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Microbiome Science

• Current cohort of 62 students.
• New: 35 four-year studentships (Oct 2022)

o 11 PhD in 2022, 
o 12 PhD in 2023,
o 12 PhD in 2024, 

Industrial Advisory Panel
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More than 30
conference speeches

Over 65
publications

More than
100  patents



What is Skin (…from a microbes perspective ☺)

Wilson, Bacteriology of Humans; 2008
Harker & Harding, Amino acid composition, including key derivatives of eccrine sweat; 2013
Wilson, The Human Microbiota in Health & Disease, 2018
Baker & Wolfe, Physiological mechanisms determining eccrine sweat composition; 2020
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A place to live A source of food A home shared with 
friends & enemies

- Aridity
- pH
- Osmolarity
- O2/AnO2

- HLB
- Host Antimicrobials
- UV

- Substrate
- XYZ constrained
- °C
- Desquamation
- Turnover
- Stability

Chemical Physical

“External” Stressors
Inflammation │ Injury │ Immune response │ Climate │ Product use │ Lifestyle etc



Human Skin – Multiple Environments in One 

Bacteriology of Humans; Prof. Michael Wilson, 2008
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Environment & Microbiome
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Body Sites – Unilever Data

Sebaceous

Moist

Dry

Shannon Diversity – Richness and Evenness

331 subjects
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Body Sites – Alpha Diversity

Skin surface lipids drive diversity reduction and the concomitant shift to a microbiota dominated by Cutibacteria
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Body Sites – Community Composition

Major community commensals with high abundance and prevalence across all sites

% MRA
331 subjects
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Body Sites – Community Composition

Species as % of genera MRA
331 subjects
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C.acnes C.avidum C.granulosum

Staphylococcus

S.epidermidis S.hominis
S.capitis S.haemolyticus
S.pasteuri|warneri S.lugdunensis
S.aprophyticus S.aureus
Staph_other

C.acnes S.epidermidis
S.hominis

S.capitis

Streptococci

S.mitis S.thermophilus S.salivarius

S.cristatus S.agalactiae S.peroris

S.parasanguinis S.dentisani S.infantis

S.infantarius S.sanguinis S._OTHER

S.thermophilus

S.mitis



ScalpFaceForearmAxillaLeg (adult)Leg (baby)

% MRA per subject
331 subjects
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Body Sites – Community Composition

100% Staphylococcus

100% “Other”
100% C.acnes

Cutibacterium acnes
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Body Sites – Community Composition

Cutibacterium acnes

Scalp: Cutibacterium dominates, plus Staphylococcus capitis and S. epidermidis
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Body Sites – Community Composition

Cutibacterium acnes

Face: Cutibacterium dominates, more variation in the balance
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Body Sites – Community Composition

Cutibacterium acnes

Axilla: High dominance of Staphylococcus
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Body Sites – Community Composition

Cutibacterium acnes

Arm: Although well represented, Cuti and Staphs are less dominant

B
o

d
y 

Si
te

 &
 E

n
vi

ro
n

m
en

t



Body Sites – Community Composition

Cutibacterium acnes

Leg: Cuti and Staphs still significant but dialled back somewhat Vs. Arm
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Body Sites – Community Composition

Axilla

Leg
Scalp

Arm

Face

Cutibacterium acnes

Variations on a theme
Body site niches have distinct yet related microbiomes 
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AI Prediction

● Face

● Axilla● Forearm

● Scalp

● Tongue
● Plaque

● Leg
(Adult)

● Leg
(Baby)

450 Samples

XGBoost

A.I. Accuracy = 93%
(validation data)

Predicted Site
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Microbiome changes

Younger skin:
➢ Higher abundance of Cutibacterium and Lactobacillus
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Older = 50-55 (268 samples)
Younger = 21-41 (273 samples)

Alpha Diversity - Shannon

p <0.05

Older Skin
➢ Higher Abundance of Acinetobacter and Moraxella
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Microbiome changes with age

Baby (av. 1yr)
[n=73]

Young (av. 33yr)
[n=268]

Mature (av. 54yr)
[n=273]

Cutibacterium
Cutibacterium

A
g

e 
&

 M
ic

ro
b

io
m

e



Genera not connected by the same 
letter are significantly different

Microbiome changes with age
A

g
e 

&
 M

ic
ro

b
io

m
e

B
ab

y

Yo
u

n
g 

A
d

u
lt

M
at

u
re

 A
d

u
lt

Cutibacteria B A B

Staphylococcus A A A

Corynebacteria A B C

Streptococcus A B B

Acinetobacter B B A

Lactobacillus B A B

Moraxella B B A



Skin Microbiome: Through the Years

Capone et al., 2011, Shibagaki et al 2017, Zhu et al., 2019, Carrieri et al., 2021, Howard et al 2021, Park et al., 2022 
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Prediction
Accurate predictions of age from microbiome

Carrieri, A.P., Haiminen, N., Maudsley-Barton, S. et al. Explainable AI reveals changes in skin microbiome composition linked to phenotypic differences. Sci Rep 11, 4565 (2021). 
https://doi.org/10.1038/s41598-021-83922-6

Confusion matrix

Correlation between 
age and corneometer

Correlation between 
actual age and 
predicted age

Chronological Age

85% accuracy

Training
Data

Validation
Data

Model

Subject Metadata Prediction Accuracies:
Age: 85% Hydration: 90% Smoking Status: 85% Pre/Post Menopause: 92% 
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https://doi.org/10.1038/s41598-021-83922-6


Why does it matter?
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Cutibacterium acnes & Skin surface lipids
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McGinley et al 1980

Scheimann et al 1969

Pappas 2015

Stewart et al 1978

Man et al 2009

Elias et al 2005

Takigawa et al 2005

Sebaceous lipids Microbial Hydrolysis Effects on Skin
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Staphylococcus epidermidis
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Barrier & SphingomyelinaseLactic acid Topical treatment

Zheng et al 2022 Murphy et al 2022

5 weeks

Salgaonkar et al 2021



Bringing it all together

Triglycerides,
Squalene, etc

Cutibacteria

Free
Fatty Acids

Glycerol

Sphingomyelinase

Barrier

Follicle

DiversitySkin pH

Cutibacteria & skin surface lipids: Nicolaides 1958, Strauss 1966, Kraus 1968, Freinkel 1968, Scheimann 1969, Greene 1970, Marples 1970, Kellum 1973, Nicolaides 1974, Puhvel 1975, Stewart 1978, McGinley 1980, 
Cove 1980, Downie 1998. RoxP: Stødkilde 2022. Lactic acid bacteria: Ahle 2022, Zheng 2022, Salgaonkar 2021, Hayashi 2021, Nishioka 2021, Wilson 2008, Marzio 1999. Eccrine sweat: Harker & Harding 2013, Baker & 
Wolfe, 2020. Malassezia: Gaitanis et al 2008. NMF: Kroll et al 2012

Lactic acid

Hygiene

S.epidermidis
Lactobacillus.spp
Streptococcus.spp

Lactic Acid Producers

Lactic Acid Consumers
Acinetobacter. Spp

Moraxella.spp
RoxP

Malassezia

AhR

Water,
Sodium,

Glucose
Amino acids, 
Trace metals

Lactic acid
Glycine

Asparagine

Malassezin

Chloride,
Lactate,
Ammonia,
Bicarbonate

NMF’s, Histidine, trans-UCA, Serine, Glycine, Alanine, Glutamine, 
Glutamic acid, PCA, Proline, Citrulline

Age
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