
HUMAN MICROBIOME

Microbial Ecology of the Human Skin

Anthony M. Cundell1

Received: 22 June 2015 /Accepted: 17 May 2016 /Published online: 31 May 2016
# Springer Science+Business Media New York 2016

Abstract This review article on the skin microbiota was writ-
ten in response to recent advances that transitioned from cul-
ture methods to PCR amplification and sequencing of bacte-
rial and fungal genes as a result of the Human Microbiome
Project. This transition enables the investigation of the full
diversity of microorganisms inhabiting human skin. The skin
provides a range of habitats with different microbiota associ-
ated with the three major regions of the skin, namely the moist
axilla, perineum, and toe webs; oily or sebaceous head, neck,
and trunk; and dry forearms and legs. These new culture-
independent tools are revealing the diversity of the human
skin microbiota in the different locations of the body and with
skin depth. These tools should lead to a better understanding
of the state of homeostasis between the microbiota and the
host and the overall functionality of that microbiota.
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Introduction

Why would a review article on skin microbiology be pub-
lished in the journal Microbial Ecology? Microbial ecology

can be broadly defined as the ecology of microorganisms and
their relationships with one another and their environment.
The central themes of microbial ecology have been the
recycling of elements especially carbon, nitrogen, and phos-
phorus in water, soil, and sediments; the structure of microbi-
ological communities; interactions between microorganisms
and animals and plants; and the environmental effects on the
growth and activities of microorganisms. Applied fields that
are of interest to microbial ecology range from bioremedia-
tion, soil fertility, the digestive tract and the rumen, biofilms,
aerobiology, plant pathology to microbial engineering. This
breadth supports that skin microbiology, usually associated
with clinical microbiology, is a topic that can be viewed in
the context of the field of microbial ecology and should inter-
est the readership of this issue of Microbial Ecology.
Furthermore, the broader field of the human microbiome
was the topic of a popular exhibit The Secret World Inside
You at the American Museum of Natural History in New
York City.

This article celebrates the contributions to the field of mi-
crobial ecology of Dr. Ralph Mitchell, Gordon McKay
Professor Emeritus of Applied Biology at Harvard
University in Cambridge, MA, founder of the journal some
50 years ago, and my post-doctoral mentor and friend.
Congratulations, Ralph.

Human Skin as a Habitat

The research on the microbiology of human skin has been
extended beyond the traditional concerns of the role of micro-
organisms in wound infection and skin diseases and their sur-
vival after disinfection prior to surgery to the implications of
the human microbiota to our well-being. The human skin is
the boundary between the body and the external environment
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that provides structure and flexibility protecting the underly-
ing muscles, bones, ligaments, and internal organs and pre-
vents the excessive loss of moisture and the entry of microor-
ganisms and toxic materials into the body. For an average
adult, the skin has a surface area of 1.5 to 2.0 m2 and is
between 2 and 3 mm thick [1]. Other major functions of the
skin include insulation; acting as a water shield; temperature
regulation; generating sensations of touch, heat, and cold; and
synthesis of VitaminDwhen the skin is exposed to sunlight. A
clinical function of the human skin microbiota is by occupy-
ing various habitats; it blocks the colonization of the skin by
opportunistic or pathogenic microorganisms [2]. The skin pro-
vides a diversity of habitats for bacteria, yeast, and mold with
different microbiota associated with the three major regions of
the skin: (1) moist axilla, perineum, and toe webs; (2) oily or
sebaceous head, neck, and trunk; and (3) dry forearms and
legs. In geographical terms, the axilla can be likened to a
tropical rain forest and the lower forearm to a desert [3, 4].
Of the total surface area, the legs provide 18% each, arms 9%
each, head 9 %, and the trunk the remaining 37%. Specialized
areas with a rich microbiota such as the perineal region and
axillae account for less than 2 % of the area [1].

