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Opportunistic Microbial Overgrowth 
Syndromes

Organism Present in Patients 
without Disease

Higher density increases 
disease likelihood

Disease Outcome

Helicobacter pylori Yes Yes Peptic Ulcer

Clostridioides difficile Yes Yes Pseudomembranous 
colitis

Candida albicans Yes Yes Thrush/esophageal 
candidiasis

E. coli/Klebsiella Yes Yes IBS/Other

Methanobrevibacter smithii Yes Yes Constipation

H2S producer Yes Yes Diarrhea/GERD

Rothia mucilaginosa Yes Yes PCOS



Causes of 
SIBO

Pimentel, et al. Am J Gastroenterol 2020



Myths in SIBO- Not your Grandparents SIBO

• Old school – malabsorption, B12 deficiency

• Methanogens are only in the colon

• SIBO is the movement of colon bacteria into the small intestine

• The lactulose breath test measures intestinal transit

• Focused on iatrogenic SIBO (blind loops, Bilroth II, gastrectomy, 
adhesions…)

Bushyhead and Quigley. Gastroenterol 2022



Roots of IBS

• Bile acid diarrhea – but what is the 
root cause of this?

• SIBO/ISO/IMO – Root cause identified

ROOT
CAUSE

IBS

SIBO/ISO/IMO
BAD

Other

60%



Acute Gastroenteritis 
Causes IBS

Porcari, et al. Gut 2024. 

49 Outbreaks Studied

Pooled prevalence = 14.5% (CI=11.2-18.1)
That’s 1 in every 6.9 infections!



Campylobacter jejuni is the biggest culprit
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1 in 4.8 cases of Campylobacter jejuni leads to IBS

Porcari, et al. Gut 2024



Gastroenteritis (not stress) linked to IBS

*P<0.05
**P<0.001

Porter, et al 
Dig Dis Sci 2011



Molecular Mimicry

• “Molecular mimicry is one of the leading mechanisms by which 
infectious or chemical agents may induce autoimmunity.”

• “Molecular mimicry is a process that occurs when the immune system 
mistakes a foreign substance for a part of the body.”

Rojas, et al. J Autoimmun 2018

Shigella

Salmonella

Campylobacter

E. coli

Cytolethal Distending Toxin B
(CdtB)

Causes of 
Post-infection IBS



Molecular Mimicry/Autoimmunity

Cytolethal
Distending

Toxin B

Human
Vinculin



Molecular Mimicry/Autoimmunity

Cytolethal
Distending

Toxin B

Human
Vinculin



Generation 2 Blood Test for Diagnosing IBS-D

Morales, et al. Dig Dis Sci 2019



56%And/or

Morales, et al. Dig Dis Sci 2019

Antibodies (Generation 2) test dynamics

Sensitivity Specificity PPV NPV LR+ The old Assay

Anti-CdtB 43% 93.5% 95.6 33.7 6.3 5.2

Anti-vinculin 52% 90.9% 96.3 29.4 5.3 2.0



Rats get IBS-D phenotype after CdtB injection

Control cdtB
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Animal Model of Post-Infectious IBS-D: 3 Microtypes

Leite, et al. Gut Microbes, 2024.

Hydrogen cluster

Hydrogen sulfide cluster



Anti-vinculin antibodies and IBS Symptoms
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IBSSmart  

• The first test telling a patient and clinician that you have IBS-D (M)

• The first test telling you what may have caused their IBS-D

• The antibody appear to cause IBS (not just a marker of IBS)

• In my experience higher predict poor response to antibiotics and 
relapse

• You can guide your patient about travel based on this test

• Reducing anti-vinculin antibodies appears to improve IBS symptoms

IBS IS AN ORGANIC DISEASE!



Breath Testing Suggests SIBO in IBS

OR = 3.7 [95% CI 2.3–6.0]

25 Studies

*15 are considered high quality studies Shah, et al. Am J Gastroenterol 2020. 



Breath testing and transit- Finally a gold 
standard study

-Transit did not explain the breath 
test
-Anything at or before 80 minutes 
was valid
-20ppm by 80 minutes is the cutoff 
for hydrogen
-69% if IBS patients had high 
hydrogen
-Those with high hydrogen 
responded to antibiotics

Dahlgren, et al Gastroenterol Res Pract 2025



N=165 IBS, 26 controls    

Posserud, et al, Gut, 2007;56:802-8.

