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Summary of Background Data.With the increasing incidence and mortality of refractory mycoplasma pneumonia (RMPP), the
early diagnosis and treatment of RMPP have attracted more and more attention and have become a major concern in pe-
diatrics. Objective. Te study aimed to analyze the clinical characteristics of children with RMPP and to explore the biomarkers
for the early prediction of RMPP, thus providing references for the clinical diagnosis and treatment of RMPP in children.
Methods. Baseline clinical characteristics, clinical symptoms, physical examination, chest imaging, and laboratory indicators
between children with RMPP and general refractory mycoplasma pneumoniae pneumonia (GMPP) were compared. Multiple
logistic regression analysis was used to determine independent risk factors for RMPP. ROC curves were adopted to analyze the
predictive values of biomarkers. Results. Te RMPP group had more severe clinical symptoms and manifestations on imaging
(including pleural efusion, pulmonary consolidation, and pulmonary atelectasis), a higher incidence of extrapulmonary
complications, and a longer duration of hospital stays. Results of multiple logistic regression analysis showed that serum D-
dimer (OR= 8.169, P< 0.001), C-reactive protein (CRP) (OR = 1.146, P< 0.001), and lactate dehydrogenase (LDH)
(OR = 1.025, P< 0.001) levels were independent risk factors for RMPP. Te area under the receiver operating characteristic
curve (AUROC) in RMPP prediction was 0.841, 0.870, and 0.893 for serum levels of D-dimer, CRP, and LDH, respectively
(P< 0.001), with a cutof value of 1.47 ng/ml, 39.34mg/L, and 379 IU/L, respectively. Conclusions. Serum D-dimer, CRP, and
LDH levels were related to the severity of mycoplasma pneumoniae pneumonia in children and had potential as biomarkers for
the early prediction of RMPP, suggesting great applicative values for the early diagnosis and timely intervention of children
with RMPP in clinical practice.

1. Introduction

Mycoplasma pneumoniae pneumonia (MPP) is a common
disease of the respiratory system in children caused by
mycoplasma pneumoniae (MP), with an incidence of ap-
proximately 10%–40% [1, 2]. MP is one of the most
common causes of community-acquired pneumonia in
children and adolescents. In recent years, the risk of MP
infection has increased in the Chinese population.

Epidemiological studies have shown that MPP has an
epidemic outbreak every 3-4 years in European countries
[3, 4]. More than 85% of MP strains among pediatric
patients in China have been reported as macrolide-resistant
MP, which can potentially cause severe and even extrap-
ulmonary diseases. Te global increase in macrolide-
resistant MP is of concern due to limited therapeutic
options [1]. Based on this fact, MPP is divided into re-
fractory mycoplasma pneumoniae pneumonia (RMPP) and
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general mycoplasma pneumoniae pneumonia (GMPP) [5].
Te prevalence of RMPP in children was 14.30%, with
6.83%, 20.86%, and 40.84% in those aged <4 years,
4–7 years, and ≥7 years, respectively [6].

Te clinical presentation and manifestations of RMPP
vary widely in diferent individuals and can afect all
organs of the body. Children with RMPP may be com-
plicated by pleural efusion, pulmonary atelectasis, gas
accumulation in the mediastinum, pneumothorax, and
necrotizing pneumonia. Some children with RMPP may
develop respiratory distress, followed by rapid de-
terioration of their pulmonary functions, even requiring
mechanical ventilation or extracorporeal lung support
using extracorporeal membrane oxygenation (ECMO)
[7], resulting in death. After conventional treatments,
a recurrence of pulmonary lesions or a prolonged course
of disease may still be observed, contributing to structural
and/or functional lung abnormalities manifested by
bronchiectasis [8]. In fact, these conditions are often
associated with recurrent pulmonary infections in chil-
dren and even exert a signifcant impact on pulmonary
function in adults. To prevent progression and reduce
relevant complications, early recognition and diagnosis
are crucial for the appropriate treatment of RMPP in
patients who are prone to clinical and radiological ex-
acerbations during macrolide therapy. With the increase
in the incidence and mortality of RMPP, the prevention of
high-risk patients with RMPP has become a major con-
cern in clinical practice [9, 10].

