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INTRODUCTION 

 

Not so long, only 150 years ago, diabetes was diagnosed by tasting the urine of the 

patients. Today we are used to detect large numbers of illnesses by laboratory tests 

performed on urine and blood samples. Last year some newspapers reported that 

dogs could be trained to make the difference between the breath of healthy persons 

and patients with lung cancer. Our investigations were motivated by the dream, 

that one day pulmonary diseases will be diagnosed upon the breath. 

 

On cold winter days our breath becomes visible. Similarly when breathing for 

some minutes in a cold tube the exhaled vapour condenses on its wall and can be 

collected as a liquid. This liquid is called exhaled breath condensate (EBC). 

 

Exhaled breath is composed in 99.9% of water. Different volatile and non volatile 

components were found in this solution by the earlier studies: ammonia, oxygen 

species, hydrogen-peroxide, aldehids, organic acids, ions, arachidonic acid 

metabolits, leukotrienes, nitrite and nitrate, nitrosothiol, glutathion, nitrotyrozin, 

cytokines and other peptides, urea, adenosine and DNA. 

 

The concentration of some of these components may increase in different airway 

diseases. The components can gain the role of biomarkers, as their elevated level 

refers to a pathologic state. Investigation of exhaled biomarkers may explain 

steroid resistance or provide prognostic markers in asthma and COPD. They may 

be useful in the monitoring of chronic conditions like primary pulmonary 

hypertension or for the detection of infection or rejection after lung transplantation. 

Testing the usefulness of exhaled biomarkers for the screening of lung cancer is 

justified. 
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The most extensively studied biomarker of the exhaled breath condensate is pH. 

Different components of the condensate, carbon-dioxide, ammonia, organic acids 

and peptides all contribute to define the pH. Acidification of the exhaled breath 

condensate was described in asthma, COPD, bronchiectasis, cystic fibrosis, allergic 

rhinitis, and in case of acute and chronic rejection after lung transplantation. The 

exhaled breath pH was found to normalise with steroid treatment in the 

exacerbation of asthma and COPD. 

 

Thus, analysis of exhaled breath condensate is a promising method. However, 

exhaled biomarker levels are highly variable. The concentration of the components 

is most often around the limit of detection. Regarding some biomarkers different 

studies may find substantially different results. The reproducibility of the tests is 

rarely reported and the mentioned data are disappointing. In summary, no single 

biomarker has been identified in the exhaled breath condensate that could be 

measured by several independent groups over the limit of detection with good 

reproducibility. 

 
The pH readings are disturbed by the volatile components of the exhaled breath 

condensate. Two methods have been currently used for the determination of the 

pH: measurement in neat samples and after 10 minutes argon bubbling. The inert 

gas has been supposed to remove all volatile components of the condensate 

allowing the measurement of non-volatile acidity. However, the complete removal 

of carbon-dioxide and ammonium of the samples has not been proven. 
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AIMS 

 

The first aim of our work was the identification of a reliably detectable biomarker 

in the exhaled breath condensate. Reliability is defined by a good reproducibility, 

with other words a measurement that gives the same result when repeated twice on 

the same sample. 

 

The second aim was the detection of a biomarker that is able to differentiate 

between healthy persons and patients. This can be achieved even if a biomarker is 

undetectable in controls but passes the limit of detection in patients. Therefore, 

theoretically less severe analytical criteria are needed to reach this second aim. Our 

detailed questions were as follows: 

 

1. Is it possible to eliminate the disturbing effect of the volatile components 

on the pH readings? 

- Does the breath condensate pH of asthmatic patients differ from healthy 

controls’? 

2. Is it possible to reliably detect some inflammatory mediators (LTB4, cys-

LT, IFNγ, TNFα, endothelin-1 and total protein content) in the exhaled 

breath of healthy persons? 

- Is there a difference in the LTB4 concentration of the exhaled breath 

between asthmatic or COPD patients and healthy controls? 