The surface of the skin is slightly cooler than the core
body temperature (37 ° C), it is slightly acid (pH around
5.6), and squames are constantly being shed from the skin
surface due to terminal differentiation [5]. The normal mi-
crobial counts using culture methods typically range from
103 to 104 organisms per square centimeter with counts
reaching a high of 106 per square centimeter in the most
humid areas such as the groin and axilla. Washing the body
with soap and water temporarily reduces the microbial
count by an order of magnitude and removes transient mi-
croorganisms that may be potential pathogens from the
skin surface. Based on traditional culture methods, the pre-
dominant bacteria are Propionibacterium acnes and
Staphylococcus spp. in oily sites, Corynebacterium spp.
and Staphylococcus spp. in moist sites, and a significant
presence of members of the phyla beta-Proteobacteria and
Flavobacteriales in the dry sites [1].

In addition to the different longitudinal regions of the
skin, the epidermis is vertically stratif ied where
keratinocytes undergo differentiation from mitotically ac-
tive basal cells to transcriptionally active spinous cells to
enucleated granular cells and finally differentiated
squames in the stratum corneum that are continuously shed
from the skin surface as microscopic particles in healthy
individuals [6]. Furthermore, numerous pores of sweat
glands and hair follicles, giving the skin additional struc-
tural complexity, penetrate the epidermis. Skin cells turn-
over around every 4 weeks, differentiating from stem cells
deep within the epidermis and hair follicles and eventually
sloughing off from the upper layer as cornified, enucleated,
and dead cells [7]. The published skin shedding rates are

up between 500 and 3000 cells per square centimeter per
hour with around 10 % of the cells bearing bacteria [1, 7,
8]. This shedding will result in the persons occupying a
room having a unique impact of the microbiota in that
room. The size of a shedding skin cell is about 15–
20 μm, so they will vertically fall through the air alighting
on horizontal surfaces. The number of bacteria in micro-
colonies on shedded skin cells is reportedly small ranging
from 2 to over 1000, predominantly in the low end of the
range, and is relatively sparse in distribution considering
the total skin area [8]. Using scanning electron microscopy,
earlier researchers [9] confirmed that bacteria were widely
distributed in small colonies usually containing less than
10 on the skin surface with larger colonies within the stra-
tum corneum usually associated with sweat glands or the
underside of furrows in the skin surface.

Factors determining the overall numbers and composition
of the skin microbiota include the following: (1) region of the
skin on the human body; (2) chemical attributes of the skin,
i.e., pH, fatty acid composition, and moisture level; (3) gen-
der; (4) geographical location and ethnicity; (5) depth within
the epidermis; (6) antibiotic treatment; (7) use of cosmetics;
(8) age of the individual; and (9) health status of the individ-
ual. These factors will be explored in more detail later in this
review article.

Origin of the Bacterial Diversity

The skin microbiota is established immediately after birth
with the mode of delivery influencing the initial infant micro-
biota [10, 11]. Vaginal delivery leads to skin colonization pre-
dominantly with vaginal bacteria, i.e., Lactobacillus,
Prevotella, and Sneathia spp., while Cesarean section leads
to colonization of bacteria associated with maternal skin, i.e.,
Propionibacterium, Staphylococcus, and Corynebacterium
spp. As an infant ages, the diversity of their skin microbiota
increases, as does the location specificity. At puberty, in re-
sponse to hormone-stimulated sebaceous gland secretion, the
lipophilic taxa Corynebacterium and Propionibacterium be-
come more prominent on the skin. Disruptions in the skin
microbiota, in terms of loss of diversity and more prominence
of specific strains of bacterial species, e.g., Staphylococcus
aureus and P. acnes, are associated with many dermatological
diseases [2]. In general, trends in human microbiota diver-
sity vary with disease and body location with more exam-
ples from other body locations than the skin. For example,
diversity is reduced in the gut microbiome with obesity
[12], whereas the diversity is increased in vaginal
microbiome with vaginitis [13]. More research on the di-
versity of skin microorganisms with factors such as life-
style, disease state, and age would be very useful.
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Landmark Publications

