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Abstract: Objective: To analyze the expression levels of total serum interleukin (IL)-6 and tumor necrosis factor
(TNF)-C in children with bronchopneumonia treated by methylprednisolone in combination with azithromycin.
Methods: Eighty-three children with bronchopneumonia were randomly divided into a test group (TG) and a control
group (CG). The TG was comprised of 40 children treated with methylprednisolone combined with azithromycin,
whereas the CG was comprised of 43 patients who received methylprednisolone monotherapy. The post-treatment
effective rates and occurrence of adverse reactions were compared between the two groups. In addition, the reso-
lution times of symptoms such as fever, cough, moist rale, asthma, and shadow on the lung X-ray were recorded.
The levels of the inflammatory factors tumor necrosis factor-C (TNF-C) and interleukin-6 (IL.-6) were measured after
treatment. The quality of life was evaluated and compared based on the Medical Outcome Study (MOS) 36-ltem
Short-Form Health Survey (SF-36). Results: The total effective rate in the TG was significantly higher than that in the
CG. The expression levels of TNF-C and IL-6 in the TG were significantly lower than those in the CG. The resolution
times of the clinical symptoms were significantly shorter in the TG than in the CG. The ACT (Asthma Control Test)
score in the TG was significantly lower than that in the CG. The TG presented with a significantly lower incidence
of adverse reactions than that the CG. Conclusion: The combined administration of methylprednisolone and anti-
biotics can effectively improve the levels of serum inflammatory factors and the clinical symptoms in children with
bronchopneumonia.
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Introduction

Bronchopneumonia is a common infectious
disease affecting infants and young children
[1]. Mycoplasma pneumonia is the main cause
of bronchopneumonia; however, “mixed infec-
tions” caused by bacteria and viruses have
been reported [2]. Bacterial pneumonia mainly
causes pulmonary parenchymal damage,
whereas viral pneumonia affects the intersti-
tium [2]. The resulting ventilatory dysfunction is
caused by the inflammation of the lung tissue
leading to the thickening of the respiratory
membrane and obstruction of the lower airway,
which manifests as dyspnea, moist rales, fever,
cough, wheezing, and lung pain [3].

Methylprednisolone has anti-inflammatory and
anti-allergy effects that can inhibit the prolifer-
ation of the cells in the connective tissue,

reduce the permeability of the capillary wall and
cell membrane, lessen inflammatory exudation,
and inhibit the formation and release of hista-
mine and other toxic substances [4]. In addi-
tion, it can promote the decomposition of pro-
tein into sugar and reduce the utilization of glu-
cose [5]. Consequently, both blood glucose and
liver glycogen levels are increased, resulting in
glycosuria and increased secretion of gastric
juices, which leads to an increase in appetite
[6]. In cases of severe toxic infection, methyl-
prednisolone is commonly used in combination
with a large number of antibacterial drugs,
which act as an anti-toxin, anti-inflammatory,
and anti-shock agent thereby promoting the
symptoms of remission [7].

Azithromycin is a semi-synthetic 15-member
macrolide antibiotic [8] used for the following
bacterial infections: lower respiratory tract
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Table 1. General information

Factors The TG (n = 40) The CG (n =43) F/x? P
Gender 3.192 0.9955
Male 27 (67.50%) 29 (67.44%)
Female 13 (32.50%) 14 (32.56%)
Age 17.312.6 17.0+2.4 0.5467 0.5861
Course of disease 11.6+2.1 11.8+2.1 0.3868 0.6999
WBC (x10°%/L) 17.68+2.45 16.37+2.97 1.844 0.068
CRP (mg/L) 29.3815.62 28.4616.03 0.863 0.390
Pulmonary auscultation
Rale 17 (42.5%) 20 (46.51%) 1.550 0.213
Tubular breath sound 23 (57.5%) 23 (53.49%)
Fever
Yes 22 (55.0%) 23 (53.49%) 0.018 0.894
No 18 (45.0%) 20 (46.51%)
Cough
Yes 24 (60.0%) 27 (62.79%) 0.417 0.520
No 16 (40.0%) 16 (37.21%)
Asthma
Yes 21 (52.5%) 23 (53.49%) 0.0001 0.976
No 19 (47.5%) 20 (46.51%)

WBC: white blood cell count; CRP: C-reactive protein.

infections such as bronchitis and pneumonia;
skin and soft tissue infections; acute otitis
media; and upper respiratory tract infections
such as sinusitis, pharyngitis, and tonsillitis [9].
Penicillin is commonly used for the treatment of
pyogenic streptococcal pharyngitis and is used
to prevent rheumatic fever, whereas azithromy-
cin can effectively eliminate oropharyngeal
streptococcus; however, there is no data on the
efficacy of azithromycin for the treatment and
prevention of rheumatic fever. Azithromycin can
be used for minor genital infections in sexually
transmitted diseases caused by Chlamydia tra-
chomatis. It can also be used for genital infec-
tions and chancre caused by non-multidrug-
resistant Gonococci sp. and Haemophilus duke
(excluding combined infection with Treponema
pallidum), respectively [10].