Currently, the diagnosis of RMPP has been chal-
lenging, with few signifcant features detected in labo-
ratory or radiological evaluations, suggesting that there
is no specifc tool available for the diagnosis of RMPP
[11]. Studies have shown that C-reactive protein (CRP),
lactate dehydrogenase (LDH), erythrocyte sedimentation
rate (ESR), percentage of neutrophils (NEPs), and the
percentage of lymphocytes, together with the presence of
dense solid pulmonary shadows, were signifcant pre-
dictors of RMPP [12–15]. Based on the above, this study
was aimed to investigate clinical characteristics and
explore biomarkers for early prediction of RMPP in
children, providing references for the establishment of
an efcient protocol for the early diagnosis of RMPP.

2. Materials and Methods

2.1. Study Design and Patients. Tis is a retrospective study.
Children withMPPwhowere admitted to the Department of
Respiratory Medicine, Fujian Children’s Hospital, between
January 2021 and December 2022 were enrolled. A fowchart
of our research is detailed in Figure 1.

Inclusion criteria were the following: (1) patients aged
6 months-12 years; (2) patients who met the diagnostic
criteria for MPP: positive results for the serologic test
(positive IgM specifc to MP, with IgM antibody titer >1 :
160) and nasopharyngeal secretions were positive for MP
using polymerase chain reaction (PCR); and (3) patients
who voluntarily underwent chest radiograph and/or CT
examination.

Exclusion criteria were as follows: (1) patients with
immunodefciency diseases; (2) patients with respiratory
diseases such as congenital bronchopulmonary dysplasia,
pulmonary fbrosis, foreign bodies of the bronchial,
asthma, tuberculosis, lung tumors, and noninfectious in-
terstitial lung diseases; (3) patients with tumors, fracture
trauma, tissue and organ fbrosis, and other diseases; and
(4) patients with problems in specimen collection and
incomplete data.

Te study was approved by the Ethics Committee of
Fujian Children’s Hospital, Fujian Medical University. Pa-
tients were appropriately informed about treatment de-
cisions. Informed consent was obtained from all patients.

2.2. Grouping of Patients. All patients were divided into 2
groups, including the GMPP group and the RMPP group.
Te diagnosis of RMPP was based on the presence of
persistent fever (≥37.5°C) accompanied by clinical and ra-
diological deterioration after azithromycin treatment for
≥7 days [9, 15]. Patients who met the diagnosis of RMPP
were allocated into the GMPP group; others were classifed
into the GMPP group.

2.3. Data Collection. In the study, patient information was
collected, including baseline clinical characteristics, labo-
ratory results, and radiological fndings. Baseline clinical
characteristics, including age, sex, month and season of
onset, hospital stay, clinical symptoms and signs, and
extrapulmonary manifestations, were collected from both
groups of children. Within 24 h of admission, all children
were tested for respiratory pathogens and 2-3ml of fasting
venous blood was drawn for relevant laboratory tests, in-
cluding MP-specifc antibody titer tests, WBC count, per-
centage of NEP, CRP, LDH, procalcitonin (PCT), D-dimer,
and tumor necrosis factor alpha (TNF-α). Imaging exami-
nations mainly included chest radiographs and/or CT
throughout the course of the disease, from which the extent
of involvement, type of lesions, and intrapulmonary com-
plications such as pulmonary atelectasis, pleural efusion,
and pulmonary necrosis were collected.

476 patients

554 hospitalized children with MPP

468 patients

RMPP group
N=156

GMPP group
N=312

78 patients excluded:
Unwilling to participate (47)
Do not chest radiograph and

/or CT examination (31)

8 patients dropped out:
Exit (5)

Transfer (3)

Figure 1: Flowchart of the study group.
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2.4. Statistical Analysis. Statistical analysis was performed
using SPSS 23.0. Continuous data with normal distribution
were described with mean± standard deviation (SD), and
Student’s t-test was used for comparison between the
groups. Continuous data with a skewed distribution were
presented with median and interquartile range (IQR), and
the Mann–WhitneyU test was used for comparison between
the groups. Categorical data were expressed as frequency
and percentage (%), and the chi-square test was used for
comparison between the groups. Laboratory indicators of
statistical signifcance in the comparisons were included as
risk factors in the prediction of RMPP by using stepwise
backward logistic regression. Receiver operating charac-
teristic (ROC) curves were plotted, and the area under the
curve (AUC) was calculated to evaluate the predictive value
of laboratory indicators for RMPP. A two-sided P< 0.05 was
considered as statistically signifcant.

