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Background: The clinical value of corticosteroid treatment in Mycoplasma pneumoniae

pneumonia (MPP) has been controversial. Our study aimed to identify the effects of

low-dose corticosteroids on the recovery of children with MPP.

Methods: In this retrospective cohort study, pediatric inpatients with MPP were

included from the Shanghai Children’s Mycoplasma pneumoniae pneumonia cohort

study between August 2014 and July 2019. The multivariable logistic regression

and propensity-score matching were used to investigate the effects of low-dose

corticosteroid treatment on fever duration after admission, total fever duration, length

of hospital stay, C-reactive protein recovery time, and imaging recovery time with

the stratification of severe pneumonia, refractory pneumonia, inflammatory biomarkers,

pulmonary images, and timing of corticosteroids.

Results: There were 548 patients in the corticosteroid group and 337 in the

no-corticosteroid group. The corticosteroid group showed severe clinical parameters

such as more severe and refractory cases, higher laboratory values, and more abnormal

imaging manifestations. The corticosteroid group also showed longer fever duration

after admission [odds ratio (OR) = 1.9 (95% CI, 1.2–3.1), P = 0.008], longer total

fever duration [OR = 1.6 (95% CI, 1.1–2.3), P = 0.011], longer hospital stay [OR =

2.8 (95% CI, 1.9–4.0), P < 0.001], and longer C-reactive protein (CRP) recovery time

[OR = 2.1 (95% CI, 1.1–3.9), P = 0.021] in the regression model after the adjustment

for severity. Although low-dose corticosteroids were associated with shortened imaging

recovery time in patients with high level laboratory values, pulmonary imaging could be

completely recovered in both groups. The trend of these results was consistent even

after stratifications and a propensity scores matching analysis.

Conclusions: Low-dose corticosteroids may not be beneficial in children inpatients with

MPP, and further studies on proper treatment modality are needed in the MRMP era.
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INTRODUCTION

Mycoplasma pneumoniae (MP) is a common cause of
community-acquired pneumonia (CAP) in children, accounting
for 10–40% (1). A cyclical epidemic of MP infection occurs
every 3–7 years (2). Mycoplasma pneumoniae pneumonia
(MPP) is usually benign and self-limiting, with various clinical
manifestations, but some may present a progressive course,
which may be life threatening, despite early and adequate
treatment. Although macrolides are the first-line antibiotics
recommended by all guidelines, the efficacy of antibiotics on
MP infection remains controversial with quite few randomized
controlled studies (RCTs) available (3). Facing with the
increasing rate of macrolide-resistant Mycoplasma pneumoniae
(MRMP) strains detection and the limitations of alternative
antibiotics use on MP infection in children, the need for early
immune-modulator treatment (mainly corticosteroids) based
on pathogenesis of MPP is of great concern. The severity
of MPP seems to depend on the pathogenesis of MP and
the host hyperimmune reaction against insults from MP
infection (4). The host hyperimmune reaction before the peak
of inflammation is believed to be responsible for lung cell
injury. The substances produced from injured lung cells induce
further inflammation if released into the systemic circulation
or near local lesions (5). Therefore, early control of lung
injuries from initial hyperactive immune reactions is crucial for
the reduction in morbidity and prevention of progression in
patients with severe MPP. Since corticosteroids can suppress
inflammation via several molecular mechanisms (6), it has
been hypothesized that corticosteroid treatment is effective
in MPP. However, the effects of corticosteroid treatment on
pediatric MPP are also controversial like antibiotics. Some
studies have shown that high-dose corticosteroid treatment
was effective in children with severe or refractory MPP (7, 8),
and others found that early use of corticosteroids was effective
(3, 9), while others concluded that corticosteroids were not
beneficial in MPP, even refractory cases (10, 11). Even the
effectiveness of adjunctive corticosteroid treatment in CAP is
unclear until now (12–15). A recent meta-analysis indicated
that corticosteroid therapy of CAP may be associated with
inhibition of excessive inflammatory response, and modulating
cytokines release offers advantages over conventional therapy
for relieving clinical symptoms, reducing mortality, and
improving prognosis (16). However, most previous studies were
retrospective cohort studies with substantial heterogeneity with
an inability to determine the etiology of cases of pneumonia, as
well as phenotype and pathology (17–19). Thus, we conducted
a cohort study with a large sample size to evaluate the effects of
adjunctive low-dose corticosteroid treatment for children with
MPP, stratified by severe pneumonia, refractory pneumonia,

Abbreviations: MP, Mycoplasma pneumoniae; MPP, Mycoplasma pneumoniae

pneumonia; CAP, community acquired pneumonia; RCT, randomized controlled

trial; MRMP, macrolide-resistant Mycoplasma pneumoniae; CRP, C-reactive

protein; LDH, lactic dehydrogenase; IL, interleukin; OR, odds ratio; CI,

confidence interval; ICU, intensive care unit; MSMP, macrolide-sensitive

Mycoplasma pneumoniae.

inflammatory biomarkers, pulmonary images, and the timing of
corticosteroid treatment.

