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Background: Mycoplasma pneumoniae pneumonia (MPP) is one of the most common
childhood community-acquired pneumonias, and the chest radiograph usually shows bronchial
pneumonia, segmental/lobar pneumonia, or segmental/lobar pneumonia with pleural effusion.
The imbalance of Th1/Th2 function after Mycoplasma pneumoniae infection is an important
immunological mechanism of MPP. In this study, we aimed to evaluate the correlations between
Th1/Th2 cytokine profiles and chest radiographic manifestations in MPP children.

Patients and methods: A total of 87 children with MPP were retrospectively reviewed
in this study. According to the chest radiographic manifestations, they were divided into the
following three groups: bronchial MPP group, segmental/lobar MPP group, and segmental/
lobar MPP with pleural effusion group. Clinical features and changes in Th1/Th2 cytokines
were further analyzed.

Results: The incidence of tachypnea and cyanosis was higher in children with segmental/
lobar MPP with pleural effusion than in those with segmental/lobar or bronchial MPP. The
peak body temperature of segmental/lobar MPP was higher than that of bronchial MPP, and
the duration of fever and hospitalization was positively correlated with the severity of MPP.
MPP children’s chest radiograph showed a relationship with the changes in Th1/Th2 cytokines.
Serum interleukin-4, interleukin-10 (IL-10), interferon-y, and tumor necrosis factor-o. (TNF-o)
of segmental/lobar MPP were significantly higher than those of bronchial MPP, and serum
IL-10 (cutoff value: 27.25 pg/mL) can be used as a diagnostic predictor for segmental/lobar
MPP. Serum TNF-o. and interleukin-6 of segmental/lobar MPP with pleural effusion were sig-
nificantly higher than those of segmental/lobar MPP without pleural effusion. Serum TNF-o
(cutoff value: 60.25 pg/mL) can be used as a diagnostic predictor for segmental/lobar MPP
with pleural effusion.

Conclusion: There were significant correlations between Th1/Th2 cytokine profiles and
chest radiographic manifestations in MPP children. Serum IL-10 and TNF-o. can be used as
an optimal predictor for segmental/lobar MPP and segmental/lobar MPP with pleural effusion,
respectively.
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Introduction

Mycoplasma pneumoniae (MP) has become a prevalent pathogen in respiratory tract
infections in children.! It causes up to 40% of community-acquired pneumonia (CAP)
cases in children and as much as 18% of cases requiring hospitalization; these percent-
ages are even higher during epidemics.>* The incidence of Mycoplasma pneumoniae
pneumonia (MPP) has been increasing in recent years. MPP can lead to many kinds
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of pulmonary complications, including pleural effusion,
asthma, chronic interstitial fibrosis, and acute respiratory
distress syndrome.>* However, the pathogenesis of MPP
is not completely clear. It seems to be primarily caused
by the adsorption of MP in the respiratory epithelium, the
direct invasion of MP, and the mechanism of immunologi-
cal pathogenesis.”® Among them, Th1/Th2 cytokine profile
plays an important role in the immunological response.’
However, studies focusing on Th1/Th2 cytokine profile in
childhood MPP with different chest radiographic features
have not yet been reported.

Therefore, a retrospective study was carried out from
January 2015 to June 2016 in our hospital to examine the
clinical features and Th1/Th2 cytokine profile, including
interleukin-2 (IL-2), interleukin-4 (IL-4), interleukin-6
(IL-6), interleukin-10 (IL-10), interferon-y (IFN-y), and
tumor necrosis factor-o. (TNF-o), in pediatric patients
with MPP, with a special focus on different chest
radiographic features.