For those of us who are historically minded, two land-
mark books on the microbiology of the skin that devel-
oped many concepts in use today are the 1965 publication
of the Professor Mary J. Marples, University of Otago,
New Zealand, seminal book The Ecology of the Human
Skin [14] and the 1981 book of William C. Noble, St.
John’s Hospital for Diseases of the Skin, London, UK,
entitled Microbiology of Human Skin [1]. In the former
book, Molly Marples first promoted the idea that the skin
is an ecosystem supporting a diversity of microorganisms
in habitats such as the desert of the forearm, the cool
woodlands of the scalp, and the tropical rain forest of
the armpit and differentiated between resident and transi-
tion microbial populations, themes that she further devel-
oped in her general audience 1969 Scientific American
article entitled Life on the Human Skin [14]. Bill
Noble’s book is divided into three sections discussing
skin as a habitat, microbial inhabitants of the skin, and
the ecology of the skin [1]. These pioneers deserve re-
membering as they first established the field of skin mi-
crobiology, advanced an ecological viewpoint, and antic-
ipated many of the broad findings of more recent studies
using modern non-cultural methods.

Human Microbiome Project

In 2007, the USNational Institutes of Health (NIH) funded the
Human Microbiome Project (HMP) with 5-year funding of
$150million opportunistically using four large-scale sequenc-
ing centers at Baylor College of Medicine, Broad Institute, J.
Craig Venter Institute, and Washington University School of
Medicine developed during the Human Genome Project. The
NIH-sponsored HMP has examined the microbial populations
within and across body habitats of the oral, skin, distal gut,
and vaginal body regions using multiple individuals over a
time sequence [12, 15]. This was achieved using
pyrosequencing-based profiling of 16S ribosomal RNA
(rRNA) gene sequencing. As we now recognize, traditional
culture methods do not identify many significant taxa and
significantly underestimate the diversity of the bacterial com-
munities. It has been estimated, in the general literature, that
there are at least ten times as many bacteria as human cells in
the body (approximately 1014 bacterial cells versus 1013 so-
matic cells). The majority of those bacteria are found in the
gastro-intestinal tract and not the skin (1012 per g of fecal
matter versus up to 106 per cm2 of skin) [16]. Furthermore,
there are 1,000,000+ genes in the microbiome versus the 23,
000 gene human genomes [17]. The taxonomic and genetic
diversity was found to be greatest in the tooth surface and
stool samples, intermediate in the skin and inside surface of

the cheek, and lowest in the vaginal samples. The researchers
reported that each habitat is characterized by a small number
of highly abundant taxa, i.e., predominant organisms, but
these taxa vary widely between individuals. High-abundance
taxa are accompanied by low abundance taxa of the same
genus, suggesting some community niche specialization.

Until very recently, the composition of the skin micro-
biota was determined by culture-based methods that se-
lected bacteria that more readily grew on microbiological
media with short incubation times using swabbing of the
skin surface and not gene sequencing [17, 18]. These lim-
itations would not capture the full diversity of the skin
microbiota. However, it has been suggested that up to
80 % of the species associated with the skin are recover-
able by culture methods, which is much higher than other
sites like the gut [18]. Furthermore, characterization of the
human microbiome using culture-independent, high-
throughput 16S rRNA gene sequencing has revealed the
diversity and differences in the human microbiota in the
different locations of the body and skin depth. For exam-
ple, it estimated that there are, in descending order, an
estimated 4000 bacterial species in the human intestine
wi th the gene r a Bac t e ro ide s , Prevo t e l l a , and
Lactobacillus predominant; 1200 bacterial species on the
skin with the genera Propionibacterium, Staphylococcus,
and Corynebacterium predominant; 800 bacterial species
in the oral cavity with the genus Streptococcus predomi-
nant; and 300 bacterial species in the vagina with the
genus Lactobacillus predominant [17]. Of the 1200 spe-
cies from around 20 phyla associated with the human, the
majority (>90 %) across all skin sites are from only four
phyla [17]. They are as follows: Actinobacteria (52 %)
represented by the genera Micrococcus, Corynebacteria,
and Propionibacteria; Firmicutes (24 %) represented by
the genera Lactobaci l lus , Staphylococcus , and
Streptococcus; Proteobacteria (16 %) that includes the
genera Paracoccus, Haematobacter, and Sphingomonas;
and Bacteriodetes (5 %) represented by Gram-negative,
non-spore-forming anaerobic, rod-shaped bacteria includ-
ing the genera Prevotel la , Porphyromonas , and
Flavobacterium. As in other microbial ecosystems, highly
abundant genera in the human microbiota are widely
prevalent in a higher percentage of subjects sampled
while low abundant genera were more restricted in their
distribution [19].

