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Objective: To investigate the expression of serum miR-155 in children with Mycoplasma 
pneumoniae pneumonia (MPP).
Methods: A total of 100 children at our hospital with pneumonia caused by Mycoplasma 
pneumoniae infection were enrolled as a study group, including 45 cases in the acute phase 
(acute phase group) and 55 in the recovery phase (recovery phase group). An additional 30 
healthy children were enrolled during the same period as the control group. The expression 
levels of miR-155, tumor necrosis factor-α (TNF-α), interleukin-8 (IL-8), IL-10, IL-13, 
immunoglobulin (Ig) G, IgA, complements (C3 and CH50), and T lymphocyte subsets 
(CD3

+, CD4
+, CD8

+, and CD4
+/CD8

+) were determined. Multivariate logistic regression 
analysis was performed to identify risk factors affecting MPP in children.
Results: miR-155, IL-10, IgG, IgA, CD3

+, CD4
+, and CD4

+/CD8
+ were poorly expressed in 

children with MPP, and their expression in the acute phase group was significantly lower than that 
in the recovery phase group. TNF-α, IL-13, C3, and CH50 were highly expressed in the children, 
and their expression was significantly higher in the acute  phase group than in the recovery phase 
group. In the acute phase group, the expression of IL-8 was significantly higher than that in the 
control and recovery phase groups but without any significant differences between the recovery 
phase and control groups. Age, season, low complement state, epidemiological contact history, and 
antibiotic use time were independent risk factors affecting MPP in children.
Conclusion: Serum miR-155 is poorly expressed in children with MPP, and it can regulate 
inflammatory disorders and immune responses.
Keywords: miR-155, Mycoplasma pneumoniae, immunity, inflammation, risk factors

Introduction
Mycoplasma pneumoniae is a common pathogen encountered during childhood, 
and it is a major cause of pneumonia, namely, Mycoplasma pneumoniae pneumonia 
(MPP), in this population.1 According to epidemiological studies, the incidence of 
MPP is high during the epidemic period.2 MPP has intrapulmonary manifestations, 
such as viral symptoms and obstructive airway symptoms.3 It is difficult to diag
nose MPP because some of its clinical symptoms are similar to those of 
pneumonia.4 Currently, MPP in children is primarily treated with antibiotic therapy. 
Nevertheless, the widespread application of antibiotics will increase drug-resistant 
Mycoplasma pneumoniae strains, thereby reducing the therapeutic effect of anti
biotics to varying degrees.5,6 Therefore, for the treatment and prevention of MPP, it 
is essential to explore novel therapeutic targets and related risk factors.
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Micro RNA (miRNA) has various biological functions; 
it plays the role of a gene expression regulator by binding 
to complementary target mRNA and inhibiting its expres
sion. miRNA is involved in the development and differ
entiation of cells, by which it contributes to the regulation 
of human diseases, particularly those related to the patho
genesis of pulmonary diseases.7,8 miR-155 is a key regu
lator of inflammatory responses induced by 
proinflammatory stimuli involved in the regulation of 
innate and adaptive immune responses.9,10 Studies have 
shown that the upregulation of miR-155 expression can 
stabilize the overexpression of TNF-α mRNA, thereby 
blocking the inflammatory responses initiated by the 
TNF-α-NF-κB axis, while low expression of miR-155 
results in a state of weak immune function.11,12

At present, research on the effects of serum miR-155 
on MPP in children and on inflammatory and immune 
responses is scarce. Therefore, we aimed to study the 
expression of miR-155 and related inflammatory and 
immune indices in children with MPP to conduct 
a preliminary analysis of the role of miR-155 in the 
inflammation and immunity of MPP and suggest new 
strategies for the prevention and treatment of MPP.

