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Chronic cough is the main reason why parents seek medical treatment for their children. This study aimed to
evaluate changes in airway function and inflammation levels and associated values in diagnosing and treating
chronic cough.

This study involved 118 children with chronic cough, including 45 cough-variant asthma (CVA) patients, 53 up-
per-airway cough syndrome (UACS) patients, and 20 post-infection cough (PIC) patients. Chronic cough was di-
agnosed as described by guidelines of the American College of Chest Physicians for evaluating chronic cough.
Pulmonary ventilation function and airway hyperresponsiveness (AHR) were evaluated. Fractional exhaled ni-
tric oxide (FeNO) levels and eosinophilic airway inflammation were measured. Eosinophil (EOS) count in spu-
tum was also examined. CVA patients were treated with inhaled glucocorticoids, which have anti-inflammato-
ry effects.

FeNO and sputum EOS levels were higher in CVA patients compared with UACS and PIC patients (P<0.05). CVA
patients demonstrated significantly higher small airway indexes, including 25% forced expiratory flow (FEF),
50% FEF, and 75% FEF, compared with UACS and PIC patients (P<0.05). FeNO level was positively correlated
with EOS in sputum (r=0.468, P=0.0001) and cough symptom scores (r=0.402, P<0.05). FeNO, EQS, and cough
symptoms were significantly improved in CVA patients after glucocorticoid treatment. AHR was improved in
all chronic cough patients after treatment. Cough-relief CVA patients demonstrated significantly higher FeNO
levels compared with those without cough relief (P<0.05).

FeNO integrating pulmonary function and AHR examination can improve etiologic diagnosis and treatment for
chronic cough in children.
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Background

Chronic cough is the main reason why parents seek medical
treatment for their children [1,2]. The Children’s Chronic Cough
Guideline defines cough for more than 4 weeks as chron-
ic cough, and its etiology is complex and diverse [3]. Chronic
cough is closely related to the adverse effects of inappropri-
ate drug administration, multiple physician visits, and impaired
life quality [4,5]. Cough-variant asthma (CVA) accounts for the
highest proportion of chronic cough among school-age chil-
dren, but its diagnosis is difficult [6]. Especially for nonspecific
chronic cough, which lacks the associated clinical symptoms,
diagnosis and therapy are relatively difficult [7].

Pulmonary function is commonly used to reflect diagnosis and
treatment for children’s chronic cough, and the airway revers-
ibility test is of diagnostic value for etiologic diagnosis [8].
There is an appropriate correlation between level of fraction-
al exhaled nitric oxide (FeNO) and eosinophilic inflammation
of the airway in bronchial asthma patients [9,10]. The Global
Initiative for Asthma Guidelines [11] and China’s Guidelines for
the Prevention and Treatment of Children’s Bronchial Asthma [8]
also list FeNO as a noninvasive biomarker for inflammation of
the asthmatic airway together with sputum inflammatory cell
detection. The consensus of the American Thoracic Society and
the European Respiratory Society (ATS/ERS) [12] also confirmed
the potential value of FeNO as a biomarker for airway inflam-
mation in reflecting eosinophilic airway inflammation and pre-
dicting the response of glucocorticoid therapy.

This study focused on changes in airway function and inflam-
mation levels in school-age children with chronic cough and
evaluated their values for clinical diagnosis and treatment.
This study provides a basis for early diagnosis and follow-up
treatment of chronic cough.

Material and Methods

Patients

The present study involved 118 children who had a cough for
more than 4 weeks from April 2012 to December 2014 and were
seen in the Respiratory Outpatient Department of Children’s
Hospital Affiliated to Suzhou University. The involved patients
were divided into CVA, upper-airway cough syndrome (UACS),
and post-infection cough (PIC) groups according to the criteria
of the Guidelines for Diagnosis and Treatment of Chronic Cough
in Chinese Children (revised in 2013) [3]. All of the above pa-
tients were consecutively and randomly selected.

