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Abstract

Background: Mycoplasma pneumoniae is one of the most common pathogens causing community acquired
pneumonia in children. Although the rate of macrolide-refractory Mycoplasma pneumoniae (MRMP) has increased,
systemic glucocorticoids as a treatment option has not been validated yet. The purpose of this study was to assess the
efficacy of glucocorticoids add-on in the treatment of MRMP in children through systematic review and meta-analysis.

Methods: Data sources

A systematic literature search was conducted using ten electronic bibliographic databases including English, Korean,
Chinese and Japanese languages, up to March 8, 2018.

Study selection

The study was conducted according to Preferred Reporting ltems for Systematic Reviews and Meta-Analyses checklist
and selected randomized control trials which compared the efficacy of glucocorticoids add-on to macrolide in the
treatment of MRMP in children.

Data extraction

Two independent reviewers extracted: primary outcomes as hospital days, fever duration, and change in C-reactive
protein (CRP) and main analysis was performed through meta-analysis with random effects model.
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assessments across studies.

Results: Twenty-four unique randomized controlled trials met the inclusion criteria. The mean length of hospital stay in
glucocorticoids treatment group was significantly shorter than that in conventional macrolide-treatment group
(Weighted mean difference (WMD) = —4.03 days). The mean length of fever duration was significantly shorter in the
glucocorticoid treatment group in comparison with the conventional treatment group (WMD =-3.32 days). Level of
CRP after treatment was significantly lower in the glucocorticoid treatment group than that in the conventional
treatment group (WMD =-16.03). Sensitivity analysis and subgroup analysis showed no significant improvement in
heterogeneity. As limitations of the study, most of the studies included were from a single country and we were
unable to control for heterogeneity across interventions, lack of standardized measures, and different time points of

Conclusions: Glucocorticoid add-on treatment for MRMP can significantly shorten the duration of fever and hospital
stay and decrease the level of CRP. These results should be confirmed by adequately powered studies in the future.

Keywords: Pneumonia, Mycoplasma, Macrolides, Glucocorticoids

Background

Mycoplasma pneumoniae (M. pneumoniae) is one of the
major pathogens causing community acquired pneumonia
and bronchitis in children. Treatment of M. pneumoniae-
related respiratory infection is based on symptomatic
treatment with antibiotics. Macrolides have been used as
first line treatment. However, macrolide-refractory M.
pneumoniae (MRMP) strains are increasing abruptly, par-
ticularly in East Asian countries including Korea, Japan,
and China [1-3].

Most patients with MRMP do not show improve-
ment of fever when they are treated with macrolides.
Some may develop refractory or severe clinical course
that requires additional treatment. Treatment for
MRMP includes tetracyclines, fluoroquinolones, and
systemic glucocorticoids [4].

Secondary antibiotics such as tetracyclines and fluoro-
quinolones are considered as effective alternatives in the
treatment of MRMP. However, they are of limited use due
to safety-concerns of teeth discoloration and musculoskel-
etal toxicity, particularly in children. Glucocorticoids can
be also considered as alternative treatment options due to
two reason. First, the pathogenesis of M. pneumoniae
infection is associated with amplified host immune re-
sponse and virulence of M. pneumoniae [5]. Second, ad-
verse effects of glucocorticoids have been well established.
Further risk is not likely to be added in the treatment of
MRMP. However, previous studies on the effect of gluco-
corticoids have shown conflicting results [6—8].

The objective of this study was to assess the efficacy of
glucocorticoids for treatment of MRMP in children
through systematic review and meta-analysis.

Methods

Systematic Review and Meta-Analysis Protocols (PRISMA-P)
2015 were used for this systematic review and meta-
analysis [9]. The Population-Intervention-Comparison-
Outcome (PICO) question used for our search strategy

was: “Does use of glucocorticoids help improve the out-
come of MRMP in children?”

Search strategy

We performed a systematic search utilizing a protocol
designed by two independent medical librarians (D.W.S.
and M.L) specifically for this study with 10 electronic
databases: PubMed, EMBASE, Cochrane Library, and
Core journal (Korean, Japanese, and Chinese Journal)
Full-text Database. The search encompassed articles pub-
lished from January, 1990 to March 8, 2018. We used
search terms listed in Additional file 1 to search PubMed,
Cochrane, EMBASE, and database of core countries. We
imposed no language or publication restrictions.

