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Abstract
Background Incidence of severe M. pneumoniae pneumonia (SMPP) reported in China was increasing in
the last decade. We aimed to evaluate clinical features in pediatric SMPP with pulmonary complications
according to laboratory test and chest radiographic resolution patterns.

Methods We retrospectively reviewed 93 SMPP patients between January 2016 and December 2018, and
they were grouped by pneumonia pattern: pulmonary complication group (63 patients) and extensive
lung lesion without pulmonary complication group (30 patients).

Results SMPP patients of pleural effusion and necrotizing pneumonia showed longer fever duration, high
serum value of lactic dehydrogenase (LDH), D-dimer and LDH to albumin ratio (LAR). LAR and D-dimer
were associated with moderate and massive pleural effusion,and D-dimer was associated with lung
necrosis. The average time of radiographic resolution in pulmonary complication group was 12 weeks,
and those with elevated D-dimer were signi�cantly more likely to have longer time to radiographic
clearance.

Conclusions M. pneumoniae pneumonia patients with pleural effusion or lung necrosis were more severe
than those without pulmonary complication, LAR and D-dimer might be used as parameters to identify
susceptible children of pleural effusion or lung necrosis and longer time to radiographic clearance among
patients with SMPP.

Background
Mycoplasma pneumoniae (MP) is a common respiratory pathogen of community acquired pneumonia
(CAP) in childhood. Mycoplasma pneumoniae pneumonia (MPP) epidemics have occurred every 2–3
years from 2006 to 2016 in North China[1], and incidence rate of popular years usually increases several
times compared with those of non-popular years. The epidemiology study of MPP showed that 37.5%
children with CAP are infected with MP[[1]. A tendency of younger peak age in MPP patients was
observed in Korean children[2], but peak age of MPP in North China was between 6 and 10 years,
indicating that school-age children and adolescents are major population prone to MPP in this area.
Although MP infection was traditionally thought to be self limited with a good outcome, the incidence of
severe mycoplasma pneumoniae pneumonia (SMPP) case has gradually increased in recent years,and
the change was from 0.7% in 2006 to 35% in 2016[1]. Children with SMPP have long hospitalization, high
medical expenses and may have long-term complications such as atelectasis, bronchiectasis, bronchitis
obliterans and bronchiolitis obliterans [3–5]. There are no well-de�ned and uni�ed diagnostic criteria for
pediatric SMPP, and patients who were de�nitely diagnosed as MPP satis�ed the criteria of severe CAP
according to “Guidelines for management of community‐acquired pneumonia in children”[6] could be
con�rmed as SMPP. Other patients whose lung lesions were more than 2/3 areas in the chest
radiographic image, who developed intra-and extra-pulmonary complications, and who were de�ned as
refractory mycoplasma pneumoniae (RMPP) by presence of persistent fever, clinical features as well as
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radiological deterioration after azithromycin treatment for 7 days or longer, were also treated as SMPP,
suggesting different clinical phenotype existed in disease of SMPP. In the past 10 years, a large number
of studies have focused on RMPP including pathogenesis due to host and pathogenic variation,
biological indicators for prediction and prognosis, airway damage and management by bronchoscopy as
well as evaluation of steroid therapy[7–12]. Only a few number of case report described the diagnosis
and treatment of pediatric SMPP with massive pleural effusion[13]. Recent clinical study about SMPP
found that different MP genotype might be useful to predict progress of SMPP[14] and another study
pointed out that atopy individuals are more likely to suffer from SMPP because patients with serum low
IL–17 and elevated total IgE were more susceptible to extrapulmonary complications[15]. However,
clinical phenotypes of SMPP were not distinguished in these studies.

In the present study, we used blood serum biochemical indicators, airway secretion condition obtained by
bronchoscopy to characterize the clinical features and prognosis in SMPP children with pulmonary
complications compared with nonpulmonary ones.