- Is there a difference in the TNFα concentration of the exhaled breath 

between patients with lung cancer and COPD? 

- Is there a difference in the endothelin-1 concentration of the exhaled 

breath between patients with primary pulmonary hypertension and healthy 

controls? 
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 METHODS 

 

Study design 

 

1. 1) The carbon-dioxide and ammonium content of the exhaled breath 

condensate of 12 healthy participants was measured in neat samples and 

after argon bubbling. 2) A calculation was elaborated for the elimination 

of the disturbing effect of carbon-dioxide on pH readings. 3) The 

reliability of the currently used pH readings was compared. 4) The day-to-

day variability of the exhaled breath condensate pH and 5) the effect of 

the condenser type and 6) the condensing temperature on the exhaled 

breath condensate was tested in 12 healthy persons. 

- The exhaled breath condensate pH of 12 healthy participants and 12 

asthmatic patients was compared. 

2. The LTB4, cys-LT, IFNγ, TNFα, endothelin-1 and total protein content of 

the exhaled breath condensate of 12 healthy participants was determined. 

- The LTB4 concentration of the exhaled breath condensate of 12 healthy 

participants and 12 asthmatic and 12 COPD patients was compared. 

- The TNFα concentration of the exhaled breath condensate of 12 COPD 

and 27 lung cancer patients was compared. 

- The endothelin-1 concentration of the exhaled breath condensate of 13 

healthy controls and 15 patients with primary pulmonary hypertension 

was compared. 
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Participants 

 

Healthy non-smoker individuals were recruited among our colleagues. At least 12 

persons were involved in one study. Altogether 22 volunteers participated (14 

women, 8 men; mean age 41 years; FVC>90%, FEV1>80%, FEV1/FVC>70%). No 

important illness could be revealed in their medical history. 

 

Asthmatic patients were recruited at the outpatient clinic of the institute. 12 

extrinsic asthmatic patients were involved (7 women, 5 men; mean age 43 age; 

FVC>90%, FEV1>80%, FEV1/FVC>70%; treatment: inhalative steroids or β2-

mimetics). 

 

COPD patients were recruited from the III. Department of Pulmonology of the 

OKTPI. 12 patients were involved (4 women, 8 men; mean age 55 years;  FVC: 

92±22%, FEV1: 70±27%, FEV1/FVC: 62±13%) who were not receiving any 

treatment. 

 

Lung cancer patients were recruited from the III. Department of Pulmonology of 

the OKTPI. 27 patients were involved (10 women, 17 men; mean age 61 years; 

FVC: 88±21%, FEV1: 77±22%, FEV1/FVC: 72±12%; histology: planocellular 

carcinoma: 11, adenocarcinoma: 10, microcellular carcinoma: 4, macrocellular 

carcinoma: 1, anaplastic carcinoma: 1; stage: ST I: 1, ST II: 8, ST III: 8, ST IV: 10) 

at the time of discovering their tumour and before the beginning of chemotherapy. 

 

Patients with pulmonary hypertension were recruited from the Department of 

Cardiology of the OKTPI. 15 patients were involved (5 women, 10 men; mean age 

47 years; mean PAP: 72±19 mmHg; 10 primary pulmonary hypertension, 5 

secondary pulmonary hypertension). 
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The ethics committee of the National Korányi Institute for TB and Pulmonology 

approved all study projects. Participants gave their written informed consent. 

 

Breath condensate collection 

 

Exhaled breath condensate was collected in the morning hours. Participants were 

allowed to take breakfast. They were asked to breathe in their normal rhythm, with 

tidal volume, for 10 minutes by inhaling through the nose and exhaling through the 

mouth.  