The first screening was executed by two independent
reviewers (H.S.K. and L.S.S.) who evaluated the titles and
abstracts obtained from the search. Records were man-
aged using Endnote (version X8; Clarivate Analytics,
Philadelphia, PA, USA). From this initial screening, arti-
cles that did not focus on glucocorticoid use in MRMP
and review articles were immediately excluded. After ini-
tial exclusion process, full texts of the remaining articles
were reviewed independently by two authors (H.S.K. and
LS.S.) to determine whether any articles met the prede-
termined eligibility criteria described in the next section.
Disagreements between the two reviewers regarding the
inclusion or exclusion of particular studies were settled
by consultation with a third reviewer (Y.J.L.).

Eligibility

The following inclusion criteria were applied: (1) ran-
domized control trial (RCT) which compare the efficacy
of glucocorticoids add-on to macrolide alone in children
with MRMP, (2) MRMP which was diagnosed with ser-
ology or polymerase chain reaction, and that refractories
were defined clinically, (3) only included children <18
years of age, and (4) outcome measures with hospital
days, fever duration, and level of C-reactive protein
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(CRP) change. Review articles, published abstracts with-
out full-text publications, and case-study reports with 10
participants or less were excluded. Our search strategy
included non-English articles in our initial search results.
Non-English articles were then translated and included
for evaluation.

Study selection

Two reviewers (H.S.K. and IS.S.) independently
screened titles and abstracts of the studies identified in
our systematic search. Studies focusing on MRMP were
included after review of abstracts. Full texts from in-
cluded studies were reviewed to evaluate for eligibility.
Reference lists of selected studies and previous reviews
were also examined to determine any relevant publica-
tions overlooked by the electronic search. Disagree-
ments between the two reviewers in the selection of
particular studies were settled after discussion with a
third reviewer (Y.J.L.).

Risk of bias assessment

Cochrane Collaboration Risk of Bias Tool was used by
the two reviewers (H.S.K. and L.S.S.) who independently
evaluated the risk of bias in included studies [10]. Risk
of bias was determined as hi, low or unclear by evaluat-
ing random sequence generation, blinding of partici-
pants and personnel, incomplete outcome data, and
selective reporting. Disagreements between the two
reviewers regarding the risk of bias assessment of par-
ticular studies were settled after discussion with a third
reviewer (Y.J.L.).
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Data extraction

Two reviewers (H.S.K. and LS.S.) used a structured form
to extract data from each eligible study. Data extracted
from each study could be characterized as characteristics
of the sample, intervention details, and measurement of
outcomes. Disagreements between the two reviewers re-
garding the data extraction of particular studies were
settled by consultation with a third reviewer (Y.J.L.). Pri-
mary outcomes of the current study were hospital days,
fever duration, and change in CRP.

Statistical analysis

The estimated mean effect of glucocorticoid add-on
treatment on hospital days, fever duration, and change
in C-reactive protein (CRP) and the associated 95% con-
fidence intervals (CIs) were extracted or calculated for
the 24 studies included in the meta-analysis with Review
Manager 5.3 (The Cochrane Collaboration, London,
United Kingdom). Random-effects model was used for
studies included in the analysis.

Heterogeneity was calculated using I” statistic. The I*
statistic threshold should always be interpreted with
care. A rough estimate of 25% denotes low heterogeneity
while 50% denotes moderate heterogeneity, and 75%
denotes high heterogeneity [11]. We conducted sensitiv-
ity analyses when heterogeneity was noted. This was
performed by removing a study from the analysis to de-
termine changes in I* values and assess which studies
play a significant role resulting in heterogeneity [11]. To
assess the risk of publication bias, we used funnel plots for
visual inspection, and Egger test and trim-and-fill method
were performed for statistical identifying. All statistical

5 Records identified through database searching (n=1912)

2 Cochrane (8) Korean (30)

&2 Embase (1372) Japanese (4)

b= PubMed (296) Chinese (202)

