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H I G H L I G H T S

� NAC combined with AH is effective in treating pneumonia.

� NAC combined with AH alleviates clinical symptoms of pneumonia.

� NAC combined with AH reduces inflammatory response in pneumonia.

� NAC combined with AH improves blood gas and immune function in pneumonia.

� NAC combined with AH improves lung function in pneumonia.

A R T I C L E I N F O A B S T R A C T

Objective: This study investigated the effects of N-Acetylcysteine (NAC) combined with Ambroxol Hydrochloride

(AH) on clinical symptoms, C-Reactive Protein (CRP), and Procalcitonin (PCT) levels in children with pneumonia.

Methods: A total of 98 children with pneumonia were assigned to the control group and observation group by ran-

dom number table method. NAC was administered to the observation group and AH was given to the control

group. The therapeutic effect was observed, the disappearance time of clinical symptoms and levels of inflamma-

tory factors, lung function parameters, blood gas analysis parameters, and immunoglobulin were measured. The

incidence of adverse reactions was statistically analyzed.

Results: A higher effective rate was observed in the observation group than in the control group (p < 0.05). Antipy-

retic time, cough disappearance time, and lung rale disappearance time in the observation group were shorter

than those in the control group (p < 0.05). After treatment, CRP and PCT were lower (p < 0.05), FVC, FEV1, and

FEV1/FVC were higher, PaCO2 was lower, PaO2 and SaO2 were higher, and IgA, IgG, IgM, and C3 were higher in

the observation group than those in the control group (p < 0.05). The incidence of adverse reactions between the

two groups was not significantly different (p > 0.05).

Conclusion: NAC combined with AH is effective in the treatment of pediatric pneumonia by effectively alle-

viating clinical symptoms, reducing inflammatory factors, and improving lung function and immune

function.
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Introduction

Pneumonia is a common pediatric disease clinically manifested as

fever, cough, shortness of breath, and medium-fine moist lung rale. It is

often caused by bacterial infection and is mainly treated by antibiotics.

However, antibiotics have toxic effects on the nervous system, blood sys-

tem, liver, and kidney organs, and long-term use will lead to liver and

kidney function impairment. Symptomatic treatments for pediatric

pneumonia currently include Ambroxol Hydrochloride (AH) and N-Ace-

tylcysteine (NAC) atomized liquid.1 Data have demonstrated that both

AH and NAC atomized liquid can promote mucus elimination, and NAC

can also act as an oxidizing agent to interfere with the generation of free

radicals, and the combination of the two can achieve the expected thera-

peutic effect on bronchopneumonia in children.2 In the treatment of

pediatric pneumonia, NAC atomized solution can be used in combina-

tion with AH to resolve phlegm and improve lung symptoms.3 Based

on this, this study aims to explore the effects of NAC combined with

AH in the treatment of pediatric pneumonia regarding the regulation of

clinical symptoms, C-Reactive Protein (CRP), and Procalcitonin (PCT)

levels.
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Data and methods

Clinical data

A total of 98 children with pneumonia from January 2021 to January

2023 were assigned to the control group and observation group by ran-

dom number table method. Inclusion criteria: 1) Patients meeting com-

plied with the diagnostic criteria for pneumonia;4 2) Patients between

the ages of 2 and 6 years, Asian; 3) Under the approval of the Ethics

Committee of Women and Children’s Hospital, Qingdao University

(QFELL-YJ-2024-70), patients gave informed consent; 4) Patients with

fever, cough, and wheezing; 5) Patients with well drug tolerance. Exclu-

sion criteria: 1) Patients combined with pleural effusion or empyema; 2)

Patients with pulmonary tuberculosis and other respiratory diseases

(Combined bronchial asthma, Congenital lung cysts, Pulmonary hypo-

plasia, etc.); 3) Patients with abnormal growth or severe malnutrition;

4) Patients combined with severe liver and kidney disease, systemic

infection, immune deficiency, and congenital heart disease; 5) Patients

with drug allergy or drug incompatibility; 6) Patients combined with

viral encephalopathy; 7) Patients combined with hemolytic uremic syn-

drome. This clinical observational study follows the STROBE statement.

