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Abstract 

Objective: Thise study is aimed to identify the biomarkers for predicting refractory Mycoplasma pneumoniae pneu-
monia in Chinese children at the time of the hospital admission.

Methods: The case control study retrospectively analyzed the clinical characteristics and laboratory results of Chi-
nese pediatric patients presenting with common and refractory Mycoplasma pneumoniae pneumonia (CMPP and 
RMPP). Overall, there were 216 cases in the CMPP group and 88 cases in the RMPP group. Venous blood was collected, 
and serum ferritin (SF), lactate dehydrogenase (LDH), D-dimer, C-reactive protein (CRP), procalcitonin (PCT), neutrophil 
count/lymphocyte count (NLR), and other indexes were measured. A single factor analysis, an ROC curve analysis, and 
a logistic regression analysis were used to determine the independent risk factors of RMPP and find combination of 
initial markers for RMPP.

Results: There were significant differences between the RMPP group and the CMPP group in mean SF (529.82 
[357.86] vs. 147.22 [122.68] ng/mL), LDH (522.08 [389.08] vs. 286.85 [101.02] U/L), D-dimer (6.65 [5.66] vs. 1.46 [2.45] 
μg/mL), CRP (62.80 [52.15] vs. 19.03 [24.50] mg/L), PCT (0.80 [2.61] vs. 0.16 [0.44]) ng/mL, and NLR (4.14 [2.52] vs. 2.62 
[1.55]), with P < 0.05 for each comparison. ROC cut-off values of the above indexes were 329.01 ng/mL, 375.50 U/L, 
2.10 μg/mL, 43.08 mg/L, 0.08 ng/mL, and 2.96, respectively. The logistic regression analysis showed that SF, D-dimer, 
and CRP are independent risk factors to predict RMPP.

Conclusion: SF, D-dimer, and CRP are statistically significant biomarkers to predict RMPP in Chinese children patients 
in the settings of pediatric emergency department.
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Introduction
Mycoplasma pneumoniae is one of the main pathogens 
of community-acquired pneumonia in children. Myco-
plasma pneumoniae pneumonia (MPP) accounts for 
10–40% of pneumonia in hospitalized children [1–3]. 
Refractory Mycoplasma pneumoniae pneumonia (RMPP) 
causes persistent fever and extra-pulmonary system 

involvement due to abnormal immune response, Myco-
plasma pneumoniae resistance, and mixed infection 
(osteoarticular muscle and skin system, nervous system, 
mucosal system, cardiovascular system, blood system, 
urinary system, digestive system, etc.) [4–7]. There is 
no clear definition of RMPP. It is generally accepted that 
patients who have been treated with macrolide antibiot-
ics for 7 or more days and still have same clinical signs/
symptoms, persistent fever, and no changes in pulmo-
nary imaging, may be considered as having RMPP [5, 
8]. Severe cases can be complicated by pleural effusion, 
atelectasis, mediastinal air accumulation, pneumotho-
rax, necrotizing pneumonia, and so on. Some children 
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may develop respiratory distress and deteriorate rapidly 
requiring mechanical ventilation or extracorporeal mem-
brane lung support [4]. Patients with MPP are often first 
seen in the emergency department, and early identifica-
tion of RMPP remains challenging. Thus, it is necessary 
to identify specific and sensitive biochemical indicators 
for early diagnosis of RMPP.

Commonly used inflammatory indicators measured in 
routine blood tests are C-reactive protein (CRP) and pro-
calcitonin (PCT). In some clinical studies, CRP has been 
shown to increase significantly in patients with RMPP, 
while other inflammatory indicators lack of sensitivity. 
Neutrophil/lymphocyte ratio (NLR)is a new indicator 
that has been used in more studies of inflammatory dis-
eases in recent years, although its significance in RMPP 
is unknown. D-dimer can indicate whether the body is 
hypercoagulable, and serum ferritin (SF) can indicate 
whether macrophages are activated. Lactate dehydro-
genase (LDH) is released during tissue damage and can 
thus indicate organ functional status.

The study aimed to identify the biomarkers for predict-
ing refractory Mycoplasma pneumoniae pneumonia in 
Chinese children at hospital admission.