The diversity of the human microbiota at both the spe-
cies and strain levels and its association with human well-
being and disease were largely unknown, but these issues
are being addressed in ongoing research [17, 20]. It is
widely understood that many infectious diseases may be
strain-related and not solely species-related. Well-known
examples from clinical and food microbiology would in-
clude methicillin-resistant S. aureus and Escherichia coli
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O157: H7 [21]. As acne is one of the most common skin
diseases, with prevalence up to 85 % in teens and 11 % in
adults, it has received attention in terms of number of bac-
teria on the skin and their strain type. The marked increase
in P. acnes on the skin around puberty corresponding to the
increase in sebaceous secretions is generally considered
evidence of the role of this bacterium in acne. Topical
and systemic antibiotic treatment has long been used to
control acne with the efficacy attributed to decreased
P. acnes colonization and or activity [22]. Recent genomic
analysis found that the relative abundances of P. acnes did
not differ between skin conditions, whereas the relative
abundances of different strains did differ [23]. More
follow-up studies by skin microbiologist are expected in
this area before there is complete understanding of the
causes of acne.

It should not be overlooked that the human skin bears low-
er numbers of fungi, with less diversity than bacterial popula-
tions. In a 2013 study by the National Cancer Institute, der-
matologist Heidi Kong and her colleagues sequenced the fun-
gal microbiota from 14 different sites of ten healthy adults and
found fungal communities, with the exception of the feet that
have a greater fungal diversity, dominated by the genus
Malassezia [24].

Other researchers used quantitative PCR to enumerate the
total bacterial and fungal populations using 16S rRNA gene
and internal transcribed spacer (ITS) region primers and
probes, respectively, as well as the most common bacteria
genera, i .e . , Propionibacterium , Staphylococcus ,
Corynebacterium, and Streptococcus, and the fungal genus
Malassezia using bacterial and fungal genus-specific probes,
in six skin habitats in eight healthy human subjects instead of
culture-based methods that determine colony-forming units
[25]. The results reported as log10 copies per microliter of
extraction sample were corrected for human DNA contamina-
tion, using the housekeeping glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH) gene, which are summarized in
Table 1. These results generally confirm patterns seen with
earlier culture-based methods [1, 14] and emphasize the pres-
ence of both bacteria and fungi in the skin microbiota.

Factors Affecting the Skin Microbiota

The following factors may influence the numbers and diver-
sity of the skin microbiota (see BHuman Skin as a Habitat^
section):

1. Region of the skin

A study determined the relative abundance of different
bacterial taxa across the major skin regions, i.e., sebaceous,
moist, and dry sites [3]. The results are summarized in
Table 2(A, B, and C). Another key finding over and above
diversity was that the longitudinal stability was related to the
skin location, with sebaceous sites being the most stable and
the dry sites such as the palm and forearm being the most
variable over time. The location variability is greater than
the temporal variability amongst individuals. However, the
skin microbiota for an individual exhibits a greater diversity
compared with the gut or oral microbiota due to the difference
in various skin locations [2]. A study using 16S rRNA gene
sequencing of the palm of 51 normal individuals isolated 4742
operational taxonomic units (OTC) with 32 % of the se-
quences Propionibacterium, 17 % Streptococcus, and 8 %
Staphylococcus; only 17 % identity between the left and right
hands; 13 % identity between individuals; and a greater over-
all diversity with female hands [26]. The implications of these
finding are under discussion amongst skin microbiologists.

