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(IFCC Emerging Technologies Division, WG-Vol) 

 

INTRODUCTION  

The IFCC Emerging Technology Division (ETD) is dedicated to providing current 
awareness for emerging technologies likely to have important clinical diagnostic 
applications in the near future. One of those technologies is volatolomics (breathomics) 
(i.e., breath analysis).  

 

This is the final update of the volatolomics survey  tps://www.ifcc.org/media/478026/2019-
06-volatolomics.pdf)  and it primarily covers the 2020 and 2021 scientific literature.   

 

1. VOLATOLOMICS AND BREATH ANALYSIS IN THE NEWS  

General  

• Alan. Tech Companies Partner on Covid-19 Breath Test. 2021;Feb 25. 
https://sciencebusiness.technewslit.com/?p=41050. 

• Behrends W. Breathomics: far more than hot air. Healthcare-in-Europe. 06-04-2020. 
https://healthcare-in-europe.com/en/news/breathomics-far-more-than-hot-air.html 

• Ketchum K. Brown University Researchers Develop RNA- Based Breath Test for COVID-
19. Genomeweb. 2021:Nov 9. https://www.genomeweb.com/covid-19/brown-university-
researchers-develop-rna-based-breath-test-covid-19#.YY1JXKBOmZw. 

Clinical  

• NASDAQ Market News. Medivolve and Marvel Diagnostics Successfully Complete First 
Stage Clinical Testing of BlowFISH, a Non-Invasive Exhaled Breath Diagnostic Technology 
For COVID-19, Developed by a UCLA Research Team Led by Dr. Pirouz Kavehpour. 
PM360. 2021;May 5. https://www.pm360online.com/medivolve-and-marvel-diagnostics-
successfully-complete-first-stage-clinical-testing-of_blowfish-a-non-invasive-exhaled-
breath-diagnostic-technology-for-covid-19-developed-by-a-ucla-research-team-led/. 

tps://www.ifcc.org/media/478026/2019-06-volatolomics.pdf
tps://www.ifcc.org/media/478026/2019-06-volatolomics.pdf
https://healthcare-in-europe.com/en/news/breathomics-far-more-than-hot-air.html
https://www.pm360online.com/medivolve-and-marvel-diagnostics-successfully-complete-first-stage-clinical-testing-of
https://www.pm360online.com/medivolve-and-marvel-diagnostics-successfully-complete-first-stage-clinical-testing-of
https://www.pm360online.com/medivolve-and-marvel-diagnostics-successfully-complete-first-stage-clinical-testing-of
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Webinars  

• Focant J-F. Recent applications in volatolomics. Facebook. 2021. 
https://www.facebook.com/events/belgium/recent-applications-in-
volatolomics/159554082766212/. 

 

2. A-Z DIRECTORY OF COMPANIES ACTIVE IN THE CLINICAL DIAGNOSTIC 
APPLICATIONS OF VOLATOLOMICS (BREATH ANALYSIS)  

• Avisa Diagnostics (https://www.avisadx.com) 

• Breathomix (https://www.breathomix.com/team/) 

• Medivolve Inc (https://medivolve.ca) 

 

3. CLINICAL TRIALS  

 

4. ANALYZERS AND REGULATORY APPROVALS  

 

5. LITERATURE BY TOPIC – DIAGNOSTIC APPLICATIONS  

5.1. ANALYZERS, SENSORS AND METHODS  

Artificial intelligence  

• Aslam MA, Xue C, Chen Y, et al. Breath analysis based early gastric cancer classification 
from deep stacked sparse autoencoder neural network. Sci Rep 2021;11:4014. 
https://doi.org/10.1038/s41598-021-83184-2. 

• Thomas J, Roopkumar J, Patel T. Machine learning analysis of volatolomic profiles in 
breath can identify non-invasive biomarkers of liver disease. Res Square; 2021. doi: 
10.21203/rs.3.rs-192281/v1.  

