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Abstract

Purpose To evaluate the therapeutic efficacy of intravenous amoxicillin clavulanate potassium combined with nebu-
lized budesonide and ambroxol hydrochloride in pediatric community-acquired pneumonia (CAP) and its impact
across various microbial strains and clinical symptoms. The primary objective of this study is to evaluate the effi-

cacy of intravenous amoxicillin-clavulanate combined with nebulized budesonide and ambroxol hydrochloride

in the treatment of pediatric community-acquired pneumonia (CAP), and to analyze their impact on different micro-
bial strains and clinical symptoms. Secondary objectives include assessing the treatment’s effect on the improvement
of clinical symptoms, hospital stay duration, and the levels of inflammatory markers.

Design Prospective, single-center study.

Methods Fifty-six children with CAP, aged under 6 years, from Affiliated Maternity and Child Health Care Hospital
of Nantong University were included. Patients were treated with conventional therapy and the study medication.
Clinical characteristics, microbiological data, symptom improvement, and hospitalization times were analyzed.

Findings Young children, particularly under 1 year, exhibited a higher incidence of multiple microbial infections
and severe clinical manifestations. Treatment with budesonide and ambroxol hydrochloride led to significant clinical
improvement across all age groups, with notable efficacy against various pathogens.

Conclusions Nebulized budesonide and ambroxol hydrochloride are effective in treating pediatric CAP, offering

a promising therapeutic option, particularly for young children with severe presentations.
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after admission to the hospital [1, 2]. Acute infection of
the parenchymal and/or interstitial areas of the lungs
can cause CAP, which usually presents with fever, cough,
increased respiration, wet rales in the lungs, and abnor-
mal changes on chest radiographs [3, 4]. With its rapid
progression, uncertain prognosis and severe, life-threat-
ening involvement of circulatory, digestive and neurolog-
ical systems, CAP places a heavy burden on health and
health-care systems worldwide [5]. Globally, there are an
estimated 156 million cases of pneumonia each year, of
which between 7 and 13 per cent require hospitalization
[6]. And in China, pneumonia remains the leading cause
of death in children [7].

CAP pathogens include bacteria, viruses, mycoplasma,
chlamydia, fungi, trichomonas, etc., with viral and bac-
terial infections being the most common [8, 9]. Pediatric
pneumonia in developing countries is dominated by bac-
terial infections, with Streptococcus pneumoniae, Hae-
mophilus influenzae, Catamoeba, Staphylococcus aureus,
Escherichia coli, Klebsiella pneumoniae, Streptococcus
pyogenes and Pseudomonas aeruginosa being common,
with more than 60 per cent of bacterial pneumonias
caused by Haemophilus influenzae and Streptococcus
pneumoniae [10, 11]. Pediatric pneumonia in developed
countries is predominantly a viral infection, with adeno-
virus, respiratory syncytial virus, influenza virus, parain-
fluenza virus and rhinovirus being common [12]. In
recent years, there has also been an increase in atypical
pathogens, such as Mycoplasma pneumoniae and Chla-
mydia pneumoniae [13]. Defining the type of pathogen
infection is critical to selecting an appropriate treatment
regimen to improve outcomes and reduce complication
rates.

In the process of treatment, the clinical use of medi-
cation for the treatment of pediatric bronchopneu-
monia. ambroxol hydrochloride is a clinically used
short-acting bronchodilator, which mainly inhibits the
M receptor of bronchial smooth muscle, and plays the
role of diastolic bronchial smooth muscle, common
side effects may include gastrointestinal discomfort,
allergic reactions, and others [14]. Budesonide belongs
to the highly effective local anti-inflammatory effect
of glucocorticoid hormones, can significantly enhance
the stability of endothelial cells, smooth muscle cells,
lysosomal membranes, inhibit immune response,
inhibit the synthesis of antibodies, reduce the release
of allergy-active mediators, such as histamine, and
reduce its activity, thus inhibiting the enzyme reaction
stimulated by the combination of antigen and anti-
body, reduce the synthesis and release of bronchocon-
strictor substances, reduce the contractile response of
smooth muscle, thus restoring the normal response and
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function of the airway [14]. In addition, budesonide can
inhibit the release and synthesis of inflammatory fac-
tors, improve the air-height response, inhibit the secre-
tion and release of mucus from the airway mucosa, so
as to reduce the inflammatory reaction of the airway
and promote the improvement of the condition, the
potential side effects may encompass local side effects
such as throat pain, cough, and hoarseness, as well as
systemic glucocorticoid side effects that may occur at
high doses. The efficacy of this combination therapy
against different pathogenic microorganisms needs to
be further tested.