Methods
Subjects

There were 892 patients with community acquired pneumonia hospitalized in the Division of Respiratory
Medicine in Children’s Hospital of Chongqing Medical University who were diagnosed as MPP by MP DNA
positive detected in nasopharyngeal aspiration (NPA) between January 2016 and February 2019.
Diagnostic criteria of SMPP are as follows: (1) tachycardia (judgment criteria: <l years old, respiratory rate
> 50 times /min, 1 to 5 years old, respiratory rate ≥ 40 times /min, > 5 years old, respiratory rate > 30
times /min), accompanied with three concave signs and cyanosis, (2) hypoxemia (pulse oxygen
saturation is less than 0.92 in condition of air inhalation) (3) lung lesions more than 2 / 3 area in chest
radiographic image, (4) pulmonary complications such as atelectasis diagnosed by chest CT, pleural
effusion with performance of pleural puncture and necrosis diagnosed by enhanced chest CT. The
following patients were excluded from the study: (1) There were 17 patients with conditions of
bronchopulmonary dysplasia, congenital heart disease, asthma and malnutrition; and (2) There were 379
patients who had other pathogens detected in NPA or bronchoalveolar lavage �uid (BALF). 93 patients
(18.7%, 93/496) diagnosed as SMPP were enrolled in this study. All observations were following the
relevant guidelines and regulations of Children’s Hospital of Chongqing Medical University. The study was
approved by Institutional Review Board, Children’s Hospital of Chongqing Medical University.

Method

This was an descriptive study and the medical records of all subjects were retrospectively reviewed.
Collected data were including clinical presentations, NAP and BALF detection of common respiratory
virus (respiratory syncytial virus, adenovirus, in�uenza viru A and B, parain�uenza virus type 1,2 and 3) by
direct �uorescence assay, MP load by polymerase chain reaction, bacterium culture in both NPA and
BALF, serum biochemical examination of all indicators, bronchoscopy record and radiographic features.
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Grade of airway secretion was quali�ed by bronchoscopy secretion scoring system described by Chang
AB.et al [16].

Statistic analysis

Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS 22.0).
For continuous variables, comparison of means was conducted using t-test and one-way analysis of
variation. For informetic data, Mann-Whitney test was used. For categorical variables, χ2 or Fisher’s exact
test was used. Multiple regression analysis was performed to select the variables associated with
intrapulmonary complication and radiographic resolution. Probabilities of 0.05 or less were considered
signi�cant.

Results
Clinical and laboratory examination characteristics in 93 severe MPP patients

A total of 93 patients (45 males, 48 females) ful�lled the severe MPP diagnostic criteria from January
2016 to December 2018. Descriptive statistics of study population are shown in table 1.The mean age
was 6.16 ± 0.33 years, and 63 (67.7%) patients had pulmonary complication, including lobe atelectasis,
medium or large pleura effusion and necrotizing pneumonia. 53(56.9%) patients had single pulmonary
complication. High loading of MP in NPA was found in 73 (78.4) patients. Flexible bronchoscopy was
performed in 86 (92.3%) patients. Large secretion (grade 6) was found in 27 (31.3%) patients, moderate
secretion (grade 5) was found in 41 (47.7%)patients, mild secretion (grade 4) was found in 10 (11.6%)
patients and minimal secretion was found in 8 (9.4%) patients. 9 (9.7%) patients received low-dose
corticosteroid therapy. 63 (67.7%) patients returned for their follow-up chest radiography at least once,
and complete or near complete resolution was reported in 37 (58.7%) patients.

We compared age, total fever duration and laboratory examinations in SMPP patients with and without
pulmonary complications and the data are shown in table 2.SMPP patients with pulmonary complication
were associated with age, total fever days, % Neutrophils in blood sample, C-reactive protein (CRP),
procalcitonin(PCT),D-dimer, lactic dehydrogenase (LDH),albumin,LDH to albumin ratio (LAR) and high
load of MP in BALF when compared with those of no pulmonary complications. Other variables (MP
loading in NPA, airway secretion condition and White blood cell count) showed no difference. There was
a tendency that patients of corticosteroid therapy were higher in pulmonary complication group (9/63 vs
0/30,P = 0.0537)

Laboratory examination characteristics and risk indicators of SMPP with different pulmonary
complications