Methodology
Study population
From October 2019 to March 2020, 304 MPP patients 
were admitted to the emergency department of Xi’an 
Children’s Hospital. Upon admission, all patients had 
signs and symptoms indicative of pneumonia, includ-
ing fever, cough, abnormal lung auscultation, and a 
new infiltrate on chest radiograph [4, 5]. The diagno-
sis of an M. pneumoniae infection was based on posi-
tive serologic test results (M. pneumoniae anti-mp 
positive and antibody titer ≥ 1:160) and positive results 
for M. pneumoniae on polymerase chain reaction tests of 

nasopharyngeal secretions. Based on diagnostic criteria, 
which included aggravated clinical signs, persistent fever, 
and aggravated lung imaging despite treatment with 
macrolide antibiotics for 7  days, patients were divided 
into either the refractory Mycoplasma pneumoniae pneu-
monia (RMPP) group (88 patients) or the common Myco-
plasma pneumoniae pneumonia (CMPP) group (216 
patients) [4]. Patients with the following diseases were 
excluded in our study: congenital heart disease, chromo-
some disease, metabolic disease, immunodeficiency dis-
ease, blood tumor disease, bronchopulmonary dysplasia, 
nervous system dysplasia, and epilepsy, among others. 
In addition, patients were excluded if their medical his-
tory included neonatal respiratory distress syndrome, 
bacterial encephalitis, or other severe infectious diseases, 
such as severe acute respiratory syndrome coronavirus 2. 
Informed consents were obtained from all the guardians 
of the pediatric patients.

Data collection
From October 2019 to March 2020, MPP patients were 
admitted to the emergency department of Xi’an Chil-
dren’s Hospital. Within 24 h after admission, patients in 
both the RMPP and the CMPP underwent tests for coag-
ulation indicators, liver function, erythrocyte sedimenta-
tion rate (ESR), and CRP, PCT, myocardial enzymes, SF, 
and D-dimer. All data were analyzed retrospectively.

Ethics
The study was approved by the ethics committee of the 
Xi’an Children’s Hospital, and patient data were analyzed 
anonymously. The authors asserted that all procedures 
contributing to this work comply with the ethical stand-
ards of the relevant national and institutional committees 
on human experimentation and with the Helsinki Decla-
ration of 1975, as revised in 2008.

Table 1 Clinical characteristics of MPP and RMPP patients

MPP Mycoplasma pneumoniae pneumonia, CMPP Common Mycoplasma pneumoniae pneumonia, RMPP refractory Mycoplasma pneumoniae pneumonia, SE standard 
error

Characteristic CMPP (N = 216) RMPP (N = 88) t/Χ2 P

Mean age in years (SE) 6.07 (2.43) 6.47 (2.47) − 1.28 0.201

Male, n (%) 106 (49.07) 46 (52.27) 0.26 0.610

Extra-pulmonary complication, n (%) 18 (8.33) 25 (28.40) 25.81 0.000

Pleural effusion

 One-sided, n (%) 41 (18.98) 45 (51.14) 31.87 0.000

 Two-sided, n (%) 5 (2.31) 8 (9.09) 5.45 0.020

Radiological imaging

 One lung pathology, n (%) 164 (75.93) 58 (65.90) 3.18 0.074

 Two lung pathology, n (%) 47 (21.75) 28 (31.82) 3.40 0.065

 Lung consolidation, n (%) 5 (2.31) 2 (2.17) 0.006 0.937

 Hospital stay (days) 7.77 ± 2.32 12.83 ± 5.22 − 11.69 0.000
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Statistical analysis
The SPSS17.0 as used for data processing and statisti-
cal analysis. Mean ± SD ( x ± s) representation was used 
for the measurement of normal distribution. A T test 
was used for inter-group testing. Categorical data were 
expressed as n (%), and a chi-square test was used for the 
comparison between groups. A single factor analysis was 
used to screen the indicators with significant differences. 
The characteristic ROC curve of positive index was 
drawn, the area under the curve (AUC) was calculated, 
and the predictive value of different biochemical indexes 
to RMPP was analyzed. An ROC curve analysis was used 

to determine the cut-off value for each index. A logistic 
regression analysis was used to determine the independ-
ent risk factors of RMPP and find the combination of ini-
tial markers for RMPP. The independent risk factors for 
RMPP were analyzed by multivariate logistic regression 
analysis and were considered statistically significant with 
P < 0.05. Using multivariate linear regression analysis to 
find the correlation between the independent risk factors.

Results
Comparison of baseline characteristics
There were no statistically significant differences between 
the RMPP group and CMPP group in demographics, 
including gender (P = 0.201) and age (P = 0.610), or in 
radiographic findings, including one lung pathology 
(P = 0.074), two lung pathology (P = 0.065), and lung con-
solidation (P = 0.937) (Table 1).

There were statistically significant differences (P < 0.05) 
between the RMPP group and the CMPP group in other 
disease characteristics. In the RMPP group 28.40% of 
patients experienced an extra-pulmonary complica-
tion, compared to 8.33% of patients in the CMPP group. 
One-sided pleural effusion was observed in 51.14% of the 
RMPP group and 18.98% of patients in the CMPP group, 
and two-sided pleural effusion was found in 9.09% of the 
RMPP group and 2.31% of the CMPP group.

