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Objective: This study aimed to compare lung function and airway inflammation among cough variant asthma (CVA), chronic cough 
and classical asthma (CA) and investigate the relationship between these indicators and their possible mechanisms of action in the 
progression of CVA to CA.
Methods: 36 patients with chronic cough, 39 patients with CA, and 57 patients with CVA were included in this study. Pulmonary 
function tests, bronchial provocation tests and FeNO tests were performed. The patients’ bronchoalveolar lavage fluid (BALF) was 
collected, the cells in BALF were counted, and the levels of Th1 and Th2 cytokines were detected.
Results: The neutrophils, lymphocytes, and eosinophils in BALF in the CA and CVA groups were significantly higher than those in 
the chronic cough group. Also, they were negatively correlated with FEV1, FVC, and FEV1/FVC and positively correlated with IgE 
and FeNO. The expression of Th2-related cytokines was increased in CVA and CA patients, and it was positively correlated with 
FEV1, FVC and FEV1/FVC and negatively correlated with IgE and FeNO, while the results of Th1-related cytokines were the 
opposite of those for Th2-related cytokines.
Conclusion: CVA differs from asthma and chronic cough in terms of Th1/Th2 cytokines and lung function and provides a reference 
for understanding the disease mechanism of early clinical progression of CVA to CA.
Keywords: cough variant asthma, cytokines, pulmonary function, Th1/Th2 balance, cell classified count

Introduction
Chronic cough is defined as a disabling complaint affecting 5~10% of the general population,1 and about 33.3% of 
chronic cough cases are caused by cough variant asthma (CVA), a specific and atypical asthma phenotype.2,3 CVA is 
characterized by an irritating cough at night or early in the morning, which will affect the quality of life of patients. 
According to a previous study, around 30~40% of CVA patients will develop classic asthma (CA).4 However, CVA is 
easily overlooked and misdiagnosed clinically because, unlike CA patients who present with wheezing, its patients 
present with only cough. More importantly, the mechanism of evolution from CVA to CA has not been fully elucidated. 
Thus, studying CVA is helpful to better understand the pathogenesis of asthma, improve the quality of life for CVA 
sufferers, avoid further development of CA, and preserve lung function.

The pathogenesis of CVA is the same as that of CA and is mostly associated with chronic inflammation in the airway, 
often mediated by a variety of inflammatory factors.3,5 Studies indicated that there is an imbalance of helper T cell 1 
(Th1) / Th2 in CAV, which manifests as an immune response dominated by Th2.6 Th2-related cytokines can induce the 
release of inflammatory mediators and lead to local airway inflammatory cell infiltration. Th2 cells can secrete various 
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inflammatory factors, including interleukin-4 (IL-4), IL-5, IL-13 and IL-25.7 This continuous infiltration of inflammatory 
factors increases airway sensitivity and leads to asthma attacks. Interferon-γ (IFN-γ) is an important cytokine secreted by 
Th1 cells, which interacts or restricts with Th2-related cytokines in the occurrence and development of asthma to jointly 
regulate the synthesis and conversion of immunoglobulin E (IgE).8 Earlier research found that the serum levels of IL-4, 
IL-5, IL-6 and IL-13 were significantly increased in CVA patients and can be used as an indicator of the extent of the 
disease.9 Additionally, CVA patients have less severe airway inflammation than CA patients.10 Thus, Th1/Th2-associated 
cytokines have clinical significance in the diagnosis of early CVA and may avoid misdiagnosis and missed diagnosis to 
better understand the progression of the disease.

Taken together, for the diagnosis, treatment, and prognosis of CVA, the level of inflammatory factors in the body of 
patients is of great relevance. In this study, we detected the classified count of cells and the levels of Th1 and Th2 
cytokines in bronchoalveolar lavage fluid (BALF) of patients with a chronic cough in our hospital to investigate the 
possible mechanisms of these factors in the evolution from CVA to CA and to provide a theoretical basis for the disease 
progression and treatment of CVA.

Materials and Methods
Participants
Patients with asthma and chronic cough who were first diagnosed in our hospital from April 2020 to October 2021 were 
selected, with 57 in the CVA group, 36 with non-CVA chronic cough patients in the cough group, and 39 in the asthma 
group.

