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ARTICLE INFO Abstract

Exhaled breath condensate (EBC) analysis is a rapidly growing field of research 
and may be a useful non-invasive technique to evaluate lung pathology. There is little 
information in the literature on the safety of collecting these samples in acutely ill infants 
needing mechanical ventilation. Viral bronchiolitis is a common lower respiratory tract 
infection contributing to the majority of hospitalizations in children under 2 years of 
age. The pathophysiology of severe bronchiolitis resulting in ventilatory support is ill-
defined. Our study objective was to evaluate the tolerability of collection and utility 
of exhaled breath condensate (EBC) in molecular evaluation of viral bronchiolitis. 
We obtained proteomic profile of sequential EBCs over three days of illness from 
two infants who were intubated and ventilated. Mass spectrometry analysis of these 
samples identified cytokeratin at all time-points and time-dependent increase of 
proteins related to intracellular adhesions, epidermal morphogenesis, cell repair and 
differentiation that may be used to monitor the status of epithelial barrier function 
and integrity of intercellular communication in the bronchiolitis lung in the future. 
Our pilot study highlights that EBC collection is a well- tolerated procedure to obtain 
meaningful longitudinal data to profile and study the molecular parameters in acutely 
ill bronchiolitis infants. 

Abbreviations: EBC: Exhaled breath condensate; RSV: Respiratory syncytial virus; IRB: 
Institutional Review Board, AZGP1: Zinc Alpha 2 Glycoprotein; CASP14: Caspase 14; 
DCD: Dermcidin; ANXAA1: Annexins A1; ANXAA2: Annexins  A2, C1orf68: Chromosome 
1 Open Reading Frame 68 Protein of Unknown Function; CSTB: Cystatin B; DSC1: 
Desmocollin-1; DSG1: Desmoglein-1; FLG2: Filaggrin 2; GAPDH: Glyceraldehyde 
3-Phosphate Dehydrogenase; JUP: Junction Plakoglobin, TGM3: Transglutaminase 3; 
UBA52: Ubiquitin-60s Ribosomal Protein L40

ARTICLE INFO

Introduction
Exhaled breath condensate (EBC) analysis is a rapidly growing 

field of research and may be a useful non-invasive technique to 
evaluate lung pathology. Several studies have used EBCs to detect 
inflammatory proteins and biomarkers in various lung pathologies 
including asthma, cystic fibrosis and Obstructive sleep apnea [1-3]. 
While this has been established as a promising tool in older children  
who are awake and can follow instructions to provide exhaled breath  

 
condensate, research is limited except for one study [4] that applied 
this technique to younger infants and those who are mechanically 
ventilated. In the present study, we report that EBC can be used to 
capture relevant molecular data representing the course of severe 
RSV bronchiolitis in hospitalized infants. Bronchiolitis is the most 
common cause of lower respiratory tract infection during the first 
year of life, and accounts for the majority of hospital admissions [5-
7]. It is characterized by acute inflammation, edema and necrosis 
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of epithelial cells lining small airways, increased mucus production 
and bronchospasm” [8].

Respiratory syncytial virus (RSV) is the most common cause 
of lower respiratory tract infections in young children, though 
other respiratory viruses can lead to a similar presentation [9]. 
Up to 3% of children with bronchiolitis are hospitalized and about 

1% of them require ICU admission, intubation and are at risk 
of death. Despite the high hospitalization rate for patients with 
bronchiolitis, controversy still exists regarding optimal treatment 
of these patients. The field lacks mechanistic evidence to advance 
therapeutic options [10-12]. The risk factors for otherwise healthy 
children who develop severe bronchiolitis requiring mechanical 
ventilatory support are ill defined.

Methods

Figure 1: Ventilatory circuit showing valve-less R‐ tube vent placed in the expiratory limb, proximal to the patient to minimize 
dead‐space.

The study was conducted in compliance with the protocol 
approved by the Penn State Hershey Children’s Hospital 
Institutional Review Board (IRB) (PRAMS00042372), the relevant 
federal regulations, and IRB policies and procedures. Subjects 
were identified as infants with clinical diagnosis of acute severe 
bronchiolitis and who needed intubation and mechanical ventilation 
and informed consent was obtained from all participants included 
in the study. Children who were born preterm or experienced 
prior wheezing episodes, or had prior use of systemic or inhaled 
corticosteroids, were excluded from the study. EBC was collected 
in identified subjects within 24 hours of intubation and at 1 day 
intervals from that point forward until 3 samples were obtained 
from each subject. Samples were collected using an RTube VENT 
collection device consisting of valve-less tube structure with a 
cooling sleeve (Respiratory Research, Inc., Austin, TX) (Figure 1).

The RTube was connected to the expiratory limb of the 
ventilatory circuit proximal to the patient to limit the dead space 
proximal to sample collection by the trained study team. The 
vital signs and oxygen requirement and ventilator settings were 
documented by the study team before connecting the RTube 
and then the R-tube was connected for 15 minutes and then 
disconnected. Subjects were monitored by respiratory therapists 

who are oriented and trained throughout the time of sample 
collection and any significant changes in the patient parameters for 
during and after sample collection. Subject’s oxygen requirement, 
ventilator settings and vital signs were recorded before and after 
each sample was collected. The breath condensate was then 
aspirated from the RTube and aliquoted immediately to be frozen at 
-80oC until processing. For mass spectrometry, breath condensates 
were lyophilized overnight and re-suspended in 20 μL MilliQ H2O.

