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Indirect Measures of Microbes:
|s Breath the Answer?
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What Is Small Intestinal Bacterial

Overgrowth (SIBO)?

A Excess
concentration of
bacterial in
small intestines

Proximal A Form of
lleum

<10%g dysbiosis

Colon
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Conditions Associated with SIBO

A Mechanisms keep
SIBO controlled despite

nutrient-rich environment

A Causes linked by GI
structural changes,
diminished motility, and
attenuated
defense mechanisms

S|

Developmental and acquired anatomic abnormalities

Small-bowel diverticulosis
Small-bowel strictures
Small-bowel fistula
Small-bowel Crohn's disease
Surgical alterations of the Gl tract
Gastric fundoplication
Gastric resection
Gastric bypass
Small-bowel resection
lleocecal valve resection
Gl motility disorders
Gastroparesis

Small-bowel pseudo-obstruction

Colonic inertia

Other Gl disorders
Celiac disease
Chronic pancreatitis
Achlorhydria
Cirrhosis

Systemic disorders
Diabetes mellitus
Scleroderma
Amyloidos

thyro
i nég ko
Chron
Miscellaneous conditio
Advan d age

Chronlc arcotic
Chronic PPI use?

n g«



Gas Comes From Gut Microbial Fermentation

A Hydrogen is a by-product of fermentation

SUBSTRATE
FO0D + BACTERIA —

A ~330 mL of H, is produced per g of carbohydrate
available for fermentation.!

A 40 g CHO A 13 L gas produced. Not all expelled as flatus!
A >99% of H, production is colonic

A Small bowel H, production is increased in SIBO
1. Weaver GA. et al. Gut. 1989;30:19-25.



Clinical Sequelae of SIBO

A Bloating and flatulence

A Symptoms of IBS: diarrhea, abdominal
cramping nausea, weight loss

A Malabsorption, steatorrhea, vitamin
malabsorption

A 31-84% prevalence of SIBO in IBS patients

Revi ewe d i n RanWorldhGhstr 20:768¢. 6 1 4 ,



Small Bowel Culture in IBS vs. controls

RnGold standardo = jejunal

0 - P<0.05 P<0.001
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N=165 IBS, 26 controls
Posserud, et al. Gut. 2007;56:802-8.



Expectation: Antibiotics should improve

SIBO-IBS
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*One-way ANOVA
Pimentel. et al. Am J Gastro. 2003.



Carbohydrate Breath Testing for SIBO

intestine 2 T~ R %
y J Sugar
Bacterial

fermentation

Advantages: safe, noninvasive, readily available, inexpensive
Saad RJ, Chey WD. Gastroenterology. 2007;133:1763-1766.



Two Breath Tests to Diagnose SIBO

A Lactulose A Glucose
T Nonabsorable disaccharide of fructose + I Completely absorbed in proximal SI under
galactose normal conditions
I Passes intact thru Sl to cecum. Digested by i SIBO A fermentation before glucose is absorbed.
colonic flora to SCFA and gas Early peak in breath H,
T Used as osmotic laxative I Subjects with distal SIBO may have
i LHBT developed to assess orocecal transit time negative GHBT
i Early rise in breath hydrogen or methane may i Like LHBT, no universally recognized and validated
represent rapid transit rather than SIBO methodologies or interpretation standards.
Rome Consensus Conference recommendation:
Sampling Measured
Test dose  duration, min Sampling interval gas, ppm Definition of a positive study
Glucose 50 gin 250 mL 120 Every 15 min Hydrogen or Increase by 12 ppm or more over baseline (ideally for 2
methane consecutive measurements)

Baseline greater than 20 ppm (controversial, possibly
representing improper test preparation)
Lactulose 10 gin 200 mL 120-240 Every 15 min Hydrogen or Baseline level =20 ppm, or
methane Presence of a double peak, or
Early increase (within 90 min) =20 ppm, or
Sustained increase by =10 ppm maore than baseline level

Saad and Chey '14, CGH 12:1964.



