analysis was performed on these 16 
variables. The results identified the following independent risk factors for the progression of MPP to segmental/lobar 
pneumonia: sex-female (OR=0.714, 95% CI: 0.534–0.956, P=0.023), duration of fever prior to admission (OR=1.098, 
95% CI: 1.044–1.154, P<0.001), CRP (OR=1.025, 95% CI: 1.010–1.040, P=0.001), D-dimer (OR=1.44, 95% CI: 
1.134–1.829, P<0.001), LDH (OR=1.003, 95% CI: 1.000–1.006, P=0.025), PLR (OR=1.004, 95% CI: 1.001–1.007, 
P =0.020), and PLT (OR=1.002, 95% CI: 1.000–1.003, P=0.022) (Table 3).

To further evaluate the predictive efficacy of these variables for MP-segmental/lobar pneumonia, receiver 
operating characteristic (ROC) curves were generated. The ROC analysis indicated that days with fever prior to 
admission, CRP, LDH, D-dimer, and PLR demonstrated good predictive performance for MP-segmental/lobar 
pneumonia (Figure 4). The following thresholds were associated with an increased risk of MP-segmental/lobar 

Table 3 Results of Univariate and Multivariate Logistic Regression Analyses

Variables Univariate Logistic Regression Multivariate Logistic Regression

OR 95% CI P OR 95% CI P

Sex* 0.631 0.511–0.779 <0.001 0.714 0.534–0.956 0.023

Days with fever prior to admission(days) 1.177 1.136 –1.219 <0.001 1.098 1.044–1.154 <0.001
Days with cough prior to admission(days) 0.966 0.943–0.990 0.005

CRP 1.031 1.019–1.042 <0.001 1.025 1.010–1.040 0.001

NLR 1.303 1.192–1.425 <0.001
PLR 1.007 1.005–1.009 <0.001 1.004 1.001–1.007 0.02

PLT 1.001 1.000–1.002 0.003 1.002 1.000–1.003 0.022

PCT 6.293 2.905–13.631 <0.001
FIB 1.486 1.319 –1.674 <0.001

D-dimer 2.348 1.879 –2.933 <0.001 1.440 1.134–1.829 <0.001

LDH 1.005 1.004–1.007 <0.001 1.003 1.000–1.006 0.025
TP 0.951 0.931–0.972 <0.001

PAB 0.993 0.991–0.995 <0.001

ALB 0.893 0.865–0.923 <0.001
A/G 0.486 0.330–0.716 <0.001

ALT(U/L) 1.011 1.004–1.019 0.004

Notes: sex* indicated that female was at risk compared to male. 
Abbreviations: OR, Odds Ratio; CI, Confidence interval; CRP, C-reactive protein; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to- 
lymphocyte ratio; PLT, platelet; PCT, procalcitonin; FIB, fibrinogen; LDH, lactate dehydrogenase; TP, total protein; PAB, prealbumin; ALB, albumin; 
A/G, albumin-to-globulin ratio; ALT, alanine aminotransferase.
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pneumonia: days with fever prior to admission >5.5days, D-dimer >0.539mg/L, CRP >11.33mg/L, LDH >309.5U/L, 
PLT >340.5×109/L, PLR >155.815, and sex-female. Furthermore, the combination of these seven indicators showed 
improved predictive performance (AUC=0.741, 95% CI: 0.715–0.766, P < 0.001) (Table 4).

Figure 4 Receiver operating characteristic curves of single variable and combined variables risk factors for predicting MP-segmental/lobar pneumonia. 
Notes: Sex indicated that female was at risk compared to male; combined variables referred to the union of these seven variables. 
Abbreviations: CRP, C-reactive protein; PLR, platelet-to-lymphocyte ratio; PLT, platelet; LDH, lactate dehydrogenase.

Table 4 Predictive Efficacy of Seven Variables for MP-Segmental/Lobar Pneumonia

Variable AUC Cut-off Value Youden Index Sensitivity Specificity 95% CI P

D-dimer 0.679 0.539 0.263 0.667 0.603 0.652–0.707 <0.001

Days with fever prior to admission 0.637 5.5 0.238 0.719 0.519 0.608–0.666 <0.001

PLR 0.613 155.815 0.163 0.545 0.618 0.583–0.641 <0.001
CRP 0.603 11.33 0.172 0.522 0.655 0.572–0.631 <0.001

LDH 0.592 309.5 0.16 0.411 0.748 0.562–0.621 <0.001

PLT 0.545 340.5 0.073 0.585 0.489 0.514–0.575 0.004
Sex* 0.557 - 0.115 0.561 0.554 0.531–0.583 <0.001

