Predictive index of plastic bronchitis in children with refractory Mycoplasma pneumonia
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Abstract
Objective 
To explore the predictive indicators of plastic bronchitis (PB) in children with refractory Mycoplasma pneumoniae pneumonia (RMPP).

Methods 
[bookmark: _Hlk61026799]Retrospective analysis of children who were hospitalized in Tianjin Children's Hospital from December 2018 to January 2020 who met the RMPP diagnostic criteria and were treated with bronchoscopy and alveolar lavage. Collect and compare the clinical medical records of the two groups of children, and use Logistic regression analysis to find the predictive indicators for the occurrence of PB in children with RMPP.

Results 
①The incidence of hypoxemia in group II was higher, the days of fever was longer, hospital stay was longer, and radiological manifestations were more serious (P<0.05).②The use rate of gamma globulin in group II was higher, and the hormone dose was higher (P<0.05).③The levels of WBC, CRP, LDH, FER, D-D dimer, PLT, PCT, IL-6, AST and percentage of neutrophils in peripheral blood in group II were higher than those in group I (P<0.05). The percentage of lymphocytes in group II was lower than that in group I (P <0.05). ④The ROC curve and Logistic regression analysis showed that the days of fever, N%, CRP and LDH were independent risk factors for the occurrence of PB in children with RMPP. The cut-off values of days of fever, N%, CRP and LDH were 11.5 days, 68.4%, 45.5 mg/L and 559U/L respectively. 

Conclusions 
The days of fever≥11.5days, N%>68.4%, CRP>45.5mg/L, LDH>559U/L are predictors of PB in children with RMPP. 
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Introduction
Mycoplasma pneumoniae (MP) is one of the major pathogens of community- acquired pneumonia (CAP) in children[1, 2]. Mycoplasma pneumoniae pneumonia (MPP) is usually considered as a benign and self-limiting disease. However, it has been found that[3]some children may progress to refractory Mycoplasma pneumoniae pneumonia(RMPP) after being treated with sufficient and long-term macrolide antibiotics in timely, which often leads to serious internal and external pulmonary complications, which may not only be difficult to treat and costing, but also leave sequelae[4]such as bronchiectasis, atelectasis, necrotizing pneumonia and bronchiolitis obliterans, thus affect the quality of life. Moreover, in clinical work, some children with RMPP were found to be poorly treated, and bronchoscopy on these children found that most children had plastic bronchitis (PB). It is important for clinicians to identify RMPP that can cause PB as early as possible and give bronchoscopy in timely. Therefore, retrospective analysis was performed on 187 children hospitalized in our hospital from December 2018 to January 2020 who met the diagnostic criteria of RMPP and were treated with bronchoscopy and alveolar lavage. Then compared the differences of clinical manifestations, laboratory data and imaging findings between two groups to explore the related risk factors of PB in children with RMPP, and provide scientific clues for clinical empirical early and reasonable treatment. 

Methods
Research Objects
[bookmark: _Hlk61030197]This study selected 187 children with RMPP who were hospitalized in Tianjin Children's Hospital from December 2018 to January 2020 and were treated with bronchoscopy and alveolar lavage. According to the microscopic findings, they were divided into two groups: group I was non-PB and included 114 cases, and group II was PB and included 73 cases. Such as figure 1.

[bookmark: _Hlk61029746]RMPP diagnostic criteria[5, 6, 7]
(1)Symptoms and signs of pneumonia showed on admission, including fever, cough, abnormal lung auscultation and so on; (2)Chest imaging indicated pneumonia; (3)Positive results of serologic test：Included patients underwent anti-MP IgM titrations twice, both at the time of admission and upon discharge. Patients who showed either a seroconversion (negative to positive), or four-fold or greater increase in IgM titers and who had both symptoms with ≥1:640 high titers. (4) The presence of persistent fever and clinical as well as radiological deterioration after azithromycin treatment for 7 days or longer[8]. Clinical and radiological deterioration were described as follows: aggravation of clinical signs was characterized by persistent fever, severe cough, dyspnea, etc. Radiological aggravation showed enlargement of pulmonary lesions, increased density, pleural effusion, and even necrotizing pneumonia and lung abscess.

Inclusion criteria
(1) Meet the diagnostic criteria of RMPP; (2) RMPP were treated with bronchoscopy and alveolar lavage; (3) Age≤16 years old.