METHODS

Patients and Study Design
The Shanghai Children’s M. pneumoniae pneumonia cohort was
conducted at XinhuaHospital affiliated to the Shanghai Jiao Tong
University School of Medicine from August 2014 to July 2019.
Overall, 8,520 children aged between 2 months and 13 years
with CAP were hospitalized, and of these, 1,145 were confirmed
with MP infection by both positive serologic-test results [MP
immunoglobulin (IgM) positive and antibody titer ≥1:160] and
positive results on MP polymerase chain reaction testing of
pharyngeal swabs (20). Patients with mixed infections of other
pathogens, congenital diseases, and immunodeficiency diseases
were excluded. Finally, 885 patients were included. All patients
received antibiotic treatment of macrolides (21). Patients treated
with macrolides only were classified into the no-corticosteroid
group (n = 337; Figure 1). Patients treated with macrolides
and low-dose corticosteroids (intravenous methylprednisolone,
1–2 mg/kg/day for 3–5 days, then replaced by 1 mg/kg/day of
oral prednisolone after temperature recovery and tapered and
stopped within a week) were classified into the corticosteroid
group (n = 548) (22). Patients were followed up for disease
recovery after discharge by a physician from the Infectious
Disease Department or Respiratory Department.

Data Collection and Definition
Demographic, clinical, laboratory, imaging, and outcome
characteristics were abstracted from medical histories.
Demographic and clinical characteristics included age,
sex, weight, parents’ occupations, fever duration before
admission, hypoxemia, neurological symptoms, encephalitis,
rash, severe pneumonia, treatment, etc. Laboratory data obtained
during hospitalization included organ functional index and
inflammatory biomarkers [white blood cell count, platelet count,
C-reactive protein (CRP), lactic dehydrogenase (LDH), total
bilirubin, creatinine, creatine kinase isoenzyme, interleukin
(IL)-10]. Imaging characteristics included atelectasis, pleural
effusion, consolidation, and multilobar infiltrates based on
chest radiograph or low-dose computed tomography. Outcome
characteristics included fever duration after admission, total
fever duration, length of hospital stay, CRP recovery time, and
imaging recovery time.

A group of experts from different disciplines assessed
all data collected with regard to the following aspects:
respiratory function, extrapulmonary manifestations, illness
severity, detection indicators, imaging performances, and disease
outcomes. Among them, illness severity referred to the Criteria
for CAP Severity of Illness in Children with Community-
Acquired Pneumonia (23), and organ failure referred to the
Sequential Organ Failure Assessment scoring system. Refractory
pneumonia was defined as a case with prolonged fever and
aggravation of radiological manifestations despite appropriate
antibiotic therapy for 7 days or more (24). CRP recovery
time was defined as the number of days that abnormal CRP
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FIGURE 1 | Study flow chart.

recovers to normal. Imaging recovery time was defined as the
number of days that abnormal imaging performance returns to
normal. Multilobar was defined as two lobes and above. There
were 358 patients with two comparable imaging data within
1 month. Biomarker stratification index including CRP, LDH,
and IL-10, were determined based on previous studies and
clinical experience (20, 25, 26). Imaging stratification included
atelectasis, pleural effusion, and multilobar consolidations.
Missing data included atelectasis (n = 50), pleural effusion
(n= 23), multilobar consolidations (n= 6), IL-10 (n= 262), CRP
(n= 11), and LDH (n= 124).

The study was approved by the Xinhua Hospital Ethics
Committee (XHEC-C-2013-107). Informed consent was
obtained by caregivers of all children for their clinical records to
be used in this study.

Statistical Analysis
Categorical variables were presented as counts (percentage).
Continuous quantitative variables were presented as mean and
standard deviation or median and interquartile range of 25–
75%. Comparisons between groups were performed by Kruskal–
Wallis-test or Fisher’s exact-tests. The effects of corticosteroids
were evaluated by different outcome (fever duration after
admission, total fever duration, length of hospital stay, CRP
recovery time, and imaging recovery time) using Kaplan–
Meier analysis. Logistic regression analysis were performed
with stratifications by severe pneumonia, refractory pneumonia,
inflammatory biomarkers, pulmonary images, and different
timing of corticosteroid treatment to evaluate the effects of
low-dose corticosteroids on different endpoints, and the 75th
percentile were chosen as cutoff points. Results were reported
as odds ratio (OR) with 95% confidence interval (CI). Since
severity of pneumonia was associated with corticosteroid use,
we also performed one to two propensity scores matching
to minimize the selection bias. All statistical analyses were

performed using Empower R (www.empowerstats.com, X&Y
Solutions, Inc., Boston MA, USA) and R software (http://www.
T-project.org). A two-tailed P < 0.05 was considered to be
statistically significant in all analyses.