Proteins were denatured by 200 μL 8M Urea in 0.1 M Tris-HCL, 
pH 8.5 (urea solution) and trypsin digestion was performed by 
addition of 4 mg trypsin in 75 μL of 50 mM NH4HCO3 and incubated 
overnight at 48oC. Peptides were fractionated by LC-MS/MS using 
an AB SciEX Triple TOF 5600 instrument. Peptide fingerprints were 
matched against the Swiss-Prot protein database using ProteinPilot 
4.5 beta software.

Results
As a feasibility and safety study we collected 6 samples in total 

from 2 subjects (3 from each) at 24 hour intervals. Both subjects 
were less than one year of age (4 months and 8 months) and born 
at full term with no other known comorbidities such as premature 
birth, congenital malformations or previous history of asthma 
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or use of inhaled or systemic steroids in the past. Both subjects 
were tested positive for respiratory syncytial virus on analysing 
their nasopharyngeal aspirates. Approximately 1 ml of EBC in 
each sample was collected at each sample collection. The subjects 
tolerated the sample collection via the RTubes with no significant 
changes in pulse oximeter, supplemental oxygen requirement, heart 
rate, or respiratory rate during or after sample collection when 
compared to their baseline profile. Proteomic analysis of the EBC 
identified over 200 different proteins using Proteinpilot software.

Applying a stringent local false discovery rate (FDR) of >2, 
approximately 50 proteins (range 23-140) were confidently 
identified in each sample. Nine proteins, namely HRNR, KRT1, 
KRT4, KRT5, KRT9, KRT10, KRT14, KRT16, and KRT6A were 
consistently expressed in samples from both subjects and on all 3 
days of sample collection. Expression of these proteins has been 

consistently documented in various inflammatory conditions 
such as atopic dermatitis and lung cancer [13-15]. We identified 
5 proteins on both days 2 and 3 of intubation but not day 1, 
Namely Zinc Alpha 2 Glycoprotein (AZGP1), Caspase 14 (CASP14), 
Dermcidin (DCD), Desmoplakin (DSP), and Lysozyme (LYZ) which 
have been studied in immune regulation and cellular adhesion 
[16-18]. There were 12 proteins identified only in the day3 EBC 
sample in both subjects: Albumin (ALB), Annexins A1 and A2 
(ANXA1, ANXA2), Chromosome 1 Open Reading Frame 68 Protein 
of Unknown Function (C1orf68), Cystatin B (CSTB), Desmocollin-1 
(DSC1), Desmoglein-1 (DSG1), Filaggrin 2 (FLG2), Glyceraldehyde 
3-Phosphate Dehydrogenase (GAPDH), Junction Plakoglobin (JUP), 
Transglutaminase 3 (TGM3), Galectin-7 (LGALS7/LGALS7B), and 
Ubiquitin-60s Ribosomal Protein L40 (UBA52) (Figure 2). These 
have been implicated in transcriptional signalling and ribosomal 
biogenesis [19,20].

Figure 2: Sequential Venn diagram highlighting the common proteins expressed on Day 1, Day 2 and Day 3 of mechanical 
ventilation in severely ill bronchiolitis infants.
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Proteomic data sets from 3 consecutive days common to 
both subjects were analysed using the Database for Annotation, 
Visualization and Integrated Discovery (DAVID) for gene ontology 
term in order to identify biological processes during RSV infection. 
The top functional annotation systems in proteins isolated from 
day 1 samples suggested predominantly epithelial injury and the 

top functional annotation systems identified from day 2 suggested 
impairment of epithelial barrier function and intercellular 
communication. The top functional annotation systems from day 3 
suggested that the main functional elements involve tissue repair 
and cell differentiation (Table 1) However given our small sample 
size we report this as a trend in pathophysiology.

Table 1: Demographic information on the two subjects and their cardiorespiratory parameters compared before and after exhaled 
breathe condensate collection.

Demographic parameters

Age range in months 4-8 months (n=2)

Gender (M: F) 1:1

Race (Caucasian: African American) 1:1

Before After

Fractional inspired Oxygen (FiO2) requirement (mean value) 0.3-0.45(0.366) 0.3-0.45(0.366) (n= 6 data points)

Heart rate in beats per min (mean value) 145-184(159.5) 137-171(155.16) (n=6) p=0.33

Respiratory rate in breaths per min (mean value) 14-60(34) 17-62(34.3) (n=6) p=0.96

Oxygen saturation (mean value) 98-100(99.19) 98-100(98.83) (n=6) p=0.17

Discussion
EBC has been used as a non-invasive tool to evaluate lung lining 

fluid. However, its use has been limited in acutely ill pediatric patients 
due to the complexity of obtaining the samples. In our study we 
have demonstrated safe collection of EBC samples from intubated 
and mechanically ventilated infants with RSV bronchiolitis with 
no observed cardiorespiratory decompensation. We were able to 
collect sufficient quantity with good yield of protein in the sample 
to meaningfully evaluate the underlying lung pathology. Regarding 
RSV bronchiolitis therapy, there is limited evidence of role for 
steroids, nebulized epinephrine, helium oxygen or surfactant due 
to the lack of clear understanding of the underlying causes of the 
variation in clinical presentation. Our study seeks to evaluate the 
safety and yield of exhaled breath condensate sampling to analyse 
inflammatory proteins in acutely ill RSV infected infants. Evaluating 
serial samples in a time progression design in the same patient 
could be of value in determining the progression and trajectory 
of the disease and the readiness for extubation. Our findings offer 
support for a prospective study on a larger cohort of intubated and 
mechanically ventilated infants with bronchiolitis, to establish the 
underlying pathology and progression of the disease.
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