Exclusion criteria 
[bookmark: _Hlk61030016][bookmark: _Hlk61029936][bookmark: _Hlk61029980](1) Patients who had a history of repeated respiratory infections, tuberculosis, bronchiectasis, or lung tumors; (2) Patients who had diseases such as severe malnutrition, unconsciousness, chronic cardiac and pulmonary disease, congenital disease, or immunodeficiency; (3) Incomplete clinical records of children; (4) Patients who were discharged within 8 hours after admission;(5) Etiological examination confirmed the infection with other pathogens.
[image: ]
                Figure 1.flow diagram

Bronchoscopy indications[9]  
Combined with clinical manifestations and chest X-ray examination, bronchoscopy should be performed when atelectasis or poor air was present, or the diagnostic criteria for RMPP were met.

Definition of PB[9]  
Refers to a disease in which an endogenous foreign body partially or extensively blocks the bronchus, causing ventilatory dysfunction. After the foreign bodies were taken out, they were immersed in 9g/L salt water and expanded. They were named after the change of "dendritic" quality and tough plastic shapes. At present, bronchoscopy and alveolar lavage are regarded as one of the important and reliable methods for the diagnosis and treatment of respiratory diseases[10].

Data collection  
Demographic, clinical information, laboratory data and radiological findings were retrospectively collected from all children who were included in the study. Nasopharyngeal aspirate/swab specimens were routinely collected within 24 hours of admission. Respiratory specimens were bacterially cultured and ran virus test by using direct immunofluorescence assays, and tested with MP of PCR. Peripheral blood samples were collected upon admission for the determination of the complete blood count, C-reactive protein(CRP), lactate dehydrogenase(LDH), procalcitonin(PCT), interleukin(IL)-6, lactic acid(La), ferritin(Fer), d-dimer, fibrinogen(Fg), alanine aminotransferase(ALT), aspartate aminotransferase(AST) and specific antibody to MP. Blood cultures were also performed on admission. All patients underwent imaging studies before admission or during hospitalization. All patients underwent bronchoalveolar lavage fluid culture and drug sensitivity test during hospitalization.
Hypoxia was defined as any recorded oxygen saturation of <92% by pulse oximetry, measured in indoor air[11, 12] .

Observation indexes
Including general information, clinical features (fever, cough, duration of fever, duration of hospitalization, hypoxia, etc.), imaging, laboratory findings, bronchoscopy findings and treatment, etc.

Ethics
The study was approved by the Ethics Committee of Tianjin Children’s Hospital. The ethics committee waived the need for written informed consent provided by participants due to the retrospective nature of the study, because all patient data were analyzed anonymously, and no additional informed consent was required. The authors had not access to information that could identify individual participants after data collection.

Statistical Analysis
Statistical analyses were performed using SPSS software (version 22.0). Normal distribution data were expressed as mean ± SD (x ± s). Independent-Samples T-test or One-way ANOVA was used to process these data. The skewed distribution data were presented as the median values (P25, P75), and comparisons were made by the Mann-Whitney U-test. Chi-squared tests were used to compare numerical data, which was presented as rate or constituent ratio. Meanwhile, we use the laboratory indicators with significant differences as independent related risk factors to make the ROC curve, and use the area under the ROC curve (AUC) to reflect the accuracy of the diagnostic test. Take the point closest to the upper left corner of the ROC curve, which has the largest sum of sensitivity and specificity, as the optimal value of prediction. Multivariate Logistic regression analysis was performed on statistically significant indicators to obtain independent predictive indicators. P<0.05 indicates that the difference is statistically significant.

Results
General information of patients
This study included 187 children with RMPP and were treated with bronchoscopy and alveolar lavage. Children were divided into two groups according to the presence of PB. 114 cases (61%) were in the non-PB group (group I) and 73 cases (39%) were in the PB group (group II). No difference in gender distribution, age and weight were found between the two groups(P>0.05), which was shown in Table 1.

