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Clinical features and
“early” corticosteroid
treatment outcome of
pediatric mycoplasma
pneumoniae pneumonia

Jinrong Liu™!, Ruxuan He", Xiaoyan Zhang™, Fei Zhao?,
Liyong Liu®, Heng Wang®* and Shunying Zhao™

‘Department of Respiratory Medicine, China National Clinical Research Center of Respiratory Disease,
Beijing Children’s Hospital, National Center for Children’s Health, Capital Medical University,

Beijing, China, ?National Institute for Communicable Disease Control and Prevention, Chinese Center
for Disease Control and Prevention, State Key Laboratory of Infectious Disease Prevention and
Control, Beijing, China

Background: Many children with mycoplasma pneumoniae (MP) pneumonia
(MPP) developed sequelae such as bronchiolitis/bronchitis obliterans (BO). Early
corticosteroid therapy might prevent disease progression. This study aimed to use
“early” corticosteroid and observe the treatment outcome in patients with MPP.

Methods: Patients who had pulmonary infiltrations on chestimaging within 5
days of the disease course and were suspected of having MP infection on
admission were enrolled. Among them, patients whose disease course was
within 10 days on admission were ultimately enrolled. We analyzed their
data including the clinical features, the starting time and dose of
corticosteroid therapy, and the treatment outcome. According to chest
imaging, we divided patients into two groups (Group A: bronchiolitis-
associated lesions or ground-glass opacities; Group B: pulmonary
segmental/lobar consolidation).

Results: A total of 210 patients with confirmed MPP were ultimately enrolled.
There were 59 patients in Group A and 151 patients in Group B. Patients in Group
A were more prone to have allergy histories, hypoxemia, wheezing sound, and
wet rales on auscultation than those in Group B. Corticosteroid treatment was
initiated between 5 and 10 days of disease onset in all patients and 6—7 days in
most patients. Methylprednisolone was prescribed in all patients within 10 days of
disease onset, and the highest prescribed dose was at least 2 mg/kg/day. In
Group A, methylprednisolone >2 mg/kg/day was prescribed in 22 patients,
and among them, 8 patients with diffuse bronchiolitis-associated lesions
received high-dose methylprednisolone therapy. After 3 months, lung CT
revealed slightly segmental ground-glass opacity in three patients. In Group B,
methylprednisolone >2 mg/kg/day was prescribed in 76 patients, and among
them, 20 patients with pulmonary lobar consolidation received high-dose
methylprednisolone therapy. After 3 months, chest imaging revealed
incomplete absorption of pulmonary lesions in seven patients. Among them,
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five patients with consolidation in more than one pulmonary lobe ultimately had

slight BO.

Conclusion: In hospitalized patients with MPP, particularly severe MPP, the ideal
starting time of corticosteroid treatment might be 5-10 days, preferably 6-7
days, after disease onset. The initial dosage of corticosteroid therapy should be
decided according to the severity of the disease. MPP patients with diffuse
bronchiolitis-associated lesions/whole lobar consolidation on imaging might
require high-dose corticosteroid therapy.
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Mycoplasma pneumoniae, pneumonia, corticosteroid, outcome, children

Introduction

Mycoplasma pneumoniae (MP) is a major pathogen of pediatric
community-acquired pneumonia. Many refractory, severe, fulminant,
or even fatal cases who were not responsive to macrolide antibiotics or
susceptible antibiotics have been reported mainly in east Asia (Lee
et al., 2006; Tamura et al., 2008; You et al.,, 2014; Liu et al., 2018; Liu
et al,, 2018; Yang et al,, 2019; Zhang et al,, 2021). The host’s cell-
mediated immunity plays a key role in the development of pulmonary
lesions in MP pneumonia (MPP). It is confirmed that corticosteroid
could effectively initiate the rapid improvement of clinical symptoms
and chest radiographic findings (Lee et al., 2006; Tamura et al., 2008;
You et al,, 2014; Yang et al,, 2019). However, corticosteroid resistance
has been reported in some MPP patients with more serious radiological
findings (Yan et al.,, 2016; Liu et al., 2019). Successful
methylprednisolone pulse therapy (30 mg/kg/day) has been reported
in some patients with severe MPP (SMPP) (Tamura et al., 2008; Shen
et al, 2013; You et al, 2014; Liu et al, 2019). Unfortunately, many
patients with refractory MPP (RMPP) and SMPP inevitably developed
sequelae, mainly atelectasis, bronchiectasis, and bronchiolitis obliterans
due to bronchiolitis-associated lesions (Zhao et al., 2017; Wen et al.,
2018) and bronchitis obliterans due to pulmonary consolidation
(Leong et al, 1997; Zhao et al, 2017; Liu et al, 2018; Liu et al,
2019), although they were treated with susceptible antibiotics, high-
dose corticosteroid, and bronchoscopy lavage therapy (BLT).

Yang et al. reported that early corticosteroid therapy might prevent
disease progression, and anti-MP antibiotics might have limited effects
on MPP (Yang et al, 2019), which was consistent with our clinical
experience. However, the definition of “early” is unclear. In addition,
there is a wide range of methylprednisolone (1-30 mg/kg/day) doses in
the treatment of MPP (Tamura et al, 2008; Yang et al, 2019).
Therefore, many factors of MPP about corticosteroid therapy remain
unclear, such as which day the optimal starting time is, and how much
the ideal initial dose is. Elucidating these issues is important to help
guide standard treatment and reduce sequelae.

During the autumn and winter epidemic in 2019 in North
China, to improve the prognosis and avoid the sequelae (Zhao et al.,
2017; Liu et al,, 2018; Liu et al,, 2019), we had the plan to use “early”
corticosteroid empirically for MPP patients who had pulmonary
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infiltrations on imaging within 5 days of disease course, and the
dose of methylprednisolone was decided according to the severity of
the disease. In addition, the clinical features of MPP were reviewed.

Methods
Study population and definitions

Patients who were admitted to the Department of Respiratory
Medicine at Beijing Children’s Hospital, between July 2019 and January
2020, and who had pulmonary infiltrations on chest imaging within 5
days of disease course and were suspected of having MP infection on
admission were enrolled. Among them, patients whose disease course
was within 10 days on admission were ultimately enrolled. In this
study, disease course was calculated as the duration of fever.