Patients and methods

Patients

We retrospectively reviewed the electronic medical records
of all children admitted between January 2015 and June
2016 with the diagnosis of MPP at the Pediatric Depart-
ment of Tianjin Nankai Hospital, one of the largest tertiary
hospitals of Tianjin City and a teaching hospital of Tianjin
Medical University. The data obtained from the records
included age, gender, history of present illness, physical
examination, laboratory findings, and chest radiographs
of all patients. A total of 102 hospitalized children were
diagnosed with MPP. Of these patients, 87 children (85.3%,
87/102) with the required complete data were included
into this study for further analysis. With the exception of
azithromycin, other antibiotics and steroids were not used
before hospitalization. All patients received azithromy-
cin, while all patients with pleural effusion and some of
those with lobar/segmental MPP received glucocorticoids
during the hospitalization period. The study protocol was
approved by the ethics committee of Tianjin Nankai Hos-
pital, and patient informed consent was obtained from the
patient’s parents.

Study group assignment

According to the performance of chest radiograph, the
87 MPP children were divided into the following three
groups: bronchial MPP group (group 1, n=22), segmental/
lobar MPP group (group 2, n=36), and segmental/lobar MPP
with pleural effusion group (group 3, n=29).

Diagnostic criteria of MPP

In this study, the diagnosis of MPP met the following stan-
dards: 1) fever, coughing, and other respiratory tract infec-
tion symptoms; 2) chest radiographic examination showed
bronchial pneumonia, interstitial pneumonia, segmental or
lobar pneumonia, and even pleural effusion; and 3) a single
serum anti-Mycoplasma IgM antibody titers of =1:160 at the
acute phase following admission (in those with no history
of respiratory infections in the past 3 months) or more than
fourfold higher at the symptomatic recovery phase than
at the acute phase or a positive polymerase chain reaction
(PCR) test for MP.'° In the present study, the standard for the
detection of anti-Mycoplasma IgM antibody titers was the
microparticle agglutination method using a commercial kit
(Serodia-Myco II, Fujirebio, Tokyo, Japan), and quantitative
PCR of MP DNA (cutoff point: >10° copies/mL) was used
with a nucleic acid quantitative detection kit (Daan Gene
Co., Guangzhou, China).

Exclusion criteria

Patients who were coinfected with other respiratory
pathogens, as identified through nasal and throat swabs, were
excluded from this study. Patients were tested for influenza A,
influenza B, respiratory syncytial virus, human metapneu-
movirus, adenovirus, parainfluenza 1, parainfluenza 2, and
parainfluenza 3 using the D? FastPoint L-DFA Respiratory
Virus Identification Kit (Diagnostic Hybrids, Inc., Athens,
OH, USA). Bacterial infections were excluded using throat
swab cultures. Patients with known conditions such as con-
genital immunodeficiencies, allergic diseases, and metabolic
diseases were also excluded.

Measurement of serum Th1/Th2

cytokines

Venous blood samples were taken from each subject
at admission and centrifuged at 1,000 rpm at 20°C for
20 minutes. Then, the supernatant was collected and the
levels of Th1/Th2 cytokines were detected using the BD
FACSCalibur flow cytometry (BD Biosciences, San Jose,
CA, USA). According to the product instructions, IL-2, IL-4,
IL-6, IL-10, IFN-Y, and TNF-o were tested using a Human
Th1/Th2 Cytokine Kit II (BD Biosciences). The testing sen-
sitivity was 1.0 pg/mL for these Th1/Th2 cytokines.

Statistical analysis

The statistical evaluation was performed using the Statisti-
cal Package of Social Sciences (SPSS) software program,
version 17.0 (SPSS Inc., Chicago, IL, USA). Distribution
of measurement data in all groups was demonstrated by
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the Kolmogorov—Smirnov test. The one-way analysis of
variance, expressed as mean * standard deviation, was
used to assess the measurement data of normal distribu-
tion, and Dunnett’s #-test was used for comparison between
groups. The Kruskal-Wallis H test, expressed as medians
and interquartile ranges (25th—75th percentiles), was used
to assess the measurement data of non-normal distribution.
The chi-square test or Fisher’s exact test was used to assess
the categorical variables. Receiver operating characteristic
(ROC) curve was used to evaluate the value of cytokines
in diagnosing segmental/lobar MPP and segmental/lobar
MPP with pleural effusion. A two-tailed test was used for
all P-values, and a P-value <0.05 was considered as statisti-
cally significant.