Patients and Methods Study 
Population and Design
Children with pneumonia caused by Mycoplasma pneu
moniae infection (MPI) admitted to our hospital 
between January 2018 and March 2019 were enrolled 
as the study group (SG), including 45 cases in the 
acute phase (acute phase group, APG) and 55 in the 
recovery phase (recovery phase group, RPG). 
Additionally, 30 healthy children were enrolled as the 
control group (CG) during the same period. The SG 
comprised 58 boys and 42 girls aged 3–12 years (mean 
age, 5.35 ± 2.26 years). The CG comprised 20 boys 
and 10 girls aged 3–11 years (mean age, 4.20 ± 2.15 
years). This study was approved by the ethics commit
tee of the Affiliated Shuyang Hospital of Xuzhou 
Medical University on September 27, 2017 (No. 
20,160,312) and conducted in accordance with the 
Declaration of Helsinki. The participants and their 
families were informed, and all legal guardians signed 
a fully informed consent form. The inclusion criteria 
were as follows: children with MPI-induced pneumonia 
that was confirmed by clinical data and laboratory 
indices;13 children without other infections; children 

with complete clinical data; children in the acute 
phase presenting clinical symptoms such as fever, 
intractable cough, and abnormal lung auscultation;14 

and children in the recovery phase, i.e., disappearing 
acute phase clinical symptoms and signs. The total 
number of white blood cells is normal or slightly 
increased, mainly neutrophils. The mycoplasma pneu
monia antigen in blood and respiratory tract samples 
can be detected to confirm the diagnosis. X-ray exam
ination showed various forms of infiltrates in the lungs, 
which were distributed in segments. It is self-limiting, 
and most cases can heal spontaneously without treat
ment. The exclusion criteria were as follows: children 
with other infectious diseases; children who had taken 
other drugs that affected immune function or anti- 
inflammatory drugs; and children who had recently 
received surgery. The inclusion criteria were applicable 
to children in the SG, and healthy children were 
included in the CG.

Experimental Methods
Fasting venous blood (3 mL) was drawn from each 
subject after admission and then placed in EDTA-K2 

anticoagulation tubes and coagulation-promoting tubes. 
The total RNA was extracted from the serum according 
to the instruction of the mirVanaTM miRNA isolation 
kit (Shanghai Xinle Biotechnology Co., Ltd., China, 
RMI050). The concentration of the extracted RNA 
was measured using a NanoDrop 1000 UV-Vis spectro
photometer (Shanghai Chenlian Biotechnology 
Development Co., Ltd., China, 757). PCR amplification 
was performed with cDNA considered as a template, 
and U6 was used as an internal reference gene. The 
upstream and downstream primers of miR-155 were 5′- 
GCGGTTAATGCTAATCGTGAT-3′ and 5′-GTGCA 
GGGTCCGAGGT-3′. Those of U6 were 5′- 
CCTGGATCTTATCAGGCTC-3′ and 5′- 
GCCATCTCCCCGGACAAAG-3′. Primer sequences 
were designed by Shanghai Wcgene Biotechnology 
Co., Ltd., China. miR-155 was quantitatively detected 
using a real-time fluorescence quantitative PCR system 
(Shanghai AOLU Biological Technology Co., Ltd., 
China,7500) according to the instructions of the 
miRNA RT-qPCR detection kit (Genetimes 
Technology, Inc., Shanghai, China, 110001S). All sam
ples were repeatedly analyzed three times, and the 
results were expressed by 2−ΔCT.
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The expression of serum immunoglobulins (IgG and 
IgA) and complement C3 was determined using a fully 
automated biochemical analysis system (Shanghai Dibosi 
Biological Technology Co., Ltd., China, PUZS-300) and 
matching reagents. The levels of serum complement 
CH50, tumor necrosis factor-α (TNF-α), interleukin-8 
(IL-8), IL-10, and IL-13 were detected using enzyme- 
linked immunosorbent assay (ELISA),15 with the proce
dures conducted in strict accordance with the instructions 
of human CH50, TNF-α, IL-8, IL-10, IL-13 ELISA kits 
(Shanghai Hengfei Biotechnology Co., Ltd., China). 
Sample wells, standard wells, and blank wells were set 
up. Horseradish peroxidase (HRP)-labeled detection anti
bodies (100 μL) were added to all wells except for the 
blank wells, sealed, and incubated at 37°C for 60 min. 
After the liquid was discarded, the ELISA plate was dried 
and then repeatedly washed five times. After the substrates 
A and B were fully mixed at a ratio of 1:1, the mixed 
solution (100 μL) was added to each well, sealed, and 
incubated at 37°C for 15 min. Finally, stop solution (50 
μL) was added to each well. A microplate reader 
(Shanghai Qiming Biotechnology Co., Ltd., China, QM- 
SW-0918) was used to measure the optical density values 
of each well at 450 nm to calculate the expression levels of 
CH50, TNF-α, IL-8, IL-10, and IL-13.