3

| Records after removal of duplicates (n=1829) |

— Records excluded based on title
g‘ only (n=1698)

S | Records screened (n=131) |

o Records excluded based on abstract
A review (n=75)
— 1) Irrelevant subjects (n=45)

2) Not proper intervention (n=13)

- 3) Irrelevant outcomes (n=5)

2 4) Case report/review (n=12)

5 Full-text articles assessed for eligibility (n=56) |

o Records excluded after full text review (n=32)
| 1) No proper subjects (n=21)
o 2) Inadequate study protocol(dependent,
- independent variables) (n=7)

—8 . - 3) Review (n=1)

_3 | Included in meta-analysis (n=24) 4) No relevant outcome (n=3)

C

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart
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analyses were performed using R (version 3-3-3) and
Review Manager 5.3.

Results

Systematic literature search results

A total of 1829 citations were identified initially. Of
these, 1773 studies were discarded after reviewing titles
and abstracts, leaving 56 articles for full text review
(Fig. 1). A total of 32 studies were excluded after full text
review due to no proper subject, inadequate study proto-
col, review article, or no relevant outcome. A total of
24 studies were included in our systematic review and
meta-analysis [12-35]. All studies were RCTs. (Add-
itional file 1 for search strategies for database, Add-
itional file 2 for PRISMA checklist).

Sample characteristics

Participants of studies enrolled in our meta-analysis was
a total of 2365 patients. All these studies examined fever
duration. Fifteen studies examined hospital days while
14 studies examined CRP level after treatment (Table 1).

Fever duration

The mean length of total duration of fever was signifi-
cantly shorter in the glucocorticoid add-on group than
that in the conventional treatment group (weighted mean
difference, WMD = - 3.32, 95%CI: — 4.16 — -2.48, Z=7.72,
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P <0.00001). However, there was a high between-study
heterogeneity of this effect (I* = 98%; Fig. 2).

Hospital days

The mean length of hospital stays in the glucocorticoid
add-on treatment group was significantly shorter than
that in the conventional treatment group (WMD =-
4.03, 95% CI: - 4.89 - -3.18, Z=9.26, P < 0.00001). How-
ever, there was a high between-study heterogeneity of
this effect (I = 90%; Fig. 3).

Reduction of CRP level after treatment

The level of CRP after treatment was significantly lower
in the glucocorticoid add-on treatment group than that
in the conventional treatment group (WMD = - 16.03,
95%CI: —22.56 — -9.50, Z = 4.81, P <0.00001). However,
there was a high between-study heterogeneity of this ef-
fect (I* = 100%; Fig. 4).

Sensitivity analyses was performed because of high
level of heterogeneity. We removed a study from the
analysis to determine which studies contributed most
significantly to the heterogeneity by determining the
changes in I* values. We found that I* values of fever
duration, hospital days, and CRP level did not change.

Subgroup analysis
Use of glucocorticoids included the use of any type of glu-
cocorticoids (e.g., methylprednisolone, dexamethasone, and

Steroid Control

Study or Subgrou; Mean SD_Total Mean SD_Total Weight

Mean Difference
IV. Random. 95% CI

Mean Difference Ri:

FAN Xuwei 2015 6.89 373 44 1145 27 43 3.6%
FENG Xiaogiang 2016A 985 1.41 30 1226 1.4 30 3.9%
FENG Xiaogiang 2016B 8.53 097 30 1226 14 30 3.9%
JI Chaoyu 2017 6.2 21 45 109 19 45 3.9%
LILing 2015 6.4 28 53 91 24 51 3.8%
LI Ming 2015 8 1.7 50 121 3.2 50 3.8%
LIN Jiangin 2015 5 1.2 42 71 1.4 41 4.0%
LIN Yan 2015 23 09 45 3.8 1 45 4.0%
LIU Chunyan 2017 08 02 52 35 11 52 4.0%
LIU Qing 2016 289 1.62 74 4 25 62 3.9%
LU Xiaoyun.2017 508 1.24 53 738 18 53 4.0%
QIU Haiyan.2017 411 1.04 50 552 1.2 50 4.0%
REN Mingxing 2015 74 19 33 115 24 34 3.8%
Shan 2017 086 085 52 1755 3.16 50

