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Abstract. This study explored the effect of pidotimod combined 
with azithromycin on children with mycoplasma pneumonia 
and the expression of interleukin-10 (IL-10) and granulocyte 
colony-stimulating factor (G-CSF) in serum. The clinical data 
of 149 children with mycoplasma pneumonia from May 2014 
to May 2018 in Zhangqiu District Maternal and Child Health 
Care Hospital were collected. Among them, 70 children treated 
with azithromycin sequential therapy were the control group, 
and 79 children treated with the combination of pidotimod and 
azithromycin were the observation group. Double antibody 
sandwich enzyme-linked immunosorbent assay (ELISA) was 
used to determine the expression levels of IL-10 and G-CSF in 
serum before and after treatment. Pearson's correlation coef-
ficient was used to analyze the correlation between IL-10 and 
G-CSF in serum. The total effective rate in the observation 
group (94.94%) was significantly higher than that in the control 
group (81.43%) (P<0.05). There was no significant difference 
in the expression levels of IL-10 and G-CSF between the 
two groups before treatment (P>0.05). The expression levels 
of IL-10 and G-CSF in the two groups after treatment were 
significantly lower than those before treatment (P<0.05). After 
treatment, the expression levels of IL-10 and G-CSF in serum 
in the observation group were significantly lower than those 
in the control group. There was a significant positive correla-
tion between the expression levels of IL-10 and G-CSF before 

and after treatment in the observation group (P<0.05), and a 
significant positive correlation between the expression levels 
of IL-10 and G-CSF before and after treatment in the control 
group (P<0.05). Compared with sequential treatment with 
azithromycin alone, pidotimod combined with azithromycin 
significantly reduced the expression levels of IL-10 and G-CSF 
in serum of children with mycoplasma pneumonia, improved 
the curative effect and reduced the occurrence of adverse reac-
tions, which has high application value in clinic.

Introduction

Mycoplasma pneumonia is an atypical bacterial pneumonia 
that can damage human organs and systems through local 
respiratory tract infections (1). Mycoplasma pneumonia is 
one of the most common community-acquired pneumonia 
(CAP) among children and adolescents (2), accounting for 
40% of CAP in children and 18% of hospitalized patients. It 
has a high infectious rate. Once the patients are infected, the 
condition becomes more serious and the course of disease 
also becomes longer. If not treated in time, it may lead to a 
series of complications and seriously affect the physical and 
mental health of the children (3). At present, the treatment 
of this disease is mainly drug therapy (4). Azithromycin is a 
macrolide antibiotic with good tolerance and long half-life, 
which can shorten the course of treatment (5). Pidotimod is a 
new peptide immunomodulator, which, not only promotes the 
non-specific immune response, but also promotes the specific 
immune response, acting on the different stages of the immune 
response (6). It can also activate the immune system to elimi-
nate pathogenic microorganisms (7). At present, there is little 
research on the combination of the two drugs on the treatment 
of mycoplasma pneumonia. Although it is now widely used, 
the mechanism of its action is still unclear.

Interleukin-10 (IL-10) is an important factor involved in 
airway inflammation in asthma (8). IL-10 is an anti-inflamma-
tory medium that reduces host response through T cells, resists 
excessive inflammatory responses caused by pro-inflamma-
tory factors, and reduces body damage (9,10). In recent years, 
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it has been shown that IL-10 may play an important role in 
the occurrence and development of Mycoplasma pneumoniae 
asthmatic attack (11). Granulocyte colony-stimulating factor 
(G-CSF) is produced by macrophage, T cell, epithelium and 
fibroblast activated by IL-1, IL-6 and TNF-α. It is a glycopro-
tein that plays an important role in anti-infective non-immune 
cellular immune response and can enhance granulocyte 
maturation and regulate the differentiation and proliferation 
of medulla progenitor cells (12). The production of G-CSF is 
mainly stimulated and regulated by bacteria and endotoxin. 
When the body is infected, the level of G-CSF is significantly 
up regulated (13). At present, the effect of pidotimod combined 
with azithromycin on the expression levels of IL-10 and G-CSF 
in serum of children with mycoplasma pneumonia needs to be 
further studied.