Small Bowel Culture Supports SIBO in IBS

N=77 non-D-IBS, N=35 D-IBS
Pyleris, et al. DDS, 2012



Breath Testing is Validated against SB Culture 
and Sequencing

Time points for H2 

levels detection in 

breath after 

lactulose ingestion

(minutes)

SIBO 

detection

Sensitivity

(%)

SIBO 

detection 

Specificity

(%)

Gammaproteobacteria

phylum
Firmicutes phylum Excess of gas

Energy metabolism function 

(H2 production)

Spearman r P-value Spearman r P-value Spearman r P-value Spearman r P-value

60 14.28 92.30 0.488 0.021 -0.318 0.149 0.355 0.105 0.272 0.221

75 57.14 84.61 0.516 0.014 -0.371 0.089 0.390 0.073 0.313 0.156

90 57.14 84.61 0.630 0.002 -0.508 0.016 0.408 0.059 0.457 0.033

105 57.14 69.23 0.689 3.879E-4 -0.583 0.004 0.444 0.039 0.527 0.012

120 57.14 61.53 0.781 1.795E-5 -0.651 0.001 0.368 0.092 0.602 0.003

Leite, et al Plos One 2020



SIBO is characterized by Klebsiella and Escherichia coli

• Escherichia coli (~28% of the whole microbiome)
 - total of 8 potential strains were detected
 - 2 strains with more genomic similarities to the  

common strains BL21 and K-12 were more 
abundant in SIBO and associated with GI symptoms 

• Klebsiella pneumoniae (~18% of the whole microbiome)
• Klebsiella aerogenes (less than 1% of the whole microbiome)

Bacterial species/strains
SIBO vs. Non-

SIBO (Log2 fold 
change)

Adj-P-value

Klebsiella pneumoniae 22.39 < 0.0001

Klebsiella aerogenes 12.93 < 0.0001

Escherichia coli BL21 25.6 < 0.0001

Escherichia coli K-12 19.9 < 0.0001

Escherichia coli (unknown) 10.1 < 0.0001

Escherichia coli O157:H7 12.4 < 0.0001

Escherichia coli 536 28.8 < 0.0001

Escherichia coli CFT073 14.3 < 0.0001

Escherichia coli 8739 26.2 < 0.0001

Escherichia sp. TW09308 25.6 < 0.0001
Leite, et al Clinical Gastro 

Hepatol 2024



Overgrowth of Escherichia coli and Klebsiella spp. in the small bowel is 
associated with enrichment of sugar degradation pathways and biogenic 
amines metabolism

Detected pathway
SIBO vs. non-SIBO 

fold change
Adj. P-value

Glucose degradation 63.07 < 0.0001

Galactose degradation 1.84 < 0.0001

Mixed acid fermentation 1.22 < 0.0001

Assimilatory sulfate reduction 1.11 0.02

Cadaverine biosynthesis 4.3 0.04

Putrescine metabolism 6.77 < 0.0001

H2 production

H2S production

Leite, et al. Clin Gastroenterol Hepatol 2023



Rezaie, et al. Am J Gastroenterol, 2018

Hammer, et al. United Europ Gastroenterol J, 2021

Ghoshal, et al. Ind J Gastroenterol, 2022

1. Mostly agree about criteria for SIBO
2. Mostly agree about dosing for substrates
3. Mostly agree that SIBO and IBS are interrelated



Methane Producers

Hydrogen Sulfide 
Producers

H

H

4H2 → 1CH4

5H2 → 1H2S

H H

H

H

C

HH

S

There are 3 Main Gases that must be Measured
Phenotype

-Diarrhea
-Pain
-Urgency

-Constipation
-Discomfort
-Bloating

Hydrogen Producers

Methanogens such as M. smithii2 

found in colon and small bowel3

Typical SIBO H2 is 
E. coli and Klebsiella1 

from  inside the small intestine

1Leite, et al. PlosOne 2019.
2Kunkel, et al. Dig Dis Sci 2011.
3Villanueva, et al. DDW 2022.