In the nearly 5 years, younger children with MPP and more
children with MP-associated bronchiolitis were found in North China.
The main sequelae of MPP are bronchiolitis obliterans (Zhao et al,
2017; Wen et al., 2018) and bronchitis obliterans (Liu et al., 2018; Zhao
et al, 2020), which are mainly caused by bronchiolitis-associated
lesions and pulmonary consolidation, respectively, according to
Guidelines for diagnosis and treatment of pediatric MPP in China
(Version 2023, published by National Health Commission of the
People’s Republic of China, http://www.gov.cn/zhengce/zhengeelku/
2023-02/16/content_5741770.htm). Therefore, patients were classified
into two groups in this study. Group A was defined as having chest
high-resolution CT (HRCT) results that mainly revealed centrilobular
nodules, branching linear structures, tree-in-bud signs, bronchiolar
wall thickening, and ground-glass opacities (Figures 1A, B in a patient
numbered Case 1, extremely typical diffuse bronchiolitis-associated
lesions on imaging; Figures 1C, D). Group B was defined as having
chest x-ray/HRCT results that mainly revealed pulmonary segmental/
lobar consolidation.

Diagnostic criteria

In this study, MP infection met both of the following criteria:
(1) serum anti-MP IgM titer 21:320, or/and the titer of anti-MP

frontiersin.org


http://www.gov.cn/zhengce/zhengceku/2023-02/16/content_5741770.htm
http://www.gov.cn/zhengce/zhengceku/2023-02/16/content_5741770.htm
https://doi.org/10.3389/fcimb.2023.1135228
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Liu et al.

10.3389/fcimb.2023.1135228

FIGURE 1

(A, B) Case 1. (C) Lung HRCT showed unilateral/bilateral inflammatory bronchiolitis including typical diffuse tree-in-bud signs and centrilobular
nodules. (D) Lung HRCT showed diffuse high-density ground-glass opacification in bilateral lungs.

IgM increased by four times or more in the recovery and acute
stage; (2) positive results on MP polymerase chain reaction (PCR)
testing of pharyngeal swab. SMPP was defined as MPP with one of
the following (Subspecialty Group of Respiratory Diseases, The
Society of Pediatrics et al., 2013): (1) increased respiratory rate, (2)
dyspnea and cyanosis, (3) multilobe involvement or >2/3 lung
involvement, (4) extrapulmonary complication, (5) pleural
effusion, and (6) pulse oxygen saturation in room air <92%.

Etiological detection and data collection

After admission, all patients were subjected to the following:
MP antibody identification (at least twice), MP-PCR testing of
pharyngeal swab, and nasopharyngeal aspirate/swab for common
respiratory tract virus antigens (respiratory syncytial virus,
adenovirus, and influenza virus). In addition, MP genotyping and
antimicrobial susceptibility testing, and next-generation sequencing
(NGS, including metagenomic and metatranscriptomic analyses) in
bronchoalveolar lavage fluid (BALF)/sputum/pleural effusion were
performed in some patients.

The demographic and clinical data were collected and recorded
for each patient. The findings of chest imaging and bronchoscopy,
the starting time and dose of corticosteroid therapy, and treatment
outcome were recorded.

MP genotyping and antimicrobial
susceptibility testing, and NGS testing

Each BALF sample (1.5-2 ml) was stored and frozen at —20°C
for 1 month, which would be subject to MP genotyping and
antimicrobial susceptibility testing. Occasionally, another
redundant 1.5 ml of BALF sample in a patient (we numbered her
Case 2) of Group B was transported in a hot summer day at 35°C for
5 min and subsequently stored at 4-8°C for 50 h and then frozen at
—20°C for 1 month. The above testing was performed as previously
reported (Zhao et al, 2019). In the meantime, BALF/pleural
effusion/sputum samples were stored at 4-8°C and transported to
the NGS laboratory within 36-50 h in some patients whose parents
agreed with NGS detection.
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Numbered cases

Children with sequelae of bronchiolitis/bronchitis obliterans
(BO) were numbered from Case 3, except the above Cases 1 and 2.

Statistical analyses

SPSS version 17.0 was used for statistical analyses. All statistical
hypothesis tests were two-sided, and p-values < 0.05 were considered
statistically significant.

Results
Study population

A total of 217 patients who had pulmonary infiltrations on imaging
within 5 days of disease course were initially suspected of having MPP
on admission between July 2019 and January 2020. Among them, 210
patients with confirmed MPP (age range: 1 year 3 months to 16 years 1
month) were ultimately enrolled in this study (Table 1). The duration
of disease before hospitalization was 5-10 days in all patients, 6-7 days
in most, and 5 days in one patient (Case 3, Group B, Tables 2, 3). Most
patients resided in Beijing. 54.3% (n = 114) were male, and 45.7% (n =
96) were female. As shown in Figure 2, the number of patients enrolled
in November 2019 was the most followed by October 2019. A total of
36 patients had confirmed or suspected MP infection contact history
with their family members or classmates. History revealed allergic
diseases in 35 patients, febrile seizures in 3 patients, Kawasaki disease in
2 patients, idiopathic thrombocytopenic purpura in 2 patients
(including Case 4, Group B), ventricular septal defect in 1 patient,
infectious mononucleosis in 1 patient, and brain germ cell tumor in 1
patient who had had received chemotherapy (Case 1, Group A).

Clinical characteristics and laboratory data
All patients presented with fever and deep wet cough (non-

productive cough). Sputum was not easily coughed up. Most
coughed with white sticky sputum. Only two coughed with yellow
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TABLE 1 Clinical characteristics and laboratory data on admission in MPP patients.