Comparison of clinical characteristics and laboratory 
results
The RMPP and control groups were admitted for 24  h 
to compare clinical symptoms, biochemistry levels, and 
routine blood markers. The duration of fever, the dura-
tion of cough, and the levels of fibrinogen, PCT, ESR, SF, 
LDH, CK-MB, cholesterol (CHO), aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), neutrophil 
granulocyte count (NEP), NLR, and CRP were signifi-
cantly higher in the RMPP group compared to the CMPP 
group (P < 0.05). Albumin was not significantly different 
between these two groups (P = 0.98) (Table 2).

Predictive values of the independent correlation factors 
for patients with RMPP
ROC curve indicators with AUC > 0.50 suggests good 
prediction. SF, D-dimer, LDH, and CRP had the highest 
AUC values (> 0.80), although ALT, PCT, AST, NLR, NEP, 
FIB, CK-MB, duration of fever, and duration of cough 
also achieved predictive significance. The AUCs of albu-
min and cholesterol, however, were < 0.50, which lacked 
predictive significance The following cut-off values were 
used to predict RMPP: duration of fever > 7.5 days, dura-
tion of cough > 8.5  days, FIB > 2.10  g/L, PCT > 0.08  ng/
mL, ESR > 69  mm/h, D-dimer > 2.1 μg/mL, SF > 329  ng/
mL, LDH > 375 U/L, CK-MB > 52 U/L, ALT > 16.5 U/L, 

Table 2 Clinical symptoms and laboratory characteristic of MPP 
and RMPP patients

RMPP refractory Mycoplasma pneumoniae pneumonia, CMMP common 
Mycoplasma pneumoniae pneumonia, PT prothrombin time, APTT activated 
partial prothrombin time, TT clotting time, ESR erythrocyte sedimentation 
rate, PCT procalcitonin, SF serum ferritin, LDH lactate dehydrogenase, LDH1 
lactate dehydrogenase isoenzymes, CK creatine kinase, CK-MB creatine kinase 
isoenzymes, TP total protein, ALB albumin, GLB globulin, CHO cholesterol, ALT 
alanine aminotransferase, AST aspartate aminotransferase, WBC leucocyte count, 
LYM leukomonocyte count, NEP neutrophil granulocyte count, NLR neutrophil 
count/lymphocyte count ratio, HGB hemoglobin concentration, PLT platelet 
count, PM platelet count/mean platelet volume, CRP C-reactive protein

Index CMPP group RMPP group t/Χ2 P

Fever (days) 8.05 ± 3.99 9.03 ± 4.17 − 2.43 0.016

Cough (days) 8.26 ± 4.77 10.02 ± 5.28 − 2.82  < 0.01

PT (s) 14.14 ± 0.96 14.22 ± 10.08 − 0.46 0.65

APTT (s) 39.15 ± 2.65 37.24 ± 2.08 0.81 0.42

FIB (g/L) 3.87 ± 0.89 4.44 ± 1.09 − 4.71  < 0.01

TT (seconds) 17.10 ± 1.27 16.04 ± 1.36 0.76 0.45

PCT (ng/mL) 0.16 ± 0.44 0.80 ± 2.61 − 3.05  < 0.01

ESR (mm/h) 44.95 ± 24.22 58.03 ± 30.13 − 3.93  < 0.01

SF (ng/mL) 147.22 ± 122.68 529.82 ± 357.86 − 13.54  < 0.01

D-dimer (μg/mL) 1.46 ± 2.45 6.65 ± 5.66 − 4.35  < 0.01

LDH (U/L) 286.85 ± 101.02 522.08 ± 389.08 − 8.24  < 0.01

LDH-1 (U/L) 49.14 ± 29.61 55.15 ± 14.54 − 1.80 0.07

CK (U/L) 83.46 ± 81.40 209.85 ± 597.36 − 3.05  < 0.01

CK-MB (U/L) 19.71 ± 12.62 48.23 ± 226.65 − 1.83 0.07

TP (g/L) 42.12 ± 38.52 31.91 ± 4.25 2.46 0.01

ALB (g/L) 63.79 ± 4.82 63.71 ± 41.22 0.03 0.98

GLB (g/L) 27.59 ± 14.78 29.74 ± 23.39 − 0.95 0.34

CHO (mmol/L) 3.50 ± 0.70 3.06 ± 0.76 4.76  < 0.01

ALT (U/L) 22.09 ± 47.09 43.14 ± 49.45 − 3.43  < 0.01

AST (U/L) 30.69 ± 21.64 53.86 ± 44.73 − 6.00  < 0.01

WBC  (109/L) 10.27 ± 37.17 9.97 ± 4.60 0.07 0.94

LYM  (109/L) 2.83 ± 10.25 2.18 ± 1.56 0.58 0.56

NEP  (109/L) 5.07 ± 4.80 6.88 ± 3.91 − 3.14  < 0.01

NLR 2.62 ± 1.55 4.14 ± 2.52 − 6.40  < 0.01

HGB (g/L) 125.22 ± 76.04 115.93 ± 12.21 1.14 0.26

PLT  (109/L) 325.48 ± 106.48 327.53 ± 151.77 − 0.134 0.89

PM 32.91 ± 13.25 33.09 ± 19.19 − 0.09 0.93

CRP (mg/L) 19.03 ± 24.50 62.80 ± 52.15 − 7.54  < 0.01
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AST > 36.5 U/L, NEP > 4.5 ×  109/L, NLR > 2.96, and 
CRP > 43 mg/L (Table 3 and Fig. 1).

