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Human Microbiome

• Joshua Lederberg suggested the term microbiome. He won Nobel Prize in 
1958 for discovery of genetic transfer in bacteria. 

• Described microbiome as the “collective genome of our indigenous 
microbes (microflora), the idea that a comprehensive genetic view of 
homo sapiens as a life form should include the genes of our microbiome”

• Includes bacteria, fungi, archaea

http://www.nature.com/ng/journal/v40/n5/images/ng0508-486-I1.jpg

Joshua Lederberg, PhD
1925-2008

99% of our total 

genome is absent at birth
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Microbiome literature: From quackery to hard science? 

• Recent lead articles:
• All major medical journals 2018-2025

• JAMA 2017, Nature 2017, Ann Surg 2017

• PNAS 2016

• Nature 2015

• Science 2014

• NY Times 2013

•  Wall Street Journal  2012 

• Scientific American 2012

• Economist 2012
•  

Wall Street Journal 2012New York Times 2013
2012
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The gut and “healthy” microbiome have multiple 
methods to protect the host 

4

Butyrate”

John Alverdy MDCompetitive exclusion of pathogens

Enhance epithelial barrier function 

Increase IgA production

Promote tolerance (Treg)

Inhibits NFkB translocation from cytosol to nucleus 

Stimulate protective mucus        

Stabilizes hypoxia-inducible factor

Increases fermentation to produce SCFAs

CL Ohland Cell Molec Gastro Hepat 2015  
M Latorre World J Gastro 2015
R Dickson Lancet Respir 2016    
Alverdy, Gershuni Nat Rev Gastr Hep 2021
Martindale RG et al Curr Opin Nutr Met Care 2024

Normal host protective mechanisms:
Secretory IgA

Acidic gastric environment

Gut peristalsis 

Thick mucus barrier

Antibacterial peptides 

Protective effects of

 heathy microbiome OHSU 
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Have we gone too far with specialized 

formulations for nutrition ?

“We give our sickest patients the “worst food”

                                Stig Bengmark 1994 

•Stig passed 

away in 2023 at 

95 years old 
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Where “man meets microbe” dynamic mutualism
• Concepts are not new 

• Referenced in Bible, Koran and in ancient Hindu text  

• Metchnikoff “father” of modern probiotic concepts 

• Surface area of GI tract 100 to 200 sq meters 
• About ½ the size of a tennis court 

 

• 2 million genes in the bacterial genome vs 20 to 25,000 in the human

•  approximately 1.3 bacterial cells to 1.0 human cells 

• Only about 10 trillion cells in human body 

• Several thousand species of bacterial in human colon, most non-culturable

• Extensive # of microenvironments (skin, R vs L hand etc)

• Metagenomics is exploding now that it is cost effective 
• Metagenomics studies the structure and function of nucleotide sequences from all organisms in a sample. The goal is to understand the diversity, abundance, and interaction 

of microbes in any system. Original studies were to evaluate DNA at bottom of ocean 

• We are exposed to “pro and prebiotics” from day one of life
• 13 to 15% of CHO in breast milk not absorbed by infant

• Probiotics expected to be >100 Billion $ industry by 2030  (87.7 billion in 2023)

Elie Metchnikoff 

Nobel Prize1906OHSU 
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“”Just as gut bacteria affect the brain, the 

brain can also exert profound influences on 

the gut microbiome—with feedback effects on 

behavior. 

Numerous studies, for example, have shown 

that psychological stress suppresses 

beneficial bacteria”. 
• Statement from the American Psychological Association 

2012

•The Gut Brain connection is not new !

“on autointoxication and Lactobacillus bulgaricus”

 Bond Stow 1914
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Evolution of current concepts 
• Ancient Egypt

• First description of putrefaction, intestinal autointoxication  

• Hippocrates “all disease begins in the gut” >2000 years ago 
•  another Hippocrates quote “Let food be thy medicine and medicine be thy food”

• 1896 Scientific American publication “Is Insanity Due to a Microbe?”

• Autointoxication theories in 1920’s 
• “bacterial therapy” prescribed for psychiatric disorders

• Several preparations of Lactobacillus marketed to improve mental health 

• Numerous commercial products, stemmed from tx of neuro syphilis  

• Sir W. Arbuthnot- popularized colectomy to prevent “autointoxication”

• Concepts fell from favor in late 1920’s -1930’s
• Lack of sound mechanistic understanding or data at the time 

• Blood brain barrier felt to be impermeable 

• Fleming’s discovery of Penicillin 1928 (Florey and Chain at Oxford purified, studied 1939)

• First patient treated was Albert Alexander 43 yo London policeman, treated Feb 12, 1941 

• Antibiotic Era 
• Several reports of anxiety, depression, etc associated with antibiotic intake, little objective data 

Rogers GB et al Molecular Psychiatry 2016
Bested AC Gut Pathogens 2013
Kellogg JH Autointoxication 1929
Bransfield RC et al Healthcare 2023 
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Historical Perspective: 
The roots of the concept