RESULTS

Overall, 548 patients received an adjunctive low-dose
corticosteroid treatment, while 337 did not. There were
412 boys and 473 girls, with a mean age of 5.2 years. The
prevalence of severe pneumonia and refractory pneumonia
was 16.3 and 28.7% in all patients, and none died. Low-
dose corticosteroids were significantly associated with higher
prevalence of hypoxemia, severe pneumonia, refractory
pneumonia, multilobar consolidations, atelectasis, and pleural
effusion (Table 1). The levels of inflammatory biomarkers,
such as IL-10, CRP, and LDH were also significantly higher in
the corticosteroid group. The median duration of fever after
admission, total fever duration, length of hospital stay, and CRP
recovery time in the corticosteroid group were 2, 8, 7, and 5
days, respectively, which were significantly longer than those in
the no-corticosteroid group (1, 7, 5, and 4 days, respectively). In
contrast, the median imaging recovery time in the corticosteroid
group was shorter than that in the no-corticosteroid group (13
vs. 16 days, respectively). Corticosteroid-related adverse effects
were observed, and no adverse effects occurred in either group.

Kaplan–Meier analysis showed that the corticosteroid
group were significantly associated with longer fever duration
after admission (Figure 2A), longer hospital stay (Figure 2C),
and increased CRP recovery time (Figure 2D). However, no
significant between-group differences occurred in total fever
duration and imaging recovery time on Kaplan–Meier analysis
(P = 0.19 and P = 0.054; Figures 2B,E). Logistic regression
analyses showed that the corticosteroid group was associated
with increased odds to experience a fever for longer than 3 days
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TABLE 1 | Characteristics of children with Mycoplasma pneumoniae pneumonia stratified by adjunctive corticosteroid treatment.

Variables Total No-corticosteroid Corticosteroid P-value

(n = 885) (n = 337) (n = 548)

Male, n (%) 412 (46.6) 144 (42.7) 268 (48.9) 0.074

Age, mean (SD), years 5.2 (2.7) 5.0 (2.7) 5.3 (2.7) 0.188

Weight, mean (SD), kg 21.0 (8.7) 20.6 (8.7) 21.3 (8.7) 0.186

Fever duration before admission, median (IQR), days 6.0 (5.0–8.0) 6.0 (4.0–8.0) 6.0 (5.0–8.0) 0.348

Hypoxemia, n (%) 17 (1.9) 2 (0.6) 15 (2.7) 0.024

Neurological symptoms, n (%) 10 (1.1) 1 (0.3) 9 (1.6) 0.066

Encephalitis, n (%) 2 (0.2) 0 (0.0) 2 (0.4) 0.267

Rash, n (%) 2 (0.2) 0 (0.0) 2 (0.4) 0.267

Multilobar infiltrates, n (%) 655 (75.6) 228 (70.4) 427 (78.8) 0.005

Multi lobar consolidations, n (%) 213 (24.2) 65 (19.4) 148 (27.2) 0.009

Atelectasis, n (%) 80 (9.6) 20 (6.6) 60 (11.3) 0.029

Pleural effusion, n (%) 145 (16.8) 28 (8.7) 117 (21.7) <0.001

SOFA ≥ 1, n (%) 37 (4.2) 10 (3.0) 27 (4.9) 0.157

Severe pneumonia, n (%) 144 (16.3) 28 (8.3) 116 (21.2) <0.001

Refractory pneumonia, n(%) 254 (28.7) 79 (23.4) 175 (31.9) 0.007

White blood cell, median (IQR), 109/L 6.9 (5.3–9.1) 6.9 (5.4–9.3) 6.9 (5.3–8.9) 0.110

Platelet, mean (SD), 109/L 301.9 (107.8) 317.9 (109.6) 292.3 (105.6) <0.001

CRP, median (IQR), mg/L 11.0 (4.0–25.0) 9.5 (4.0–19.2) 12.0 (4.0–29.0) 0.008

Lactic dehydrogenase, median (IQR), U/L 342.0 (288.0–407.0) 302.0 (258.5–361.0) 365.0 (311.0–445.0) <0.001