Project ((Sr:o:u 29/? (ir:uﬁ? )
Age <3 years 25.4% (15/59) 9.3% (14/151) p <005
Male:female ratio 34:25 80:71 p>005
Allergy history 30.5% (18/59) 11.3% (17/151) p <005
Fever duration before admission (days) 6.91 +3.37 6.32 +2.88 p>0.05
Peak temperature (°C) 38.4-41 38.3-41 -
Hypoxemia 20.3% (12/59) 15.9% (24/151) p>0.05
Rash 0% (0/59) 2.0% (3/151) p>0.05
‘Wheezing sound 25.4% (15/59) 7.3% (11/151) p<0.05
Wet rales 69.5% (41/59) 35% (36/151) p <0.05
Respiratory failure 13.6% (8/59) 7.3% (11/151) p>0.05
Encephalitis 0.0% (0/59) 1.3% (2/151) p>0.05
WBC (x10°/L) 7.59 + 2.26 (4.08-12) 8.14 + 3.47 (2.98-18.31) p>0.05
CRP (mg/L) 18.02 + 15.75 (6-78) 28.50 + 32.52 (5-190) p<0.05
CRP > 8 mg/L within 5 days 40.7% (24/59) 55.0% (83/151) p>005
CRP > 30 mg/L within 5 days 8.5% (5/59) 12.6% (19/151) p>005
LDH (IU/L) 308.57 + 101.45 (214-785) 436.72 + 606.05 (227-6,025) p<0.05
D-dimer (pg/L) 1,011.57 + 1,367.34 (231-7,983) 1,371.11 + 1,971.53 (200-10,000) p>0.05
Lung function (n) 15 22
Normal (1) 2 3 p>005
OVD (n) 13 19 p>005
SMPP 72.9% (43/59) 53.6% (81/151) p <005
ICU for hospitalization 0.0% (0/59) 2.0% (3/151) p>005

WBC, white blood cells; CRP, C-reactive protein; LDH, lactate dehydrogenase; OVD, obstructive ventilation dysfunction; SMPP, severe mycoplasma pneumoniae pneumonia; ICU, intensive care unit.

sticky sputum, and NGS only detected MP in BALF on them. 20.3%
of Group A and 15.9% of Group B had hypoxemia (Table 1). Two
patients accompanied with encephalitis (Group B). Other clinical
symptoms and inflammatory markers (on admission) are shown in
Table 1. It is worth noting that patients with wet rales or wheezing
sounds on auscultation were mostly observed in Group A and they
often had a history of allergies (Table 1).

Chest imaging findings

In Group A, HRCT revealed unilateral or bilateral bronchiolitis-
associated lesions in all patients. Chest x-ray revealed patchy shadow in
most patients. One patient accompanied with mild pleural effusion.

In Group B, chest imaging revealed segmental/lobar consolidation
in all the 151 patients, obstructive emphysema in 2 patients (including
Case 2), and a small amount to massive pleural effusion in 19 patients
(including Cases 3-6, Figures 3-6). Contrast-enhanced lung CT was
performed in four patients and revealed pulmonary artery thrombosis
in two patients (Table 4).

Bronchoscopy therapy and findings

In fact, in group A, bronchoscopy was carried in 41 petients and
bronchoscopy revealed swollen bronchial mucosa and extensive increased
sticky secretions at the early stage in these 41 patients (Tables 2, 4). Among
them, bronchoscopy revealed mucosal follicles in 16 patients, mucus plugs
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in 3 patients, bronchial cast in 1 patient, and mucosal necrosis in 1 patient
(Table 4). Bronchoscopy was carried out two times in five patients.

In fact, in Group B, bronchoscopy was carried out in 120
patients and revealed swollen bronchial mucosa and increased
sticky secretions at the early stage in these 120 patients (Tables 2,
4). Among them, bronchoscopy revealed mucosal follicles in 49
patients, mucus plugs in 23 patients, mucosal necrosis in 21
patients, and bronchial cast in 9 patients (Table 4). Bronchoscopy
was carried out at least two times in 58 patients. At the late stage,
bronchoscopy revealed stenosis in 12 patients and obliteration of
bronchial segments in 5 patients (Cases 3-7).

It is worth noting that few patients with SMPP, particularly in
Group A, had transient faster breathing and more severe hypoxia
within 12 h after BLT.

Pathogen test results

Negative serum MP-IgM rate on admission
The negative rate of MP-IgM on admission was 64.4% and
66.2% in Group A and Group B, respectively (Table 4).

MP genotyping, antimicrobial susceptibility
testing, and MP culture in BALF/pleural effusion

In Group A, genotype 1, genotype 2, and combined genotype 1
and genotype 2 were detected in the BALF of 30 (73.2%), 9 (22.0%),
and 2 (4.9%) patients, respectively.
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TABLE 2 Treatment and clinical outcomes in MPP patients.

Project

Starting time of corticosteroid

5 days of disease course 0 2 (Cases 3 and 6)

26 71

6 d: f di
ays of disease course (including Case 1)

29 58

7 days of disease course (including Case 2)

(including Case 5)

8 days of disease course 3 glclu ding Case 4)
9 days of disease course 1 3
10 days of disease course 0 1 (Case 7)
Highest dose of methylprednisolone
2 mg/kg/day 7 Ziicluding Case 2)
>2, <5 mg/kg/day 14 56
5 mg/kg/day 4 8
3 8
10 mg/kg/day (including Case 1)
15 mg/kg/day 1 -
20 mg/kg/day - 3
30 mg/kg/day - 1
IVIG 6 9
BLT 41 120
CPAP 9 8
Mechanical ventilation 0 1 (Case 5)
Clinical outcomes
Bronchiolitis obliterans 0 2
Bronchitis obliterans 0 3

IVIG, intravenous immunoglobulin; BLT, bronchoalveolar lavage therapy; CPAP, continuous
positive airway pressure.

10.3389/fcimb.2023.1135228

In Group B, genotype 1, genotype 2, and combined genotype 1
and genotype 2 were detected in the BALF of 86 (71.7%), 29
(24.2%), and 5 (4.2%) patients, respectively. Genotype 1 was
detected in the pleural effusion of 2 patients (Cases 3 and 4).

The MP culture-positive rate of BALF specimens was 100%. All
strains were macrolide-resistant (MR) [including 2 BALF samples
(different storage temperature) with a similar PCR CT value in Case
2], and carried the A2063G mutation in 160 patients and A2064G
mutation in 1 patient (Group B). No strains with resistance to the
levofloxacin and tetracycline were identified.

Virus/bacterial co-infection and NGS testing

Virus and bacterial co-infection are shown in Table 4, and
suggested the low co-infection in the early stage of MPP. The NGS
(metagenomic and metatranscriptomic analyses) performed
revealed positive MP-DNA and MP-RNA in BALF of 13 patients,
pleural effusion of 2 patients, and sputum sample of 1 patient.