Serum T lymphocyte subsets were determined using 
a flow cytometer (Morey Biosciences, Inc., Shanghai, 
China, DxFLEX). Fluorescein isothiocyanate (FITC)- 
labeled fluorescent monoclonal antibody (CD4-FITC 
/CD8-ECD) (10 μL) (Shanghai Haoran Biotechnology 
Co., Ltd., China, RM25013, 737,659) was added to 
each EDTA-K2 anticoagulation tube to mix well with 
the venous blood (100 μL) and then kept at room 
temperature for 20 min in the dark. Next, red blood 
cell lysis buffer (500 μL) was added to the mixture to 
lyse the red blood cells, which were then kept at room 
temperature for 15 min in the dark. Finally, the mixture 
was mixed well with phosphate buffer solution (PBS, 
500 μL) and then kept at room temperature for 10 min 
in the dark. The samples were analyzed using flow 
cytometry (BD FACSAria) and CD4

+, CD8
+, and 

CD4
+/CD8

+ data were read using Cell Quest (Becton 
Dickinson, Franklin Lakes, NJ, USA).

Statistical Analysis
GraphPad Prism 6 was used for statistical analysis. Count 
data were expressed by the number of cases/percentages [n 
(%)], and the comparison of data between groups was 

performed using the chi-square test. Measurement data 
were expressed as mean ± SD. For group comparisons, 
an independent samples paired t-test was used, and to 
compare between three groups, an F-test was used. 
Multivariate Logistic regression analysis was conducted 
to identify the independent risk factors affecting MPP in 
children. P < 0.05 indicated a statistically significant 
difference.

Results
General Information and 
Clinicopathological Features
There was a significant difference between CG, APG and 
RPG in age (P < 0.05) but not in sex or place of residence (P 
> 0.05). There were significant differences between APG 
and RPG in season, low complement state, epidemiological 
contact history, and treatment duration with antibiotic drugs 
(P < 0.05) but not in the mean course of fever, results of 
routine blood tests, C-reactive protein, CK-MB, and chest 
radiographic images (P > 0.05) (Table 1).

Expression of Serum miR-155
The relative expression of serum miR-155 was 0.85 ± 0.14 
in APG, 1.04 ± 0.15 in RPG, and 1.39 ± 0.19 in CG. The 
expression of serum miR-155 in APG and RPG was lower 
than that in CG, and that in the APG was lower than that in 
the RPG (P < 0.001; Figure 1).

Expression of Proinflammatory Cytokines 
TNF-α and IL-8
The expression of TNF-α in APG and RPG was higher 
than that in CG (40.98 ± 2.31 pg/mL), and that in the APG 
(75.29 ± 4.72 pg/mL) was higher than that in RPG (51.64 
± 5.87 pg/mL) (P < 0.001). The expression of IL-8 in the 
APG (110.49±20.83 pg/mL) was higher than that in CG 
(35.37 ± 3.08 pg/mL) and RPG (32.25 ± 2.13 pg/mL) (P < 
0.001, Figure 2).