Logistic regression analysis
A logistic regression analysis was performed on the 
indexes with predictive significance based on ROC curve 
analysis. The results showed that D-dimer, SF, and CRP 
were independent risk factors for RMPP (P < 0.05). The 
odds ratio values were 1.16, 1.00, and 1.02, respectively, 
as shown in Table 4. 

Multivariate linear regression analysis
A multivariate linear regression analysis was carried 
out for the independent risk factors obtained by logistic 
regression analysis. D-dimer was selected as the depend-
ent variable, SF and CRP as the independent variables. 
Multivariate linear regression model analysis showed that 
the R was 0.37, indicated that the inclusion of positive 
indicators could explain 37% of the D-dimer variability, 
while the Dubin–Watson index was 1.63, and indicated 

slight non-independence, but had little effect on the 
accuracy of the regression results, as shown in Table  5. 
The results of multiple linear regression analysis showed 
that there was a positive correlation linear relationship 
between SF, CRP, and D-dimer, as shown in Tables  5, 6 
and Fig. 2.

Discussion
M. pneumoniae is one of the main pathogens of commu-
nity-acquired pneumonia in children. M. pneumoniae 
infection has been previously considered as semi-auto-
matic (what does it mean). In recent years, more studies 
show that M. pneumoniae can led to death [5, 9, 10], and 
reports that the incidence of RMPP are increasing [5, 11–
13]. It is still challenging to diagnose RMPP. The patho-
genic mechanism of RMPP is very complex, which mainly 
includes both the direct lung cell injury and the immune 
response injury. Its pathological changes are interstitial 
pneumonia and, occasionally, bronchopneumonia, which 
is a primary atypical pneumonia that is spread through 

Table 3 Predictive values of the independent correlation factors for patients with RMPP

RMPP refractory Mycoplasma pneumoniae pneumonia, AUC  area under the curve, CI confidence interval, FIB fibrinogen, PCT procalcitonin, ESR erythrocyte 
sedimentation rate, SF serum ferritin, LDH lactate dehydrogenase, CK-MB creatine kinase isoenzymes, ALB albumin, CHO cholesterol, ALT alanine aminotransferase, AST 
aspartate aminotransferase, NEP neutrophil granulocyte count, NLR neutrophil count/lymphocyte count, CRP C-reactive protein

Index AUC 95% CI P Cut-off value Sensitivity % Specificity%

Duration of fever 0.60 ± 0.04 0.53, 0.68  < 0.05 7.50 61.45 50.95

Duration of cough 0.60 ± 0.04 0.53, 0.69  < 0.05 8.50 53.01 66.83

FIB 0.65 ± 0.04 0.58, 0.73  < 0.01 2.10 79.75 81.86

PCT 0.75 ± 0.03 0.69, 0.82  < 0.01 0.08 80.72 57.42

ESR 0.61 ± 0.04 0.53, 0.68  < 0.01 68.50 39.76 83.17

D-dimer 0.87 ± 0.02 0.82, 0.92  < 0.01 2.10 79.01 81.86

SF 0.90 ± 0.02 0.86, 0.94  < 0.01 329.01 67.09 93.13

LDH 0.84 ± 0.03 0.79, 0.90  < 0.01 375.50 74.68 82.84

CK-MB 0.64 ± 0.04 0.56, 0.71  < 0.01 21.50 52.71 73.76

ALB 0.17 ± 0.03 0.11, 0.22  < 0.01 28.70 77.10 2.98

CHO 0.32 ± 0.04 0.25, 0.38  < 0.01 5.05 2.50 99.02

ALT 0.77 ± 0.03 0.71, 0.83  < 0.01 16.50 78.48 67.15

AST 0.73 ± 0.04 0.66, 0.80  < 0.01 36.50 60.24 81.26

NEP 0.69 ± 0.04 0.62, 0.76  < 0.01 4.50 72.94 58.69

NLR 0.72 ± 0.04 0.65, 0.79  < 0.01 2.96 63.86 73.27

CRP 0.81 ± 0.03 0.74, 0.87  < 0.01 43.08 62.03 82.73

Table 4 Stepwise logistic regression analysis for the related factors predicting the RMPP