Results
Comparison of clinical characteristics

among the groups

As shown in Table 1, there was no significant difference in
the mean age and gender among the three groups. Then the
items of tachypnea, cyanosis, hypoxia, peak body tempera-
ture, duration of fever, and duration of hospitalization were
compared between groups (Figure 1). The incidence of tac-
hypnea and cyanosis was higher in group 3 (segmental/lobar
MPP with pleural effusion) than in group 2 (segmental/lobar
MPP) and group 1| (bronchial MPP; all P-values <0.05).
The incidence of hypoxia was higher in group 3 than in
group 1 (P<<0.05). There was no significant difference in
the incidence of tachypnea, cyanosis, or hypoxia between
groups 1 and 2 (all P-values >0.05). Furthermore, there
was no statistical difference in the incidence of hypoxia
between groups 2 and 3 (P>0.05). Peak body temperature,
duration of fever, and duration of hospitalization were
significantly higher in group 2 and group 3 than in group 1
(all P-values <0.05), and duration of fever in group 3 was
significantly higher than that in group 2 (P<<0.05). However,
there was no significant difference in peak body temperature

Table | Comparison of clinical characteristics among the groups

and duration of hospitalization between group 2 and group 3
(both P-values >0.05).

Comparison of laboratory findings among
the groups

Table 2 shows that there was no significant difference in
the percentage of neutrophils (neutrophils%), percentage of
lymphocyte (lymphocyte%), hemoglobin, platelet, erythro-
cyte sedimentation rate, procalcitonin, and IL-2 among the
three groups (all P-values >0.05). The comparison between
groups was carried out on the statistically significant items
(Figure 2). C-reactive protein (CRP), lactate dehydroge-
nase (LDH), IL-4, IL-10, IFN-y, and TNF-o in group 2 and
group 3 were significantly higher than those in group 1 (all
P-values <0.05). In addition, white blood cells (WBCs) and
IL-6 in group 3 were significantly higher than those in group 1
(all P-values <0.05). Furthermore, WBC, CRP, LDH, IL-6,
and TNF-a in group 3 were significantly higher than those
in group 2 (all P-values <0.05).

Diagnostic value of Th1/Th2 cytokine
profile in children with segmental/lobar
MPP

To explore the exact impact of Th1/Th2 cytokine profile
levels on the disease progression in children with seg-
mental/lobar MPP, we examined the ROC curves for the
biomarkers (CRP, LDH, IL-10, IFN-y, and TNF-a), which
showed a significant difference compared between bronchial
MPP group and segmental/lobar MPP group. The results are
shown in Figure 3. An IL-10 level of 27.25 pg/mL was the
optimal cutoff for predicting segmental/lobar MPP, with an
area under the curve (AUC) of 0.813, standard error (SE)
0f 0.057, and 95% confidence interval (CI) of 0.701-0.924.
The diagnostic sensitivity and specificity were 90.0% and
94.5%, respectively, and were significantly higher than other
inflammatory markers. The second most useful biomarker
was TNF-a, with a cutoff value of 38.05 pg/mL and an

Clinical characteristics Group | (n=22) Group 2 (n=36) Group 3 (n=29) For * P-values
Age (years) 84128 9.312.6 9.4+2.7 1.050 0.355
Gender (male/female) 15/7 20/16 16/13 11T 0.574
Tachypnea® 3 (13.6%) 10 (27.8%) 15 (51.7%)*** 8.861 0.012
Cyanosis | (4.5%) 3 (8.3%) 8 (27.6%)*** 7.125 0.028
Hypoxia® 2 (9.1%) 8 (22.2%) 13 (44.8%)* 8.776 0.012
Peak body temperature (°C) 38.6+0.9 39.240.8* 39.3+0.8* 4.617 0.013
Duration of fever (days) 4.7%1.2 7.8%1.6* 9.1+ 5ex 57.772 0.000
Duration of hospitalization (days) 10.2£2.3 13.4+2.3* 14.3+1.8* 24.132 0.000

Notes: Data presented as mean * standard deviation, n, or n (%). “Tachypnea: infants, respiratory rate >70 breaths/min; older children, respiratory rate >50 breaths/min.