SHAO Xiaoli 2011 963 1.95 38 115 35 38 3.7%
TAO Xuyun 2015 525 1.14 75 708 1.7 75 4.0%
WANG Hao 2016 8.86 2.35 40 1263 35 40 3.7%
WEN Jianjun 2016 71 21 65 107 24 65 3.9%
¥Wu Yourong 2017 72 1.8 34 114 23 34 3.8%
XU Jiali 2017 45 23 60 58 3 60 3.8%
YANG Lijun 2015 8.89 1.88 20 1159 33 20 3.5%
YU Jieming 2017 3.7 1.7 35 58 19 35 3.9%
ZHANG Xiang 2015 9 2 32 1 3 32 3.7%
ZHAO Shuqing 2017 83 31 23 132 28 29 3.6%
ZHAO Yanfei 2014 216 0.74 40 454 1 40 4.0%
ZHENG Xuan.2016 48 11 70 68 1.1 70 4.0%
Total (95% CI) 1191 1174 100.0%

Heterogeneity: Tau®= 4.60; Chi*= 1132.27, df= 25 (P < 0.00001); F= 98%
Test for overall effect: Z=7.72 (P < 0.00001)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
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-2.41 [-3.12,-1.70]
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-410[-5.13,-3.07)
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-4.90 [-6.42,-2.39)
-2.38[-2.77,-1.99)
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Fig. 2 Comparison of fever duration between glucocorticoid therapy and macrolide therapy
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Risk of bias legend

(G) Other bias

Test for overall effect: Z= 9.26 (P < 0.00001)

(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)

Steroid Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random,95% CI IV, Random, 95% ClI A B
FAN Xuwei 2015 871 1.8 44 1287 17 43 68% -4.16(-4.90,-3.42) S DD
FENG Xiaogiang 2016A 164 222 30 1783 198 30 64% -1.43(-2.49,-0.37) = DD
FENG Xiaogiang 20168 14.22 153 30 17.83 198 30 6.6% -3.61[4.51,-271] = L/
LI Ling 2015 113 22 53 172 38 51 62% -590(-7.10,-4.70] = ?27?
LI Ming 2015 87 16 50 135 33 50 65% -4.80[-582-3.78) i ®?
LIN Yan 2015 108 29 45 137 33 45 61% -290[-4.18,-1.62) - ®®
REN Mingxing 2015 97 22 33 126 21 34 65% -2.90(-3.93,-1.87) == @2
SHAO Xiaoli 2011 905 23 38 1068 26 38 64% -1.63[273,-053) = ee
TAO Xuyun 2015 642 18 75 1273 26 75 68% -6.31[7.03,-559) Ea @
WANG Hao 2016 1413 34 40 1678 35 40 58% -2.65(-4.16,-1.14] e ?2?
WEN Jianjun 2016 172 29 65 216 23 65 66% -4.40[-530,-3.50] i D@
Wu Yourong 2017 95 21 34 127 2 34 65% -3.20[-4.17,-2.23) o @~
XU Jiali 2017 178 52 60 236 61 60 51% -5.80[-7.83,-3.77) e DD
YANG Lijun 2015 856 1.3 20 1223 25 20 62% -3.67[4.90,-2.44] = ?2?
ZHANG Xiang 2015 14 3 32 17 4 32 55% -3.00(4.73,-1.27) T ?2?
ZHAO Yanfei 2014 867 18 40 1703 39 40 61% -8.36[9.69,-7.03 T ee
Total (95% CI) 689 687 100.0% -4.03[-4.89,-3.18] L 4

Heterogeneity: Tau®= 2.66; Chi*= 151.49, df= 15 (P < 0.00001); F= 80% o * 5 : s

Favours [experimental] Favours [control]

Fig. 3 Comparison of hospital days between glucocorticoid therapy and macrolide therapy
.

prednisolone). The use of different types of glucocorticoids
was different across studies. This might have contributed to
the heterogeneity in the overall use of glucocorticoids.
Thus, we stratified the meta-analysis by subgroup analyses.
In subgroup meta-analysis for use of methylprednisolone
compared with the use of other glucocorticoids for the

length of hospital stay, the use of other steroids did not
show any significant subgroup differences (Figs. 5, 6 and 7).