Total bilirubin, mean (SD), µmol/L 5.4 (2.9) 5.5 (3.1) 5.4 (2.7) 0.677

Creatine, mean (SD), µmol/L 31.4 (9.1) 31.5 (7.7) 31.3 (9.9) 0.754

Creatine Kinase Isoenzyme, mean (SD), U/L 21.9 (14.3) 20.9 (11.5) 22.5 (15.8) 0.133

Interleukin-10, median (IQR), pg/mL 2.5 (2.5–9.6) 2.5 (2.5–6.8) 5.2 (2.5–10.8) 0.001

Prognosis

Fever duration after admission, median (IQR), days 1.0 (0.0–3.0) 1.0 (0.0–2.0) 2.0 (1.0–3.0) <0.001

Total fever duration, median (IQR), days 8.0 (6.0–10.0) 7.0 (5.0–9.0) 8.0 (7.0–11.0) <0.001

Length of hospital stay, median (IQR), days 7.0 (5.0–8.0) 5.0 (4.0–7.0) 7.0 (6.0–9.0) 0.001

CRP recovery time, median (IQR), days 4.0 (3.0–6.0) 4.0 (3.0–5.0) 5.0 (3.0–6.0) 0.001

Imaging recovery time, median (IQR), days 15.0 (8.0–20.0) 16.0 (10.0–21.0) 13.0 (8.0–19.0) 0.024

Data are presented as mean (SD) or median (IQR) or n (%).

SD, standard deviation; IQR, interquartile range; SOFA, sequential organ failure assessment score; CRP, C-reactive protein.

after admission (OR, 1.9; 95% CI, 1.2–3.1), a total fever longer
than 10 days (OR, 1.6; 95% CI, 1.1–2.3), a hospital stay longer
than 8 days (OR, 2.8; 95% CI, 1.9–4.0), and a CRP recovery
time longer than 6 days (OR, 2.1; 95% CI, 1.1–3.9) (Table 2)
after adjustments. However, there was no significant association
between low-dose corticosteroid treatment and imaging recovery
time after adjustments.

To better investigate the effects of adjunctive low-dose
corticosteroid treatment on recovery of children with MPP,
analyses in severe pneumonia cases, refractory pneumonia cases,
cases with high level inflammatory biomarkers, and cases with
abnormal imaging findings (Table 2) were performed. The trend
of the results was the same as before stratification, except a
significant decreased odds to experience an imaging recovery
time longer than 19 days in patients with high level of LDH
treated by corticosteroids (OR, 0.2; 95% CI, 0.0–0.8).

The effects of timing of low-dose corticosteroid
treatment were also investigated by logistic regression
analyses with stratification by days after the fever onset

(1–5 days, 6–10 days, >10 days) (Table 3). No statistically
significant benificial effect on each endpoint in any of
the subgroups of corticosteroids was observed except a
significantly decreasing imaging recovery time in the subgroup
of corticosteroid treatment debut 6–10 days after the fever onset
(OR, 0.6; 95% CI, 0.3–1.0).

To minimize the selection bias, we matched severity
of pneumonia, LDH, and CRP using propensity scores.
After matching, there were no significant differences
between the baseline of patients with and without low-
dose corticosteroid treatment (Appendix Table 1). The
median duration of fever after admission and length of
hospital stay in the corticosteroid group were 2 and 8 days,
respectively, which were significantly longer than those in
the no-corticosteroid group (1 and 6 days, respectively). The
trend of results was consistent with the results before PS
matching in logistic regression analyses with stratification by
clinical parameters (Appendix Table 2) and medication time
(Appendix Table 3).
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FIGURE 2 | Kaplan–Meier analysis of the effects of low-dose corticosteroid treatment on (A) fever duration after admission, (B) total fever duration, (C) length of

hospital stay, (D) C-reactive protein (CRP) recovery time, and (E) imaging recovery time in the entire patient sample.
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TABLE 2 | Logistic regression analysis for the effects of adjunctive corticosteroid treatment in Mycoplasma pneumoniae pneumonia patients.

Variables Total No-corticosteroid Corticosteroid ORa (95%CI) P-value

Overall n = 885 n = 337 n = 548

Fever duration after admission > 75th (3 days) 144 (24.2) 27 (15.4) 117 (27.9) 1.9 (1.2, 3.1) 0.008

Total fever duration > 75th (10 days) 198 (22.4) 55 (16.3) 143 (26.1) 1.6 (1.1, 2.3) 0.011

Length of hospital stay > 75th (8 days) 220 (24.9) 43 (12.8) 177 (32.3) 2.8 (1.9, 4.0) <0.001

CRP recovery time > 75th (6 days) 91 (24.9) 15 (14.6) 76 (29.0) 2.1 (1.1, 3.9) 0.021

