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Abstract. – BACKGROUND: Prolonged cough
in children is one of the major complaints seen in
hospitals. It is difficult to make a proper diagnosis
and start the appropriate treatment. Fraction of ex-
haled nitric oxide (FeNO) measurement is a valu-
able non-invasive diagnostic tool in determining
the cause of prolonged cough in children. Al-
though there are several studies on asthma and
COPD, there is a lack of them on other lung dis-
eases such as tuberculosis, bronchiectasia, bron-
chiolitis obliterans (BO), and pneumonia.

PATIENTS AND METHODS: In this study, pre-
treatment FeNO levels of patients with various
lung diseases were measured and results from
the sick patient groups were compared with the
results from the control group.

RESULTS: Pre-treatment FeNO levels in BO,
asthma, and tuberculosis patient groups were
higher than in the control group (p < 0.001).
There was no significant difference between
the acute bacterial pneumonia and bronchiecta-
sia groups, and the control group (p > 0.05).

CONCLUSIONS: FeNO measurement is a
highly important guiding tool in diagnosis and
treatment of various lung diseases.
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Introduction

Pediatric clinics often admit patients com-
plaining from prolonged cough and it is usually
difficult to make an accurate diagnosis1. It can be
quite difficult to determine the inflammation in
the airway and then identify its type. The facilita-
tion of differential diagnosis, determination of
severity, and reaction to suitable treatment of var-
ious lung diseases is possible through constant
observation of the inflammation. FeNO (Fraction
of Exhaled Nitric Oxide) is a simple and effec-
tive, non-invasive tool for assessing the inflam-
mation of airways2. This non-invasive way of de-
termining biomarker levels in exhalation also en-
ables re-sampling3,4.
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More studies now emphasize the potential of
exhalation tests in clinically identifying and con-
trolling lung diseases such as asthma, COPD
(chronic obstructive pulmonary disease), and
PCD (primary ciliary dyskinesia)5. The correla-
tion between these biomarkers and diseases such
as tuberculosis, BO (bronchiolitis obliterans),
and acute bacterial pneumonia remains unclear.

The purpose of this article is to investigate the
efficacy and potential use of FeNO on the assess-
ment of pulmonary diseases with differential di-
agnosis in patients with prolonged cough.

Patients and Methods

Study Group
A total of 214 consecutive patients who con-

sulted the Department of Pediatric Pulmonology
at Dicle University Medical Faculty Hospital with
prolonged cough or wheezing complaints for over
four weeks were recruited to the study with an in-
formed consent between September 2009 and Oc-
tober 2011. Children between the ages of 4 and
17 who were recently diagnosed with bronchial
asthma, bronchiolitis obliterans, non-primary cil-
iary dyskinesia (Non-PCD) bronchiectasia, acute
bacterial pneumonia, and active pulmonary tuber-
culosis were included in the study along with a
healthy control group. Criteria for exclusion from
study were: no underlying chronic diseases, no
prior treatment with corticosteroids or bron-
chodilators, and being a current smoker.

19 consecutive patients with non-PCD
bronchiectasia, who were going through a series
of exams for diagnosing the level of their dis-
ease, were recruited to the study. Patients who
were recently diagnosed, had no acute or sub-
acute infections, and were not using any kind of
inhalers or systemic steroids were also included
in the study. An HRCT (High Resolution Com-
puted Tomography) scan was performed in
bronchiectasia patients to confirm the disease6.
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BO diagnosis in patients with chronic cough
complaints was made through detailed medical
history, examination, and thorax HRCT findings.
18 BO patients who were enrolled in the study
were recently diagnosed and not using inhalers,
systemic steroids or bronchodilators, and were
not treated with an antimicrobial agent within the
last six weeks despite all the symptoms.

35 active pulmonary tuberculosis cases included
patients, over the age of four, who had no anti-tu-
berculosis or antimicrobial therapy and no active
non-pulmonary tuberculosis retention within the
last six weeks. All patients were diagnosed through
contact history, physical examination and radiolog-
ical findings, history of BCG vaccination, and spu-
tum culture for presence of acido-resistant bacilli.

The diagnosis of asthma was made by detailed
medical history, physical examination, pul-
monary function test, and when necessary, by a
reversibility test. Bronchial asthma patients with
atopic dermatitis, allergic rhinitis, and eczema
were excluded. Skin prick and other allergy tests
were unable to be performed on all of the pa-
tients due to lack of laboratory resources. A total
of 42 asthma patients were enrolled.