At present, there have been multiple studies that
have reported on the subject, but these existing stud-
ies are not perfect [15]. For instance, although previ-
ous research has explored the application of ambroxol
hydrochloride and budesonide in the treatment of
community-acquired pneumonia (CAP) in children,
few studies have focused on the therapeutic efficacy of
using these two drugs in combination through nebuli-
zation, especially in terms of specific effects in different
age groups and types of pathogen infections. Moreover,
previous studies lacked research on specific age groups
of children (such as those under 1 year old), as well as
in-depth analysis of different types of pathogen infec-
tions. Therefore, this study aims to supplement the
aforementioned research, providing new insights and a
scientific basis for the treatment of pediatric commu-
nity-acquired pneumonia.

In this study, we investigated young Cap patients who
received inpatient treatment at Affiliated Maternity and
Child Health Care Hospital of Nantong University and
analysed the clinical characteristics of the patients, the
association between the types of infected microorgan-
isms and the clinical indicators. We also analysed the
improvement of clinical indicators in Cap patients with
different microbial infection types treated with bude-
sonide combined with ambroxol hydrochloride nebu-
lised inhalation. The primary objective of this study
is to evaluate the efficacy of intravenous amoxicillin-
clavulanate combined with nebulized budesonide and
ambroxol hydrochloride in the treatment of pediatric
community-acquired pneumonia (CAP), and to analyze
their impact on different microbial strains and clini-
cal symptoms. Secondary objectives include assessing
the treatment’s effect on the improvement of clini-
cal symptoms, hospital stay duration, and the levels of
inflammatory markers. The study provides a powerful
addition to the diagnosis and treatment of paediatric
community-acquired pneumonia, revealing the clinical
characteristics of different pathogenic pathogens dur-
ing infection and providing a basis for early diagnosis
and treatment.
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Materials and methods

Objects

This study employed convenience sampling to select all
children admitted to the Affiliated Maternity and Child
Health Care Hospital of Nantong University for CAP
(Community-Acquired Pneumonia) from April 2023 to
March 2024, who met the inclusion and exclusion crite-
ria, and determined the sample size based on previous
research literature [16].

Inclusion criteria: (1) Consistent with the diagnostic
criteria for community-acquired pneumonia mentioned
in the "Guidelines for the Diagnosis and Treatment of
Community-Acquired Pneumonia." [17]; (2) age < 6 years
old; (3) children’s basic data and medical records are
complete. Exclusion criteria: (1) patients with contraindi-
cations or allergies to the study drugs; (2) patients with
severe combined cardiac, hepatic and renal impairment;
(3) patients with other serious respiratory diseases; (4)
patients with malignant tumors; (5) respiratory malfor-
mation; (6) interstitial lung disease and other lung dis-
eases such as pulmonary tuberculosis;(7) non-infectious
pneumonia such as inhalation and allergy; (8) allergic
to the drug ingredients involved in this study; (9)mental
disorders, unable to cooperate to complete the study;(10)
refuse to participate in or drop out of the study; The total
number of children included in the study was 56.

Purpose

The primary objective of this study is to evaluate the effi-
cacy of intravenous amoxicillin-clavulanate combined
with nebulized budesonide and ambroxol hydrochlo-
ride in the treatment of pediatric community-acquired
pneumonia (CAP), and to analyze their impact on differ-
ent microbial strains and clinical symptoms. Secondary
objectives include assessing the treatment’s effect on the
improvement of clinical symptoms, hospital stay dura-
tion, and the levels of inflammatory markers.

