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Abstract: A new frontier in clinical disease diagnostics was quietly launched by a series of recent 

discoveries of phenomena that make important connections between the metabolic activities of 

resident microbes and human diseases. Numerous studies have demonstrated that biochemical 

mechanisms leading to disease development involve not only pathogenesis, but also interactions 

between microbiota in the oral cavity, lungs, and gut; the microbial metabolites they produce, and 

the human immune system. Microbial dysbiosis (MD) or changes in commensal microbiota 

diversity and composition, often modulate disease development by at least two different 

mechanisms, including disease-induced dysbiosis and alterations in gut microbiota (GM) caused by 

abiotic and exogenous factors (diet, drug use, and environment). This paper summarizes recent 

evidence demonstrating how electronic-nose (e-nose) technologies with multi-sensor arrays and 

chemical-analysis capabilities could potentially be used for early diagnosis of certain diseases by 

identifying a new category of VOC-biomarker metabolites, called dysbiosis-related disease 

biomarkers (DRDBs), produced in specific locations of the body due to dysbiosis associated with 

specific diseases. Recent advances in e-nose technologies offer new tools for exploiting the common 

occurrence of MD for noninvasive early disease detection. 
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1. Introduction 

The significant roles that intracorporeal microbiomes (microbial communities) and gut 

microbiota (GM) play in human health (including effects on digestion, metabolism, immune system, 

and many other bodily functions), has long been recognized by healthcare providers [1,2]. Human 

metabolomic and gut metagenomic studies of intestinal microbiota have focused on the mechanisms 

of disease, the metabolic and regulatory interactions caused by changes in gut microbiome 

composition, and the associated production of abnormal bacterial metabolites that affect the human 

immune system. This research has led to a relatively recent homeostasis hypothesis that recognizes a 

bilateral interactive network of signaling pathways between the gastrointestinal tract (GIT) and the 

central nervous system (CNS) [3]. Significant alterations in the composition or diversity of microbiota, 
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known as microbial dysbiosis (MD), has been well established as a major factor affecting pathogenesis 

for certain human diseases. 

This paper focuses on new ways in which e-nose devices could be used for the early diagnosis 

of MD-related diseases through the detection of abnormal volatile metabolites, produced and 

released as a result of dysbiosis, which occur in association with the early development of specific 

human diseases. Volatile metabolites that may potentially serve as early MD-biomarkers of disease, 

produced in the gut and other locations within the human body, are referred to here as dysbiosis-

related disease biomarkers (DRDBs). An initial list of particular types of DRDB-metabolites that may 

be potentially detected with e-nose devices at early stages of pathogenesis for specific diseases are 

summarized. In addition, locations within different compartments of the body have been identified 

where DRDBs may be targeted for e-nose detection through acquisition and analysis of clinical 

samples. Furthermore, some ways in which DRDBs differ from conventional volatile disease 

biomarkers are described. 

2. Electronic-nose Early Disease Detection 

Electronic-nose (e-nose) devices of many types, based on a diverse range of operational 

mechanisms for chemical detection, have been developed and tested for the noninvasive early 

detection and diagnosis of a large number of plant, animal, and human diseases [4]. These 

specialized, but relatively simple gas-sensing instruments have the great capacity to effectively detect 

and discriminate between complex mixtures of volatile organic compounds (VOCs), including 

volatile disease biomarker metabolites, present in air samples (e.g. exhaled breath) or in headspace 

gases derived from solid or liquid clinical samples collected from healthy or diseased patients [5]. 

The effective application of e-nose technologies for early disease detection has been well 

established through numerous efficacy studies [4,6]. However, the use of e-nose instruments for early 

diagnosis of diseases based on the detection of dysbiosis-related VOC-metabolites is still in its 

infancy. Slow progress in the development of this new area of disease diagnostics is attributed to the 

lack of information on specific VOC-biomarker metabolite targets generated by MD associated with 

particular diseases. More research is needed to identify VOC-metabolite types produced by MD and 

precise locations in the body where DRDBs may be detected in clinical samples taken from diseased 

patients. Another limiting factor is that some e-nose instruments lack the capability of identifying 

individual chemical species, particularly disease biomarkers derived from clinical samples. The 

recent development of e-nose devices with chemical-analysis capabilities has enhanced detection and 

identification of disease biomarkers [6]. 

3. Associations of Dysbiosis to Disease 

The gut-brain axis monitors bidirectional signals indicating the health-states of the body. Gut 

microbiota convey information through the GIT to the CNS that elicits a systemic response reflecting 

nutritional and energy states [3]. When microbial populations fall out of balance causing MD, 

messages sent to the brain propagate unhealthy signals manifested by low-grade inflammation, 

increased oxidative stress, unbalanced energy homeostasis and increases in cellular degeneration [7]. 

The production of gut dysbiosis-related VOC-metabolites may either be formed as a result or 

consequence of disease (disease-induced dysbiosis) or may actually be the determining factor that 

favors the initiation of disease development (dysbiosis-induced pathogenesis) due to inhibitory 

effects on host immunity. The originating causes of MD have not yet been thoroughly elucidated. 

4. Dysbiosis-related Disease Biomarkers 

The recent discovery of new potential sources of disease-related VOC-metabolites, produced 

directly by GM or indirectly induced in host metabolic pathways due to MD-related effects on 

pathogenesis, recently has been recognized as a new noninvasive or minimally-invasive diagnostic 

approach that could potentially be exploited for early disease detection [6]. The detection and 

identification of disease VOC-biomarker metabolites associated with MD, as specific indicators of 
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pathogenesis, should provide a new approach for noninvasive early disease detection using e-nose 

technologies. A significant number of putative disease biomarkers have been identified through 

metabolomic studies of individual diseases [5]. The discovery of a new category of potential disease 

biomarkers (DRDBs), due to GM activities related to MD, have yielded identities of additional VOC 

target analytes (VOC metabolites) for detection that could facilitate early disease diagnosis. 