Imaging recovery time > 75th (20 days) 104 (29.1) 39 (36.8) 65 (25.8) 0.6 (0.4, 1.0) 0.063

Patients with severe pneumonia n = 144 n = 28 n = 116

Fever duration after admission > 75th (4 days) 30 (25.6) 3 (15.8) 27 (27.6) 2.2 (0.6, 8.2) 0.253

Total fever duration > 75th (12 days) 30 (20.8) 5 (17.9) 25 (21.6) 1.1 (0.4, 3.3) 0.835

Length of hospital stay > 75th (12 days) 29 (20.1) 3 (10.7) 26 (22.4) 2.2 (0.6, 7.8) 0.242

CRP recovery time > 75th (8 days) 24 (27.3) 2 (15.4) 22 (29.3) 2.1 (0.4, 10.6) 0.357

Imaging recovery time > 75th (19 days) 19 (25.3) 2 (22.2) 17 (25.8) 1.2 (0.2, 6.2) 0.853

Patients with refractory pneumonia n = 254 n = 79 n = 175

Fever duration after admission > 75th (4 days) 57 (27.8) 8 (14.8) 49 (32.5) 2.5 (1.1, 5.8) 0.032

Total fever duration > 75th (13 days) 63 (24.8) 16 (20.3) 47 (26.9) 1.4 (0.7, 2.7) 0.331

Length of hospital stay > 75th (11 days) 50 (19.7) 8 (10.1) 42 (24.0) 2.0 (0.9, 4.8) 0.111

CRP recovery time > 75th (7 days) 32 (22.7) 4 (11.8) 28 (26.2) 2.0 (0.6, 6.7) 0.252

Imaging recovery time > 75th (21 days) 23 (23.7) 6 (24.0) 17 (23.6) 1.2 (0.4, 3.9) 0.741

Patients with CRP > 75th (25 mg/L) n = 217 n = 64 n = 153

Fever duration after admission > 75th (4 days) 29 (15.5) 4 (8.5) 25 (17.9) 1.9 (0.6, 5.9) 0.291

Total fever duration > 75th (11 days) 41 (18.9) 5 (7.8) 36 (23.5) 2.9 (1.1, 8.1) 0.039

Length of hospital stay > 75th (10 days) 44 (20.3) 10 (15.6) 34 (22.2) 1.1 (0.4, 2.5) 0.906

CRP recovery time > 75th (6 days) 56 (33.3) 8 (18.6) 48 (38.4) 2.4 (1.0, 5.6) 0.054

Imaging recovery time > 75th (20 days) 23 (24.7) 6 (27.3) 17 (23.9) 0.7 (0.2, 2.2) 0.513

Patients with LDH > 75th (407 U/L) n = 190 n = 30 n = 160

Fever duration after admission > 75th (4 days) 33 (20.5) 0 (0.0) 33 (23.4) Inf. (0.0, Inf.) 0.990

Total fever duration > 75th (12 days) 47 (24.7) 10 (33.3) 37 (23.1) 0.5 (0.2, 1.2) 0.116

Length of hospital stay > 75th (10 days) 43 (22.6) 4 (13.3) 39 (24.4) 1.2 (0.4, 4.0) 0.728

CRP recovery time > 75th (7 days) 27 (23.7) 1 (9.1) 26 (25.2) 2.2 (0.2, 19.2) 0.494

Imaging recovery time > 75th (19 days) 20 (27.0) 5 (55.6) 15 (23.1) 0.2 (0.0, 0.8) 0.022

Patients with IL-10 > 75th (9.6 pg/ml) n = 156 n = 42 n = 114

Fever duration after admission > 75th (4 days) 22 (17.2) 2 (6.7) 20 (20.4) 3.3 (0.7, 15.8) 0.136

Total fever duration > 75th (12 days) 34 (21.8) 7 (16.7) 27 (23.7) 1.4 (0.5, 3.7) 0.497

Length of hospital stay > 75th (9 days) 34 (21.8) 3 (7.1) 31 (27.2) 2.3 (0.6, 8.7) 0.227

CRP recovery time > 75th (7 days) 18 (26.1) 2 (13.3) 16 (29.6) 2.1 (0.4, 12.0) 0.407

Imaging recovery time > 75th (21 days) 14 (24.1) 6 (40.0) 8 (18.6) 0.2 (0.0, 1.2) 0.074

Patients with pleural effusion n = 145 n = 28 n = 117

Fever duration after admission > 75th (4 days) 26 (21.8) 2 (10.0) 24 (24.2) 3.3 (0.7, 15.7) 0.135

Total fever duration > 75th (12 days) 29 (20.0) 5 (17.9) 24 (20.5) 1.1 (0.4, 3.3) 0.861