Cases of single pulmonary complication were selected, data were analyzed and presented in table 3.
There were signi�cant differences in total fever duration, CRP, D-dimer,LDH,albumin and LAR among lobe
atelectasis, pleural effusion and necrotizing pneumonia group. Percentage of large and moderate airway
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section cases in atelectasis, pleural effusion and necrotizing pneumonia group was 68.2%(13/19), 84.6%
(22/26) and87.5% (7/8) respectively. Compared with lobe atelectasis group, higher level of total fever
duration, CRP, D-dimer,LDH and LAR were found in pleural effusion group with signi�cant differences as
well as those of necrotizing pneumonia group except LDH. These variants in lobe atelectasis group
showed no difference with those of no pulmonary complication group except age (6.89 ± 0.51 n = 19 vs
5.07 ± 0.45 n = 30, P = 0.0129).To �nd some indicators to predict the risk of pleural effusion and
necrotizing pneumonia in severe MPP patients, we compared the difference of various laboratory
indicators between each group and no pulmonary complication group.Both D-dimer (OR = 1.314,95%CI =
1.042 to 1.658,P = 0.021) and LAR(OR:1.215,95%CI 1.054 to 1.401, P = 0.007)was signi�cant indicator in
the multivariable logistic regression model for predicting medium or large pleural effusion in SMPP
patients and only D-dimer(OR = 1.468, 95%CI = 1.139 to 1.892, P = 0.003) was signi�cant indicator for
predicting necrotizing pneumonia.

Time and indicators of chest radiography resolution in SMPP patients

Table 4 presents the time of complete and near complete chest radiography resolution in severe MPP
patients. Radiographic clearance in 4 weeks was shown in 86.6% (13/15) patients without pulmonary
complication patients. 72.7% (16/22) patients with pulmonary complication had radiographic clearance
in 12 weeks. The resolution time of pulmonary complication group was signi�cant longer than no
pulmonary complication group (1.16 ± 0.15 n = 15 vs 2.43 ± 0.44 n = 22, P = 0.0276), but there was no
difference among atelectasis group (2.46 ± 0.49 months n = 15), pleural effusion group (2.38 ± 0.73
months n = 9) and necrotizing pneumonia group (3.66 ± 2.1 months n = 3) as well as single complication
group compared with multiple complications group(2.25 ± 0.42 n = 18 vs 3.25 ± 1.60 n = 4, P = 0.3943).

We further analyzed the laboratory data in no complication patients without radiograhic resolution in 4
weeks. Statistic analysis showed that D-dimer (5.21 ± 2.49 n = 4 vs 1.11 ± 0.26 n = 13 t = 4,p = 0.0149),
LDH (553.80 ± 37.91 n = 4 vs 347.10 ± 25.45 n = 13,P = 0.001) and LAR (15.62 ± 1.98 n = 4 vs 8.91 ± 0.74
n = 13,P = 0.0013) were signi�cant higher in no complication patients with radiograhic resolution > 4
weeks compared with those who had radiograhic resolution ≤ 4 weeks. Percentage of large and
moderate airway secretion patients by �rst-time FB test was not different between these two groups (4/4
vs 11/13, P = 1). LDH(OR = 1.024,95%CI = 0.999 to 1.051, P = 0.059) might be an predictor in the
multivariable logistic regression for long time resolution in no complication group. We also found that
there were 27.2% (6/22) pulmonary complication patients with radiographic resolution > 12 weeks,
including one lobe atelectasis patient, four pleural effusion patient and one patient of pleural effusion
combined with necrotizing. Fever duration (12.00 ± 0.894 n = 6 vs 8.44 ± 0.57 n = 16,P = 0.0044), D-dimer
(9.92 ± 2.90 n = 6 vs 3.96 ± 0.91 n = 16,P = 0.0155) and LDH (748.70 ± 178.60 n = 6 vs 484.50 ± 45.81 n
= 16,P = 0.0496) were signi�cant different between complication groups with radiographic resolution > 12
weeks or ≤ 12 weeks. Percentage of large and moderate airway secretion by �rst-time FB test was higher
in complication patients with ≤ 12 weeks radiographic resolution (3/6 vs 16/16, P = 0.013) compared
with those of > 12 weeks radiographic clearance.D-dimer (OR = 1.241,95%CI = 1.009 to 1.527, P = 0.041)



Page 6/13

was an predictor in the multivariable logistic regression model for > 12 weeks resolution in complication
group.