Treatment

The children were treated with conventional symp-
tomatic therapy, including symptomatic treatment of
phlegm and cough, antispasmodic and asthma, nutri-
tional support, cardiac monitoring, maintenance of
acid-base balance, correction of water and electrolyte
disorders. The children were also treated with intrave-
nous amoxicillin clavulanate potassium 30 mg/kg per
dose at 8-h intervals, combined with nebulised inhalation
of budesonide (1 mg per dose, with an overdose thresh-
old of 6 mg/day) and ambroxol hydrochloride (0.5 mg per
dose, with an unknown overdose threshold) are admin-
istered twice daily. The treatment duration is one week.
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Observation indicators

Admission general indicators such as patient age, gen-
der, and clinical presentation were recorded. Microbio-
logical pathogen screening data: including Mycoplasma
infections, Streptococcus pneumoniae, Haemophilus
influenzae, Staphylococcus aureus, Influenza A, res-
piratory syncytial virus, Influenza B virus, rhinoviruses,
adenoviruses and mycoplasma. The diagnosis of bacteria
was confirmed by sputum culture, children in the myco-
plasma group were diagnosed due to mycoplasma immu-
noglobulin (Ig) M positivity, and children in the virus
group were diagnosed due to serum-specific IgM anti-
body positivity. Time to symptom improvement and hos-
pitalization: symptoms included fever, cough, sputum,
pulmonary rales, lung rales and dyspnoea. Laboratory
tests: white blood cell count(WBC), C-reactive protein
(CRP), and procalcitonin (PCT).

Clinical severity assessment: We recorded the duration
of symptoms prior to admission, severity of respiratory
distress using the World Health Organization (WHO)
criteria, and presence of hypoxemia (defined as oxygen
saturation < 92% on room air). Respiratory rate and work
of breathing were also assessed.

Outcome Parameters The primary outcome param-
eters of this study are the improvements in clinical symp-
toms, including: time to defervescence, time for cough
resolution, time for the disappearance of lung rales and
radiological assessment. Secondary outcome parameters
include: length of hospital stay, overall treatment efficacy,
and changes in inflammatory markers, such as the lev-
els of white blood cell count (WBC), C-reactive protein
(CRP), procalcitonin (PCT).

Assessment Methods: Clinical symptom improvement:
The status of fever, cough, and lung rales in children is
recorded daily through clinical assessments. The specific
improvement time is determined from the start of treat-
ment until the symptoms completely disappear.

Radiological assessment Chest X-rays were performed
on admission and prior to discharge. Radiological fea-
tures were classified as per the WHO standardized
interpretation of chest radiographs for the diagnosis of
pneumonia in children. Improvement was defined as
resolution of consolidation or reduction in the extent of
infiltrates.

Length of hospital stay The total number of days from
admission to discharge is recorded for each child.

Overall treatment efficacy Evaluated based on the fol-
lowing criteria: Cured: Complete disappearance of all
symptoms and signs; Improved: Significant improvement
in symptoms and signs; Ineffective: No improvement
or worsening of symptoms and signs. Overall efficacy
rate = (Cured + Improved)/Total number of cases X 100%;
Inflammatory markers: Before and after treatment, WBC



Zhang et al. Journal of Health, Population and Nutrition (2024) 43:132

was performed by microscopy, CRP was detected by
ELISA, and PCT was detected by immunofluorescence.

Statistical analysis

SPSS 25.0 statistical software was used for data anal-
ysis. Measurement information was expressed as
mean + standard deviation (x ts), and one way AVNOVA
was used for statistical description; count information
was expressed as n (%), and the x> test was used for com-
parison between groups. The difference was considered
statistically significant at 2<0.05.

Results

General information about the study population

A total of 56 children with community-acquired pneu-
monia with a mean age of 2.2+ 1.5 years were included
in this study. There were 26 children older than 3 years,
12 children between 1 and 3 years and 18 infants
younger than 1 year. The male prevalence ranged from
44.4 to 66.7%, with no statistical difference between
age groups. Streptococcus pneumoniae, Haemophi-
lus influenzae, and Mycoplasma were the top three
most frequent pathogens, and there were no statistical

Table 1 Patient’s general condition and pathogenetic testing
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differences between age groups in terms of strains of
infection. We found statistically significant differences
in the proportion of infections with multiple patho-
gens among the 3 age groups, as evidenced by the fact
that children older than 3 years of age were character-
ized by lower levels of multi-pathogen infections. It is
noteworthy, however, that most children with commu-
nity-acquired pneumonia were infected with multiple
pathogens (Table 1).

In terms of patient symptoms, the majority of symp-
toms in all three groups included fever, sputum, and
pulmonary rales. a few children developed pulmonary
rumbling and Dyspnea, and the latter was most preva-
lent in children under 1 year of age. This suggests that
children under 1 year of age may have a more severe
clinical presentation. All children improved signifi-
cantly after standardized nebulized inhalation of bude-
sonide and ambroxol hydrochloride, with leukocytes,
CRP and PCT returning to normal levels. Among them,
there was a statistical difference between the CRP
indexes of children aged 1-3 years and children under
1 year old before and after treatment (Tables 2, 3).

