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Objectives 

ÅGas production by microbiome 

ÅClinical implications of breath gas 

measurements 

ÅTransplantation of archaea, measurement of 

exhaled H2Sé 

ÅStool testing and microbiome in clinical practice 



Intestinal Gas ï The Basics 

ÅOn average healthy subjects have ~100 cc of 

intestinal gas (range 30-200 cc) 

Å99% of intestinal gas is composed of odorless 

O2
, H2

, N2
, CO2

 and CH4 

Å<1% include other gases such as H2S, indole, 

skatole and NH3 

Levitt M. NEJM. 1971. 



Intestinal Gas ï The Basics 

ÅIntestinal gas is eliminated via four mechanisms 

ïBelching 

ïFlatus 

ïDiffusion 

ïBacterial consumption 

Levitt M. NEJM. 1971. 



Intestinal Gas ï The Basics 

ÅIntestinal gas derives from four sources 

ïSwallowed air and air mixed with food 

ïChemical reactions (e.g. H+ + HCO3- Ą H2O+CO2) 

ïDiffusion of gases from blood stream 

ïBacterial metabolism (CO2+4H2O Ą CH4+2H2O) 

Levitt M. NEJM. 1971. 



CH4 and H2: Exclusive Biomarkers of Gut Microbiome 

ÅHuman cells are incapable of producing 

hydrogen and methane 

ÅHydrogen and methane are exclusively 

produced by gut bacteria 

ïGerm free mice 

ïInfants in the first day of life 

Levitt M. Gastroenterology. 1970. 



Simplified Pathways of Gas Production  
by Microbiome 

Bacterial 

fermentation of 

carbohydrates 

H2 

CO2 

Methanogens: CH4 

Sulfate reducers: H2S 

Nitrate reducers: NH4 

Acetogens: CH3COO- 

Yang et al. Front Microbiol. 2016. 



Role of Breath Testing in SIBO 

ÅUnlike colon, our small 

bowel is relatively sterile 

with less than 1000  

CFU bacteria 

ÅExcessive amount 

bacteria in the small 

bowel: SIBO 

Rezaie A et al. North American consensus on Breath testing. Am J of Gastro. 2017; 

Greiner AK et al. Am J of Physiology. 2014. 



What Are the Symptoms of SIBO? 

ÅAbdominal distention 

ÅBloating 

ÅEarly satiety 

ÅDyspepsia 

ÅNausea 

ÅAbdominal discomfort 

ÅFatigue 

ÅPost-prandial ñBrain fogò  

Rezaie A, Pimentel M, Rao SS. Curr Gastro Report. 2016; Greiner AK et al. Am J of Physiology. 2014. 



What Are the Symptoms of SIBO? 

ÅDiarrhea (H2S-predominant SIBO) 

ÅConstipation (Methane-predominant SIBO) 

ÅWeight loss/gain 

ÅRarely: Vitamin B12 and iron deficiency 

Rezaie A. Curr Gastroenterol Report. 2016. 



Diagnosis of SIBO 

Å Small bowel aspiration 

ï Invasive  

ï Costly 

ï Time-consuming 

ï Sampling error 

Å Breath testing: 

ï Non-invasive 

ï Inexpensive 

 Rezaie A, Rao SS. Am J Gastro. 2017; Rezaie A et al. Curr Gastroenterol Report. 2016; Jacobs et al. APT. 2013. 



Sugar 

Substrate 

Å Lactulose and glucose are 

the most common substrates 

for diagnosis of SIBO 

How Breath Testing Works 

M. Levitt. N Engl J Med. 1971. 



Normal Breath Test 
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Rezaie et al. North American Consensus statement on Breath testing. Am J Gastro. Apr. 2017. 



Small Intestinal Bacterial Overgrowth  
(Hydrogen Producing Bacteria) 

Positive test: Rise of hydrogen by 20 ppm 

within 90 minutes 

Rezaie et al. North American Consensus statement on Breath testing. Am J Gastro. Apr. 2017. 



Small Intestinal Bacterial Overgrowth  
(Methane Producing Bacteria) 

Positive test: Methane level Ó10 ppm 

Rezaie et al. North American Consensus statement on Breath testing. Am J Gastro. Apr. 2017. 