Length of hospital stay > 75th (12 days) 28 (19.3) 4 (14.3) 24 (20.5) 1.4 (0.4, 4.6) 0.561

CRP recovery time > 75th (8 days) 23 (27.4) 2 (15.4) 21 (29.6) 2.0 (0.4, 10.1) 0.414

Imaging recovery time > 75th (19 days) 18 (24.0) 1 (12.5) 17 (25.4) 2.5 (0.3, 22.6) 0.407

Patients with multilobar consolidations n = 213 n = 65 n = 148

Fever duration after admission > 75th (3 days) 52 (33.3) 6 (17.1) 46 (38.0) 2.8 (1.1, 7.6) 0.037

Total fever duration > 75th (11 days) 51 (23.9) 9 (13.8) 42 (28.4) 2.1 (0.9, 4.7) 0.081

Length of hospital stay > 75th (9 days) 49 (23.0) 7 (10.8) 42 (28.4) 2.8 (1.1, 6.9) 0.029

CRP recovery time > 75th (7 days) 28 (23.7) 4 (16.0) 24 (25.8) 1.3 (0.4, 4.6) 0.645

Imaging recovery time > 75th (21 days) 22 (24.2) 9 (32.1) 13 (20.6) 0.5 (0.2, 1.5) 0.251

Data are presented as no. (%), OR, and 95% CI.

OR, odds ratio; CI, confidence interval; CRP, C-reactive protein; LDH, lactic dehydrogenase; IL-10, interleukin-10.
aAdjusted for age, sex, and severe pneumonia.
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TABLE 3 | Logistic regression analysis for the effects of adjunctive corticosteroid treatment stratified by medication time in Mycoplasma pneumoniae pneumonia patients.

Variables No-corticosteroid Corticosteroid (1–5 days) Corticosteroid (6–10 days) Corticosteroid (>10 days)

(n = 337) (n = 117) (n = 319) (n = 83)

n (%) n (%) ORa (95%CI) P-value n (%) OR (95%CI) P-value n (%) OR (95%CI) P-value

Fever duration after admission > 75th (3 days) 27 (15.4) 19 (23.8) 1.5 (0.8, 3.0) 0.220 73 (27.0) 1.9 (1.2, 3.2) 0.011 22 (35.5) 2.5 (1.2, 4.9) 0.010

Total fever duration > 75th (10 days) 55 (16.3) 14 (12.0) 0.6 (0.3, 1.2) 0.129 63 (19.7) 1.1 (0.7, 1.7) 0.661 62 (74.7) 13.7 (7.7, 24.5) <0.001

Length of hospital stay > 75th (8 days) 43 (12.8) 26 (22.2) 1.7 (1.0, 3.0) 0.063 115 (36.1) 3.4 (2.2, 5.1) <0.001 32 (38.6) 3.5 (2.0, 6.2) <0.001

CRP recovery time > 75th (6 days) 15 (14.6) 10 (21.7) 1.5 (0.6, 3.6) 0.420 48 (30.2) 2.2 (1.2, 4.3) 0.016 15 (32.6) 2.4 (1.0, 5.6) 0.040

Imaging recovery time > 75th (20 days) 39 (36.8) 14 (32.6) 0.9 (0.4, 1.8) 0.683 37 (23.6) 0.6 (0.3, 1.0) 0.036 11 (27.5) 0.7 (0.3, 1.5) 0.337

Data are presented as no. (%), OR, and 95% CI.

OR, odds ratio; CI, Confidence interval; CRP, C-reactive protein.
aAdjusted for age, sex, and severe pneumonia.

DISCUSSION

Although often prescribed clinically, the effects of low-dose
corticosteroid treatment in disease recovery in children with
MPP remains inconsistent. Different from previous studies, we
found that low-dose corticosteroid treatment was associated
with significantly increased fever duration, hospital stay, and
CRP recovery time. Despite possible shortening of the imaging
recovery time, all patients recovered completely albeit recovery
required moderately longer in the no-corticosteroid group.
Therefore, low-dose corticosteroid treatment may not benefit
children with MPP. Our conclusion is consistent with Japanese
studies in MPP. A retrospective study found that adjunctive
corticosteroid treatment was associated with increases in length
of stay, hyperglycemia requiring insulin treatment, and drug
costs in adults with MPP (27). A study of children inpatients
with MPP found that corticosteroids associated with longer
hospital stay, higher total hospitalization costs, and higher risk
of 30-day readmission (10). Neither study proved the benefits
of corticosteroids in MPP and reached the same conclusion as
our study that low-dose corticosteroids may increase the length
of hospital stay. Longer hospital stay often leads to more drug
administrations, which also increases the cost of hospitalization;
therefore, we did not evaluate hospitalization costs. There were
no adverse effects in both groups, which might be related with
the low-dose administration of corticosteroids.

