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Background: In infants and young children, the clinical decision to apply glucocorticoids to severe
Mycoplasma pneumoniae pneumonia (SMPP) is more an empirical choice with reference to clinical symptoms,
but the effect is not satisfying. We aimed to explore and identify early predictive indicators of ideal response
to glucocorticoids treatment in SMPP in infants and young children.

Methods: We retrospectively reviewed the data of 59 patients, which met the age range and diagnostic
criteria, admitted to Department of Pediatrics, the Sixth People’s Hospital Affiliated to Shanghai Jiaotong
University, from January to December 2017. Patients were divided into a glucocorticoid treatment group
and a normal treatment group according to whether glucocorticoid treatment was used, and the difference in
therapeutic effectiveness was compared between two groups. The glucocorticoid treatment group was further
subdivided into effective versus ineffective treatment groups dependent on the difference of glucocorticoid
treatment effect in main clinical symptoms improvement. We obtained the test value of biomarkers by
ELISA, and identified several specific indicators with significantly different expressions in the early stage by
independent sample #-tests and calculated their cut-off values by ROC curve.

Results: Thirty-one SMPP patients who received glucocorticoid treatment were divided into effective
and ineffective treatment groups according to the clinical improvements shown on different days of
glucocorticoid use. The expression of two markers, interleukin-18 (IL-18) and interferon-y (IFN-y), were
significantly different in cases showing improvement in the early stage of SMPP (P<0.05), and the cut-
off values for IL-18 (218.19 pg/mL, AUC =0.581, sensitivity =0.909, 1-specificity =0.786) and IFN-y
(11.24 pg/mL, AUC =0.566, sensitivity =0.905, 1-specificity =0.795) were identified.

Conclusions: The expressions of IL-18 and IFN-y in the early stage of SMPP might suggest their
predictive effect of early application of glucocorticoid for effective treatment of SMPP in infants and young

children. Further study with larger sample size will be carried on in the future.
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Introduction

The incidence of Mycoplasma pneumoniae pneumonia (MPP)
in infants and young children is increasing in clinical
settings. However, MPP in infants and young children is
difficult to treat because of the severity of clinical symptoms
and the poor response to macrolide antibiotics (1,2).

According to the MPP diagnosis and treatment
guidelines, glucocorticoids are recommended for refractory
and severe MPP (SMPP) and have achieved good results in
adults, adolescents, and school-age children.

However, in infants and young children, the adverse
reactions of glucocorticoids cannot be ignored, so whether
glucocorticoids are used or not in infants and young
children is controversial. In our clinical work and previous
research, we are more based on the clinical manifestations,
such as fever, cough, chest imaging, etc., as the basis for the
use of glucocorticoids, but the effect is not very satisfactory.
So, we turned to biomarkers for early specificity indicators.
The indicators for early treatment with glucocorticoids,
methodology of use, and the evaluation of side effects are all
needed to explore (3,4).

We used a retrospective design to analyze the use and
effectiveness of glucocorticoids in the treatment of infants
and young children with SMPP. Since there are various
immune responses to inflammatory factors participating
in the pathogenesis of MPP and glucocorticoid treatment,
we selected children in our cohort who had an effective
glucocorticoid response and detected the inflammatory
factors in their initial blood samples after admission. We
aimed to identify early specific indicators as a reference
for the initiation of glucocorticoid treatment and to
guide the clinical use of glucocorticoids. We present the
following article in accordance with the STARD reporting
checklist (available at https://tp.amegroups.com/article/
view/10.21037/tp-22-139/rc).

Methods
Subjects

We enrolled 59 infants and young children with SMPP (aged
1-36 months, mean age 1.99 years +0.987 months; 35 boys
and 24 girls) admitted to Department of Pediatrics, the Sixth
People’s Hospital Affiliated to Shanghai Jiaotong University,
from January to December 2017. The study was conducted
in accordance with the Declaration of Helsinki (as revised in
2013). The study was approved by the Institutional Review
Board of Shanghai Jiaotong University (No. 2018-106), and
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informed consent was obtained from the patients’ parents
or legal guardians. Limited by objective conditions, it was
difficult to obtain a large number of subjects that meet
criteria for age and diagnosis in a short period of time, and
we planned to expand the sample size in further study.

