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Table E1. eNose 1 Training set. Performance characteristics of VOC-analysis for 
children with lower respiratory tract symptoms. 
 

  μAUC±95%CI p-value Sensitivity Specificity + LR -  LR 

I Rhinovirus-Positive   
   Acute infection       
 Symptomatic vs Asymptomatic 0.86±0.10 <0.001 73.0 92.2 9.4 0.29 
   Recovered        
 Ex- Symp vs Asymptomatic 0.87±0.10 <0.001 86.2 80.8 4.5 0.17 

II Rhinovirus-Negative      

   Acute infection       

 Symptomatic vs Asymptomatic 0.87±0.07 <0.001 78.6 73.2 2.9 0.29 
   Recovered        
 Ex- Symp vs Asymptomatic 0.71±0.10 <0.001 64.7 66.2 1.9 0.53 

 
Sensitivities, specificities, positive and negative likelihood ratios are reported for the respective optimum cut-
points.  A symptomatic infection was defined as the presence of expiratory wheeze as assessed by 
auscultation. Asymptomatic infections were children never experiencing respiratory symptoms sever enough 
to consult GP. Recovered infections are children with confirmed wheeze who were tested again after 
resolution of their first symptomatic infection.  Abbreviations: AUC ± 95% CI, Area Under the Curve with 95% 
Confidence Interval; + LR, positive likelihood ratio ; - LR, negative likelihood ratio. 

 
Table E2. eNose 2 Validation set. Performance characteristics of VOC-analysis for 
children with lower respiratory tract symptoms. 
 

  μAUC±95%CI p-value Sensitivity Specificity + LR -  LR 

I Rhinovirus-Positive   
   Acute infection       
 Symptomatic vs Asymptomatic 0.82±0.06 <0.001 70.3 84.0 4.4 0.35 
   Recovered        
 Ex- Symp vs Asymptomatic 0.78±0.06 <0.001 76.0 69.0 2.5 0.35 

II Rhinovirus-Negative      

   Acute infection       

 Symptomatic vs Asymptomatic 0.75±0.05 <0.001 73.2 64.3 2.1 0.42 
   Recovered        
 Ex- Symp vs Asymptomatic 0.67±0.06   0.005 64.3 62.5 1.7 0.57 

 



Sensitivities, specificities, positive and negative likelihood ratios are reported for the respective optimum cut-
points.  A symptomatic infection was defined as the presence of expiratory wheeze as assessed by 
auscultation. Asymptomatic infections were children never experiencing respiratory symptoms sever enough 
to consult GP. Recovered infections are children with confirmed wheeze who were tested again after 
resolution of their first symptomatic infection.  Abbreviations: AUC ± 95% CI, Area Under the Curve with 95% 
Confidence Interval; + LR, positive likelihood ratio ; - LR, negative likelihood ratio. 

Table E3. eNose 2 Training set. Performance characteristics of VOC-analysis for 
children with lower respiratory tract symptoms. 
 

  μAUC±95%CI p-value Sensitivity Specificity + LR -  LR 

I Rhinovirus-Positive   
   Acute infection       
 Symptomatic vs Asymptomatic 0.88±0.09 <0.001 83.8 80.0 4.2 0.20 
   Recovered        
 Ex- Symp vs Asymptomatic 0.79±0.11 <0.001 79.3 64.0 2.2 0.32 

II Rhinovirus-Negative      

   Acute infection       

 Symptomatic vs Asymptomatic 0.81±0.09 <0.001 76.7 71.4 2.7 0.33 
   Recovered        
 Ex- Symp vs Asymptomatic 0.67±0.10 0.002 66.7 64.3 1.9 0.52 

 
Sensitivities, specificities, positive and negative likelihood ratios are reported for the respective optimum cut-
points.  A symptomatic infection was defined as the presence of expiratory wheeze as assessed by 
auscultation. Asymptomatic infections were children never experiencing respiratory symptoms sever enough 
to consult GP. Recovered infections are children with confirmed wheeze who were tested again after 
resolution of their first symptomatic infection.  Abbreviations: AUC ± 95% CI, Area Under the Curve with 95% 
Confidence Interval; + LR, positive likelihood ratio ; - LR, negative likelihood ratio. 
 
 



Breath collection and analysis 

 

Exhaled breath was collected by means of a Babyhaler® (GlaxoSmithKline) with inverted 

valve system. This system has a minimal respiratory resistance allowing measurement in 

pre-term infants without observing desaturation without requiring patient cooperation. 

The procedures were well tolerated and had a success rate of 89%. Children breathed 

tidally into a face mask covering mouth and nose whilst watching an animated video and 

seated on their parents lap. Environmental VOCs inside the child’s airways and the spacer 

were washed out during 100 seconds of breathing through an inspiratory VOC-filter 

(North Safety Products, The Netherlands). Ambient air drawn through an identical VOC-

filter was used to create a baseline reference signal.  Relative recoveries of VOCs from 

the babyhaler were not assessed. The exhaled breath was subsequently sampled for 40 

seconds directly from the spacer by two separate Cyranose 320® Electronic Nose (eNose) 

devices (IOS inc., Pasadena, California, USA) after which the device sensors were purged 

with VOC-filtered air. A Cyranose 320® has an array of 32 nano-sensors that show non-

selective interactions with the VOC mixture. Raw data is the change in resistance 

between the VOC-filtered air baseline and the breath sample.  The combined values for 

all sensors creates a so-called 'breathprint'; a pattern of resistance changes for the 

individual sensors that reflects the profile of the VOC mixture.  

 

Pilot study 

A pilot study was performed in children aged between 0 and 4 years old whom 

were selected from the outpatient clinic of the Emma’s Children Hospital in 



Amsterdam. Infants with known underlying systemic or pulmonary disease were 

excluded. 17 children with acute physician confirmed wheeze and 11 

asymptomatic controls were assessed. In this study no-viral diagnostics were 

performed. The cases and controls could be discriminated with an accuracy of 82 

%. Based on the effect size of the discrimination it was determined that a sample 

size of 21 children per group would be sufficient to reject the null hypothesis that 

VOC-analysis cannot discriminate symptomatic and asymptomatic children with a 

power of 90%. 
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