In this study, the efficacy of pidotimod combined with 
azithromycin in the treatment of mycoplasma pneumonia 
in children and the expression levels of IL-10 and G-CSF in 
serum before and after treatment were detected in order to 
provide a more sufficient theoretical basis for the treatment of 
mycoplasma pneumonia in children.

Patients and methods

General materials. The clinical data of 149 children with myco-
plasma pneumonia admitted to Zhangqiu District Maternal 
and Child Health Care Hospital (Jinan, China) from May 2014 
to May 2018 were collected. Among them, 70 children were 
treated with azithromycin sequential therapy as control group 
(38 males and 32 females; mean age: 5.86±1.34 years; course 
of disease: 8.19±1.82 days), and 79 children with pidotimod 
combined with azithromycin as observation group (44 males 
and 35 females; mean age: 5.98±1.27 years; course of disease: 
8.23±1.79 days).

Inclusion criteria: Patients with complete clinical data and 
good compliance; patients finally diagnosed by biochemical 
and imaging examinations; none of the patients had been 
treated with hormone or immunomodulators.

Exclusion criteria: Patients allergic to drugs used in this 
study; patients with other respiratory diseases; patients with 
family history of mental illness; patients with liver disease or 
abnormal liver functions, who had used other antibiotics in the 
course of treatment; patients with cardiovascular disease and 
viral pneumonia, congenital malformations, bacterial pneu-
monia and tuberculosis.

This study was approved by the Ethics Committee of 
Zhangqiu District Maternal and Child Health Care Hospital 
and subjects' experimental contents were described in detail. 
Patients who participated in this research had complete clinical 
data. The signed informed consents were obtained from the 
patients or the guardians.

Treatment method. Patients in both groups were given 
routine treatment on the basis of medication. Control group: 
azithromycin sequential therapy was used; intravenous 
drip of 10 mg·kg-1·day-1 of azithromycin (Jiangsu Jichuan 
Pharmaceutical Co., Ltd., SFDA approval no. H20030782) 
for 3-5 days; changed to 10 mg·kg-1·day-1 of oral azithromycin 
tablet (Zhejiang Asia-Pacific Pharmaceutical Co., Ltd., SFDA 
approval no. H10980289) after patient's condition was stable. 

The patients were treated for 3 days and stopped for 4 days, 
which was a course. The patients were administered the course 
again for 3 consecutive days, then stopped for four days for 
the next course of treatment. The patients needed to take 2 
to 4 consecutive courses of treatment. Corticosteroids were 
given to patients with pulmonary dilatation and pulmonary 
interstitial fibrosis.

Observation group: Pidotimod was given orally on the basis 
of the control group (Jiangsu Wu Chinese Medicine Group 
Co., Ltd. Suzhou Pharmaceutical Factory, SFDA approval 
no. H20030463), 0.4 g/time, twice a day for 2 weeks.

During the course of treatment, the clinical efficacy and 
adverse reactions of the two groups were closely observed.