RMPP refractory Mycoplasma pneumoniae pneumonia, SE standard error, OR odds ratio, CI confidence interval, SF serum ferritin, CRP C-reactive protein

Index β SE (β) Wald Χ2 P OR 95% CI

D-dimer 0.15 0.07 5.46 0.02 1.16 1.03, 1.32

SF 0.01 0.001 8.03 0.01 1.00 1.00, 1.01

CRP 0.02 0.01 6.66 0.01 1.02 1.00, 1.03
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droplets. Recently, complications associated with RMPP 
have included necrotizing pneumonia, Stevens–Johnson 
syndrome, myocardial damage, endocarditis, encepha-
litis, meningitis, organ and peripheral artery embolism, 
liver dysfunction, and autoimmune hemolysis [4, 14, 15]. 
Long-term complications of RMPP include bronchiecta-
sis, occlusive bronchitis, and unilateral transparent lung 
[14]. Thus, early identification of RMPP is particularly 
important for the long-term health of patients.

Beginning in the fall of 2019, the visits of MPP patients 
in our emergency department gradually increased, peak-
ing between 2019 and January 2020. Most of the patients 
were diagnosed in the outside hospital, but transferred to 
our hospital due to serious complications. We retrospec-
tively applied RMPP diagnostic criteria to 304 cases of 
MPP [4]. After considering other inclusion and exclusion 
criteria, we identified 88 cases of RMPP, the rest cases 
served as the CMPP group. There were no significant dif-
ferences in age and sex between the two groups (P > 0.05).

RMPP early symptoms are mainly persistent high fever 
and cough. However, lung auscultation is often normal 
in this group. Therefore, RMPP is easily misdiagnosed 
as common cold or influenza. MPP should be consid-
ered if children around the age of five suffer from persis-
tent high fever and severe coughing. Some studies have 
showed that high fever is an independent risk factor for 
RMPP [16, 17]. A single-factor analysis of the duration of 
fever and cough, respectively, upon admission was also 
included in this study, and significant differences were 
found (P < 0.05). While an ROC curve analysis revealed 
that a diagnosis of RMPP was more likely when the dura-
tion of fever and cough was greater than 7.5  days and 
8.5  days, respectively [16], logistic regression analysis 
showed that these factors were not independent risk fac-
tors for RMPP.

Due to the risk of myocardial damage and liver damage 
associated with RMPP, a univariate analysis of the myo-
cardial enzyme spectrum and liver function index was 
performed. We found that the serum levels of albumin 
and cholesterol were not significantly different between 
the RMPP and the CMPP groups, but levels of LDH, 
CK-MB, AST, and ALT were significantly different. The 
ROC curve analysis showed that LDH, CK-MB, AST, 
and ALT can be predictive of RMPP, but these indicators 
were not considered independent risk factors by regres-
sion analysis. Some studies have shown that LDH is an 

Fig. 1 ROC curve. SF, D-dimer, LDH, and CRP had the highest AUC 
values (> 0.80), although ALT, PCT, AST, NLR, NEP, FIB, CK-MB, duration 
of fever, and duration of cough also achieved predictive significance. 
The AUCs of albumin and cholesterol, however, were < 0.50, which 
lacks predictive significance. FIB fibrinogen, PCT procalcitonin, ESR 
erythrocyte sedimentation rate, LDH lactate dehydrogenase, ALB 
albumin, CHO cholesterol, ALT alanine aminotransferase, AST aspartate 
aminotransferase, NEP neutrophil granulocyte count, NLR neutrophil 
count/lymphocyte count, CRP C-reactive protein, D dimer D-dimer, SF 
serum ferritin

Table 5 Linear regression model for D-dimer

R R party Adjusted R party Errors in standard 
estimates

Sabine Watson

0.61 0.37 0.37 3.50 1.63

Fig. 2 Scatter diagram. There was a positive linear correlation 
between SF, D-dimer and CRP. When one of them increased, so did 
any of the other two. CRP C-reactive protein, D dimer D-dimer, SF 
serum ferritin
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independent risk factor for RMPP, with a cut-off value 
417 U/L considered predictive [17–21]. Our study found 
that an LDH cut-off value of 375 U/L LDH was predic-
tive, with an AUC of 0.84 and specificity and sensitivity 
of 74.68% and 82.84%, respectively, but was not an inde-
pendent risk factor for RMPP, so we think LDH can’t be a 
combined biomarker for predicting RMPP.

