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The perception of the skin as an 
ecosystem — composed of living 
biological and physical components 
occupying diverse habitats — can 
advance our understanding of the 
delicate balance between host and 
microorganism. Disruptions in the 
balance on either side of the equation 
can result in skin disorders or 
infections. 

The skin is an ecosystem composed of 1.8 
m2 of diverse habitats with an abundance of 
folds, invaginations and specialized niches 
that support a wide range of 
microorganisms.
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Sebaceous glands are relatively anoxic and support the growth of facultative
anaerobes such as Propionibacterium acnes, a common skin commensal
bacterium3,13. Full genome sequencing of P. acnes has revealed multiple 
genes encoding lipases that degrade skin lipids of sebum19. P. acnes
hydrolyses the triglycerides present in sebum, releasing free fatty acids onto the 
skin20,21. The bacterium can then adhere to these free fatty acids, and this
perhaps aids in the colonization of the sebaceous gland22. These free fatty
acids also contribute to the acidic pH (~5) of the skin surface4,10. Many
common pathogens, such as Staphylococcus aureus and Streptococcus
pyogenes, are inhibited by an acidic pH, thus the growth of coagulase-negative
staphylococci and corynebacteria is favoured10,23–25. However, skin occlusion
results in an elevated pH, which favours the growth of S. aureus and S. 
pyogenes24. Because humans produce much greater quantities of triglyceride-
containing sebum than other mammals, P. acnes is present in greater
abundance on human skin than on the skin of other mammals26 



Topography. The skin surface varies 
topographically owing to regional differences 
in skin anatomy and, according to culture-
based studies, these regions are known to 
support distinct sets of microorganisms. 
Some regions of the skin are partially 
occluded, such as the groin, axillary vault 
and toe web. These regions are higher in 
temperature and humidity, which encourages 
the growth of microorganisms that thrive in 
moist conditions (for example, Gram-
negative bacilli, coryneforms and S. aureus). 
The density of sebaceous glands is another 
factor that influences the skin microbiota, 
depending on the region. Areas with a high 
density of sebaceous glands, such as the 
face, chest and back, encourage the growth 
of lipophilic microorganisms (for example, 
Propionibacterium spp. and Malassezia
spp.). Compared with other skin sites, arm 
and leg skin is relatively desiccated and 
experiences large fluctuations in surface 
temperature. Using culture-based methods, 
these areas were found to harbour
quantitatively fewer organisms than moist 
areas of the skin surface.



Variation by:
skin site
temporal variations
by individuals
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We show that skinassociated bacteria can be readily recovered from surfaces (including single 
computer keys and computer mice) and that the structure of these communities can be used to 
differentiate objects handled by different individuals, even if those objects have been left 
untouched for up to 2 weeks at room temperature.

First, we compared bacterial 
communities on individual keys of three 
computer keyboards to the communities 
found on the fingers of the keyboard 
owners. Second, we examined the 
similarity between skin-associated 
bacterial communities on objects stored 
at −20 °C
(a standard method for storing samples 
before DNA extraction) versus those 
objects stored under typical indoor 
environmental conditions for up to 14 
days. Finally, we linked objects to 
specific individuals
by comparing the bacteria on their 
computer mice against a database 
containing bacterial community 
information for more than 250 hand 
surfaces, including the hand of the 
owner.







Skin MIcrobiome and disease

A causative microbial component that fully satisfies Koch’s postulates has rarely been identified in these 
skin diseases

Skin disorders with correlation to microbiota

• Seborrhoeic dermatitis ( Malassezia spp)
As Malassezia spp. are present on healthy skin, and 
by themselves are not sufficient to cause seborrhoeic
dermatitis, other factors probably contribute to their
pathogenicity and ability to cause disease. 