Index detection. Fasting venous blood (2 ml) was collected 
24 h before treatment and 2 weeks after treatment, and was 
centrifuged for 10 min with 2,300 x g at 4˚C. The supernatant 
was then collected and placed at -80˚C for testing, avoiding 
repeated freezing and thawing. The expression levels of IL-10 
and G-CSF in serum were measured by double antibody sand-
wich enzyme-linked immunosorbent assay (ELISA). BS-1101 
enzyme label analyzer, purchased from Beijing Linmao 
Technology Co., Ltd., was used. IL-10 and G-CSF ELISA 
kits were purchased from Shanghai Yuanmu Biotechnology 
Co., Ltd. (art. no. YM-S0066, YM-S0040). Standard sample 
(50 µl) was added to the reaction well coated with enzyme. 
Sample diluent (40 µl) was added to the sample well and 
then 10 µl of sample to be tested was added (sample dilution 
multiple x5). During the procedure, touching the well wall was 
avoided, followed by gentle agitation. The reaction well was 
sealed with the sealing plate membrane, and then incubated in 
a water bath or thermostat at 37˚C for 30 min. Then the sealing 
membrane was carefully opened, the liquid was discarded, 
drying with water-absorbing paper, and each reaction well was 
filled with washing fluid, after which the membrane was left to 
stand for 30 sec. This step was repeated five times and then the 
membrane was patted dry. Enzyme reagent (50 µl) was added 
to each well, except the blank well (for the blank control well 
the same steps as above were carried out, but without enzyme 
reagent and sample), and incubated at 37˚C. After 30 min, the 
membrane was washed. Substrate A and B (50 µl) was added 
to each well and the mixture was kept in the dark for 15 min 
at 37˚C. Termination fluid (50 µl) was added to each well 
and a blank well was used as zero. The optical density value 
(OD value) of each well was detected at the wavelength of 
450 nm in 25 min. The expression levels of IL-10 and G-CSF 
in serum were then calculated.

Observation indices. Chest X-ray inflammatory absorption 
time, fever clearance time, disappearance time of cough and 
pulmonary rales were recorded in the two groups. Therapeutic 
efficacy and adverse reactions between the two groups were 
compared. The changes of IL-10 and G-CSF levels in serum 
before and after treatment in the two groups were observed. 
The correlation of IL-10 and G-CSF in serum was analyzed.

Therapeutic evaluation criteria (14) were classified as inef-
fective, markedly effective and cure. Ineffective: after 2 weeks 
of treatment, chest X-ray was aggravated or did not improve, and 
the symptoms and signs of the children were aggravated or did 
not improve. Markedly effective: Within 2 weeks of treatment, 
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chest X-ray showed that most of the absorbed shadows were 
significantly reduced, and the symptoms and signs of the 
children were improved. Cure: within 2 weeks, Chest X-ray 
examination and blood routine examination showed normal, 
the symptoms and signs of the children returned to normal. 
Total effective rate = cure rate + markedly effective rate.

Statistical analysis. SPSS20.0 (IBM Corp.) was used for 
statistical analysis. Enumeration data were expressed as 
[n (%)]. Chi-square test was used for inter-group comparison. 
Measurement data were expressed as mean ± SD. Independent 
sample t-test was used for comparison between groups. Paired 
t-test was used for intra-group comparison. Pearson's correla-
tion coefficient was used for bivariate normal distribution data. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Comparison of clinical data between two groups. The general 
clinical data of the two groups of children were collected 
(Table I). There was no significant difference in sex, age, 
course of disease, average weight, anorexia, severity of illness, 
leukocytes, platelets, fibrinogen and glutamic-oxaloacetic 
transaminase between observation and control group (P>0.05).

Comparison of time for improvement of symptoms between 
two groups. The time for improvement of symptoms of the 
two groups were collected, as shown in Table II. Chest X-ray 
inflammatory absorption time, fever clearance time, disap-
pearance time of cough and pulmonary rales in observation 
group were significantly shorter than those in control group 
(P<0.05).

Table I. Comparison of clinical data between two groups (mean ± SD)/[n (%)].