Diagnosis of M. pneumoniae infection

M. pneumoniae infection was diagnosed according to the
following criteria (5): detection by a particle agglutination
test, where the single MP-IgM antibody titer was >1:160,
or the MP-IgM antibody titer in the recovery and acute
phases was four or more times higher than initial results,
or re-examination changed from negative to positive as
determined by a microparticle agglutination assay (MAG)
(Serodia-Myco II, Fujirebio, Tokyo, Japan) (1,6).

Diagnosis of severe pneumonia

A diagnosis of pneumonia was based on both clinical and
radiological findings. The severity of pneumonia was assessed
on scores ranging from 0 to 5 according to the following
number of clinical findings observed during the patients'
admission (7,8): fever (>38.5 °C), rapid breathing (and/or lower
chest wall indrawing), decreased oxygen saturation when
breathing room temperature air (<92%), more than 7 days of
hospital admission, and more than two affected pulmonary
lobes identified by chest X-ray. All 59 patients were defined as
having severe pneumonia with a severity score >3.

The exclusion criteria were as follows: (I) wheezing
caused by congenital larynx-tracheal achondroplasia,
tracheal foreign body, acute laryngitis, etc.; (IL) Mycoplasma
pneumoniae associated with other infections; (III) patients
diagnosed with bronchial asthma; (IV) long-term or
intravenous glucocorticoid use during admission; (V)
immunoglobulin and other immunomodulator use during
hospitalization or the previous three months.

Clinical data analysis

We collected the medical history and laboratory findings
of the admitted infants and young children at the time of
admission. The medical history included duration of fever,
duration of coughing, and the highest body temperature
before admission. The tests included white blood cell count
(WBC), C-reactive protein (CRP), platelet (PL’T’) count, and
the initial Mycoplasma pneumoniae (MP) titer on admission.
The imaging results included chest X-ray or CT descriptions.
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We also collected the clinical outcomes of the enrolled
patients after admission. Since not all patients underwent
a chest X-ray or a repeat blood test before discharge, we
used changes in clinical symptoms and signs to evaluate
treatment efficacy. Specific items included length of hospital
admission, duration of fever, and duration of coughing and
rales while in hospital. Patients were grouped according to
whether the treatment was effective or not.

Study grouping and protocol

The normal treatment group consisted of SMPP patients
who received standardized treatment with macrolide
antibiotics and other supportive treatments (6).

The glucocorticoid treatment group consisted of SMPP
patients who had received glucocorticoids intravenously for
3 or more days in addition to normal treatment during their
hospitalization. The glucocorticoid used in this study was
methylprednisolone (Pfizer Manufacturing Belgium NV).

We compared the clinical characteristics of the
normal and glucocorticoid treatment groups in the
early days of admission to summarize the patterns for
choosing glucocorticoid therapy in clinical practice. We
then compared the clinical outcomes of the normal and
glucocorticoid groups after treatment to assess whether the
empirical treatment plan was effective or not.

The glucocorticoid treatment group was further
subdivided into two groups according to treatment efficacy.
The effective treatment group comprised patients whose
main clinical symptoms and signs significantly improved
after treatment (signified by absence of fever, relief of
cough, normal mental state and appetite, and absence of
complications) (9).

The ineffective treatment group comprised patients with
ongoing clinical symptoms and signs, as well as laboratory
results that did not significantly improve or that worsened
after treatment (9).

As glucocorticoid treatment progressed, children in
the ineffective group gradually improved and therefore
entered the effective group continuously, thereby forming a
dynamic relationship between the effective and ineffective
groups and the number of days of glucocorticoid use. The
effective and ineffective groups were analyzed separately for
each day of glucocorticoid use, from day 1 to day 7.