Publication bias
All funnel plots were symmetric, indicating an absence
of significant publication bias within these studies except

Steroid Control Mean Difference Mean Difference Risk of Bias

Study or Subgrou| Mean _ SD Total Mean _ SD Total Weight IV, Random, 95% CI IV, Random, 95% CI AB G
FAN Xuwei 2015 1345 488 44 2815 1285 43  71% -14.70[-18.80,-10.60] = 2@ ®
LILing 2015 151 42 53 429 72 51 7.2% -27.80[-30.08,-25.52) - ®@ ®
LI Ming 2015 153 29 50 538 71 50 7.2% -38.50[-40.63,-36.37) ®~? @
LIN Yan 2015 M2 22 45 B1 13 45 72% 5.10[4.35, 5.85) 2 [ 1 ®
LIV Qing 2016 878 285 74 1532 365 62 72% -6.54 [-7.66,-5.42) r DD ®
LU Xiaoyun.2017 748 158 53 1324 287 53 72% -5.76 [-6.64,-4.88) e @ *
QIU Haiyan.2017 823 109 50 1392 10 50 7.2% -5.69 [-8.48,-2.90) =i ?@ @
REN Mingxing 2015 132 569 33 296 106 34 71% -16.40[-20.49,-12.31) e @ @
Shan 2017 2002 666 52 5167 187 50 6.9% -31.65[-37.14,-26.16) =% @ ®
TAO Xuyun 2015 17.34 1009 75 4465 1877 75 7.0% -27.31[3213,-22.49] e P@ *
WANG Hao 2016 4896 521 40 7585 564 40 7.2% -26.89[-29.27,-24.51) = 0@ *
XU Jiali 2017 189 87 60 364 102 60 71% -17.50[-20.89,-14.11) e 72 (]
YU Jieming 2017 16 51 35 158 57 35 72% -4.20(-6.73,-1.67) - ®@ @
ZHAO Shuging 2017 95 22 29 173 31 29 72% -7.80(-9.18,-6.42) = ?? ®
Total (95% ClI) 693 677 100.0% -16.03 [-22.56, -9.50] >
Heterogeneity: Tau®= 152.92; Chi*= 2649.97, df=13 (P < 0.00001); F= 100% T 3 % P
Test for overall effect: Z= 4.81 (P < 0.00001) Favours [experimental] Favours [control]
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

Fig. 4 Comparison of C-reactive protein level after treatment between glucocorticoid therapy and macrolide therapy
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Steroid Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
1.2.1 IV methylprednisolone
FAN Xuwei 2015 871 18 44 1287 1.7 43 74% -416[-4.90,-3.42) s
FENG Xiaogiang 2016A 16.4 222 30 1783 198 30 69% -1.43[-249,-0.37) S
FENG Xiaogiang 20168 14.22 1.53 30 1783 198 30 71% -3.61[4.51,-2.71] -2
LI Ling 2015 113 22 53 172 38 51 66% -590[7.10,-4.70] =
REN Mingxing 2015 97 22 33 126 21 34 69% -2.90[-3.93,-1.87) %
SHAO Xiaoli 2011 905 23 38 1068 26 38 6.8% -1.63[2.73,-053] e
TAO Xuyun 2015 642 18 75 1273 26 75  74% -6.31[7.03,-559) .
WANG Hao 2016 1413 34 40 1678 35 40 61% -265[-4.16,-1.14) —
WEN Jianjun 2016 172 29 65 216 23 65 71% -440[5.30,-3.50 —
Wu Yourong 2017 95 21 34 127 2 34 70% -320[-417,-2.23] =
XU Jiali 2017 178 5.2 60 236 6.1 60 51% -5.80[-7.83,-3.77) — =,
YANG Lijun 2015 856 1.3 20 1223 25 20 6.6% -3.67[4.90,-2.44) ST
ZHANG Xiang 2015 14 3 32 17 4 32 57% -3.00[-4.73,-1.27) e
Subtotal (95% ClI) 554 552 86.6% -3.74[-4.61,-2.87] <
Heterogeneity: Tau®= 2.20; Chi*=105.91, df= 12 (P < 0.00001); F= 89%
Test for overall effect: Z=8.42 (P < 0.00001)
1.2.2 Other steroids
LI Ming 2015 87 16 50 135 33 50 69% -480[582-3.78] T
LIN Yan 2015 108 29 45 137 33 45 6.5% -2.980[-4.18,-1.62] T
Subtotal (95% ClI) 95 95 13.4% -3.89[-5.75,-2.03] N
Heterogeneity: Tau*=1.46; Chi*=5.17, df=1 (P=0.02), F=81%
Test for overall effect: Z= 4.10 (P < 0.0001)
Total (95% CI) 649 647 100.0% -3.76 [-4.53,-2.98] <
Heterogeneity: Tau®= 1.98; Chi*= 111.16, df= 14 (P < 0.00001); F= 87% ' : 5 : Py