• Pasteur in 1868 suggested the GI tract can release systemic factors that cause fever, tachycardia and obtundation

• MOF described 1969-77 primarily attributed to sepsis 1

  Assumed intra-abdominal abscess, need for exploratory laparotomy

• Awareness of non-bacteremic clinical sepsis 1

  Clinical course identical to those with bacteremia 

  No clinical focus of infection was ever isolated or present in > 40%

• Marshall and Meakins suggested GI tract was “motor” of MOF syndrome in 1985

 Described loss of GI barrier function, pathogenic organisms enter the systemic circulation 

• Documented bacterial translocation to mesenteric lymph nodes in post-op pts (5-21% all gut origin) 2

9
(1)CJ Carrico (Archives Surg 1986;121:196) 

(2) EA Deitch (Surgeon 2012;10:350)
(3) Patel J et al Curr Gastro Reports 2025 

Surg Gyn Obstet 1977

Ben Eiseman MD
1917 - 2012

CJ Carrico (Archives Surg 1986;121:196) OHSU 
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Searching for the link between 
microbiome and human maladies 

• Diseases commonly accepted to be associated with        
alterations in microbiome: obesity, inflammatory bowel, 
arthritis, autism, colon cancer, depression, type 2 DM, 
autoimmune diseases, etc etc etc 

• Why is this happening now. Rapid DNA sequencing                      
has led to the explosion of knowledge 

• Challenge now is attempting to understanding the data  

•  “…strategies that leverage the existing knowledge from 
correlation to causation and ultimately to transition into 
therapies.”

Gilbert JA et al Nature Medicine 2018

We are at a critical inflection point – transitioning from description to 
developing disease specific treatment strategies 
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• Current enteral and parenteral nutrition therapy does not specifically address 
evolutionary interaction and mutualism between host and luminal bacteria 
• Current dogma has primary concern for:

• Macronutrients (fat, CHO, protein), micronutrients (vitamins and trace minerals)

• Starting to consider gut derived metabolites which can signal cellular 
responses both locally and systemically (example - butyrate) 

• Amount of interactions and crosstalk between microbiome, metabolic end products, 
host local and systemic immune system, gut epithelial is currently too complex

• Human gut heterogeneity- approximately 4000 species, 15,000+ metabolites, 
etc

• It will take “big data” to sort out 

McClave SA, Martindale RG. Nutrition 60:100-105, 2019
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The “Western” Diet:

Is inflammatory disease epidemic being at least partially 

driven by microbiome changes?
• Sedentary lifestyles

• Newborns in USA

• 1/3 C section, majority bottle fed

• Immunizations

• Domestic pets 

• Decrease in parasitic infection

• Refrigeration

• Sanitation and hygiene standards 

• Urban life in cities and concrete

• Major dietary changes

• Fats, protein, fiber, additives, emulsifiers, sweeteners, anti-oxidants,  preservatives, refining and de-
germination of grains, highly “refined” and processed diets, microplastics   

• Dramatic changes in the way we feed our sick in patients 

• Increased use of antibiotics

• Indicated or not ! 

• Now beginning to understand “collateral damage” of antibiotics

Go back we 

messed up

Can we  evolve enough fast 
enough for our dramatic change 

in diet and lifestyle ?

DarwinOHSU 
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Clinical Nutrition Continues to Evolve 

Nutrition Support               Nutrition Therapy
1982-2014 

• “Skeletons in the Closet”

• PEM in 50% pts US hospitals 

• Support to prevent PEM

• PN-based

   

1960-1982

• EN for macronutrients 

• EN for non-nutritional benefits

•Immune/metabolic-modulation 

•Attenuates inflammation 

•Maintains gut integrity

•Maintaining the microbiome

•Increase protein delivery

•Immunonutrition – surgery, critical care

2015- to current 

•EN remains 1st choice

•“Gradual” increase in nutrient delivery 

•Better understanding of physiology of IMN

•Arginine, FO, Gln, nucleic acids

• SPM’s

• Altering the Microbiome now a focus                    

Fermentable fibers in ICU

Prevent microbiome to pathobiome 

•Metabolomics—”omics”

•Resistance exercise

•Nutrition focus on the mitochondria 

  

OHSU 
CPD



ICU admission is an assault on our microbiome ?
• Broad spectrum antibiotics

• Changes noted within hours, decrease alpha diversity  

• Oral antiseptics 

• PPI / H2RA 

• Vasopressors
• Changes in pH ,decrease pO2 increase pCO2

• This activates virulence gene expression in bacteria

• Opioids 
• Decrease motility and bacterial clearance mechanisms
• Alters bacterial pathogenicity 

• Decrease in luminal nutrient delivery 
• Delays in feeding 
• Parenteral nutrition

• Gut luminal scarcity of nutrients  

• Altered bile salt production
• Decrease IgA production with lack of EN feeding 
• Decrease SCFA substrate

• Invasive devices 
• Ventilators
• Central lines  

Gilbert JA et al Nature Medicine 2018

Miller WD Alverdy JC J Inf Dis 2021
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Cresci, Nutr Clin Pract, 2015
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It takes very little to rapidly change our microbiome 

• International travel 

• Cohabitating with pets 

Song SJ et al Elife 2013

David LA et al Genome Biol 2014

What about space travel?
Microbial Tracking-2 (MT-2) studies by NASA 2024 

on the International Space Station 

94 fungal strains

96 bacterial strains of 14 species.