A variety of human diseases, occurring in different parts of the body, have been associated with 

MD. Many of these diseases are correlated with systemic inflammation of the human body, primarily 

caused by GM-related VOC-metabolites that enter the bloodstream as a result of leaky gut syndrome 

(LGS) [8]. Some examples of potential DBRBs associated with specific diseases in human organs are 

summarized in Table 1, along with the most probable clinical sample sources (from which these 

biomarkers may be detected), the GM bacterial taxa involved in MD, and the chemical processes or 

metabolic pathways by which these biomarkers are formed. All of the DBRBs indicated here are 

relatively low molecular weight VOCs that are from a wide diversity of chemical classes ranging from 

short-chain organic (fatty) acids, polyunsaturated omega-3 fatty acids, secondary heterocyclic bile-

carboxylic acid derivatives, amino-acid derivatives, cresol derivatives, and amine oxides. The DBRB-

category of disease biomarkers are somewhat different from conventional disease biomarkers 

associated with most human diseases, due to their MB origin, and some (e.g. bile acid derivatives) 

are from unique chemical classes associated with the IT and digestive system [5,9-11]. Another 

significant finding, realized from summarizations of clinical sample types and sources that contained 

DBRBs, was that the vast majority of sample types (sources) identified, among MD-related diseases 

studied, were found from blood plasma and fecal or intestinal samples. The development of methods 

for clinical sample collection, sample storage, and e-nose analysis methods correspondingly should 

be based on the particular sources and types of clinical samples collected for early disease detection. 

Table 1. Volatile chemical biomarkers of disease associated with gut bacterial dysbiosis. 

Disease1 
Location/ 

Organs2 

Disease 

Biomarkers3 

Sample 

Source 

Gut 

Microbes4 

Formation 

Mechanism 
Ref. 

ALS Systemic Low SCFA fecal BT Low F/B ratio 

reduces SCFA 

[12,13] 

Autism CNS XA, QA urine Human 

production 

Tryptophan 

catabolized  

[14] 

  I3AA, IL fecal BT, EB, SR Tryptophan metab. 

by IF 

[14] 

CVD Heart TMAO plasma CM Dietary choline to 

TMA, oxid. in liver 

[15,16] 

IBD Intestine SBA (DCA, 

LCA) 

large 

intestine 

RT, ER, BT BA ex liver 

transformed by IF 

[17-19] 

LC Liver PUFA (EPA, 

AA, DHA) 

plasma CA, EB, LB 

(IF) 

LC modifies fatty 

acid metab. of IF 

[20] 

PD CNS Pyruvate plasma LB Primary metab. of 

glycolysis 

[21,22] 

  BMAA plasma CB Excitotoxin 

metabolite 

[23] 

RFD/ELD/MS Kidney IS, PAS, PCS plasma, 

urine 

CS, RC, LS Fermentation of 

amino acids in colon 

[24] 

1 Disease abbreviations: AD = Alzheimer’s disease; ALS = Amyotrophic lateral sclerosis; CVD = Cardiovascular disease; ELD = Early kidney 

disease; LC = Liver cirrhosis; MS = multiple sclerosis; PD = Parkinson’s disease; RFD = Renal function decline. 2 Location abbreviation: CNS = 

central nervous system (brain and spinal cord) 3 Biomarker abbreviations: AA = arachidonic acid; BMAA = β-N-methyl amino-L-alanine; DCA = 

deoxycholic acid; DHA = docosahexaenoic acid; EPA = eicosapentaenoic acid; IS = indoxyl-sulfate; LCA = lithocholic acid; PAS = 

phenylacetylgutamine; PCS = p-cresyl-sulfate; PUFA = polyunsaturated fatty acids; TMAO = trimethylamine-N-oxide (amine oxide); SBA = 

secondary bile acids; SCFA = short-chain fatty acids (acetate, propionate, n-butyrate). 4 Gut microbial taxa abbreviations: BT = Bacteroidetes 

(phylum); CA = Candida spp. (fungi); CB = Cyanobacteria; CM = Chryseomonas spp.; CS = Christensenellaceae; EB = Enterobacteriaceae; ER = 

Eubacterium rectale; IF = intestinal microflora; LB = Lactobacillus spp.; LS = Lachnospiraceae; RC = Ruminococcaceae; RT = Ruminococcus torques; 

SR = Sutterellaceae. 
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5. Conclusions 

The production of a newly-recognized category of VOC biomarker metabolites, referred to here 

as dysbiosis-related disease biomarkers produced by MD-associations with particular human 

diseases, has provided new targets for the noninvasive early detection of diseases using electronic-

nose technologies. Our improved understanding of the specific identities and mechanisms of DRDB 

generation, along with knowledge of probable sites for detection within the body, offer means for 

improving the reliability and effectiveness of diagnostic methods for early disease detection in clinical 

practice. This new information could potentially provide important complementary information for 

confirmations of disease diagnoses based on conventional disease biomarkers, symptomology and 

other diagnostic tests. Early disease diagnoses allow opportunities for more effective preemptive 

treatments that significantly improve prognoses, minimize patient recovery time, and reduce total 

healthcare costs. 
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