  

https://www.facebook.com/events/belgium/recent-applications-in-volatolomics/159554082766212/
https://www.facebook.com/events/belgium/recent-applications-in-volatolomics/159554082766212/
file:///C:/Users/colli-lanzi/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/P40O74BV/(https:/www.avisadx.com)%0d
https://www.breathomix.com/team/
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Electronic nose 

• Dragonieri S, Quaranta VN, Carratù P, et al. Breathing rhythm variations during wash-in do 
not influence exhaled volatile organic compound profile analyzed by an electronic nose. 
Molecules 2021;26:2695. https://doi.org/10.3390/molecules26092695. 

• Ivneet B, Anirban P, Sriram M, Shalini P. ZENose (ZIF-Based Electrochemical Nose) 
platform for noninvasive ammonia detection. ACS Appl Mater Interf 2021;13:16155-16165. 
doi: 10.1021/acsami.1c02283.  

• Moor CC, Oppenheimer JC, Nakshbandi G, et al. Exhaled breath analysis by use of eNose 
technology: a novel diagnostic tool for interstitial lung disease. Eur Resp J 
2021;57:2002042. doi: 10.1183/13993003.02042-2020.  

Infrared 

• Fufurin IL, Anfimov DR, Kareva ER, et al. Numerical techniques for infrared spectra 
analysis of organic and inorganic volatile compounds for biomedical applications. Opt Eng 
2021;60:082016. https://doi.org/10.1117/1.OE.60.8.082016. 

Mass Spectrometry 

• Belluomo I, Boshier PR, Myridakis A, et al. Selected ion flow tube mass spectrometry for 
targeted analysis of volatile organic compounds in human breath. Nat Protoc 2021;16:3419-
38. https://doi.org/10.1038/s41596-021-00542-0. 

• Henderson B, Slingers G, Pedrotti M, et al. The peppermint breath test benchmark for PTR-
MS and SIFT-MS. J Breath Res 2021;15 046005. 

• Lin G-P, Vadhwana B, Belluomo I, et al. Cross platform analysis of volatile organic 
compounds using selected ion flow tube and proton-transfer-reaction mass spectrometry. J 
Am Soc Mass Spectrom  2021;32:1215-23. https://doi.org/10.1021/jasms.1c00027. 

• Marder D, Tzanani N, Baratz A, et al. A multiple-method comparative study using GC-MS, 
AMDIS and in-house-built software for the detection and identification of "unknown" VOC’s 
in breath. J Mass Spectrom 2021;e4782. https://doi.org/10.1002/jms.4782.  

• Pleil JD, Lowe CN, Greer MAG, William AJ. Using the US EPA CompTox Chemicals 
Dashboard to interpret targeted and non-targeted GC–MS analyses from human breath and 
other biological media. J Breath Res 2021;15:025001. 

Nanotechnology  

• Nag S, Castro M, Choudhary V, Feller J-F. Boosting selectivity and sensitivity to biomarkers 
of quantum resistive vapour sensors used for volatolomics with nanoarchitectured carbon 
nanotubes or graphene platelets connected by fullerene junctions. Chemosensors 
2021;9:66. https://doi.org/10.3390/chemosensors9040066. 

https://doi.org/10.3390/molecules26092695
https://doi.org/10.1117/1.OE.60.8.082016
https://doi.org/10.1038/s41596-021-00542-0
https://doi.org/10.1021/jasms.1c00027
https://doi.org/10.1002/jms.4782
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• Naseri N, Kharraz S, Abdi K, Alizadeh R. Fabrication of an SPME fiber based on ZnO@GA 
nanorods coated onto fused silica as a highly efficient absorbent for the analysis of cancer 
VOCs in water and urine. Anal Chim Acta 2021;338983. 
https://doi.org/10.1016/j.aca.2021.338983. 

• Zhou Y, Zhang Y, Xue C, et al. Hydrochromic NiI2/(CH3)4NI derived humidity self-adaptive 
nano-electronic for precisely tracking gastric cancer-related volatile markers under humid 
condition. Chem Eng J 2021;425:130543. https://doi.org/10.1016/j.cej.2021.130543. 