Staphlococcus – bacterial 

Malassezia –fungi 

Multi-Resistance and biofilm formation increasing 
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It takes very little to cause the normal non-pathogenic bacteria to turn against us:

P. aeruginosa PA27853/PLL-RedT1 exposure to host tissue factors released 

during surgical injury induces virulence activation

Host tissue factors: Norepi, hypoxia, 

host defense peptides LL 37

vehicle 

Alverdy J et al Ann Surg 2000
Kohler JE et al Am J Physiol.GI Liver Physiology 2005
Strempel N et al PloS One 2013
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Science 350(6265) 1214-1215. 2015

Distribution by age Distribution by months in “elderly” community living 

“with chronological aging, loss of diversity in the core 
microbiota groups is associated with increased frailty”
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Does Modulating the Microbiome Really 

Have Data to Support the Claims ?
• Enhancing immune response to viral challenge1

• Short chain fatty production2,3,4  
• Anti-inflammatory (local and systemic)

• Enhance WBC function 

• Decrease insulin resistance 

• Decrease cancer development  

• Enhanced muscle function 

• Enhanced mitochondrial biogenesis

• Decrease sick days from work5

• Decrease duration of URI symptoms6 

• Decrease antibiotics, MD visits, missed preschool7

• Decrease gestational DM8

• Decrease 
• necrotizing enterocolitis 

• C. difficile 

• VAP +/-

• Post op surgical infections

• Increase viral clearance in COVID 19
1. Razzardini G et al Br J Nutrition 2012  6.Hao Q et al Cochrane 2015 

2. Bhat M et al Nutrition Reviews 2017  7. Weizman et al Pediatrics 2005 

3. Scheiman J et al Nature Medicine 2019 8. Lindsay KL et al J Maternal-Fetal Med 2013

4. Tecinesi A et al Nutrients 2017  9. Janviar A et al J Pediatrics 2014 

5. Tubeilus P et al Environ Health 2005  10. Rahman S  Martindale R Ann Gastro 2023 

0.0%

0.2%

0.4%

0.6%

0.8%

1.0%

Placebo

Reuteri
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Gut Microbes 

2022

• n = 300 probiotics vs placebo

• Endpoints followed
• Complete viral remission

• % progressing to moderate of severe disease and/or death 

• Days required in ICU 

• Probiotics

• Increases IgM, IgG against SARS-CoV2

• Reduced nasopharyngeal and lung viral load

• Reduced symptoms 
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Clinical Condition Probiotic References

Antibiotic associated diarrhea L casei, LGG, 
L plantarum
S Boulardii

Hempel 2012,Morrow 2012
Barraud 2013, Surawicz 2009, 
Doron 2008, Hickson2007, Alberda 2018

C. difficile LGG, S.Boulardii
Numerous 

Na 2011, Katz 2006, Johnson 2012, Shen NT 2017, 
Johnson 2018, Bommioasamay Am J Surg 2018, 
Johnstone 2021,  

Ventilator associated pneumonia L. rhamnosus GG
L casei,  Bifidobacterium bifidum

Bo 2014 – Cochrane review
Morrow 2010, Barraud 2010
Giamaerellos Bourboulis 2009
Knight 2009, Forestier 2008, Shimuzu 2018
Johnson 2021 (no benefit)

Abdominal surgery,
Liver transplant

L plantarum 299v
L casei B breve
L rhamnosus 

Rayes 2002, 2005, Chanmao 2007, Kanazawa 2005, 
Sugawara 2006, Horvat 2010, Liu 2011, Eguchi 2011, 
Lytvynl 2016

Sepsis L plantarum
L casei, L rhamnosus

Panigranhi 2017, Arumugam 2016, Sun 2017, 
Argenta 2016, Wang 2022 (no benefit)

Trauma Bifidobacterium breve, L 
rhamnosus
L casei

Kotzampassi 2006, Spindler-Vesel 2007, Tan 2011
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Use of Probiotics to Prevent Ventilator 

Associated Pneumonia
• Lactobacillus GG vs placebo  (DBPCT)

• (2871 patients screened 146 met criteria)

• On vent > 72 hours 

• Oral and via feeding tube

• 1.0 x 1010 BID to each site

• Evaluated 

• Oral flora pathogen vs normal flora

• Gastric flora pathogen vs normal flora

• Incidence of  VAP

• Results
• Less antibiotics used 

• Less C.difficile 5.8% vs 18.6% (p<.05)

• Clinical VAP 35% vs 47% (p<.05)

• Microbiologic VAP 19% vs 40% (p<.05) 

• Mortality 14% vs 24% (NS)