*Hypoxia: oxygen saturation <94%.*P<<0.05 versus group |. **P<<0.05 versus group 2.

Therapeutics and Clinical Risk Management 2016:12

submit your manuscript

1685

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Zhao et al

Dove

A P=0.005 B P=0.033 C P=0.006
1 | - 1
P=0.210 P=0.049 P=0.581 P=0.040 P=0.199 P=0.053
100 . 100 . oo
o o o
& & &
[72] [} 0
T o S o S o
T » 50 T 0 50 t 0 50
o8 o3 o3
o° o° o°
™ S S
(] [} [
o o o
0 0 0
Group 1 Group 2 Group 3 Group 1 Group 2 Group 3 Group 1 Group 2 Group 3
Non-tachypnea Non-cyanosis Non-hypoxia
Il Tachypnea Il Cyanosis Il Hypoxia
D E F _ P=0.000
44 q P=0.013 15 1 P=0.000 [ P=0.177
—_ > = AL L LA
T ' P=0.933 " : P=0.001" © Sr=0000)
%g_, 42 4 P=0.019 —m————— %5 E P=0.000 — =T 5 % 154
(o] E 40 4 cw® 101 [ =eY
Q2 Q3T S5
© - = © b
s 5 38 L L 5 SN
s 8 38 ° 3 s
£ 36+ =K Q= 9
2 @
34 0 2o

Group1 Group2 Group 3 Group 1

Group2 Group 3 Group1 Group2 Group3

Figure | Comparison of the clinical characteristics with statistically significant differences between the groups.
Notes: (A) Tachypnea. (B) Cyanosis. (C) Hypoxia. (D) Peak body temperature. (E) Duration of fever. (F) Duration of hospitalization. Data in (A—C) are shown as stacked
bars (percentage of patients), and data in (D-F) are shown as box-whisker plots (median, minimum to maximum).

AUC of 0.799, SE of 0.058, and 95% CI of 0.684-0.913.
The diagnostic sensitivity and specificity were 69.4% and
90.8%, respectively (Table 3).

Diagnostic value of Th1/Th2 cytokine
profile in children with segmental/lobar

MPP with pleural effusion
Inorderto evaluate the effect of Th1/Th2 cytokine profile lev-
elsonthe disease progression in children with segmental/lobar

Table 2 Comparison of laboratory findings among the groups

MPP with pleural effusion, we also carried out the ROC
curve analysis for the inflammatory markers, which
showed a significant difference compared between seg-
mental/lobar MPP group and segmental/lobar MPP with
pleural effusion group. As shown in Figure 4, the ROC
curve showed that the TNF-a level of 60.25 pg/mL was
the optimal cutoff for predicting segmental/lobar MPP
with pleural effusion (sensitivity, 72.4%; specificity,
94.4%; AUC, 0.846; SE, 0.050; 95% CI: 0.748-0.945).