Inclusion criteria: patients with chronic cough meet the diagnostic criteria of the Chinese Guidelines for Diagnosis 
and Management of Cough (2015)11 and the CA and CVA diagnosis meets the requirements of the 2018 Global Initiative 
for Asthma (GINA) Guidelines of Asthma Management and Prevention12 the Chinese Guidelines for Diagnosis and 
Management of Cough (2015).11 CVA was diagnosed with a cough but without wheezing for more than 8 weeks and the 
presence of bronchial hyperresponsiveness (BHR, stimulating concentrations of acetylcholine resulting in a 20% 
decrease in FEV1 (PC20) at excitation, (PC20) below 16 mg/mL); patients older than 18 years. All patients had no anti- 
asthma treatment, including oral or inhaled corticosteroids, leukotriene receptor antagonists, or antihistamines within the 
last 4 weeks.

Exclusion criteria: patients with coexisting pulmonary tuberculosis, diabetes as well as heart, brain, liver, kidney or 
blood system and other serious primary diseases; patients with mental illness and obvious cognitive impairment; those 
who have poor compliance for inspection and intolerance in cooperation.

This study was conducted according to the Helsinki Declaration and approved by the Ethics Committee of Wenling 
first people’s Hospital.

Study Procedures
The operation of the bronchoalveolar lavage method was strictly in accordance with the draft technical specification for 
cytological detection of bronchoalveolar lavage fluid issued by the Respiratory Branch of the Chinese Medical 
Association. All patients underwent routine examinations, such as blood routine, coagulation function, electrocardio-
gram, hepatitis B surface antigen, chest CT and lung function, and underwent bronchoscopy in the morning with an 
empty stomach. Half an hour before the operation, 4 mg of alprazolam was given orally, followed by a 2% lidocaine 
hydrochloride (Shanghai Zhaohui Pharmaceutical H31021072) injection sprayed into the oropharynx and bilateral nasal 
cavities of patients 3 times. Ten minutes later, 2% lidocaine was used for cricothyroid membrane puncture anesthesia, 
and the bronchoscope was inserted through the nasal cavity following the patient had numbness in the mouth and tongue. 
After routine examination, 1~2 mL of 2% lidocaine was applied to anesthetize the bronchi to be lavaged, the broncho-
scope was incarcerated and fixed in the bronchus of the middle lobe of the right lung. Then, the total amount of sterilized 
saline at 37 °C was quickly injected in several fractions through the operating channel and the recovered lavage solution 
was immediately absorbed with appropriate negative pressure. A total recovery rate of ≥ 30% was appropriated and the 
recovered lavage fluid was immediately sent for testing. After BALF was centrifuged at 1500 r/min for 10 min, the 
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supernatant was stored in a refrigerator at −80°C for determination. The cell suspension was prepared by suspending cell 
precipitation with 3–5 mL 0.9% sodium chloride injection, and the total number of cells was then calculated with the 
counting board. If the number of cells is too high, it can be diluted and adjusted to 5 × 106/mL with 0.9% sodium chloride 
injection. The 50 μL of fully suspended cell suspension was dripped on a slide, which was dried in cold air and stained 
with hematoxylin-eosin staining (HE) by two technically competent inspectors. For each sample, the examiners counted 
200 cells under the light microscope and classified the cells.

IFN-γ secreted by Th1 cells and interleukin 4 (IL-4), IL-5, IL-13, IL-18, and IL-25 secreted by Th2 cells in the 
supernatant of BALF were detected using enzyme-linked immunosorbent assay (ELISA). The kit was purchased from 
Shanghai Tuojing Life Technology Co., Ltd.

Statistical Analysis
All the statistical variables were conducted with SPSS version 20 (IBM Corporation, Armonk, NY, USA). Enumeration 
data were expressed as cases (percentages) and analyzed using the chi-square test. The measurement data were analyzed 
by the Kolmogorov-Smimov test, those that do not conform to the normal distribution were expressed as M (P25, P75). 
The Kruskal–Wallis test was applied in the comparison of the three groups due to the variability of the sample size and 
the non-normal distribution of the samples, and Spearman correlation analysis was utilized to analyze the correlation 
between two variables. The correlation coefficient R represents the strength of the correlation and the value range was 
[−1, +1], the closer the value is to −1 or +1, the stronger the correlation. A negative number represents a negative 
correlation, a positive number represents a positive correlation, and 0 means no correlation. According to the test level, 
P < 0.05 was considered a statistically significant difference.