Sensor array 

• Mougang YK, Di Zazzo L, Minieri M, et al. Sensor array and gas chromatographic detection 
of the blood serum volatolomic signature of COVID-19. iScience 2021;24:102851. 
https://doi.org/10.1016/j.isci.2021.102851. 

• Panchal S, Phadke A, Gopinathan U, Datar S. Development of a polymer modified Quartz 
Tuning Fork (QTF) sensor array based Volatile Organic Compound (VOC) classifier. IEEE 
Sens J 2021; doi: 10.1109/JSEN.2021.3099537. 

 

5.2. APPLICATIONS  

Ageing 

• Sukul P, Grzegorzewski S, Broderius C, et al. Breathomics of healthy female aging: Physio-
metabolic effects of puberty, teenage, reproductive and postmenopausal life on exhaled 
biomarkers. https://ssrn.com/abstract=3872038 or http://dx.doi.org/10.2139/ssrn.3872038.  

Animal Studies  

• Goedicke-Fritz S, Werner T, Niemarkt HJ, et al. Detection of volatile organic compounds as 
potential novel biomarkers for chorioamnionitis – Proof of experimental models. Front. 
Pediatr 2021:22 July | https://doi.org/10.3389/fped.2021.698489. 

• Lacalle-Bergeron L, Goterris-Castello R, Portoles T, et al. Novel sampling strategy for alive 
animal volatolome extraction combined with GC-MS based untargeted metabolomics: 
Identifying mouse pup pheromones. Talanta 2021;235:122786.  
https://doi.org/10.1016/j.talanta.2021.122786. 

Asthma 

• Foo HL, Balan P, Pang LM, et al. Role of the oral microbiome, metabolic pathways, and 
novel diagnostic tools in intra-oral halitosis: a comprehensive update. Crit Rev Microbiol 
2021;47:359-75. 

https://doi.org/10.1016/j.isci.2021.102851
https://ssrn.com/abstract=3872038
http://dx.doi.org/10.2139/ssrn.3872038.
https://doi.org/10.3389/fped.2021.698489
https://doi.org/10.1016/j.talanta.2021.122786
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• Holz O, Waschki B, Watz H, et al.  Breath volatile organic compounds and inflammatory 
markers in adult asthma patients: negative results from the ALLIANCE cohort.  Eur Resp J 
2021;57:2002127. doi: 10.1183/13993003.02127-2020. 

• Lammers A, Brinkman P, te Nijenhuis LH, et al. Increased day-to-day fluctuations in 
exhaled breath profiles after a rhinovirus challenge in asthma.  Allergy 2021;76:2488-99. 

• Pattnaik BR.  Association of exhaled breath signatures in Indian asthmatics: A pilot study. 
Am J Respir Crit Care Med 2021;203:A1388. 

• Peel A. Exhaled biomarkers in acute asthma. Doctoral thesis, University of East Anglia. 
2021. https://ueaeprints.uea.ac.uk/id/eprint/80211/. 

• Peltrini R, Cordell RL, Ibrahim W, et al.  Volatile organic compounds in a headspace 
sampling system and asthmatics sputum samples.  J Breath Res 2021;15:027102. 

• Principe S, van Bragt JJMH, Longo C, et al. The influence of smoking status on exhaled 
breath profiles in asthma and COPD patients. Molecules 2021;26:1357. 
https://doi.org/10.3390/molecules26051357. 

• Rutjes N, van den Bongaardt I, Hashimoto S, et al.  Prediction of asthma in early preschool 
wheezing by electronic nose analysis. Pediatr Allerg Immunol 2021: August 18. 
https://doi.org/10.1111/pai.13612. 

• Sharma R, Zang W, Zhou M, et al. Real time breath analysis using portable gas 
chromatography for adult asthma phenotypes. Metabolites 2021;1:265. 
https://doi.org/10.3390/metabo11050265.  

