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Resume: Bronchial asthma is the most common chronic disease of childhood. Exhaled nitric oxide (FeNO) is 

an important  method to measure airway inflammation non-invasively. We propose that FeNO should be used as 

an additional tool for asthma diagnosis and treatment plan. 
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I. Introduction 
Bronchial asthma is the most common chronic disease of childhood. Asthma severity can be  monitored 

by clinical symptoms, questionnaires and pulmonary function tests ( spirometry). Exhaled nitric oxide (FeNO) is 

a proposed method to measure airway inflammation non-invasively. FeNO is proved to be a very important 

molecule in evaluation of allergic inflammation of the lungs. Traditional asthma treatments are typically 

adjusted in asthmatic  children  using symptoms and spirometry. Treatments tailored in accordance to 

inflammatory markers, such as fraction of exhaled nitric oxide or sputum eosinophils, are increasing in use. We 

propose that FeNO should be used as an additional monitoring tool for asthma diagnosis and treatment plan. 

The aim of our study is to investigate FeNO values among 126 patients with bronchial asthma and asthma 

exacerbation for one year period, 10 healthy controls and 15 controls with cystic fibrosis. To evaluate some 

clinical, laboratory, and functional parameters and their correlation with FeNO. To follow up asthmatics in a 3 

month period in a condition of a clinical remission. 

 

II. Methods 
 FeNO was measured by a single breath on-line measurement with “Nioxmino” device (Aerocrine) with 

normal values for children: 5-15 (20 ppb). The performed lab tests include: Leukocyte count (WBS), erythrocyte 

sedimentation rate (ESR), CRP, total IgE levels (ELISA). For all asthmatics and control groups pulmonary 

function tests (PFT) were performed. Blood and sputum eosinophils (nasal smear eosinophils) were investigated 

trough a light microscopy. Some of the etiology agents of asthma exacerbation were determined including: 

respiratory viruses – RSV, Parainfluenzavirus, Influenzavirus, Adenovirus, Mycoplasma pneumonia and 

Chlamydia pneumonia (ELISA method). 

 

III. Results of the study 
Our results regarding the patient‟s age demonstrate that all 151 patients (126 asthmatics and 25 controls) are 

distributed between 5 and 23 years, with mean age of 10.38 years. Distribution of patients according to the 

patient‟s gender show a domination of males with 62.91%, on opposite : 37.09% are females  ( fig.1) 

 

 
Fig.1 – Gender distribution 
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Family history for asthma and allergic diseases is observed in 58.94% of asthmatic patients ( fig. 2) 

 
Fig.2 – Family history for asthma and allergic diseases 

 

Asthma duration is determined as an interval from asthma diagnosis regarding  ERS/ATS criteria ,  to FeNO 

measurement . The asthmatic patients can be divided into 3 groups: 

- group “0”: up to 6 months from the diagnosis (18.2% of all patients) 

- group”1”: 31% of the asthmatics – asthma duration 6 months up to 5 years 

- group”2”: 50.8% of the asthma patients – asthma diagnosis more than 5 years ( fig. 3) 

  

 
Fig. 3 – Asthma duration 

 

In our study most of the patients, hospitalized due to asthma exacerbation (82.54% of the cases) did not receive 

steroid .For the rest 17.46% a systemic steroid was given ( fig. 4).  

 

 
Fig. 4 – Application of corticosteroid before FeNO measurement 

 

Before the hospital admission asthma control medication appear in the followed configuration:  

- Group  “0” – without control medication  

- Group “1” – leukotriene modifier :Montelukast 

- Group  “2” – inhaled corticosteroid ( ICS) 

- Group  “3” – ICS+ long acting beta 2 – agonists ( LABA) 

- Group  “4”: ICS+ Montelukast 
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Regarding our results , 41.27% of  hospitalized asthmatic children have no asthma control medication prior to 

the FeNO measurement ( fig.5).  

 
Fig. 5 – Asthma control medication before the hospital admission 

 

There is a strong correlation between asthma duration and asthma control medication: (Fisher„s exact 

test: p<0.001): longer asthma duration corresponds with more children that are receiving asthma control 

medications. We find an association of asthma and allergic rhino sinusitis : 45.24% of the children with asthma 

also have an allergic rhino sinusitis ( fig.6) 

 

 
Fig. 6 – Allergic rhinosinuitis and asthma 

 

Blood eosinophils are also a part of allergic inflammation. We found that this parameter has a broad variety and 

is less specific for an allergic inflammation. Our results shown mean eosinophil count 3.71%, median 2.00% 

with very high standard deviation 4.081( fig.7). 