Inclusive criteria were: (1) chronic cough lasting more than 4
weeks, with cough as the main symptom or the only symptom;
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(2) X-ray chest examination showing no obvious pathological
changes; (3) no use of glucocorticoids, antihistamines, bron-
chodilators, or other drugs that could affect the examination
in the past 2 weeks; (4) patients who could complete the rel-
evant examinations and follow-up treatments, and with clear
etiologic diagnosis; (5) no previous serious diseases.

Diagnostic Criteria

Diagnosis of chronic cough refers to Guidelines for the Diagnosis
and Treatment of Chronic Cough in Children (Trial) [3] and
Guidelines for Evaluating Chronic Cough in Pediatrics of the
American College of Chest Physicians (ACCP) [13]. The diag-
nostic items were listed as follows: (1) detailed inquiry of
medical history and comprehensive physical examination; (2)
chest X-ray examination; (3) auxiliary examination including
pulmonary ventilation function, FeNO, induced sputum cytol-
ogy, nasal sinus computed tomography examination, skin al-
lergen test, blood routine tests, mycoplasma antibody, tuber-
culosis antibody; (4) diagnosis based on examination results
and treatment response; (5) about 4 weeks after treatment
and 48 h after drug withdrawal, examination of lung function,
FeNO, and induced sputum.

Evaluation of Pulmonary Ventilation Function

In the present research, the pulmonary ventilation function was
measured using an impulse oscillometry pulmonary function
instrument (Mode: MasterScreen, Jaeger Company, Hoechberg,
Germany). In brief, the temperature, pressure, humidity, gas,
and volume were corrected and recorded routinely before the
daily measurements. The conventional ventilation measure-
ments were carried out according to the recommended stan-
dards of the ERS [14].

Airway Hyperresponsiveness (AHR) Evaluation

AHR evaluation was conducted according to a previous
study [15]. Bronchial provocation tests were conducted when
baseline post-salbutamol forced expiratory volume in 1's (FEV1)
was more than 70% predicted. For every experiment, a nose
clip was worn first and then an aerosol was inhaled through
the mouth by tidal breathing for 120 s. Phosphate-buffered
saline (Beyotime Biotech, Shanghai, China) was first inhaled,
followed by 2-min intervals of 2-fold increased concentrations
(from 0.01 mg to 1.28 mg) of histamine acid phosphate (Sigma-
Aldrich, St. Louis, MO, USA). The response of the treatment was
measured using FEV1 at the beginning for the above exper-
iment and at 2 min after each inhalation. Finally, inhalation
was continued until the FEV1 was reduced by 20% or the high-
est cumulative dosage (2.4 mg) was administrated. Findings
were represented as the required concentration for the etiol-
ogy with a decrease of 20% in FEV1 (PD20-FEV1). According
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to the PD20-FEV1 [15], the severity of AHR was divided into 4
grades, including severe (<0.03 mg), moderate (0.03-0.24 mg),
mild (0.25-0.98 mg), and extremely mild (0.99-2.2 mg).

Measurement of FeNO

FeNO levels were measured using an electrochemical eNO
determination system (Niox Mino eNO analyzer, Aerocrine,
Solna, Sweden). The detection method for measuring FeNO
was carried out according to the ATS/ERS operation standard
and product specification [16]. Here, the main detection index
was FeNO, represented by the following formula: 1 part per
billion (ppb)=1x10-° mol/L). Briefly, the method involved ask-
ing the child to exhale as much as possible, holding the de-
tector filter tightly in his mouth, and the child inhaling deep-
ly and exhaling evenly with a steady air flow. The expiratory
velocity was set to 50 ms and the expiratory time was set as
10 s. Values were recorded.

Classification and Counting of Induced Sputum Cells

The induced sputum cells were counted according to the meth-
od introduced in previous literature [17]. In brief, the sputum
was induced by atomization of 3% hypertonic saline solution
(Beyotime Biotech). Then, the sputum was treated with 0.1%
dithiothreitol (Sigma-Aldrich) and the cells were classified and
counted after 37°C water bath treatment, filtration, centrifu-
gal precipitation, sediment smear, and hematoxylin and eosin
staining. An eosinophil (EOS) count of sputum »3% was used
as a positive standard.