Morrow  S, Kollef M et al 2010 AJRCCM 
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• RCT of probiotic or synbiotic interventions with clinical outcomes

• Primary outcome: new infections

• Secondary outcomes: mortality, ICU and hospital LOS, diarrhea

• Subgroup analysis: probiotic type, patient mortality risk on effect of 

probiotics on outcomes

• Results: 

• 30 trials (n=2972)

• Probiotics associated with:

• Reduction in infections

• Decreased incidence ventilator-associated pneumonia

• No effect on mortality, LOS or diarrhea

OHSU 
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• 44 ICU’s Canada, USA, Saudi Arabia

• N = 2653 randomized to L. rhamnosus GG 1.0 x 
1010 CFU BID vs placebo 
• 1321 L. rhamnosus vs 1332 placebo 

• Ventilator > 72 h 

• Results:
• No differences in any primary or secondary outcomes 

• VAP, C.diff, ICU acquired infections, antimicrobial use, 
mortality 

Johnstone J et al 2021OHSU 
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Probiotics in the prevention of necrotizing
enterocolitis in neonates 

• 7% of VLBW < 1500 gm

• 20 to 30% mortality

• Etiology is clearly multifactorial 

• Premature birth, Abnormal intestinal microbiota

• Enteral feeding , alterations in perfusion 

• Janvier A  et al N=566 infants 

• 5 probiotic genera (4 bifidobacteria and 1 lactobacillus

• 2 .0x 109 CFU /day 

• Results 

• Reduction in Nec 9.8% vs 5.45 %  (p<.05)

• Reduction in Mortality 9.8 vs 6.8 % (NS)

Janvier A et al  J Pediatrics 2014 

Meyer MP et al J Neonatal Perinatal Med 2019
NEC 3% to 1%,  NNT 50

Underwood MA et al J Ped Surg 2019
Review: human, animal data – Strong evidence to support 
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Age and Ageing 2024

• 10 RCTs ---1,560 patients 

• Primarily influenza seasonal vaccine and one study evaluation of 

COVID-19 vaccine

• Mostly Lactobacilli some in combination with bifidobacterial 

• Results:

• Probiotics showed increased seroconversion rates in all three strains of seasonal flu 

vaccine 

• Conclusion:

• Significant enhancement in vaccine response 

OHSU 
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Can Probiotics be used for prevention of disease in 
“Healthy People”  

Placebo: 0.9 % sick days

2 days per individual and year

Reuteri: 0.4 % sick days 

<1 day per individual and year **

Sick days at home with short
term gastro-intestinal or respiratory illness. PRCT N=262 
subjects, 80 days to complete study

26% on placebo (23 persons)
11% on Reuteri (10 persons)  p<.01**

Number of people sick

P < 0.01

0.0%

0.2%

0.4%

0.6%

0.8%

1.0%

Placebo

Reuteri

Tubelius P et al., Environ Health 2005

0.0%

0.2%

0.4%

0.6%

0.8%

1.0%

Placebo

Reuteri
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Pre and Probiotics:
Use probiotics in healthy school children

•Children (4-10m) with 

increased risk for infection

12 weeks supplementation

in baby formula

Weizman et al., Pediatrics (2005)

•Saavedra JM et al 2004 

•PRDBPCT N=118, 3-24 months, 210 day 

•+/- Probiotics 

•Results: Probiotic group

•Decrease colic, antibiotic use 

Mugambi MN et al  Nutr J 2012

•Meta-analysis: Pre/Pro/Synbiotics, 25 studies 

total

•Conclusion:

•No consistent high quality data to 

support;

•Growth development, GI issues 

•Laursen RP et al 

•Pediatrics 2017 

•290 infants 

•8 to 14 months 

•B animalis, L rhamnosus

•No benefit 
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Probiotics, Pregnancy and Maternal Outcomes

• Finland N=256 ( 3 groups)

• Strict definition of Gestational diabetes 
(GTT)

• Control, placebo, probiotics 

• Results:

• Control 36%

• Placebo 34%

• Probiotics 13% 

• No change in pregnancy outcome

• No change in children at two years 

• Systematic review: 189 articles 

• Primary outcomes;

• Gestational DM

• Secondary outcomes;

• Pre-eclampsia

• Inflammatory markers

• Lipid profiles

• Gestational weight

• Conclusion: Probiotics reduce

• gestational DM 

• Maternal fasting glucose

• Pre-eclampsia 

• CRP-inflammation  

Luoto R British J Nutrition 2010 

Lindsay KL et al J Maternal-Fetal Neonatal Med 2013 

New Zealand n=423 pts
Prospective trial 
Probiotic supplementation 

Significantly decrease GDM
Greatest benefit seen in older women

Wickens KL British J Nutrition 2017
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2017

•RDBPCT of L. plantarum + FOS   n=4,556 infants >2,000gm, 35wk gestation

•WHO criteria for sepsis, NIH funded       42% reduction in sepsis  1 week of tx $1