ÅMeta-analysis of 19 

studies that included 888 

healthy controls 

undergoing breath testing 

ÅSpecificity= 85% 

ÅSpecificity= 95% in 

studies with more than  

60 subjects 

 

Study ES (95% Cl)

%

Weight

Glucose

Rana et al

Ghoshal et al

Lupascu et al

Abbasi et al

Lactulose

Therrien et al

Agnelotti et al

Parodi et al

Parodi et al (2)

Park et al

Mancilla et al

Lasa et al

Fasano et al

Kim et al

Lee et al

Walters et al

Zhao et al

Morken et al

Posserud et al

Bratten et al

Overall

0.01 (0.00, 0.05)   7.37

0.02 (0.00, 0.10)   7.11

0.04 (0.02, 0.10)   7.12

0.13 (0.08, 0.21)   6.58

0.03 (0.00, 0.13)   6.92

0.03 (0.00, 0.13)   6.92

0.05 (0.02, 0.14)   6.78

0.07 (0.03, 0.16)   6.60

0.08 (0.01, 0.35)   4.17

0.08 (0.01, 0.35)   4.17

0.13 (0.04, 0.38)   3.82

0.20 (0.10, 0.37)   4.49

0.27 (0.16, 0.40)   4.99

0.29 (0.19, 0.42)   5.09

0.30 (0.15, 0.52)   3.24

0.31 (0.13, 0.58)   2.46

0.31 (0.19, 0.46)   4.57

0.48 (0.28, 0.68)   3.02

0.66 (0.51, 0.78)   4.57

0.15 (0.10, 0.20)   100.0

What Is the Specificity of Lactulose Breath Testing? 

Rezaie A, Rao SS. Am J Gastro. 2017. 



SIBO 

Excessive methane production Hydrogen-predominant SIBO  

without excessive methane production 

Combine broad spectrum 
 antibiotic with neomycin 500 mg PO BID for 

14 days 

Broad spectrum antibiotic  

(amoxicillin, ciprofloxacin, trimethoprim 

sulfamethoxazole or rifaximin) 

for 14 days 

Consider alternative antibiotics 
or elemental diet Clinical Response 

No 

Yes 

Recurrence 
- Educate patient about the risk of recurrence 

- Adopt a strategy for maintenance of remission 

Maintenance of 

remission 
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Induction of Remission 

Rezaie A, Pimentel M, Rao SS. Curr Gastroenterol Report. 2016. 

Individualized Rx Based on Microbiome Characteristics 



LBT Is the Only Known Determinant of Response 
to Rifaximin in IBSD 

Å IBS-D pts with + LBT 

have 60% chance  

of response to  

rifaximin vs 26%  

with negative LBT  

 

(p=0.002; OR 4.3;NNT=3) 

Composite endpoint: abdominal pain + stool consistency

Positive to negative LBT (n = 17)

Positive to negative LBT (n = 41)

Negative baseline (n = 31)
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76.5

56.1

25.8

P<0.001 

Rezaie A et al. ACG. 2018. 



Rezaie A et al. ACG. 2015. 

Breath Test Can Show the Metabolic Behavior  
of Microbiome! 



Excessive Methane Production Increases with Age 
ñDynamism of Our Bacterial Genetic Poolò 

n=12,183 

Chang B, Pimentel M, Rezaie A. Gastroenterology. 2015. S-729. 



21 yo female with refractory 
clostridium difficile colitis 

Fecal microbiota 
transplantation in July 2014 

Eradication of Cdiff but 
severe distention, fatigue 

and constipation 

W/U Neg 

No response to antidepressants, 
low FODMAPs, peppermint, 
OTC laxatives, linaclotide, 

lubiprostone and prucalopride 

Found to have methane-
predominant bacterial 

overgrowth in Oct 2015 

Perfect response to 
Rifaximin and neomycin  

FMT donor was found to be an excessive methane producer! 

First proof that archaea is transplantable? 

Chang B, Rezaie A. AJG. 2017. 

Doctor, I Want My C diff Back! 



Allegretti JR et al. DDS 2018. 

SIBO Effecting FMT Outcomes? 