• Shute J. Biomarkers of asthma. Minerva Med 2021;Jul 8: doi: 10.23736/s0026-
4806.21.07381-x.  

• Sola-Martínez RA, Lozano-Terol G, Gallego-Jara J, et al. Exhaled volatilome analysis as a 
useful tool to discriminate asthma with other coexisting atopic diseases in women of 
childbearing age. Sci Rep 2021;11:13823. https://doi.org/10.1038/s41598-021-92933-2. 

• Wang C, Jiang S, Zhang S, et al. Research progress of metabolomics in asthma. 
Metabolites 2021;11:567. https://doi.org/10.3390/metabo11090567.  

Autoimmune disease 

• Zanella D, Guiot, J, Stefanuto PH, et al. Breathomics to diagnose systemic sclerosis using 
thermal desorption and comprehensive two-dimensional gas chromatography high-
resolution time-of-flight mass spectrometry. Anal Bioanal Chem 2021;413:3813–22. 
https://doi.org/10.1007/s00216-021-03333-4. 

  

https://ueaeprints.uea.ac.uk/id/eprint/80211/
https://doi.org/10.3390/molecules26051357
https://doi.org/10.1111/pai.13612
https://doi.org/10.1038/s41598-021-92933-2
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Cancer  

• Hassenfeld N. Cancer has a smell. Someday your phone may detect it. VOX Mar 11, 2021. 
https://www.vox.com/unexplainable/22323113/unexplainable-smell-mystery-nanonose. 

• Jones A. Dogs Are Teaching Machines to Sniff Out Cancer. The Scientist. Feb 18, 2021.  
https://www.the-scientist.com/news-opinion/dogs-are-teaching-machines-to-sniff-out-cancer-
68469. 

• Rodríguez-Aguilar M, de León-Martínez LD, Gorocica-Rosete P, et al. Application of 
chemoresistive gas sensors and chemometric analysis to differentiate the fingerprints of 
global volatile organic compounds from diseases. Preliminary results of COPD, lung cancer 
and breast cancer. Clin Chim Acta 2021;518,83-92. 
https://doi.org/10.1016/j.cca.2021.03.016. 

Breast cancer  

• de León-Martínez LD, Rodríguez-Aguilar M, Gorocica-Rosete P, et al. Identification of 
profiles of volatile organic compounds in exhaled breath by means of an electronic nose as 
a proposal for a screening method for breast cancer: a case-control study. 2020 J Breath 
Res 2020;14:046009. 

• Yang HY, Wang YC, Peng HY, et al. Breath biopsy of breast cancer using sensor array 
signals and machine learning analysis. Sci Rep 2021;11:103. 
https://doi.org/10.1038/s41598-020-80570-0. 

Gastric cancer  

• Aslam, M.A., Xue, C., Chen, Y. et al. Breath analysis based early gastric cancer 
classification from deep stacked sparse autoencoder neural network. Sci Rep 
2021;11:4014. https://doi.org/10.1038/s41598-021-83184-2. 

Lung cancer  

• Buma AIG, Muller M, Vries R, et al. eNose analysis for early immunotherapy response 
monitoring in non-small cell lung cancer. Lung Cancer 2021;160:36-43. 

• Ivneet KB, Anirban P, Shalini P.  Using an rtil-based electrochemical sensor platform for 
trace detection of heptane as biomarker for lung cancer.  ECS Meet Abstr 2021;MA2021-
01:1365. 

