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Human Genome Project
• The Project started in 1990 and finished in 

2003.

• Primary goals were to discover the complete 
set of human genes and determine the 
complete sequence of DNA bases in the 
human genome.

• One of the findings was that vast majority of 
genes expressed in our bodies was microbial, 
not human.

• Led to Human Microbiome Project started in 
2008.



Microbial Genes outnumber 
Human

• Advances in DNA sequencing have 
made it easier to identify microbes 
down to their Species level.

• Types of microbial organisms 
outnumber types human of human 
cells by more than 40:1.

• The actual number of Human cells is 
about the same as the number
of microbial organisms.

• By mass, we are still predominately 
human cells.



Definitions

• Microbes – Tiny microorganisms such as bacteria, fungus, virus and 
protozoans.

• Microbiome – Collectively all the microbes on/in a human body or a 
community of microbes.

• Biofilm – A community of microbes that live together on a surface.
• Commensal – A state of biological relationship where one organism benefits 

while the other is unharmed.
• Mutualism (aka Symbiotic) – A biological relationship where both organisms 

benefit from one another. 
• Parasitic or Parthenogenic – A biological relationship where one organism 

benefits, but harms the other.



Human Microbiome
• The Human Microbiome consists of all the living organisms living in 

and on our bodies.
• The primary locations where these organisms can be found are:

Skin, Oral, Gut.
• The types of microbes living in each of these areas are typically very 

different.
• The Skin provides the largest area for microbial growth.
• An individual microbiome is unique like a fingerprint, no two people 

will have identical microbiomes.
• Our current scientific knowledge of the Human Microbiome is in its 

infancy. 



Skin Microbiome
• The skin surface is not flat, it is quite vast.

• The human skin is host to millions of microbial organisms.

• The most common being bacterial and fungal species; some of which are harmful. 
Some are known to be beneficial but most are commensal.

• The types bacteria and fungi found on different parts of the skin are different.

• Factors most likely responsible for this variation are sebum levels, hydration 
levels, pH and temperature.

• The human skin microbiota is quantitatively dominated by Gram-positive bacteria, 
detected by both culture and metagenomics. (4)



• The skin microbiome is dominated by members of four 
phyla: Actinobacteria, Firmicutes, Proteobacteria, and 
Bacteroidetes. (1)

• Consistently present genera within these phyla are: 
Propionibacterium, Corynebacterium, Staphylococcus, 
Micrococcus, Streptococcus, and Brevibacterium. (1)

• Colonization of bacteria is dependent on the physiology 
of the skin site, with specific bacteria being associated 
with moist, dry and sebaceous microenvironments. (2)

• Surprisingly, dry areas such as the forearm, buttock and 
parts of hands have the most phylogenetic diversity. (2)



Actinobacteria
• Actinobacteria are a class of gram-

positive bacteria. 

• Most commonly found in soil, the 
following genera are common to the 
skin: Corynebacterium, 
Propionibacterium, Rothia, 
Actinomyces, and Bifidobacterium.

• They have a number of important 
functions, including decomposing 
organic substances.

• These bacteria have evolved with a 
wealth of biosynthetic gene clusters and 
have a high capacity for the production 
of various bioactive secondary 
metabolites.



Common Actinobacteria on Skin
• Propionibacterium – a genus of nonsporulating, gram-positive 

anaerobic bacilli that are considered commensal bacteria on the 
skin.(3) 

• Corynebacterium – genus of aerobic, gram-positive bacteria that for 
the most part are commensal, but can be opportunistic pathogens.

• Cutibacterium acnes - (formerly P. acnes) is a aerobic, gram-positive 
bacteria that is commonly found on skin.

– An opportunistic pathogen closely associated with acne and acne 
vulgaris.

– Contrary to what was previously thought, proliferation of P. acnes 
is not the trigger of acne as patients with acne do not harbour
more P. acnes in follicles than normal individuals. Instead, the loss 
of the skin microbial diversity together with the activation of the 
innate immunity might lead to this chronic inflammatory 
condition.(11)



Bifidobacterium

• Bifidobacterium – most frequent in 
the digestive tract, they can also be 
found on the skin.

• They are commonly found in 
“functional foods” and supplements 
due to their health promoting 
properties. 

• They act as protection against 
pathogens.



Bacteroides Fragilis

• A anaerobic, Gram-negative Bacteria that 
is part of the normal flora found on 
human skin and in the human colon. 

• Generally commensal, but can cause 
infection if displaced into the 
bloodstream or surrounding tissue 
following surgery, disease or trauma.

• Skin conditions where Bacteroides 
Fragilis can be found include: Acne, 
Dermatitis , Rosacea and Eczema.