 Observation Control
Factors group (n=79) group (n=70) χ2/t value P-value

Sex   0.030 0.863
  Male 44 (55.70) 38 (54.29)
  Female 35 (44.30) 32 (45.71)
Average age (years) 5.98±1.27 5.86±1.34 0.561 0.576
Age (years)   0.019 0.891
  <5 42 (53.16) 38 (54.29)
  ≥5 37 (46.84) 32 (45.71)
Course of disease (days) 8.23±1.79 8.19±1.82 0.135 0.893
Average weight (kg) 18.27±0.65 18.19±0.72 0.713 0.477
Anorexia   0.013 0.911
  Yes 66 (83.54) 58 (82.86)
  No 13 (16.46) 12 (17.14)
Severity of illness   0.014 0.993
  Mild 23 (29.11) 21 (30.00)
  Moderate 48 (60.76) 42 (60.00)
  Severe   8 (10.13)   7 (10.00)
Leukocytes (109/l) 10.79±7.68 10.83±7.92 0.031 0.975
Platelets (109/l) 292.19±110.28 290.18±109.82 0.111 0.912
Fibrinogen (g/l) 3.39±0.96 3.42±0.89 0.197 0.844
Glutamic-oxaloacetic transaminase (U/l) 40.38±27.29 42.28±28.53 0.415 0.679

SD, standard deviation.

Table II. Comparison of time for improvement of symptoms of the two groups (mean ± SD)/(days).

 Chest X-ray   Disappearance
 inflammatory Fever Disappearance time of
Groups absorption time clearance time time of cough pulmonary rales

Observation (n=79)   8.29±2.02 3.17±0.76   7.24±1.68   9.89±1.97
Control (n=70) 10.12±2.98 5.01±0.67 10.06±1.77 11.03±2.07
χ2 value 4.430 15.590 9.972 3.442
P-value <0.001 <0.001 <0.001 <0.001
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Comparison of therapeutic effects between two groups. The 
therapeutic effects of the two groups were collected. After 
treatment, in the observation group, 65 cases were cured, 
10 cases were markedly effective, 4 cases were ineffective, 
and the total effective rate was 94.94%. In the control group, 
40 cases were cured, 17 cases were markedly effective and 
13 cases were ineffective, and the total effective rate was 
81.43%. The total effective rate after treatment in the obser-
vation group was significantly higher than that in the control 
group (χ2=9.280, P<0.05) (Table III).

Expression levels of IL-10 and G-CSF in serum. The 
expression levels of IL-10 and G-CSF in serum before and 
after treatment in the two groups were detected. There was no 
significant difference in expression levels of IL-10 and G-CSF 
in serum between the two groups before treatment (P>0.05). 
After treatment, the expression levels of IL-10 and G-CSF 
in the two groups were significantly lower than those before 

Table IV. Expression levels of IL-10 and G-CSF in serum 
(mean ± SD).

Groups IL-10 (pg/ml) G-CSF (pg/ml)

Observation (n=79)
  Before treatment 21.78±2.09 158.98±17.78
  After treatment   6.21±0.87 46.32±7.27
  t value 58.910 53.420
  P-value <0.001 <0.001
Control (n=70)
  Before treatment 21.97±2.17 160.98±16.87
  After treatment 13.56±1.12a 79.43±6.85a

  t value 29.950 36.400
  P-value <0.001 <0.001

aP<0.05 compared with the observation group after treatment.

Figure 1. Correlation of the expression levels of IL-10 and G-CSF in serum 
in observation group. Pearson's correlation analysis showed that there was 
a significant positive correlation between the expression levels of IL-10 and 
G-CSF (A) before and (B) after treatment in the observation group (r=0.6713, 
0.7387, P<0.05).

Figure 2. Correlation of the expression levels of IL-10 and G-CSF in serum 
in control group. Pearson's correlation analysis showed that there was a 
significant positive correlation between the expression levels of IL-10 and 
G-CSF (A) before and (B) after treatment in the control group (r=0.7547, 
0.7034, P<0.05).

Table III. Comparison of therapeutic effects between two groups [n (%)].

Groups Cure Markedly effective Ineffective Total effective rate

Observation (n=79) 65 (82.28) 10 (12.66) 4 (5.06) 94.94%
Control (n=70) 40 (57.14) 17 (24.29) 13 (18.57) 81.43%
χ2 value    9.280
P-value    0.002
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treatment, and the difference was statistically significant 
(P<0.05). After treatment, the levels of IL-10 and G-CSF in 
serum of the observation group were significantly lower than 
those of the control group (Table IV).