Potential early specific indicators were compared
individually in the effective and ineffective treatment
groups over different days of glucocorticoid treatment.
These indicators included the duration of fever, maximum
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body temperature, and duration of coughing at the time of
admission. Inflammatory indicators included initial lactate
dehydrogenase (LDH) levels, MP titer, IL-18, IL-4, IL-10,
IFN-y, WBC, PLT, erythrocyte sedimentation rate (ESR),
and procalcitonin (PCT) at the time of admission. A total of
14 individual indicators were measured to identify specific
markers that could prompt the effective early initiation of
glucocorticoid treatment.

Evaluation of clinical laboratory data and other cytokines

The following clinical parameters were determined by
routine methods: WBC, CRP, PLT, ESR, PCT, MP titer,
and LDH.

Other cytokines and chemokines, such as IL-18, IL-4,
IL-10, and IFN-y, were measured with commercially
available ELISA kits (BioLegend and PeproTech, USA),
and all assays were performed according to each supplier’s
recommendations. The specific monoclonal antibody
precoated on the microplate was combined with the
cytokine in the sample, and then an enzyme-labeled reagent
was added for incubation. When the cytokine was present
in the sample, a “coated antibody-enzyme-labeled antibody”
complex was formed. The HRP on the composite catalyzed
the reaction of the developer. The absorbance (A value) was
detected by a microplate reader, and the standard curve was
fitted with the standard concentration value and the A value
to calculate the content of the cytokine in the sample.

Statistical analysis

SPSS 19.0 statistical software (IBM SPSS Statistics 19) was
used to analyze the experimental data. Measurement data
are expressed as the mean = standard deviation (x+SD),
and independent sample 7-tests were used to compare the
two groups. Count data are expressed as rate (%) and were
analyzed using the chi-square test. A P value <0.05 was two-
sided and considered to reflect a statistically significant
difference. Logistic regression and factor analysis was
used to identify the independent factors associated with
glucocorticoid therapy. A receiver operating characteristic
(ROC) curve was used to select the optimal cut-off values
for the identified risk factors.

Results
Analysis of age and gender composition in SMPP infants
The 59 infants with SMPP were divided into a
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Table 1 Age, gender distribution, and glucocorticoid use in SMPP

41

Variables Glucocorticoid use (N=31) Normal treatment (N=28) t/y? P value
Age (years) 1.42+0.927 1.03+0.445 1.593 0.112
Gender, n (%)
Male 18 (58.06) 15 (53.57) 0.12 0.728
Female 13 (41.94) 13 (46.43)
SMPP, severe Mycoplasma pneumoniae pneumonia.
Table 2 Analysis of glucocorticoid use and condition on admission in SMPP
Condition on admission Glucocorticoid use (N=31) Normal treatment (N=28) ty? P value
Fever before admission (days) 7.09+5.70 4.39+3.34 2.191 0.033
Cough before admission (days) 9.96+7.56 7.17+5.54 1.16 0.251
Maximum temperature before admission 39.32+0.88 39.40+1.29 -0.26 0.796
WBC after admission (10°/L) 10.34+5.42 9.67+3.76 0.539 0.592
CRP after admission (mg/L) 21.20+19.39 16.63+11.17 0.795 0.43
PLT after admission (10%/L) 355.03+144.39 309.85+173.01 1.093 0.279
MP titer after admission (1:X) 370.32+258.19 253.24+159.14 1.784 0.081

SMPP, severe Mycoplasma pneumoniae pneumonia; MP, Mycoplasma pneumoniae; WBC, white blood cell; CRP, C-reactive protein; PLT,

platelet.

Table 3 Analysis of glucocorticoid use and pulmonary imaging results on admission in SMPP

Group n Inflammato#ry Segmfar]tal Mas'sive. 2 P value
exudate® opacities consolidation

Glucocorticoid use 31 5 18 8

Normal treatment 28 9 17 2 2.196 0.042

Total 59 14 35 10

Compared with the number of segmental opacities, P*=0.319; compared with the number of massive consolidation, P*=0.032. SMPP,

severe Mycoplasma pneumoniae pneumonia.

glucocorticoid treatment group and a normal treatment
group. The #-test results for the mean age distribution of
the two groups and the chi-square results for the gender
distribution composition ratio found no statistical difference
between the two groups (P>0.05) (Table 1).