At present, most clinical treatments are based
on macrolides, but some children develop
refractory mycoplasma pneumonia if they use
these drugs in large quantities during the
course of treatment [11]. Therefore, in the
present study, the efficacy of glucocorticoid
methylprednisolone combined with azithromy-
cin on bronchial pneumonia in children was
explored.
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Materials and methods
General information

Eighty-three children who presented with bron-
chopneumonia at our hospital from December
2017 to December 2018 were enrolled in the
study. The children were randomly divided into
two groups: the control group (CG) and test
group (TG). The CG was comprised of 43 chil-
dren, including 29 males and 14 females aged
6 months to 3 years (average age, 17.0+2.4
months); the average length of course of the
disease was 11.8+2.1 weeks (range, 1-18
weeks). The TG was comprised of 40 children,
including 27 males and 13 females aged 7
months to 3 years (average age, 17.3+2.6
months), and the average length of the course
of the disease was 11.6+2.1 weeks (range, 1-9
weeks). Although comparable, no significant
difference was observed in the general infor-
mation between the two groups (Table 1).

Exclusion and inclusion criteria
The inclusion criteria for the study were as fol-

lows: all children met the diagnostic criteria
related to bronchial pneumonia in children in
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Practical Pediatrics [12], they were <3 years
old, and there was full patient compliance in
the study, as well as the family members of the
children signing the informed consent. The
exclusion criteria included the presence of
autoimmune diseases and other organ abnor-
malities and children with congenital pulmo-
nary tracheal dysplasia or allergies to the drugs
used in this study. This study was approved by
The First Affiliated Hospital of Zhejiang Chinese
Medical University.

Treatment

All the children enrolled in this study underwent
conventional symptomatic treatment, including
oxygen inhalation, timely administration of anti-
pyretics, and bronchiectasis, according to the
specific conditions. In the CG, methylpredniso-
lone (1.0 mg/kg/day) was administered intra-
venously (Pfizer; 40 mg powder for each injec-
tion), once every 8 h. If the symptoms were alle-
viated after 3 days, the same dose was admin-
istered orally (Pfizer, 4 mg per tablet). After 5
days of the oral dose, the drug was stopped if
the symptoms were relieved. The condition of
the patient was closely monitored during the
course of the treatment. If any worsening of the
condition was observed, the oral dose was con-
tinued and subsequently increased, if required.
Intravenous infusion was provided in severe
cases. The children in the TG were given an
intravenous infusion of azithromycin (10.0 mg/
kg/day; 500 mg powder per injection) once
daily. The dosage was changed to 5.0 mg/kg/
day (250 mg per tablet) for 4 weeks after the
symptoms were alleviated.

Observation indicators

The effectiveness of the clinical treatment was
compared between the two groups. The evalua-
tion criteria of the therapeutic effects were as
follows: Markedly effective, wherein all the clini-
cal signs and symptoms disappeared; Effective,
where the clinical symptoms disappeared and
the clinical signs showed significant improve-
ment after treatment; and Ineffective, where
the post-treatment indicators of the children
were not different from those before treatment
and the clinical symptoms and signs were not
improved or aggravated. The resolution times
of fever, cough, moist rale, asthma, pulmonary
X-ray shadow, and other symptoms in the two
groups were recorded, and the efficacy was
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evaluated by referring to previously published
criteria [13]. The levels of the serum inflamma-
tory factors TNF-C and IL-6 were measured
after treatment. The quality of life of the chil-
dren in the two groups were compared 3
months after treatment based on the evalua-
tion of the SF-36 scale; the higher the score,
the better the quality of life. The factors exam-
ined were physiological functions (PF), body
pain (BP), general health (GH), vitality (VT),
social functioning (SF), role-emotional (RE), and
mental health (MH).

Correlation analysis

The patients were divided into good and poor
groups according to the prognosis results, and
the serum expression levels of IL-6 and TNF-C
in the two groups were retested and analyzed
by Pearson’s correlation coefficient.