3. Results

3.1. Comparison of Clinical Characteristics between the RMPP
andGMPPGroups. In this study, 8 of 476 patients withdrew
from the study. A total of 468 children with MPP were
included fnally, of which 156 (33.33%) were in the RMPP
group and 312 were in the GMPP group.

As shown in Table 1, there were 55.77% males and
51.28% females in the RMPP group, with a mean age of
6.23± 2.89 years. RMPP occurs primarily in summer
(36.54%) and in autumn (30.13%). However, there were no
signifcant diferences between the two groups in terms of
sex, age, and season of onset (P> 0.05).

In terms of clinical symptoms, all patients in the RMPP
group had fever, and the proportion of shortness of breath
was signifcantly higher in the RMPP group than in the
GMPP group (23.08% vs. 6.41%, P< 0.001); in contrast, the
proportions of runny nose (36.90% vs. 8.50%, P � < 0.001)
and gastrointestinal symptoms (26.92% vs.18.59%,
P � 0.047) in the GMPP group were signifcantly higher
than those in the RMPP group. However, the percentage of
cough was as high as 94.87% in the RMPP group and 98.08%
in the GMPP group, but their diference was not statistically
signifcant (P> 0.05).

In terms of physical examination, the proportion of three
concave signs (manifested as the suprasternal fossa,
supraclavicular fossa, and concave intercostal space) was
signifcantly higher in the RMPP group than in the GMPP
group (10.90% vs. 2.56%, P< 0.001).Te proportion of moist
rales was 52.56% in the RMPP group and 46.79% in the
GMPP group, but their diference was not statistically sig-
nifcant (P> 0.05).

In terms of pulmonary imaging, the proportions of
pulmonary consolidation (79.49% vs. 41.99%, P< 0.001),
pulmonary atelectasis (5.77% vs. 1.6%, P � 0.013), and
pleural efusion (30.77% vs. 2.24%, P< 0.001) in the RMPP
group were all signifcantly higher than those in the
GMPP group.

Furthermore, the proportion of extrapulmonary com-
plications in the RMPP group was signifcantly higher than
the GMPP group (37.18% vs. 16.99%, P< 0.001).

Extrapulmonary complications refer to the symptoms
and signs of damage to other systems other than the re-
spiratory system, including the digestive system, cardio-
vascular system, blood system, nervous system, urinary
system, skin sores, and joint pain.

Te mean duration of hospital days in the RMPP group
was also signifcantly longer than that of the GMPP group
(11.09± 4.25 vs. 8.27± 3.12, P< 0.001).

3.2. Comparison of Laboratory Indicators between the RMPP
and GMPP Groups. As shown in Table 2, comparisons of
laboratory indicators between the RMPP and GMPP groups
showed that serum levels of CRP, LDH, PCT, and D-dimer
were signifcantly higher in the RMPP group than in the
GMPP group. However, the percentage of NEPs was sig-
nifcantly higher in the GMPP group than in the RMPP
group. Diferences in WBC count and TNF-α between the
two groups were not statistically signifcant (P> 0.05).

3.3. Logistic Regression for Risk Factors of RMPP. Multiple
logistic regression analysis showed that serum levels of D-
dimer (OR� 8.169, P< 0.001), CRP (OR� 1.146, P< 0.001),
and LDH (OR� 1.025, P< 0.001) were independent risk
factors for RMPP. Te linear probability model was as
follows: logit (P)� −16.226 + 2.100X1 + 0.136X2 + 0.024X3
(Table 3).