Discussion
The incidence of SMPP in our study during the year of 2016–2018 was 18.7%, and Gao LW et al
[1]reported that the percentage of SMPP between 2015 to 2016 in North China was 35%, which was
higher than ours, and it might be explained by different geographical and climatic factors. We
retrospectively analyzed characteristics of 93 SMPP patients, including 30 patients with extensive
pulmonary lesions and 63 patients with intrapulmonary complications, and no case of MP associated
myocarditis or encephalitis was found. 84.1% of patients were single complications, and 49.1% of
patients were single pleural effusion, indicating a high occurrence of pleural effusion as pulmonary
complication in SMPP. Differences were found in clinical indicators between SMPP patients with or
without pulmonary complications.No intrapulmonary complications patients were mostly preschool
children, while and the age of intrapulmonary complications group are mostly over 6 years old. In the
pulmonary complication group, fever time was signi�cantly prolonged and CRP, D-dimer, LDH levels as
well as MP load in BALF were signi�cantly higher than those without complications. Differences of these
were derived from pleura effusion and necrotizing pneumonia patients,but not atelectasis patients. The
clinical severity of MPP is positively correlated with MP load in respiratory tract[17]. High-load MP could
cause overwhelming immune response by direct and indirect damage to the host, causing the release of
various enzymes, complements and biologically active substances to increase pleural capillary
permeability resulting in formation of pleural effusion. In vitro and in vivo studies [18,19]have found that
MP could causes extensive damage to airway and alveolar epithelial cells by pathogenic factor MPN 372,
and MPN372 was capable of stimulating tumor necrosis factor-alpha production by macrophages[20],
which might be involved in lung parenchymal necrosis. The formation of atelectasis is courses of lung
collapse caused by airway obstruction,and MPP-associated atelectasis was resulted from mucus plug
formation in local airway[5], indicating the in�ammation of forming mucus plug might be mild compared
with that contributing pleural effusion and lung necrosis. SMPP patients with atelectasis tend to be
school-age children which was the only difference with those of extensive lung lesion. Therefore
awareness should be improved in SMPP patients of this age to develop atelectasis by mucus plug
formation.

LDH is widely distributed in various tissues of the body, including lung tissue, and serum LDH levels have
long been used for diagnosis and management of pulmonary infectious diseases as well as outcome
prediction[21,22]. Researches of LDH application had demonstrated its role in RMPP. For example, Lu A et
al [8]reported that LDH could be used as a biomarker to predict RMPP at the early stage of hospitalization
with a cut-off value of 379 IU/L, and Inamura N et al[12]. reported that the LDH level which was more than
410 IU/L seemed to be an appropriate criterion for the initiation of steroid therapy and to be a useful
marker for the evaluation of therapeutic e�cacy in RMPP. Although Tomohiro Oishi et al [23]found that
LDH could be used as an indirect indicator for evaluating MPP conditions because of its positive
correlation with IL–18 level, the degree of correlation between IL–18 and LDH was not very strong,
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suggesting an limited indicating value of single LDH. Serum LDH combined with ferritin might be useful
as indicators for the severity of pediatric MPP by both positive correlations between the levels of serum
IL–18 [24]. Severity of MPP in the study was de�ned as hypoxia, dyspnea, extent of pleural effusion and
lung lesion in chest radiographic image, and patients with intrapulmonary complications of atelectasis or
pulmonary necrosis were excluded. Our study found that patients SMPP patients had an average fever
time of ten days and two weeks were observed in patients with pleural effusion and lung necrosis. State
of high-stress consumption accompanied by less food intake and poor appetite during the course
contributed to negative nitrogen balance and proteinemia. In addition to re�ecting nutrition of the patient,
serum albumin levels also re�ect systemic in�ammatory response[25,26]. High LDH level and low
albumin level was observed in SMPP patients with intrapulmonary complications. LAR was increased in
pleural effusion and lung necrosis group and found to be one of the independent risk factors for
moderate-large pleural effusion occurrence, and LAR represents tissue damage, nutritional status and
systemic in�ammatory response, which will help clinicians to fully assess development of complication
in SMPP. Coagulation abnormalities were common and persistent in CAP patients, especially D-dimer[27],
D-dimer was signi�cantly increased in the pleural effusion and lung necrosis group and was an
independent risk factor for pleural effusion and lung necrosis, indicating that the hypercoagulable state
existed in these patients, which might not only contribute to microthrombus in pulmonary circulation
involved in pathogenesis of these two complications, but also alert us the possibility of pulmonary
thrombosis and lower venous thrombosis.Through literature retrieval between 2009 and 2015, three
children of MPP were reported with pulmonary embolism or lower extremity venous thrombosis, and two
patients had moderate pleural effusion and D-dimer levels �uctuated between 6.8–55.8mg /L[28–30].
Asthmatic patients might have a different response after MP infection supported by studies [31] that IL–
18 response was signi�cantly decreased in the asthmatic SMPP group compared to the non-severe
group. Another study [32] showed that asthma patients were prone to suffering RMPP, indicating the
immune status of asthma patients might have different pattern in course of MPP. Since our study
excludes asthma patients, further studies will be needed to explore the indicators of SMPP with
pulmonary complications in asthmatic children.