1. Chemical attributes of the skin

The pH, fatty acid composition, water retention, and sun
damage all influence the skin microbiota. The functional bar-
rier of the skin is largely derived from a patterned lipid lamel-
lae and protein filaments between the enucleated keratinocytes
in stratum corneum [27]. Chemical analysis of the solvent-
extracted lipid from the stratum corneum reveals an unusual
composition of near equimolar mixtures of ceramides (45–
50 % by weight), cholesterol (25 %), free fatty acids (10–
15 %), and other lipids including cholesterol sulfate (less than
5%). These structure and lipid composition provide the water-

Table 1 Composition of the human skin microflora from six locations (mean log10 copies/μL±SEM)

Body
location

Sample
number

All bacteria Corynebacterium Streptococcus Staphylococcus Propionibacterium All fungi Malassezia Human
GAPDH

Forehead 8 4.2 ± 0.3 0.8 ± 0.5 3.3 ± 0.2 2.6 ± 0.2 2.7 ± 0.2 2.8 ± 0.2 2.7 ± 0.3 1.6 ± 0.2
Forearm 16 3.0 ± 0.2 0.1 ± 0.1 2.0 ± 0.1 1.8 ± 0.3 1.9 ± 0.2 1.7 ± 0.1 1.3 ± 0.2 0.1 ± 0.1
Behind ear 16 4.6 ± 0.1 0.1 ± 0.1 3.8 ± 0.2 3.6 ± 0.1 3.6 ± 0.1 2.8 ± 0.1 2.7 ± 0.1 2.1 ± 0.2
Inner elbow 16 2.9 ± 0.2 0.6 ± 0.3 1.9 ± 0.2 1.9 ± 0.3 1.8 ± 0.3 1.6 ± 0.1 1.2 ± 0.2 0.3 ± 0.1
Foreleg 16 3.0 ± 0.1 0.4 ± 0.1 2.0 ± 0.1 2.1 ± 0.2 2.0 ± 0.2 1.5 ± 0.1 1.1 ± 0.1 0.5 ± 0.1
Armpit 10 5.0 ± 0.1 3.0 ± 0.7 4.2 ± 0.2 4.1 ± 0.1 4.0 ± 0.1 2.2 ± 0.2 2.1 ± 0.3 0.6 ± 0.1

Subtracting the human GAPDH copies for the site from the 16S rRNA can normalize the reported results. ITS region and genus-specific rRNA copies

SEM standard error of the measurement
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repellant and retention properties of the skin. The free fatty
acids are undoubtedly the basis of the slightly acid pH and the
inherent antibacterial activity of the skin to invading

microorganisms. New tools are available to study the human
skin. For example, metabolomic investigations of paired sun-
protected and sun-damaged skin samples have shown that out
of 122 metabolites analyzed, 46 were lower and 76 higher in
sun damaged skin. [28]. It is inferred that oxidative stress due
to sun damage leads to changes in the purine, methionine-
glutathione, and nicotinamide metabolic pathways in the skin.
Future microbiological research will likely demonstrate how
the physiology of healthy and damaged skin affects the mi-
crobiota on the skin [28, 29].