3.4. Predictive Values of Serum D-Dimer, CRP, and LDH
Levels for RMPP Using ROC Curves. To explore the pre-
dictive value of serum D-dimer, CRP, and LDH levels for
RMPP, the ROC curves were plotted, and the AUC was
calculated. Te results showed good predictive values of
serum D-dimer, CRP, and LDH levels for RMPP, with
AUROC of 0.841, 0.870, and 0.893, respectively (Figure 2).
Te optimal cutof point was determined according to the
Youden index. Specifcally, the optimal cutof point of
1.47 ng/ml for the serum D-dimer level revealed a sensitivity
of 64.74% and a specifcity of 98.72% for the detection of
RMPP, the optimal cutof point of 39.34mg/L for the serum
CRP level revealed a sensitivity of 60.89% and a specifcity of
94.55% for the detection of RMPP, and the optimal cutof
point of 379 IU/L for the serum LDH level revealed a sen-
sitivity of 66.67% and a specifcity of 93.91% for the detection
of RMPP (Table 4).

4. Discussion

RMPP is usually characterized by a long course of disease,
a poor therapeutic efcacy, and numerous complications
that can even endanger the lives of children. Te present
study found that serum levels of D-dimer, CRP, and LDH
were independent risk factors for RMPP, which laid a basis
for early identifcation of RMPP and may be of great help in
the diagnosis and prognosis of these children.

As reported, the most common clinical symptoms of
RMPP were composed of cough (no sputum at the begin-
ning and small to moderate bloodless sputum later), fever,
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chills, sore throat, headache, hoarseness, myalgia, and
general malaise [16] and would worsen after 7 days of
macrolide therapy, accompanied by persistent fever, pul-
monary exacerbation in radiological fndings, and extrap-
ulmonary complications [17]. All of this was consistent with
the clinical symptoms of children with RMPP observed in
this study. Additionally, we also found that clinical symp-
toms were more severe in the RMPP group compared to the
GMPP group, with fever observed in all children and
a percentage of shortness of breath of up to 23.08% in the
RMPP group. Furthermore, compared to those with GMPP,
the images also presented with more severe manifestations
in children with RMPP, with proportions of pulmonary
consolidation, pulmonary atelectasis, and pleural efusion of
79.49%, 5.77%, and 30.77%, respectively.

In this study, 126 children (37.18%) with RMPP had
extrapulmonary complications, which was signifcantly
more than those in the GMPP group. Furthermore, themean
duration of hospital stays was 11.09± 4.25 in the RMPP
group, which was also higher than the GMPP group with
statistical signifcance.Te abovementioned fndings were in
agreement with those reported in previous studies. Gong
et al. [15] identifed that persistent fever (>10 days), pleural
efusion, extrapulmonary complications, pulmonary con-
solidation detected in chest radiography, and CRP> 40mg/L
could be used for early evaluation of RMPP by using a fxed-
efects model or a random-efects model. In addition, Choi
et al. [18] showed that respiratory distress, oxygen saturation
<90%/cyanosis, oxygen support during hospitalization,
lobar pneumonia on admission, and extrapulmonary

Table 1: Comparison of clinical characteristics between the RMPP and GMPP groups (n� 468).

Factors RMPP (n� 156) GMPP (n� 312) t/χ2 P value
Sex 0.840 0.359
Male 87 (55.77%) 160 (51.28%)
Female 69 (44.23%) 152 (48.72%)

Age (years) 6.23± 2.89 5.57± 3.02 2.294 0.218
Onset season 6.117 0.106
Spring 28 (17.95%) 32 (10.26%)
Summer 57 (36.54%) 113 (36.22%)
Fall 47 (30.13%) 111 (35.58%)
Winter 24 (15.38%) 56 (17.95%)

Clinical symptoms: fever 156 (100%) 249 (79.81%) 36.40 <0.001
Clinical symptoms: cough 148 (94.87%) 306 (98.08%) 3.682 0.055
Clinical symptoms: shortness of breath 36 (23.08%) 20 (6.41%) 27.424 <0.001
Clinical symptoms: runny nose 18 (8.50%) 115 (36.90%) 32.777 <0.001
Clinical symptoms: gastrointestinal symptoms 29 (18.59%) 84 (26.92%) 3.943 0.047
Physical examination: moist rale 82 (52.56%) 146 (46.79%) 1.386 0.239
Physical examination: three concave sign 17 (10.90%) 8 (2.56%) 14.283 <0.001
Lung imaging: lung consolidation 124 (79.49%) 131 (41.99%) 58.975 <0.001
Pulmonary imaging: atelectasis 9 (5.77%) 5 (1.6%) 6.222 0.013
Lung imaging: pleural efusion 48 (30.77%) 7 (2.24%) 81.599 <0.001
Extrapulmonary complications 58 (37.18%) 56 (16.99%) 20.874 <0.001
In hospital (day) 11.09± 4.25 8.27± 3.12 7.355 <0.001

Table 2: Comparison of laboratory indicators between the RMPP and GMPP groups (n� 468).