Laboratory findings Group | (n=22) Group 2 (n=36) Group 3 (n=29) For j* P-values
WBC (x10°/L) 79122 8.7+2.0 10.3£2.8%** 7.141 0.001
Neutrophils% 58.8+13.2 56.1%11.3 57.9+11.8 0.373 0.690
Lymphocyte% 29.3114.0 33.1x12.6 38.8+11.3 1.109 0.270
Hemoglobin (g/L) 126.4+14.5 126.0+9.5 124.6+10.8 1.953 0.148
Platelet (x10°/L) 246.7+92.5 251.3+71.3 255.0+80.3 0.427 0.654
CRP (mg/L) 7.614.6 11.8£7.0* 16.748.3%*4* 10.957 0.000
ESR (mm/h) 15.4+5.0 17.316.5 19.418.5 2.129 0.125
PCT (ng/mL) 0.15 (0.08-0.28) 0.34 (0.10-0.54) 0.25 (0.08-0.90) 4.558 0.102
LDH (IU/L) 304.5+58.8 355.6+68.1* 360.1483.7%%* 12.077 0.000
IL-2 (pg/mL) 12.74£3.8 15.1+4.7 14.315.2 1.881 0.155
IL-4 (pg/mL) 6.0£3.0 12.1+9.9* 17.0+9.8* 9.462 0.000
IL-6 (pg/mL) 43.7124.1 70.0+47.7 95.41+49 3%** 8.862 0.000
IL-10 (pg/mL) 16.916.9 26.3+10.4* 28.5+12.6* 8.359 0.000
IFN-y (pg/mL) 24.8+8.8 37.0£15.4% 42.8+12.4* 12.206 0.000
TNF-o. (pg/mL) 32.2+6.3 46.6+15.1* 74.14+20.5%** 48.553 0.000

Notes: Data presented as mean + standard deviation, or medians and interquartile ranges (25th—75th percentiles). *P<<0.05 versus group |. **P<0.05 versus group 2.
Abbreviations: WBC, white blood cell; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; PCT, procalcitonin; LDH, lactate dehydrogenase; IL-2, interleukin-2;
IL-4, interleukin-4; IL-6, interleukin-6; IL-10, interleukin-10; IFN-y, interferon-y; TNF-0., tumor necrosis factor-o.
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Figure 2 Comparison of the main laboratory findings between the groups.

Notes: (A) WBC. (B) CRP. (C) LDH. (D) IL-2. (E) IL-4. (F) IL-6. (G) IL-10. (H) IFN-y. (I) TNF-c.. Data are shown as column bar graphs (mean with SD).
Abbreviations: WBC, white blood cell; CRP, C-reactive protein; LDH, lactate dehydrogenase; IL-2, interleukin-2; IL-4, interleukin-4; IL-6, interleukin-6; IL- 10, interleukin-10;

IFN-y, interferon-y; TNF-0, tumor necrosis factor-o; SD, standard deviation.

It was followed by IL-6, with a cutoff value of
62.80 pg/mL and an AUC of 0.724, SE of 0.064, 95% CI
of 0.599-0.848, sensitivity of 72.4%, and specificity of
63.9% (Table 4).

Discussion

MP infection is generally considered a self-limiting disease.
However, many cases develop into lower respiratory tract
infections or even severe pneumonia. MP is one of the
most common causes of CAP in children and can cause
serious and life-threatening pulmonary and extrapulmonary
complications.® Over the past few years, macrolide-resistant
MP (MRMP) has been reported in the literature, particularly
in some Asian countries. The incidence rate of MRMP has
been reported to exceed 90% in some areas of China and
Japan.'™'* Substantial studies have indicated that, in addition
to direct infection by the bacterium,'*! an excessive immune
reaction in the host plays a crucial role in the development of
MPP.'¢ The existing studies show that an imbalance in T-cell

cytokines, especially in Th1/Th2 cytokines, is closely
involved in the immunopathogenesis of MPP.%!7

Chest radiograph

Chest radiography for MPP can be manifested as bron-
chial pneumonia, segmental/lobar pneumonia, and pleural
effusion.'”® To a certain extent, the manifestation of chest
radiograph can reflect the severity of the disease and is more
conducive to distinguish the disease. In our study, there was
no significant difference in age and gender among children
with different chest radiographic findings. However, the
incidence of tachypnea and cyanosis was higher among
children with segmental/lobar MPP with pleural effusion
than in those with segmental/lobar MPP without pleural effu-
sion or with bronchial MPP; furthermore, the incidence of
hypoxia was higher in the segmental/lobar MPP with pleural
effusion group than in the bronchial MPP group. Peak body
temperature, duration of fever, and duration of hospitalization
in the segmental/lobar MPP with/without pleural effusion
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Figure 3 ROC curves of CRP, LDH, IL-4, IL-10, IFN-y, and TNF-o.

Note: Diagonal segments are produced by ties.