Methods

Fluid therapy and symptomatic treatment were given to the children

in both groups to alleviate coughing, dissipate phlegm, and subside

fevers. The control group was treated with AH (Shandong Luoxin Phar-

maceutical Group STOCK Co., Ltd., H20051402, specifications: 300 mg/

tablet). One tablet of AH was dissolved in 3 mL 0.9 % sodium chloride

solution, added to the mask atomizer, and connected to the oxygen

device with an adjusted oxygen flow rate of 6‒8 L/min. Atomized inha-

lation was performed twice a day for 1 week.

The observation group was given combined treatment with NAC

(ZAMBONS.R.L, H20110405, specification: 3 mL:300 mg). NAC (3 mL)

was dissolved in 3 mL 0.9 % sodium chloride solution, and other proce-

dures in atomized inhalation of NAC were performed as same as AH

inhalation.

Observation indicators

(1) Clinical effect:5 1) Cure: clinical symptoms such as fever, cough,

shortness of breath, and lung rales completely disappeared, and labo-

ratory indicators such as lung X-Ray film and blood routine returned

to normal; 2) Effective: clinical symptoms disappeared, and labora-

tory indicators did not return to normal; 3) Ineffective: no improve-

ment in clinical symptoms after 3 days of medication. Total effective

rate = cure rate + effective rate.

(2) Disappearance time of clinical symptoms: antipyretic time, cough

disappearance time, and lung rales disappearance time were

compared.

(3) Inflammatory factors: CRP and PCT were determined by ELISA.

(4) Lung function indicators: Force Vital Capacity (FVC) and Force

Expiratory Volume one Second (FEV1) were monitored by the Jaeger

MasterScreen Pneumo.

(5) Blood gas analysis: Elbow arterial blood samples (6 mL) was col-

lected from each patient in both groups after morning fasting and

placed in heparin anticoagulation tubes, and arterial Partial Pressure

of Oxygen (PaO2), Arterial Carbon Dioxide Partial Pressure (PaCO2),

and blood Oxygen Saturation (SaO2) were detected by Siemens Rap-

idpoint348 blood gas analyzer. Analysis was performed by the same

physician.

(6) Immunoglobulin level: Peripheral venous blood (20 mL) was

extracted from each patient using a fully automatic biochemical

analyzer of BoKO BKG1200, and IgM, IgA, IgG, and C3 levels were

detected by immunoturbidimetry using a fully automatic biochemi-

cal analyzer (BKG1200, BIOBASE, Shandong, China).

Statistical analysis

SPSS 22.0 software was utilized to process the data, the enumeration

data were expressed as percentages and evaluated by χ2 test, and the

measurement data were expressed as (x ± s) after the normality test

and compared by t-test. The difference was statistically significant at

p < 0.05.

Results

Clinical data

Clinical data between the two groups showed no statistical signifi-

cance (p > 0.05, Table 1).

Clinical effect

The observation group had a higher total effective rate than the con-

trol group (p < 0.05, Table 2).

Disappearance time of clinical symptoms

The antipyretic time, cough disappearance time, and lung rale disap-

pearance time in the observation group were shorter than those in the

control group (p < 0.05, Fig. 1).

Inflammatory factors

Pre-treatment inflammatory factors were not significantly different

between the two groups (p > 0.05). As compared with the control group,

the observation group had lower CRP and PCT levels after treatment

(p < 0.05, Fig. 2).

Lung function

Before treatment, there was no significant difference in pulmonary

function parameters between the two groups (p > 0.05). There were

higher values of FVC, FEV1, and FEV1/FVC in the observation group

than in the control group after treatment (p < 0.05, Fig. 3).

Blood gas analysis

Before treatment, there were no significant differences between the

two groups in blood gas analysis parameters (p > 0.05). After treatment,

Table 2

Comparison of therapeutic effect between two groups (case, %).

Groups n Cure Effective Ineffective Total effective rate

Observation group 49 19 28 2 95.92

Control group 49 15 26 8 83.67

χ2 4.009

P 0.045

Table 1

Comparison of clinical data between the two groups.

Parameters Observation group Control group χ2/t p

(n=49) (n=49)

Gender 0.169 0.681

Male 28 30

Female 21 19

Age (years) 5.28 ± 1.03 5.34 ± 1.12 0.276 0.783

Course pf disease (days) 5.16 ± 0.57 5.29 ± 0.64 1.062 0.291

Body weight (kg) 8.95 ± 1.78 9.03 ± 1.29 0.255 0.799

WBC (*109/L) 15.01 ± 2.01 15.21 ± 2.16 0.474 0.636
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PaCO2 was lower, while PaO2 and SaO2 were higher in the observation

group than in the control group (p < 0.05, Fig. 4).