Results
A total of 132 patients with CVA (n=57), CA (n=39), and non-CVA chronic cough (n=36) were included in the study 
(Table 1). There was no significant difference in sex and age between the three groups (P > 0.05), while in IgE and 
pulmonary function indexes (FEV1, FVC, FEV1/FVC ratio, and FeNO), there were significant differences among them 
(P < 0.05).

Differential cells in bronchoalveolar lavage fluid were counted. As shown in Figure 1, the number of neutrophils, 
lymphocytes, and eosinophils in the CA and CVA groups were significantly higher than those in the chronic cough group 
(P < 0.05), and those in the CA group were higher than that in the CVA group (P < 0.05). Additionally, the macrophage 
count in the CA and CVA groups was prominently lower than that in the chronic cough group, while the CA group had 
a higher macrophage count than the CVA group (P < 0.05).

Table 1 Baseline Table: Comparison of Three Groups of Basic Information

Total Number of Cases  
(n=132)

Cough Group  
(n=36)

CA Group  
(n=39)

CVA Group  
(n=57)

P value

Gender 0.656

Male 54 (39.39) 15 (41.67) 18 (46.15) 21 (36.84)
Female 78 (59.01) 21 (58.33) 21 (53.85) 36 (63.16)

Age 40 (33, 52) 35 (32.5, 41.0) 39 (35.5, 51.00) 36.5 (31, 51.75) 0.491

IgE (IU/mL) 41.62 (16.52, 128.26) 15.14 (12.42, 35.77) 214 (55.67, 359.44) 33.84 (10.92, 126.70) 0.000
FEV1 (L) 2.66 (2.05, 3.20) 3.44 (2.47, 4.32) 1.87 (1.39, 2.87) 2.94 (2.64, 3.12) 0.000

FVC (L) 3.06 (2.64, 3.79) 3.89 (2.76, 5.15) 2.25 (2.03, 4.09) 3.48 (2.98, 3.72) 0.000

FEV1/FVC 1.02 (0.97, 1.06) 1.06 (1.02, 1.08) 0.89 (0.76, 1.02) 1.01 (0.99, 1.04) 0.000
FeNO (ppb) 21.50 (15.75, 39.00) 22 (16.00, 32.00) 40 (21.00, 45.50) 17 (12, 30.50) 0.000

Notes: Data are expressed as number of cases (percentage) or M (P25, P75). The differences between the three groups were compared using the chi- 
square test or Kruskal–Wallis test. 
Abbreviations: CA, classical asthma; CVA, cough variant asthma; IgE, immunoglobulin E; FVC, forced vital capacity; FEV1, forced expiratory volume in 
1s; FeNO, fractional exhaled nitric oxide; ppb, parts per billion.

Journal of Asthma and Allergy 2022:15                                                                                            https://doi.org/10.2147/JAA.S383128                                                                                                                                                                                                                       

DovePress                                                                                                                       
1715

Dovepress                                                                                                                                                            Chen et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


In patients with chronic cough, the main manifestation of CVA is the accumulation and infiltration of airway 
inflammatory factors, so patients with chronic cough with an unknown diagnosis can be diagnosed by measuring 
IFN-γ secreted by Th1 cells and IL-4, IL-5, IL-13, IL-18, and IL-25 secreted by Th2 cells in BALF.5,7 As shown in 
Figure 2, Th1 cytokines IFN-γ in the CA and CVA groups were significantly lower than those in the chronic cough 
group (P < 0.05), and Th1 cytokines in the CA group were lower than that in the CVA group (P < 0.05). On the 
contrary, Th2 type cytokines IL-4, IL-5, IL-13, IL-18, and IL-25 in the CA and CVA groups were dramatically 
higher than those in the chronic cough group (P < 0.05), and the Th2 cytokines in the CA group were higher than 
that in the CVA group (P < 0.05).

As shown in Tables 2 and 3, the number of neutrophils, lymphocytes and eosinophil and Th2 cytokines IL-4, IL-5, IL- 
13, IL-18, and IL-25 were negatively correlated with FEV1, FVC and FEV1/FVC, but positively correlated with IgE and 
FeNO. In contrast, macrophages and IFN-γ were positively correlated with FEV1, FVC and FEV1/ FVC, while 
negatively correlated with IgE and FeNO.