Abbreviations: ROC, receiver operating characteristic; CRP, C-reactive protein;
LDH, lactate dehydrogenase; IL-4, interleukin-4; IL-10, interleukin-10; IFN-y,
interferon-y; TNF-a, tumor necrosis factor-oL.

group were higher than those in the bronchial MPP group,
and duration of fever in the segmental/lobar MPP with pleu-
ral effusion group was longer than that in the MPP without
pleural effusion group.

WBC and CRP

WBC is one of the most widely used infectious and inflam-
matory markers, especially in acute bacterial infection.
In this study, WBC was increased significantly in patients
with segmental/lobar MPP with pleural effusion versus those
without pleural effusion. However, compared with other

positive inflammatory markers, the sensitivity of WBC was
not high.

CRP is a nonspecific inflammatory marker, with a very
low content in healthy human blood. When organs or tissues
are injured or infected, it can dramatically increase in a short
period of time and play an important role in the protection
of body’s natural immune process. CRP is correlated with
the degree of MPP and plays a role in estimating the severity
of the disease. Seo et al'’ reported that serum CRP could be
a useful marker for predicting the efficacy of macrolides in
MRMP. In this study, the levels of CRP were correlated with
the severity of chest radiographic manifestations; however,
the diagnostic value was poor.

LDH

LDH, which is extensively expressed in body tissues, is a
glycolytic enzyme that catalyzes the production of lactic
acid from pyruvate. There are five isoforms of LDH: LDH-1,
LDH-2, LDH-3, LDH-4, and LDH-5. Among these, LDH-3
is the most abundant in lung tissue. Therefore, the serum
LDH-3 level is often increased in patients with pulmonary
disease. In addition to lung injury, severe MPP can often
cause multiple organ damage in children. LDH levels are
higher in patients with severe as compared with mild MPP,
and the higher the LDH level, the more severe the MPP.
Our finding of significantly higher LDH levels in children
with segmental/lobar MPP as compared with bronchial MPP
confirms this viewpoint. Kawamata et al? previously reported
that the serum LDH level can be used as an indicator of the
severity of MPP and as a marker for initiating corticosteroid
therapy in children. Further research has suggested a posi-
tive correlation of serum LDH with IL-18 levels.*** IL-18
is a pro-inflammatory cytokine that belongs to the IL-1
family. It can be combined with IL-12 to induce high levels
of IFN-y production by T cells. In addition, another report
showed that serum LDH can be used as a biomarker to pre-
dict refractory MPP in the early stages of hospitalization.?

Table 3 ROC curve of inflammatory markers in children with segmental/lobar MPP

Inflammatory Cutoff value AUC SE 95% ClI Sensitivity Specificity P-values
markers

CRP 10.25 0.678 0.070 0.541-0.816 0.639 0.727 0.024
LDH 323.0 0.702 0.069 0.567-0.837 0.694 0.636 0.010
IL-4 10.35 0.736 0.065 0.609-0.863 0.444 0.945 0.003
IL-10 27.25 0.813 0.057 0.701-0.924 0.900 0.945 0.000
IFN-y 35.35 0.740 0.066 0.611-0.869 0.500 0.909 0.002
TNF-o 38.05 0.799 0.058 0.684-0.913 0.694 0.908 0.000

Abbreviations: ROC, receiver operating characteristic; MPP, Mycoplasma pneumoniae pneumonia; AUC, area under the curve; SE, standard error; Cl, confidence interval;
CRP, C-reactive protein; LDH, lactate dehydrogenase; IL-4, interleukin-4; IL-10, interleukin-10; IFN-y, interferon-y; TNF-0, tumor necrosis factor-o.
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Note: Diagonal segments are produced by ties.

Abbreviations: ROC, receiver operating characteristic; WBC, white blood cell;
CRP, C-reactive protein; LDH, lactate dehydrogenase; IL-6, interleukin-6; TNF-ci,
tumor necrosis factor-oL.

Therefore, the significance of LDH in MPP remains to be
more widely studied.