In fact, limited data with good evidence are available for
corticosteroid use in the treatment of pediatric MPP. A recent
meta-analysis found that the early treatment of corticosteroids
may be beneficial; however, in these studies with a generally
small sample size of <100 patients each, significant statistical
heterogeneity in many outcomes including length of stay,
pulmonary rales improvement time, cough disappearance time,
temperature recovery time, and pulmonary shadow absorption
time, with the I2 higher than 90% (8). Besides, these studies
only included cases with severe pneumonia, and the indications,
timing of corticosteroid administration, and age of patients
all varied greatly. With a larger sample size, we applied the
same strategy to every patient with MPP, and further, we
performed stratification by clinical parameters and propensity
score matching to minimize confounders. In the clinical

setting, most pediatricians accept that corticosteroids may be
effective for severe or refractory MPP, which has also been
mentioned in the guidelines. However, no benefits of low-dose
corticosteroid treatment were found in the severe pneumonia
subgroup or refractory pneumonia subgroup after stratifications.
Therefore, we suggest clinicians to be more prudent for low-
dose corticosteroid treatment in severe or refractory MPP.
Whether high-dose corticosteroid treatment could benefit
children inpatients with MPP needed further evaluations.

The clinical value of adjuvant corticosteroid treatment in
CAP has also been controversial for a long time. Previous
RCTs aimed to assess the effects of corticosteroids in patients
with CAP who were not in intensive care units (ICUs) and
drew different conclusions. Some concluded that corticosteroids
did not improve outcomes (28), while others concluded that
corticosteroids reduced length of hospital stay (29, 30). Effects
of corticosteroids in severe CAP are of greater concern.
Methylprednisolone has been reported to reduce fever duration
in children with severe CAP (31). A recent meta-analysis
including 10 RCTs comprising 665 patients with severe CAP
concluded that adjunctive corticosteroids yielded favorable
outcomes as evidenced by decreased all-cause mortality,
incidence of septic shock, and requirement for mechanical
ventilation without increasing risk of adverse events (32). These
outcomes for severe CAP focusing on ICU assessment were
different from ours. We found that children inpatients with
MPP rarely had actual organ damage or needed mechanical
ventilation or ICU transport even meeting the criteria of severe
pneumonia in our study. Furthermore, there were no fatal cases
in either group of our study. Therefore, we found no benefits
of low-dose corticosteroid use for these inpatients based on
severe outcomes. It is possible that MPP is a self-limiting disease
regardless of severity.

In addition to disease severity, researchers have also focused
on inflammatory responses. Corticosteroid therapy in patients
with severe CAP and high inflammatory responses was associated
with less treatment failure, lower inflammatory responses (33),
shortened time to clinical stability (defined as improvement
in chest X-ray and normalization of temperature, respiratory
rate, and inflammatory markers), and especially less radiological
progression (34). A high inflammatory response is thought to
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be the basis for effective corticosteroid therapy in severe CAP
patients (35). Two large RCTs investigating septic shock showed
that low-dose corticosteroids had a limited role in patients with
sepsis and CAP who were not in septic shock (36). The results
suggested that the degree and severity of high inflammatory
response might affect the treatment effects of corticosteroids.
In our study, a majority of patients were not in septic shock.
We stratified patients by CRP, LDH, and IL-10 as inflammatory
biomarkers to evaluate whether the inflammatory response
influences the effects of corticosteroids in children with MPP.
We found that low-dose corticosteroids did not improve the
outcomes except a significant shortened imaging recovery
time in patients with high level of LDH. However, all patients
with abnormal imaging recovered completely. The effects of
immunomodulators (such as corticosteroids) on immune cells
is dose dependent. We speculate that high-dose corticosteroids
might help more than early imaging recovery from
the disease.

We also analyzed the relationship between imaging
performance and benefits of low-dose corticosteroid treatment.
Dexamethasone was reported as a safe and effective adjunctive
therapy in CAP patients with parapneumonic pleural effusion
(37). We stratified patients by different imaging manifestations
including pleural effusion and found no benefit of low-dose
corticosteroid treatment for MPP recovery. A study using
an experimental mouse model of MP respiratory infection
concluded that adjuvant corticosteroid use decreased levels of
histological signs of lung inflammation (38). It may explain our
findings that corticosteroids associated with improvement on
imaging recovery. In clinical practice, we discharge patients
usually after the acute phase of disease without waiting for
the recovery of imaging abnormalities. Therefore, imaging
abnormalities generally do not change the treatment process.
Thus, the improvement on imaging recovery is less meaningful
compared with increased fever duration and hospital stay.
Therefore, it may not be necessary to use low-dose corticosteroids
to achieve imaging remission in children with MPP.