 
Fig. 7 – Distribution of blood eosinophilia 
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Local tissue inflammation is assessed by sputum or nasal eosinophilia. 15.1% of asthmatics are able to deliver a 

sputum, for other 84.9% – a nasal swab from the middle nasal channel for eosinophils is taken. Mean value for 

nasal swab eosinophils is 4,66%, for sputum eosinophils:  2,26% ( fig.8). 

 

 
Fig. 8 – Distribution of nasal eosinophilia 

 

For all patients with bronchial asthma leukocyte count, erythrocyte sedimentation rate (ESR), and C – reactive 

protein (CRP) are investigated. All CRPs are negative, mean leukocyte count is 9,49x10 
9
, mean ESR:11,89 mm 

(Panchenko). 

For 91 children of all 123 patients with asthma a total IgE levels are investigated ( with normal values up to 100 

IU/ml).Mean value for total IgE is 252.69 U/ml – elevated for asthmatics with standard deviation 250.34 U/ml( 

fig.9). 

 
Fig. 9 –Histogram distribution and statistical data for total IgE 

 

Three groups of patients are included in the clinical study:  

“0” – healthy controls,“1” – asthmatics; “2” – cystic fibrosis patients ( fig.10) 

 

 
Fig.10 - Distribution of tree groups in the study 
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The mean values of  FeNO in the three groups are completely different:8.30 ррв in healthy controls, 31.67 ppb  

in asthmatics and 7.07 ррв for the cystic fibrosis group .Statistically significant difference is found between 

groups “0” and “1” (Р < 0.0001) and “1” and “2”, but no such difference between groups “0” and “2”. No 

significant difference between healthy controls and patients with cystic fibrosis.  

In 151 patients (asthmatics and control groups) FeNO is measured by a single breath on-line method. In a 3-

month period FeNO is repeated for asthmatic group in status of clinical and PFT remission ( fig.11) .  

 
Fig. 11 –Histogram distribution for FeNO 

 

FeNO , followed up in a 3 month interval show a decrease of the mean values from 27.68 ppb to 17.21 ррв ( 

Wilcoxon test :a statistically  significant difference).  

We find out a correlation between the age in years and FeNO values with statistical coefficient r=0.319. There is 

a positive and strong linear correlation between the age and FeNO values (p<0.0001, r=0.319) .  

 

 
Fig. 12 – FeNO and age correlation 

 

Also we find out a positive linear correlation between nasal eosinophils and FeNO values with r=0.396 ( fig.13).  

 

 
Fig. 13 – FeNO and nasal eosinophils 
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The structure and distribution of asthma control medication is different after the hospital discharge of the 

patients: the part of non-treated asthmatics decrease, the part of ICS group and Montelukast group increase ( 

fig.14).  

 
Fig. 14 – Distribution of asthma control medication after the hospital discharge 

 

In order to find out the etiology of asthma exacerbations some serological tests   (ELISA) are 

performed for: RSV, Adenovirus, Chlamydia pneumoniae, Mycoplasma pneumoniae, Influenzavirus and 

Parainfluenzavirus: IgM and IgG antibodies. 

In 9.52% of asthmatics an acute RSV infection is found (/+/ IgM) and almost ½ have positive IgG 

antibodies (42.1%) for RSV.  No acute Adenovirus infection is found,  positive /+/ IgG in 22.2%. Positive /+/ 

IgG for Chlamydia pneumoniae in 4%of cases,  M.pneumoniae: /+/ IgM in 0.8%, /+/IgG in 3.2% , 

Influenzavirus :/+/IgG in 1.6% and Parainfluenzavirus: /+/IgG in 19.8%. 

PFTs (spirometry) is performed before hospital admission and in a 3-month interval in a condition of a clinical 

remission : a statistically significant reverse correlation is found between FeNO values and FEF25/75, and 

positive between PEF and FEF25/75, and FEV1 and FEF25/75. 

 

IV. Conclusion 
We receive some data regarding FeNO values for bulgarian asthmatics and their follow up in a 3 month 

period . FeNO is significantly higher in the asthmatic group compared with the control groups. There is a 

positive linear correlation between age and FeNO values. Male gender is dominating among asthmatics. Positive 

family history is observed in over ½ of the asthmatic patients . Upper respiratory airways are involved in 

46.24% of asthmatics with allergic rhino sinusitis.  Lots of the asthmatics have a long duration of bronchial 

asthma (more than 5 years). Mean values of IgE total are increased in the group of asthmatics . The FeNO „s 

mean values are  27.68 ррв  . The 3 month follow up shows significantly decrease of the mean FeNO values 

from 27.68 to 17.21 ррв in asthmatic group. The serological tests for viruses show the leading role of a passed 

RSV infection , followed by Adenovirus  and Parainfluenzavirus. FeNO is an important marker of allergic 

inflammation. Asthma diagnosis is mainly a clinical one and it is based on a complex assessment, clinical, 

laboratory data and physical examination.  
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