Immunoglobulin levels

Before treatment, no significant difference was observed in immuno-

globulin levels between the two groups (p > 0.05). The observation

group had higher levels of IgA, IgG, IgM, and C3 after treatment than

the control group (p < 0.05, Fig. 5).

Adverse reactions

Adverse reactions were not significantly different between the two

groups (p > 0.05, Table 3).

Discussion

Children are susceptible to infection and pneumonia because their

lung tissue and immune function are not fully mature and their ability to

resist pathogens is poor. The severity of pneumonia in children varies

greatly, and the progression of the disease involves multiple organs or

systems, induces hypercapnia and hypoxemia, etc., which seriously

affect the growth and development of children and even endanger their

life safety.6 Therefore, it is particularly important to actively explore the

treatment methods to alleviate the disease quickly. AH can alleviate the

clinical symptoms of pediatric pneumonia. However, according to rele-

vant reports, the clinical efficacy of single-drug therapy is poor, so

multi-drug combination therapy is needed.7,8 NAC, as a new mucous sol-

vent, can gradually reduce the adhesion ability of phlegm, improve spu-

tum discharge, and reduce the inflammatory stimulation of the

respiratory tract. Moreover, NAC has a certain inhibitory effect on

Fig. 1. Disappearance time of clinical symptoms.

Fig. 2. Inflammatory factors.

Fig. 3. Lung function parameters.

3

A. Xue et al. Clinics 79 (2024) 100476



polyglycoprotein and effectively reduces the damage effect of bacteria

on cell membranes based on the inhibition of bacterial adhesion

ability.9,10 In this study, the treatment effective rate was higher, the dis-

appearance time of clinical symptoms was shorter, FVC, FEV1, FEV1/

FVC, PaO2, and SaO2 were higher, and PaCO2 was lower in the observa-

tion group than those of the control group. It shows that NAC combined

with AH is effective in treating pneumonia in children, which can effec-

tively reduce clinical symptoms and improve lung function. This is

mainly because NAC atomized solution is a powerful phlegm-dissolving

agent, which can not only dissolve mucus sputum but also treat porous

sputum caused by bacterial infection. A combination of NAC atomized

solution and AH can effectively alleviate bronchopneumonia symptoms

in children by dissolving phlegm and improving lung function.11

Clinical data show that NAC also regulates the balance of the

immune system, promotes the synthesis and secretion of immune

proteins and complement, inhibits the production of inflammatory fac-

tors, greatly alleviates inflammatory response, and thus improves clini-

cal symptoms and shortens disease course.12,13 In this study, combined

treatment reduced the inflammatory response of the body by suppress-

ing CRP and PCT. The reason is that NAC is a precursor of intracellular

GSH, which can effectively reduce the active substance in the bronchial

alveolar cavity and plasma of patients.14 According to relevant reports,

NAC is also an antioxidant, which/effectively removes reactive oxygen

species. By inhibiting toxins in the body, it can effectively block the NB-

kB pathway, reduce IL-8 and IL-6 expression, and achieve the purpose of

inhibiting inflammation.15,16

Mucus from infections often blocks the trachea in children due to tra-

cheal stenosis, poor lung elastic tissue development, and a small number

of alveoli. At the same time, the immune system of children has not

been fully established and improved, and cannot effectively resist the

Fig. 4. Blood gas analysis parameters.

Fig. 5. Immunoglobulin level. Note: Compared with the

group before treatment, # p < 0.05; Compared with obser-

vation group after treatment, * p < 0.05.
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invasion of pathogenic bacteria, so children are prone to pneumonia.17

However, pneumonia pathogens not only cause local inflammatory dam-

age to respiratory mucosa but also activate the immune response of the

body and induce immune damage. It has been proposed that cellular

and humoral immunity disorders still exist in most children after treat-

ment with AH.18 In this study, NAC combined therapy improved the

immune function of pediatric pneumonia patients by elevating IgA, IgG,

IgM, and C3. The reason is that the effective components of NAC inter-

fere with the regulation of T lymphocyte subgroup function by inflam-

matory cytokines and improve immune function indicators.19,20

Moreover, NAC with AH would not increase adverse reactions, that is,

the combination treatment was relatively safe.