Therapeutic Strategy

In this study, chronic cough was diagnosed and treated ac-
cording to the Guidelines of Diagnosis and Treatment for
Pediatric Chronic Cough (2008) [18,19] recommended by the
Asthma Group of the Society of Respiratory Diseases of the
Chinese Medical Association. Children with CVA were treated
with inhaled corticosteroid (salmeterol fluticasone powder)
at a dosage of 50 pg of salmeterol and 100 pg of fluticasone
twice a day. One month after inhalation treatment, the pa-
tients were followed up regularly for at least 8 weeks. Children
in the PIC group, especially patients with severe symptoms,
were given montelukast sodium orally at a dosage of 5 mg
once a day until the symptoms were relieved. For children in
the UACS group, depending on the different diseases of the
upper airway that cause chronic cough, different therapeutic
programs were adopted: (1) for allergic rhinitis, the children
were administered antihistamine drugs and a glucocorticoid
(nasal spray). (2) For sinusitis, the children were orally given
antibiotics, including amoxicillin+clavulanate potassium or
amoxicillin+azithromycin for at least 2 weeks. (3) For prolif-
erative body hypertrophy, children were given glucocorticoid
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nasal spray combining administration with montelukast sodi-
um orally for 1-3 months.

All of the patients with CVA, UACS, and PIC received the above
strategies. Four weeks after treatment, FeNO was re-examined
and induced sputum cell count and bronchial provocation tests
were performed to evaluate the relief of cough symptoms and
the score of cough symptoms. Children with CVA were treat-
ed with inhaled glucocorticoids for anti-inflammation and fol-
lowed up 4 weeks later.

Statistical Analysis

Data were analyzed with professional SPSS software (version
17.0, SPSS, Inc., Chicago, IL, USA). Quantitative data were as-
signed as mean+SD and analyzed using Tukey’s post hoc test
with validated analysis of variance among groups. The cate-
gorical data were represented as quartile interval of median
and analyzed using the chi-square test. The correlation be-
tween FeNO and sputum EQS ratio was analyzed using linear
regression correlation analysis. A P value <0.05 was assigned
as statistical difference.

Results

General Information

In this study, there were 68 boys and 50 girls (1.36: 1). Mean
age of the patients was 9.3+1.1 years, and cough course ranged
from 1 month to 76 months. Among 118 cases of chronic cough,
there were 45 cases of CVA, 53 cases of UACS, and 20 cases
of PIC. Statistical analysis showed that no remarkable differ-
ences were discovered for the age, height, or weight among
all of the etiologic groups (F=0.748, 0.953, and 1.417, respec-
tively; P>0.05). The duration of chronic cough was 19.8+18.1
months in patients of the CVA group, 8.2+9.7 months in pa-
tients of the UACS group, and 1.4+0.38 months in patients of
the PIC group, with significant differences among these 3 groups
(P<0.01). Among UACS patients, 17 were diagnosed as aller-
gic rhinitis, 35 as sinusitis, and 23 as adenoidal hypertrophy.

Higher FeNO and Sputum EOS Levels Were Exhibited in
CVA Patients Compared with UACS and PIC Patients

Levels of FeNO in the CVA group were remarkably higher com-
pared with those of the UACS and PIC groups (Table 1, all
P<0.05). However, no significant differences were seen be-
tween the UACS and the PIC groups (P>0.05). EOS levels in in-
duced sputum in the CVA group were obviously higher com-
pared with those in the UACS and the PIC groups (P<0.05).
There were also no remarkable differences for cough symp-
tom scores among all 3 groups (P>0.05).
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Table 1. Comparisons for initial diagnosis of fractional exhaled nitric oxide (FeNO) and other parameters in children with chronic
cough for different etiologies (xs).

