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Overview
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Institute of Experimental Medicine 

ωFactors affecting the composition of gut microbiota

The role of gut microbiota in health and disease

Modulation of gut microbiota in diseases

Probiotics and prebiotics

Fecal microbiota transplantation
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Research focus

Gut microbiota

Key questions :

What is the role of gut microbiomein pathogenesisof chronicdiseases?

What are possibilitiesfor preventionof chronicdiseasesusing

targeted modulation of gut microbiome?



OUR EXPERITISE METHODS

MODELS

In vivo rat models(colitis, cancer, dysbiosis)

In vitro model of human GIT(SHIMEÉ)

Cellculturemodels

ANALYSIS

MICROBIOME (PCR-DGGE, qPCR, NGS)

SERUM PARAMETERS

GAS CHROMATOGRAPHY

FLOW CYTOMETRY

PROBIOTICS & PREBIOTICS

HUMAN GUT MICROBIOME & CHRONIC DISEASES



Infrastructure



Infrastructure

Molecular biology Lab

Biochemistry Lab Mass Spectrometry Lab Immunology Lab

Cell culture Lab
Microbiology Lab



INFRASTRUCTURE



Infrastructure
TWINSHIMEÉ

Simulator of Human Intestinal Microbial Ecosystem



CONFERENCE ORGANISATION

The 40th International Congress of the Society for Microbial Ecology and Diseases

(SOMED 2018, Hungary) 

International Scientific Conference on Probiotics and Prebiotics 

(IPC 2008-2013 Slovakia, IPC 2014-2018 Hungary, IPC 2019 CzechRepublic)

International ScientificConferenceon FunctionalFoods

(Food and Function2009, 2011 Slovakia)

International ScientificConferenceof Society for MicrobialEcologyand Disease

(SOMED 2013, Slovakia)

International Scientific ConferenceGutMicroEcology 

(GME 2010, Slovakia)
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Human Microbiome project 

Å The overall mission of the HMP wasto generate resources to facilitate characterization 
of the human microbiota to further our understanding of how the microbiome 
impacts human health and disease. 

Å The initial phase of the project, HMP1, established in 2008, characterized the microbial 
communities from 300 healthy individuals, across several different sites on the human 
body: nasal passages, oral cavity, skin, gastrointestinal tract, and urogenital tract, using 
16S and metagenomic shotgun  sequencing.

Å The second phase of the HMP (iHMP, Integrative Human Microbiome Project, 2013ς
2016) examined the role of the microbiome in human health and disease through a 
study of three models of microbiome-related human conditions (Pregnancy & Preterm 
Birth, IBD and type 2 diabetes).

https://hmpdacc.org/

https://hmpdacc.org/


Human Microbiome

Åcollection of all the microorganisms living in 
association with the human body
Åeukaryotes, archaea, bacteria and viruses
Å500 ς1000 different species
Å10x more of bacteria than human cells
Å1000 times more microbial genes than are 

found in the entire human genome 
Å0,9-2,7 kg bacteria in 90kg human 
Åmicrobes are essential for maintaining health
ÅǎŎƛŜƴǘƛŦƛŎ ŜȄǇƭƻǊŀǘƛƻƴ ƻŦ ǘƘŜ ƳƛŎǊƻōƛƻƳŜ ƛǎ ƛƴ ƛǘΩǎ 

infancy



GutMicrobiome



Functions of 
gut 

microbiota  



Factors 
affecting the 
composition 

of gut 
microbiome



Birth modeand 
infant feeding
method

Å Vaginallyborn -ҧ Lactobacillus, Prevotella
comingfrom maternalvaginaltract

Å C-section-ҧ Stafylococcus, Corynebacterium, 
Propionobacterium, Clostridium

Å Breastfeedingςdominanceof Bifidobacterium

Å Formula feeding-ҧ diversityof bacteria



Diet

Å diet is an important driver of microbiome composition in humans

Å gut microbiota composition differs according to diet and eating habits

Å omnivorous group has a higher diversity of bacteria compared to 
vegetarians

Å Comparisonof the intestinalmicrobiotaof childrenfrom Africa- Burkina 
Faso (BF) with the microbiotaof childrenin the EU 

Å Diet rich in fiber and indigestiblepolysaccharidesleadsǘƻ ҧ Bacteroides
againstFirmicutesin BF children