Combined 0.741 - 0.353 0.648 0.708 0.715–0.766 <0.001

Notes: sex* indicated that female was at risk compared to male. 
Abbreviations: MP, Mycoplasma pneumoniae; AUC, Area Under Curve; CI, Confidence interval; LDH, lactate dehydrogenase; PLT, platelet; PLR, platelet-to- 
lymphocyte ratio; CRP, C-reactive protein.
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Discussion
MP is a cell wall-less organism. Due to the absence of a cell wall, it exhibits inherent resistance to antibiotics that 
interfere with cell wall synthesis, such as β-lactams.12 The direct invasion and adhesion of MP to host cells cause cellular 
damage, while released bacterial components, metabolites, and toxins can induce cytotoxicity, inflammatory responses, 
oxidative stress, apoptosis, and immunopathological damage in the host.13,14 Given its distinct seasonal and regional 
epidemiological patterns, the proportion of MPP among childhood community-acquired pneumonia cases is increasing, 
resulting in a corresponding rise in MP-associated segmental/lobar pneumonia.6,8 In this study, by comparing the clinical 
characteristics of MP-ordinary pneumonia and MP-segmental/lobar pneumonia, we found that MP-segmental/lobar 
pneumonia exhibited higher levels of inflammatory markers (CRP, PCT, NLR, PLR, etc)., bronchoscopy utilization 
rates, rates of pulmonary complications, incidence of respiratory failure, length of hospital stay, and hospitalization costs 
compared to MP-ordinary pneumonia. These results are consistent with our previous findings,8 confirming that MP- 
segmental/lobar pneumonia represents a more severe clinical phenotype, posing a significant threat to children’s health 
and imposing a substantial economic burden on families.

Current research predominantly focuses on predicting risk factors for severe complications (eg, necrotizing pneumo
nia, lung abscess, respiratory failure) and sequelae (eg, atelectasis, obstructive bronchitis) resulting from MP infection.15– 

18 An often-overlooked consideration is that the progression of MPP to severe conditions such as necrotizing pneumonia, 
lung abscess, or atelectasis is necessarily preceded by stages of segmental inflammation and lobar consolidation. Without 
effective intervention or delayed intervention at this stage at this stage, pulmonary inflammation can progress to 
persistent consolidation, lung tissue necrosis, and abscess formation.8 Therefore, identifying the independent risk factors 
for the progression of MPP to segmental/lobar pneumonia is clinically crucial, as it enables early intervention, prevents 
the advancement to segmental/lobar lesions, and thereby reduces the incidence of severe complications and sequelae.

In this study, a C-reactive protein level >11.33 mg/L was identified as an independent risk factor for MP-segmental 
/lobar pneumonia. CRP is a pentameric acute-phase protein, valued for its stability and precision as a non-specific marker 
of inflammation and tissue injury.19 Following inflammation or tissue damage, cytokine signaling (eg, IL-6, IL-1, tumor 
necrosis factor) stimulates hepatocytes to rapidly produce CRP, elevating its concentration up to 100–1000 times the 
baseline level. In MPP, CRP levels have been demonstrated to correlate significantly with the severity of the inflamma
tory response.20,21 Another independent risk factor identified was the duration of fever prior to hospitalization, which is 
intrinsically linked to the underlying inflammatory process, as fever is a primary clinical manifestation of such 
inflammatory response. The pathogenesis of MP infection is complex, involving direct invasion and cellular immune 
responses. MP produces the community-acquired respiratory distress syndrome toxin (CARDS), which can activate the 
NOD-like receptor thermal protein domain associated protein 3 (NLRP3) inflammasome, subsequently triggering 
macrophage secretion of IL-1β and IL-18. This process impairs respiratory barrier integrity and causes cellular damage. 
Furthermore, MP activates T cells, promoting the high expression of cytokines and inflammatory mediators that 
exacerbate systemic inflammation. Collectively, these inflammatory pathways account for the observed elevations in 
CRP and the persistence of fever.22,23

Lactate dehydrogenase is an oxidoreductase and a clinically established marker of inflammation which catalyzes the 
interconversion of pyruvate and lactate, as well as that of nicotinamide adenine dinucleotide (NADH) and NAD+. This 
cytoplasmic enzyme is present in all major organ systems, including the brain, kidneys, liver, heart, and lungs.24 When 
organs are damaged by inflammation or other insults, particularly when lung tissue is affected by infection, LDH is 
released into the bloodstream due to increased cellular membrane permeability or rupture, leading to elevated serum 
LDH levels.25,26 Consequently, LDH levels serve as a surrogate marker of tissue inflammatory injury.27 In this study, 
a comparison between the two groups revealed that LDH levels were significantly higher in children with MP-segmental 
/lobar pneumonia than in those with ordinary MPP. Subsequent multivariate logistic regression analysis and ROC curve 
analysis confirmed that an LDH level >309.5U/L is an independent risk factor for MP-segmental/lobar pneumonia, 
aligning with previous reports.16,24

D-dimer is a specific degradation product formed when fibrin monomers, cross-linked by activator XIII, are 
hydrolyzed by fibrinolytic enzymes. It is a specific marker of the fibrinolytic system and a useful indicator for monitoring 
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inflammation and severe infections.28,29 D-dimer levels in infectious diseases reflect the impact of inflammatory 
responses on coagulation function. Numerous studies have confirmed a close association between D-dimer levels and 
the severity of pneumonia.29–31 In our study, D-dimer levels were significantly elevated in children with MP-segmental 
/lobar pneumonia compared to those with MP-ordinary pneumonia, indicating a marked inflammatory response and 
concomitant activation of the fibrinolytic system. Subsequent regression and ROC curve analyses confirmed D-dimer’s 
predictive efficacy for MP-segmental/lobar pneumonia (AUC=0.679, 95% CI=0.652–0.707).

