
MICROBIOLOGIA GENERALE 

Microbial interactions with 
animals: the microbiome 



Mutualism (+ +) 
Commensalism (0 +) 
Pathogens (- +) 

Opportunistics: belong to the normal microbiota 

Staphylococcus aureus 

Escherichia coli 

Relationships of microorganisms with animals: the symbioses 

Obliged: always cause of disease. 

Mycobacterium tubercolosis 

Neisseria gonorrhoeae 





Human opportunistic bacterial pathogens 



Insects as Microbial Habitats 



Termites 



The cellulolytic systems of termites 

Gut microbiota 
Flagellates in lower termites 
Bacteria in higher termites  



Major microbial processes in  
the hindgut of termites 



Microbial composition of termite hindgut inferred from 
 16S rRNA gene sequences  

Spirochetes of the genus Treponema  
are the major CO2‐reducing acetogens  
(Acetyl‐CoA‐pathway) in the hindgut 



Mammals as Microbial Habitats 



The mammalian gut architecture  





Ruminal microbial community inferred from 16S rRNA gene 







Biochemical reactions in the rumen 



Normal human-microbial 
interactions 



The human microbiome 



A microbiota is the community of commensal, symbiotic and pathogenic 
microorganism of our body. Microbiome and microbiota describe either the 
collective genomes of the microorganisms that reside in an environmental 
niche or the microorganisms themselves, respectively. However, by the 
original defonitions these terms are largely synonymous 



BENEFITS:  
   Nutrients (Vit B, Vit K) 

   AnCgenic sCmulaCon(IgA) 

   ColonizaCon strategy:   
exclusion of pathogens 

 

The associations are, for the most part, mutualistics 

DISADVANTAGES: 
  Immunosuppression 

  Change of district 

  Dismicrobism 
 

Relationships among bacteria and humans 



Microbiota and Microbiome of Human Body  



The human microbiota 

  Age 

 Diet 

 Hormonal status 

  State of health 

  Personal hygiene 



“The human microbiota consists of the 10-100 trillion symbiotic microbial 
cells harbored by each person, primarily bacteria in the gut; the human 
microbiome consists of the genes these cells harbor” (Nature, 2012) 





Compositional differences in the microbiome by anatomical site 



FETUS = STERILE 

First colonization occurs: 

   through the birth canal; 

   first breaths; 

   operators’ hands; 

   food ingestion. 

Acquisition of the microbiome in early life 



Acquisition of the microbiome in early life by vertical 
transmission, and factors modifying mother-to-child microbial 

transmission  



Acquisition of the gut microbiome in early life  



  Microorganisms of the normal flora exhibits tissue preferences or 
predilection for colonization (tissue tropism) 

  Many of them are able to specifically colonize a particular tissue or 
surface using their own surface components (e.g. capsules, fimbriae, 
pili, cell wall components, EPS) as specific ligands for attachment to 
specific receptors located at the colonization site. 

The human microbiota: general features 



  Some bacteria of the microbiota are able to construct biofilms on 
tissue surface or they are able to colonized a biofilm built by another 
bacterial species (e.g. dental plaque) 

The human microbiota: general features 



TRANSIENT >>> RESIDENT 

   pH: acid 4-6  
   Dry environment 
   High NaCl concentration  
   Inhibitory substances (lysozyme, lipids) 

The skin microbiota 



The skin microbiome 



Microbiota of the oral cavity 



The Dental Plaque 



The Dental Plaque 



Microbiota of the Dental plaques: The Colonizers’ Pyramid 



Streptococcus mutans, mitis, sobrinus, suis 

nSucrose Dextran (nGlucose) + nFructose 
Dextransucrase 

Dental plaque: the first colonizers 



Development of dental plaques and quorum sensing 

Streptococci 

Actinomyces 

Veilonellae 

Fusobacterium 



Microbiota of the  
respiratory tract 



Microbiota of the human gastrointestinal tract 



Microbiota of the human gastrointestinal tract 



 
 

Microorgansim Range of Incidence 

Bacteroides fragilis 100 
Bacteroides 
melaninogenicus 100 

Bacteroides oralis 100 
Lactobacillus 20-60 
Clostridium perfringens 25-35 
Clostridium septicum 5-25 
Clostridium tetani 1-35 
Bifidobacterium bifidum 30-70 
Staphylococcus aureus 30-50 
Enterococcus faecalis 100 
Escherichia coli 100 
Salmonella enteritidis 3-7 
Salmonella typhi 0.00001 
Klebsiella sp. 40-80 
Enterobacter sp. 40-80 
Proteus mirabilis 5-55 
Pseudomonas aeruginosa 3-11 
Peptostreptococcus sp. common 
Peptococcus sp. moderate 
Methanogens (Archaea) common 



Microbial habitats in the human lower gastrointestinal tract  



Microbial composition of the human colon inferred 
From 16S RRNA gene sequences 



Lactobacillus 
Streptococcus 
Stafilococcus coag neg 

Normal vaginal flora depends on hormonal levels of the host: 
-  newborns:  Lactobacillus 
-  infants: Stafilococcus, Streptococcus, Enterobacteriaceae 
-  from puberty: Lactobacillus, Stafilococcus, Streptococcus, 
Enterococcus, Enterobacteriaceae,anaerobic bacteria 
-  after menopause: similar to that before puberty 

Microbiota of the urogenital tract 



Germ-free mice: role of the microbiota 

Gut from a wt mouse Gut from a germ-free mous 

Germ-free hosts, especially murine (rat or mouse) animals have 
become a powerful tool for exploring the interplay between the host 
and microorganisms inhabiting the human intestine 



  The normal flora synthesize and excrete vitamins (ex. enteric bacteria 
secrete Vitamin K and Vitamin B12). 

  The normal flora prevent colonization by pathogens  competing for 
attachment sites or for essential nutrients. 

  The normal flora may antagonize other bacteria through the production 
of substances which inhibit or kill nonindigenous species (ex. 
bacteriocins). 

 

  The normal flora stimulate the development of certain tissues (ex. the 
caecum and certain lymphatic tissues in the GI tract). 

  The normal flora stimulate the production of cross-reactive antibodies 

Benefit of the normal human microbiota 



Mechanisms by which the normal flora competes with invading pathogens:  
the surface exclusion    

Benefit of the normal human microbiota 



Biochemical/metabolic contribution of intestinal 
microorganisms 



Differences in the gut 
microbial communities 

between lean and obese 
mice 



Examples of associations of human conditions with  
particular microbiota characteristics 