50 patients with acute bacterial pneumonia who
were recruited to the study were diagnosed by
physical examination, acute phase reactants, pe-
ripheral blood smear findings, and positive blood
culture results. Patients in the acute bacterial pul-
monary exacerbation phase of chronic bronchitis
or chronic pulmonary disease were excluded.

The healthy control group consisted of 50 sub-
jects. All the subjects included in this group were
children of the hospital employees and have nev-
er had any major pulmonary symptoms or chron-
ic diseases.

This study was approved by the Ethics Com-
mittee of Dicle University.

FeNO Measurements
Test hours were between 08:00 and 17:00. Any

information regarding ingested food or physical

activity 60 minutes prior to the test was recorded.
Subjects were asked to take a seat and relax for 5
minutes prior to the test. A single-breath online
technique with NIOX (Monitoring System; Aero-
crine, Sweden) was used, in accordance with the
ATS (American Thoracic Society) guidelines, to
measure FeNO levels7. Comfortably seated sub-
jects, with no nose clips, inhaled the NO-free air
completely filling their lungs over 2-3 seconds
using the mouthpiece and then exhaled with a
flow rate of 50 mL/s through a positive mouth-
piece with a counter pressure of 10-20 cm H2O
forcing the soft palate to be closed in order to
prevent any contamination from the nasal cavity.
The duration of exhalation for children under the
age of ten was 6 seconds and the FeNO measure-
ment was made in the last 2 seconds. This dura-
tion was 10 seconds for children over 10 years
old and FeNO measurement was made in the last
3 seconds. In order for the measurement to be
valid, the mean flow had to be between 0.045-
0.055 L/s, the instant flow had to be between
0.0375-0.0625 L/s, and the instantaneous mouth
pressure had to be between 5-20 cm H2O. There
was also a maximum deviation limit of 2.5 ppb
or 10% and test duration of 15 minutes for the
test to be valid. There was at least a 30-second
interval between each exhalation, and while the
maximum number of exhalations was 6, the total
number of exhalations to achieve three valid
FeNO measurements was recorded. The average
of three valid exhalations was taken to find the fi-
nal FeNO value.

Statistical Analysis
SPSS (Statistical Package for Social Sciences

Inc., Chicago, IL, USA) 16.0 was used to com-
pare the FeNO levels of all groups. Descriptive
statistics are expressed as mean (SD). Because
the numerical values did not match normal distri-
bution, Kruskal Wallis and Mann Whitney U
tests were used to compare the groups. Statistical
significance was determined as p < 0.05.

Asthma BO Tuberculosis Pneumonia Bronchiectasia Control
(n = 42) (n = 18) (n = 35) (n = 50) (n = 19) (n = 50)

Age (Yrs.) 9.5 (6-14) 11.3 (6-16) 11.2 (6-15) 9.6 (4-14) 9.7 (5-13) 9.3 (5-16)
Gender (/F) 27 / 15 13 / 5 14 / 21 22 / 28 10 / 9 29 / 21

Table I. Comparison of BO, Asthma, Pulmonary Tuberculosis, Pneumonia, Bronchiectasia and control groups demographic
parameters.

Data are expresses as geometric means and 95% CIs.
95% CIs: 95% confidence intervals; M: Male; F: Female;Yrs:Years; BO: Bronchiolitis Obliterans.
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Results

The distributions of number, gender and age of
patients in the asthma, BO, tuberculosis,
bronchiectasia, pneumonia, and control groups
are shown in Table I.

FeNO levels of patients in BO and asthma
groups are significantly higher when compared
with the rest of the groups (p < 0.05). The mini-
mum, maximum, and average FeNO levels in all
six groups are shown in Table II.

As expected, FeNO levels of patients in the
asthma group are significantly higher when com-
pared with all the others, except the BO group (p
< 0.05). There also is a significant difference in
FeNO levels of the BO group when compared
with all the other groups, including the asthma
group (p < 0.001). Diagram comparing the FeNO
levels between the groups is shown in Figure 1.

Discussion

The measurement of NO levels in exhalation
air has recently attracted more attention due to

high demand for a simpler way to determine the
etiology of patients with chronic cough and to
use a reliable, non-invasive monitoring technique
throughout the treatment. Even though FeNO
measurement has recently been dubbed as an “al-
lergic inflammometer”, it also displays the tone
of the smooth muscles in the airway8.