Th1/Th2 cytokine profiles

Based on the pattern of cytokine secretion, CD4" cells can
be divided into Th1, Th2, Th9, Th17, Th22, Treg, and Tth
cells.** Among these, Th1/Th2 balance is a basis of the
body’s immune response regulation. IL-2, IFN-y, and TNF-o
are secreted from Thl cells and can promote cell-mediated
immune responses to kill intracellular microbial pathogens,
while IL-4, IL-6, and IL-10 are secreted from Th2 cells and
can promote humoral immunity to kill extracellular microbial

pathogens and secrete protective antibodies.>*¢ It is generally
agreed that Th1/Th2 imbalance in the immune system results
in the clinical expression of allergic diseases. Studies have
revealed that allergic diseases and respiratory infections
can downregulate Thl cytokines and/or upregulate Th2
cytokines, thereby changing the balance of Th1/Th2 toward
Th2 cells.”” %

Separately from allergic diseases and other pathogenic
infections, our study showed that, in addition to IL-2, all the
other Th1/Th2 cytokines that we investigated (IL-4, IL-6,
IL-10, IFN-y, and TNF-a) increased with the severity of
disease on chest X-ray. This suggests that pro-inflammatory
and anti-inflammatory cytokines are activated simultaneously
in children infected with MP.

IL-2 plays an important role in the immune response, with
a wide range of regulatory activities. It is secreted from Th
cells by antigen or mitogen stimulation and further influence
on effector T cells to differentiate into different functional
T-cell subsets, thereby regulating the body’s cellular immune
function.’® Thus, IL-2 activity reflects the function of Th cells.
In our study, there was no significant difference in the serum
IL-2 values among the three MPP groups with different chest
radiographic features. The role of IL-2 in MPP remains to
be further studied.

IL-4 is mainly secreted by Th2 cells. It can regulate the
body’s humoral immune response and is associated with
the allergic diseases (such as asthma).?!' It is now consid-
ered as one of the main factors related to asthma after MP
infection.*® Koh et al*?> found that the IL-4 values were
significantly higher among patients with MPP compared
with those in the Streptococcus pneumoniae group and a
control group; it was believed that the secretion of cytok-
ines from Th2 cells was increased after MP infection. Our
study shows that serum IL-4 levels in segmental/lobar MPP
group were significantly higher than those in the bronchial
MPP group; however, there was no significant difference
between segmental/lobar MPP with and without pleural
effusion groups.

Table 4 ROC curve of inflammatory markers in children with segmental/lobar MPP with pleural effusion

Inflammatory Cutoff value AUC SE 95% ClI Sensitivity Specificity P-values
markers

WBC 10.6 0.686 0.069 0.552-0.821 0.483 0.833 0.010
CRP 14.7 0.661 0.067 0.530-0.793 0.552 0.667 0.026
LDH 396.5 0.676 0.070 0.539-0.813 0.586 0.778 0.015
IL-6 62.8 0.724 0.064 0.599-0.848 0.724 0.639 0.002
TNF-o 60.25 0.846 0.050 0.748-0.945 0.724 0.944 0.000

Abbreviations: ROC, receiver operating characteristic; MPP, Mycoplasma pneumoniae pneumonia; AUC, area under the curve; SE, standard error; Cl, confidence interval;
WABC, white blood cell; CRP, C-reactive protein; LDH, lactate dehydrogenase; IL-6, interleukin-6; TNF-o, tumor necrosis factor-c.
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IL-6 is an important cytokine and mediator of the acute
phase of inflammation.*® In acute inflammatory reaction, IL-6
is mainly manifested in the role of a variety of cells to promote
inflammation and the induction of liver cells to synthesize acute
phase proteins.** Our study showed that serum IL-6 levels in
segmental/lobar MPP with pleural effusion were significantly
higher than those without pleural effusion in pediatric MPP. It
suggested that IL-6, as an important Th2 cytokine involved in
the pathological process of pulmonary inflammation, may be
involved in the infection process of MP and play an important
role in the occurrence and development of MPP.