Index RMPP (n� 156) GMPP (n� 312) t P value
WBC (×109/L) 7.76± 3.12 8.02± 4.52 −0.727 0.467
NEP (%) 58.69± 13.59 63.54± 14.07 −3.597 <0.001
CRP (mg/L) 42.13± 10.21 26.04± 9.15 17.233 <0.001
LDH (IU/L) 414.79± 72.76 292.98± 57.36 19.749 <0.001
PCT (ng/mL) 0.14± 0.09 0.11± 0.07 3.648 <0.001
D-dimer (ng/ml) 2.06± 1.08 0.83± 0.39 17.795 <0.001
TNF-α 3.19± 0.57 3.07± 0.42 1.557 0.120

Table 3: Logistic regression analysis for risk factors of RMPP.

Index B S.E Wald χ2 P Exp (B)
95% CI

Lower bound Upper bound
D-dimer (x1) 2.100 0.374 31.595 <0.001 8.169 8.169 3.927
CRP (x2) 0.136 0.023 34.378 <0.001 1.146 1.146 1.095
LDH (x3) 0.024 0.004 39.565 <0.001 1.025 1.025 1.017
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complications were independent risk factors for RMPP,
which was similar to the results of the present study.

Te pathogenic mechanisms of RMPP are complex
and include mainly direct pulmonary cell injury and
immune response-induced injury. Currently, RMPP is
considered to be related to airway mucus hypersecretion,
hypercoagulable state, bacterial or viral infection, and
excessive immune response due to the community-
acquired respiratory distress syndrome (CARDS) toxin
[19, 20]. Based on relevant basic research results and
literature reports, this study selected 7 highly correlated
biomarkers for the study of RMMP prediction indicators.
CRP is one of the important indicators of infammatory
response [21], which has been widely used for assessing
disease severity and treating infammatory conditions. In
addition, serum D-dimer levels have been recognized as
a specifc marker of the fbrinolytic system and an in-
dicator of monitoring infammations and severe in-
fections [22]. Te elevated level of D-dimer is possibly
attributed to the injury of vascular endothelial cells
caused by the excessive infammatory response, which
may be related to the mechanism of pulmonary injury in

RMPP. Additionally, increased LDH activity has been
found to be associated with pulmonary infammation and
hypoxia. High serum LDH levels showed the potential to
predict an inadequate response to glucocorticoid
treatment [23].

In this study, the results of multiple logistic regression
analysis showed that serum D-dimer, CRP, and LDH levels
were independent risk factors for RMPP; AUROCs for se-
rum D-dimer, CRP, and LDH levels in the prediction of
RMPP were all more than 0.8 (0.841, 0.870, and 0.893, re-
spectively), suggesting their good predictive values in RMPP.
Although the sensitivity of these cutofs is lower than 65%,
the specifcity is higher than 93%, which can efectively
exclude non-RMPP patients, thereby reducing the mis-
diagnosis rate. Similar to these fndings, Zhang et al. also
observed that the levels of CRP, LDH, and interleukin-6 (IL-
6) were signifcantly higher in patients with RMPP than
those with GMPP, indicating that they may be important
predictors of RMPP in children and could facilitate the early
identifcation of RMPP [21]. Meanwhile, the optimal cutof
points for serum D-dimer, CRP, and LDH levels for
detecting RMPP were found to be 1.47 ng/ml, 39.34mg/L,

ROC Curve
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Figure 2: ROC curves for D-dimer, CRP, and LDH for the prediction of RMPP.

Table 4: Predictive values of serum D-dimer, CRP, and LDH levels for RMPP.