Analysis of factors associated with glucocorticoid use in
SMPP infants

Among the 59 SMPP patients, 31 received glucocorticoid
treatment, and 28 received normal treatment. A comparison
of the admission information between the two groups

© Translational Pediatrics. All rights reserved.

revealed statistically significant differences in the number
of days of fever before admission and pulmonary imaging
findings (P<0.05). However, there was no difference in any
other items (Zables 2,3). These findings suggest that current
clinical experience identified patients with prolonged fever
and severe imaging manifestations as more in need of early

empirical glucocorticoid therapy.

Analysis of the therapeutic effect of glucocorticoid treatment
in SMPP infants

After treatment, the therapeutic effects between the
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Table 4 Analysis of the effect of glucocorticoid use in SMPP after admission

Effect of glucocorticoid use Glucocorticoid use (N=31)  Normal treatment (N=28) t value P value
Days in hospital 10.16+4.09 9.14+3.09 1.069 0.29
Fever after admission (days) 3.35+2.19 4.52+2.11 -2.065 0.043
Cough after admission (days) 9.06+3.93 7.50+3.95 1.521 0.134
Duration of rales after admission (days) 5.13+2.34 4.32+£2.76 1.715 0.109

SMPP, severe Mycoplasma pneumoniae pneumonia.

Table 5 Duration of glucocorticoid use and clinical improvement
in SMPP

Duration of glucocorticoid use SMPP (N=31)
1 day after glucocorticoid use

Effective 0

Ineffective 31
2 days after glucocorticoid use

Effective 0

Ineffective 31
3 days after glucocorticoid use

Effective 3

Ineffective 28
4 days after glucocorticoid use

Effective 6

Ineffective 25
5 days after glucocorticoid use

Effective 11

Ineffective 20
6 days after glucocorticoid use

Effective 14

Ineffective 17
7 days after glucocorticoid use

Effective 18

Ineffective 13

SMPP, severe Mycoplasma pneumoniae pneumonia.

two groups were compared. The duration of fever after
admission in the glucocorticoid group was significantly
shorter than in the normal treatment group (P<0.05),
but there were no statistical differences in any other
comparisons (Table 4), indicating that treatment is not very
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satisfactory when based on the current selection criteria for
glucocorticoid use.

Analysis of early specific indicators for glucocorticoid
treatment in SMPP

In the 31 cases included in the glucocorticoid treatment
group, the relationship between the number of improved
patients and the number of days of glucocorticoid use is
shown in Table 5.

Group-by-group independent sample 7-tests were
performed between the effective and ineffective groups over
7 days of glucocorticoid treatment. Early specific indicators
included days of fever, maximum body temperature, and
days of coughing at admission. Laboratory indicators
included a total of 14 single indicators, such as LDH, MP
titer, IL-18, IL-4, IL-10, IFN-y, WBC, PLT, ESR, and
PCT at admission. Comparing these early specific indicators
between the effective and ineffective glucocorticoid groups,
we found no significant differences between the two groups
on the Ist, 2nd, 3rd, 4th, and 7th day of glucocorticoid
treatment (P>0.05). However, on day 5, the expression
levels of IFN-y (P=0.037) and IL.-18 (P=0.034) were found
to be significantly different between the two groups, and
IFN-y (P=0.044) continued to show a significant difference
on day 6 of glucocorticoid treatment (Table 6).

Since both IL-18 and IFN-y appeared on the
5th day of glucocorticoid application, Logistic regression
analysis was performed. The results suggest that IL-18
was an independent risk factor for SMPP glucocorticoid
application, and IFN-y was a protective factor (1able 7).