Although the increase in FeNO levels mostly
shows eosinophilic inflammation in the airway
and is not a unique indicator of asthma, this in-
crease can potentially be interpreted as a differ-
ential diagnosis of asthma for both children9 and
adults10 with 90% certainty and 95% positive
predictive value when a cut-off point of over 15
ppb NO is used11,12. In this study, the pre-treat-
ment average FeNO levels of infants in the asth-
ma group (19.50 ± 15.8 ppb) were significantly
higher (p < 0.05) than those in the tuberculosis
(12.06 ± 4.3 ppb), bronchiectasia (8.00 ± 2.7
ppb), acute bacterial pneumonia (10.22 ± 3.7
ppb), and control (7.74 ± 3.3 ppb) groups, but not
the BO group (35.83 ± 17.2 ppb). Considering
information on FeNO levels in children not being
affected by asthma phenotyping but only being
effective in adult patients, no phenotyping was

Mean SD
N (ppb) Median Min Max

Asthma 42 19.50 ± 15.8 16 3 91
Tuberculosis 35 12.06 ± 4.3 12 5 23
Pneumonia 50 10.22 ± 3.7 10 4 22
Bronchiectasia 19 8.00 ± 2.7 7 4 14
BO 18 35.83 ± 17.2 36 6 67
Control 50 7.74 ± 3.3 7 1 20

Table II. Comparison of FeNO levels between groups.

BO: Bronchiolitis Obliterans; Min: Minimum; Max: Maximum; ppb: Parts per billion

Figure 1. Comparison of FeNO levels
between groups.



done for the asthma group13,14. Moreover, FeNO
levels of 32.2 ± 25.9 ppb for patients with asthma
and 16.3 ± 8.4 ppb for healthy subjects presented
in literature15 were higher than the FeNO levels
measured in this study. This may be due to nutri-
tional habits, different measurement techniques
or other factors that are undefined or undistin-
guished which may have affected FeNO levels.
Age, gender, and atopic symptoms were not al-
ways considered or analyzed.

Another prominent result was that FeNO levels
of BO patients (35.83 ± 17.2 ppb) were higher
than of asthma and all the other patient groups (p
< 0.001). In a study by Brugiere et al16, the ex-
haled NO levels were found to be higher in lung
transplant recipients with BO, or even in potential
BO patients, suggesting that FeNO measurements
prior to immunosuppressive therapy could be used
as an effective guide. FeNO measurement results
of patients with BO mostly reflect the adult patient
group. We believe that a reliable and non-invasive
inflammatory marker like the FeNO measurement
is a must-have in monitoring and treatment of chil-
dren with this type of chronic pulmonary disease
who often need a long term, high-dose systemic
steroid therapy. We intend to present how the
FeNO levels affect the treatment process in BO
patients, who are being monitored with a systemic
steroid therapy, in our next study.

There was no significant difference in FeNO
levels of bronchiectasia patients with no pneumo-
nia (8.00 ± 2.7 ppb) when compared with the
pneumonia (10.22 ± 3.7 ppb), pulmonary tuber-
culosis (12.06 ± 4.3 ppb), and healthy control
(7.74 ± 3.3 ppb) group subjects (p > 0.05). There
are only a few reports on the measurement of NO
in exhalation air as a marker of airway inflamma-
tion in bronchiectasia in children. Patients with
bronchiectasia are more prone to bacterial infec-
tion due to an abnormal bronchial wall causing
delayed nasal mucociliary clearance and airway
dilatation. The literature shows that the severity
of bacterial bronchiectasia is partially related to
the inflammation marker measurements17, and
that the levels of NO exhaled by patients with
pneumonia are significantly higher than those
without18. Moreover, prolonged infection and
chronic inflammatory response are more com-
mon in cases of severe bronchiectasia. These
may also advance into causing damage to neigh-
boring healthy pulmonary tissue. It is critical to
monitor the inflammation in cases of bronchiec-
tasia in order to stop the disease from progress-
ing any further and improve patients’ quality of

life. In addition to the FeNO measurements,
nasal NO levels can be used in diagnosing PCD
in potential adult19,20 and infant21 patients within
various clinical fields.