	Table 1. Clinical characteristic

	Clinical information                Group I（114）             Group II（73）                    P-value

	General information                       

	Sex (female/male)              51/63                     35/38                             0.668

	Age, years                    6.03±2.72                  6.64±2.69                         0.139

	Weight, kg                    19.7（16.6，26.7）         21.8（17.5，30）                   0.092

	Clinical presentation, n (%)

	Fever                        113（99%）               70（100%）                       1.000

	Cough                       114（100%）              73（100%）                       1.000

	Hypoxemia                   20（17.5%）               31（42.5%）                      0.000

	Respiratory failure              2（1.8%）                 2（2.7%）                        0.650

	Thromboembolism             2（1.8%）                 2（2.7%）                        0.650      

	total fever duration, days            11（8，12.3）              12（10，14）                      0.005

	preadmission fever duration, days     6（4，7）                 7（5.8，8.1）                      0.015

	Length of stay, days                8（6，11）                11（9，14）                       0.000

	Management

	Hormone dose, mg/kg/d         2（1.5，5）                6（3.3，10）                      0.000

	Gamma globulin, n (%)          17（14.9%）              24（32.9%）                      0.004


Data are presented as number (percentage), median (25th-75th percentile). Data are presented as mean ± SD (x ± s).

Clinical information of patients         
There were not significant differences in fever and cough among the two groups (P>0.05). The incidences of hypoxemia were significantly higher in group II than this in group I (P<0.05). The difference in the incidence of pulmonary embolism did not reach statistical significance (2.7% & 1.8%, P> 0.05) (Table 1).
Concerning the clinical course, we found that the length of fever was 12（10，14）days in group II, 11（8，12.3）days in group I. The length of stay was 11（9，14）days in group II, and  8（6，11）days in group I. There were significant differences between the two groups in the length of fever and the length of stay (P<0.05, P<0.001).

Treatment of patients
All patients were treated with antibiotics. Within 72 hours of admission, both groups were initially given 2 mg/kg/d methylprednisolone intravenously. After the body temperature stabilized, they were changed to oral prednisone. If the body temperature does not drop within 48 hours, increase the hormone dose. The total course of hormone therapy for group I was (6 (3, 9)) days, group II was (10 (8, 13)) days, the difference was statistically significant (P<0.001). The number of bronchoscopy and lavage in group I was (2.5 (1.1, 3.2)) times, and in group II was (1.4 (0.4, 1.6)) times. The difference was statistically significant (P<0.05). There were significant differences between the two groups in the usage rate of gamma globulin and hormone dosage (P<0.001, P<0.05).

Laboratory of patients
Laboratory data in two groups of patients were summarized in Tables 2. The median values of Fg、PT、APTT、TT、La and ALT did not differ significantly between the two groups(P >0.05). The median levels of WBC、CRP、LDH、FER、D-dimer、PLT、PCT、IL-6 and the percentage of peripheral neutrophils in children with group II were significant higher than those in children with group I(P<0.05).The percentage of peripheral blood lymphocytes was higher in group I (P<0.05).

	Table 2. Laboratory characteristic

	Laboratory information           Group I（114）            Group II（73）                       P-value

	White blood cell (×109/L)         8.78（7.23，10.21）        9.97（7.68，13.27）                  0.000

	Neutrophil,%                   66.65（48.08，75.08）      78（73.15，82）                     0.000

	Lymphocytes,%                 24.75（16.48，38.58）      14.2(11，19.6)                       0.000

	CRP, mg/L                     35.35(14.98，65)           72(58，101)                         0.000

	LDH,IU/L                      442(333，556)             564(419，728)                       0.000

	Fer, ng/L                       217(112，357)             391(277，713)                       0.000

	D-D, mg/L                      0.3(0.2，1.1)              0.6(0.2，1.8)                         0.043

	Fg, g/l                         3.68(3.18，4.4)             3.84(3.18，4.52)                      0.419

	PT                            11.7(11.2，12.2)            11.7(11.2，12.3)                      0.755

	APTT                         30.25(27.08，34.23)         29.3(25.5，32)                       0.322

	TT                            16.65(15.8，17.3)           17(16.2，17.9)                       0.127

	PLT                           356(267，443)             300（240，414）                     0.041

	PCT, ng/ml                     0.15(0.09，0.28)            0.35（0.19，0.78）                   0.000

	IL-6,pg/ml                      27.55(14.8，50.11)         67.88（37.31，110.55）               0.000

	La, mmol/L                     2.85(2.3，3.5)             2.64（2.13，3.35）                   0.490

	AST,U/L                       34(26，41)                40（29，61）                        0.048

	ALT,U/L                       16(12，23)                17（12，42）                        0.408


WBC White blood cell, Neutrophil Peripheral neutrophils, Lymphocytes Peripheral Lymphocytes, CRP C-reactive protein, LDH Lactic dehydrogenase, Fer Ferritin, D-D D-dimer, Fg Fibrinogen, PCT Procalcitonin, IL-6 Interleukin (IL)-6, La Lactic acid, AST Aspartate aminotransferase, ALT Alanine aminotransferase.
Data are presented as median (25th-75th percentile).