 

For pH, LTB4, cys-LT and total protein measurements samples were collected with 

three different condensers (EcoScreen, R-Tube and Anacon). In addition the 

collection with R-Tube was repeated with the metal cover pre-cooled to  -20ºC and 

-70ºC. For IFNγ, TNFα and endothelin-1 measurements samples were only 

collected with EcoScreen. For leukotriene and protein detections the polypropylene 

collector cap was covered with Tween 20 to reduce absorbtion of the biomarkers to 

the plastic surface. 

 

The collected samples were pipetted into plastic test tubes (Eppendorf AG, 

Hamburg,Germany). In 10 minutes 1.5-2.5 ml condensate was collected. For total 

protein and cytokine detection protein lobind tubes were used to reduce absorption 

of the biomarkers to the plastic surface. Samples were stored at -70°C until 

measurement for no longer than 1 month. 
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Carbon-dioxide measurements 

 

The carbon-dioxide content of the exhaled breath condensate was measured with 

blood gas analyser (ABL 520, Radiometer, Copenhagen, Denmark). First, the CO2 

partial pressure (pEBCCO2) of the neat samples was found to be variable namely 

between the physiologic alveolar pCO2 (40 Hgmm, 5.33 kPa) and the 

environmental pCO2 (0.5%, 0.5 kPa). Secondly, CO2 could not be completely 

removed from the condensate. Neither the bubbling with argon for as long as 20 

minutes, nor the other techniques (bubbling with helium or nitrogen for 20 

minutes, treatment with ultrasound for 20 minutes, vortexing for 10 minutes) were 

effective in liberating the samples from CO2. Thirdly, the reduction of pEBCCO2 

upon argon bubbling was not predictable. 

 

pH measurements 

 

A calculation was developed to eliminate the disturbing effect of CO2 on exhaled 

breath condensate pH readings. The calculated pH value was compared to the 

widely used neat and bubbled pH readings. 

 

All three pH determinations were done with blood gas analyser (ABL 520, 

Radiometer, Copenhagen, Denmark). Samples were pipetted in glass capillaries for 

the measurements. The three methods differ in the preparation and not the 

measurement itself. The main difference is in the gas with which the samples are 

treated: the neat measurement does not need gas treatment, the bubbled 

measurement uses argon and the calculated method uses carbon-dioxide perfusion. 

 

Neat pH: Measurement done on capillaries filled immediately after sample 

collection without any pre-treatment. 
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Bubbled pH: Measurement done on capillaries filled after 10 minutes argon 

bubbling of the sample. 

 

Each EBC sample was divided into 250 µl aliquots in 8 plastic tubes. Aliquots 

were simultaneously bubbled with argon (Argon 4.6; Messer Hungarogáz Kft, 

Budapest, Hungary) using a purpose made bubbling device having 8 arms. The 

device assured the same argon flow (300 ml/min) in every plastic tube. Samples 

were deaerated in duplicates for 2.5, 5, 7.5 and 10 min and aliquots were taken for 

pH and CO2 determination after each deaeration period.  

 

Calculated pH: Calculation done on the basis of pEBCCO2-pH plots obtained after 

repeated carbon-dioxide perfusion of the samples. 

 

The detailed way of the calculation is as follows. Carbon-dioxide gas (Carbon-

dioxide 4.5; Messer Hungarogáz Kft, Budapest, Hungary) was perfused in the 

samples. The perfusion was repeated four times for very short 1s periods. A glass 

capillary was filled for pEBCCO2 and pH measurements before starting the 

procedure and after each filling period. The CO2 partial pressure increased rapidly 

with the perfusion. The 1s long perfusion periods resulted in stepwise increase of 

the pEBCCO2 in the interval of 0-50 kPa. The pEBCCO2-pH plots were graphically 

depicted. The regression equity obtained by the plots allowed the calculation of the 

pH corresponding to any pEBCCO2 level. As the physiologic alveolar pCO2 is stable 

at 40 mmHg (5.33 kPa) this value was chosen for the calculations. 