• Ivneet KB, Anirban P, Sardesai AU, Muthukumar S, Prasad S.  ZEUS (ZIF-based 
electrochemical ultrasensitive screening) device for isopentane analytics with focus on lung 
cancer diagnosis. RSC Adv 2021;11:20519-20528. doi:10.1039/D1RA03093K 

• Koureas M, Kalompatsios D, Amoutzias GD, Hadjichristodoulou C, Gourgoulianis K, 
Tsakalof A. Comparison of targeted and untargeted approaches in breath analysis for the 

https://www.vox.com/unexplainable/22323113/unexplainable-smell-mystery-nanonose
https://www.the-scientist.com/news-opinion/dogs-are-teaching-machines-to-sniff-out-cancer-68469
https://www.the-scientist.com/news-opinion/dogs-are-teaching-machines-to-sniff-out-cancer-68469
https://doi.org/10.1039/D1RA03093K
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discrimination of lung cancer from benign pulmonary diseases and healthy persons. 
Molecules 2021;26:2609. https://doi.org/10.3390/molecules26092609. 

• Lamote K, Van den Heuvel MM. Where the nose is going to help the eye: Sniffing lung 
cancer.  Lung Cancer 2021;154:P195-196. 
doi:https://doi.org/10.1016/j.lungcan.2021.02.003. 

• Peled N, Fuchs V, Kestenbaum EH, Oscar E, Bitran R. An update on the use of exhaled 
breath analysis for the early detection of lung cancer. Lung Cancer (Auckl) 2021;12:81-92. 
Published 2021 Aug 16. doi:10.2147/LCTT.S320493 

• Tsou P-H, Lin Z-L, Pan Y-C, et al. Exploring volatile organic compounds in breath for high-
accuracy prediction of lung cancer. Cancers 2021; 13:1431. 
https://doi.org/10.3390/cancers13061431. 

Mesothelioma  

• Disselhorst MJ, Vries R, Quisoel-Jannsen J, et al. Nose in malignant mesothelioma - 
Prediction of response to immune checkpoint inhibitor treatment. Eur J Cancer 
2021;152:60-7. 

Oral cancer 
• Mohamed N, van de Goor R, El-Sheikh M, et al. Feasibility of a portable electronic nose for 

detection of oral squamous cell carcinoma in Sudan. Healthcare 2021;9:534. 
https://doi.org/10.3390/healthcare9050534.  

Prostate cancer  
• Guest C, Harris R, Sfanos KS, et al.  Feasibility of integrating canine olfaction with chemical 

and microbial profiling of urine to detect lethal prostate cancer. PLoS ONE 
2021;16(2):e0245530. https://doi.org/10.1371/journal.pone.0245530. 

Cystic Fibrosis  
• Kos R, Brinkman P, Neerincx A, et al. Targeted exhaled breath analysis for detection of 

Pseudomonas aeruginosa in cystic fibrosis patients. J Cyst Fibr 2021;May 18: 
https://doi.org/10.1016/j.jcf.2021.04.015. 

• van Horck M, Smolinska A, Wesseling G, et al.   Exhaled volatile organic compounds detect 
pulmonary exacerbations early in children with cystic fibrosis: results of a 1 year 
observational pilot study. J Breath Res 2021;15:026012.  

Diabetes  
• Khan MS, Cuda S, Karere GM, Cox L, Bishop AC. Breath biomarkers of insulin resistance 

in pre-diabetic Hispanic adolescents with obesity. medRxiv 2021.06.23.21259399; doi: 
https://doi.org/10.1101/2021.06.23.21259399.  

Ethanol 

https://doi.org/10.3390/molecules26092609
https://doi.org/10.1016/j.lungcan.2021.02.003
https://doi.org/10.3390/cancers13061431
https://doi.org/10.1016/j.jcf.2021.04.015
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• Iitani K, Mizukoshi N, Toma K, et al. Biofluorometric real-time image sensing of 
transcutaneously emitted ethanol vapor by enzyme-immobilized mesh sheet. Meet Abstr 
2021; MA2021-01:1628. https://iopscience.iop.org/article/10.1149/MA2021-

01611628mtgabs/meta. 

Exercise 
• Henderson B, Lopes Batista G, Bertinetto CG, et al. Exhaled breath reflects prolonged 

exercise and statin use during a field campaign. Metabolites 2021;11:192. 
https://doi.org/10.3390/metabo11040192.  