>3 years old (N=26) 1~3yearsold < =1yearsold Pvalue
(N=12) (N=18)
Male N (%) 12 (46.2%) 8 (66.7%) 8 (44.4%) 0425
Type of pathogen
Mycoplasma N (%) 13 (50%) 5(41.7%) 4(22.2%) 0.176
Streptococcus pneumoniae N (%) 22 (84.6%) 9 (75%) 12 (66.7%) 0.377
Staphylococcus aureus N (%) 1(3.8%) 1(8.3%) 1 (5.6%) 0.849
Haemophilus influenzae N (%) 11 (42.3%) 5 (41.7%) 13 (72.2%) 0.109
Respiratory syncytial virus N (%) 5(19.2%) 7 (58.3%) 6 (33.3%) 0.056
Influenza B N (%) 1(3.8%) 0 (0%) 1 (5.6%) 0.72
Rhinovirus N (%) 4 (15.4%) 1(8.3%) 3(16.7%) 0.796
Adenovirus N (%) 0 (0%) 0 (0%) 1 (5.6%) 0.341
influenza A N (%) 0 (0%) 0 (0%) 1 (5.6%) 0.341
Multi-pathogenic N (%) 17 (65.4%) 12 (100%) 14 (77.8%) 049
Table 2 Patient Symptoms
Clinical symptom >3 years old (N=26) 1~3yearsold < =1yearsold P value
(N=12) (N=18)
Clinical symptom
Body temperature Mean +SD 37.7+£0.8 375107 373+05 0177
Fever N (%) 17 (65.4%) 6 (50%) 8 (44.4%) 0356
Sputum N (%) 23 (88.5%) 12 (100%) 17 (94.4%) 0417
Pulmonary rumbling N (%) 3(11.5%) 0 (0%) 6 (33.3%) 0.036
Pulmonary rales N (%) 20 (76.9%) 10 (83.3%) 18 (100%) 0.096
DYSPNEA N (%) 0 (0%) 0 (0%) 3(16.7%) 0.035
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Table 3 Patient outcomes

Laboratory indicators >3 years old (N=26) 1~3yearsold <=1yearsold Pvalue

(N=12) (N=18)

WBC Before treatment 86+44 72427 99+34 0.169
After treatment 83+23 71429 7.1+41
P value 0.698 0.859 0.108

CRP before treatment Before treatment 1434210 58+6.2 10.5+13.1 033
After treatment 55472 32432 20+22
P value 0.058 0.037 0.002

pct before treatment Before treatment 04+13 02+03 03+03 0.773
After treatment 0.1£0.1 0.1+0.1 0.0+£0.0
Pvalue 0.338 0.035 0.026

Clinical characteristics of patients with different
pathogenic infections

In CAP in paediatric patients, different types of micro-
bial infections may have different clinical manifestations.
We compared the clinical signs in case of different micro-
bial infections. Most of the patients infected with Strep-
tococcus pneumoniae had fever, phlegm and pulmonary
rales. Fewer patients had pulmonary rumbling and Dysp-
nea. Fewer of the patients who did not have Streptococ-
cus pneumoniae had fever. Influenza B patients rarely

Table 4 Pathogen-Symptom Correlation

develop phlegm, probably because of the small number
of patients with Influenza B infection. The other strains
had similar characteristics of infection, with the main
symptoms including Fever, phlegm and pulmonary rales
(Table 4).

Time to improvement in patients with different infections

We also compared budesonide combined with ambroxol
hydrochloride nebulised inhalation therapy in terms
of time to improvement in different patients. We chose