Statistical analysis

Data were analyzed using SPSS version 20.0
(Shanghai Yuchuang Network Technology Co.,
Ltd.) and expressed as mean + standard devia-
tion. The counting data were compared using
the x? test. GraphPad Prism 6 (Hangzhou
Emerald Biotech Co., Ltd.) was used to plot the
experimental figures. P<0.05 indicated that the
difference was statistically significant.

Results
Treatment efficiency

The total effective rate in the TG was 80%,
which was significantly higher (P<0.05) than
that in the CG (58.14%; Table 2).

TNF-C and IL-6 expression levels

No significant differences in the serum levels of
TNF-C and IL-6 were observed between the two
groups before treatment. On the other hand,
the expression levels of the cytokines dropped
significantly (P<0.05), particularly in the TG
when compared with the CG (Figure 1).

Resolution of symptoms

The resolution times of the symptoms repre-
sented by fever, cough, asthma, a shadow on
lung X-ray, and moist rale, and the oxygen inha-
lation and hospitalization times in the TG were
significantly shorter than those in the CG (P<
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Table 2. Comparison of effective rates between the two groups [n (%)]

Groups Number of cases  Markedly effective Effective Ineffective Total effective rate
The CG 43 10 (23.26) 15 (34.88) 18 (41.86) 25 (58.14)
The TG 40 19 (47.50) 13 (32.50) 8 (20.00) 32 (80.00)
X2 1.726 0.005 4.594 4.603
P 0.189 0.944 0.032 <0.05
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Figure 1. Comparison of TNF-C and IL-6 levels between the two groups before and after treatment. A: Comparison
of TNF-C levels between the two groups before and after treatment. B: Comparison of IL-6 levels between the two
groups before and after treatment. *P<0.05.

Table 3. Comparison of symptoms resolution time (number) between the two groups of children with
bronchopneumonia (X£SD)

Groups Number of cases Fever (number) Cough (number) (ﬁztmhgﬁear) siglg)zvn?r:ﬁrﬁ-ti{) raITgl(r: S;ang)

The TG 40 2.1+0.5 4.2+0.3 3.7+0.6 5.7+£0.4 4.12+1.23

The CG 43 2.610.4 5.5+0.3 5.210.5 6.1+0.5 6.87+1.69

t 6.068 17.12 14.91 4.818 10.13

P <0.001 <0.001 <0.001 <0.001 <0.05

0.01). No significant difference in ACT score treatment were compared between the TG and

was observed between the two groups before CG. The PF, BP, GH, and VT scores in the TG

treatment, whereas after 4 weeks of treatment, were significantly higher (P<0.05) than those in

the ACT score in the TG was significantly lower the CG. Alternately, no significant differences in

than that in the CG (P<0.05; Tables 3 and 4). SF, RE, and MH were noted between the two
groups (Table 6).

Comparison of adverse reactions between the

two groups Correlation analysis

According to statistics, the total incidence of The results showed that IL-6 level was nega-

adverse reactions in the TG was significantly tively correlated (r = 0.6947; P<0.05) with

lower than that in the CG (P<0.05; Table 5). TNF-C level between the good and poor progno-

sis groups (Figures 2 and 3).
Comparison of quality of life between the two

groups after 3 months of treatment Discussion
PF, BP, GH, and other dimensions concerning Pediatric bronchopneumonia mainly occurs
the patients’ quality of life after 3 months of secondary to lower respiratory tract infections.
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Table 4. Comparison of duration of oxygen inhalation, hospitalization status, and ACT score between
the two groups

) ) ACT score
Groups n Oxygf&'gr(ﬁ;at'on Length of hospitalization (d) Before 1 week after 4 weeks after
treatment treatment treatment
The TG 40 31.57+10.02 14.66+2.42 4.89+2.6 1.65+0.5 1.3240.5
The CG 43 37.61+9.16 16.05+2.74 4.76+2.4 1.70+0.5 1.66+0.7
T - 2.455 2.102 - - 2.168
P - 0.017 0.042 0.842 0.703 0.034

Table 5. Comparison of adverse reactions after treatment between the two groups [n (%)]

Groups Number of cases Vomiting Abdominal pain Rash Diarrhea Nausea Total
The TG 40 1(1.71) 1(1.71) 0 (0.00) 0(0.00) 0(0.00) 2(3.58)
The CG 43 2 (3.23) 2 (3.23) 1(1.61) 1(1.62) 2(3.23) 9(14.52)
X2 0.277 0.277 0.943 0.943 1903 4.409
P 0.599 0.599 0.331 0.331 0.168 0.037