Heart Failure  
• Borisov AV, Syrinka AG, Kuzmin DA,  et al. Application of machine learning and laser 

optical-acoustic spectroscopy to study the profile of exhaled air volatile markers of acute 
myocardial infarction. J Breath Res 2021;15.027104. 

Infectious Diseases  
• Vitense P, Kasbohm E, Klassen A, et al. Detection of Mycobacterium avium ssp. 

paratuberculosis in cultures from fecal and tissue samples using VOC analysis and 
machine learning tools. Front Vet Sci 2021: Feb 3. 
https://doi.org/10.3389/fvets.2021.620327. 

COVID-19 
o de Vries R, Vigeveno RM, Mulder S, et al.  Ruling out SARS-CoV-2 infection using 

exhaled breath analysis by electronic nose in a public health setting. medRxiv 
2021.02.14.21251712; doi: https://doi.org/10.1101/2021.02.14.21251712. 

o Ibrahim W, Cordell RL, Wilde MJ, et al. Diagnosis of COVID-19 by exhaled breath 
analysis using gas chromatography–mass spectrometry. ERJ Open Res 2021;7:00139-
2021. doi: 10.1183/23120541.00139-2021. 

o Industry Playbook. Medivolve and Marvel diagnostics partner for noninvasive SARS-
CoV-2 test. Clin Lab News 2021;47:38. 
https://www.aacc.org/cln/articles/2021/july/medivolve-and-marvel-diagnostics-partner-
for-noninvasive-sars-cov-2-test. 

o Mendel J, Frank K, Edlin L, et al. Preliminary accuracy of COVID-19 odor detection by 
canines and HS-SPME-GC-MS using exhaled breath samples. Forens Sci Intl: Synergy 
2021;3:100155. https://doi.org/10.1016/j.fsisyn.2021.100155. 

o Nurputra DK, Kusumaatmadja A, Hakim MS et al. Fast and noninvasive electronic nose 
for sniffing out COVID-19 based on exhaled breath-print recognition. Res Square 2021. 
doi: 10.21203/rs.3.rs-750988/v1. 

https://doi.org/10.3389/fvets.2021.620327
https://doi.org/10.1101/2021.02.14.21251712
https://www.aacc.org/cln/articles/2021/july/medivolve-and-marvel-diagnostics-partner-for-noninvasive-sars-cov-2-test
https://www.aacc.org/cln/articles/2021/july/medivolve-and-marvel-diagnostics-partner-for-noninvasive-sars-cov-2-test
https://doi.org/10.1016/j.fsisyn.2021.100155
https://doi.org/10.21203/rs.3.rs-750988/v1
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o Shan B, Broza YY, Li W, et al. Multiplexed Nanomaterial-Based Sensor Array for 
Detection of COVID-19 in Exhaled Breath. ACS Nano 2020;14:12125–32. 
https://doi.org/10.1021/acsnano.0c05657. 

o Snitz K, Andelman-Gur M, Pinchover L, et al. Proof of concept for real-time detection of 
SARS CoV-2 infection with an electronic nose. PLoS ONE 2021;16: e0252121. 
https://doi.org/10.1371/journal.pone.0252121. 

o Yuan ZC, Hu B. Mass Spectrometry-based human breath analysis: Towards COVID-19 
diagnosis and research. J Anal Test 2021. https://doi.org/10.1007/s41664-021-00194-
9. 

Malaria 

o Ivan I, Stella MM, Tandarto K, et al. Plasmodium falciparum breath metabolomics 
(Breathomics) analysis as a non-invasive practical method to diagnose malaria in 
pediatric. Indones J Trop Inf Dis 2021;9:24-32. 
http://dx.doi.org/10.20473/ijtid.v9i1.24069. 

Kidney 
• Kalidoss R, Umapathy S, Thirunavukkarasu UR. A breathalyzer for the assessment of 

chronic kidney disease patients’ breathprint: Breath flow dynamic simulation on the 
measurement chamber and experimental investigation. Biomed Signal Processing Control 
2021;70:103060. https://doi.org/10.1016/j.bspc.2021.103060. 