IL-10 is another cytokine produced by Th2 cells. It has a
strong anti-inflammatory effect with the function of inhibit-
ing Th1 cells. IL-10 can protect the organs and tissues from
the overall pathological changes in the role of inflammatory
cytokines. On the other hand, it can also cause immune sup-
pression, thus reducing body’s removal capacity of patho-
genic microorganisms and leading to severe infection.>>
Our study suggested that serum IL-10 levels in segmental/
lobar MPP were significantly higher than those in bronchial
MPP. As an important anti-inflammatory cytokine, the high
level of IL-10 suggests that the immune regulation of MPP
is out of control, which may be related to the pathogenesis
of MPP. Through the analysis of ROC curve, IL-10 can be
used as an inflammatory marker for diagnosis of segmental/
lobar MPP (cutoff value of 27.25 pg/mL: sensitivity 90%
and specificity 94.5%).

IFN-yis mainly produced by Th1 cells. It can promote the
transformation of ThO cells to Thl cells and has an important
role in the anti-intracellular pathogen infection. Therefore,
IFN-y plays an important role in the early defense response
after infection with pathogens. At present, it is considered that
IFN-y can activate monocytes and macrophages to clear MP
and promote cytotoxic T lymphocytes and natural killer cells to
exert anti-infection effect.>*” In this study, serum IFN-ylevels
in segmental/lobar MPP were significantly higher than those
in bronchial MPP in children, suggesting that an excessive
inflammatory reaction can also lead to an increase in [FN-y.

TNF-a is a polypeptide regulatory factor produced by
Thl cells. Its biologic activity is different according to its
concentration. Under normal conditions, it plays a role in
the regulation of the immune response and has anti-infection
and antitumor activities. It also promotes cell proliferation
and differentiation and has other physiological functions
with a low concentration. However, high concentration of
TNF-o becomes an important inflammatory mediator, with
pro-inflammatory effects on eosinophils, neutrophils, T cells,
and epithelial cells. TNF-o can cause local inflammation

and even multiple organ injury.*”*® In this study, we found
that TNF-a levels increased along with the progression of
chest inflammation. In addition, TNF-o can be used as an
inflammation marker for the diagnosis of segmental/lobar
MPP with pleural effusion (cutoff value of 60.25 pg/mL:
sensitivity 72.4% and specificity 94.4%).

Limitations

This study still has several limitations: it is a retrospective
study, the sample size included in the study is not large
enough, and the time point of blood specimen collection is
not uniform. Therefore, there may be some bias in this study,
and a large sample prospective study remains to be carried
out for further assessment.

Conclusion

The incidence of tachypnea and cyanosis was higher in chil-
dren with segmental/lobar MPP with pleural effusion versus
those with segmental/lobar MPP without pleural effusion and
bronchial MPP, while hypoxia occurred at a higher incidence
in those with segmental/lobar MPP with pleural effusion ver-
sus those with bronchial MPP. The peak body temperature of
segmental/lobar MPP was higher, and the duration of fever
was longer than that of bronchial MPP. The duration of fever
and hospitalization was positively correlated with the severity
of MPP. Children’s chest radiographs showed a relationship
with the changes in Th1/Th2 cytokines. Through statisti-
cal analysis, we found that the predictive value of Th1/Th2
cytokine profiles was higher than that of WBC, CRP, and
LDH. Serum CRP, LDH, IL-4, IL-10, IFN-y, and TNF-o. in
segmental/lobar MPP were significantly higher than those in
bronchial MPP, and serum IL-10 (cutoff value: 27.25 pg/mL)
can be used as a diagnostic predictor for segmental/lobar MPP.
WBC, serum CRP, LDH, TNF-q, and IL-6 in segmental/lobar
MPP with pleural effusion were significantly higher than those
in segmental/lobar MPP without pleural effusion, and serum
TNF-o (cutoff value: 60.25 pg/mL) can be used as a diagnostic
predictor for segmental/lobar MPP with pleural effusion.
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