FeNO levels of patients in active pulmonary
tuberculosis group (12.06 ± 4.3 ppb) were simi-
lar to those in pneumonia (10.22 ± 3.7 ppb) and
bronchiectasia (8.00 ± 2.7 ppb) groups, but were
significantly higher than those in the healthy con-
trol group (7.74 ± 3.3 ppb; p < 0.05). There are
several works showing elevated NO levels in
bronchial asthma and bronchiectasia patients22;
however, a study on murine infection of M. tu-
berculosis shows that NO plays a significant role
against M. tuberculosis infections23. In this paper,
the NO levels of patients with active pulmonary
tuberculosis were measured. Considering the dif-
ficulty of diagnosing pulmonary tuberculosis in
children and the fact that non-invasive methods
are still not fully utilized, we believe that the
measurement of FeNO levels can help differenti-
ate children with active pulmonary tuberculosis
from the healthy ones.

Diagnosis of acute bacterial pneumonia in
both children and adults can be easily made.
However, the NO levels are elevated within the
initial stages of the common cold24,25 mostly
causing exacerbation in COPD. While consider-
ing the symptoms, parents can use portable ana-
lyzers for the measurement of NO for an earlier
diagnosis and treatment options to help reduce
exacerbation.

Conclusions

Evaluation of FeNO levels has an important
role in the management of patients with chronic
cough. Determining the cut-offs for FeNO levels
in children with bronchial asthma or in healthy
children, as well as in cases such as pulmonary
tuberculosis, bronchiectasia (PCD or Non-PCD),
BO and in the acute pulmonary exacerbation
stages of chronic diseases will provide great con-
venience for pediatricians in determining the eti-
ology of chronic cough.

––––––––––––––––––––
Acknowledgements
We would like to thank Sahide Kizgingumus for her contri-
bution to the study by performing FeNO measurements.

––––––––––––––––––––
Conflict of Interest
The Authors declare that they have no conflict of interests.

3081

FeNO levels in children with asthma and other diseases of the lung



3082

References

1) IRWIN RS, BOULET LP, CLOUTIER MM, FULLER R, GOLD
PM, HOFFSTEIN V, ING AJ, MCCOOL FD, O’BYRNE P,
POE RH, PRAKASH UB, PRATTER MR, RUBIN BK. Manag-
ing cough as a defense mechanism and as a
symptom. A consensus panel report of the Ameri-
can College of Chest Physicians. Chest 1998;
114(Suppl 2): 133S-181S.

2) SAITO J, INOUE K, SUGAWARA A, YOSHIKAWA M, WATAN-
ABE K, ISHIDA T, OHTSUKA Y, MUNAKATA M. Exhaled ni-
tric oxide as a marker of airway inflammation for
an epidemiologic study in schoolchildren. J Aller-
gy Clin Immunol 2004; 114: 512-516.

3) KHARITONOV SA, BARNES PJ. Exhaled markers of pul-
monary disease. Am J Respir Crit Care Med
2001; 163: 1693-1722.

4) BARNES PJ, CHOWDHURY B, KHARITONOV SA, MAGNUSSEN
H, PAGE CP, POSTMA D, SAETTA M. Pulmonary biomark-
ers in chronic obstructive pulmonary disease. Am J
Respir Crit Care Med 2006; 174: 6-14.

5) KHARITONOV SA, BARNES PJ. Clinical aspects of ex-
haled nitric oxide. Eur Respir J 2000; 16: 781-792.

6) KHARITONOV SA, WELLS AU, O’CONNOR BJ, HANSELL
D, COLE PJ, BARNES PJ. Elevated levels of exhaled
nitric oxide in bronchiectasis. Am J Respir Crit
Care Med 1995; 151: 1889-1893.

7) American Thoracic Society; European Respirato-
ry Society. ATS/ERS recommendations for stan-
dardized procedures for the online and offline
measurement of exhaled lower respiratory nitric
oxide and nasal nitric oxide. Am J Respir Crit
Care Med 2005; 171: 912-930.

8) TADIÉ JM, HENNO P, LEROY I, DANEL C, NALINE E, FAISY
C, RIQUET M, LEVY M, ISRAËL-BIET D, DELCLAUX C.
Role of nitric oxide synthase/arginase balance in
bronchial reactivity in patients with chronic ob-
structive pulmonary disease. Am J Physiol Lung
Cell Mol Physiol 2008; 294: 489-497.

9) DUPONT LJ, DEMEDTS MG, VERLEDEN GM. Prospec-
tive evaluation of the validity of exhaled nitric ox-
ide for the diagnosis of asthma. Chest 2003; 123:
751-756.