Normal Flora Distribution vs. SIBO
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Extreme Proximal Bacterial Overgrowth May Result

In Similar Gas Patterns after Glucose and Lactulose

S

mall intestine colon

GLUCOSE bacteria

absorption
completed

gas

LACTULOSE —= bacteria

fermentation



Abnormal Fermentation Patterns After

Glucose or Lactulose on 2 Different Days
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Less Proximal Bacterial Overgrowth may Result

In Fermentation after Lactulose but not Glucose

small intestine colon
GLUCOSE bacteria
absorption
completed

bacteria

fermentation



Abnormal Fermentation Pattern after

Lactulose but Not Glucose
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Hydrogen is Converted Principally to CH, or H,S

Methanogens
4H,+ CO, == > CH, +

Fermentative ZHZO

bacteria
Food-substrate —- H2

Sulfate

Reducing Bacteria
4H, +S0 &) ==—————>H,S + 4H,0

A Accumulation of hydrogen in the gut slows metabolism of
fermentative bacteria.

A Symbiosis with hydrogenotrophic (hydrogen-consuming) microbes
(i.e. methanogens and SRBs) shunts away hydrogen and optimizes
efficiency of fermentative bacteria.



Methane excretion

A
A
A
A
A

20-30% of population produce methane 81

as main byproduct of CHO fermentation 0 | H2-2123/99

Methanogens rely on hydrogen-

producing fermenters

Increases in breath methane during BT s

indicative of SIBO o T s T T

Criteria regarding timing and magnitude inutes

of increases not standardized yet 80 —-H2

Methane is associated with constipation 60
i Intestinal methane infusion in animals ppm 40

CH4
resulted in 59% slowing of transit 20 - if.\‘.

I Treatment of methane overgrowth leads 0 - A A —
to improvement in constipation 0 30 60 90120150180

40

ppm

20 -

Pi mentel. et al. Curr Gastro Rep613 15:356. Minutes



Hydrogen Sulfide Production

A
A
A
A
A

Produced by sulfate reducing bacteria (SRB) in colon.
Also made by mammalian tissue

May regulate cellular processes, e.g. inflammation, motility
Toxic. Converted to nonvolatile metabolite thiosulfate.
SRB are more efficient hydrogenotrophs than methanogens.

Maintain redox balance in the distal gut to maximize energy
extraction of food oxidation. 100

80
60
pPpm 40 - CH4
20 - —=—H2
0 S —a— s = B B85 83 8 8B 88
0 15 30 45 60 75 90 105120135150165
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What Is A "Normal" Breath Test or

Fermentation Pattern?

A No rise in breath hydrogen within 90 min after
lactulose, with definitive rise of < 20 ppm during
180 min o

No methane detected

Any other pattern =
Mbnormalofermentation

Criteria used at UNM
Rome concensus conference positive LHBT 207

criteria: T
i Baseline level > 20 ppm, or o s 1220 1
1T Presence of a double peak, or Minutes
T Early increase (within 90 min) >20 ppm, or
i Sustained increase by >10 ppm more than baseline

60 -

40 -

[H2] ppm

To o Io P>

Pi mentel. et . al . 603, AJG 98:412.



Performance Characteristics of GHBT and

LHBT for SIBO

A Glucose BT A Lactulose BT
I Sens/spec: 20-93%/30-86% I Sens/spec: 17-68%/44-8 6 60 %
I Only samples proximal SI i Samples entire Sl but a positive
i Positive test likely true SIBO test cannot distinguish between

i Negative test cannot exclude SIBO and rapid orocecal transit
distal SIBO I Lactulose accelerates

i False-pos can occur with rapid oroceal transit
small bowel transit A Implication:

A Implication: i ldentifies most patients with SIBO

I Greater diagnostic certainty may but Ilke_ly leads to treatrr:]ent O:; R
lead to underdiagnosis and patients who onot
treatment of SIBO

Saad and Chey '14, CGH. 12: 1964.