In summary, NAC combined with AH is highly effective in the treat-

ment of pediatric pneumonia, which can effectively reduce clinical

symptoms, reduce the level of inflammatory factors in the body, and

improve the lung function and immune function of patients.

Ethics approval and consent to participate

This study was reviewed and approved by the Medical Ethics Com-

mittee of Women and Children’s Hospital, Qingdao University (QFELL-

YJ-2024-70), and all subjects gave informed consent.

Authors’ contributions

Conceptualization, AiLi Xue; Methodology, AiLi Xue and Hua Zhang;

Formal analysis, Hua Zhang and ShanShan Song; Investigation, Hua

Zhang and ShanShan Song; Data curation, Xia Yu; Writing-original draft

preparation, AiLi Xue; Writing-review and editing, Xia Yu; Project

administration, Xia Yu. All authors have read and agreed to the pub-

lished version of the manuscript.

Funding

Not applicable.

Declaration of competing interest

The authors declare no conflicts of interest.

Acknowledgments

Not applicable.

References

1. Mei M, Dai D, Guo Z, Zhang C, Liu J, Qi Y, et al. Underlying causes and outcomes

of recurrent pneumonia in hospitalized children. Pediatr Pulmonol 2023;58(6):

1674–82.

2. Bodapati JD, Rohith VN. ChxCapsNet: deep capsule network with transfer learning

for evaluating pneumonia in paediatric chest radiographs. Measurement 2022;188

(5):188.

3. Ramgopal S, Cotter JM, Navanandan N, Ambroggio L, Florin TA. Disease severity of

community-acquired pneumonia among children with medical complexity. Pediatr

Pulmonol 2023;58(3):967–70.

4. Gade C, Bøgevig S, Daoud A, Mathiesen PR, Chrstensen MB, Dalhoff KP, et al. Has the

time come to stop routine N-acetylcysteine treatment in young children in Denmark?

A review of 300 suspected paracetamol overdoses in children aged 0−6 years. Acta

Paediatr 2022;111(3):667–74.

5. Zhitkovich A. N-Acetylcysteine: antioxidant, aldehyde scavenger, and more. Chem Res

Toxicol 2019;32(7):1318–9.

6. Zhou H, Sun Y, Wang Q, Li Z, Zhong W, Wang X, et al. N-acetylcysteine alleviates liver

injury by suppressing macrophage-mediated inflammatory response post microwave

ablation. Int Immunopharmacol 2020;85(8):106580.

7. Rodríguez-Rosado AI, Valencia EY, Rodríguez-Rojas A, Costas C, Galhardo RS, Rodrí-

guez-Beltr�an J, et al. N-acetylcysteine blocks SOS induction and mutagenesis produced

by fluoroquinolones in Escherichia coli. J Antimicrob Chemother 2019;74(8):

2188–96.

8. Zhou M-F, Feng Z-P, Ou Y-C, PengJ-J Li K, Gong H-D, et al. Endoplasmic reticulum

stress induces apoptosis of arginine vasopressin neurons in central diabetes insipidus

via PI3K/Akt pathway. CNS Neurosci Ther 2019;25(5):562–74.

9. Eshraghi A, Talasaz AH, Salamzadeh J, Salarifar M, Pourhosseini H, Nozari Y, et al.

Evaluating the effect of intracoronary N-Acetylcysteine on platelet activation markers

after primary percutaneous coronary intervention in patients with ST-elevation myo-

cardial infarction. Am J Ther 2016;23(1):e44–51.

10. Ma Z, Song G, Liu D, Qian D, Wang Y, Zhou J, et al. N-Acetylcysteine enhances the

therapeutic efficacy of bone marrow-derived mesenchymal stem cell transplantation

in rats with severe acute pancreatitis. Pancreatology 2019;19(2):258–65.

11. Bretti C, Cardiano P, Irto A, Lando G, Milea D, Sammartano S. Interaction of N-acetyl-l-

cysteine with Na+, Ca2+, Mg2+ and Zn2+. Thermodynamic aspects, chemical spe-

ciation and sequestering ability in natural fluids. J Mol Liq 2020;319(11):114164.