Expression of Anti-Inflammatory 
Cytokines IL-10 and IL-13
The expression of IL-10 in APG and RPG was lower 
than that in CG (22.87 ± 3.65 pg/mL), and that in the 
APG (12.02 ± 4.28 pg/mL) was lower than that in RPG 
(16.31 ± 5.54 pg/mL) (P < 0.001). The expression of IL- 
13 in APG and RPG was higher than that in CG (82.14 
± 9.03 pg/mL), but that in APG (205.37 ± 16.97 pg/mL) 
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Table 1 General Information and Clinicopathological Features [n (%), Mean ± SD]

Clinicopathological Features Control Group  
(n = 30)

Acute Phase Group  
(n = 45)

Recovery Phase Group  
(n = 55)

χ2/t/F P

Sex 1.330 0.514

Male 20 (66.67) 28 (62.22) 30 (54.55)

Female 10 (33.33) 17 (37.78) 25 (45.45)

Age (years) 4.20 ± 2.15 5.41 ± 2.23 5.27 ± 2.19 3.125 0.047

Place of residence 4.989 0.083

Countryside 13 (43.33) 30 (66.67) 36 (65.45)

City 17 (56.67) 15 (33.33) 19 (34.55)

Mean course of fever (days) – 6.56 ± 1.42 6.50 ± 1.45 0.208 0.836

Season 4.461 0.035

Autumn and winter – 33 (73.33) 29 (52.73)

Spring and summer – 12 (26.67) 26 (47.27)

Low complement state 4.209 0.040

Yes – 32 (71.11) 28 (50.91)

No – 13 (28.89) 27 (49.09)

Epidemiological contact history 3.896 0.048

Yes – 18 (40.00) 12 (21.82)

No – 27 (60.00) 43 (78.18)

Antibiotic use time – 8.72 ± 1.19 5.35 ± 1.25 13.704 <0.001

Degree of fever 3.134 0.077

Hyperpyrexia or ultrahyperpyrexia – 26 (57.78) 22 (40.00)

Others – 19 (42.22) 33 (60.00)

Routine blood test results 4.324 0.115

Increased leucocytes – 17 (37.78) 13 (23.64)

Normal leucocytes – 21 (46.67) 37 (67.27)

Leucopenia – 7 (15.55) 5 (9.09)

C-reactive protein 2.296 0.130

Increased – 24 (53.33) 21 (38.18)

Normal – 21 (46.67) 34 (61.82)

CK-MB 2.309 0.129

Increased – 32 (71.11) 31 (56.36)

Normal – 13 (28.89) 24 (43.64)

Chest radiograph 1.609 0.205

Small and spot blurred shadows – 27 (60.00) 26 (47.27)

Others – 18 (40.00) 29 (52.73)
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was higher than that in RPG (140.38 ± 5.27 pg/mL) (P 
< 0.001; Figure 3).

Humoral Immune Function
The concentration of the humoral immune index IgG in 
APG and RPG was lower than that in CG (11.21 ± 3.16 g/ 
L) (P < 0.001), and that in the APG (7.36 ± 1.32 g/L) was 
lower than that in RPG (9.05 ± 1.10 g/L) (P < 0.001). The 
concentration of IgA in APG and RPG was lower than that 
in CG (1.73 ± 0.39 g/L) (P < 0.001), and that in the APG 
(0.95 ± 0.36 g/L) was lower than that in RPG (1.15 ± 0.34 
g/L) (P < 0.05). The concentrations of C3 and CH50 in 
APG and RPG were higher than those in CG (0.83 ± 0.19 

g/L, 30.18 ± 8.53 U/L) (P < 0.001), and those in the APG 
(1.28 ± 0.31 g/L, 48.37 ± 8.05 U/L) were higher than those 
in RPG (1.14 ± 0.26 g/L, 43.74 ± 7.96 U/L) (P < 0.05; 
Figure 4).