2. Gender

According to pioneering skin microbiologist Bill Noble,
healthy adult males carry higher populations of bacteria on
the skin, generally because the micro-colony size is larger in
males than in females [1]. This has been supported by more
recent studies. Physiological gender differences that influence
skin properties include hormone production, sweating rate,
sebum production, surface pH, and skin thickness and hair
growth. Recent studies have shown that women have lower
numbers but show a significant higher bacterial diversity than
men, after controlling hand washing [26]. This reinforces the
stereotype that women pay more attention to personal hygiene
than men. Men and women were found to harbor different
bacterial communities on their hands. Taxa shared by both
sexes but were more abundant on one sex over the other were
Propionibacterium (37 % more abundant on men),
Corynebacterium (80 % more abundant on men),
Enterobacteriales (400 % more abundant on women),
Moraxellaceae (180 % more abundant on women),
Lactobacillaceae (340 % more abundant on women), and
Pseudomonadaceae (180 % more abundant on women). At
this time, the reason for these differences is not clear, but the
authors of the study suggest that the lower pH of the male
skin, greater sweating by men, and more frequent female hand
washing may play a role in the gender differences.

3. Geographical location and ethnicity

A study comparing the Amazonian Indians and US resi-
dents suggests that the diversity of the skin microbiota be-
tween individuals may be influenced by ethnicity, lifestyle,
and geographic location [30]. Additional studies will be need-
ed to further develop the effects of these influences.

4. Depth within the epidermis

Recent evidence suggests that the bacterial cell numbers
increase as you go deeper into the epidermis. Grice and her
co-workers [15] estimated the bacterial numbers assessing the
sample collection method and used a quantitative PCR meth-
od based on a small amplicon of the 16S rRNA gene. This

Table 2 Relative abundance of bacterial groups (N = 10 healthy
individuals)

Bacterial taxa Percentage of the
microbiota as 16S gene
sequences

Cumulative
percentage

A. Sebaceous or oily sites (glabella, alar crease, external auditory canal,
occiput, manubrium, and back)

Propionibacterium 46 46

Staphylococcus 16 62

Corynebacterium 10 72

Beta-Proteobacteria 9 81

Other 5 86

Unclassified Actinomycetales 4 90

Flavobacteriales 4 94

Lactobacillales 3 97

Clostridiales 1 98

Gamma-Proteobacteria 1 99

Alpha-Proteobacteria <1 >99

Bacteroidales <1 >99

B. Moist sites (nare, axillary vault, antecubital fossa, interdigital web
space, inguinal crease, gluteal crease, popliteal fossa, plantar heel, and
umbilicus)

Corynebacterium 28 28

Beta-Proteobacteria 21 49

Staphylococcus 21 70

Flavobacteriales 9 79

Propionibacterium 7 86

Other 5 91

Gamma-Proteobacteria 3 93

Lactobacillales 2 95

Clostridiales 2 97

Alpha-Proteobacteria 2 99

Unclassified Actinomycetales 1 100

Bacteroidales <1 100

C. Dry sites (volar forearm, hypothenar palm, and buttock)

Beta-Proteobacteria 32 32

Corynebacterium 15 47

Flavobacteriales 14 61

Propionibacterium 13 74

Gamma-Proteobacteria 7 81

Staphylococcus 5 86

Other 5 91

Lactobacillales 4 95

Clostridiales 3 98

Alpha-Proteobacteria 2 100

Bacteroidales <1 100

Unclassified Actinomycetales <1 100
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study generated a standard curve using E. coliDNA and dem-
onstrated that a background of human DNA did not alter the
amplification measured by the threshold cycle (Ct) for the
E. coli DNA. The values based on the molecular weight of
an average bacterial genome for punch biopsies from the low-
er epidermal layers, scrapes from the intermediate layers, and
swabs from the surface were 1,000,000; 50,000; and 10,000
bacteria per square centimeter, respectively. These results
were unexpected but clearly are related to the higher moisture
and nutrient levels in the lower layers of the skin.