Index Cut of value Sensitivity (%) Specifcity (%) AUC Std. error 95% CI P value
D-dimer 1.47 64.74 98.72 0.841 0.022 0.798–0.884 <0.001
CRP 39.34 60.89 94.55 0.870 0.017 0.837–0.903 <0.001
LDH 379.00 66.67 93.91 0.893 0.015 0.864–0.923 <0.001
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and 379 IU/L, respectively, which were comparable to the
values of a case-control study (2.10 ng/ml, 343.08mg/L, and
375 IU/L for serum levels of D-dimer, CRP, and LDH, re-
spectively) [24]. Based on the abovementioned results, it
could be inferred that serum levels of D-dimer, CRP, and
LDH may have a certain value for clinical application.

Tere were several limitations in this study. First, as
a single-center study, this study may have selection bias
compared to multicenter studies. Second, a paired design
was not performed and the patients in the RMPP group were
not matched with those in the GMPP group for certain
parameters, which may afect the statistical efcacy of the
results. Finally, no joint prediction using multiple indicators
was performed. Terefore, in the future, a multicenter-
paired study should be conducted to further study the
joint prediction of RMPP based on multiple indicators.

5. Conclusions

In conclusion, serum levels of D-dimer, CRP, and LDH are
independent risk factors for RMPP and have high specifc
predictive values though low sensitivity for the early iden-
tifcation of RMPP. Early detection of RMPPwithin 24 hours
of hospital admission may guide therapy revision for pa-
tients to reduce mortality.

Data Availability

Te data that support the fndings of this study are available
from the corresponding author upon request.

Conflicts of Interest

Te authors declare that they have no conficts of interest.

References

[1] J. S. Bradley, C. L. Byington, S. S. Shah et al., “Te man-
agement of community-acquired pneumonia in infants and
children older than 3 months of age: clinical practice
guidelines by the Pediatric Infectious Diseases Society and the
Infectious Diseases Society of America,” Clinical Infectious
Diseases, vol. 53, no. 7, pp. e25–e76, 2011.

[2] E. Biondi, R. McCulloh, B. Alverson, A. Klein, A. Dixon, and
S. Ralston, “Treatment of mycoplasma pneumonia: a sys-
tematic review,” Pediatrics, vol. 133, no. 6, pp. 1081–1090,
2014.

[3] C. Yan, G. Xue, H. Zhao et al., “Molecular and clinical
characteristics of severe Mycoplasma pneumoniae pneumo-
nia in children,” Pediatric Pulmonology, vol. 54, no. 7,
pp. 1012–1021, 2019.

[4] X. Wang and X. Lin, “Analysis of clinical related factors of
severe mycoplasma pneumoniae pneumonia in children
based on imaging diagnosis,” Computational and Mathe-
matical Methods in Medicine, vol. 2022, Article ID 4852131,
8 pages, 2022.

[5] G. Ning, X. Wang, D. Wu et al., “Te etiology of community-
acquired pneumonia among children under 5 years of age in
mainland China, 2001–2015: a systematic review,” Human
Vaccines and Immunotherapeutics, vol. 13, no. 11, pp. 2742–
2750, 2017.

[6] L.-W. Gao, J. Yin, Y.-H. Hu et al., “Te epidemiology of
paediatric Mycoplasma pneumoniae pneumonia in North
China: 2006 to 2016,” Epidemiology and Infection, vol. 147,
2019.

[7] F. Dai, F. Liu, X. Chen, J. Yang, K. Wang, and C. Guo, “Te
treatment of macrolide-resistant Mycoplasma pneumoniae
pneumonia in children,” Journal of Clinical Pharmacy and
Terapeutics, vol. 46, no. 3, pp. 705–710, 2021.

[8] S. Y. You, H. J. Jwa, E. A. Yang, H. R. Kil, and J. H. Lee, “Efects
of methylprednisolone pulse therapy on refractory Myco-
plasma pneumoniae pneumonia in children,” Allergy, Asthma
and Immunology Research, vol. 6, no. 1, pp. 22–26, 2014.

[9] A. Tamura, K. Matsubara, T. Tanaka, H. Nigami, K. Yura, and
T. Fukaya, “Methylprednisolone pulse therapy for refractory
Mycoplasma pneumoniae pneumonia in children,” Journal of
Infection, vol. 57, no. 3, pp. 223–228, 2008.