Test for overall effect: Z= 9.50 (P < 0.00001)
Test for subaroun differences: Chi*=0.02. df=1 (P=0.88). F=0%

Fig. 5 Forest plot for hospital days in subgroup analysis with use of methylprednisolone and other steroids

Favours [experimental] Favours [control]

Test for overall effect: Z= 7.26 (P < 0.00001) =20
Testfor subaroun differences: Chi*= 0.22. df= 1 (P = 0.64). = 0%

Fig. 6 Forest plot for fever duration in subgroup analysis with use of methylprednisolone and other steroids

Steroid Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random, 95% CI IV. Random. 95% CI
1.1.1 IV methylprednisolone
FAN Xuwei 2015 6.89 3.73 44 1145 27 43 3.8% -4.56 [-5.93,-3.19] g
FENG Xiaogiang 2016A 985 1.41 30 1226 1.4 30 41% -2.41[-3.12,-1.70] oz
FENG Xiaogiang 20168 853 097 30 1226 1.4 30 41% -3.73[4.34,-3.12] =
Jl Chaoyu 2017 6.2 21 45 109 19 45 4.0% -4.70[-5.53,-3.87] p_c?
Ll Ling 2015 64 28 53 9.1 2.4 51 4.0% -2.70 [-3.70,-1.70] e
LIN Jiangin 2015 5 1.2 42 71 1.4 41 41% -210[-2.66,-1.54] £
LIU Chunyan 2017 08 02 52 35 1.3 52 4.2% -2.70[-3.00,-2.40) =
LIU Qing 2016 289 1.62 74 4 25 62 4.1% -1.11 [1.83,-0.39] B
LU Xiaoyun.2017 508 1.24 53 738 18 53 4.1% -2.30[-2.89,-1.71) o
QIU Haiyan.2017 411 1.04 60 6582 1.2 50 4.1% -1.41 [-1.85,-0.97] <
REN Mingxing 2015 74 19 33 115 24 34 4.0% -410[5.13,-3.07] o
Shan 2017 086 085 52 1755 3.186 50 4.0% -16.69[-17.60,-15.78) I
SHAO Xiaoli 2011 963 195 38 115 35 38 3.9% -1.87 [-3.14,-0.60] Yoo
TAO Xuyun 2015 525 1.14 75 708 1.7 75 4.1% -1.83[2.29,-1.37] B
YWANG Hao 2016 8.86 235 40 1263 35 40 3.8% -3.77 [-5.08,-2.46) I
WYWEN Jianjun 2016 7 2.1 65 107 2.4 65 4.1% -3.60[-4.38,-2.82] s
YWu Yourong 2017 72 18 34 11.4 23 34 4.0% -4.20[-5.18,-3.22] e
XU Jiali 2017 45 23 60 58 3 60 4.0% -1.30[-2.26,-0.34] o
YANG Lijun 2015 8.89 1.88 20 1159 33 20 3.7% -2.70 [-4.36,-1.04] TR
YU Jieming 2017 37 1.7 35 58 19 35 4.0% -2.10[-2.94,-1.26) TF
ZHANG Xiang 2015 9 2 32 1 3 32 3.9% -2.00[-3.25,-0.75) s
ZHAO Shuqing 2017 83 31 29 132 28 29 3.7% -4.90[-6.42,-3.38] =
ZHENG Xuan.2016 48 11 70 68 1.1 70 4.1% -2.00[-2.36,-1.64)] o
Subtotal (95% CI) 1056 1039 91.9% -3.41[-4.41,-2.42] <&
Heterogeneity: Tau®= 5.68; Chi*= 1086.70, df= 22 (P < 0.00001); = 98%
Test for overall effect: Z=6.73 (P < 0.00001)
1.1.2 Other steroids
LI Ming 2015 8 17 50 121 3.2 50  4.0% -410[-5.10,-3.10) =
LIN Yan 2015 23 09 45 38 1 45 4.1% -1.50[-1.89,-1.11] N
Subtotal (95% CI) 95 95 8.1% -2.76 [-5.30, -0.21] -
Heterogeneity: Tau®= 3.23; Chi*= 22.32, df=1 (P < 0.00001); = 96%
Test for overall effect: Z=2.12 (P = 0.03)
Total (95% CI) 1151 1134 100.0% -3.36 [-4.27, -2.45] L 2
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Steroid Control Mean Difference Mean Difference

Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV. Random. 95% CI

1.3.1 IV methylprednisolone

FAN Xuwei 2015 1345 488 44 2815 1285 43 7.1% -14.70[-18.80,-10.60) o

LI Ling 2015 151 4.2 53 429 7.2 51 7.2% -27.80[-30.08,-25.52] e

LIV Qing 2016 8.78 285 74 1532 365 62 7.2% -6.54 [-7.66,-5.42) =

LU Xiaoyun.2017 748 158 53 13.24 287 53 7.2% -5.76 [-6.64,-4.88) =

QIU Haiyan.2017 823 1.09 50 13.92 10 50 7.2% -5.69 [-8.48,-2.90) F -

REN Mingxing 2015 13.2 5.9 33 296 1086 34 71% -16.40[-20.49,-12.31) w3
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WANG Hao 2016 4896 521 40 7585 564 40 7.2% -26.89[-29.27,-24.51) 573

XU Jiali 2017 18.9 8.7 60 364 102 60 71% -17.50[-20.89,-14.11) =
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Test for overall effect. Z= 6.54 (P < 0.00001)
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Fig. 7 Forest plot for C-reactive protein level in subgroup analysis with use of methylprednisolone and other steroids

for CRP outcome. Egger test results were-1.73 (P=
0.09) for fever duration, 0.59 (P =0.56) for hospital days,
and - 3.19 (P =0.008) for CRP. Trim-and-fill method for
adjusting publication bias on CRP outcome was per-
formed. The mean difference changed from — 3.27 (P =
0.35) to —16.03 (P <0.001). These results indicated that
there was substantial evidence of publication bias in
CRP outcome (Fig. 8).

Discussion

This systematic review and meta-analysis identified and
assessed RCTs on the use of glucocorticoids in children
with MRMP. We specifically investigated effects of gluco-
corticoids on fever duration, length of hospital stay, and
CRP level after treatment in comparison with conventional
macrolide therapy. Results revealed positive effects of
glucocorticoid treatment on all outcome measures.