Treatment and clinical outcomes

Continuous positive airway pressure was administered in
nine patients of Group A and eight patients of Group B
(Table 4). One patient (Case 5, Group B) received treatment with
mechanical ventilation. Starting time of macrolides was within 5
days of disease onset in 57 patients of Group A and 113 patients
of Group B. Sensitive anti-MP antibiotics (minocycline or
moxifloxacin) was ultimately administered to 5 patients of Group
A and 19 patients of Group B. Methylprednisolone was prescribed
in all patients on admission (5-10 days after disease onset) and the
highest dose was at least 2 mg/kg/day (Table 2). Corticosteroid
treatment was initiated at 6-7 days of disease course in most
patients (n = 184, Tables 2, 3). The highest prescribed dose of
methylprednisolone was for 3 days or so and then was gradually
withdrawn (decreased to half dose every 3 days or so) mainly based
on the body temperature. Intravenous immunoglobulin was used in
six patients of Group A and nine patients of Group B (Table 2). In
addition, low-molecular-weight heparin was administered in

TABLE 3 The dose and timing of methylprednisolone treatment in the patients with sequela (Cases 3-7).

Peak temperature (°C)/CRP (mg/L)/Methylprednisolone (mg/kg/day)

Days of illness

onset Case 3 (8 years 8 Case 4 (7 years, Case 5 (5 years 8 Case 6 (3 years 9 (C-WAVAEI S

montbhs, girl) girl) months, girl) months, boy) girl)

2 38.3/12/0 40.0/20/0 38.4/11/0 38.9/NA/0 39.9/NA/0

3 40.1/9/0 39.9/61/0 38.7/NA/0 39.6/10/0 39.8/NA/O

41.6/169/0 40.1/169/0 39.5/35/0 39.9/NA/0 39.7/41/0

40.0/216/0 40.3/71/0 40.2/55/1 40.5/NA/0

39.8/239/0 40.1/179/0 39.9/NA/2 39.8/67/0

40.0/196/0 40.2/256/2 40/NA/2.5 39.2/NA/0

(Continued)
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TABLE 3 Continued

10.3389/fcimb.2023.1135228

Peak temperature (°C)/CRP (mg/L)/Methylprednisolone (mg/kg/day)

Days of illness
onset Case 3 (8 years 8 Case 4 (7 years,

months, girl) girl)

Case 5 (5 years 8
months, girl)

39.1/NA/2

Case 6 (3 years 9 (- WAVATEICS
months, boy) girl)

38.2/36/0

Cases 3-7: before admission to our department in yellow; after admission to our department in blue. NA, not available.

Cases
70

60
50
40
30
20

10

Jul-19 Aug-19 Sep-19 Oct-19 Nov-19 Dec-19 Jan-20

FIGURE 2
The monthly enrolled case number of MPP between July 2019 and
January 2020.

patients whose D-dimer was higher than 3,000 pg/L. Only a few
patients had secondary or recurrent lower respiratory infections
after discharge.

In Group A, methylprednisolone >2 mg/kg/day was prescribed in
22 patients (Table 2). Among them, eight with bilateral diffuse
bronchiolitis received high-dose methylprednisolone therapy (5
mg/kg/day, 10 mg/kg/day, and 15 mg/kg/day in four patients, three
patients, and one patient, respectively) (Table 2). Pulmonary function
was performed in the recovery stage in 15 patients and revealed mild
to moderate obstructive ventilation dysfunction in 13 patients
(Table 1). After 3 months, HRCT revealed no abnormalities in 56
patients and slightly segmental ground-glass opacity in 3 patients.

In Group B, methylprednisolone >2 mg/kg/day was prescribed in
76 patients (Table 2). Among them, 20 patients with lobar

consolidation received high-dose methylprednisolone therapy (5 mg/
kg/day, 10 mg/kg/day, 20 mg/kg/day, and 30 mg/kg/day in 8 patients, 8
patients, 3 patients, and 1 patient, respectively). Pulmonary function
was performed in the recovery stage in 22 patients and revealed mild to
moderate obstructive ventilation dysfunction in 19 patients (Table 1).
After 3 months, chest imaging revealed incomplete absorption of
pulmonary lesions in seven patients. Among them, five patients
ultimately had slight bronchitis obliterans (Cases 3-5, Figures 3-5)
and bronchiolitis obliterans (Case 6, Figure 6; Case7). The timing and
dose of methylprednisolone treatment in Cases 3-7 are shown in
Table 3. Cases 3-6 had respiratory failure, and moderate to massive
pleural effusion. Cases 3 and 5 had abdominal pain before high-dose
corticosteroid treatment. Fifty-seven days after illness, MP loads were
still high, up to 3x10° copies/ml, in the BALF of Case 5, and she
received sirolimus therapy for 1 month. On 19 months after illness,
MP-DNA (117 of unique reads) in NGS was still positive and MP-
RNA in PCR was negative in BALF; serum MP-IgM was positive with a
titer of 21:320 in Case 5. The body temperature dropped to normal
after being treated with minocycline before admission in Case 7;
however, pulmonary consolidation did not improve on her and she
received corticosteroid therapy on admission (10 days of disease
course). To date, Cases 3-7 were asymptomatic, which further
suggested that sequelae had been minimized.

Discussion

Pediatric MPP is a significant public health problem in China,
and it is typically mild and even self-limited. However, in recent
years, more and more patients with SMPP, RMPP, bronchiolitis-

FIGURE 3

Case 3. Chest imaging showed bilateral/unilateral high-density lesions (A, day 6; B, day 11; C, day 16; D, day 21), and string-atelectasis and slight

enlargement of bronchial lumen (E, 11 months after illness onset).
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FIGURE 4

Case 4. Chest imaging showed right high-density lesions and left pleural effusion (A, day 8), right necrotizing pneumonia and pleural effusion (B, day
17), right high-density lesions (C, day 23; D, day 33), right pleural effusion (D), and right localized atelectasis and bronchiectasia (E, 20 months after

illness onset).

associated MPP, and MPP-associated sequela have been reported
(Zhao et al., 2017; Wen et al., 2018; Liu et al., 2019; Liu et al., 2020;
Zhang et al., 2021), posing great challenges to pediatricians. It is
mandatory to recognize RMPP and SMPP in the early stage, and
timely effective anti-MP therapy and immunomodulating therapy
are the main strategies for RMPP (Tong et al., 2022). However, the
negative rate of anti-MP-IgM at the early stage was high, up to
66.2% (Table 4), and the MP-PCR test takes time and is not be
available in some hospitals; thus, early pathogenic diagnosis cannot
be achieved in some patients. Therefore, early recognition of the
clinical features of MPP, rapid MP-PCR testing, and timely
empirical therapy are extremely important.

