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Abstract: Objective: This study aimed to explore the effects of the atomization inhalation of budesonide (BUD), sal-
butamol (SAL), and ipratropium bromide (IB) on the T-lymphocyte subset and inflammatory cytokine levels in children 
with asthmatic pneumonia (AP). Methods: A total of 118 children with AP admitted to our hospital were selected 
as the study cohort and randomly divided into two groups. The study group, included 67 patients who were treated 
with the atomization inhalation of BUD, SAL, and IB. The control group, included 51 patients who were treated with 
the atomization inhalation of BUD. The two groups were compared in terms of their symptom disappearance times, 
the therapeutic effects, inflammatory cytokine changes, their pulmonary function indices [C-reactive protein (CRP), 
respiratory frequency, forced vital capacity (FVC), one-second forced expiratory volume (FEV1), blood oxygen satura-
tion (SpO2)], and their T-lymphocyte subset levels before and after the treatment, and the incidences of adverse 
reactions after the treatment. Results: The symptom disappearance times in the study group were shorter than they 
were in the control group (P<0.05), and the overall response rate (ORR) was significantly higher in the study group 
(P<0.05). The IL-5, IL-6, and IL-10 levels were all lower in the study group (P<0.05), but the interferon-γ levels were 
higher in this group (P<0.05). The CRP level was lower in the study group (P<0.05), but the FVC, FEV1, and SpO2 
levels were higher in this group (P<0.05). After the treatment, the CD3+, CD4+ and CD4+/CD8+ levels were all higher 
in the study group (P<0.05), but the CD8+ level was lower in this group (P<0.05). The incidence of adverse reactions 
in the study group was lower than it was in the control group (P=0.014). Conclusion: The atomization inhalation of 
BUD, SAL, and IB is markedly effective in treating children with AP, and it can improve their immune function and 
reduce their inflammatory cytokines levels.
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Introduction

Pneumonia remains the number one killer of 
children globally. Although its mortality rate  
has been reduced with the development of 
medicine, its incidence is still high [1]. As a  
pulmonary inflammatory disease, pneumonia 
mainly affects the alveoli and is usually caus- 
ed by viruses or bacteria [2]. Asthmatic pneu-
monia (AP), also known as bronchiolitis, is a 
common respiratory tract disease in pediat- 
rics and is mostly induced by respiratory virus 
infections [3]. Its main clinical manifestations 
include coughing, wheezing, and choking, usu-
ally accompanied by fever [4]. With the con-
stant changes in people’s living habits, the in- 

cidence of AP in children has been rising year- 
ly. Moreover, severe AP results in dyspnea and 
heart failure, and even threatens their lives [5, 
6]. Traditionally, children with AP are mostly 
administered symptomatic treatments such as 
antivirals and antibiotics [7]. According to pub-
lished data, viral infections cause the human 
body to produce a large number of cytokines 
and chemokines, thereby triggering the immu- 
ne response [8]. Therefore, in addition to con-
trolling the symptoms, improving the immune 
function is also crucial in the treatment of AP.

With the advances in research, we have found 
in many studies that budesonide (BUD), a kind 
of glucocorticoid, has satisfactory effects on 
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resisting inflammation and infection [9]. 
However, treatment with BUD is insufficient, 
and large doses of this drug lead to a series of 
complications and reduce the therapeutic 
effects [10]. As a short-acting β2-adrenergic 
receptor agonist, salbutamol (SAL) is usually 
used as an anti-asthmatic drug in combination 
with atomization to treat asthmatic bronchitis 
[11]. Ipratropium bromide (IB) is a bronchodila-
tor used to treat symptoms such as broncho-
spasms and wheezing [12]. In addition, previ-
ous studies have pointed out that pneumonia 
can reduce the body’s cellular immune func-
tion, and the main inflammatory factors that 
are mainly involved in the changes of cellular 
immune function include IL-5, IL-6, IL-12, 
interferon-γ, etc. [13], factors that have been 
found to be directly or indirectly involved in the 
regulation of various pathological and physio-
logical responses in the body [14]. We have 
speculated that a combination of the three 
drugs has better antiviral and anti-infective 
effects on treating children with AP, and it can 
improve the inflammatory cytokines and 
enhance their immune functions. However, 
there is still a lack of relevant research data to 
support our conjecture. Therefore, the effects 
of the atomization inhalation of BUD, SAL, and 
IB on the T-lymphocyte subset and inflammato-
ry cytokine levels in children with AP were 
explored in this study, in order to provide infor-
mation for the future treatment of children with 
AP.