Cut-off value of early specific indicators for glucocorticoid
treatment in SMPP

Among the 31 patients treated with glucocorticoids, the
newly discovered indicators IL-18 and IFN-y on the Sth
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Table 7 Logistic regression of effective use of glucocorticoid in SMPP

Zhu et al. IL-18 and IFN-y guiding glucocorticoid in SMPP infants

95% Cl
Risk factor Standard error P value OR
Lower limit Upper limit

Age (years) 0.047 0.402 1.045 0.752 1.103
Male 0.106 0.196 0.977 0.749 1.034
Female 0.221 0.105 1.103 0.844 1.156
LDH 0.043 0.428 1.086 1.001 1.010
MP titer 0.032 0.435 0.997 0.994 1.000
IL-18 0.121 0.006 1.398 1.103 1.773
IL-4 0.298 0.585 1.117 0.655 2117
IFN-y 0.096 0.011 0.783 0.650 0.946
IL-10 0.216 0.747 0.933 0.611 1.425
Fever before admission (days) 0.035 0.190 0.891 0.749 1.059
Maximum temperature before 0.236 0.846 1.047 0.659 1.662
admission

Cough before admission (days) 0.089 0.592 1.018 0.951 1.092
WBC 0.051 0.200 0.936 0.847 1.036
CRP 0.015 0.426 1.012 0.983 1.041
PLT 0.002 0.061 1.005 1.000 1.009
ESR 0.018 0.490 0.988 0.954 1.023
PCT 0.530 0.406 0.280 0.014 1.062

SMPP, severe Mycoplasma pneumoniae pneumonia; MP, Mycoplasma pneumoniae; IL, interleukin; IFN-y, interferon-y; LDH, lactate
dehydrogenase; WBC, white blood cell; CRP, C-reactive protein; PLT, platelet; ESR, Erythrocyte sedimentation rate; PCT, procalcitonin.

day were measured by an ROC curve to determine their
cut-off values for glucocorticoid treatment. IL-18 cut-off
value =218.19 pg/mL, AUC (area under the curve) =0.581,
sensitivity =0.909, 1-specificity =0.786. IFN-vy cut-off value
=11.24 pg/mL, AUC =0.566, sensitivity =0.905, 1-specificity
=0.795 (Table 8 and Figures 1,2).

Discussion

MP is one of the most common pathogens causing
community-acquired pneumonia in children (3,10). MPP
is a type of pneumonia arising from atypical pathogens
in children, previously thought to be more common in
adolescents and older children. However, in recent years,
MP infections have been observed more frequently in
younger children, and there are also many infections in
infants, most of whom are 9-12 months old (3,9). The
principal treatment for MPP is anti-infective treatment,

© Translational Pediatrics. All rights reserved.

combined with general and symptomatic treatment.
Macrolide antibiotics are currently the drug of choice for
MPP treatment in children (3,11,12). The general and
symptomatic treatment of MPP does not differ from that
for CAP in other children (3,9). Macrolide antibiotics
bind to the protein of the 23 s special target site of the
50S subunit on the MP ribosome and interfere with the
displacement of mRNA by blocking the transpeptidase,
thereby selectively inhibiting the synthesis of MP protein.
Inhaled glucocorticoids can be widely used in patients
with cough, wheezing, and pulmonary inflammatory lesions
identified by chest imaging. The course of treatment ranges
from 1 to 3 weeks (13). Systemic glucocorticoid treatment
is often used in MPP with acute onset, rapid progression,
or severe disease, especially SMPP. A large clinical study
confirmed the therapeutic effect of glucocorticoids in
SMPP (5). Regular doses are defined as methylprednisolone
1-2 mg/kg/day, and short courses are defined as 3-5 days.
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Table 8 ROC curve of early specific indicators in glucocorticoid use in SMPP

95% CI
Indicators ROC curve area Standard error P value Cut-off value
Lower limit Upper limit
IL-18 0.581 0.117 0.494 0.352 0.910 218.19
IFN-y 0.566 0.135 0.549 0.301 0.831 11.24

ROC, receiver operating characteristic; SMPP, severe Mycoplasma pneumoniae pneumonia; IL, interleukin; IFN-y, interferon-y.