Fever Phlegm Pulmonary Pulmonary rales Dyspnea
N (%) N (%) rumbling N (%) N (%)
N (%)
Mycoplasma 0(N=33) 18 (54.5%) 30 (90.9%) 5(15.2%) 29 (87.9%) 2 (6.1%)
1T(N=22) 13 (59.1%) 21 (95.5%) 4(18.2%) 18 (81.8%) 1(4.5%)
p 0.956 0916 1 0.815 1
Streptococcus pneumoniae 0N=12) 3 (25%) 11 (91.7%) 4(33.3%) 11 (91.7%) 1(8.3%)
1(N=43) 28 (65.1%) 40 (93%) 5(11.6%) 36 (83.7%) 2 (4.7%)
p 0.032 1 0.175 0.82 1
Haemophilus influenzae 0(N=26) 15 (57.7%) 24(92.3%) 2(7.7%) 24(92.3%) 1(3.8%)
1(N=29) 16 (55.2%) 27 (93.1%) 7 (24.1%) 23 (79.3%) 2 (6.9%)
p 1 1 0.2 0326 1
Respiratory syncytial virus 0(N=37) 22 (59.5%) 34 (91.9%) 7 (18.9%) 31 (83.8%) 2 (5.4%)
1T(N=18) 9 (50%) 17 (94.4%) 2(11.1%) 16 (88.9%) 1 (5.6%)
p 0.708 1 0.729 0.923 1
Influenza B 0(N=53) 31 (58.5%) 51(96.2%) 9(17%) 46 (86.8%) 3(5.7%)
1T(N=2) 0 (0%) 0 (0%) 0 (0%) 1(50%) 0 (0%)
p 0.362 <.001 1 0.669 1
Rhinovirus 0(N=47) 26 (55.3%) 44 (93.6%) 7 (14.9%) 41 (87.2%) 2 (4.3%)
1(N=8) 5(62.5%) 7 (87.5%) 2 (25%) 6 (75%) 1(12.5%)
p 1 1 0.844 0.715 0915
Staphylococcus aureus 0(N=52) 30 (57.7%) 48 (92.3%) 7 (13.5%) 44 (84.6%) 2 (3.8%)
1(N=3) 1(33.3%) 3 (100%) 2 (66.7%) 3 (100%) 1(33.3%)
p 0.819 1 0.105 1 0.379
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Mycoplasma, Streptococcus pneumoniae, Haemophilus
influenzae and Respiratory syncytial virus, which have
a high number of patients, for comparison and found
that budesonide combined with ambroxol hydrochlo-
ride nebulised inhalation has a better efficacy in different
types of infectious microbial infections. have better effi-
cacy (Table 5).

Clinical severity and symptom duration

The mean duration of symptoms prior to admission
was 3.2+1.8 days. Based on WHO criteria, 18 (32.1%)
patients had severe pneumonia, while 38 (67.9%) had
non-severe pneumonia. Hypoxemia was present in 10
(17.9%) patients on admission. The mean respiratory
rate was 42 + 8 breaths/minute. Moderate to severe res-
piratory distress, characterized by chest retractions, nasal
flaring, or grunting, was observed in 22 (39.3%) patients.

Radiological findings

On admission, chest X-rays showed lobar consolidation
in 28 (50%) patients, bronchopneumonia in 22 (39.3%)
patients, and interstitial patterns in 6 (10.7%) patients.
Follow-up chest X-rays prior to discharge showed com-
plete resolution in 38 (67.9%) patients and significant
improvement in the remaining 18 (32.1%) patients. The
mean time to radiological improvement was 5.3+1.7
days.

Discussion

Acute pediatric pneumonia is a common disease in
pediatric respiratory medicine, which refers to the
inflammation of pediatric lungs caused by bacteria or
viruses and other pathogens, with typical symptoms
such as fever, cough, shortness of breath, wheezing,
dyspnoea, etc., and in serious cases, even lead to heart
failure, meningitis, encephalitis, toxic encephalopathy
and so on, which will cause serious damages to pedi-
atric respiratory system, gastrointestinal tract, circu-
latory system, neurological system and so on and put
their lives in jeopardy [18]. Therefore, for acute pneu-
monia in children, scientific and effective therapeutic
measures should be taken to alleviate the clinical symp-
toms, improve the lung function and respiratory sys-
tem, and ensure the safety of children’s lives. At present,
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the clinical treatment of acute pneumonia in children
adheres to the principle of early detection, early diag-
nosis, early treatment, timely implementation of tar-
geted treatment, to ensure a good prognosis [19]. In
the present study, we found that young children under
the age of 1 year were more likely to develop multiple
microbial infections and had a higher incidence of pul-
monary rumbling and Dyspnea. This may be due to the
fact that the immune system of young children is not
fully developed and therefore relatively weak against
various pathogens. Infants and young children of this
age are usually at a critical stage of immune system
development, and their antibody levels may not be suf-
ficient to respond effectively to many different types of
pathogens. In addition, young children live in relatively
closed environments and are exposed to a wide range
of pathogenic microorganisms, which increases the risk
of infection. Therefore, it is particularly important to
closely monitor the immune status of young children in
this age group and take appropriate preventive meas-
ures, including vaccination and good hygiene practices,
to reduce the incidence of infection.