Data collection and therapeutic methods

Patient data

118 children with AP admitted to Panlong 
Hospital, Huangpi District People’s Hospital 
from March 2018 to November 2019 were 
recruited as the study cohort and randomly 
divided into two groups. In the study group, 67 
patients were treated with the atomization 
inhalation of BUD, SAL, and IB. In the control 
group, 51 patients were treated with the atomi-
zation inhalation of BUD. This experiment was 
approved by the ethics committee of our hospi-
tal, and the family members and the patients 
signed the informed consents.

Inclusion and exclusion criteria

Inclusion criteria: All the children included in 
the study were diagnosed with AP by laboratory 

and pediatric attending physicians in our hospi-
tal. All the children had complete case data. 
The family members of the children agreed to 
participate in this study. The children had com-
plete clinical data and were able to undergo 
this treatment.

Exclusion criteria: Children allergic to the drugs 
used in this study. Children also suffering from 
other congenital or serious diseases. Children 
who could not undergo complete treatment for 
various reasons. Children with an abnormal 
coagulation function, a disturbance of con-
sciousness, or mental disorders.

Therapeutic methods

After their admission, the children in both 
groups were given basic treatment such as rou-
tine cough suppressants, sputum excretions, 
and anti-inflammatories. In addition to this 
treatment, the children in the control group 
were treated with the atomization inhalation of 
BUD, 0.5 mg/time, twice/day. The oxygen flow 
was 4 L/min, and the atomization inhalations 
were controlled at 15-20 min/time. The chil-
dren were treated for one week. In the study 
group, the children were treated with the atomi-
zation inhalation of BUD (0.5 mg/time), SAL (2 
mg/time) and IB (0.15 mg/time) every day. The 
oxygen flow and the atomization inhalation 
times were the same as they were in the control 
group. The children were also treated for one 
week.

Outcome measures

The indicators were as follows: The symptom 
disappearance times (fever, cough, dyspnea, 
wheezing, moist rales), the therapeutic effects, 
changes in the inflammatory cytokine levels [IL-
5, IL-6, IL-10, interferon-γ (IFN-γ)], the pulmo-
nary function indices [C-reactive protein (CRP), 
respiratory frequency, forced vital capacity 
(FVC), one-second forced expiratory volume 
(FEV1), blood oxygen saturation (SpO2)], and 
the T-lymphocyte subset levels (CD3+, CD4+, 
CD4+/CD8+, CD8+) before and after the treat-
ment, and the Incidence of adverse reactions 
after the treatment.

Statistical indicators

SPSS 24.0 and GraphPad 8 were used for the 
data analysis and figure plotting. The count 
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data were expressed as (%) and compared 
between groups using chi-square tests. The 
measurement data were expressed as (mean ± 
standard deviation) and compared between 
groups using t-tests, one-way analyses of vari-
ance (ANOVA) and LSD post hoc tests were 
used for the comparisons between multiple 
groups, and repeated measures ANOVA and 
Bonferroni post hoc tests were used for the 
comparisons between multiple time points. 
When P<0.05, a difference was statistically 
significant.

Results

Clinical data

There were no significant differences between 
the study group and control group in terms of 
age, gender, body mass index (BMI), course of 
the disease, dwelling environment, parents’ 
history of smoking, parents’ history of drinking, 
body temperature, or nationality (P>0.05) 
(Table 1).

The symptom disappearance times

The fever, cough, dyspnea, wheezing, moist 
rales, and other symptom disappearance times 

rates were 17.65%, 33.33%, 29.41% and 
19.61%, respectively, and the ORR was 80.39% 
in this group. The ORR in the study group was 
significantly higher than it was in the control 
group (P<0.05) (Table 2).

Changes in the inflammatory cytokine levels 
before and after the treatment

Before and after the treatment, the changes in 
the inflammatory cytokine levels (IL-5, IL-6, 
IL-10, IFN-γ) were compared between the study 
group and the control group. Before the treat-
ment, there were no significant differences in 
the four cytokine levels between the two groups 
(P>0.05). After the treatment, the IL-5, IL-6, and 
IL-10 levels were reduced, but the IFN-γ levels 
increased in both groups. The levels of the first 
three cytokines were all lower in the study 
group (P<0.05), but the IFN-γ levels were higher 
in this group (P<0.05) (Figure 2).