MP type 1 was the predominant genotype from 2008 to 2012
in Beijing, and a shift from type 1 to type 2 began to occur in
2013 (Zhao et al., 2015). In our present study, MP type 1 was still
the main genotype; however, the rate of MP genotype 2 increased
to 24.2% (Table 4) higher than our previous study (Liu et al,
2019; Guo et al,, 2022). In addition, 7 patients had co-infection
with type 1 and type 2 MP isolates (Table 4), which has been
reported in only a few studies (Zhao et al., 2015; Li et al,, 2021).
The total MR MP rate was high, up to 100% (Table 4), which was
consistent with the previously reported rate (Liu et al., 2019;
Zhao et al.,, 2020; Guo et al., 2022). Positive MP culture in the
BALF of Case 2 and positive MP-RNA in samples of patients
who received metatranscriptomic sequencing testing suggested
that MP could be easy to survive in vitro, because these samples
had been stored at 4-8°C for at least 36 h. Furthermore, the
metatranscriptomic sequencing performed revealed positive
MP-RNA (unique reads: 26 and 59) in the pleural effusion of

two patients, which suggested that there could be a few live MP
in pleural effusion that have not been reported previously. Most
of our patients were treated with macrolides within 5 days and
were unresponsive. MP was difficult to clear even by sensitive
anti-MP antibiotics (Liu et al., 2019; Zhao et al., 2020), which
may explain the long-term positive MP-IgM such as Case 5. The
pathogenesis of MPP is mainly attributed to cell-mediated
immunity and cytokine responses against the pathogens
(Shimizu et al., 2011). Host genetic background was also found
to be important for the severity of MPP (Fonseca-Aten et al,
2005; Meyer Sauteur et al., 2018). Therefore, corticosteroid
therapy has been confirmed to be very important in
hospitalized MPP patients (Liu et al., 2012; Chen et al., 2014;
Yang et al., 2019).

Children under 3 years old were more easily prone to have
bronchiolitis-associated MPP (Group A) than consolidation-
associated MPP (Group B) (Table 1). Patients in Group A were
more easily prone to have allergy histories and present with
hypoxemia, wheezing sound, and wet rales on auscultation than
those in Group B (Table 1), which was consistent with our pervious
study (Zhao et al., 2017; Wen et al,, 2018). Pleural effusion was more
likely to occur in Group B (Table 4). In addition, inflammatory
markers such as CRP and LDH in Group B were higher than that in
Group A (Table 1), which suggested that inflammation and
corticosteroid dose in Group B could be higher than that in
Group A.

In this study, we found that pulmonary infiltration could occur
within 5 days of illness in MPP, and rapid, serious, and even
fulminant clinical deterioration occurred after 5 days of illness

FIGURE 5

Case 5. Chest imaging showed right high-density lesions (A, day 4; B, day 8; C, day 10) and right pleural effusion (B, C), and right localized atelectasis

(D, day 70; E, 19 months after illness onset).
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FIGURE 6

Case 6. Chest imaging showed bilateral/unilateral high-density lesions (A, day 9; B, day 10; C, day 11), right pleural effusion (A—C), no abnormality (D,
day 24), and the signs of bronchiolitis obliterans-associated mosaic perfusion (E, 9 months after illness onset).

onset in our present (Figures 3-6) and reported studies (Liu et al.,
2012). Therefore, there is an urgent need for lung ultrasound to
dynamically detect lung lesions and prevent frequent radiation. The
ideal starting time of corticosteroid treatment is 5-10 days after
disease onset in SMPP (Version 2023, published by National Health
Commission of the People’s Republic of China, http://www.gov.cn/
zhengce/zhengceku/2023-02/16/content_5741770.htm). RMPP
patients with fever >7 days, CRP >40 mg/L, and consolidation
>2/3 pulmonary lobe have been suggested to receive a timely

TABLE 4 The results of chest imaging, bronchoscopy, and pathogen test
in MPP patients.

Project (Gn“’zug 9‘)\ (G;i”f;)

Pleural effusion 1 19 p<0.05

Pulmonary artery thrombosis 0 2 p>0.05

Bronchoscopy findings 41 120 p>0.05
Mucus plugs 3 23 p <0.05
Bronchial cast 1 9 p>005
Mucosal follicles 16 49 p>0.05
Mucosal necrosis 1 21 p<0.05

::;f::;’z:ate of MP-IgM on 64.4% (38/59) ?;2)% (100/ > 005

MP-genotyping
Genotype 1 73.2% (30/41) Z;g)% @6/ p>0.05
Genotype 2 22.0% (9/41) ?3;% @ p > 005
Genotypes 1 and 2 4.9% (2/41) 4.2% (5/120) p>0.05

MP-macrolide resistance 100% 100% p>0.05

Virus co-infection 5 5 p>0.05
ADV 1 4 -
v 1 1 -
RSV 1 0 -
HBoV 1 0 -
HHV-6A 1 (Case 1) 0 -