ÅSmall study of 20 patients with recurrent C. diff  

Ą At 8 weeks 85% had resolution of C. diff but 25% had 

IBS symptoms 

 [VALUE]% 
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P=0.09 



No Hydrogen or Methane on Exhaled Breath: 
Methane- and Hydrogen-eating Bacteria Are Real! 

0 15 30 45 60 75 90 105 120 135 150 165 180

H2 2 2 2 1 2 1 2 2 2 2 2 2 2

CH4 0 0 0 0 0 0 0 0 0 0 0 0 0
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Rezaie A et al. Curr Gastroenterol Report. 2016. 



No Hydrogen or Methane on Exhaled Breath: 
Hydrogen-Consuming Bacteria 

Å394 patients with flat line  

BT results 

ÅMost common GI symptoms 

were abdominal pain, bloating 

and change in bowel habits  

 

Lakhoo K,é, Pimentel M, Rezaie A. ACG. 2018 

Response
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Competitive Hydrogen Utilization 

Hydrogen Producing 

Bacteria 

4H2         1CH4 

5H2         1H2S 

Methane 

Producers 

Hydrogen Sulfide  

Producers 

Hydrogen 

Gibson et al. Gut. 1990; Strocchi et al. Gut. 1991; Rezaie et al. Am J Gastroenterol. 2017. 



Methods: Gas Collection and Analysis 

Baseline breath 
sample 
(n=298) 

Ingestion of 
10g lactulose 

Collection of 
breath samples 
every 15 mins 
for 120 mins 

Å Patients completed questionnaire during 

120 minute breath test collection: 

ï Gastrointestinal symptoms (by VAS) 

ï Medical/surgical history 

ï Demographics 

Singer-Englar T, et al . DDW. 2018. 



Diarrhea and Max Ó1.2 ppm Hydrogen Sulfide 
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P = 0.007 

Lin E, Pichetshote N, Rezaie A, Pimentel M. DDW. 2017. 



Symptom Profile in Hydrogen Sulfide Positive SIBO 

Lin E, Pichetshote N, Rezaie A, Pimentel M. DDW 2017. 

Symptom 

H2S Positive (Ó1.2 

ppm) 
mean Ñ SD 

H2S Negative (<1.2 

ppm) 
mean Ñ SD 

p value 

Abdominal pain 59.1 Ñ 30.7 54.4 Ñ 28.3 0.10 

Bloating 65.2 Ñ 26.2 66.6 Ñ 26.8 0.63 

Diarrhea 52.1 Ñ 32.4 41.2 Ñ 31.8  0.01 

Discharge of Mucus 25.9 Ñ 28.2 26.5 Ñ 29.3 0.83 

Excess Gas 60.8 Ñ 26.6 63.1 Ñ 26.7 0.55 

Urgency 51.4 Ñ 32.4 42.3 Ñ 31.7 0.04 



Small Intestinal Bacterial Overgrowth  
(H2S Producing Bacteria) 

ÅH2S is important in breath testing and correlates 

with patient symptoms 

ÅAs suspected by previous in vitro studies, H2S- 

and CH4-producers appear competitive for H2 

Lin E, Pichetshote N, Rezaie A, Pimentel M. DDW 2017. 



Conclusion 

ÅExhaled breath gases are non-invasive, inexpensive and 

accessible alternatives to assess gut microbiome in 

research and clinical practice 

ïDiagnosis of SIBO and carbohydrate malabsorption 

ïTailored microbiome-directed therapy and diet 

ïTemporal dynamism of microbiome 

ïVariability in metabolic behavior of gut microbiome 

ïH2S is the new kid on the block! 

ïRole of small bowel microbiome in FMT 



Stool Microbiome Testing in Clinical Practice 



IBS and FMT 

ÅDouble-blind randomized controlled trial 

Å52 subjects with moderate-to-severe IBS were 

randomized to FMT or placebo capsules for 12 

days and followed for 6 months 

 

Halkjær et al. Gut. 2018. 



Lessons from FMT in IBS 

79.6% 

36.4% 
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P<0.01 

Halkjær et al. Gut. 2018. 



Effect of FMT in IBS 

Month Month 



Donor

FMT

Pre-FMT

Pre-placebo

Placebo

A B

DC

Effect of FMT of Stool Microbiome of IBS 