Changes in the pulmonary function before and 
after the treatment

Before and after the treatment, the changes in 
the pulmonary function indices (CRP, FVC, 
FEV1, SpO2) were compared between the study 

Table 1. General information [n (%)]
Study group 

(n=67)
Control 

group (n=51) t or X2 P

Age (Years) 3.4±1.5 3.3±1.6 0.047 0.962
Gender 0.257 0.612
    Male 36 (53.73) 25 (49.02)
    Female 31 (46.27) 26 (50.98)
BMI (KG/cm2) 13.32±2.15 13.16±2.25 0.393 0.695
Course of disease 6.12±2.11 6.36±2.34 0.584 0.561
Dwelling environment 0.053 0.819
    City 46 (68.66) 48 (66.67)
    Countryside 21 (31.34) 25 (33.33)
Parents’ history of smoking 0.037 0.844
    Yes 38 (56.72) 28 (54.90)
    No 29 (43.28) 23 (45.10)
Parents’ history of drinking 0.068 0.794
    Yes 41 (61.19) 30 (58.82)
    No 26 (38.81) 21 (41.18)
Body temperature °C 38.6±0.6 38.7±0.7 0.834 0.406
Nationality 0.083 0.773
    Han 59 (88.06) 44 (86.27)
    Ethnic minorities 8 (11.94) 7 (13.73)

were compared between the two 
groups. The results indicated 
that the fever (1.6±1.2), cough 
(3.1±1.1), dyspnea (2.1±0.7), 
wheezing (3.1±1.1) and moist 
rales (3.6±1.2) disappearance 
times in the study group were 
shorter than the corresponding 
times in the control group 
[(3.6±1.1), (5.6±1.4), (4.7±1.3), 
(5.3±1.6), (5.9±1.7)]. The differ-
ences were statistically signifi-
cant (P<0.05) (Figure 1).

Therapeutic effects

The therapeutic effects on the 
children were compared be- 
tween the two groups. In the 
study group, the cured, markedly 
effective, effective and ineffec-
tive rates were 28.36%, 37.31%, 
28.36%, and 5.97%, respective-
ly, and the overall response rate 
(ORR) was 94.03% in this group. 
In the control group, the four 
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group and the control group. Before the 
treatment, there were no significant 
differences in these indices between 
the two groups (P>0.05). After the 
treatment, the CRP levels were re- 
duced, but the FVC, FEV1, and SpO2 
levels increased in both groups. The 
CRP levels were lower in the study 
group (P<0.05), but the FVC, FEV1, and 

Table 2. Therapeutic effects
Study group 

(n=67)
Control group 

(n=51) X2 P

Cured 19 (28.36) 9 (17.65)
Markedly effective 25 (37.31) 17 (33.33)
Effective 19 (28.36) 15 (29.41)
Ineffective 4 (5.97) 10 (19.61)
ORR (%) 63 (94.03) 41 (80.39) 5.150 0.023

Figure 1. The symptom disappearance times. A. The 
fever disappearance times in both groups. B. The 
cough disappearance times in both groups. C. The 
dyspnea disappearance times in both groups. D. The 
wheezing disappearance times in both groups. E. 
The moist rales disappearance times in both groups. 
Note: The time unit is (d), *indicates P<0.05.
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SpO2 levels were higher in this group (P<0.05) 
(Figure 3).

Changes in the T-lymphocyte subset levels 
before and after the treatment

Before and after the treatment, the changes in 
the T-lymphocyte subset indicators (CD3+, 
CD4+, CD4+/CD8+, CD8+) were compared 
between the study and control groups. Before 
the treatment, there were no significant differ-
ences in these indicators between the two 
groups (P>0.05). After the treatment, the CD3+, 
CD4+ and CD4+/CD8+ levels were increased, 
but the CD8+ levels were reduced in both 
groups. The CD3+, CD4+ and CD4+/CD8+ levels 
were all significantly higher in the study group 

(P<0.05), but the CD8+ levels were lower in this 
group (P<0.05) (Figure 4).