2017

OHSU 
CPD



Individual Probiotics in
 Irritable Bowel Syndrome

• Influence appears to be strain specific 
• L.GG, L. plantarum, L. acidophilus, L. casei,
• (VSL#3), Bifidobacterium animalis, B. infantis (35624)

• Well done studies showing improvement in symptoms (72 RCT – 49 showing benefit in at least one outcome parameter)

• Bloating, flatulence, constipation 
• Few alter symptoms and pain / global score

•  B. infantis best studied (highest quality studies)

• PRCT > 360 pts, 108 bacteria
• Improved global score by > 20% 

• B.regularis (Activa®)
• Constipation predominate – 16 RPCT, 11 +

• A meta-analysis in the AGA Guidelines reviewed 37 trials involving 4,403 
subjects and found that combination probiotics demonstrated a 
significant pooled effect for symptom improvement (RR 0.79, CI 0.68–
0.91), but there was significant heterogeneity and publication bias

• Lacy BE et al Am J Gastro 2021
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Summary: Probiotics in Irritable Bowel Syndrome ?

Results mixed:

Limited #’s

Variable species

Variable dosing  

Cash DB et al Curr Med Res Opin 2014
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The brain gut connections are beginning to be understood

Zheng Y et al Nutrients 2023

Leigh SJ et al J Physiol 2023

Chronic stress
-impairs vagal signaling and enteric    

nerve function
-impairs gut motility 
-induces visceral hypersensitivity
-cellular and humoral immunity is 

suppressed 
-reduced mucous layer 
-increased paracellular permeability 
-increased mast cell degranulation 
-reduced stability of microbiome
-conversion of microbiome to     

pathobiome 

Acute Stress
-enteric NS activated altering gut 

contractility 
-suppression of adaptive immune system
-activation of innate immune system
-altered serotonin metabolism 
 (90% from EC cells)

-alters microbiome – induces pathobiome
 - decreases biome diversity  OHSU 
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How do SCFAs produced from fermentation in the gut 
microbiome benefit the CNS in the ICU patient ?

• SCFAs – primarily butyrate, acetate, and proprionate 

• Enhances blood brain barrier 
• Decrease paracellular permeability via enhancing tight junction proteins (occludin and ZO-1)

• Decreases neuroinflammation and neuronal damage 

• Modulate microglia activity 
• Binding free fatty acid receptors inhibiting histone deacetylase 

• Reduces expression of pro-inflammatory cytokines (IL-1β, IL-6, TNF-α) 

• Improve cognitive function in sepsis associated encephalopathy (SAE) 
• Reducing neuroinflammation and neuronal degeneration 

• Binding of GPR-43 

• Increase production of IL-10 
• Decrease CNS inflammation 

Fock E et al Cells 2023
Liao H et al Frontiers in Neurology 2022
Zhang Q et al Frontiers in Cellular and Infection Micro 2023
Liu J et al Frontiers in Immunology 2021 
Wang F et al Neurobiology of Disease 2024
O’Riordan KJ et al Molecular and Cellular Endocrinology 2022 
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Silva YP et al Front Endo 2020

Fusco W et al Nutrients 2023

Microbiome produced SCFA effects in CNS

OHSU 
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• Preclinical / non-human studies 
• Evidence to support vagal afferent signals involved

• Lactobacillus rhamnosus directly activates vagal neurons

• Region specific alterations in GABA receptor expression 

• Reduced stress-induced cortisol 

• Reduce anxiety and depression like symptoms 

• Vagotomized mice do NOT exhibit these changes 

• Human: microbiome manipulation
• Messaoudi M et al Br J Nutr 2011 DBPCRCT

• Decrease psychological stress, urinary cortisol 

• Rao AV et al Gut Pathogens 2009: Chronic fatigue 

•  L casei Shirota  v placebo x 2 months

• Improved fatigue feeling, less anxiety 

• MDD 

Medina-Rodriguez EM et al Pharm Biochem Behavior 2023

Zhao S et al Nutr Rev 2025 

Foster JA Biological Psychiatry 2017

Bravo JA et al PNAS 2011 

16 OF 22 showed improvements
8 weeks shows best response 

“Probiotics, compared with antidepressants and 
placebo, may be efficacious as an adjunct or 
standalone therapy for treating MDD”

OHSU 
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Microbiome and Brain Function

“Gut-Microbiota-Brain Axis”

Cryan FJ et al Nature Rev Neuroscience 2012        Minter MR et al Sci Rep 2016,         Ho P 2017        Clerici L Curr Nutr Rep 2025   

Recently shown to alter:
• Behavior

• Anxiety, depression

• Learning, memory

• Neurogenesis

• Neuroplasticity

• Microglial activity

• BBB integrity

• AD, Parkinson’s 

Human data for:
•Anxiety / stress

•Depression

•OCD / ADHD

•Others 

•  

OHSU 
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RCT’s continue to be published