Discussion
CVA is a common chronic respiratory disease with a stubborn, persistent, severe dry cough as its main clinical 
manifestation and other symptoms such as little or no sputum and no obvious wheezing or shortness of breath.4 In 
this study, evaluation of lung function and FeNO levels was provided for patients with chronic cough, CA and CVA. The 
results showed that the pulmonary function index of asthma was lower than that of cough variant asthma and chronic 
cough, while FeNO results were higher in asthma patients than in both CVA and chronic cough patients, which was 
consistent with a previous report.13 A study by Wang et al10 revealed that patients with CA had prominent higher FeNO 
than those with CVA, and their detected FeNO values were markedly higher than the normal range, suggesting that CA 
patients have higher chronic airway inflammation than CVA patients and normal subjects. In patients with chronic cough 

Figure 1 Hematoxylin-eosin (HE) staining results of cell count in bronchoalveolar lavage fluid (A) H&E stained images of BALF specimens from patients with cough variant 
asthma (CVA), chronic cough and classical asthma (CA); (B) the number of macrophage counts, neutrophils, lymphocytes and eosinophils in BALF specimens, differences 
between the three groups were compared using Kruskal–Wallis test. ***P<0.001 is considered a significant difference compared to the chronic cough group, and 
###P<0.001 shows a significant difference compared to the CA group.
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and asthma, the detection of FeNO can be used as an auxiliary diagnostic aid to predict airway eosinophilic inflammation 
and is also one of the good markers of airway eosinophilic inflammation.14,15 Some scholars have proposed that the 
exhaled FeNO can be utilized as an assistant in the diagnosis of CVA diseases.14 The advantages of this method are that it 
is simple to reform, safe, and repeatable.16 The measurements are of great significance for disease diagnosis, but the 
clinical instruments applied to detect FeNO are expensive and have not been widely used in most grass-roots hospitals.17

A positive bronchial provocation test is the gold standard for the diagnosis of CVA.18 The methacholine bronchial 
provocation test is essential in the diagnosis of chronic cough related to bronchial hyperresponsiveness,19 and FeNO 
is one of the non-invasive indicators for observing airway inflammation. FeNO cannot replace the bronchial 
provocation test,20 however, its detection can be employed in conjunction with other indicators to comprehensively 

Figure 2 Th1 cytokine interferon-γ (IFN-γ) and Th2 cytokines interleukin 4 (IL-4), IL-5, IL-13, IL-18, and IL-25 in bronchoalveolar lavage fluid measured by enzyme-linked 
immunosorbent assay (ELISA) from cough variant asthma (CVA), chronic cough and classical asthma (CA) patients. Differences between the three groups were compared 
using the Kruskal–Wallis test. **P<0.01, ***P<0.001 shows a significant difference compared to the chronic cough group, and #P<0.05, ##P<0.01 shows a significant 
difference compared to the typical asthma group.

Table 2 Relationship Between Cell Count and Pulmonary Function

Macrophages Lymphocytes Neutrophils Eosinophil

R P R P R P R P

IgE −0.187 0.032 0.219 0.012 0.193 0.026 0.086 0.326

FEV1 0.247 0.004 −0.218 0.012 −0.259 0.003 −0.263 0.002
FVC 0.183 0.036 −0.164 0.061 −0.194 0.026 −0.207 0.017

FEV1/ FVC 0.238 0.006 −0.203 0.020 −0.268 0.002 −0.191 0.028

FeNO −0.255 0.015 0.261 0.013 0.311 0.003 0.311 0.003

Notes: The correlation analysis between two variables was performed using Spearman correlation analysis, and P < 0.05 
was considered as correlation between the two variables. The correlation coefficient R represents the strength of the 
correlation and takes values in the range of [−1, +1], the closer to −1 or +1, the stronger the correlation. A negative 
number represents a negative correlation, a positive number represents a positive correlation, and 0 means no 
correlation exists. 
Abbreviations: IgE, immunoglobulin E; FVC, forced vital capacity; FEV1, forced expiratory volume in 1s; FeNO, 
fractional exhaled nitric oxide; ppb, parts per billion.
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consider the causes of CVA in patients.21 Previous studies indicated that infiltration of inflammatory cells such as 
neutrophils, eosinophils and lymphocytes, and a cytokine network consisting of Th2 cell inflammatory factors such as 
IL-4, IL-5 and IL-13 are common pathophysiological mechanisms.22 In this study, we found that neutrophils, 
lymphocytes, and eosinophils in the CA and CVA groups were significantly higher than those in the chronic cough 
group, and they were negatively correlated with FEV1, FVC and FEV1/FVC and positively correlated with IgE and 
FeNO. However, CVA patients had milder eosinophilic inflammation compared to CA patients. This was consistent 
with several studies3,13 which found that the proportion of airway eosinophilic inflammation in CVA patients was 
significantly lower than that in CA patients. Other studies also suggested that eosinophils in the sputum of patients 
with CVA were elevated, and a collection between the percentage of sputum eosinophils and FEV1% was also found 
in CA.5 However, an earlier study reported no significant difference in blood sputum eosinophil counts between CA 
and CVA, and these inconsistencies may be attributed to different populations and small sample sizes (12 CVA 
subjects). In contrast, the strength of our data is the “natural state” of the disease, as all subjects were newly 
diagnosed patients who had not previously received standard anti-asthma treatment.