The incidence of adverse reactions after the 
treatment

After the treatment, the incidences of adverse 
reactions were compared between the two 
groups. The results showed that the adverse 
reactions in the study group were as follows: 
gastrointestinal reactions, 2.99%, headache, 
1.49%, nausea, 1.49%, diarrhea, 1.49%, for a 
total of 7.46%. The adverse reactions in the 
control group were as follows: gastrointestinal 
reactions, 7.84%, headache, 5.88%, nausea, 
3.92%, diarrhea, 5.88%, for a total of 23.53%. 
The total incidence of adverse reactions in the 

Figure 2. Changes in the inflammatory cytokine levels before and after the treatment. A. Changes in the IL-5 levels 
before and after the treatment. B. Changes in the IL-6 levels before and after the treatment. C. Changes in the IL-10 
levels before and after the treatment. D. Changes in the IFN-γ levels before and after the treatment. Note: *indicates 
P<0.05.
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study group was significantly lower than the 
total incidence of adverse reactions in the con-
trol group (P=0.014) (Table 3).

Discussion

A common pediatric disease, AP is mainly 
caused by viral infections and is a serious 
threat to children’s growth and their physical 
and mental health [15]. The traditional thera-
peutic method for the disease focuses on 
symptomatic treatment, which is ineffective 
and requires long-term treatment [16]. More- 
over, children’s bodies are not fully developed 
and their immune systems are not perfect, 
which results in an inability to prevent external 
viruses and infections, as well as an increased 
risk of viral infections [17]. Therefore, timely 
and effective treatment is essential for reliev-
ing the symptoms of children with AP. There- 

fore, the efficacy of the atomization inhalation 
of BUD, SAL, and IB in children with AP was 
evaluated in this study, so in order to confirm 
the therapeutic value of the combination in  
children. This is of great informational signifi-
cance for the future clinical treatment of chil-
dren with AP.

In our study, there were no significant differ-
ences between the two groups in terms of age, 
gender, BMI, course of the disease, dwelling 
environment, parents’ history of smoking, par-
ents’ history of drinking, body temperature, or 
nationality. This suggests that follow-up re- 
search can be carried out. As for the symptom 
disappearance times of symptoms such as 
fever, cough, dyspnea, wheezing, and moist 
rales, the disappearance times in the study 
group were shorter than they were in the con-
trol group. This indicates that compared with a 

Figure 3. Changes in the pulmonary function before and after treatment. A. Changes in the CRP levels before and af-
ter the treatment. B. Changes in the FVC levels before and after the treatment. C. Changes in the FEV1 levels before 
and after the treatment. D. Changes in the SpO2 levels before and after the treatment. Note: *indicates P<0.05.
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single medication, the atomization inhalation of 
the three drugs is more effective, and can 
promptly prevent AP from worsening and can 
help children recover. As for the therapeutic 

tion to treat asthma, bronchitis, pneumonia, 
and other viral infectious diseases in children 
[18]. According to a large number of studies on 
this topic, this drug has satisfactory therapeu-

Figure 4. Changes in T-lymphocyte subset levels before and after the treatment. A. Changes in the CD3+ levels be-
fore and after the treatment. B. Changes in the CD4+ levels before and after the treatment. C. Changes in the CD4+/
CD8+ levels before and after the treatment. D. Changes in the CD8+ levels before and after the treatment. Note: 
*indicates P<0.05.

Table 3. The incidences of adverse reactions after the treat-
ment

Study group 
(n=67)

Control group 
(n=51) X2 P

Gastrointestinal reactions 2 (2.99) 4 (7.84)
Headache 1 (1.49) 3 (5.88)
Nausea 1 (1.49) 2 (3.92)
Diarrhea 1 (1.49) 3 (5.88)
Total 5 (7.46) 12 (23.53) 6.062 0.014

