
I. Summary 

 

Introduction: Bronchial allergen challenge has been thought as well recognized investigative 

method.  After single exposition it allows to induce controlled allergic reaction in respiratory 

system. After allergen inhalation, a part of patients with diagnosed allergy would develop 

a bronchospastic reaction, which degree is measured by spirometry values. The most common 

spirometry marker is FEV1  ie. forced expiratory volume in one second. After recording 

a decrease in FEV1 of at least 20% compared with the control value (after saline inhalation). 

In  the group of atopic patients we could recognized using spirometry 2 types of reaction: 

early asthmatic reaction (EAR- starting 15 minutes after allergen inhalation) and late 

asthmatic reaction (LAR- starting 4-5h after allergen inhalation). Usually spirometry tests are 

conducted for 8h after allergen administration, while bronchospastic reaction lasts longer, 

however the duration has not yet been established. It is observed that allergic reaction occurs 

with inflammatory reaction. The long term observation of bronchospastic reaction has not 

been conducted. Availability of mini-spirometers enables measurements at patients’ homes. 

Besides the changes in the spirometry the measurement of FENO (fractional exhaled nitric 

oxide) was conducted. 

Aim: The aim of the study was to evaluate a duration of decrease in FEV1 and PEF after 

the single airway allergen provocation. Additionally the FENO was measured 8h, 2nd, 4th and 

14th day after the provocation compared to the baseline values. It was expected that 14 days 

observation was long enough to evaluate the duration of the bronchospastic reaction after 

allergen challenge. The another assumption was the relationship between sIgE serum level 

and the bronchoconstriction. 

Material and methods: 50 subjects were enrolled into the study, 24 women and 26 men. 

A consent of the Bioethical Committee of Medical University of Białystok was received. 

Participants were divided into two groups: study group (35 atopics) and control group 

(15  subjects).  An age median in the study group was 25 years old and in the control 33 years. 

Prior to the selection participants into two groups, sIgE serum concentrations against common 

allergens were tested. Allergens that were used to the provocation: grass pollen, birch pollen 

and dust mites - Dermatophagoides pteronyssinus. Specific IgE was evaluated using 

an immunoenzymatic test  Polycheck® (Germany). To the control group were enrolled 

participants with sIgE<0,35kU/L. In the day of allergen provocation FENO was measured 

twice, before the test and before last spirometry, using a mobile analyzer Niox®Mino 



(Sweden). Prior to the provocation baseline spirometry was conducted. Bronchial challenges 

were performed according to the Ryan’ modified protocol. The Koko DigiDoser® (PDS-

USA) device was used as a dosimeter and spirometer. To produce the provoking vapor  jet 

nebulizers DeVilbiss 646 were used. In the challenge commercial allergen extracts 

(Allergopharma, Germany) were used. An allergen was inhaled in an increasing 

concentrations. Participants inhaled allergen extracts for 3 seconds in 10 intervals for every 

concentration. 15 minutes after each allergen concentration spirometry was performed using 

Koko DigiDoser and ca. 1 minute later by mini-spirometer PIKO-1. After reaching the 20% 

decrease of FEV1 on the stationery spirometer, the test was qualified as positive and the 

provocation was ended. After the challenge spirometry was performed every 60 minutes for 8 

hours. Before the last spirometry that day FENO was tested. For the next 14 days every 

participant every morning measured FEV1 and PEF using PIKO-1. The evaluation of FENO 

was performed in the medical center in the 2nd, the 4th and the 14th day after provocation. 

The statistical analysis were conducted using Statistica 13.3 and Medcalc 9.2.0.2. 

Results: At first, were analyzed changes in FEV1, that were measured using stationery 

spirometer in the provocation day. Obtained data were compared  to baseline values 

in  the  control and study group, and the analyses of significant differences between each 

group were performed. In the study group recognized statistically significant decrease in 

FEV1, that was observed from the lowest concentration of allergen till 8 hours after the 

provocation. In the  control group the changes were much lower, statistically insignificant. 

The differences between groups in the respective time points were noted from the 

concentration of allergen of 1,6SBU/ml and were statistically significant. 

Secondly, using Bland and Altman analyses compared the FEV1 values obtained from two 

spirometers in several time points. It was observed that mean values differ in 60-70ml and 

almost all measurements were situated in the range -1,96SD and +1,96SD, which means 

a permitted difference of 5%. The results were similar for a couple of analyzed time points. 

That explained usage of mini-spirometer during measurements performed at home. 

Further analysis of FEV1 outcomes measured by PIKO-1 for control and study group, were 

similar to the values from the stationery spirometer. 

In the study group, among atopics with the highest sIgE levels (4th -6th class), the influence 

of  challenge test on FEV1 values was more significant. However in the control group 

significant differences were not observed. 

After performed the analysis of 14-days measurements of FEV1 using mini-spirometer PIKO-

1 was proved that changes lasted longer than 8h. The differences statistically significant 



between study and control group were observed to 3 day after the challenge. 

The statistical analysis of FEV1 values performed  in sub-groups of atopics that differ 

in  the  concentration of sIgE i.e. <4th class (low degree of atopy) and >3rd class (high degree 

of atopy) and between control group. The curves, that describes changes in FEV1 in the 

control group and in the group of patients with low degree of atopy, were similar. However, 

the curve describing FEV1 in the group with high sIgE, had noticeably two faze shape. What 

surprised, was the fact, that in the control group among 2 weeks FEV1 decreased gradually 

compared to  the baseline values. From the 3rd day the decrease was statistically significant, 

but do not exceed 7%. 

After inhalation of allergen, 4 types of reaction obtained by spirometry were observed: 

isolated early asthmatic reaction (EAR+LAR-), isolated late reaction (EAR-LAR+), two-

phased reaction (EAR+LAR+) and the lack of bronchospastic reaction (EAR-LAR-). 

Depending on the type of used spirometer for the measurement and on the type of spirometry 

parameter (1. FEV1 from Koko DigiDoser, 2. FEV1 from PIKO-1, 3. PEF from PIKO-1), 

differences in types of reaction between groups were noted. 

At last, the statistical analysis of FEV1 and PEF was lead between two groups: EAR-LAR- 

and EAR+LAR+. FEV1 values on different time points, compared to the baseline 

measurements in the group with two-phased reaction, were significantly decreased for 14 days 

and between prior described groups differ significantly till the 6th day of observation. 

Conclusions: 

1. After bronchial allergen challenge, the time of decrease of FEV1 depends 

on the type of bronchospastic reaction. The longest last among participants 

presenting two-phased  reaction (EAR+LAR+). 

a. 15% decrease in this group last till 6th day after the challenge 

b.  till the 14th day FEV1 does not return to the baseline values. The decrease 

during all observation is statistically significant. 

c. Among participants with isolated early reaction, decrease of FEV1 lasts till 

1h after the end of allergen inhalation. 

2. The high baseline sIgE serum concentration increase the probability of long 

lasting, late asthmatic reaction. 

3. The bronchial allergen challenge stimulate the FENO increase, which significance 

was proved on the 2nd, the 4th and the 14th day after allergen inhalation in the 

group of participant with sIgE>3rd class. 



 