12. Sigenza S, Lvarez IS, Matilla E. Effect of N-acetyl cysteine on the quality of blastocyst

formation rate using cultured vitrified murine embryos. J Hell Vet Med Soc 2020;71

(3):2315.

13. Cui BW, Bai T, Yang Y, Zhang Y, Jiang M, Yang H-X, et al. Thymoquinone attenuates

acetaminophen overdose-induced acute liver injury and inflammation via regulation

of JNK and AMPK signaling pathway. Am J Chin Med 2019;47(3):577–94.

14. Chen S, Chen S, Zeng Y, Lin L, Wu C, Ke Y, et al. Size-dependent superparamagnetic

iron oxide nanoparticles dictate interleukin-1β release from mouse bone marrow-

derived macrophages. J Appl Toxicol 2018;38(7):978–86.

15. Bountogo M, Sanogo B, Pride MW, Jiang Q, Niki�ema Z, Njanpop-Lafourcade B-M, et al.

Application of a pneumococcal serotype-specific urinary antigen detection test for

identification of pediatric pneumonia in burkina faso. Pediatr Infect Dis J 2021;40

(5):418–25.

16. Ciuca IM, Dediu M, Pop LL. Pediatric pneumonia (PedPne) lung ultrasound score and

inflammatory markers: a pilot study. Pediatr Pulmonol 2022;57(2):576–82.

17. Schulte MHJ, Goudriaan AE, Boendermaker WJ, van den Brink W, Wiers RW. The

effect of N-acetylcysteine and working memory training on glutamate concentrations

in the dACC and rACC in regular cocaine users − A randomized proof of concept study.

Neurosci Lett 2021;25(9):136146.

18. Xie J, Qin Y, Wang M, Wu D, Zhong L, Zhang J. Effects of ambroxol hydrochloride on

lung tissue cell apoptosis and vascular remodeling in rats with smoke induced chronic

obstructive pulmonary disease. Indian J Pharm Sci 2021;74(3):36468.

19. Roy N, Bomzan P, Roy MN. Probing host-guest inclusion complexes of ambroxol

hydrochloride with α- & β-Cyclodextrins by physicochemical contrivance subse-

quently optimized by molecular modeling simulations. Chem Phys Lett 2020;748

(3):137372.

20. Enshaei H, Molina BG, Del Valle LJ, Estrany F, Arnan C, Puiggalí J, et al. Scaffolds for

sustained release of ambroxol hydrochloride, a pharmacological chaperone that

increases the activity of misfolded β-glucocerebrosidase. Macromol Biosci 2019;19

(8):e1900130.

Table 3

Comparison of adverse reactions between the two groups (cases, %).

Groups n Nausea and vomiting Pruritus Celialgia Total incidence

Observation group 49 1 0 2 6.12

Control group 49 1 1 0 4.08

χ2 0.211

P 0.646

5

A. Xue et al. Clinics 79 (2024) 100476

http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0001
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0001
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0001
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0002
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0002
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0002
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0003
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0003
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0003
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0004
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0004
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0004
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0004
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0005
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0005
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0006
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0006
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0006
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0008
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0008
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0008
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0009
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0009
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0009
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0009
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0010
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0010
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0010
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0011
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0011
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0011
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0012
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0012
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0012
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0013
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0013
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0013
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0014
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0014
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0014
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0014
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0015
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0015
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0015
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0015
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0015
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0016
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0016
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0017
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0017
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0017
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0017
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0018
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0018
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0018
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0019
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0019
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0019
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0019
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0019
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0019
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0019
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0020
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0020
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0020
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0020
http://refhub.elsevier.com/S1807-5932(24)00153-4/sbref0020

	Effects of N-Acetylcysteine combined with Ambroxol Hydrochloride on clinical symptoms, CRP, and PCT in children with pneumonia
	Introduction
	Data and methods
	Clinical data

	Methods
	Observation indicators
	Statistical analysis

	Results
	Clinical data
	Clinical effect
	Disappearance time of clinical symptoms
	Inflammatory factors
	Lung function
	Blood gas analysis
	Immunoglobulin levels
	Adverse reactions

	Discussion
	Ethics approval and consent to participate
	Authors´ contributions
	Funding
	Declaration of competing interest
	Acknowledgments
	References