effects, the ORR in the study 
group was 94.03%, which was 
remarkably higher than the 
80.39% in the control group. This 
further confirms the above con-
clusion and reflects the clinical 
effectiveness of the combination 
for children with AP. A glucocorti-
coid with highly effective local 
anti-inflammatory effects, BUD is 
usually combined with atomiza-
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tic effects, but it also has some limitations. For 
instance, an excessive dosage of BUD alone 
increases the risk of complications, so its com-
bination with other drugs has been gradually 
introduced to reduce its recommended dosage 
levels [19]. It has been shown that SAL, an anti-
asthmatic drug, can inhibit the release of aller-
genic substances such as histamines and pre-
vent bronchospasms, thereby reducing airway 
inflammation and alleviating disease symptoms 
[20]. As reported by Bjermer and other resear- 
chers, SAL has a satisfactory effect on relieving 
the tension of airway muscles [21]. This is simi-
lar to our experimental results. IB, which is an 
anticholinergic drug, is markedly effective in 
relaxing the bronchial smooth muscles, pre-
venting and treating asthma, and relieving 
wheezing symptoms [22]. We speculate that 
the synergy of the three drugs makes their ther-
apeutic effects complementary, thus inhibiting 
the release of inflammatory mediators and 
achieving the best therapeutic effects on dis-
eases. To verify the speculation, we compared 
the changes in the IL-5, IL-6, IL-10, and IFN-γ 
levels before and after the treatment between 
the two groups. After the treatment, the IL-5, 
IL-6, and IL-10 levels were reduced, but the 
IFN-γ levels increased in both groups The levels 
of the first three cytokines were all lower in the 
study group, but the IFN-γ levels were higher in 
this group. This shows that the combined treat-
ment inhibits the inflammatory responses and 
alleviates the airway inflammatory responses, 
which supports our hypothesis. Next, we com-
pared the changes in the CRP, FVC, FEV1, and 
SpO2 levels before and after the treatment 
between the two groups. After the treatment, 
the CRP levels were reduced but the FVC, FEV1, 
and SpO2 levels increased in both groups. The 
CRP level was lower in the study group, but the 
FVC, FEV1, and SpO2 levels were higher in this 
group. This demonstrates that the combined 
treatment not only relieves the children’s symp-
toms quickly and effectively, it also relieves 
their lung function impairment and accelerates 
the recovery of their lung function. Therefore, it 
greatly helps to restore the children’s signs. 
After that, we compared the CD3+, CD4+, CD4+/
CD8+ and CD8+ changes before and after the 
treatment between the two groups. After the 
treatment, the CD3+, CD4+ and CD4+/CD8+ lev-
els increased, but the CD8+ levels were reduced 
in both groups. The CD3+, CD4+ and CD4+/CD8+ 
levels were all significantly higher in the study 

group, but the CD8+ level was lower in this 
group. T-lymphocytes are important immune 
cells in the human body, and they play an 
important role in immune regulation [23]. CD3+ 
T-lymphocytes can reflect the overall T cell lev-
els and can be divided into CD4+ and CD8+ T 
lymphocytes according to the differences in the 
CD molecules on their surfaces. CD4+ cells can 
activate the antigenic immune response state 
by secreting cytokines, and CD8+ cells are 
inhibitory T-lymphocytes, that inhibit the func-
tion of CD4+ T-lymphocytes and have cytotoxic 
effects [24]. Therefore, the CD3+, CD4+ and 
CD4+/CD8+ levels in the study group were sig-
nificantly higher than they were in the control 
group, and the CD8+ level was decreased. Viral 
infections in children aggravate their inflamma-
tory responses, and their fragile immune func-
tions (caused by incomplete development) can 
extremely easily result in a re-infection and 
aggravated conditions [25]. The experimental 
results of this study show that the combined 
treatment of drugs and the atomization inhala-
tion are of great significance in improving the 
immune functions of children. At the same 
time, we have also speculated that such 
immune interventions may become another 
direction in the clinical treatment of AP, but this 
conjecture needs a detailed experimental anal-
ysis in follow-up research. Finally, we compared 
the incidences of adverse reactions after the 
treatment between the two groups. The total 
incidence of adverse reactions in the study 
group was 7.46%, which was significantly lower 
than the rate in the control group (23.53%). 
This further suggests that the combined treat-
ment is safe for children with AP. However, 
there are still several limitations to this study. 
First, many other treatments are available for 
children with AP, so it is ruled out that the 
experimental results will be biased when they 
were treated with other combined therapies; 
moreover, the control was single, i.e., inhaled 
BUD. Second, the small cohort and short exper-
imental period prevent us from analyzing the 
long-term prognosis. We will address these 
limitations with more experimental analyses to 
provide effective clinical guidance for the treat-
ment of AP in children.

In summary, the atomization inhalation of BUD, 
SAL, and IB is markedly effective in treating 
children with AP, and it can improve their 
immune function and reduce their inflammato-
ry cytokine levels.
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