 

Comparison of pH measurements: The reproducibility of three pH determinations 

(neat, bubbled and calculated) was compared. Samples were divided in two equal 

parts. 6 pH measurements were done on each part: 1-1 neat measurement, 1-1 
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measurement after 10 minutes argon bubbling and 4-4 measurements after carbon-

dioxide perfusion for calculating the pH corresponding to 5.33 kPa ppáraCO2. 

 

Variability of breath condensate pH: The variability of condensate pH was 

characterised by the difference in values obtained on samples collected on two 

different days. 

 

Measurement of ammonium, leukotrienes, cytokines, protein and amilase 

 

Ammonium concentration was determined spectrophotometrically. LTB4, cys-LT, 

IFNγ, TNFα and endothelin-1 were measured with immunoassay kits. Total protein 

content was determined with the Bradford method. 

 

Amilase activity of the samples was tested to rule out a possible salivary 

contamination. 

 

Statistical analyses 

 

A pH-p
EBC

CO2 plot was created for each sample using the data collected by the 

blood gas analyser. Logarithmic regression and coefficient of determination (r2) 

were calculated.  The pEBCCO2 and pH values obtained in the neat sample and after 

carbon-dioxide perfusions were used to calculate pH at a standardised pEBCCO2 

level (5.33 kPa). 

 

Bland-Altman test was performed to compare reproducibility of pH readings. 

Paired t-test and ANOVA followed by post hoc test was applied for comparison of 

different groups. Data are given in mean±SD. GraphPad Prism 4.0 (GraphPad 

Software Inc., San Diego, CA) was used for all statistical analyses. 
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RESULTS 

 

Neat values: CO2 level varied in a broad range in neat condensate samples: 4.31-

0.67 kPa (2.20±0.65). Corresponding pH values in neat EBC samples were 

between 6.17-7.19 (6.89±0.31).  

 

Bubbled values: The time course of CO2 removal was not predictable. The 

p
EBC

CO2 could not be reduced to a standard level at a given time point, and the 

reduction of p
EBC

CO2 was not proportional to time. In EBC samples deaerated for 

10 minutes p
EBC

CO2 was variable between samples in the range of 0.44-0.09 

(0.22±0.1) with corresponding pH of 7.39-8.36 (7.91±0.31).  

 

Calculated values: Loading samples with carbon-dioxide revealed a close negative 

logarithmic correlation between p
EBC

CO2 and pH (r2>0.99, p<0.01). The 

correlation allows the calculation of condensate pH at any standardised p
EBC

CO2. 

5.33 kPa was chosen because it is suspected to be identical to the alveolar surface 

lining fluid pCO2 level of healthy persons in physiologic conditions. The mean 

EBC pH standardised to 5.33 kPa CO2 partial pressure was in the range of 6.06-

6.96 (6.54±0.30). 

 

Measurement of ammonium: There was no significant difference between 

ammonium concentrations before and after deaeration by argon for 10 min (86±70 

and 82±65 µM/l). There was no correlation between ammonium levels and pH, 

neither before (r2=0.09) nor after deaeration (r2=0.01) nor with the calculated 

values (r2=0.15). 

 

Reproducibility of pH readings: The limits of agreement for parallel samples 

determined by the Bland-Altman test were 0.27 for the bubbled, 0.25 for the neat 
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and 0.04 for calculated values. These results show that pH standardised to p
EBC

CO2 

is approximately six times more precise than pH measurement of either neat or 

bubbled samples. Calculation of the coefficient of variation (CV) is not an 

appropriate statistical test to determine reproducibility of a method. Still we 

provide the coefficients of variation for the purpose of comparison with other 

studies. The CV was found to be 3.9% for the bubbled, 4.5% for the neat and 3.3% 

for the calculated values. 

 

Variability of condensate pH: The pH of exhaled breath condensate showed daily 

variability when determined by either method. Mean difference of pH values 

between bubbled values was 0.359, between neat values 0.376 and between 

calculated values 0.278.  