Blood cell analysis is often the first test in MPP diag-
nosis. However, it has not been shown to assist in RMPP 
early diagnosis. Cheng et al. showed that neutrophil ratio 
can be a significant predictor of RMPP, with a cut-off 
value of 68.6% [22]. In this study, single factor analysis of 
routine blood indexes showed that the values of NEP and 
NLR in the RMPP group were significantly higher than 
those of the MPP group. The AUCs were 0.70 and 0.72, 
and the cut-off values were 4.5 ×  109/L and 2.96, respec-
tively. Logistic regression analysis of these two variables 
determined that they are not independent risk factors for 
RMPP. So, the combination of NEP and NLR may not be 
a good indicator to predict RMPP.

Among infectious diseases, PCT, CRP, ESR, SF is used 
as an inflammatory indicator to monitor the severity 
of infection, and we used these biomarkers to monitor 
MPP severity. Single factor analysis showed that the lev-
els of PCT, ESR, SF, and CRP of the RMPP group were 
significantly higher than those of the CMPP group. The 
AUCs were 0.75, 0.61, 0.90, 0.81, respectively. As a result, 
we determined that the higher of SF, CRP, and PCT, the 
greater possibility of RMPP, particularly when their val-
ues are greater than 329  ng/mL, 43  mg/L, and 0.08  ng/
mL, respectively. However, logistic regression analysis 
showed that only SF and CRP were independent risk fac-
tors for RMPP, with values of 1.00 and 1.02, respectively. 
Other studies have found similar results [14, 16, 18–21, 
23–25]. We concluded that CRP and SF can be combined 
biomarkers to diagnoses RMPP.

D-dimer, a commonly used indicator of secondary 
hyperactive response to fibrinolysis, has been found 
increased significantly after MP infection [4, 26], and 
is more pronounced in RMPP [27]. Univariate analy-
sis showed that D-dimer was significantly higher in the 
RMPP group than in the CMPP group in our study, and 
the AUC, truncation value, sensitivity, and specificity 
in the ROC were 0.87, 2.1 μg/mL, 79.1%, and 81.86%, 
respectively. Logistic regression analysis also showed that 

D-dimer is an independent risk factor of RMPP, with an 
OR value of 1.16. Therefore, D-dimer may be another 
biomarkers to diagnoses RMPP, in addition to SF and 
CRP.

Conclusion
In summary, the combination of SF, CRP, and D-dimer, 
as the initial markers, can be used to predict RMPP. The 
higher their detected values, the more risk of having 
RMPP. This study has some limitations: the small sam-
ple size and a lack of external control. Further study will 
require a larger multi-institutional sample.

Abbreviations
ALB: Albumin; ALT: Alanine aminotransferase; APTT: Activated partial 
prothrombin time; AST: Aspartate aminotransferase; CHO: Cholesterol; CK: 
Creatine kinase; CK-MB: Creatine kinase isoenzymes; GLB: Globulin; HGB: 
Hemoglobin concentration; LDH: Lactate dehydrogenase; LDH1: Lactate 
dehydrogenase isoenzymes; LYM: Leukomonocyte count; MPP: Mycoplasma 
pneumoniae Pneumonia; NEP: Neutrophil granulocyte count; NLR: Neutrophil 
count/lymphocyte count; PCT: Procalcitonin; PLT: Platelet count; PM: Platelet 
count/mean platelet volume; PT: Prothrombin time; RMPP: Refractory Myco-
plasma pneumoniae pneumonia; SF: Serum ferritin; TT: Clotting time; WBC: 
Leucocyte count.

Authors’ contributions
JW and HL are the chief investigators of the project and contribute to the 
researching data, preparation of the figures, writing and editing the manu-
script. YFS, HLS and HPZ made contributions to the data collection and prepa-
ration of the figures. All authors read and approved the final manuscript.

Funding
This work was supported by the Xi’an Health Research Talent Training Project 
(No. J2017 02028, JW), National Natural Science Foundation of China (No. 
81701331, HPZ), Shaanxi Provincial Department of Science and Technology, 
China (No. 2020JM-651, HPZ) and hospital program in the Affiliated Children 
Hospital of Xi’an Jiaotong University, China (No. 2019A01, HPZ).

Availability of data and materials
The used raw data during this study are available from the corresponding 
author on reasonable request.

Ethics approval and consent to participate
The study was approved by the Ethics Committee Xi’an Children’s Hospital 
(20200013). Written informed consent was obtained from all participants prior 
to study entry.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Neonatology, First Affiliated Hospital of Xi’an Jiaotong Univer-
sity, No. 227, Yanta West Road, Yanta district, Xi’an, Shaanxi 86-710061, People’s 
Republic of China. 2 Department of Emergency, Xi’an Children’s Hospital, Xi’an, 

Table 6 Results of multiple factor linear regression analysis

Index β SE (β) t P Capacity VIF

0.204 0.297 0.69 0.492

SF 0.036 0.006 6.35  < 0.01 0.83 1.21

CRP 0.006 0.001 7.68  < 0.01 0.83 1.21



Page 7 of 7Wen et al. Respir Res           (2021) 22:89  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Shaanxi 86-710061, People’s Republic of China. 3 Shaanxi Institute for Pediatric 
Diseases, Xi’an Children’s Hospital, Xi’an, Shaanxi 86-710003, People’s Republic 
of China. 4 Department of Neonatology, Xi’an Children’s Hospital, Xi’an, 
Shaanxi 86-710003, People’s Republic of China. 