Cellular Immune Function
The concentration of the cellular immune index CD3

+ in 
APG and RPG was lower than that in CG (49.25 ± 5.96%) 
(P < 0.001), and that in APG (37.18 ± 6.58%) was lower 
than that in RPG (40.34 ± 6.67%) (P < 0.05). The con
centration of CD4

+ in APG and RPG was lower than that 
in CG (34.76 ± 5.23%) (P < 0.001), and that in APG 
(23.68 ± 5.14%) was lower than that in RPG (28.87 ± 
6.72%) (P < 0.001). There was no significant difference in 
the concentration of CD8

+ between APG (27.36 ± 5.21%), 
RPG (27.62 ± 4.25%) and CG (28.29 ± 6.24%) (P > 0.05). 
The concentration of CD4

+/CD8
+ in APG and RPG was 

lower than that in CG (1.26 ± 0.20) (P < 0.01), and that in 
APG (0.87 ± 0.25) was lower than that in RPG (1.09 ± 
0.26) (P < 0.001; Figure 5).

Multivariate Logistic Regression Analysis
Multivariate logistic regression analysis was conducted on the 
factors with significant differences. The results showed that 
age (P = 0.003), season (P = 0.017), low complement state (P 
= 0.021), epidemiological contact history (P = 0.013), and 
antibiotic use time (P = 0.001) were independent risk factors 
affecting MPP in children. Older age, autumn and winter, 
presence of a low complement state, presence of epidemio
logical contact history, and prolonged antibiotic treatment 
duration could increase the risk of MPP (Tables 2 and 3).

Figure 1 Expression levels of serum miR-155. 
Note: ***Indicates P < 0.001.

Figure 2 Expression levels of proinflammatory cytokines TNF-α and IL-8. (A) Expression of TNF-α in children with MPP. (B) Expression of IL-8 in children with MPP. 
Note: ***Indicates P < 0.001.
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Figure 3 Expression levels of anti-inflammatory cytokines IL-10 and IL-13. (A) Expression of IL-10 in children with MPP. (B) Expression of IL-13 in children with MPP. 
Note: ***Indicates P < 0.001.

Figure 4 Determination of humoral immune function. (A) Concentration of IgG in children with MPP. (B) Concentration of IgA in children with MPP. (C) Concentration of 
C3 in children with MPP. (D) Concentration of CH50 in children with MPP. 
Note: *Indicates P < 0.05, ***indicates P < 0.001.
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Discussion
As one of the miRNA members, miR-155 is widely pre
sent in human serum and other body fluids and plays 
a panbiological function, and extraction of miR-155 by 
RT-PCR can allow us to discover its abnormal disorders 
children with MPP.16 In this study, the expression level of 
serum miR-155 in APG and RPG was significantly lower 
than that in CG, and the expression in APG was lower than 
that in RPG, suggesting that serum miR-155 is involved in 
the development and progression of MPP in children and 
is negatively correlated with the severity of the disease. In 
a study by Yang et al, miR-155 was poorly expressed but 
the mRNA expression of TNF-α and IL-6 was upregulated 
in the bronchoalveolar lavage fluid (BALF) of patients 
with pneumonia,17 indicating that miR-155-mediated 
gene regulation promotes the repolarization of the human 
alveolar macrophage phenotype and realizes the early 
transformation of proinflammatory cytokines to anti- 
inflammatory cytokines. In a study by Fan et al, the levels 

of TNF-α and IL-8 were higher in the BALF than in 
plasma of children with MPP, and the levels were signifi
cantly higher in refractory MPP than in general MPP,18 

indicating that the two cytokines may serve as markers to 
indicate the pathological changes and severity of pulmon
ary diseases. In this study, TNF-α and IL-8 were highly 

Figure 5 Determination of cellular immune function. (A) Concentration of CD3
+ in children with MPP. (B) Concentration of CD4

+ in children with MPP. (C) Concentration 
of CD8

+ in children with MPP. (D) Concentration of CD4
+/CD8

+ in children with MPP. 
Note: *Indicates P < 0.05, **indicates P < 0.01, ***indicates P < 0.001.