Imaging findings of patients
Radiological findings in two groups of patients were summarized in Tables 3. Radiological findings were more severe in group II than those in group I. The difference in the incidence of pleural thickening (61.6% versus 65.8%) did not reach statistical significance (P>0.05). And there were statistically significant differences between the two groups in the incidence of pulmonary complications, including pulmonary consolidation (82.2% versus 44.7%, P<0.001), pleural effusion (47.9% versus 31.6%, P<0.05) and atelectasis (38.4% versus 21.1%, P<0.05).

	Table 3. Radiological features

	     Radiological features         Group I（114）       Group II（73）          P-value

	  Pulmonary consolidation, n (%)    51（44.7%）         60（82.2%）             0.000

	  Pleural effusion, n (%)           36（31.6%）         35（47.9%）             0.024

	Lobar atelectasis, n (%)          24（21.1%）         28（38.4%）             0.010

	  Pleural thickening, n (%)         75（65.8%）         45（61.6%）             0.061


Data are presented as number (percentage).

Predictive values of the independent correlation factors of patients
To explore the optimal values of laboratory data for group II, receiver operator characteristic (ROC) curves were made and the cut-off values with maximum sensitivities and specificities were determined. Analysis of these ROC curves showed that the days of fever、the days in hospital、WBC、the percentage of neutrophil、CRP、LDH、FER、PCT and IL-6 were useful for differentiating patients with group II from those with group I(Table 4). When the cut-off values for fever days、N%、CRP and LDH were set at 11.5 days, 68.4%, 45.5 mg/L and 559U/L respectively. The sensitivity and specificity were respectively 64.9% & 56.2%, 52.6% & 97.3%, 59.6% & 95.9%, and 77.2% & 53.4%.

	Table 4 ROC

	Independent factors          Cutoff value     Sensitivity     Specificity   AUC        P-value    95%CI 

	total fever duration, days      11.5            0.649         0.562      0.637        0.002     0.557-0.718  

	Length of stay, days          9.5             0.658         0.699      0.726        0.000     0.654-0.798             

	White blood cell (×109/L)      9.83           0.719         0.575      0.651        0.001     0.567-0.735

	Neutrophil, %               68.4            0.526         0.973      0.787        0.000     0.724-0.850                                      

	CRP, mg/L                 45.5            0.596         0.959      0.789        0.000     0.725-0.852                                          

	LDH, IU/L                 559             0.772         0.534      0.674        0.000     0.595-0.752                                             

	Fer, ng/L                   270            0.658         0.781      0.740        0.000     0.669-0.812                                                    

	PCT, ng/ml                 0.19            0.614         0.753      0.719        0.000     0.643-0.795                                           

	IL-6, pg/ml                 29             0.535         0.904      0.780        0.000     0.716-0.845                                          


AUC: area under the ROC curve; Cut-off value: the value on the ROC curve is closest to the upper right to take maximum sensitivity and specificity;
P value: the AUC value of the independent factors compared to ROC curve reference value 0.5.

Multiple logistic regression analysis 
Multiple logistic regression analysis of 187 cases was performed to assess predictors of PB in children with RMPP. The fever days 11.5 days, N% 68.4%, CRP 45.5mg/L, LDH 559U/L were significantly predictive regarding the differentiation between the two groups, with the odd ratio (OR) values of 2.901, 6.373, 3.688, and 1.916, respectively in Table 5.
	Table 5. Stepwise logistic regression analysis for the related factors

	Variable          B         S.E.      Wald      P-value       OR          95%CI
                                                                      Lower     Upper

	fever             1.104      0.530     7.038     0.001        2.901    1.319      2.546 
duration, days                                    

	N（%）          1.852      0.934     3.934     0.047        6.373    1.022      39.74                        

	CRP, mg/L        3.165     0.815     15.088    0.000        3.688     4.797     16.97                         

