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Abstract 
Airway irritants such as allergens, tobacco smoke and viruses may cause damage in the 
small airways, usually undetected with routine diagnostic methods. Analyses of 
endogenously produced nitric oxide (NO) and endogenously produced small droplets (i.e. 
particles) in breath (PEx), have the potential to reflect exposure related changes in the 
small airways. Furthermore, in PEx, both exposure and effect markers can potentially be 
analyzed. The overall aim of this thesis was to explore small airway effects of exposure to 
airway irritants in healthy subjects, in subjects with asthma, in cigarette smokers and in 
subjects with COVID-19 infection, by examining exhaled breath. We explored methods 
to model alveolar NO (CANO), the number of PEx as well as content of major 
surfactant lipids and proteins in PEx. In addition, we explored if COVID-19 infection 
could be detected in PEx. 
 
Pollen season was not associated with an increase in CANO, although it was markedly 
increased in some subjects with asthma. Small airways ventilation inhomogeneity in 
subjects with asthma was associated with slightly increased CANO on group level, and 
markedly increased in some subjects, with no difference on levels of surface active lipids 
in PEx but markedly decreased number of PEx. Current compared to never smokers 
were associated with higher levels of lipids in PEx in subjects with normal lung function. 
Current smokers were associated with higher levels of surfactant protein A in PEx and 
number PEx in subjects with impaired lung function. Detection of SARS-CoV-2 RNA 
was possible in PEx, in some but not all subjects early in disease course of COVID-19. 
RT-PCR analyses were performed on PEx-samples generated from as little as 20 relaxed 
breaths, 10 deep breaths and 3 coughs.  
 
These results of breath analyses including endogenously produced particles and alveolar 
NO highlight the potential of these methods to reveal effects of airway irritants in small 
airways prior to lung function decline. Furthermore, PEx are shown to contain SARS-
CoV-2 RNA in subjects with confirmed COVID-19, highlighting the potential of 
detecting respiratory virus infection in exhaled breath. 
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