Parameters CVA group (n=45) UACS group (n=53) PIC group (n=20)
FeNO 35+14*# 1748 1948 20.810 0.000
| €OS in sputum (%, median) ese*  osm oss) 6688 0001
Coughsymptomscore 3507 32107 35810 24 0090

CVA - cough-variant asthma; UACS — upper-airway cough syndrome; PIC — post-infection cough. * P<0.05 vs UACS; # P<0.05 vs PIC
group.

Table 2. Comparative analysis of pulmonary function indexes in children with chronic cough for the different etiologies (yzs).

Parameters

CVA group (n=45)

UACS group (n=53) PIC group (n=20)

FEV1% pred 93+14 99+10 94+10 1.918 0.136
CRVUAC 104s0 10417 10263 o 0169 0917
RS gse21 02414 03413 2973« 0035
CREFSO sos22 %618 gss1l 5649 0001
RS 76429 95426 1 86417 3400 0021

CVA — cough-variant asthma; UACS — upper-airway cough syndrome; PIC — post-infection cough; FEV1 — forced expiratory volume in
1's; FVC — forced vital capacity; FEF25, 50, 75 — 25%, 50%, 75% forced expiratory flow.
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Figure 1. Linear correlation analysis for the correlation between fractional exhaled nitric oxide (FeNO) levels and eosinophils (EOS) in

sputum (A) or cough symptom scores (B).

CVA Patients Demonstrated Higher Small Airway Indexes
Compared with UACS and PIC Patients

In this study, all 118 children with chronic cough completed
routine pulmonary ventilation function tests. For patients with
CVA, PIC, and UACS, no obvious differences were illustrated
for the baseline pulmonary function parameters (FEV1% pre-
dicted and FEV 1/forced vital capacity [FVC]) for all 2-2 com-
parisons (Table 2, P>0.05). However, the 25% forced expirato-
ry flow (FEF 25%), 50% FEF (FEF 50%), and 75% FEF (FEF 75%)
values in the CVA group were remarkably lower compared
with those of the UACS and the PIC groups (Table 2, P<0.05);

no obvious differences were found between the UACS and the
PIC groups (P>0.05).

FeNO Levels Positively Correlated with EOS in Sputum and
Cough Symptom Scores

The liner regression correlation analysis showed that FeNO
in children with chronic cough before treatment was signifi-
cantly correlated with EOS proportion in the induced sputum
(Figure 1A, r=0.468, P=0.0001). There was also a significant
correlation between FeNO and total cough symptom scores
in children with chronic cough before treatment (Figure 1B,
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Table 3. Comparison of the levels of FeNO and other parameters before and after treatment for different etiologies of chronic cough

(x£s).

Before treatment

Parameters
group
(n=53)

group
(n=20)

(n=45)

EOS in sputum

group
(n=45)

After treatment

group
(n=53)

group
(n=20)

(%, median) 65(6)  05(1) 0.5 (L5) 23) 0(1) 0(1) 0.002 0.510 0.356
Coughsymptomscore 35807 32107  32:10 15:08 18:08 10809 0000 0000 0000
AHRGases() s 7 1w 4 6 2 . . -
PD20FEVI (mg) 0481028 1771064 117:075 061:021 2.18:043 2076044 0046 0003 0001

CVA — cough-variant asthma; UACS — upper-airway cough syndrome; PIC — post-infection cough; FeNO — fractional exhaled nitric oxide;
EOS - eosinophils; AHR — airway hyperresponsiveness; PD20-FEV — decrease of 20% in forced expiratory volume in 1 s.

r=0.402, P=0.001). However, no significant correlation was
discovered between the FeNO levels and FEV1 value (r=0.14,
P=0.257) or FEV1/FVC (r=0.23, P=0.185). Additionally, FeNO
was negatively correlated with small airway indicators, includ-
ing maximal mid-expiratory flow (MMEF) and mid-expiratory
flow at 50% and 25% (MEF50, MEF25) in children with chron-
ic cough before treatment (r=-0.276, -0.257, -0.334, respec-
tively; P=0.011, 0.018, 0.002, respectively).