10) DE JONGSTE JC. Surrogate markers of airway inflam-
mation: inflammometry in paediatric respiratory
medicine. Paediatr Respir Rev 2000; 1: 354-360.

11) CHATKIN JM, ANSARIN K, SILKOFF PE, MCCLEAN P,
GUTIERREZ C, ZAMEL N, CHAPMAN KR. Exhaled nitric
oxide as a noninvasive assessment of chronic
cough. Am J Respir Crit Care Med 1999; 159:
1810-1813.

12) DUPONT LJ, DEMEDTS MG, VERLEDEN GM. Prospec-
tive evaluation of the accuracy of exhaled nitric
oxide for the diagnosis of asthma. Am J Respir
Crit Care Med 1999; 159: 861-865.

S. Kelekçi, V. Sen, I. Yolbas, Ü. Uluca, I. Tan, M.F. Gürkan

13) MAHUT B, PEYRARD S, DELCLAUX C. Exhaled nitric ox-
ide and clinical phenotypes of childhood asthma.
Respir Res 2011; 12: 65.

14) HALDAR P, PAVORD ID, SHAW DE, BERRY MA, THOMAS
M, BRIGHTLING CE, WARDLAW AJ, GREEN RH. Cluster
analysis and clinical asthma phenotypes. Am J
Respir Crit Care Med 2008; 178: 218-224.

15) KHARITONOV SA, GONIO F, KELLY C, MEAH S, BARNES
PJ. Reproducibility of exhaled nitric oxide mea-
surements in healthy and asthmatic adults and
children. Eur Respir J 2003; 21: 433-438.

16) BRUGIÈRE O, THABUT G, MAL H, MARCEAU A, DAURIAT
G, MARRASH-CHAHLA R, CASTIER Y, LESÈCHE G,
COLOMBAT M, FOURNIER M. Exhaled NO may pre-
dict the decline in lung function in bronchiolitis
obliterans syndrome. Eur Respir J 2005; 25:
813-819.

17) PALOP-CERVERA M, DE DIEGO DAMIÁ A, MARTÍNEZ-MOR-
AGÓN E, CORTIJO J, FULLANA J, LEÓN M. Inflammation
markers in the exhaled air of patients with
bronchiectasis unassociated with cystic fibrosis.
Arch Bronconeumol 2009; 45: 597-602.

18) ADRIE C, MONCHI M, DINH-XUAN AT, DALL’AVA-SANTUC-
CI J, DHAINAUT JF, PINSKY MR. Exhaled and nasal ni-
tric oxide as a marker of pneumonia in ventilated
patients. Am J Respir Crit Care Med 2001; 163:
1143-1149.

19) WODEHOUSE T, KHARITONOV SA, MACKAY IS, BARNES PJ,
WILSON R, COLE PJ. Nasal nitric oxide measure-
ments for the screening of primary ciliary dyskine-
sia. Eur Respir J 2003; 21: 43-47.

20) LOUKIDES S, KHARITONOV SA, WODEHOUSE T, COLE PJ,
BARNES PJ. Effect of L-arginine on mucociliary
function in primary ciliary dyskinesia. Lancet
1998; 352: 371-72.

21) KARADAG B, JAMES AJ, GULTEKIN E, WILSON NM, BUSH
A. Nasal and lower airway level of nitric oxide in
children with primary ciliary dyskinesia. Eur
Respir J 1999; 13: 1402-1405.

22) KHARITONOV SA, YATES D, ROBBINS RA, LOGAN-SINCLAIR
R, SHEBOURNE E, BARNES PJ. Increased nitric oxide
in exhaled air of asthmatic patients. Lancet 1994;
143: 133-135.

23) CHAN J, TANAKA K, CARROLL D, FLYNN J, BLOOM BR.
Effects of nitric oxide synthase inhibitors on
murine infection with Mycobacterium tuberculosis.
Infect Immun 1995; 63: 736-740.

24) KHARITONOV SA, YATES DH, BARNES PJ. Increased ni-
tric oxide in exhaled air of normal human subjects
with upper respiratory infections. Eur Respir J
1995; 8: 295-297.

25) KHARITONOV SA, BARNES PJ. Nitric oxide, nitrotyro-
sine, and nitric oxide modulators in asthma and
chronic obstructive pulmonary disease. Curr Aller-
gy Asthma Rep 2003; 3: 121-129.