Slan

o
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Fig. 8 Funnel plots showing WMDs and 95% Cls for the efficacy of glucocorticoid therapy on the length of hospital stays (a), fever duration (b),
and level of change of C reactive protein (c). Tests of asymmetry showed no significant deviation from the symmetry assumption (a, P=0.56; b,
P =0.06). However, significant asymmetry was found in the level of change of CRP (c, P=0.008). Trim-and-fill method for adjusting publication
bias was used. Results showed substantial evidence of publication bias in CRP outcome (d)
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M. pneumoniae is a common pathogen causing com-
munity acquired pneumonia. The clinical course of M.
pneumoniae infection is diverse, ranging from self-
limiting to severe pneumonia with extra-pulmonary
complications [36]. Macrolide is considered the first-line
treatment for M. pneumoniae infection [37]. In adults,
one study reported that prednisone treatment for 7 days
in patients with community-acquired pneumonia admit-
ted to hospital can shorten time to clinical stability with-
out increase in complications [38]. However, another
study reported that glucocorticoid use did not show any
benefits in children [8]. Pulmonary injury associated
with severe mycoplasma pneumonia could be caused by
host immune response rather than by direct microbial
damage [39, 40]. Overly active cell-mediated immunity
and cytokine responses play a significant role in MRMP
[41]. Severe M. pneumoniae infections and MRMP show
similar laboratory findings with severe acute respiratory
syndrome such as increased levels of non-specific
markers of inflammation such as serum CRP, lactate
dehydrogenase, and D-dimer [42]. Since MRMP can be
considered as an immune-mediated disease, use of im-
mune modulatory therapy could seem rational. For cases
with MRMP infection, secondary treatment options are
limited due to adverse effects of tetracycline or fluoro-
quinolones, especially in children [43]. The use of
systemic steroids, in addition to antimicrobial therapy,
to diminish host immune response in MRMP has been
used in children and demonstrated satisfactory effects
[7, 8, 14]. Glucocorticoids have shown to improve clin-
ical features and reduce lung injury in children and adults
[5, 44, 45]. The use of glucocorticoids in M. pneumoniae
infection showed reduced lung histopathologic score by
reducing cytokines and decreasing inflammatory response
ultimately leading to lower mortality [5, 44, 45]. Therefore,
glucocorticoids have been considered suitable as adjunct-
ive therapy to macrolide therapy. Although previous stud-
ies have reported the efficacy of glucocorticoids in the
treatment of severe MRMP, treatment protocols varied
from oral prednisolone of 1mg/kg/day to intravenous
methylprednisolone 30 mg/kg/day for 3 days [7, 17].
These variable treatment protocols are due to the lack of
guidelines for glucocorticoids treatment in severe MRMP
to date (7, 46].

In our study, the mean length of total duration of
fever, mean length of hospital stay, and level of CRP
after treatment in the glucocorticoid treatment group
were significantly shorter or lower than that those in
the conventional treatment group. However, hetero-
geneity in all outcome measures was high and sensi-
tivity analysis resulted in no significant difference.
Subgroup analysis showed no significant decrease in
heterogeneity. In spite of high level of heterogeneity,
all studies reported favorable outcomes of hospital
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stays and fever duration after the use of glucocorticoids in
MRMP. For CRP level, only one study reported unfavor-
able result after the use of glucocorticoids in MRMP.
Therefore, we could consider that the use of gluco-
corticoids has significantly favorable effects on out-
comes of MRMP.

The strength of this review is that it summarized the
current evidence on the efficacy of glucocorticoids from
RCT. Conducting RCTs offers the potential to produce
the most definitive evidence to confirm or refute whether
glucocorticoids can help improve outcomes of MRMP.

This review has some limitations. Firstly, almost all
studies included in this review had at least one meth-
odological flaw. Secondly, publication bias was signifi-
cant for change in CRP level. It might be due to
small sample sizes in most studies and the fact that
most studies were conducted in a single country. As
a result, the robustness of these outcomes should be
explored with future studies. Thirdly, most of the
studies included were from a single country. Lastly,
we could not evaluate other outcomes such as im-
provement in chest x-ray infiltration or other symp-
toms such as cough because these data were not
available in each study.

Despite these limitations, with our review and meta-
analysis, this is the first study to date to synthesize the
efficacy of glucocorticoids in MRMP.

Conclusions
In conclusion, even though some studies have reported
the efficacy and effectiveness of systemic glucocorticoids
in the treatment of MRMP [12-35], this is the first sys-
tematic review and meta-analysis to investigate the effect-
iveness of glucocorticoids in MRMP. We found that the
use of glucocorticoids could shorten hospital days, shorten
fever duration, and lower CRP levels after treatment.
However, these results should be interpreted cau-
tiously, and future studies should also assess other out-
comes to clarify the effect of glucocorticoids in MRMP.
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