FeNO, EOS, and Cough Symptoms Were Significantly
Improved in CVA Patients After Treatment

For the CVA patients, the FeNO levels, EOS in induced sputum,
and cough symptom scores were significantly decreased after
treatment compared with those before treatment (Table 3, all
P=0.001). For both the UACS group and the PIC group, cough
symptom scores were significantly decreased after treatment
compared with before treatment (Table 3, all P<0.001); how-
ever, there were no significant differences for FeNO levels
and EOS in sputum between the before- and after-treatment
groups (P>0.05).

AHR was Improved in All Chronic Cough Patients After
Treatment

According to the AHR test, a bronchodilation test was conduct-
ed in 2 patients of the CVA group because of FEV1 <70%. The
positive rate of AHR in the CVA group was significantly high-
er compared with that in the PIC group and the UACS group
(Table 3, both P<0.05). At 4 weeks after treatment, all patients
in the CVA group remained positive; however, in most cases the
AHR in the PIC group and in the UACS group became negative.

For the severity of AHR at the time of initial diagnosis, 0, 13,
29, and 3 children were severe, moderate, mild, and extreme-
ly mild, respectively, in the CVA group (45 children with AHR),
compared with 0, 0, 11, and 6 in the UACS group (17 children
with AHR) and 0, 0, 8, and 6 in the PIC group (14 children with
AHR). However, at 4 weeks after treatment, 0, 4, 39, and 2 chil-
dren were severe, moderate, mild, and extremely mild, respec-
tively, in the CVA group (45 children with AHR), compared with
0,0, 2, and 4 in the UACS group (6 children with AHR) and 0,
0, 1, and 1 in the PIC group (2 children with AHR). The PD20-
FEV1 value in the CVA group was significantly lower compared
with those in the UACS group and the PIC group both at time
of initial diagnosis and 4 weeks after treatment (follow-up)
(Table 3, all P<0.01). However, no remarkable difference was
found between the UACS and PIC groups (P=0.081). For the
intragroup comparison, there were significant differences be-
tween initial diagnosis and 4 weeks after treatment (all P<0.05).

Cough-relief CVA Patients Demonstrated Higher FeNO
Levels

In this study, judgment of cough relief was based on parents’
records and cough diaries. The improvement of cough for more
than 3 days or by more than 75% was considered a non-cough
state [20]. Among 45 cases of CVA treated with anti-inflamma-
tory therapy, there were 39 cases relieved and 6 cases with-
out effective relief. The baseline FeNO value of CVA children
in the cough-relief group was 40+12 ppb, which was signifi-
cantly higher compared with that in CVA children without re-
lief (23+10 ppb; Figure 2, P=0.005).
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60
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FeNO

20

Relif group Non-relief group

Figure 2. Comparison of baseline fractional exhaled nitric oxide
(FeNO) (parts per billion, [ppb]) between children with
cough relief and those without cough relief at 4 weeks
after the anti-inflammatory treatment. * P<0.05 vs no-
relief group.

Discussion

In this study, according to the diagnosis of chronic cough in
school-age children, the first 3 causes for chronic cough were
UACS (44.9%), CVA (38.2%), and PIC (16.9%). However, a mul-
ticenter study on etiologic components of chronic cough in
Chinese children in 2012 demonstrated that the top 3 causes
for chronic cough were CVA (41.95%), UACS (24.71%), and PIC
(21.73%) [21]. Asiloy et al [22] reported that the top 4 causes
for chronic cough in children are asthma and asthma-like dis-
eases (25%), chronic persistent bacterial bronchitis (PBB, 23%),
UACS (20%), and PBB combined with asthma (12%). According
to the above description, the distribution of etiology in this
study was equal to that of the multicenter study of Chinese
children, but the proportions were different. At the same time,
there are significant distinctions for the proportion of etiologic
factors between our data and the foreign literature.