Brain, Behavior, and Immunity 2015

•Brain, Behavior, and Immunity 2017

Nutrition 2016

Frontiers in Psychiatry 2021

Neuroscience and Biobehavioral 2019

Current Nutrition Reports 2025

Nutrition Reviews 2025OHSU 
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Can Probiotics Alter Treatment of  Gastroenteritis 
Duration and Severity

• Freedman SB et al  NEJM 2018 
• PRDB trial N=866 ages 3 to 48 months

• Presentation to 6 ED’s across Canada with gastroenteritis

• 2 probiotics BID (L.rhamnosus and L. Helvetica, 4 x 109)

• NO benefit to addition of probiotics 

• No difference in duration or severity of symptoms 

• Schnadower D et al NEJM 2018
• PRDBPCT children 3 to 48 months 

• Presenting with gastroenteritis

• 5 day course L.rhamnosus GG (1 x 1010 BID vs Placebo) 

• No Benefit 

• Appears to show treatment not beneficial once gastroenteritis is established !
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Use of probiotic preparations to 

prevent C.difficile associated diarrhea 

• RDBPCT  N=135

• Age 64  all taking antibiotics

• 100 gm BID L. casei as drink 

• Results:
• AAD: 7/57 (12%) vs 19/56 (34%)

• 21% relative risk reduction, NNT 5

• C.diff 0/57 vs 9/53 (17%)

 

• Meta-analysis 28 studies

• N=3818 patients

• “Moderate quality” of evidence probiotics 
as prophylaxis  
• decreases incidence of CDAD by 66%

• No adverse influence by receiving probiotics  

Hickson M, et al .  BMJ 2007 
Johnston BC Ann Internal Medicine 2012
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Probiotics Use In Hospitalized Patients: 

Meta-Regression Analysis  

• 19 published series, N=6261 subjects 

• More effective when given near first 
antibiotic dose 

• Incidence of C.diff 1.6% vs 3.9% 

• No increased risk of adverse events in 
probiotic group

• Quality of evidence high  

• Probiotics decrease risk or C. difficile 
by > 60%

• Moderate quality of evidence 
supporting probiotics
• Multi-species appears better than single 

species 

• If patient receiving > 2 antibiotics 
benefit of probiotics event greater 

Shen NT et al Gastroenterology 2017

Johnston BC et al Infection Control Hospital Epidem 

2018OHSU 
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Do C.difficile bundles work ?

• Evaluation of probiotic bundle targeted for C.diff 
• Clostridium difficile infection (CDI)

• Review pre and post implementation
• 2008 through 2014 (trauma ICU)

• Probiotics protocol 2010 

• 4632 pts (49%) received antibiotics

• 21% received probiotics

• Conclusion:

• CDI  decreased from 11.2 to 4.8 per 1000 admissions (p=.03) 

• CDI in patients receiving antibiotics went from 2.2% to 0.7% (p=.01) 

Bommiasamy AK, Martindale RG, Kiraly LN  Am J Surgery 2018
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Antibiotic Associated Diarrhea:

Preventable or Inevitable ?

• Hempel S et al JAMA 2012 

• Meta-analysis 82 RCT met criteria for inclusion

• Probiotics strains were poorly documented

• N=11,811 participants (pooled data)

• Conclusion:
• Probiotics confer significant decrease in AAD (p<.001)

• # needed to treat N=13 Hempel S et al JAMA 2012

Similar benefit in Cochrane Analysis 

of summary 23 studies

 Goldenberg JZ 2015

Probiotics started when

 antibiotics started most benefit

OHSU 
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Probiotics: Importance of choosing the 

correct bacterial species 

• PLACID Trial: MRDBPCT 

• 17,480 screened 2,971 met criteria
• > 65 yo

• All received antibiotics 

• 70% received  either placebo of probiotic for at least 7 

days 

» L.acidophilus  x 2 

» B.bifidum x 2 

• Conclusion:
• AAD 10.8 vs 10.4 %

• CD     0.8 vs 1.2 %

• Essentially no differences between groups Allen SJ et al  Lancet 2013 

OHSU 
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Burr AHP et al J Immunology 2020Modified from Toni T, Alverdy J et al Nature Rev GI Hep 2021 

Can we alter the microbiome to improve Surgical 

outcomes with prebiotics? 

Results in dramatic decrease in microbial diversity 
Alterations in microbial virulence OHSU 
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Lytvyn L et al J Hosp Infections 2016

J GI Surg 2016

Inter J Antimicrobial Agents 2013

•Nutrients 2021 
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2020

34 RCT  n=2753

 1354 treated with Synbiotics or Probiotics

 1369 control 

Synbiotics and Probiotics decrease risk of infections 56% p<0.00001

Synbiotics > than probiotics alone p<0.00001

Conclusions:

1) Synbiotics and Probiotics decrease infections, LOS

• No adverse effects
2) No change in mortality  

OHSU 
CPD



Short course (2 days) of high fiber diet 

prevented anastomotic leaks in 

colorectal anastomosis

British J Surg 2020
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Short course of high fiber diet 

prevented anastomotic leaks

British J Surg 2020
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Sinicrope FA. NEJM 2022