Table 2 Assignment for Multivariate Logistic Regression Analysis

Factors Variables Assignment

Age X1 A continuous variable

Season X2 Spring and summer = 0, autumn 
and winter = 1

Low complement 
state

X3 No = 0; yes = 1

Epidemiological 
contact history

X4 No = 0; yes = 1

Antibiotic use time X5 A continuous variable
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expressed in APG and RPG, and the expression was higher 
in APG than in RPG, suggesting that serum miR-155 is 
involved in inflammatory responses of children with MPP 
by upregulating the expression of these two cytokines. 
Chai et al found that the serum IL-10, IgG, and IgA levels 
were upregulated after treatment, whereas the IL-13 level 
was downregulated,19 which was similar to the findings of 
this study. In our study, IL-10, IgG, and IgA were highly 
expressed in APG and RPG, and their expression signifi
cantly decreased in RPG; in contrast, IL-13 expression 
significantly increased, indicating that serum miR-155 
may mediate the stress regulation of tissue damage and 
humoral immunity in children by upregulating IL-10, IgG, 
and IgA, and downregulating IL-13. In a report by Wang 
et al, C3 and CH50 levels in children with MPP signifi
cantly increased,20 suggesting that the two indices indicate 
immunosuppression in children. In this study, the C3 and 
CH50 levels in APG and RPG were significantly higher 
than those in CG, and those in APG were higher than those 
in RPG, implying that serum miR-155 may intervene in 
humoral immunity by increasing C3 and CH50 levels. In 
a report by Li et al, CD3

+, CD4
+, and CD4

+/CD8
+ levels in 

the peripheral blood of children were lower than those in 
CG, whereas CD8

+ levels were higher than those in CG.21 

This was different from the results of this study. In our 
study, serum CD3

+, CD4
+, and CD4

+/CD8
+ were poorly 

expressed in APG and RPG, but their expression in APG 
was lower than that in RPG, without significant difference 
in CD8

+ expression between the three groups. These find
ings show that serum miR-155 may mediate cellular 
immunity in children with MPP by downregulating CD3

+, 
CD4

+, and CD4
+/CD8

+, but it has no significant regulatory 
effect on CD8

+.
According to the multivariate logistic regression ana

lysis, older age, autumn and winter, presence of a low 
complement state, presence of epidemiological contact 

history, and long antibiotic treatment duration could 
increase the risk of MPP in children, especially long 
antibiotic use time, older age, and the presence of epide
miological contact history. Therefore, we should pay 
attention to the physical protection of children in autumn 
and winter, keep them away from possible places of 
epidemics, and avoid long-term use of antibiotics during 
their growth.

Although this study confirms that the downregula
tion of serum miR-155 expression has a regulatory 
effect on inflammatory disorders and immune 
responses in children with MPP, further improvements 
are possible. First, basic experiments can be increased 
and animal models can be established to explore the 
cellular biological function of serum miR-155 in chil
dren and supplement relevant regulatory mechanisms. 
Second, the pathogenic types of the disease can be 
assessed in detail, and the expression and related 
pathological mechanisms of serum miR-155 can be 
investigated in more disease phenotypes. Furthermore, 
the diagnostic value of miR-155 and related inflamma
tory and immune indices can be investigated in detail. 
Finally, further studies should assess larger sample 
sizes to improve the accuracy of the results. In addi
tion, more manifestations of serum miR-155 in macro
lide-resistance and sensitive MPP as well as refractory 
and non-refractory MPP can be analyzed, which is 
beneficial to further expand the potential value of 
serum miR-155 in MPP.

Conclusions
In summary, serum miR-155 expression is low in children 
with MPP, and there are also inflammation and immune 
disorders; therefore, it may become a therapeutic target for 
MPP in children.

Table 3 Multivariate Logistic Regression Analysis

Variables B S.E. Wals P OR 95% CI

Age 1.317 0.609 4.206 0.003 2.420 1.129–5.038

Season 2.259 0.502 5.458 0.017 1.784 1.248–8.738

Low complement state 4.365 0.610 6.317 0.021 1.897 2.443–11.583

Epidemiological contact history 3.774 0.175 17.127 0.013 2.118 1.039–2.654

Antibiotic use time 3.901 0.327 9.134 0.001 5.005 2.335–10.758
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