Bacteria co-infection 1 (Sp) 3 (Hi, Pa, Mc) p>0.05

ADV, adenovirus; IV, influenza virus; RSV, respiratory syncytial virus; HBoV, human bocavirus;
HHYV, human herpesvirus; MP, mycoplasma pneumoniae; Sp, Streptococcus pneumoniae; Hi,
Haemophilus influenzae, Pa, Pseudomonas aeruginosa, Mc, Moraxella catarrhalis.
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corticosteroid treatment (Liu et al., 2012). Fever 210 days, CRP
=137 mg/L, and consolidation >2/3 pulmonary lobe may predict the
occurrence of sequela in MPP (Predictive factors for sequela of
bronchitis obliterans in refractory mycoplasma pneumoniae
pneumonia, to be published in Zhonghua Er Ke Za Zhi).
Methylprednisolone pulse therapy had been prescribed in 21
patients with SMPP; however, sequela of BO had not been
avoided in 13 who received treatment with corticosteroid after 9
days of onset (Liu et al., 2019), which was consistent with our
present Case 7 and suggested that the rapid irreversible airway
remodeling could occur within 9 days of onset. Therefore, earlier
corticosteroid treatment (<9 days even 7 days) should be initiated in
SMPP (Table 2). Treatment with 2 mg/kg/day methylprednisolone
may be ineffective in some patients with high fever >7 days, CRP
>110 mg/L, and consolidation > whole pulmonary lobe (Chen et al.,
2014). In our present study (Table 3), initial corticosteroid therapy
on the 5 days of the disease course in Cases 3 and 6, and 1-5 mg/kg/
day of initial methylprednisolone dose in Cases 3-7, failed to
prevent the deterioration of the disease (higher CRP and more
severe pulmonary injury), which further suggested that very early
treatment (on day 5) and an insufficient starting dose of
corticosteroid could not prevent a subsequent rapidly progressive
pulmonary inflammatory storm in patients with >1 lobar
consolidation. Therefore, the ideal starting time of corticosteroid
treatment might be 6-7 days (important window period) of disease
course (Table 2). Initial adequate dose of corticosteroid should be
decided according to the severity of disease. Pulmonary infiltration
particularly lobar consolidation and CRP > 30 mg/L (Tables 1, 3)
within 5 days of illness, and fever duration >5 days, were important
clues for recognizing RMPP and SMPP. Persistent high fever,
hypoxemia, CRP > 100 mg/L, diffuse bronchiolitis-associated
lesions, or whole lobar consolidation on imaging (Tables 2, 3,
Figures 3-6) suggested that possible critical MPP would require
corticosteroid pulse therapy.

MP persistent infection may cause airway obstruction and
remodeling in vitro and animal experiments (Fonseca-Aten et al.,
2005; Salvatore et al., 2008; Prince et al., 2018). Obstructive
pulmonary function (Table 1) and the irreversible BO (Zhao
et al., 2017; Liu et al., 2018; Wen et al., 2018; Liu et al., 2019;
Zhao et al, 2020) suggested an early rapid airway injury and
remodeling in children with SMPP. Therefore, timely and initial
adequate dosage of corticosteroid therapy is extremely important in
the window period, which can reduce airway inflammation and
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airway hypersecretion, and prevent rapid airway remodeling.
Although the rate of MR MP was 100% in this study, macrolides
were still used in most patients, because of their anti-inflammation
and anti-remodeling properties (Kang et al., 2016). Sirolimus may
also reduce airway inflammation and remodeling (Wang et al,
2020) and it might be a potential therapeutic drug (Liu et al., 2021);
therefore, we prescribed sirolimus for 1 month in the recovery stage
of Case 5.

The bronchoscopy performed revealed extensive increased
sticky secretions in 41 patients of Group A, which may explain
the hypoxemia, wheezing, wet rales, and the subsequent possible
sequela of bronchiolitis obliterans (Zhao et al., 2017; Wen et al,
2018). Mucus plugs and mucosal necrosis under bronchoscopy
were more likely to occur in severe patients of Group B, suggesting
subsequent possible atelectasis and bronchitis obliterans (Liu et al.,
2018; Liu et al, 2019; Zhao et al., 2020). Therefore, timely and
multiple BLT is also extremely important, which can remove airway
secretions and prevent lumen obstruction.

In general, patients with MPP admitted in our hospital were
more severe than those in most hospitals of China. In this present
study, we analyzed the clinical features, “early” corticosteroid
treatment outcome, and prognosis of 210 MPP children who had
pulmonary infiltrations on imaging within 5 days after onset. Based
on our rich clinical experience, the prescribed “early”/on admission
(5-10 days, mainly 6-7 days of disease course) corticosteroid with
different doses for patients with MPP successfully prevented
deterioration in most patients and minimized the sequelae
(Table 2). To the best of our knowledge, this is the first study to
emphasize the importance of both starting time and the initial dose
of corticosteroid treatment in MPP particularly in SMPP.

Conclusions

Patients in Group A were more prone to have allergy histories,
hypoxemia, wheezing sounds, and wet rales on auscultation than
those in Group B. Pulmonary infiltration within 5 days of illness,
fever duration >5 days, and elevated inflammatory markers such as
CRP were important clues for recognizing RMPP and SMPP. In
hospitalized children with MPP, particularly SMPP (except rare
fulminant MPP), the ideal starting time of corticosteroid treatment
might be 5-10 days, preferably 6-7 days (important window
period) after disease onset. The initial adequate dosage of
corticosteroid therapy was extremely important in SMPP and
should be decided according to the severity of the disease. MPP
patients with both persistent high fever and diffuse bronchiolitis-
associated lesions/>1 pulmonary lobar consolidation can be
recommended to receive high-dose corticosteroid therapy (Table 3).

References

Chen, L., Liu, J., Zhao, S., Yang, Y., and Wu, J. (2014). [Clinical features and
treatment of refractory mycoplasma pneumoniae pneumonia unresponded to
conventional dose methylprednisolone in children]. Zhonghua Er Ke Za Zhi. 52,
172-176. doi: 10.3760/cma.j.issn.0578-1310.2014.03.003

Frontiers in Cellular and Infection Microbiology

10.3389/fcimb.2023.1135228

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by The Ethics Committee of Beijing Children’s Hospital,
Capital Medical University (No. 2017-23). Written informed consent
to participate in this study was provided by the participants’ legal
guardian/next of kin. Written informed consent was obtained from
the individual(s), and minor(s)’ legal guardian/next of kin, for the
publication of any potentially identifiable images or data included in
this article.

Author contributions

JL, XZ, and RH conducted the analysis and drafted and revised the
initial manuscript. HW advised on the design of the analysis
and revised the manuscript. FZ and LL performed MP-related
testing, analyzed experimental data, and revised the manuscript.
SZ conducted the analysis and revised the initial manuscript. All
authors contributed to the article and approved the submitted version.

Funding

This study was supported by the Respiratory Research Project of
the National Clinical Research Center for Respiratory Diseases (No.
HX2X-202103).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Fonseca-Aten, M., Rios, A. M., Mejias, A., Chavez-Bueno, S., Katz, K., Gomez, A. M.,
et al. (2005). mycoplasma pneumoniae induces host-dependent pulmonary
inflammation and airway obstruction in mice. Am. J. Respir. Cell Mol. Biol. 32, 201-
210. doi: 10.1165/Rcmb.2004-01970c

frontiersin.org


https://doi.org/10.3760/cma.j.issn.0578-1310.2014.03.003
https://doi.org/10.1165/Rcmb.2004-0197oc
https://doi.org/10.3389/fcimb.2023.1135228
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Liu et al.