It is well known that the imbalance of Th1/Th2 cells and the secretion of cytokines are closely associated with the 
occurrence of asthma.23 Th2 cells mainly produce IL-4, IL-5 and IL-13, which increase the level of IgE in serum and 
recruit eosinophils.24 Previous studies showed that the proportion and functional imbalance of Th1 and Th2 subsets 
form the main case mechanism of asthma attack,25 as evidenced by a decline in the function of the Th1 cell subsets 
and the hyperfunction of theTh2 cell subsets. In line with this, the present study also revealed that the expression of 
Th2-related cytokines was increased in patients with CVA and CA. Also, it was positively correlated with FEV1, 
FVC and FEV1/FVC and negatively correlated with IgE and FeNO, while the results for Th1-related cytokines were 
the opposite of those for Th2-related cytokines. Although the clinical symptoms of CVA are less severe than that of 
typical asthma, there are still immune disorders of Th1/Th2 and excessive secretion of Th2 in its pathogenesis.6 Thus, 
early intervention in the differentiation of Th0 to Th2 can serve as a reference for clinical treatment.

Our study has some limitations. First, the analysis sample size was relatively small and the observation period was 
short. Additionally, the study was a single-center retrospective study and environmental information was difficult to 
obtain, and environmental exposures of each cohort, such as pets, smoking, crowding per cohort, sp IgE levels for dust 
mites, pet dander, and pollen were lacking. Therefore, it is hoped that these data will be further collected in a follow-up 
study to add value to the analysis.

Conclusion
To sum up, neutrophils, lymphocytes, eosinophils, and Th2-associated cytokines in BALF were significantly higher in both 
the CA and CVA groups than in the chronic cough group. Also, they were negatively correlated with lung function and 
positively correlated with IgE and FeNO, while the Th1-associated cytokines were the opposite. However, patients with 
CVA have less eosinophilic inflammation compared to those with CA, suggesting that CVA is an early stage of CA.26 This 

Table 3 Relationship Between Cytokines and Pulmonary Function

IL-18 IFN-γ IL-4 IL-5 IL-13 IL-25

R P R P R P R P R P R P

IgE 0.202 0.020 −0.176 0.044 0.189 0.030 0.211 0.015 0.195 0.025 0.167 0.056

FEV1 −0.256 0.003 0.237 0.006 −0.261 0.002 −0.282 0.001 −0.251 0.004 −0.232 0.007
FVC −0.196 0.025 0.180 0.039 −0.201 0.021 −0.222 0.010 −0.196 0.024 −0.175 0.045

FEV1/ FVC −0.269 0.002 0.262 0.002 −0.277 0.001 −0.262 0.002 −0.272 0.002 −0.253 0.003

FeNO 0.339 0.001 −0.334 0.001 0.336 0.001 0.335 0.001 0.308 0.003 0.340 0.001

Notes: The correlation analysis between two variables was performed using Spearman correlation analysis, and P < 0.05 was considered as correlation 
between the two variables. The correlation coefficient R represents the strength of the correlation and takes values in the range of [−1, +1], the closer 
to −1 or +1, the stronger the correlation. A negative number represents a negative correlation, a positive number represents a positive correlation, and 
0 means no correlation exists. 
Abbreviations: IgE, immunoglobulin E; FVC, forced vital capacity; FEV1, forced expiratory volume in 1s; FeNO, fractional exhaled nitric oxide; ppb, 
parts per billion.
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provides a reference to understand the disease mechanism underlying the progression of CVA to CA at an early clinical 
stage. However, due to the limited sample size for analysis and the short observation period of the study, sample 
accumulation is needed to further explore the clinical differences in Th1/Th2 inflammatory indicators in CVA, chronic 
cough, and asthma.
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