Primary mechanisms by 

which gut microbiome are 

believed to induce CRC 
1. Inflammation

• Induces DNA damage  

2. Genotoxicity 
• Some bacteria produce toxins 

which induces DNA breaks, 

chromosomal instability 

3. Metabolic alterations 
• Bacterial metabolites that 

promote CRC. Dysbiosis 

reduces SCFA 

Factors Influencing the Risk of Colorectal Cancer 
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•Annals of Gastroenterology 2020 Watson KM, Garner IH, Martindale RG, Tsikitis VT Ann Surg 2021 

•B.fragilis toxinOHSU 
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• Utilized prospective cohort tumor biobank 
• Included 132,056 participants with 3,079 with documented colon Ca 
• Tissue with microbiome associated tumor data 1,121 
• Bifidobacterium is an excellent SCFA producer 

• Results:
• Association of low Bifidobacterium with increased colon CA

• Greatest effect in more proximal lesions 

• Conclusion:
• Anti-tumor potential for the probiotic Bifidobacterium
• Maintaining a “balanced” microbiome is key to mucosal physiology  

Gut Microbes 2025
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Abenavoli L et al Medicina 2024 
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What is the optimal timing to attempt to manipulate the microbiome ?
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• “Although there has been a substantial number of studies examining probiotics in various 
gastrointestinal diseases, the studies have been extremely varied, including differences in 
the strain of microbes used, dose, and route of administration, as well as the research 
methodology, including differences in the reporting of end points and outcomes”

• Almost all recommendations state: No recommendation, or low quality except in neonates 
which receives high to moderate recommendation

• In 2024 several societies now state that selective use in specific disease states with specific 
bacteria can be recommended.   SCCM, ACS, still silent 

Gastroenterology 2020;159:697-705
OHSU 
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It is all about “Risk vs. Benefit”

Primum non nocere OHSU 
CPD



Canadian ICU Pharmacists Survey:

Assess attitudes toward probiotic use in ICU

• 303 surveys sent / 191 returned (63%)

• 69% had probiotics available 

• 62% had used in last year 

• 80% said they would NEVER recommend probiotics to prevent VAP 

• Unsure of safety 

Wheeler KE et al J Critical Care 2016

OHSU 
CPD



• Evaluated 384 trials

• Combined ICU, inpatient and outpatient 

• Conclusion: Harms reporting in published reports of RCTs assessing 

probiotics, prebiotics, and synbiotics often is lacking or inadequate. We 

cannot broadly conclude that these interventions are safe without reporting 

safety data

59

2018;169:240-247

Few trials collect or report adverse events well !! 
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Safety of Probiotics

• > 400 human clinical trials from the last 15 years (2008-2021)

• Quantity and nature of the reported adverse events (AEs)

• AE= occurrence of a complication or illness, or worsening of the condition 

throughout the study

• Examined 60> different strains of bacteria

• Virtually no significant attributable morbidity or mortality 

• Conclusion (2)

• The use of probiotics seems to play a role in decreasing the incidence of ICU-acquired 
infections. Also, a potential reduction in terms of the incidence of diarrhea has been 
reported, with no examples of adverse incidents, suggesting probiotics are safe

•1)Van den Nieuwboer M et al, Benef Microbes, 2015

•2)Alsuwaylihi AS et al Nutrition Reviews 2022
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Tips on keeping a healthy microbiome 

Fusco W et al Nutrients 2023 

Diet can increase alpha diversity, decrease in CRP, fecal calprotectin,
HbA1c, increase in GLP-1, increase in total SCFA 

Probiotics consistently increase serum levels of SCFA

Oats and cereal grains are main 

source for AXOS (arabinoxylan-

oligosaccharides)
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Bacterial (probiotic) Strains with Significant #s of Supportive 

Clinical Published Data in ICU Populations 

• Lactobacillus rhamnosus

• Bifidobacterium lactis BB-12

• L. casei 431

• L. acidophilus LA-5

• Lactobacillus salivarius UC118

• L. plantarum  

• B. animalis lactis

• L. reuteri

• Disclaimer:

• many other probiotic have published data to support in specific disease and health states

• Some effects are strain specific effects

• Strain “drift” is real  

OHSU 
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Limitations of Viable Probiotics 

• Probiotics must survive the GI tract 

• Survival to IC valve 1% to 90% depending on species

• L acidophilis vs L plantarum

• Colonization resistance 

• Host factors and compositional patterns of baseline microbiota 

• Example: L.GG of human origin with marginal data that it can 

permanently colonize 

• Processing for “packaging and distribution” alter viability of bacteria

• What about safety   

63
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Definitions
• Prebiotics -compounds in food that induce the growth or activity of 

beneficial microorganisms such as bacteria and fungi. 

• Probiotics -live microorganisms promoted with claims that they 

provide health benefits when consumed, generally by improving or 

restoring the gut flora. 

 

• Synbiotics - food ingredients or dietary supplements combining 

probiotics and prebiotics in a form of synergism, hence synbiotics

• Postbiotics - are soluble factors (metabolites), secreted or generated by 

live bacteria during fermentation, or released after bacterial lysis providing 

physiological benefits to the host.