Guo, Z., Liu, L., Gong, J., Han, N, He, L., Wang, W, et al. (2022). Molecular features
and antimicrobial susceptibility of mycoplasma pneumoniae isolates from paediatric
inpatients in weihai, China: Characteristics of m. pneumoniae in weihai. J. Glob
Antimicrob. Resist. 28, 180-184. doi: 10.1016/].Jgar.2022.01.002

Kang, J. Y., Jo, M. R,, Kang, H. H,, Kim, S. K, Kim, M. S,, Kim, Y. H,, et al. (2016).
Long-term azithromycin ameliorates not only airway inflammation but also
remodeling in a murine model of chronic asthma. Pulm Pharmacol. Ther. 36, 37-45.
doi: 10.1016/J.Pupt.2015.12.002

Lee, K. Y., Lee, H. S, Hong, J. H,, Lee, M. H,, Lee, J. S., Burgner, D., et al. (2006). Role
of prednisolone treatment in severe mycoplasma pneumoniae pneumonia in children.
Pediatr. Pulmonol. 41 (3), 263-268. doi: 10.1002/ppul.20374

Leong, M. A, Nachajon, R., Ruchelli, E., and Allen, J. L. (1997). Bronchitis obliterans
due to mycoplasma pneumonia. Pediatr. Pulmonol. 23 (5), 375-381. doi: 10.1002/
(SICI)1099-0496(199705)23:5<375::AID-PPUL10>3.0.CO;2-2

Li, J., Liu, L, He, L, Meng, F., Zhang, J., and Zhao, F. (2021). First report of
macrolide-resistant and -susceptible mycoplasma pneumoniae clinical strains isolated
from a single case. J. Glob Antimicrob. Resist. 24, 228-232. doi: 10.1016/
J.Jgar.2020.12.019

Liu, J., He, R, Wu, R, Wang, B., Xu, H,, Zhang, Y., et al. (2020). mycoplasma
pneumoniae pneumonia associated thrombosis At Beijing children's hospital. BMC
Infect. Dis. 20, 51. doi: 10.1186/S12879-020-4774-9

Liy, J. R, Ly, J., Dong, F,, Li, H. M., Liu, H,, Tang, X. L., et al. (2018). Low bacterial
Co-infection invalidates the early use of non-Anti-mycoplasma pneumoniae antibiotics
in pediatric refractory mycoplasma pneumoniae pneumonia patients. Front. Pediatr. 6,
296. doi: 10.3389/fped.2018.00296

Liu, J. R, Peng, Y., Yang, H. M,, Li, H. M,, Zhao, S. Y., and Jiang, Z. F. (2012).
[Clinical characteristics and predictive factors of refractory mycoplasma pneumoniae
pneumonia]. Zhonghua Er Ke Za Zhi. 50, 915-918. doi: 10.3760/cma.j.issn.0578-
1310.2012.12.010

Liu, J., Shen, R, Feng, L., Cheng, S., Chen, ], Xiao, T, et al. (2022). Proteomics study
of mycoplasma pneumoniae pneumonia reveals the fc fragment of the igg-binding
protein as a serum biomarker and implicates potential therapeutic targets. Front. Med
16, 378-388. doi: 10.1007/s11684-021-0840-Y

Liu, J., Zhao, F., Lu, J., Xu, H,, Liu, H,, Tang, X,, et al. (2019). High mycoplasma
pneumoniae loads and persistent long-term mycoplasma pneumoniae dna in lower
airway associated with severity of pediatric mycoplasma pneumoniae pneumonia. BMC
Infect. Dis. 19, 1045. doi: 10.1186/S12879-019-4667-Y

Meyer Sauteur, P. M., De Groot, R., Estevdo, S. C., Hoogenboezem, T., De Bruijn, A,
Sluijter, M., et al. (2018). The role of b cells in carriage and clearance of mycoplasma
pneumoniae from the respiratory tract of mice. J. Infect. Dis. 217, 298-309.
doi: 10.1093/Infdis/Jix559

Prince, O. A., Krunkosky, T. M., Sheppard, E. S., and Krause, D. C. (2018). Modelling
persistent mycoplasma pneumoniae infection of human airway epithelium. Cell
Microbiol. 20. doi: 10.1111/Cmi.12810

Salvatore, C. M., Fonseca-Aten, M., Katz-Gaynor, K., Gomez, A. M., and Hardy, R.
D. (2008). Intranasal interleukin-12 therapy inhibits mycoplasma pneumoniae
clearance and sustains airway obstruction in murine pneumonia. Infect. Immun. 76,
732-738. doi: 10.1128/1ai.00878-07

Shen, Y., Zhang, J., Hu, Y., and Shen, K. (2013). Combination therapy with immune-
modulators and moxifloxacin on fulminant macrolide-resistant mycoplasma

Frontiers in Cellular and Infection Microbiology

10

10.3389/fcimb.2023.1135228

pneumoniae infection: A case report. Pediatr. Pulmonol. 48, 519-522. doi: 10.1002/
Ppul.22650

Shimizu, T., Kida, Y., and Kuwano, K. (2011). Cytoadherence-dependent induction
of inflammatory responses by mycoplasma pneumoniae. Immunology 133, 51-61.
doi: 10.1111/].1365-2567.2011.03408.X

Subspecialty Group Of Respiratory Diseases, The Society Of Pediatrics, Association
CM, Editorial Board and Chinese Journal Of Pediatrics (2013). [Guidelines for
management of community acquired pneumonia in children (The revised edition of
2013) (I)]. Zhonghua Er Ke Za Zhi. 51 (10), 745-752. doi: 10.3760/cma.j.issn.0578-
1310.2013.10.006

Tamura, A., Matsubara, K., Tanaka, T., Nigami, H., Yura, K., and Fukaya, T. (2008).
Methylprednisolone pulse therapy for refractory mycoplasma pneumoniae pneumonia
in children. J. Infect. 57 (3), 223-228. doi: 10.1016/j.jinf.2008.06.012

Tong, L., Huang, S., Zheng, C., Zhang, Y., and Chen, Z. (2022). Refractory
mycoplasma pneumoniae pneumonia in children: Early recognition and
management. J. Clin. Med. 11. doi: 10.3390/Jcm11102824