	LDH, IU/L        1.088      0.520     4.028     0.005        1.916     1.331     2.537                                



Discussion
In recent years, reports of RMPP have gradually increased. Studies have shown that the occurrence of PB in MPP may be one of the important reasons for the difficulty of MPP treatment[13, 14, 15]. PB is characterized by the formation of a tree-like shape in the bronchus, which can lead to ventilatory dysfunction, indicating a poor prognosis[16]. According to the pathological classification, Seear et al[17].divided PB into two types: Type I (inflammatory type), the main components are inflammatory cells and cellulose, among which inflammatory cells are mainly neutrophils and eosinophils. The pathogenesis is closely related to respiratory tract infections. PB caused by MP, A, and B influenza viruses has been reported to be of this type[18, 19, 20]. Type Ⅱ (non-inflammatory type), the main components are mucus protein and cellulose, the onset is closely related to congenital heart disease, especially in children after Fonton surgery, this type is mostly reported abroad[21]. In this study, all children were diagnosed with RMPP, and the pathological results of plastic-like substances were type I, which was consistent with the domestic reports of PB caused by pneumonia[22], and was different from foreign reports. The causes of MP infection to cause PB are as follows:(1) Decreased respiratory tract cleansing ability: Hydrogen peroxide and respiratory distress syndrome toxin synthesized after MP infects the body, causing damage to the respiratory tract epithelium, causing cilia to fall off, cell swelling, dissolution, and necrosis, and reducing the cleansing function of the respiratory tract.(2) Increase in bronchial secretions: under the action of inflammatory cells and mediators, the bronchial wall thickens, the luminal inflammatory narrows, capillary permeability increases, and glandular secretion increases.(3) The role of inflammatory mediators: After MP infection histamine, leukotrienes and other inflammatory mediators increase, causing smooth muscle spasm; at the same time, endothelin 1 and Th2 cytokines increase, causing bronchoconstriction[23, 24, 25].
Children's PB has an insidious onset, rapid progress, serious illness, difficult diagnosis and treatment, and high mortality. Studies have shown that early bronchoalveolar lavage for children with MP pneumonia with large areas of atelectasis or consolidation in imaging is beneficial to the absorption of lung lesions, shortening the length of hospitalization, and the prognosis is good[26, 27], and it also shows that bronchoscopic alveolar infusion Washing treatment of PB is effective and safe. Therefore, this research group selected 187 children with RMPP combined with bronchoscopy and alveolar lavage treatment who were hospitalized from December 2018 to January 2020 in the Respiratory Department of Tianjin Children's Hospital as the research object, and 73 children were PB group, 114 cases were included in non-PB group. Analyze the clinical data of the two groups of children, explore the risk factors for the formation of PB in RMPP.
First of all, this study found that the condition of group II was more severe than that of group I: the incidence of hypoxemia, usage rate of gamma globulin, and hormone dose in group II were significantly higher than those in group I (P<0.05).The fever days, hospitalization days, and fever days before hospitalization in group II were significantly higher than those in group I (P<0.05).These results indicate that if effective treatment is not carried out in timely, the clinical course may be prolonged and the condition may be worsened. This study also showed that the incidence of pulmonary consolidation, pleural effusion and atelectasis in the RMPP of group II was higher than that of group I (P<0.05). The diversification of imaging findings may be due to direct microbial effects and strong caused by immune inflammatory reaction. Finally, the study also found that WBC, CRP, LDH, FER, DD dimer, PLT, PCT, IL-6, AST and the percentage of peripheral blood neutrophils between groups I and II showed a gradual upward trend (P<0.05). The study showed that the number of bronchoscopy lavages in the PB group [(2.5 (1.1, 3.2)) times] was significantly higher than that of the non-PB group [(1.4 (0.4, 1.6)) times]. This is consistent with previous research conclusions[13].Early identification of the predictive indicators of PB, timely bronchoscopy and alveolar lavage treatment is particularly important; bronchoscopy found to be shaped, often indicates that RMPP is prone to prolonged and does unhealed, and bronchoscopy lavage is often required again[9].
In order to study the relevant clinical features that may predict the occurrence of PB in RMPP, we used ROC curve and Logistic regression to analyze statistically significant related indicators. This study found that the days of fever, N%, CRP, and LDH are the risk factors for PB in children with RMPP. The cut-off values ​for these four factors were 11.5 days, 68.4%, 45.5 mg/L, and 559 IU/L. We found that total fever days ≥ 11.5 days, N%> 68.4%, CRP> 45.5 mg/L, LDH> 559 U/L may be important clinical features predicting the occurrence of PB in children with RMPP. 