5. Antibiotic treatment and vaccination

Perturbation of the human microbiota by aggressive broad-
spectrum antibiotic administration, more directed antibacterial
vaccination, or even probiotic treatment is known to be pro-
nounced and may be exploited for future medical treatments
[31]. A vaccine may stimulate the immune system to remove
or prevent the growth of a single species or single or multiple
strains of a species from the human microbiota. This may
change the numbers and composition of the human microbi-
ota. Two well-known examples, unrelated to the skin but re-
vealing, are inoculation with conjugated vaccines against
Haemophilus type b and Streptococcus pneumoniae that pro-
tect against pulmonary infection or prevent colonization of the
respiratory tract. The vaccines eliminate the most virulent
strains of Haemophilus influenzae and S. pneumoniae from
the pharyngeal microbiota, but they are inevitably replaced
by less virulent, non-vaccine serotypes. Vaccines against skin
pathogens like P. acnes and S. aureus, if available, may play a
similar role eliminating pathogenic strains.

Antibiotics, which can be viewed as a miracle of mod-
ern medicine, profoundly reduce the numbers and diversity
of the human microbiota, thus providing the opportunity
for the overgrowth of a pathogen in different body sites.
For example, the antibiotic minocycline, which is widely
used to control acne, may disrupt the skin microbiota as
well as reduce the number of P. acnes. Secondary infec-
tions associated with antibiotic use are Clostridium
difficile-associated diarrhea and vaginal candidiasis, al-
though not directly related to the skin, they highlight this
trend [32, 33]. With persistent C. difficile-associated diar-
rhea that is unresponsive to vancomycin treatment, fecal
matter transplant from healthy donors has been shown to
be highly effective in treating recurrent C. difficile infec-
tions. These finding are revolutionary suggesting a new
role for probiotics in disease treatment that may eventually
be extended from the intestine to other sites on the human
body, thus as the skin [34].

In the skin, it has been suggested that bacteriophage com-
munities, as well as changing the bacterial composition of the
skin microbiota, may act as mediators of antibiotic resistance
gene transfer between bacteria [35]. This area needs further

study to fully understand the role of these viruses in human
health.

6. Use of cosmetics

The resident skin microbiota may be beneficial in that they
occupy many habitats in the skin and make it harder for tran-
sient pathogens to survive and grow on the skin. The applica-
tion of cosmetics may adversely impact the skin, if they re-
duce microbial numbers and diversity [36]. Cosmetics that are
formulated to reduce microbial abundance such as deodorants
or germicidal soaps may differ in their impact on the numbers
and diversity of the skin microbiota by site of application,
whereas moisturizers that help retain the water content may
support the skin microbiota and reduce skin cell shedding. A
more complete understanding of the interaction of cosmetics
with the microbiota may improve skin care.

7. Age of the individual

As noted earlier in the review article, the bacterial coloni-
zation of newborn infants reflects their mode of delivery.
Studies have shown that the mouth, skin, and first bowel
movements of vaginally delivered babies were populated by
vaginal Lactobacillus, Prevotella, and Sneathia species, while
those babies born by Cesarean section were populated by skin
Staphylococcus, Corynebacterium, and Propionibacterium
species [10]. During the first few months of life, the skin
microbiota of Cesarean-sectioned and vaginally delivered
babies began to converge [30]. Another notable change in
microbiota composition is the appearance of P. acnes at pu-
berty that hydrolyzes triglycerides in response to increased
sebum secretion. The effect of aging on the composition of
the skin microbiota may be a future area of research.

8. Health status of the individual

Dysbiosis of the skin microbiota undoubtedly plays a sig-
nificant role in common skin diseases such as atopic dermati-
tis, psoriasis, acne, and even dandruff [37]. S. aureus, a major
cause of skin and soft tissue infections that colonize the nares
of over 20 % of the population, is associated with atopic der-
matitis. Kong and her co-workers [38] demonstrated that
flares of this skin disease are associated with decreased micro-
bial diversity and increased relative abundance of S. aureus.