• Acne
The commensal skin bacterium P. acnes is associated 
with the very common teenage malady acne, an 
inflammatory disorder of the pilosebaceous unit.
The onset of puberty matures the pilosebaceous unit, 
increasing the preponderance of lipophilic
microorganisms, especially P. acnes, which secretes 
lipases, proteases and hyaluronidases that injure the 
tissue lining of the pilosebaceous unit. The P. acnes 
genome encodes various immunogenic factors, 
including cell surface proteins with adherent properties 
and porphyrins. Furthermore, the damage caused by 
P. acnes in the pilosebaceous unit activates the 
classical and alternative complement pathways and 
induces production of pro-inflammatory cytokines



AD is a chronic relapsing disorder that affects ~15% of US 
children and ~2% of adults, and is also associated with 
microbial colonization and infection. The prevalence of AD has 
doubled or tripled in industrialized countries over the past three 
decades with no clear cause.
The most common treatments for AD include topical or 

systemic antibiotics, and steroids. (S. aureus )

Skin disorders with an unidentified microbial component

Chronic wounds, affecting diabetic, elderly, and immobile 
individuals, are an example where commensal skin 
organisms invade and become pathogenic upon breach of 
the skin barrier. Although bacteria do not cause the initial 
wounding event.
Burn wounds commonly become infected with S. pyogenes, 
Enterococcus spp. or Pseudomonas aeruginosa, and can 
also become infected with fungi and/or viruses 



S. epidermidis: an invasive skin commensal that causes infection. 
The third category is that of skin microorganisms that are normally 
commensal but that can sometimes cause infection and disease, 
especially when they invade other sites. S. epidermidis is a very 
common skin commensal, but it is also the most frequent cause of 
hospital-acquired infection on in-dwelling medical devices such as 
catheters or heart valves. After they gain entry, virulent strains of these 
organisms can form biofilms on catheters or other devices, which 
protects them from the host immune system and antibiotics. Increasing 
levels antibiotic resistance, particularly to oxacillin or methicillin, 
complicates treatment of S. epidermidis infections. Furthermore, S. 
epidermidis seems to be a reservoir of antibiotic-resistance genes that 
it transfers to the closely related but more virulent organism, S. aureus

(biocide triclosan resistance fabI allele)



Skin MIcrobiome and Allergy

According to the “biodiversity hypothesis ,”
reduced contact of people with natural 
environmental features and biodiversity may 
adversely affect the humancommensal
microbiota and its immunomodulatory capacity.

the “biodiversity hypothesis”
proposes that reduced contact of people 
with natural environmental features and 
biodiversity, including environmental 
microbiota, leads to inadequate 
stimulation of immunoregulatory circuits

Analyzing atopic sensitization (i.e., allergic disposition) in a random sample of adolescents living in
a heterogeneous region of 100 × 150 km, we show that environmental biodiversity in the 
surroundings of the study subjects’ homes influenced the composition of the bacterial classes on 
their skin. Compared with healthy individuals, atopic individuals had lower environmental 
biodiversity in the surroundings of their homes and significantly lower generic diversity of 
gammaproteobacteria on their skin.

The functional role of the Gram-negative gammaprote obacteria is supported by in vitro 
measurements of expression of IL-10, a key anti-inf lammatory cytokine in immunologic
tolerance, in peripheral blood mononuclear cells. I n healthy, but not in atopic, individuals, 
IL-10 expression was positively correlated with the  abundance of the 
gammaproteobacterial genus Acinetobacter on the skin.
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The African malaria mosquito Anopheles gambiae sensu stricto continues to play an important 
role in malaria transmission, which is aggravated by its high degree of anthropophily, making it 
among the foremost vectors of this disease. In the current study we set out to unravel the strong 
association between this mosquito species and human beings, as it is determined by odorant 
cues derived from the human skin. Microbial communities on the skin play key roles in  the 
production of human body odour . We demonstrate that the composition of the skin 
microbiota affects the degree of attractiveness of h uman beings to this mosquito 
species . Bacterial plate counts and 16S rRNA sequencing revealed that individuals that are 
highly attractive to An. gambiae s.s. have a significantly higher abundan ce, but lower 
diversity of bacteria on their skin than individual s that are poorly attractive . Bacterial 
genera that are correlated with the relative degree of attractiveness to mosquitoes were 
identified. The discovery of the connection between skin microbial populations and
attractiveness to mosquitoes may lead to the development of new mosquito attractants and 
personalized methods for protection against vectors of malaria and other infectious diseases.

PLoS ONE 6(12): e28991. doi:10.1371/journal.pone.0028991







Only a small part of the bacteria found on the human skin are culturable and therefore it was an 
important confirmative finding that the results from our in vivo study corroborated previous in vitro 
studies in which volatiles released by Staphylococcus epidermidis were attractive to An. gambiae
females and volatiles from Pseudomonas aeruginosa unattractive