The study found that chest radiographic resolution of 90.3% RMPP patients occurred in 12 weeks[11].
Our study showed that 86.6% of patients without intrapulmonary complications had imaging resolution
at 4 weeks, and 72.7% of patients with intrapulmonary complications had radiographic resolution
imaging at 12 weeks, and high level LDH in patients without complication might indicate delayed
resolution, consist with the study by Huang L et al[11]. D-dimer also involved in the severity and prognosis
of CAP[33,34], we found that high level of D-dimer was an independent risk factor for delayed resolution
in patients with intrapulmonary complications, and the bene�ts of early use of anticoagulant therapy
need to be evaluated. The bronchoscopic secretion scoring system was �rst used to quantify the extent
of airway secretions to identify wet cough[35]. Moderate to large airway secretion evaluated by this
system was found in 73.1% patients, suggesting invading pathway of MP infection in our SMPP patients
was through respirator tract not blood stream pathogen. No signi�cant correlation between BSS and
presence of intrapulmonary complications, but patients of complications and lower BS grade had a
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tendency of delayed resolution. We speculated that mycoplasma might make damage from distal
alveolar cell to proximal airways. One pleural effusion patient was observed to have minimal airway
secretion in course of 2 weeks,and mucus plug in course of 6 weeks and found bronchi obliterans in lobe
bronchus in the 8th week, suggesting the local in�ammatory response may be gradually progressed from
alveolar to conducting airway. Intervention of bronchoscopy might be bene�cial for discharged patients
with delayed resolution, especially with pulmonary complication in acute phase of MPP.

The advantage of this study is that LDH,D-dimer level and LAR can be easily detected and calculated for
quick evaluation of disease severity and prognosis combined with clinical manifestations. There are
some limitations in this study. First, it is a retrospective study, and we have a relative high loss of follow-
up data after patients discharge. 32.3% subjects didn’t come to us for follow-up chest radiographic
examination or bronchoscopy once and 22.2% complication subjects whose chest radiographic image
was not resolved less than 12 weeks didn’t come for follow-up chest radiographic examination after that
time. Second, macrolide-resistant MP was not detected. Mucus blocking more than 1/3 area of the lumen
was found in affected segment bronchus by follow-up bronchoscopy test in 4/10 patients with delayed
clearance of chest radiographic image, and in this case, macrolide-resistant MP besides secondary
bacterial infection should be considered to contribute to mucus hypersecretion.

Conclusions
The clinical phenotype of SMPP differs with age, longer fever duration, higher CRP, LDH, D-dimer LAR, and
longer time of radiographic resolution observed in pulmonary complication patients. LAR and D-dimer
might be useful to predict pleural effusion in SMPP patients, D-dimer also might be an indicator for lung
necrosis and delayed radiographic resolution in SMPP patients with intrapulmonary complications.
Further studies are required into distribution of macrolide-resistant MP in pulmonary complications and
in�uence to the chest radiographic resolution.
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Tables
Table 1.Descriptive analysis of demographic, laboratory and radiographic �ndings of subjects.