Liver Disease 
• Wu X, Zhang J, Xingyan Y, et al. Characterization of liver failure by the analysis of 

exhaled breath by Extractive Electrospray Ionization Mass Spectrometry (EESI-MS): A 
pilot study. Anal Letts 2021;54:1038-54. doi: 10.1080/00032719.2020.1793993.  

Metabolic disease 
• Lee JHJ, Zhu J. Analyses of short-chain fatty acids and exhaled breath volatiles in dietary 

intervention trials for metabolic diseases. Soc Exp Biol Med 2020;246:778-9. 
https://doi.org/10.1177/1535370220979952. 

Parkinson’s Disease  

• Sinclair E, Walton-Doyle C, Sarkar D, et al. Validating differential volatilome profiles in 
Parkinson’s Disease. ACS Cent Sci 2021:7:300–6. 

https://doi.org/10.1021/acscentsci.0c01028. 
  

https://doi.org/10.1021/acsnano.0c05657
https://doi.org/10.1371/journal.pone.0252121
http://dx.doi.org/10.20473/ijtid.v9i1.24069
https://doi.org/10.1016/j.bspc.2021.103060
https://doi.org/10.1080/00032719.2020.1793993
https://doi.org/10.1177/1535370220979952
https://doi.org/10.1021/acscentsci.0c01028
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Population screening 
• Sukul P, Richter A, Schubert JK, Miekisch W. Deficiency and absence of endogenous 

isoprene in adults, disqualified its putative origin. Heliyon 2021;7:e05922. 
https://doi.org/10.1016/j.heliyon.2021.e05922. 

• Woodfield G, Belluomo I, Boshier PR, et al. Feasibility and acceptability of breath research 
in primary care: a prospective, cross-sectional, observational study. BMJ Open 
2021;11:e044691. doi: 10.1136/bmjopen-2020-044691.  

• Yamanaka HR, Cheung C, Mendoza JS, et al. Pilot study on exhaled breath analysis for a 
healthy adult population in Hawaii. Molecules 2021;26:3726. 
https://doi.org/10.3390/molecules26123726. 

Pulmonary Disease 
• Binson VA, Subramoniam M, Sunny Y, Mathew L. Prediction of pulmonary diseases with 

electronic nose using SVM and XGBoost. IEEE Sens J 2021; doi: 
10.1109/JSEN.2021.3100390. 

• Hagens LA, Verschueren ARM, Lammers A, et al. Development and validation of a point-
of-care breath test for octane detection. Analyst 2021;146:4605-14. 
doi:10.1039/D1AN00378J. 

• Santos P, Vassilenko V, Conduto C, et al. Pilot study for validation and differentiation of 
alveolar and esophageal air. In: Camarinha-Matos LM, Ferreira P, Brito G. (eds) 
Technological Innovation for Applied AI Systems. DoCEIS 2021. IFIP Advances in 
Information and Communication Technology, 2021;626. Springer, Cham. 
https://doi.org/10.1007/978-3-030-78288-7_32. 

• Tsai Y-G, Shie R-H, Huang C-H, et al. Use of the electronic nose to screen for small 
airway dysfunction in schoolchildren. Sens Actuat B Chem doi: 
https://doi.org/10.1016/j.snb.2021.130395. 

Chronic Obstructive Pulmonary Disease (COPD)  
• Acevedo CMD, Vasquez CAC, Gómez JKC. Electronic nose dataset for COPD detection 

from smokers and healthy people through exhaled breath analysis. Data Brief 
2021;35:106767. https://doi.org/10.1016/j.dib.2021.106767. 

• Drera G, Freddi S, Emelianov AV, et al. Exploring the performance of a functionalized 
CNT-based sensor array for breathomics through clustering and classification algorithms: 
from gas sensing of selective biomarkers to discrimination of chronic obstructive 
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