Received: 6 May 2020   Accepted: 18 November 2020

References
 1. Liu WK, Liu Q, de Chen H, et al. Epidemiology of acute respiratory 

infections in children in Guangzhou: a three-year study. PLoS ONE. 
2014;9(5):e96674. https:// doi. org/ 10. 1371/ journ al. pone. 00966 74. 

 2. Waites K. New concepts of Mycoplasma pneumoniae infections in chil-
dren. PediatrPulmonol. 2003;36(4):267–78. https:// doi. org/ 10. 1002/ ppul. 
10346. 

 3. Lee E, Kim CH, Lee YJ. Annual and seasonal patterns in etiologies of 
pediatric community-acquired pneumonia due to respiratory viruses and 
Mycoplasma pneumoniae requiring hospitalization in South Korea. BMC 
Infect Dis. 2020;20(1):132. https:// doi. org/ 10. 1186/ s12879- 020- 4810-9. 

 4. Respiratory Section, Chinese Medical Association of Pediatrics. Expert 
consensus on diagnosis and treatment of Mycoplasma pneumoniae 
pneumonia in children. Chin J Pract Clin Pediatr. 2015;30(17):1304–08.

 5. Tamura A, Matsubara K, Tanaka T, et al. Methylprednisolone pulse therapy 
for refractory Mycoplasma pneumoniae pneumonia in children. J Infect. 
2008;57(3):223–8. https:// doi. org/ 10. 1016/j. jinf. 2008. 06. 012. 

 6. Defilippi A, Silvestri M, Tacchella A, et al. Epidemiology and clinical 
features of Mycoplasma pneumoniae infection in children. Respir Med. 
2008;102(12):1762–8. https:// doi. org/ 10. 1016/j. rmed. 2008. 06. 022. 

 7. Michelow IC, Olsen K, Lozano J, et al. Epidemiology and clinical charac-
teristics of community-acquired pneumonia in hospitalized children. 
Pediatrics. 2004;113(4):701–7. https:// doi. org/ 10. 1542/ peds. 113.4. 701. 

 8. Respiratory Section, Chinese Medical Association of Pediatrics, Editorial 
Board. Guidelines on community-based pneumonia management for 
children (2013 Revision) (I). Chin J Pediatr. 2013;51(10):745–52.

 9. Hawkins S, Rausch CM, McCanta AC. Constrictive pericarditis sec-
ondary to infection with Mycoplasma pneumoniae. CurrOpinPediatr. 
2011;23(1):126–9. https:// doi. org/ 10. 1097/ MOP. 0b013 e3283 41579c. 

 10. Khan FY, Ayassin M. Mycoplasma pneumoniae associated with severe 
autoimmune hemolyticanemia: case report and literature review. Braz J 
Infect Dis. 2009;13(1):77–9. https:// doi. org/ 10. 1590/ s1413- 86702 00900 
01000 18. 

 11. Luo Z, Luo J, Liu E, et al. Effects of prednisolone on refractory Mycoplasma 
pneumoniae pneumonia in children. PediatrPulmonol. 2014;49(4):37780. 
https:// doi. org/ 10. 1002/ ppul. 22752. 

 12. Liu X, Cui Z, Yang G. Analysis of risk factors of refractory Mycoplasma 
pneumoniae pneumonia. Chin J Mode Med. 2020;30(2):55–9. 

 13. Liu Y. Evaluation of clinical efficacy of fiberoptic bronchoscopy in the 
diagnosis and treatment of refractory Mycoplasma pneumoniae pneumo-
nia complicated with atelectasis in children. Int Infect Dis. 2019;8(3):82. 

 14. Yue TZ. Advances in research on common long-term complications of 
Mycoplasma pneumoniae pneumonia. Int J Pediatr. 2019;46(1):36–9. 

 15. Zhou Y, Zhang Y, Sheng Y, et al. More complications occur in macrolide-
resistant than in macrolide-sensitive Mycoplasma pneumoniae pneumo-
nia. Antimicrob Agents Chemother. 2014;58(2):1034–8. https:// doi. org/ 10. 
1128/ AAC. 01806- 13. 

 16. Huang L, Huang X, Jiang W, et al. Independent predictors for longer radi-
ographic resolution in patients with refractory Mycoplasma pneumoniae 
pneumonia: a prospective cohort study. BMJ Open. 2018;8(12):e023719. 
https:// doi. org/ 10. 1136/ bmjop en- 2018- 023719. 