 

Effect of the condenser on condensate pH: The pH of exhaled breath condensate 

collected with EcoScreen was significantly higher than the pH of samples collected 

with R-Tube or Anacon (6.45±0.20 vs. 6.19±0.23, p<0.05 and 6.10±0.26, p<0.001; 

respectively). There was a correlation between EBC pH values collected with R-

Tube and Anacon (r2=0.54, p<0.01) but no correlation was found between values 

of EcoScreen and either other device.  

 

Effect of the condensing temperature on condensate pH: Condensates collected by 

R-Tube at -70°C were more acidic than those collected at -20°C (5.82±0.07 vs. 

5.99±0.20, p<0.05). There was a correlation between EBC pH values collected at 

different temperatures (r2=0.59, p<0.004).  

 

Condensate pH of asthmatic patients: The close negative logarithmic correlation 

between pH and pEBCCO2 was detected in patients as well. The mean calculated pH 

of stable asthmatic subjects was 6.41±0.27 (range: 6.26-6.68). Calculated pH was 

as reproducible as that of healthy persons and no significant difference was found 
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between pH of stable asthmatic patients and healthy participants by any of the used 

pH reading methods. 

 

Measurement of inflammatory biomarkers in the breath condensate of healthy 

persons: LTB4, IFNγ and TNFα could not be detected in the breath condensate of 

healthy persons. Detectable 6 pg/ml endothelin-1 concentration was found in only 

one sample. The cys-LT activity was detectable in all samples at 65.8±17.0 pg/ml 

concentration when collected with EcoScreen but it was undetectable when 

collected with the other two devices. 

 

The total protein concentration depends on the condenser device. The mean total 

protein concentration in samples obtained with EcoScreen was higher when 

compared to the other two devices. However, only the difference between 

EcoScreen and Anacon samples was significant (3.89±2.03 vs. 2.65±1.98, n.s. and 

1.88±1.99 µg/ml, p<0.004). There was a correlation between protein content 

collected with R-Tube and Anacon (r2=0.74, p<0.0003) but no correlation was 

found between values of EcoScreen and either other device. 

 

There was no significant difference in total protein concentration of samples 

collected by R-Tube at different temperatures (2.74±0.99 µg/ml at –20°C vs. 

2.41±0.92 µg/ml at –70°C). There was a correlation between total protein 

concentrations collected at different temperatures (r2=0.42, p<0.05). 

 

Detection of LTB4 activity in asthmatic and COPD patients: No detectable LTB4 

activity could be found in the patients’ samples. 

 

Detection of TNFα activity in lung cancer patients: TNFα could be detected in five 

lung cancer and one COPD patient in the range of 15-25 pg/ml with the less 
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sensitive kit. No TNFα could be detected in any samples with the more sensitive 

kit. 

 

Detection of endothelin-1 in patients with primary pulmonary hypertension: 

Endothelin-1 was detected in only 3 patients in the range of 4-6 pg/ml. 

 

No amilase activity was found in the samples. The mean amilase activity of the 

saliva is 100 U/ml. Considering the limit of detection of the methods our result 

means that salivary contamination is less than 1:1000 that is less than 1 µl saliva 

can be present in 1 ml of condensate. 

 

CONCLUSION 

 

We fulfilled our first aim by developing a method that eliminates the disturbing 

effect of the volatile components on exhaled breath condensate pH readings. The 

calculated pH is currently the most reliable pH determination and the ever most 

reliable biomarker determination in the exhaled breath condensate. The 

measurement of protein is not reliable and LTB4, cys-LT, IFNγ, TNFα and 

endothelin-1are undetectable in the breath of healthy individuals and patients as 

well.  

 

Our second aim to find a biomarker that would differentiate between healthy 

persons and patients requires further investigations. However, the determination of 

the pH in the exhaled breath condensate has been proven valuable in solving some 

methodological problems. We propose the use of pH readings in the 

standardisation of exhaled breath condensate collection. 
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