Firmicutes

• Most are gram-positive bacteria –with 
strong cell walls. 

• Some species include: Staphylococcus, 
Micrococcus, Streptococcus, Bacillus 
and Lactobacillus.

• Staphylococcus epidermidis (S. 
epidermidis), can represent more than 
27% of the total skin’s bacteria 
population(11) and in some areas make 
up more than 90 percent of aerobic 
flora.



Staphylococcus Aureus
• S. Aureus is less common but can frequently found 

in the nose and perineum. However this on the 
skin of patients with various dermatologic 
disorders such as atopic dermatitis.

• The cousin, Staphylococcus Aureus bacteria is fine 
when kept under control by protease found in the 
epidermidis, but if left to grow out of control, S. 
Aureus can become pathogenic and cause 
infection. 

• Major cause of resistant MRSA (Methicillin-
Resistant Staphylococcus).



Probiotics
• Many of the Fimicutes are commonly use Pro-

biotics, such as: Lactobacillus and Bacillus.

• Lactobacillus bacteria are a normal part of our 
digestive tract and are found in many foods like 
yogurt.

• Bacillus bacteria are similar to Lactobacillus in 
that they both produce Lactic acid, but unlike 
Lactobacillus they create spores.

• These spores are much more stable than live 
bacteria.



Proteobacteria
• Proteobacteria is a phylum of gram-

negative bacteria that include many 
pathogens.

• Capable of creating nitrogen 
phygocytosis (acquisition of cell 
nutrients or toxic debris).

• Escherichia (E. Coli), Salmonella, 
Vibrio, Helicobacter are some of the 
better known pathogens.        

• Can be predators of bad bacteria that 
are gram-negative.



Other Possible Bacteria

• Micrococci - Not abundant but frequently found on normal skin. Higher 
abundancy can reflect poor skin habits and contamination.

• Streptococci - Bad bacteria not seen on normal healthy skin. Main reason 
is that lipids, such as healthy sebum, are lethal to this group. However, 
some types of this bacteria can start in the mouth and then spread to the 
skin. Symbiotic to viruses like herpes.



Parasites
• The type of parasites that live on the 

skin are called Ectoparasites.

• Some common Ectoparasites that we all 
try to avoid are bedbugs and lice.

• However, most adults are living with 
the Demodex mite. These mites usually 
live in and around hair follicles. 
Normally commensal but can cause 
Rosacea if there is an overgrowth.



Fungi
• Fungi naturally found on skin.

• One genus of fungi, Malassezia, Is 
known to cause hyper and hypo-
pigmentation.

• Pre and Pro Biotics help set up 
defenses against this, but are not 
meant as a primary treatment.



Is Biodiversity the Key?

• Scientist continue to study the 
indigenous tribes of the Amazon and 
other remote regions with very little 
exposure to the Western world.

• No case of skin disease.

• Microbiome studies show that they 
have a much higher diversity in their 
skin micro flora.



Environmental Factors

• It has been studied that it takes less 
than 24 hours for a persons micro 
flora to begin assimilating to a new 
environment.

• Our environment play a major role in 
the profile and diversity of our 
microbiome.



Factors that contribute to 
variation



Microbiome Ecosystem
• We need to start perceiving the skin as an ecosystem —

composed of living biological and physical components 
occupying diverse habitats.

• There exists a delicate balance between host and 
microorganism. 

• Disruptions in the balance on either side of the equation can 
result in skin disorders or infections. 

• Individual microbiomes are fairly stable, be classified as 
endogenous (for example, genetic variation that selects for a 
specific microbial community) or exogenous (for example, hand 
washing or exposure to a different environment).



Summary
• Some resident bacteria are thought to protect the skin from infection by outcompeting pathogens for 

resources or by priming the immune system's response to invaders. 

• Chemoorganotrophs are organisms that obtain energy from organic material and converts it to energy.  The 
organic material can include dead keratin and organic debris present on the epidermis This opens the door 
for dormant extracellular enzymes. 

• Pre-Biotics are part of the ecosystem that feeds the epidermal mico-flora. It includes dead keratinocytes, 
dead micro organisms and the waste by products of the micro flora itself.

• Friendly microbiome settlements create colonies in strategic areas of the skin. 

• Some micro organisms are mobile and can easily spread across the skin while others are spread by 
physically touching or through the air.

• Biodiversity of micro flora can improve skin health.

• Post-biotics are the biochemical waste of the micro flora and the key to maintaining a balanced ecosystem.  
Many of these compound benefit the skin while controlling pathogenic bacteria and & fungus. 
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