Table 6. Comparison of quality of life between the two lung transplantation, lobectomy, or other

groups 3 months after treatment (xts)

treatments [14]. Therefore, early diag-

Categories The TG (n = 40) The CG (n =43) t

nosis and active treatment are of great

importance to prevent the progre-

PF 81.36+10.96 69.29+11.25 5.947 <0.001 . .
ssion of the disease. Drug therapy
BP 88.05+10.49 69.23+12.54 8.885 <0.001 often includes the use of glucocorti-
GH 83.66+9.81  71.07+£12.14 6.223 <0.001 coids, bronchodilators, and antibacterial
VT 83.144£10.26  73.79+13.79 4.191 <0.001 drugs, alone or in combination. The com-
SF 63.21+10.67 63.54+11.37 0.164 0.8703 monly used corticosteroids are beclo-
RE 72.63+12.09 69.98+12.04 0.232 1.202 methasone dipropionate, prednisone,
MH 83.62+10.48  81.18+10.46 1.276 0.2045  and methylprednisolone [15]. Although
the inhalation of hormone drugs can
target the airway and reduce the ad-
verse reactions of systemic administration,
=50, R=0.6947,P< 0.05 the aerosol may not reach the bronchioles
due to respiratory obstruction and is, there-
300+ fore, not an effective method for patients
with bronchopneumonia [16]. Hence, intrave-
3 250- nous therapy and oral administration were
- simultaneously adopted in the present stu-
200 “* dy. Wheezing was gradually improved in the
children in both groups after treatment with
150 methylprednisolone, and the levels of the
0 50 100 150 serum inflammatory factors IL.-6 and TNF-C

TNF-C

Figure 2. Correlation analysis of IL-6 and TNF-C ex-
pression. IL-6 was negatively correlated with TNF-C
level (r = 0.6947; P<0.05).

The conventional methods used to treat this
condition include drug therapy and oxygen
inhalation. If the disease is serious or at the ter-
minal stage, it is often necessary to perform
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were significantly decreased, indicating the
effectiveness of the drug. Moreover, the inci-
dence of adverse reactions was low in this
study, and no serious adverse reactions
occurred. However, considering the side
effects of systemic medication on growth
and development in children, it has been
reported that long-term administration of meth-
ylprednisolone once every 30 days with 3
days of intravenous injection (10-30 mg/kg/
day) can be used for patients undergoing
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Figure 3. Comparison of TNF-C and IL-6 levels between the good prognosis group and the poor prognosis group.
“P<0.05, the poor prognosis group compare with the good prognosis group.

organ transplantation or in those with severe during the pathogenesis before treatment [20];
pediatric bronchopneumonia [17]. thus, the effect of drugs on airway obstruction
is generally limited. On the other hand, the
The main pathogens involved in bronchopneu- relapse of illness, especially in children, is
monia are Diplococcus pneumoniae. Azithro- closely related to repeated bacterial infection.
mycin is often used as the representative of Continuous administration of antibacterial
the 14- and 15-member macrolides against drugs can prevent this situation to a certain
Haemophilus influenzae [18]. Azithromycin has extent, making the patient’s condition more
both antibacterial anti-inflammatory properties stable. These findings illustrate the need for
[19]. As can be seen from the results of the long-term use of antibacterial drugs in children
present study, the combined use of methyl- with bronchopneumonia [21].
prednisolone and azithromycin significantly
shortened the resolution times of the clinical The study also has limitation that the effect of
symptoms, such as fever, asthma, and cough, drugs on airway obstruction is generally limited,
compared with the use of methylprednisolone and the long term prognosis of these children
alone. In addition, the levels of IL-6 and TNF-C was not investigated. In future research, long
in the TG group were significantly better than term follow up and a larger sample size will be
those in the CG after treatment; likewise, the implemented.
occurrence of adverse reactions was lower in
the TG. The changes in the trends of the two In summary, the combination of prednisone
indicators were mutually verified. The possible and antibacterial drugs can quickly improve the
causes for the occurrence of this phenomenon serum inflammatory factors and clinical symp-
might be as follows: on the one hand, pediatric toms in children with bronchopneumonia.
bronchopneumonia is generally found late Although the current study failed to examine
because of the difficulties in diagnosis, and the long-term efficacy and adverse reactions in
irreversible fibrosis is generated in the tissue these patients, the results demonstrated that
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the combined administration of the two drugs
is significantly more effective than monothera-
py. Additional studies are required to confirm
this finding.
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