Summary Slide
Breath Testing as Indirect
Measure of Dysbhiosis



Odors, Health and History

A
A
A
A

Body odors convey information about metabolic and psychological status

Hippocrates (400 BC) reported on several disease-specific odors from urine
and sputum (Hippocratic Writings: aphorism 4,5)

Abnormal and unpleasant feces odors noted during intestinal disease states
Fetor hepatic associated with liver failure

Disease(s)/disorder(s) Source Odour quality Pathogenic microbe Volatile compound(s)
Cholera Faeces Sweetish Vibrio cholerae Dimethyl disulphide,
p-menth-1-en-8-ol
Advanced breast cancer Affected area Rotting Not determined Dimethyl trisulphide,
fatty acids
Advanced head-and-neck Affected area Rotting Not determined Dimethyl trisulphide,
cancer fatty acids
Gynaecological tumours Tumour Rotting Not determined Volatile fatty acids
Diphtheria Body odour  Sweetish and putrid Corynebacterium diphtheria
Scarlet fever Skin, breath Foul Streptococcus bacteria
Smallpox Skin Sweetish and pungent Variola virus
Pneumonia Breath Foul Bacteria, viruses, fungi, etc.
Tuberculosis Breath Foul Mycobacterium tuberculosis
Tuberculous lymphadentis,  Skin Stale-beer Mycobacterium tuberculosis
Scrofula
Typhoid fever Body odour ~ Musty or baked bread Salmonella typhi

Shirasu. et al. '11, J Biochem. 150: 257. Yellow fever Skin Bucher’s shop Yellow fever virus



Volatile Organic Compounds (VOC)

A
A
A
A
A
A

Microbes and their hosts produce and emit VOCs detectable in breath,
urine, feces, sweat, and secretions

New technologies and diagnostic modalities allow identification and
characterization of VOCs in complex mixtures from biological samples

Gut flora A fermentation, metabolic effects, inflammation signaling A
VOC outputs

VOC = metabolites of microbiota/pathogen + host response
Non-invasive, safe, rapid, ?inexpensive
Repeat measurements, non-episodic
I Disease progression
I Therapeutic response
Potential biomarkers



VOCs Can Capture:

A Gut flora: diversity and function, mucous vs
lumen, location in gut

A Lumen features: barrier integrity, immune
defense, mucosal disease, transit time

A Host: diet, medications, co-morbidities,
age/gender/BMI

A Signature pattern for specific disease processes

Solga '14, World J Gastro. 20: 9017.



Diet Influence on Breath VOCs

Methane

Unabsorbed carbohydrates ——— Bacterial fermentation —————~ Hydrogen

Ethanol

Protei Bacterial f tati Ammonia
— Proteins ——— Bacterial fermentation Hydrogen sulfide
Arginine Nitric oxide synthase Nitric oxide
I Urea cycle

! .
— Amino acids Ammonium > Ammonia
Monosaccharides— Glycolysis —> Acetyl CoA———Ketogenesis —— Acetone
. / HMG CoA Isoprene

B-Oxidation

/ Pentane

Long chain fatty acids Peroxidation Ethane

Ethylene

Kurada. et al. '15, APT 41: 329.



Analytical Technigues to Detect VOCs

Analytical technique

Pros and cons

Gas chromatography-Mass spectroscopy:
gold standard

Pros: Identifies unknown VOCSs; ppb sensitivity;
reproducible.

Cons: $, bulky/immobile; not real-time analysis;
guantification requires calibration

Selected ion flow tube (SIFT)-MS

Pros: Fast; real-time VOC measurements; ppb sensitivity;
mobile
Cons: $; chemical identification and profiling not possible

lon mobility spectrometry (IMS): measures
disease-specific VOC combinations

Pros: Fast; real time; ppb sensitivity
Cons: Chemical identification and profiling not possible

Canines: can detect malignancy through
body fluids

Pros: Mandés best friend
Cons: Training/expense; olfactory fatigue-saturation;
consistency and reproducibility?

Arasaradnam. et al. '14, APT 39: 780.; Sethi. et al. '13, Clin Micro Rev. 26:462.