Comparison of adverse reactions between the two groups. The 
adverse reactions of the two groups were collected, as shown 
in Table V. The incidence of adverse reactions in observation 
group (7.60%) was significantly lower than that in control 
group (20.00%) (t=5.980, P<0.05).

Correlation of IL-10 and G-CSF expression levels in serum. 
The correlation of the expression levels of IL-10 and G-CSF 
between the two groups before and after treatment was 
observed (Fig. 1). There was a significant positive correlation 
between the expression levels of IL-10 and G-CSF before and 
after treatment in the observation group (r=0.6713, 0.7387, 
P<0.05) (Fig. 2). There was a significant positive correlation 
between the expression levels of IL-10 and G-CSF before and 
after treatment in the control group (r=0.7547, 0.7034, P<0.05).

Discussion

Mycoplasmal pneumonia is very common in clinical pediat-
rics, it can occur in all seasons, and is mostly subacute onset, 
mainly showing cough, pharynx pain, headache and other 
clinical symptoms (15). The results of epidemiological studies 
show that the incidence of the disease has been increasing year 
by year (16). Clinical treatment of Mycoplasma pneumoniae 
is mainly based on oxygen inhalation, asthma relief, cough 
relief, atomization inhalation, and combined with antibi-
otics (17). Azithromycin is the first choice for the treatment 
of Mycoplasma pneumoniae pneumonia in children and can 
effectively achieve the role of bacteriostatic and bacteriolog-
ical cleaning (18,19). Children with mycoplasma pneumonia 
not only have mycoplasma infection, but also have obvious 
airway hyperreactivity and inflammatory reaction. Simple 
anti-infective therapy can control the condition of children to 
a certain extent, but its therapeutic effect is limited, children 
are prone to recurrence after treatment, affecting their prog-
nosis (20). Pidotimod is an immunologically active synthetic 
dipeptide molecule, which can activate the proliferation and 
expression of a variety of lymphocytes and regulate Th17/CD4 
CD25 Treg balance in children with mycoplasma pneumonia. 
Pidotimod enhances specific immune function by stimulating 
T helper cells, promoting the production of IFN-γ and IL-2. 
Non-specific immune function can be enhanced by the activa-
tion of phagocytes and natural killer cells (21,22).

IL-10 is a class of Th2 type anti-inflammatory cytokine 
produced by innate immune cells and acquired immune cells, 
playing an important role in the immune regulation of the body, 
and its main immunomodulatory effect is achieved by inhib-
iting inflammatory reaction (23,24). It can inhibit the antigen 
presentation function of macrophages, the response of Th1 cells, 
and the immune response of the body by down-regulating the 
costimulatory signal of CD28 (25). Some studies have shown 
that IL-10 is related to the severity and treatment outcome of 
Mycoplasma pneumoniae pneumonia in children, and can be 
used in the diagnosis of this disease (26). The biological func-
tion of G-CSF is to regulate the proliferation, differentiation and 
mature release of neutral granulocyte progenitor cells, inhibit 
cell apoptosis and enhance its function by binding to effector 
surface-specific receptowr (G-CSFR), thus to aggravate inflam-
matory injury (27). In vitro studies have shown that G-CSF 
promotes the proliferation and migration of tumor cells by 
binding to G-CSFR and activating multiple cellular signal trans-
duction pathways such as JAK2/STAT3 and ERK1/2 (28-30). 
Some findings have shown that the level of G-CSF in the diag-
nosis of pneumonia in children has a certain clinical value (31).

