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History and Development 



Human Genome Project
•The Human Genome 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 the vast majority of 
genes expressed in our bodies was microbial, not 
human.

•This led to the NIH’s 5-year, $150 million Human 
Microbiome Project launch in 2007, which set out to 
understand the microbial flora present and 
involved with influencing both health and disease.



Microbial Genes vs. Human
• Advances in DNA sequencing have 

made it easier to identify microbes down 
to their species level.

• There are trillions of microbial organisms in 
the body and they outnumber types of 
human cells by more than 10:1. They also 
account for approximately 1-3% of our 
total body weight.

• 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. They are bound together or 

enclosed in an extracellular polymeric substance (EPS) matrix.
•Symbiosis – a close relationship between two different organisms. The relationship can be 

commensal, mutualistic or parasitic. 
•Commensal – A symbiotic biological relationship where one organism benefits while the other 

neither benefits nor is harmed.
•Mutualism – A symbiotic biological relationship where both organisms benefit from one another. 
•Parasitic – A symbiotic biological relationship where one organism benefits, but the other is 

harmed.
•Prebiotic – Non-digestible dietary and nutritional components that help nourish and support the 

growth and activity of microorganisms- like a fertilizer.
•Probiotic – Live beneficial microorganisms from food and supplements that help restore or 

balance the microbiome.
•Postbiotic – Metabolic by-products of probiotics that provide therapeutic effects and benefits. 



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: 
on the skin, in the mouth, and in the gut.

• The types of microbes living in each of these areas are typically very 
different. Factors most likely responsible for this variation are: sebum levels, 
hydration levels, pH and temperature.

• An individual microbiome is unique like a fingerprint, no two people will 
have identical microbiomes. Lifestyle factors, health, diet, age, 
geographical location, environment, family and hygiene all combine to 
make up an individual’s complex microbiome. 



Microbiome Composition



Skin Microbiome
• The human skin is host to millions of microbial organisms and provides the 

largest surface area for microbial growth.

• The most commonly associated are bacterial and fungal species; some 
of which are harmful, others are known to be beneficial, but most are 
commensal.

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

• Our current scientific knowledge of the Human Microbiome is in its 
infancy, but studies are being done to understand the role and 
management of the microbial influences on obesity, skin disorders (both 
from an internal standpoint and externally), IBS, autoimmune disorders, 
mental health, cancer, autism, diabetes, as well as to offset a number of 
other diseases and disease processes.



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)

Skin Microbiome



Actinobacteria



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 an 
aerotolerant anaerobic, gram-positive bacteria that is 
commonly found on skin.

•A commensal bacterium that can become an 
opportunistic pathogen in cases of 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
•An 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 skin’s total bacteria 
population.(11) S. epidermidis is 
considered a commensal bacteria.



Staphylococcus Aureus
• S. aureus is also common and can frequently be 

found in the mucous membranes and on the skin. 
(Concentrations of S. aureus are usually found in 
areas of articulation or flexures). 

• Staphylococcus aureus bacteria are fine when 
kept under control by protease found in the 
epidermis, but if left to grow out of control, S. 
Aureus can become pathogenic and cause 
serious infection. 

• It is considered one of the most important 
bacteria related to human disease and also the 
major cause of resistant MRSA (Methicillin-
Resistant Staphylococcus).



Probiotics
• Many of the Firmicutes are commonly 

used probiotics, 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.

• Escherichia (E. coli), 
Salmonella, Vibrio, and 
Helicobacter (H. pylori) 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 concentrations 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 include yeast, and are 

naturally found on skin.
• One genus of fungi, Malassezia, 

is known to cause hyper and 
hypo- pigmentation, folliculitis, 
seborrhoeic dermatitis, and 
atopic dermatitis. 

• Pre & Probiotics 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 microflora.



Environmental Factors
• It has been studied that it takes 

less than 24 hours for a person’s 
microflora to begin assimilating 
to a new environment.

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

• Pollution and toxins have an 
adverse effect to 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. 

•When the skin’s microbiome is out of balance, disruptions can 
result in the good microflora can becoming bad. This dysbiosis 
can lead to issues like an aged appearance, skin disorders, 
infections, acne and red, sensitive skin.



Treatments that will have an adverse affect 
on   the microbiome.