Electronic Nose

A Method for identifying patterns in an array of non-specific sensors
(8-32 sensors)

A /Smellprintoonly; specific VOCs and concentrations not identified

A Pattern recognition software gives probabilities of most likely
diagnosis (based on prior learning-exposure)

Output Neurons-

g %_ each being a different _5100 . \
2 % disease 5T 80 ecognition \
oo R Q. ,QVQ.Q Jo) > as Crohns
%, I —pe c 60 Disease A\
eqoes 0 idden "2 3 3
82 oixod* g2 20
T £3 _nodes 93 5
£ 5 oo
>—- ‘ 53 LIY) O [} g 01
| Sensors from array " Inputs 8 Different diseases >
Biological Gas Sensor Arra Sensor Responses Pattern Recognition Pattem Recognition Output v
g V
sample to Biological Sample based on an Artificial

Neural Network

Arasaradnam. et al. '14, APT 39: 780.



VOCs Associated with Helicobacter Pylori Infection

A Solid-phase microextraction and GC-MS analysis
I 6 Hp-infected and 23 healthy controls

I Isobutane, 2-butanone, and ethyl acetate, found only in breath of infected and
in Hp culture headspace

| ' O

O
<~ | e~
W ? N HBC\)J\CHg )J\ N

A Proton transfer spectrometry and MS analysis
I Elevated levels of hydrogen cyanide and hydrogen nitrate in Hp gastritis breath

o= | 1]

Ulanowska. et al. '11, Biomed Chromatogr 25:391.; Lechner. et al. '05, Helicobacter 10: 385.
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VOC Indicators of Selected Infections

Pathogen Analysis method VOC biomarker
: : GC-MS Methyl nicotinate
Mycobacterium tuberculosis GC-TOE-MS Profiles
SRR Hydrogen cyanide
: GC-MS :
Pseudomonas aeruginosa IMS Methylthiocyanate
Pulmonary (CF) GC-TOE-MS ﬁ}?);ri:g\:acetophenonelocyanate
SPME GC-MS
Aspergillus fumigatus GC-MS 2-pentylfuran
Pulmonary
Vibrio cholera GC-MS p-Menth-1-en-8-ol

Reviewed in Sethi et al. '13 Clin Micro Rev. 26:462.




VOC and Other Gl Diseases: IBD

(a) (b) 10 —g .
250- T T T ] ? J" “"4795.”
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Healthy cD uc 00 ota ' 014 ‘ 0:6 k o.la 10
False posliive rate (1-speclificily)
A Breath *pentane increased vs HC; Crohnos
A Confounders: medications, diet, co-morbidities

A Other VOCs in literature: *ethane, *propane, 1-octane, 3-methylhexane,
1-decene, and *NO (* = correlated with disease activity

Dryahina. et al. '13, Commun Mass Spectrom 27: 1983. Reviewed in Kurada et al. '15, APT 41: 329.



VOC and Other Gl Diseases

Disease

Design and analytical technique

VOC upregulated

Gastric cancer

GC vs benign conditions
37 CA, 32 ulcers, 61 benign
GC-MA with algorithm

2-propenenitrile, 2-butoxythanol, 6-
methyl-5-hepten-2-one, isoprene

Esophagogastric
Cancer

18 CA vs 18 noncancer UGI dz vs 17 HC
SIFT-MS

Hexanoic acid, phenol, methyl phenol,
ethyl phenol.
ROC AUC =0.91

Colon cancer

26 cancer vs 22 controls
GC-MS plus nanosensor array

1 , -@-dutenylidene)bis benzene, 1,3-
dimethyl benzene, 1-iodo nonane, acetic
acid, benzoic acid

Colon cancer

33 colon cancer vs 132 controls
Sniffing dogs

Canine scent detection sensitivity/ specif
91/99% compared to colonoscopy

NAFDL

Ethanol (microbiota source?)

Cirrhosis

50 cirrhotics
GC-MS

Dimethyl sulfide, acetone, 2-pentanone,
2-butanone




Challenges and Obstacles for VOC Analysis

A Trace quantities of VOC in breath
A Multiple confounders (environmental, comorbidities, lifestyle)

A Lack of standardized sample collection, especially in clinical
environment

A Validation and reproducibility (immediate, day-to-day, location)
A Current high cost
A Promising but not yet ready for prime time



Conclusion Slide