ROC curve
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1-Specificity

Figure 1 ROC curves of IL-18 in severe MPP. ROC, receiver
operating characteristic; MPP, Mycoplasma pneumoniae pneumonia;
1L-18, interleukin-18.

Shock therapy can be used when regular doses and courses
of treatment are ineffective (13).

Early use of glucocorticoids can inhibit excessive immune
responses, reduce the excessive release of inflammatory
factors, and protect the body’s tissues and organs. The
initiation, dose, and duration of glucocorticoid treatment
have been widely discussed among experts around the
world, but glucocorticoid usage in special age groups, such
as infants and young children, requires further confirmation
by large-scale multi-center clinical randomization trials
(14,15). Early disease characteristics can sometimes predict
the effectiveness of glucocorticoids. Previous studies
have found that glucocorticoid therapy may be indicated
when prolonged fever exceeds 7 days, the proportion
of neutrophils >78%, CRP >110 mg/L, serum ferritin
>328 g/L, serum LDH >478 IU/L, and large dense opacities
are seen on chest CT (13-15). In our study, we found that
LDH and IL-18 levels may be indicators for the initiation
of early glucocorticoid treatment in infants and young
children with SMPP.

The pathogenesis of pediatric MPP involves various
cytokines, and the autoimmune response induced by MP

© Translational Pediatrics. All rights reserved.
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Figure 2 ROC curves of IFN-y in severe MPP. ROC, receiver
operating characteristic; IFN-y, interferon-y; MPP, Mycoplasma

pmeumoniae pneumonia.

is an important cause of organ damage. The MP-activated
NFx«b signaling pathway involves the expression of cytokines
such as IL-1, TL-6, TL-8, TL.-17, TL.-18, and TNF-a (16,17).
IL-17 and IL-18, as upstream regulators, regulate IL-6
and IL-8 and theoretically can indirectly activate the NFxb
signaling pathway (18), so it is speculated that they may
be related to RMPP. IL-18 is a member of the IL-1 family
and is another cytokine with extensive immunosuppressive
activity discovered clinically in recent years. Several studies
have shown that IL-18 also plays a crucial role in the
autoimmune response of patients with severe pneumonia
(18-20). Miyashita ez a/. found that IL-18 and LDH may be
important reference indicators for determining the use of
glucocorticoids in RMPP or SMPP, as the serum levels of
IL-18 and LDH are positively correlated with the severity
of SMPP (6).

There are common antigens found in MP and most
organs in the body. When the body is infected with
MP, it can produce autoantibodies to form immune
complexes, causing cross-immune reactions that induce
damage to the lungs and other tissues. However, the
immune responses in SMPP tend to be more intense
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(2,21). LDH is a glycolytic enzyme (22), which exists in the
cytoplasm of almost all human body tissues. When tissue
cells are injured, LDH will be released to the outside of the
cell, causing an increase in this indicator (16). According
to Lu et al. (23), total LDH and the expression of four
isoenzymes (LDH1, LDH2, LDH4, and LDHS5) were
significantly higher in an RMPP group than in a non-
RMPP group. Logistic regression and factor analysis
results also showed that increased levels of ALT, AST,
ESR, LDHI1, LDH4, and LDHS5 were risk factors for
RMPP. Kawamata’s study suggested that the level of
LDH in plasma can be used as an early indicator for the
initiation of glucocorticoid use (24). Narita (25) reported
that a plasma LDH level of 302-364 IU/L can be used
as a condition for starting glucocorticoid therapy in
children with MPP. In treating SMPP and RMPP, the
combined use of glucocorticoids with azithromycin or
erythromycin can significantly reduce the concentration
of LDH in plasma, suggesting that LDH can be used
as an indicator for glucocorticoid therapy initiation in
SMPP and RMPP. Selected indicators can also be used to
measure the effectiveness of treatment.
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