In the ACCP guidelines, Chang and Glomb [13] pointed out
that the differences in etiologic diagnosis mainly depend on
hospitals, diagnostic criteria, research subjects, follow-up rate,
and length of cough course, and also depend on the physical
examination of children, the means of auxiliary examination,
and the content of investigation. We compared other subjects
with children of all ages, and the diagnostic basis was differ-
ent. These differences may be caused by national and region-
al environments.

CVA is thought to have the same pathogenesis as typical asth-
ma, and both have AHR and allergic inflammation with EOS
infiltration. Induced sputum EOS and FeNO are the most im-
portant markers of airway inflammation [23] and are closely
related to AHR [24]. In this study, induced sputum test results
showed that CVA airways had significant EOS inflammation
and the highest level of FeNO.

ZhugH. et al:
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AHR is an important reference index in diagnosing and dif-
ferentially diagnosing chronic cough [25]. Although there is
a certain proportion of AHR in UACS and PIC [26], lympho-
cytes and neutrophils are the main causes of airway inflam-
mation in UACS and PIC [27]. Our results showed that UACS
and PIC airways had non-EOS-induced inflammation and the
level of FeNO was not high, which was significantly different
from CVA inflammation types. At the same time, UACS and PIC
also have a certain proportion of AHR (AHR positive), so AHR
can be combined with induced sputum examination for diag-
nosis of non-EOS inflammation and low level of FeNO, basi-
cally excluding CVA.

FeNO can not only reflect airway inflammation sensitive-
ly, but can also be sensitive to glucocorticoid therapy [28].
Glucocorticoids can inhibit the effect of inducible NO synthase,
so there will be a decrease in FeNO level after hormone treat-
ment. FeNO levels can be significantly reduced 2-3 days after
inhaled corticosteroid (ICS) treatment, and the maximum effect
can be achieved at 2-4 weeks, which could predict a high lev-
el of FeNO [29]. Therefore, FeNO is considered a good tool for
assessing patients’ ICS response [30]. In this study, after inha-
lation of glucocorticoid and anti-inflammatory treatment, the
level of FeNO and EOS count in induced sputum of CVA patients
decreased significantly, accompanied by a certain degree of re-
duction of AHR, which is consistent with the literature [31,32].
Inhalation of low-dose glucocorticoids can improve AHR in CVA
patients in a short time, mainly by reducing airway EOS in-
flammation. FeNO has an obvious correlation with EOS in spu-
tum [33]; therefore, FeNO can replace the tedious EOS count-
ing examination in induced sputum to some extent when it is
impossible to carry out induced sputum examination. In addi-
tion, the FeNO level of some children who meet the diagnostic
criteria of CVA is normal, suggesting that normal FeNO cannot
be excluded from the diagnosis of CVA [34]. Therefore, FeNO
can supplement the insufficiency of pulmonary function, but
cannot completely replace the pulmonary function examination.

The former study [35] of our team demonstrated that there
was no significant correlation between cough symptom score
and the size of PD20; however, the present study illustrated
that a good correlation existed between levels of FeNO and
cough symptom scores, suggesting that FeNO is a laborato-
ry indicator closely related to the evaluation of chronic cough
symptoms. The former document [36] has shown that small
airway dysfunction is a characteristic of CVA, and it is main-
ly a minor airway dysfunction. Feng-Jia et al [37] also showed
that the small airway function of CVA patients was significantly
lower than that of non-CVA patients. This study reached a con-
sistent conclusion, indicating the small airway dysfunction of
CVA. A previous study [38] also reported that FeNO was corre-
lated with small airway function. In this study, MMEF, MEF50,
MEF25, and other small airway function indicators have a
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good correlation with levels of FeNO, suggesting that small
airway dysfunction may be caused by airway inflammation.
Therefore, clinical work should focus on the improvement of
small airway function.

Conclusions

The etiology of chronic cough in children is complex. One im-
portant etiology is CVA, characterized by eosinophilic airway
infiltration and inflammation and AHR, following associated
high levels of FeNO and small airway dysfunction. There was
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