A recent review article emphasized the role of the
microbiome in immune development [39]. Germ-free mice,
with no skin microbiota, in studies have abnormal cytokine
production and improper T cell differentiation that appeared
following Staphylococcus epidermidis colonization. Healthy
skin employs a barrier that uses both immune surveillance and
epidermal keratinocytes, which produce antimicrobial pep-
tides (AMP) that contribute to the innate immunity of the skin.
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AMP expression is upregulated by the presence of
Propionibacterium species. This suggests that skin microbiota
directly contribute to the innate immunity. For example, se-
bum triacylglycerides are hydrolyzed by P. acnes and
S. epidermidis and peptides called pheno-soluble modulins
(PSM) are produced by some strains of S. epidermidis and
have selective activity against S. aureus, group A
Streptococcus, and E. coli but not other S. epidermidis strains
[39].

Other recent publications have emphasized the applica-
tion of ecological theory toward the understanding of the
human microbiome exploring development in infants (as-
sembly of the microbiota in previously unoccupied habi-
tat), recovery from antibiotics (re-assembly after a distur-
bance), and invasion of pathogens (role of the microbiota
in stasis) [40] and the role of the skin microbiota in mod-
ulating immunity [20]. For example, Stanley Spinola and
his colleagues at Indiana University found evidence that
the composition of the skin microbiota played a role in
the ability of individuals to clear abscesses on the shoulder
caused by the inoculation of the bacterium Haemophilus
ducreyi that causes sexually transmitted genital ulcers
termed chancre endemic in parts of Africa and Asia and
implicated in yaws and chronic skin ulcers in children in
topical Africa and the South Pacific Islands. By character-
izing the skin microbiome before, during, and after exper-
imental inoculation with H. ducreyi, the researchers found
that distinct community structure, especially the preva-
lence of P. acnes, strongly influenced if the individuals
were so-called pustule formers or resolvers [41].

Impact of Skin Bacteria on Blood Collection
and the Injection of Drug Products into People

As a pharmaceutical microbiologist, the author is interested in
the entry of microorganisms into the human body with injec-
tion. When the skin is penetrated with needle for blood col-
lection or the administration of injectable drugs, bacteria may
contaminate the donation or be transferred into the surround-
ing tissue ultimately reaching the blood stream. Transfusion-
transmitted bacterial infections (TTBI) have been a serious
complication of transfusion since the introduction of blood
banking at the beginning of the twentieth century. The intro-
duction of donor-arm disinfection and sterile materials and
anticlotting agents followed by closed systems for blood col-
lection, component preparation, and storage resulted in signif-
icant TTBI rate reductions. Improved donor selection and
blood testing significantly decrease the risk of hepatitis and
HIV/AIDS infection; however, TTBI infection especially as-
sociated with platelet concentrate transfusion represented up
to 10 % of blood transfusion-associated deaths annually [42].
Undoubtedly, room temperature storage of platelet

concentrates for up to 5 days before transfusion contributes
to the infection rates.

The major source of bacterial contamination of blood prod-
ucts is the donor arm followed by a much lesser extent by
donor bacteremia, contaminated collection equipment, con-
tamination during processing, and, lastly, transfusion.
Reports show that skin-derived bacteria (both resident and
transient) account for 90 % of the platelet concentrate-
associated and 70 % of the red cell concentrate bacterial trans-
missions. The effectiveness of the disinfection of the skin may
result in less contamination during skin penetration during
venipuncture during blood collection and during intramuscu-
lar or intravenous injection. A single-step swabbing of the
entry point with a 70 % isopropyl alcohol/2 % chlorhexidine
preparation is widely used due to its relative effectiveness and
short waiting time [42].

Conclusions

Tools are now available to fully characterize the human
microbiome using culture-independent, high-throughput 16S
rRNA sequencing. These tools are revealing the diversity and
differences in the human skin microbiota in the different loca-
tions of the body and with skin depth and should lead to a
better understanding of the state of homeostasis between the
microbiota and the host and functionality of the microbiota.
The role of the skin microbiota in the host well-being, preven-
tion of infection, and their relationship to common skin dis-
eases should become more apparent with further study.
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