According to literature reports,32,33 blood hypercoagulability is prevalent in children with MPP. The mechanism may 
involve direct damage to vascular endothelial cells from excessive and persistent inflammatory cytokines following MP 
infection. The subsequent exposure of subendothelial collagen activates the coagulation system, leading to 
a hypercoagulable state and the formation of microthrombi, which impairs pulmonary ventilation, resulting in carbon 
dioxide retention. Altered pulmonary microcirculation causes the retention of inflammatory mediators and necrotic cells, 
increased mucus exudation, and the formation of mucus plugs or casts, all of which impede the resolution of pulmonary 
inflammation, ultimately resulting in segmental and lobar lesions.34 Platelets possess various surface receptors that 
regulate their interactions with endothelial cells during inflammation. As key effector cells in the disease-immunity 
continuum, they play crucial roles in responding to microbial invasion, antigen stimulation, and signal transduction.35,36 

Research has confirmed that in lung injury and systemic inflammation, activated platelets interact with endothelial cells 
in alveolar capillaries and larger pulmonary vessels, other platelets, and leukocytes in the pulmonary circulation, thereby 
initiating or amplifying pulmonary dysfunction and inflammatory injury.37 The Platelet-to-Lymphocyte Ratio is 
a composite inflammatory marker that reflects the balance between platelet and lymphocyte levels, serving as an indicator 
of the systemic inflammatory response; it is widely used to assess inflammatory severity in pneumonia.38,39 In this study, 
we similarly confirmed that PLR and PLT are independent risk factors for MP-segmental/lobar pneumonia. Although 
PLT (AUC=0.545) demonstrated relatively low predictive efficacy for MP-segmental/lobar pneumonia in this study, its 
clinically easy accessibility makes it a viable supplementary indicator for predicting MP-segmental/lobar pneumonia.

Additionally, our study identified sex as a risk factor for MP-segmental/lobar pneumonia, with female patients having 
a higher risk than males. Recent reports indicate a significant increase in MP-positive cases among 6- to 7-year-old 
children in China. This trend suggests that the relaxation of non-pharmaceutical interventions (NPIs) after the COVID-19 
pandemic in 2023 and the earlier easing of the two-child policy in 2016 may be contributing factors to the severe 
outbreak of respiratory infections. These reports also note that female patients have a higher risk of MP infection than 
males.40 Our finding is consistent with other studies reporting a higher susceptibility to MPP in female patients.41–43 

Female are more likely to test positive for Mycoplasma pneumoniae antibodies, possibly due to differences in activity 
and social behavior; female children may participate more frequently in indoor group activities, which could promote the 
transmission of MP in a closed environments.44 However, in this study, gender also demonstrated limited predictive 
efficacy for MP-segmental/lobar pneumonia (AUC=0.557). Therefore, similar to PLT, it can serve as an auxiliary clinical 
indicator for the predictive analysis of MP-segmental/lobar pneumonia.

This study is based on a large sample dataset, which provides more robust and generalizable findings than small- 
sample studies. This study has several limitations. First, its single-center, retrospective design limits the generalizability 
of the findings, which requires validation through future multicenter, prospective studies. Second, compared with other 
literature where the predictive efficacy of the indicators reaches more than 0.8, the standalone predictive performance of 
these seven indicators in this study was not particularly good. Despite this, the combination of these indicators in 
a predictive model demonstrated good performance (AUC = 0.741, 95% CI: 0.715–0.766), bolstered by the large sample 
size from which they were derived.

Conclusion
A clinical feature analysis was conducted on data from children hospitalized with MPP at a tertiary pediatric center in 
Chongqing, China, between January and December 2023. The analysis revealed that MP-segmental/lobar pneumonia is 
associated with more severe clinical symptoms and significantly elevated inflammatory markers compared to MP- 
ordinary pneumonia. And we identified five major independent risk factors for the progression of MPP to segmental/ 
lobar pneumonia: D-dimer >0.539 mg/L, CRP >11.33 mg/L, LDH >309.5 U/L, PLR >155.815, and fever duration prior 
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to admission >5.5 days. Two secondary risk factors were also identified: PLT >340.5×109/L and female sex. The 
predictive model incorporating these seven indicators demonstrated good performance, with an area under the curve 
(AUC) of 0.741. These indicators may serve as a valuable assessment tool for clinicians to identify children with MPP at 
high risk of progressing to segmental/lobar pneumonia, thereby facilitating timely intervention and improving outcomes.
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