De FillipoC. et al., Proc Natl Acad Sci U S A. 2010 Aug 17; 107(33): 14691ς14696

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2930426/


Diet



Enterotypesof gut
microbiome

Å9ƴǘŜǊƻǘȅǇŜǎ ŀǊŜ ŎƭǳǎǘŜǊǎ ƻŦ ōŀŎǘŜǊƛŀ ǘƘŀǘ ŘƻƳƛƴŀǘŜ ƛƴ ŀ ǇŜǊǎƻƴΩǎ ƳƛŎǊƻōƛƻƳŜΦ

ÅClusters are associated with specific long-term eating patterns

ÅThephylogeneticprofile of eachindividualcanbecategorizedinto 3 
enterotypesdominatedby different metabolicpathways

Enterotype1 ςBacterioides

Enterotype2 ςPrevotella

Enterotype3 ςRuminococcus

ÅAge, gender and body mass don't appear to influence enterotype

Arumugamet al., Enterotypesof the humangut microbiome, 2011 Nature473: 174ς180





Ageing

Å onset and shapingof humangut
microbiota through life stages and 
perturbations

Å babieshavelow diversityof the
microbiota

Å the microbiotaof 2.5 yearoldsis
alreadysimilarto that of adults

Å the microbiota of adultsis stable 

Å with the agethe diversityof 
microbiotadeclinesόҨ diversityand 
metabolicactivityς{/C!Σ Ҩ 
immunesystem) 



Geography

Å The taxonomic composition of 
the gut microbiome associates 
with patient ethnicity and 
geographic location.

Å Certaintaxonomicgroupsof 
bacteriaare a characteristic
feature of a givengeographical
areairrespectiveof the diet or 
ageof the population



Exercise

Å Physicalexerciseisableto modulategut
microbiotaand increasethe abudanceof 
beneficialmicrobialspecies.

Å Increasingphysicalactivity in obese
animalsleadto the changesin gut
microbiotacompositionconnectedwith
weight loseand lipid metabolism
modulation

Carbajo-Pescadoret al. 2019, Disease Models & Mechanisms 12, dmm039206 



Dysbiosis

ÅChanges in the composition and functions of our microbiomes 
(dysbiosis) correlate with numerous disease states, raising the possibility 
that manipulation of these communities could be used to treat disease.





Dysbiosis
associated
diseases



Alteration of 
gut microbiota

Infectious disesases
Clostridium difficile
Helicobacter pylori
bacterial vaginosis
Infection with HIV

Liver disesases
acute/chronic liver failure

nonalcoholic steatohepatitis
Nonalcoholic fatty liver disease

Cancer
gastric cancer

colorectal cancer
esophageal cancer

breast cancer
prostate cancer

liver cancer 

Inflammatory bowel 
diseases

Crohn disease
ulcerative colitis

iritable bowel syndrome

Metabolic disorders
obesity

type 2 diabetes

Allergic disease
asthma

food allergies
celiac

Psychiatric dirorders
autism

depresive disorders
Alzheimer disease

WangB et al. Engineering3 (2017) 71ς82

Gutdysbiosis-associateddiseases



Gutmicrobiota of 
healthy, leanvs. obese

human

Eubacteria

Bacteroidetes

Clostridium

Lactobacillus

Bifidobacterium

H O H O H O H OH O





Manipulation of gut microbiome

C.J. Walshet al.  FEBS Letters588 (2014) 4120ς4130

Direct strategies

Indirect strategies



Probiotics

ÅProbiotics are defined as living bacteria that, when 
administered in adequate amounts, confer a health 
benefit on the host (FAO/ WHO 2001). 



Desirable 
selection criteria 

for potential 
probiotic 

microorganisms



Probiotics

CONVENTIAL PROBIOTICS

POTENTIATED PROBIOTICS and SYNBIOTICS

ENGINEERED PROBIOTICS

AUTOPROBIOTICS

NEXT GENERATION PROBIOTICS



Conventional 
probiotics

Theeffect is strain specific!!!



Prebiotic 

Åa non-digestible compound that, through its 
metabolization by microorganisms in the gut, 
modulates composition and/or activity of the 
gut microbiota, thus conferring a beneficial 
physiological effect on the host.

ÅSynbiotic



Potentiated 
probiotics

Å Improvement of the probiotic effect of 
microorganisms by their combination with specific 
and non-specific substrates= synbiotics

ÅEnhancement of the probiotic effect of 
microorganisms by their combination with plants, 
organic acids and polyunsaturated fatty acids



Enginered 
probiotics

Å improvestresstolerance
Åantimicrobialand antiviralaction
Åtoxin neutralization
Åpreventionof colonization
Åregulationof virulence gene expression
Åproductionof antimicrobialfactors
Å immunomodulationand cytoprotection



Autoprobiotics

ÅAutoprobiotictechnology is based on the 
indigenous bacteria used for restoring the 
normal microbiota in the case of a dysbiotic
condition 