[10] N. Inamura, N. Miyashita, S. Hasegawa et al., “Management of
refractory Mycoplasma pneumoniae pneumonia: utility of
measuring serum lactate dehydrogenase level,” Journal of
Infection and Chemotherapy, vol. 20, no. 4, pp. 270–273, 2014.

[11] B. Bajantri, S. Venkatram, and G. Diaz-Fuentes, “Mycoplasma
pneumoniae: a potentially severe infection,” Journal of
Clinical Medicine and Research, vol. 10, no. 7, pp. 535–544,
2018.

[12] Q. Xu, L. Zhang, C. Hao et al., “Prediction of bronchial mucus
plugs formation in patients with refractory Mycoplasma
pneumoniae pneumonia,” Journal of Tropical Pediatrics,
vol. 63, no. 2, pp. 148–154, 2017.

[13] L. Huang, X. Huang, W. Jiang, R. Zhang, Y. Yan, and
L. Huang, “Independent predictors for longer radiographic
resolution in patients with refractory Mycoplasma pneu-
moniae pneumonia: a prospective cohort study,” BMJ Open,
vol. 8, no. 12, 2018.

[14] Y. Li, Z. Guo, G. Zhang et al., “Te correlation between vi-
tamin a status and refractory Mycoplasma pneumoniae
pneumonia (RMPP) incidence in children,” BMC Pediatrics,
vol. 20, pp. 359–9, 2020.

[15] H. Gong, B. Sun, Y. Chen, and H. Chen, “Te risk factors of
children acquiring refractory Mycoplasma pneumoniae
pneumonia: a meta-analysis,”Medicine, vol. 100, no. 11, 2021.

[16] S. Kumar, “Mycoplasma pneumoniae: a signifcant but
underrated pathogen in paediatric community-acquired
lower respiratory tract infections,” Indian Journal of Medi-
cal Research, vol. 147, no. 1, p. 23, 2018.

[17] Y. Zhou, Y. Zhang, Y. Sheng, L. Zhang, Z. Shen, and Z. Chen,
“More complications occur in macrolide-resistant than in
macrolide-sensitive Mycoplasma pneumoniae pneumonia,”
Antimicrobial Agents and Chemotherapy, vol. 58, no. 2,
pp. 1034–1038, 2014.

[18] Y. J. Choi, E. H. Chung, E. Lee et al., “Clinical characteristics
of macrolide-refractoryMycoplasma pneumoniae pneumonia
in Korean children: a multicenter retrospective study,”
Journal of Clinical Medicine, vol. 11, no. 2, p. 306, 2022.

[19] G. Li, L. Fan, Y. Wang et al., “High co-expression of TNF-α
and CARDS toxin is a good predictor for refractory Myco-
plasma pneumoniae pneumonia,” Molecular Medicine,
vol. 25, no. 1, pp. 38–10, 2019.

[20] Q. Cheng, H. Zhang, Y. Shang et al., “Clinical features and risk
factors analysis of bronchitis obliterans due to refractory
Mycoplasma pneumoniae pneumonia in children: a nomo-
gram prediction model,” BMC Infectious Diseases, vol. 21,
no. 1, pp. 1085–1110, 2021.

[21] Y. Zhang, Y. Zhou, S. Li, D. Yang, X. Wu, and Z. Chen, “Te
clinical characteristics and predictors of refractory

6 Emergency Medicine International



Mycoplasma pneumoniae pneumonia in children,” PLoS One,
vol. 11, no. 5, 2016.

[22] L. Zhang, X. Yan, Q. Fan et al., “D-dimer levels on admission
to predict in-hospital mortality in patients with Covid-19,”
Journal of Trombosis and Haemostasis, vol. 18, no. 6,
pp. 1324–1329, 2020.

[23] K. B. Waites, L. Xiao, Y. Liu, M. F. Balish, and T. P. Atkinson,
“Mycoplasma pneumoniae from the respiratory tract and
beyond,” Clinical Microbiology Reviews, vol. 30, no. 3,
pp. 747–809, 2017.

[24] J. Wen, Y. Su, H. Sun, H. Zhang, and H. Li, “Te combination
of initial markers to predict refractory Mycoplasma pneu-
moniae pneumonia in Chinese children: a case control study,”
Respiratory Research, vol. 22, no. 1, pp. 89–97, 2021.

Emergency Medicine International 7