Wang, S. H., Li, L. H,, Zou, D. M., Zheng, X. M., and Deng, J. (2020). Roles of the
mammalian target of rapamycin (Mtor) signaling pathway in the repair of hyperoxia-
induced acute lung injury. Adv. Clin. Exp. Med. 29, 13-23. doi: 10.17219/Acem/76170

Wen, X,, Liu, J., Li, H., Zhao, C., and Zhao, S. (2018). Clinicoradiologic features of
mycoplasma pneumoniae bronchiolitis in children. Pediatr. Investig. 2 (4), 248-252.
doi: 10.1002/ped4.12108

Yan, Y., Wei, Y., Jiang, W., and Hao, C. (2016). The clinical characteristics of
corticosteroid-resistant refractory mycoplasma pneumoniae pneumonia in children.
Sci. Rep. 6, 39929. doi: 10.1038/srep39929

Yang, E. A, Kang, H. M., Rhim, J. W,, Kang, J. H,, and Lee, K. Y. (2019). Early
corticosteroid therapy for mycoplasma pneumoniae pneumonia irrespective of used
antibiotics in children. J. Clin. Med. 8 (5). doi: 10.3390/jcm8050726

You, S. Y, Jwa, H. ], Yang, E. A, Kil, H. R, and Lee, J. H. (2014). Effects of
methylprednisolone pulse therapy on refractory mycoplasma pneumoniae pneumonia
in children. Allergy Asthma Immunol. Res. 6 (1), 22-26. doi: 10.4168/aair.2014.6.1.22

Zhang, T., Han, C., Guo, W., Ning, J., Cai, C., and Xu, Y. (2021). Case report: Clinical
analysis of fulminant mycoplasma pneumoniae pneumonia in children. Front. Pediatr.
9. doi: 10.3389/Fped.2021.741663

Zhao, F., Liu, J., Shi, W., Hang, F,, Liu, L. Y., Zhao, S. Y., et al. (2019). Antimicrobial
susceptibility and genotyping of mycoplasma pneumoniae isolates in Beijing, China,
from 2014 to 2016. Antimicrob. Resist. Infect. Control. 8, 18. doi: 10.1186/s13756-019-
0469-7

Zhao, F., Liu, L, Tao, X., He, L., Meng, F., and Zhang, J. (2015). Culture-
independent detection and genotyping of mycoplasma pneumoniae in clinical
specimens from Beijing, China. PloS One 10, E0141702. doi: 10.1371/
Journal.Pone.0141702

Zhao, F., Liu, J., Xiao, D., Liu, L., Gong, J., Xu, J., et al. (2020). Pathogenic analysis of
the bronchoalveolar lavage fluid samples with pediatric refractory mycoplasma
pneumoniae pneumonia. Front. Cell Infect. Microbiol. 10. doi: 10.3389/
Fcimb.2020.553739

Zhao, C,, Liu, ], Yang, H., Xiang, L., and Zhao, S. (2017). mycoplasma pneumoniae-
associated bronchiolitis obliterans following acute bronchiolitis. Sci. Rep. 7, 8478.
doi: 10.1038/541598-017-08861-7

frontiersin.org


https://doi.org/10.1016/J.Jgar.2022.01.002
https://doi.org/10.1016/J.Pupt.2015.12.002
https://doi.org/10.1002/ppul.20374
https://doi.org/10.1002/(SICI)1099-0496(199705)23:5%3C375::AID-PPUL10%3E3.0.CO;2-2
https://doi.org/10.1002/(SICI)1099-0496(199705)23:5%3C375::AID-PPUL10%3E3.0.CO;2-2
https://doi.org/10.1016/J.Jgar.2020.12.019
https://doi.org/10.1016/J.Jgar.2020.12.019
https://doi.org/10.1186/S12879-020-4774-9
https://doi.org/10.3389/fped.2018.00296
https://doi.org/10.3760/cma.j.issn.0578-1310.2012.12.010
https://doi.org/10.3760/cma.j.issn.0578-1310.2012.12.010
https://doi.org/10.1007/s11684-021-0840-Y
https://doi.org/10.1186/S12879-019-4667-Y
https://doi.org/10.1093/Infdis/Jix559
https://doi.org/10.1111/Cmi.12810
https://doi.org/10.1128/Iai.00878-07
https://doi.org/10.1002/Ppul.22650
https://doi.org/10.1002/Ppul.22650
https://doi.org/10.1111/J.1365-2567.2011.03408.X
https://doi.org/10.3760/cma.j.issn.0578-1310.2013.10.006
https://doi.org/10.3760/cma.j.issn.0578-1310.2013.10.006
https://doi.org/10.1016/j.jinf.2008.06.012
https://doi.org/10.3390/Jcm11102824
https://doi.org/10.17219/Acem/76170
https://doi.org/10.1002/ped4.12108
https://doi.org/10.1038/srep39929
https://doi.org/10.3390/jcm8050726
https://doi.org/10.4168/aair.2014.6.1.22
https://doi.org/10.3389/Fped.2021.741663
https://doi.org/10.1186/s13756-019-0469-7
https://doi.org/10.1186/s13756-019-0469-7
https://doi.org/10.1371/Journal.Pone.0141702
https://doi.org/10.1371/Journal.Pone.0141702
https://doi.org/10.3389/Fcimb.2020.553739
https://doi.org/10.3389/Fcimb.2020.553739
https://doi.org/10.1038/S41598-017-08861-7
https://doi.org/10.3389/fcimb.2023.1135228
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Clinical features and “early” corticosteroid treatment outcome of pediatric mycoplasma pneumoniae pneumonia
	Introduction
	Methods
	Study population and definitions
	Diagnostic criteria
	Etiological detection and data collection
	MP genotyping and antimicrobial susceptibility testing, and NGS testing
	Numbered cases
	Statistical analyses

	Results
	Study population
	Clinical characteristics and laboratory data
	Chest imaging findings
	Bronchoscopy therapy and findings
	Pathogen test results
	Negative serum MP-IgM rate on admission
	MP genotyping, antimicrobial susceptibility testing, and MP culture in BALF/pleural effusion
	Virus/bacterial co-infection and NGS testing

	Treatment and clinical outcomes

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


