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What is the 
“microbiome” ?



Zhao L. Nature Reviews Microbiology 11, 639–647 (2013)

The Microbiome - a Rediscovered Organ



Annu Rev Genomics Hum Genet. 2012;13:151-170.

Diversity 
of the 

Microbiome 
across 

Organ Sites



Mucosal Immunol. 2017;10(2):299-306.

Diversity 
of the 

Microbiome 
across 

Organ Sites



Cresci G. Nutr Clin Pract. 2015;30:734-746

Factors Influencing the Microbiome

The 
Microbiome 

is Highly 
Unique to 

Each 
Individual



What happens to the 
gut microbiota during 

diseases and illnesses?



“DYSBIOSIS”



Jacobs MC et al. Curr Opin Crit Care 2017, 23:257–263

Disease



BJS 2017; 104: e14–e23

Normal microbiota helps prevent 
development of the “pathobiome”



Healthy 
Microbiome

Brown EM et al. Nat Immunol 2013 Jul;14(7):660-7.



Brown EM et al. Nat Immunol 2013 Jul;14(7):660-7.

Dysbiosis
Healthy 

Microbiome



Lebeer S, et al. Nat Rev Microbiol 2010;8(3):171e84.

The Microbiome Mediates the 
Immune System through MAMPs

MAMPs: Microbial-associated molecular patterns
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The Gut-Lung Axis 
vs. COVID-19



The Gut-Lung Axis

J Immunol 2016; 196:4839-4847



The Gut-Lung Axis

J Immunol 2016; 196:4839-4847



Gastroenterology 2020;159:944–955

Potential Role of the Gut Microbiome 
in SARS-CoV-2 Infection



Gastroenterology 2020;159:944–955

Potential Role of the Gut Microbiome 
in SARS-CoV-2 Infection



mBio. 2021;12(1):e03022-20.

Potential Role of the Gut Microbiome 
in SARS-CoV-2 Infection



mBio. 2021;12(1):e03022-20.

Potential Role of the Gut Microbiome 
in SARS-CoV-2 Infection
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Microbiota-Gut-
Brain Axis

Sandhu KV et al.

Translational Research 2017;

179:223–244



Nat Rev Endocrinol. 2017 Jan;13(1):11-25.



Adv Nutr 2021;12:1239–1285.

Role of Diet in the 
Gut-Brain Axis



The GUT controls the BRAIN

Physiol Rev VOL 99 OCTOBER 2019 pp 1877-2013



Diseases 
Influenced by the 

Gut-Brain Axis
Physiol Rev VOL 99 OCTOBER 2019 pp 1877-2013



The Gut-Brain Axis 
and Obesity & 

Type 2 Diabetes



Tsukumo DM et al.
Arch. Endocrinol. 
Metab. vol.59 no.2. 2015

GUT MICROBIOTA 
VS. OBESITY AND 
TYPE 2 DIABETES



Bouter KE et al. Gastroenterology 2017;152:1671–1678

Dietary fiber



OBESITY-RELATED NEUROLOGICAL AND 
PSYCHOLOGICAL COMPLICATIONS ARE MEDIATED 
THROUGH THE GUT-BRAIN AXIS

Nutrients 2019, 11, 156



Eating Behavior is Influenced by 
the Gut-Brain Axis

Nutrients 2019, 11, 156





Lindefeldt M et al.

npj Biofilms and Microbiomes (2019); 5:5



Olson et al., 2018, 

Cell 173, 1728–1741
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What is preventing us 
from using this approach 

at the bedside ?



❖ What is an “optimal microbiome” ? 

Is there one ?

❖ High interindividual variability

age, sex, diet, genetics, medications

❖ Limited generalizability

❖ Data analysis platforms lack consensus

❖ Lack of clinician access/understanding to 

current tools

Current Limitations of this Approach 



PRESENT:

CULTURE-
INDEPENDENT 

METHODS

NEXT-GENERATION 
SEQUENCING

PAST:

STOOL CULTURE



phys.org/news/2016-03-gut-microbiome-remarkably-stable.html

16s RNA (species)

Metagenomics Metabolomics
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What can we 
currently do to 
help patients?



Potential gut microbiota-based 
interventions

• Judicious use of 
antibiotics

• Nutrition: early EN

• Surgery: ERAS 
protocol





Potential gut microbiota-based 
interventions
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EN helps maintain gut barrier & 
reduces bacterial translocation

Brown EM et al. Nat Immunol 2013 Jul;14(7):660-7.



Potential gut microbiota-based 
interventions
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Enhanced Recovery after Surgery 
(ERAS)



“Severe” Surgical Injury

BJS 2017; 104: e14–e23



ERAS: “Limited” Surgical Injury

BJS 2017; 104: e14–e23



Potential gut microbiota-based 
interventions

• Judicious use of 
antibiotics

• Nutrition: early EN

• Surgery: ERAS 
protocol

• Prebiotics 

• Probiotics

• Fecal microbiota 
transplantation 
(FMT)



G.D. Kitsios et al. / Journal of Critical Care 38 (2017) 84–91

Microbiota as a Therapeutic Target





Take Home Messages (1)

❖ The microbiome is highly unique to each 

individual 

❖ “Dysbiosis” occurs during disease states

❖ The gut-lung axis controls the severity of 

COVID-19 infection through host immune 

response and the respiratory microbiome



Take Home Messages (2)

❖ The gut-brain axis is responsible for 

numerous brain functions including mood, 

cognition, stress, and food intake

❖ The gut-brain axis is altered in obesity 

and type 2 diabetes

❖ Clinical applications are limited by inter-

individual microbiome variability, 

heterogeneity in analyses, lack of access

❖ Potential applications include prebiotics, 

probiotics, postbiotics, FMT
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