We also analyzed the relationship between administration
time of low-dose corticosteroid treatment and its possible benefit.
Previous studies concluded that early corticosteroid therapy
favored a better outcome in MPP (3, 9, 39); therefore, the timing
of administration should be considered for corticosteroid use.
Due to the limitation of retrospective study, we can only group
the patients according to the days after fever onset. However,
we did not find significant difference between the low-dose
corticosteroid groups with different timing of administration.
Whether the use of corticosteroids in early stage of MP infection
could improve the outcomes needs further evaluation.

Based on our data, low-dose corticosteroid treatment
may not be beneficial in some clinical parameters, such as
severity of illness, high inflammatory factors, and abnormal
imaging manifestations, in the treatment of MPP in children.
Why previous RCTs and cohort studies evaluating the use of
corticosteroids in CAP drew different conclusions might be
related to the pathogenic complexity of CAP. The underlying
mechanism that could explain our findings is unclear. We
hypothesize that it might be the interaction between MP

pathology and corticosteroid immunomodulatory activity.
Pathogenesis of MP is complicated and involves several different
pathways: cytoadherence to respiratory tract epithelium,
intracellular localization, direct cytotoxicity, activation of
the inflammatory cascade through toll-like receptors leading
to inflammatory cytokine-mediated tissue injury, community-
acquired respiratory distress syndrome toxin, and inflammasome
activation (40). Corticosteroids may suppress inflammation by
inhibiting activated inflammatory gene transcription and post-
transcriptional effects (6) and may also present some side effects,
such as broad immunosuppression and activation of latent
viruses (41). Corticosteroids can improve vascular permeability,
reduce immune-active cells around inflammatory lesions, and
reduce vasodilation. As a consequence, corticosteroids not only
may improve pulmonary imaging but also may accelerate the
dissemination of MP, which is usually located in the airway,
causing an increase in fever duration. In Chlamydia pneumoniae
pneumonia, it has been well-documented that corticosteroid
use drove C. pneumoniae out of a persistent state into active
replication and resulted in exacerbation of the inflammatory
process (42).

In our study, several limitations should be considered. First,
the characteristics of “retrospective” made our study have some
inevitable bias. One of the most important bias was patient
selection bias. The proportion of severe or refractory pneumonia
was significantly higher in the corticosteroid group, since mild
pneumonia was usually treated in the community. We generated
a propensity score-matching sample to minimize the selection
bias and balance the baseline of population. After propensity
score matching, there were no significant differences between
the baseline of patients with and without low-dose corticosteroid
treatment. The results of the analysis are consistent with those
before matching. A part of the children were not tested for IL-
10, which resulted in missing data. We use propensity score
matching to minimize the impact of missing data, instead of data
imputation. For the diagnostics ofMP infection, we tested serum-
specific IgM antibody and MP DNA of pharyngeal swab samples
by PCR because of the difficulty to draw blood several times for
children patients in clinical practice.

Second, all patients were treated by low-dose corticosteroids.
Although MPP is a self-limiting disease, the severity of lung
injury in MP infection may be associated with the extent of
host immune reaction against the amount of etiological or
inflammation-inducing substances in the acute stage, and the
effect of immune modulators on immune cells is also dose
dependent (43). Thus, we could presume that patients with
severe MP pneumonia have more severe immune disturbance
and respond to the higher-dose immune modulators because
of the same immune pathogenesis of mild and severe MP
pneumonia (8). Furthermore, a recent study showed that
antibiotics may have a limited effect on MP infection, and
early and adjustment of corticosteroid dose according to severity
of the disease was more effective for reducing morbidity,
preventing disease progression, and reducing adverse reaction
of corticosteroids (3). Thus, low-dose corticosteroids might
have a limitation to evaluate the effects, and further studies
are needed.
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Third, we did not determine the macrolide resistance for all
of the patients, as it is not a determinant of clinical severity
in MRMP pneumonia (44). However, patients infected with
MRMP had a longer febrile period, length of hospital stay,
antibiotic drug courses, and defervescence time after macrolide
treatment compared with patients infected with macrolide-
sensitive Mycoplasma pneumoniae (MSMP) (45). In the MRMP
era, problems to use antibiotics for patients with MPP in children
become more obvious, and corticosteroids might be critical
for reducing morbidity on MP infection. Therefore, our results
might be affected to some extent by MP resistance.

In conclusion, although we found that low-dose corticosteroid
treatment may not be beneficial in some clinical parameters
in children inpatients with MPP, further studies on proper
treatment modality are needed in the MRMP era.
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