Many H2S producers



Three Gas Microtypes
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CH4 Levels Are Not Elevated In IBS-D Subjects

**P < 0.01; ***P < 0.001 IBS-D vs IBS-C/CH4-
†††P < 0.001 IBS-D vs IBS-C/CH4+

‡‡‡P < 0.001 IBS-C/CH4- vs IBS-C/CH4+
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H2 Levels Are Elevated In IBS-D Subjects 

†P < 0.05; ††P < 0.01 IBS-D vs IBS-C/CH4+
‡P < 0.05 IBS-C/CH4- vs IBS-C/CH4+

SIBO: ≥ 20ppm rise in H2 from baseline 
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H2S Levels Are Elevated In IBS-D Subjects
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Methanobrevibacter smithii positively correlated with 

breath CH4 and negatively correlated with H2

IBS-C subjects had higher abundance of family 

Methanobacteriaceae and species Methanobrevibacter 

smithii

Methanogens in IBS-C vs IBS-D

 

Absolute load of M. smithii (qPCR)

Breath test 

time point 

(minutes)

Methane levels Hydrogen levels

R P-value R P-value

0 0.410 0.003 -0.047 0.750

15 0.478 0.001 0.073 0.621

30 0.480 <0.0001 0.045 0.759

45 0.533 <0.0001 0.100 0.494

60 0.540 <0.0001 -0.019 0.897

75 0.564 <0.0001 -0.179 0.217

90 0.545 <0.0001 -0.265 0.065

105 0.560 <0.0001 -0.375 0.008

120 0.492 <0.0001 -0.332 0.020

All subjects pooled (n=81)

Villanueva, et al. Am J Gastroenterol, 2022



Methane on Breath Test Reflects the small bowel

Villanueva-Milan, et al. DDW 2024

The Archaeome in the small intestine Breath Methane and Methanogens

N=110 subjects with small bowel aspirate and shotgun sequencing
Of the 110 subject, 22 had IMO based on single baseline breath test



Methanogens in small bowel and CH4 

Villanueva-Milan, et al. DDW 2024



Methane and Gut Physiology

Small bowel transit time in animals
   -Room air or methane infused in gut

Peristaltic reflex intensity after 
brush stroke

O2

O2 

+ CH4

Pimentel, et al. Am J Phsyiol 2006



Intestinal Methanogen Overgrowth (IMO) 
Meta-analysis of CH4 and Symptoms

Mehravar, et al. Clin Gastroenterol Hepatol 2024

MORE CONSTIPATION WITH CH4 LESS DIARRHEA WITH CH4



IMO and Small bowel/Colonic transit

Talamantes, et al. Dig Dis Sci 2024

Wireless capsule in SIBO/IMO and non BT-ve groups



Duodenal H2S producers were associated with H2S 
on Breath

Bacterial H2S producers Prevalence R P value

1 Proteus mirabilis 77.98% 0.313 0.001

2 Desulfobulbus oralis 71.6% 0.194 0.043

3 Desulfovibrio desulfuricans 64.2% 0.210 0.028

4 Desulfuromonas sp. DDH964 56.9% 0.242 0.011

5 Desulfosarcina widdelii 55% 0.243 0.011

6 Desulfurispirillum indicum 53.2% 0.229 0.017

7 Desulfobulbus 
oligotrophicus 

51.4% 0.202 0.035

8 Desulfoluna limicola 41.3% 0.189 0.049

Prevalence

Villanueva-Milan, et al. DDW 2024Villanueva-Milan, et al. DDW 2024



Glucose vs Lactulose

1. Glucose misses people who might benefit
2. Glucose works well for H2S and CH4

Pimentel, et al. presented at DDW 2025 now in press



Real World Study – H2S and Diarrhea/Urgency
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Pimentel M, DDW 2025 in press



H2S≥2ppm presence or absence is the most 
important determinant of symptoms

Elevated H2S

 -Diarrhea dominates

 -More severe diarrhea

 -More severe pain

 -More severe urgency

Normal H2S Positive CH4

 -Constipation dominates

Only H2 – milder diarrhea 

Pimentel, et al. DDW 2025 (in press)



What H2S does to you….
Functional Change Finding Function/Impact

Mitochondrial ↑TXN2 Cells high in TXN2 are more resistant to redox changes

Redox

↓CTH Reduction in the key enzyme responsible for endogenous H2S production

↓SLC7A11 Low levels would produce a pro-oxidative state in the cell

↑SOD1
Encourages H2O2 production (oxidative)

Interacts with aquaporin 9 to secrete H2O2

Counteracts H2S

Gut Motor Function

↑HTR3e receptor Serotonin receptor for sensation

↓Piezo 2
Detects luminal distension and affects serotonin release and HTR3e function. Increases gut 

water content. 

