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Agenda
•
•
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•

The co-evolved microbiome
Microbiota and human health
What influences the gut microbiota?
Microbiome and aging
Dietary interventions
The rise of bacteriophages

• Questions and answers

We Co-evolved With Our Microbiome
• Our immune system cannot mature
without specific bacteria.

• Some microbes induce host

a pro-inflammatory response to protect
against inflammation, while others induce
an anti-inflammatory response to restore
immune system balance.

Earle et al., 2015
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Microbiome A Human Organ?
• Weighs about 1 kg and is without distinct structure.
• Is an organized system of cells more akin to the immune system than the
liver.

• Dominated by 4 large groups of bacteria or phyla: Actinobacteria,
Bacteroidetes, Firmicutes, and Proteobacteria

• Humans possess 23,000 genes. The microbiome contributes ~3,300,000.
The communal gut microbial genome is ~150 times larger than the human
genome.

Probiotic

Pathogenic

Bifidobacterium spp.
Lactobacillus spp.
B. coagulans
S. thermophilus

E. coli
C.difficile
S. aureus
Salmonella spp.
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Commensal Bacteria Benefit The Host

Cell Metab. 2012; 16(5):559.
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Colonization Requires Host Receptors
• A particular bacterium, B. fragilis,
orients to specific mucosal components
in the gut.

• Human genetics shape the microbiome.

Lee et al., 2013

Development Of The Immune System

Newborn

3-Month Old

1-Year Old

6-Year Old

Maternal properties
transferred in utero.

Infant begins
producing
antibodies.

Antibodies at 1520% of adult levels.

Normal antibody
levels.
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Microbiota and Human Health
• Microbiota and host interact to regulate human health.
• ‘Educates’ the immune system to recognize self from non-self.
• Digests ‘indigestible’ fibers and plant materials.
• Produces energy substrates for host cells (e.g., short-chain fatty acids)
• Metabolizes drugs
• Produces beneficial compounds (e.g., vitamins and antimicrobials)
• Produces signaling molecules which interact with the host.
• Communicates with the brain.

Microbiota and Human Health
• Microbiome may cause disease, directly or
indirectly, when its delicate balance is perturbed.

• Diseased individuals have been shown to have
large differences in their microbiome as
compared to healthy controls.

Front Physiol. 2011; 2:94.
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Microbiota and Human Health
• List of potential microbiome-associated diseases is growing:
•
•
•
•
•
•
•
•

CVD
IBD, ulcerative colitis, Crohn’s disease, GERD, and necrotizing enterocolitis
Brain function, epilepsy, Alzheimer’s disease, and psychiatric disorders
Psoriasis, eczema, acne
Asthma and cystic fibrosis
Non-alcoholic fatty liver disease and alcoholic steatosis
Esophageal, colorectal, cervical, liver and gastric cancers and non-Hodgkin’s lymphoma
Obesity, metabolic syndrome, rheumatoid arthritis, MS, autism, type 1 and 2 diabetes
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What Influences The Gut Microbiota?
•
•
•
•
•
•
•
•

Mode of fetus delivery
Geographic origin
Host genotype
Diet
Antibiotics
Probiotics and prebiotics
Age
Stress

Science. 2016; 352:560
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An Impoverished Microbiota
• Practices in modern society may be leading to an impoverished microbiota
• Suboptimal diet quality… low dietary fiber intake… high consumption of refined
carbohydrates.

• Sanitation (food, water, bathing, hand soap, etc)
• Antibiotic use
• Caesarean birth

Microbiota and Aging
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Changes in Fecal Microbiota With Age

Biosci Microbiota Food Health. 2014; 33(3):99.

Gut Microbiota and Health In The Elderly
• Intestinal microflora of older people (>65 y) is extremely variable and differs from
the microbiota and diversity levels of younger adults.