At present, the diagnostic tests for pediatric acute
pneumonia mainly include WBC, CRP, and respiratory
pathogen antibody test, etc., all of which can assist in the
diagnosis of the specific condition and severity of the dis-
ease, and help to implement scientific treatment [20-22].
In this study budesonide combined with ambroxol hydro-
chloride nebulized inhalation significantly improved CRP
and PCT levels in patients. CRP is one of the acute phase
proteins that binds to lipoproteins and activates sys-
tems that secrete inflammatory factors in the body [23].
PCT is the precursor of calcitonin, which is mainly syn-
thesized and secreted by the thyroid tissue, and can be
involved in the regulatory functions of various inflamma-
tory factors and bacterial toxins, among which bacterial
infection is an important factor in inducing PCT synthe-
sis [22]. In the healthy state of the body, PCT does not
enter the circulatory system and is therefore detected at
very low levels. However, the level of this indicator rises
rapidly after the onset of pathogen infection, when PCT
is mainly secreted by tissues outside the thyroid gland, so
there is a positive correlation between the level of PCT
and the degree of infection. Therefore, it can be seen that

Table 5 Time to improvement in budesonide combined with ipratropium bromide nebulized inhalation for different pathogens

Mycoplasma Streptococcus Haemophilus Respiratory
pneumoniae influenzae syncytial
virus
Overall improvement Yes 46+12 484038 45+10 46+12
No 46+12 45+12 47+13 46+1.2
Pvalue 0.898 0403 0.627 0.898
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the above indicators can reflect the degree of disease to a
certain extent and provide clinical data for reference.

The mode of administration, nebulization, delivers the
drug aerosol directly to the affected area and is more
suitable for children because of its active and continu-
ous release of fog, the possibility of combining multiple
drugs and the low level of patient cooperation required
for its use [24, 25]. Infants have an alveolar surface area
of 3-4 m?, which is more than 20 times the surface area
of the body [26]. The surface area of the lung is huge and
the air-blood barrier is thin, with high membrane per-
meability. The low enzyme environment on the alveolar
surface is conducive to the absorption of systemic drugs,
which makes up for the insufficiency of some degraded
drugs that are absorbed through the gastrointestinal tract
[27]. At the same time, nebulized administration requires
a small dose, with a high concentration of the local drug,
a short onset of action time, and a high degree of bio-
availability of the drug. In this study, budesonide com-
bined with ambroxol hydrochloride nebulized inhalation
therapy was able to effectively treat pediatric pneumo-
nia caused by various pathogenic infections with good
efficacy.

Our study incorporated radiological assessments that
provided objective evidence regarding the severity of the
disease and the response to treatment. This was reflected
in the high rate of radiological improvement closely related
to the significant clinical symptom improvement observed
in patients, further supporting the positive outcomes of
the treatment with inhalation of bromhexine hydrochlo-
ride and budesonide in children with community-acquired
pneumonia, but it also has limitations. As a single-center
study, we included 56 children, and the limitation of sam-
ple size may affect the universality and statistical strength
of the results. Although a variety of clinical and microbio-
logical indicators are included in the study, future studies
should expand the scope of clinical indicators to include
long-term lung function tests, quality of life assessment,
and extended follow-up period. In order to more com-
prehensively evaluate the effectiveness of treatment and
monitor potential long-term complications. In addition,
the randomized controlled trial design was not used in this
study, which limits our ability to evaluate the relative effec-
tiveness of treatment. Therefore, we suggest that future
research should be carried out in multiple centers in order
to increase the sample size and improve the generalization
of the research results. In addition, it is recommended to
add more clinical indicators such as long-term lung func-
tion and quality of life assessment on the basis of existing
symptom improvement and biomarker measurement. At
the same time, it is recommended to use randomized con-
trolled trial design in order to more accurately evaluate and
compare the therapeutic effects of different treatments.
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In-depth analysis of the relationship between biomarkers
such as CRP and PCT and disease severity and treatment
response is also an important direction of future research.
Finally, the study should cover children of different ages,
genders and socio-economic backgrounds to ensure the
universality and consistency of the evaluation of treat-
ment effectiveness, so as to provide a more solid scientific
basis for the treatment of pediatric community-acquired
pneumonia.
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