The time for improvement of symptoms of the two groups 
were recorded in this study. The results showed that chest 
X-ray inflammatory absorption time, fever clearance time, 
disappearance time of cough and pulmonary rales in obser-
vation group were significantly shorter than those in control 
group. Zhao et al showed that the clinical symptoms, the 
duration of signs and the length of hospitalization in patients 
treated with pidotimod granules combined with azithromycin 
sequential therapy were significantly lower than those treated 
with Azithromycin sequential therapy alone (32). Results of 
that study were similar to those obtained in this study. All the 
results showed that pidotimod combined with azithromycin 
could significantly improve the clinical symptoms of children 
with mycoplasma pneumonia. The total effective rate of 
children in the observation group (94.94%) was significantly 
higher than that in the control group (81.43%), indicating that 
pidotimod combined with azithromycin had a good curative 
effect in the treatment of mycoplasma pneumonia in children. 
The results are similar to those of Waites et al and they suggest 
that the treatment of mycoplasma pneumonia with pidotimod 
can significantly increase the expression of Foxp3 gene and the 
proportion of Treg cells in children with mycoplasma pneu-
monia, and enhance the immunity (33). Studies have shown 
that (34) G-CSF levels are low in normal healthy people, and 
when bacterial infections occur, G-CSF levels rise rapidly, and 
with the control of infection conditions, the level of G-CSF 
in vivo also decreased to normal. 

Table V. Comparison of adverse reactions between the two groups [n (%)].

 Nausea and   Abdominal Gastrointestinal
Groups vomiting Erythra Diarrhoea Pain reaction Incidence

Observation (n=79) 2 (2.53) 0 (0.00) 2 (2.53) 1 (1.27) 1 (1.27)   7.60%
Control (n=70) 5 (7.14) 1 (1.43) 3 (4.29) 2 (2.86) 3 (4.29) 20.00%
χ2 value      5.980
P-value      0.015
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It is reported that IL-10 is highly expressed in mycoplasma 
pneumonia and may be involved in the pathogenesis of myco-
plasma pneumonia (35). The expression levels of IL-10 and 
G-CSF in serum before and after treatment in the two groups 
were detected. There was no significant difference in expres-
sion levels of IL-10 and G-CSF in serum between the two 
groups before treatment. After treatment, the expression levels 
of IL-10 and G-CSF in the two groups were significantly lower 
than those before treatment, the levels of IL-10 and G-CSF in 
serum of the observation group were significantly lower than 
those of the control group (P<0.05). The results showed that 
pidotimod combined with azithromycin could significantly 
decrease the expression levels of IL-10 and G-CSF in serum, 
effectively kill pathogenic microorganisms and inhibit or 
resist the growth of pathogenic bacteria; it can also inhibit the 
release of inflammatory transmitters to reduce the expression 
of inflammatory factors. The study of Lei et al on the mecha-
nism of sequential treatment of azithromycin combined with 
Tanreqing on mycoplasma pneumonia in children found that the 
treatment could significantly downregulate the levels of serum 
sTREM-1, CK, G-CSF and IL-10, so as to achieve therapeutic 
effect (36). In the present study, pidotimod also played this 
role, and the effect of combined drugs was better. Our results 
showed that the incidence of adverse reactions in the obser-
vation group was significantly lower than that in the control 
group. The results are similar to those of Hakansson et al, 
suggesting that pidotimod combined with azithromycin is safe 
in the treatment of mycoplasma pneumonia in children (37). 
At present, there are few studies on the correlation between 
IL-10 and G-CSF. The present study showed that there was a 
significant positive correlation between the expression levels 
of IL-10 and G-CSF in serum before and after treatment in 
both groups, suggesting that G-CSF may have the function of 
promoting inflammation.

The effect of pidotimod combined with azithromycin on 
the expression levels of IL-10 and G-CSF in children with 
mycoplasma pneumonia was comprehensively described in 
this study. However, due to the bias of data collection, there 
are some limitations. Whether IL-10 and G-CSF can be used 
to evaluate the efficacy and prognosis of drugs needs to be 
further studied.

In conclusion, compared with sequential treatment with 
azithromycin alone, pidotimod combined with azithromycin 
in the treatment of mycoplasma pneumonia in children can 
significantly reduce the levels of IL-10 and G-CSF, improve 
the efficacy, reduce the occurrence of adverse reactions, and 
has high application value in clinic.
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