Variables  
Age in years, mean±SEM 6.16 ± 0.33
Cases with pulmonary complication, n(%) 63 (67.7)
Cases with single pulmonary complication, n(%) 53 (56.9)
Cases with pleural effusion, n (%) 36 (38.7)
Cases with lobe atelectasis, n (%) 25 (26.8)
Cases with necrotizing pneumonia, n (%) 12 (12.9)
Case of MP load ≥106 copies/ml in NPA, n(%) 73 (78.4)
Case underwent bronchoscopy 86 (92.3)
Case of MP load ≥106 copies/ml in BALF, n(%) 58/86 (67.4)
Use of corticosteroid therapy, n(%) 9 (9.7)
Case of complete/near complete radiographic resolution, n(%) 37/63 (58.7)

 

Table2. Laboratory �ndings in SMPP patients with and without pulmonary complication.

Variables Pulmonary
complication(n=63)

No-pulmonary
complication(n=30)

P

Age in years 6.88 ± 0.30 5.07 ± 0.44 0.0011
Total fever duration in days 11.46 ± 0.61 6.50 ± 0.82 <0.0001
% Neutrophils in blood 76.69 ± 1.66 63.73 ± 3.01 <0.0001
CRP,mg/L 51.70 ± 5.27 22.53 ± 4.14 <0.0001
PCT, ng/L 1.84 ± 0.59 0.62 ± 0.24 0.0043
D-dimer, mg/L 7.06 ± 0.84 2.01 ± 0.50 <0.0001
LDH IU/L 617.2 ± 37.14 411.0 ± 30.90 <0.0001
Albumin g/L 32.81 ± 0.8728 38.83 ± 0.7643 <0.0001
LDH to albumin ratio, IU/g 20.89 ± 1.75 10.98 ± 1.06 <0.0001

Case of MP load ≥106 copies/ml
in BALF, n(%)

47/63 (74.6) 11/23 (47.8) 0.037
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Table3. Laboratory �ndings in SMPP patients with different pulmonary complication.

Variables Lobe atelectasis
(n=19)

Pleural effusion
(n=26)

Necrotizing
pneumonia (n=8)

P

Total fever duration in days 7.78 ± 0.65 13.81 ± 0.85 12.50 ± 2.55 *<.0001

**0.204
CRP,mg/L 30.05 ± 5.38 61.58 ± 8.36 55.25 ± 12.92 *0.0057

**0.041
D-dimer, mg/L 2.034 ± 0.40 8.286 ± 1.09 8.569 ± 1.64 *<0.001

**<0.0001
LDH IU/L 435.4 ± 42.01 725.70 ± 62.04 602.8 ± 122.0 *=0.0002

**=0.1933
Albumin g/L 39.63 ± 1.257 29.50 ± 1.026 30.88 ± 1.747 *<0.0001

**=0.0006
LDH to albumin ratio, IU/g 11.40 ± 1.25 26.20 ± 2.97 21.54 ± 6.13 *<0.001

**<0.0001
Case of MP load ≥106

copies/ml in BALF, n(%)
9/19 (47.3) 21/26 (80.7) 6/8(75.0) *=0.0426

**=0.2357

* cases of lobe atelectasis vs cases of pleural effusion

**: cases of lobe atelectasis vs cases of necrotizing pneumonia

 

Table 4. Radiographic resolution time of SMPP patients with pulmonary complication.

Period (Weeks) Severe MPP Patients Patients with pulmonary complication n(%)
4 21 8 (38.1)
8 9 7 (77.7)
≥12 7 7 (100.0)

 

Abbreviations

BALF:bronchoalveolar lavage �uid;CAP:community acquired pneumonia;CRP: C-reactive protein;

LDH:lactic dehydrogenase ; LAR:lactic dehydrogenase to albumin ratio; MP: mycoplasma pneumoniae;
MPP: mycoplasma pneumoniae pneumonia; NPA:nasopharyngeal aspiration; PCT:procalcitonin;
RMPP:refractory mycoplasma pneumoniae pneumonia; SMPP: severe mycoplasma pneumoniae
pneumonia.