↑Serotonin Binds to HTR3e and other receptors controlling peristalsis and visceral sensation

Aquaporins

↓aquaporin 6 Ion transport

↑aquaporin 7 Glycerol absorption

↓aquaporin 9 Reduction in hydrogen peroxide absorption by cells

Defensins ↑DefensinB1 Antimicrobial peptide that is highly sensitive to redox. Highly active when reduced. 

Neuroendocrine ↑SST Expect an increase in somatostatin which affects gut motility

Germano, et al. DDW 2025



IBS DISEASE MICROTYPES

H

H
H H

H

H

C
HH

S

ISO SIBO IMO

Severe 

diarrhea
Diarrhea Normal Constipation

*Proteus 
mirabilis

 Desulfosarcina 
widdelii 

Desulfobulbus 
oligotrophicus 

*Escherichia 
coli

*Klebsiella 
pneumoniae

*Methanobrevibacter smithii
Desulfurococcus mucosus

Halobaculum  rubrum
Halarchaeum sp. CBA1220

Small

Bowel

*Methabrevibacter smithii
Methanosphera stadtmanae

Methanomasillococcus 
luminyensis

Colon
*Desulfovibrio

*Fusobacterium



Rifaximin Benefits in IBS

Pimentel, et al. N Engl J Med 2011

Primary Evaluation Period Full 3 Months Post Treatment



Breath Testing Predicts Rifaximin Response
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Meta-analysis 
of Rifaximin 

for SIBO

Wang, et al. Expert Rev Gastroenterol Hepatol 2021

32 Studies



SIBO Predicts Response to Antibiotics in IBS

Takakura, et al. J Neurogastroenterol Motil 2024



Harm among IBS Therapies

Therapeutic Agent NNH NNT No. of Subjects 
Benefiting from 
Treatment for 1 
Patient Harmed

Tricyclic antidepressants
⁎

18.3 8 2.3

Alosetron 19.4 7.5 2.6

Rifaximin 8971 10.6 846

Shah, et al. Am J Med 2012NEW! – Update on this analysis with new drugs expected at DDW 2025.

https://www.clinicalkey.com/tblfn2


Methane Positive C-IBS 
Double Blind Placebo Controlled Trial
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Bismuth Effective for Hydrogen Sulfide



Elemental Diet (mBiota )

Rezaie, et al. CGH 2025



CS-06 Reduces Methane and Constipation in vivo

Villanueva-Millan, et al DDW 2025 Su2010

Blocks the binding site for the 
methylenetetrahydromethanopterin (mtd) 
enzyme



Fernandez-Delgado, et al. Ann Microbiol 2015
Struv, et al. Infect Immunity 2008
Jorgensen, et al. Stand Genom Sci 2018
Leite, et al. BMC Microbiol 2019
License from Shutterstock
Image generated by ChatGPT4.0 SORA

Klebsiella pneumoniae

Escherichia coli

Desulfovibrio spp

Proteus mirabilis

H

H

HH

S

Hydrogen

Hydrogen
Sulfide

IBS-D

Fusobacterium spp

Many of the main taxa associated with IBS-D partially 
reside in the mucous of small intestine



Rifaximin 550mg Within Group Treatment EffectsWithin group changes (Rifaximin 550mg)



Rifaximin 200mg/600mg NAC Within Group Treatment Effects

Within group changes (Rifaximin + NAC)



IBS-D

Rome IV 
Criteria

2 week 
run-in

Placebo

Rifaximin 66 mg tid
+ NAC 560 mg tid

Rifaximin 132 mg tid
+ NAC 560 mg tid
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-PRIMARY

-SECONDARY

-EXPLORATORY 
ENDPOINTS

2 MONTHS

-Durability of Response

N=75

N=75

N=75

Phase IIB Registered Trial has begun









Treatments that I Use (present and future)
Gas Type Current Treatments Future Treatments

Intestinal Sulfide 
Overproduction (ISO)

Rifaximin + Pepto Bismol

mBiota elemental

RNIB21

Small intestinal bacterial 
overgrowth (SIBO)

Rifaximin

mBiota

RNIB21

Novel biologic agent

Intestinal methanogen 
overgrowth (IMO)

Rifaximin + Neomycin

Rifaximin + Metronidazole

mBiota

CS-06



Conclusions

1. IBS is a disease

2. Food poisoning causes a significant proportion of IBS

3. Blood testing can diagnose and risk-stratify IBS-D

4. Three gas breath testing is the most validated breath test in 
history

5. H2S may be the most important gas in how it affects you

6. New therapies are coming soon for SIBO, ISO, and IMO
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