 17. Zheng XX, Lin JL, Dai JH. Value of lactate dehydrogenase in predicting 
refractory Mycoplasma pneumoniae pneumonia in children: an evaluation 
based on decision curve analysis and dose-response analysis. Zhongguo 
Dang Dai ErKeZaZhi. 2020;22(2):112–7. https:// doi. org/ 10. 7499/j. issn. 
1008- 8830. 2020. 02. 006. 

 18. Zhang Y, Zhou Y, Li S, et al. The clinical characteristics and predictors of 
refractory Mycoplasma pneumoniae pneumonia in children. Clin Trial. 
2016;11(5):e0156465. https:// doi. org/ 10. 1371/ journ al. pone. 01564 65. 

 19. Wang Z, Li YC, Chen L. Early identification of refractory Mycoplasma 
pneumoniae pneumonia in children. Zhongguo Dang Dai ErKeZaZhi. 
2015;17(11):1189–92. 

 20. Chen L, Liu J, Zhao S, et al. Clinical features and treatment of refractory 
Mycoplasma pneumoniae pneumonia unresponsive to conventional dose 
methylprednisolone in children. ZhonghuaErKeZaZhi. 2014;52(3):172–6. 

 21. Xu JJ, Shu LH. Clinical characteristics of refractory Mycoplasma 
pneumoniae pneumonia in children. Zhongguo Dang Dai ErKeZaZhi. 
2018;20(1):37–42. 

 22. Cheng S, Lin J, Zheng X, et al. Development and validation of a simple-
to-use nomogram for predicting refractory Mycoplasma pneumoniae 
pneumonia in children. PediatrPulmonol. 2020;55(4):968–74. https:// doi. 
org/ 10. 1002/ ppul. 24684. 

 23. Liu JR, Peng Y, Yang HM, et al. Clinical characteristics and predictive fac-
tors of refractory Mycoplasma pneumoniae pneumonia. ZhonghuaErKe-
ZaZhi. 2012;50(12):915–8. 

 24. Lu A, Wang C, Zhan X, et al. Lactate dehydrogenase as a biomarker for 
prediction of refractory Mycoplasma pneumoniae pneumonia in children. 
Respir Care. 2015;60(10):1469–75. https:// doi. org/ 10. 4187/ respc are. 03920. 

 25. Choi YJ, Jeon JH, Oh JW. Critical combination of initial markers for 
predicting refractory Mycoplasma pneumoniae pneumonia in children: 
a case control study. Respir Res. 2019;20(1):193. https:// doi. org/ 10. 1186/ 
s12931- 019- 1152-5. 

 26. Chen Q. Clinical significance of combined detection of D-dimer and LDH, 
CRP, ESR in children with mycoplasma pneumonia. China Matern Child 
Health Care. 2017;32(16):3813–5. 

 27. Zhang Z. Value of platelet and D-dimer in patients with refractory myco-
plasma pneumonia. J Lab LabSci. 2019;37(6):1129–31. 

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1371/journal.pone.0096674
https://doi.org/10.1002/ppul.10346
https://doi.org/10.1002/ppul.10346
https://doi.org/10.1186/s12879-020-4810-9
https://doi.org/10.1016/j.jinf.2008.06.012
https://doi.org/10.1016/j.rmed.2008.06.022
https://doi.org/10.1542/peds.113.4.701
https://doi.org/10.1097/MOP.0b013e328341579c
https://doi.org/10.1590/s1413-86702009000100018
https://doi.org/10.1590/s1413-86702009000100018
https://doi.org/10.1002/ppul.22752
https://doi.org/10.1128/AAC.01806-13
https://doi.org/10.1128/AAC.01806-13
https://doi.org/10.1136/bmjopen-2018-023719
https://doi.org/10.7499/j.issn.1008-8830.2020.02.006
https://doi.org/10.7499/j.issn.1008-8830.2020.02.006
https://doi.org/10.1371/journal.pone.0156465
https://doi.org/10.1002/ppul.24684
https://doi.org/10.1002/ppul.24684
https://doi.org/10.4187/respcare.03920
https://doi.org/10.1186/s12931-019-1152-5
https://doi.org/10.1186/s12931-019-1152-5

	The combination of initial markers to predict refractory Mycoplasma pneumoniae pneumonia in Chinese children: a case control study
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methodology
	Study population
	Data collection
	Ethics
	Statistical analysis

	Results
	Comparison of baseline characteristics
	Comparison of clinical characteristics and laboratory results
	Predictive values of the independent correlation factors for patients with RMPP
	Logistic regression analysis
	Multivariate linear regression analysis

	Discussion
	Conclusion
	References