64

•Marco ML et al Nature Reviews: Gastro and Hepatology 2021
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• Postbiotics - are soluble factors (metabolites), secreted or generated by 

live bacteria during fermentation, or released after bacterial lysis providing 

physiological benefits to the host. 

65

Postbiotics – can this answer some of the questions without the risk ?

Note: NO live 

bacterial neededExosomes

Stelmach V et al Nutrients 2024
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General Guidelines for Use of 

           Pre, Pro, Syn and Postbiotics in ICU 
• All probiotics are not the same

• Critically evaluate and use only when data supports

• Base choice on molecular typing, metabolic characteristics and interaction in the 
environment

• Needs to be evaluated for “functionality” down to strain level  

• Caution with meta-analysis, heterogeneity is key in studies

•  Do not extrapolate from one strain to another 

• Many mechanisms are strain and/or metabolite specific

• In my opinion: Better to use microbiome manipulation as a preventative treatment option 
in the high risk populations  

OHSU 
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Is it time to start sending off stool 

specimens for microbiome analysis ?

• Results obtained are NOT ready for prime time !

• Large amount of data with no clear path on 
how to treat ?

• Antibiotics

• Probiotics

• Prebiotics

• Dietary changes 

• Exercise 

Wall Street Journal June 2019OHSU 
CPD



Altering the microbiome can prevent, mitigate and treat many of the 

current health crisis facing the western world

• Cancer
• Multiple mechanisms

• Protects mucosa from radiation effects

• Increases benefit from chemo agents   

• Heart disease
• Metabolic syndrome

• Atherosclerosis

• Hypertension

• Hepatic diseases
• NASH

• Hepatic encephalopathy

• Infectious disease

• Diarrheal diseases
• AAD

• Bacterial

• Clostridium difficile

• Viral

• Inflammatory diseases
• IBD ?

• Allergy

• Asthma

• arthritis

• Autoimmune diseases

• Aging

• Obesity

• CNS- Psychiatry  

• Renal disease 

• Critical Care / Surgery
• Trauma 

• General surgery 

•  Pancreatitis +/-

•  Transplantation

•  Sepsis

•  VAP prevention

OHSU 
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In 2025 we need to think of the microbiome as another organ

• Functions of the microbiome 

• Metabolizes drugs 

• Produces and metabolizes nutrients 

■ Vitamins (folate, vitamin K)

■ SCFA-multiple metabolic effects

■ Amino acids

■ Provide 10% of daily calories from SCFA  

• Stimulation of hormone secretion

• Highest concentration of L cells in distal colon and rectum

• Modulates immune function

• Maintains mucosal barrier function

• Modulates systemic inflammation 

Sobara MT et al Nature Rev Microbiology 2022

Reynolds T et al Surg Infect 2023 

Zheng Z et al Frontiers in Cell and Inf Microbiology 2023

Napolitano LM Surg Infections 2023 

Hyoju SK et al Br J Surg 2020 

Guyton K, Alverdy JC. Nature Rev GI Hepatology 2017 

If microbiome not maintained:
Alterations in microbial virulence 

Phenotypic switch in  microbiome to 

“pathobiome” 

• We have not yet been able to define 

the ideal community of microbes 
• We can define a healthy set of metabolic 

functions  

• We can say that increased microbial diversity is 

associated with better outcomes

• Do no extrapolate one probiotic strain to another 

• Many mechanisms are strain or metabolite specific  
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•Most studies of probiotics shared many 

limitations, including wide variability in 

the composition, viability and dosing of 

the probiotic preparation, employed, 

small sizes of the study population as 

well as a failure to confounding factors 

such as concomitant medications and 

diet

•Most studies of probiotics shared many 

limitations, including wide variability in 

the composition, viability and dosing of 

the probiotic preparation, employed, 

small sizes of the study population as 

well as a failure to confounding factors 

such as concomitant medications and 

diet

• Efficacy- most studies report positive results, VAP widely variable 

• Safety- lack of consistent reporting in most reports 

• Mechanisms – animal models excellent with proof of concept, humans 

difficult to show causal link between intervention and improved outcome 

• Heterogeneity- of microbes and the patients 

• Wide variability in the composition (strain drift)

• Viability and function of specific bacteria not universal

• Probiotic delivery with or without prebiotics 

• Dosing - probiotic preparations widely variable

• Small study sizes - most studies, more recent trials improving 

• Failure to overcome confounding factors –

• medications, treatments, during hospital and ICU stay etc

To summarize the limitations with the probiotic 

literature
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It time for a paradigm shift !

Supply adequate viable beneficial bacteria or a substrate 

which enhances these specific beneficial bacteria instead 

of trying to eliminate the pathogen ?

     “Bioecological control” 

Shift from Germ Theory to Germ Therapy
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The most dangerous phrase in the English 

language is;

 “We’ve always done it this way!”

 Grace Murray Hopper
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