•Plasma Pens

•Lasers

•Injectables

•Skin Peels

•All treatments that are disruptive to the local chemistry and 
lower the microbe diversity.



What can microbiome enhancement and 
restoration do for the skin?

•Strengthen skin’s surface against environmental threats and support the skin’s natural 
defense system. 

•Enhance skin’s ability to become—and stay—properly hydrated.
•Diminish factors that trigger sensitized or reactive skins.
•Visibly improve signs of aging, pigmentation and dryness- including a tight, 

uncomfortable feeling.
•Restore a healthy pH balance to skin’s surface.
•Improved wound healing. 
•The use of prebiotics encourages specific healthy strains of bacteria, and others 

increase the diversity of the bacteria on your skin. Lack of diversity can lead 
to rosacea, acne, fine lines, and discoloration.

•Probiotics have been found to be slow the process of aging by stimulating the skin’s 
immune system, preventing collagen damage and by improving overall hydration.



Clinical results with pre and probiotics



Photo courtesy Sōl Skin, FL

Day 1

Day 7

Client received one 
professional treatment 
and was prescribed 
topical microbiome 
restoring products 
(cleanser, prebiotic 
mist, probiotic serum) 
for home care.



Before & After- one application of microbiome 
restoring pre and probiotic products. (Elapsed time: ~12 hours)



Before & After 
(front facing) with 
one application 
of topical pre 
and probiotics. 
Elapsed time 
~12 hours.



Before at day 5at 24 hours



Emerging Microbiome-Friendly Ingredients

•New class of natural microbiome-friendly preservatives are being introduced 
that include: mushroom extracts, green tea, chamomile, garlic, thyme and 
other botanical extracts.

•Prebiotics- ingredients that will encourage and help recolonize good 
bacteria on the skin.

•Probiotics- live or dormant microorganisms that work to actively increase the 
number and ratio of beneficial bacteria. 

•Postbiotics- beneficial bacterial by-products.
•Ferments- provide better bioavailability and absorption of active 

ingredients, as well as concentration of nutrients.
•Healthier and milder surfactants and cleansing agents.
•pH balanced formulations.



The future and what’s on the horizon

The field of microbiome study has the potential to play a revolutionary role in how we treat disease and maintain health- both inside and 
out.
Recent Articles and Current Trends:
“No Guts, No Glory: How Microbiome Research is Changing Medicine”, C. Rodríguez Fernández, www.Labiotech.eu, 2019.

•“In the last few years, many big names in the pharma industry, such as Merck, Takeda, Pfizer, and Bristol-Myers Squibb have signed 
generous partnerships with microbiome companies. Even Microsoft has decided to enter the field.”

“The Microbiome: A Mega-Field That’s Just Getting Started”, M. Meyer, PhD, www.foodinsight.org, 2016 
“Skin microbiome & host immunity: applications in regenerative cosmetics & transdermal drug delivery”, K. Beri, Future Science OA, Vol. 4, 
No. 6, 2018”

•“Certain bacteria in the Propionibacterium species are capable of producing their own AMP [antimicrobial peptide], and this might be 
of future interest in studying and designing topicals that can influence barrier function and perhaps enhance regenerative pathways 
through AMP.

•“Several applications can be cited, including wound healing, and innovative cosmetics that can influence the slowing of cellular aging, 
as well as influence deeper penetration of actives.”

•“…we are left with several hypotheses of how altering surface bacteria, with its very complex host relationship, can significantly change 
host regenerative processes that could also be used for aesthetics and enhancing dermal collagen synthetic activity.”

Engineering and GMO potential…
"Bayer to develop medical skin care from staphylococcus epidermidis bacteria strains”, D. Utroske, www.cosmeticsdesign.com, 2020

•“Azitra is focused on 3 ways to commercialize staphylococcus bacteria (SE) technologies: developing SE commensal products (basically 
adding the strain to skin to correct for dysbiosis), developing enhances SE commensal products (bacteria that have been genetically 
engineered to deliver active ingredients or proteins through the stratum corneum), and developing drug active ingredients from SE 
(isolating or deriving bioactive compounds from the bacteria and using them to medically treat skin disease).”

And on, and on, and on…stay tuned!

http://www.labiotech.eu/
https://www.labiotech.eu/medical/microsoft-eagle-genomics-microbiome/
http://www.foodinsight.org/
http://www.cosmeticsdesign.com/
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