• Aging associated with increased inflammation.
• Intestinal microbiota of elderly individuals in long-term rehab facilities were less
diverse than that of community dwellers.
• Dietary differences - moderate-fat/low-fiber diets in long-term rehab subjects.
• Loss of community-associated microbiota correlated with increased fragility,
inflammatory markers, sarcopenia, as well as poor scores on geriatric depression
tests, functional independence measures, mental state exams, and nutritional
assessments.
Nature. 2012; 488:178-184.
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Environment Matters: Where Elders Live
• Microbiome composition separates elderly
based on where they live.
• Green = Community
• Yellow = Day hospital
• Orange = Rehabilitation (<6 wk)
• Red = Rehabilitation (>6 wk)

Nature. 2012; 488:178-184.

Environment Matters: Diet
• Microbiome composition in elderly is
related to their dietary habits.
• Green = Community
• Yellow = Day hospital
• Red = Rehabilitation (>6 wk)

Nature. 2012; 488:178-184.
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Environment Matters: Where Elders Live

Nature. 2012; 488:178-184.

Centenarians Have A Distinct Microbiome
The relative contribution of the
phylum/order-like phylogroups that
contribute at least 0.5% to microbiota of
centenarians (C), elderly (E) and young
adults (Y) indicate large differences among
these populations.

PLoS ONE. 2010; 5(5):e10667.
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Centenarian Study Takeaways
• Current research supports a case for microbiota-related acceleration of agerelated health deterioration. Research must focus on developing dietary
interventions designed to promote healthier aging.

Dietary Interventions

13

6/1/19

Microbiome, Diet and Obesity
• Obesity is associated with a less diverse
“rich” microbiota.
• Change in enterotype ratios
• Low gene count best marker of pathology

• Most changes shown in gnotobiotic mice.
• Many areas of discovery still emerging.
Nutr Rev. 2015; 73(6):376.

Nutr Rev. 2015; 73(6):376.
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Environment/Diet Matters
• South Dakota Hutterites live a
communal lifestyle, grow their
own food, consume fresh
produce in the summer and
canned foods in the winter.

Davenport et al., 2014

Dietary Fiber
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Low Carb Diets
• RCT-cross over design, 17 obese
men

• 4-wk weight-reduction diets:
• High-protein; medium carb (HPMC)
• High-protein; low-carb (HPLC)

• HPLC decreased butyrate levels
• Likely due to lower fiber diet.
Am J Clin Nutr. 2011; 93:1062

Low-fat and Mediterranean Diets
• 106 subjects:
• 33 obese with MetS
• 32 obese
• 41 non-obese

• Consumption of 2 healthy dietary
patterns restored microbiota
dysbiosis in obese patients with
MetS.
Mol Nutr Food Res. 2017; 61(12):1700300.
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Dietary Bioactive Compounds
• Bacteria can produce new bioactive compounds from dietary constituents:
• Soy isoflavones à equol, O-desmethylangolensin
• Anthocyanins à hippuric acid and small phenolics
• Glucosinolates à isothiocyanates

Not Everyone’s Microbes Make Equol
Equol Excreters (2,000 nmol/d)
nmol/d

Non-excreters (250 nmol/d)

1

Subjects

60

PSEBM. 1998; 217:335.
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Probiotics, Prebiotics and Synbiotics
• Probiotic
• Live microorganisms which when administered in adequate amounts confer a health
benefit to the host – World Health Organization

• Prebiotic
• A substrate that is selectively utilized by host microorganisms coffering a health benefit.
– International Scientific Association for Probiotics and Prebiotics

• Synbiotic
• A substance that combines both a probiotic and prebiotic.

Probiotics
• Pathobionts
are always “lurking” among
14
the 10 bacteria that comprise the GI
microbiome.
• These include C. dificille, S. aureus, and
pathogenic E. coli.

• E. coli exists in many forms and specializes in
the exchange of plasmids that carry virulence
and antibiotic-resistance genes.
• Antibiotic resistance genes “hide” in plasmids
carried by “good bacteria.”
• Salmonella and Shigella can breach the
mucosal barrier.
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Do Probiotics Work In Healthy Adults?
• While there is substantial evidence that probiotic interventions benefit those
with disease associated with imbalances of the gut microbiota, there is little
evidence to suggest they have an effect in healthy individuals.

• This is typical of nutrition.

Genome Med. 2016; 8:52.