The results of this study showed that the the days of fever in group II was 12 (10, 14) days, which was significantly longer than in group I was 11 (8, 12.3) days, and the difference was statistically significant. Logistic regression analysis showed that the days of fever in children is one of the independent risk factors for PB in RMPP. In this study, the cut-off value was 11.5 days, the sensitivity was 64.9%, and the specificity was 56.2%. Studies have found that heat duration ≥11d is an independent risk factor for the occurrence of PB in RMPP[9, 28], and the results of this study are consistent with this.MP can be used as an in vitro pyrogen to cause fever in the body, stimulate the body to produce interleukin-6, tumor necrosis factor-α and other cytokines to increase and be in a high level state, resulting in persistent fever in children[29].The days of fever is closely related to whether the body inflammation is effectively controlled.
After the body is infected by MP, it can recognize the lipid-related membrane protein of MP through Toll-like receptors, activate neutrophils, and increase N%. Logistic regression analysis showed that N% is one of the independent risk factors for the formation of PB in RMPP. In this study, the critical value was 68.4%, the sensitivity was 52.6%, and the specificity was 97.3%.
The study showed that the CRP of children in group II was 72 (58, 101) mg/L, which was significantly higher than 35.35 (14.98, 65) mg/L in group I. The difference was statistically significant. Logistic regression analysis showed that CRP is an independent risk factor for the formation of PB in RMPP. In this study, the cut-off value of CRP was 45.5mg/L, the sensitivity was 59.6%, and the specificity was 95.9%. Studies have found that CRP≥48.73mg/L is an independent risk factor for the occurrence of PB in RMPP[9, 28]. The results are similar. CRP is an acute phase response protein synthesized by the liver[15]. It can be detected within 12-48 hours of acute infection. It can be increased several times or more in the early stage of infection, which is positively correlated with the degree of tissue necrosis, especially when MPP is complicated by large-scale lung consolidation and pleural effusion[30]. The CRP value is related to the severity of infection. Youn et al.[8] found that the peak CRP of the necrotizing MPP group was significantly higher than that of the non-necrotizing MPP group, and the duration of CRP abnormality was also significantly longer than that of the non-necrotizing MPP group.
This study showed that the LDH of children in group II was 564 (419, 728) U/L, which was significantly higher than that of 442 (333, 556) U/L in group I. The difference was statistically significant. LDH is an independent risk factor for the formation of PB in RMPP. In this study, the cut-off value is 559U/L, the sensitivity is 77.2%, and the specificity is 53.4%. Studies have found that the level of interleukin-18 in peripheral blood of MPP is positively correlated with LDH. Interleukin-18 in MPP can promote the release of interferon-γ and other inflammatory factors, which is related to the severity of MPP[31, 32, 33, 34].Because of the complexity of interleukin-18 detection, the detection of LDH is used as an indicator of MPP in clinical practice. And because LDH is a cytoplasmic enzyme that exists in various important organs (including the lung), it is generally elevated in many lung diseases, and its level can reflect the severity of the disease[32, 35].Therefore, LDH is related to the severity of MPP and can be used as one of the predictive indicators of RMPP [12-14].Studies have found that LDH>550U/L is an independent risk factor for the occurrence of PB in RMPP[9, 28], and the results are similar.
The study has the following limitations. First, as a retrospective study, the selection of cases may be biased, and prospective studies are needed; Secondly, this study is a single-center study, the data is relatively single and the sample size is small, more large samples of data from different regions are needed for further research to reduce analysis errors.
In summary, this study found that the days of fever≥ 11.5 days, N%> 68.4%, CRP> 45.5 mg/L, and LDH> 559 U/L are predictors of PB in children with RMPP. When the above indicators appear, it is recommended to actively perform adjuvant treatment with fiberoptic bronchoscopy lavage while anti-infective treatment, to remove respiratory secretions, unblock the respiratory tract, reduce the occurrence of long-term complications, and improve the prognosis of children.

Abbreviation
MP: Mycoplasma Pneumoniae; PB: Plastic Bronchitis; CAP: Community Acquired Pneumonia; RMPP: Refractory Mycoplasma pneumoniae pneumonia; PCR: Polymerase chain reaction; CRP: C-reactive protein; LDH: Lactate dehydrogenase; PCT: Procalcitonin; IL: Interleukin; La: lactic acid; Fer: Ferritin; D-D: D-dimer; Fg: Fibrinogen; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ROC: Receiver operating characteristic
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