Use of Probiotics for GI Conditions
• Meta-analysis of 74 RCTs showed significant efficacy of probiotic treatment
for:

• Antibiotic associated diarrhea
•
•
•
•

Clostridium dificile disease
Helicobacter pylori positive
Pouchitis
IBS

• Magnitude of effect varied by study.
PLoS One. 2012; 7(4):e34938.
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Probiotics and Type-2 Diabetes
• Systematic review of 13 RCTs showed significant efficacy of probiotic
treatment for:
• Reducing total- and LDL-cholesterol and triglycerides.
• Reducing systolic and diastolic blood pressure.
• No effect on HDL-cholesterol.
• Treatments and magnitude of effect varied.

• Magnitude of effect varied by study.
Clin Nutr. 2018; 37:532.

Fermented Milk Products
• Source of probiotics, mostly Lactobacillus and Bifidobacterium.
• Yogurt delivers a large number of live active cultures to GI tract.
• Yogurt consumption:
• Positively associated with improved glucose
metabolism.

• Inverse association with type-2 diabetes.

J Nutr. 2017; 147:1449S.
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Bacteriophages
• Another strategy to create a beneficial
shift in the microbiome is to develop
specific bacteriophages to target a
particular microbe or set of microbes.

• Results from the Bacteriophage for
Gastrointestinal Health (PHAGE) Study.

J Am Coll Nutr. 2018; 38(1):68.
Nutrients. 2019; 11(3):E666.

The PHAGE Study
• RCT – crossover design
• n=32 with reported mild to moderate GI
symptoms but free of disease.

• LH01-Myoviridae, LL5-Siphoviridae, T4DMyoviridae, and LL12-Myoviridae (15 mg/d
for 4-wk)

• Primary outcomes: Safety and GI health
• Secondary outcomes: microbiome and
inflammation
J Am Coll Nutr. 2018; 38(1):68.

21

6/1/19

Intervention One

Washout

Intervention Two

28-days

14-days

28-days

Blood Sample
Stool Sample

Blood Sample
Stool Sample

Blood Sample
Stool Sample

Blood Sample
Stool Sample

Weekly GI Questionnaire

J Am Coll Nutr. 2018; 38(1):68.

PHAGE Study Results
• Baseline values of E. coli were 0.013.2% of total reads (n-21).

Log Fold Change Relative to Placebo

• 15/21 subjects had no detectable levels

Eubacterium biforme

after treatment.

Eubacterium dolichum

• No changes in microbial alpha

Rothia mucilaginosa
Parabacteroides gordonii

diversity.

Veillonella parvula

• 3 other potentially pathogenic or

Clostridium perfringens

inflammatory-associated taxa reduced.
-3

-2

-1

0

1

2

3

Nutrients. 2019; 11(3):E666.
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PHAGE Study Results
• Interlukin-4 associated with immune

4

and allergic response.

0

• This was more pronounced in those with

-4

pg/mL

higher baseline adhesive invasive E. coli
(AIEC).

-8
-12
-16
Treatment

Nutrients. 2019; 11(3):E666.

Placebo

The PHAGE Study Results
• Borderline reduction in LDL-cholesterol

5

among subjects.
significant decreases in total- and LDLcholesterol of 15 and 12 mg/dL,
respectively.

mg/dL

• Those with metabolic syndrome saw

0

-5

• Sample size was very small.

P=0.57

-10

TC

LDL

HDL

TRIG

Nutrients. 2019; 11(3):E666.
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PHAGE Study Conclusions
• Bacteriophages are safe alternatives to
antibiotics and can selectively eliminate
problem-causing bacteria without altering
the microbiome.

• Additional research underway.

J Am Coll Nutr. 2018; 38(1):68.
Nutrients. 2019; 11(3):E666.

Recommendations for Microbiome Health
• Young field of research.
• A lot we still don’t know.
• Avoid indiscriminate use of antibiotics.
• Make food choices to maintain microbiome
diversity and function.
• Increase whole fruit, vegetable and grain intakes.
• Decrease intakes of added sugars, other refined
grains and saturated fats.
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