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Abstract
The skin microbial communities, i.e., the microbiota, play a major role in skin barrier function so must remain dynamic to 
adapt to the changes in the niche environment that occur across the different body sites throughout the human lifespan. This 
review provides an overview of the major alterations occurring in the skin microbiome (microbial and genomic components) 
during the various stages of life, beginning with its establishment in the first weeks of life through to what is known about the 
microbiome in older populations. Studies that have helped identify the factors that most influence skin microbiome function, 
structure, and composition during the various life stages are highlighted, and how alterations affecting the delicate balance 
of the microbiota communities may contribute to variations in normal physiology and lead to skin disease is discussed. This 
review underlines the importance of improving our understanding of the skin microbiome in populations of all ages to gain 
insights into the pathophysiology of skin diseases and to allow better monitoring and targeted treatment of more vulnerable 
populations.
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Key Points 

Studies of the cutaneous microbiome (microbial and 
genomic components) across different age groups have 
highlighted the dynamic nature of the skin microbial 
communities (the microbiota), beginning during the 
very early stages of life following initial exposure to the 
maternal microbiome and continuing with shifts in com-
munity structure and diversity through to old age.

Beyond the first few weeks of life, body site is a major 
determinant of skin microbiome structure and diversity, 
but many other factors that influence these site-specific 
communities during the different stages of life have been 
identified, with some alterations potentially being associ-
ated with skin disease.

Understanding the skin microbiome at all stages of life 
is important for determining the impact of early altera-
tions in the microbiome on future health, gaining a better 
understanding of the pathophysiology of skin diseases, 
and aiding the development of age-adapted treatments.

1  Introduction

The skin is the largest organ of the human body and is 
colonized by highly variable microbial communities, 
referred to as the microbiota, that are influenced by multi-
ple factors. Different communities with distinct functions 
are present in the epidermal and dermal compartments, 
with the environment having a broader impact on the 
microbiota of the outermost layers of the epidermis [1, 
2]. Skin-resident microbes contribute to the establishment 
of cutaneous homeostasis and can modulate inflammatory 
responses or trigger pathogenicity depending on the host 
context [3]. The mutualistic relationship between micro-
bial communities and the host is essential for establish-
ing the well-controlled and delicate balance needed for 
healthy skin. The skin microbiota plays a major role in 
the function of the skin as a barrier against environmental 
threats and infections. To fulfill this role, the microbiota 
remains dynamic throughout the human lifespan. Although 
the skin microbiome, comprising microbial and genomic 
components, has been well studied in adults [1, 2, 4–7], 
less information is available in children and the elderly. 
This article provides an overview of current knowledge 
on the main changes occurring in the skin microbiome 
throughout the different life stages, focusing on the epider-
mal microbiome, which is the most exposed to surround-
ing factors and is more diverse and varying than the der-
mal microbiome [1]. This knowledge is key for enabling 
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the dermatologic specificities and needs of each age group 
to be better addressed.

2 � Settlement at Birth

Birth marks a time of drastic change for the skin of the 
newborn as it undergoes a sudden transition from an 
almost bacteria-free aqueous environment to an atmos-
pheric one with constant exposure to microbes. Immedi-
ately after birth, fetal skin is colonized by surrounding 
microorganisms. These microorganisms have been shown 
by Dominguez-Bello et al. [8] to differ according to the 
mode of delivery: the cutaneous bacterial signature (com-
munity diversity and structure) of vaginally delivered neo-
nates resembles the mother’s vaginal bacteria, with Lacto-
bacillus predominating, whereas that of neonates delivered 
by cesarean resembles the cutaneous bacteria, including 
Staphylococcus, Corynebacterium, and Cutibacterium 
(formerly Propionibacterium [9]). Furthermore, unlike 
their mothers, neonates have been shown to harbor bacte-
rial communities that are undifferentiated across multiple 
body habitats (skin, oral, nasopharyngeal, gut, vagina, 
etc.), regardless of the delivery mode [8, 10]. The vertical 
transmission of the vaginal microbiota from the mother 
to her baby may serve an initial defensive role in neona-
tal skin. Conversely, reduced skin microbial diversity has 
been reported in neonates born by cesarean delivery [10]. 
This reduced diversity, combined with the lack of exposure 
to vaginal bacteria, may lead to delayed development of 
the nutritional and immune functions associated with the 
microbiota across the different body habitats [8], perhaps 
in part explaining the greater susceptibility of cesarean-
born infants to certain pathogens and allergies. However, 
as cesarean delivery is usually medically indicated, the 
many potential confounders associated with the need for 
this procedure may also have an impact on the microbiome 
acquired by the offspring. Moreover, the skin microbial 
pattern has been found to differ depending on whether neo-
nates were delivered by a labored or an unlabored cesarean 
[10].

Further analyses indicate that by 4–6 weeks after birth, 
infant skin microbiome structure and function have already 
significantly expanded and diversified, with prominent body 
site specificities similar to those of the maternal skin micro-
biome [10]. For instance, Chu et al. [10] showed that the 
microbiome of infant skin and nares was characterized by 
Staphylococcus (Firmicutes) and Corynebacterium (Act-
inobacteria), as in the mother. This reorganization appeared 
to be primarily driven by the body site and was no longer 
influenced by the mode of delivery. Hence, site-specific dif-
ferences in skin microbial abundance and structure emerge 

very early in life, before the infant has had extensive contact 
with other environmental sources of microorganisms.

In preterm infants, physical and functional differences in 
the immature skin may alter the resident microbiome com-
pared with that of full-term infants. Pammi et al. [11] found 
that overall skin bacterial richness (variety of species) and 
evenness (i.e., the relative abundance of the community) 
tended to be lower in preterm infants than in term infants, 
with no differences in richness or composition between sur-
veyed skin sites observed in either group within the first 
4 weeks of life. However, a trend was observed for increas-
ing microbial diversification with increased gestational 
age at baseline and then during the first 4 weeks of life for 
both preterm and term neonates. Comparisons of bacterial 
composition revealed that Firmicutes (predominant genus 
Staphylococcus) were more abundant and Proteobacteria 
less abundant in preterm neonates than in term neonates. 
At 4 weeks after birth, the skin microbiome of the preterm 
infants did not differ according to the mode of delivery, simi-
lar to previous findings in term neonates [10], but was found 
to be altered by antibiotic exposure [11]. In preterm infants, 
immaturity of the skin structure and appendages, as well as 
the hospital environment, may explain the decreased skin 
microbial diversity (richness and evenness) as compared 
with term neonates, and partly explain the existence of ges-
tational age-dependent differences. Comorbidities, includ-
ing respiratory illness, sepsis, necrotizing enterocolitis, and 
invasive clinical procedures, may also affect the developing 
skin microbiome.

The first exposure of neonates to the vaginal microbiota 
appears to play an important role in the initial establishment 
of the cutaneous microbiota and may also have an impact 
on further bacterial colonization of the gut and other body 
habitats [8]. Differences in the initial skin microbiome may 
thus have broader impacts on infant health, and on health 
later in life, and therefore need to be more deeply investi-
gated. Interventions aiming to restore the diversity of the 
cutaneous microbiome in preterm neonates could also be 
developed to prevent pathogen colonization and subsequent 
systemic infections in this more vulnerable population [11].

3 � Infants

Gradual maturation of skin microbiome function, structure, 
and composition has been shown to continue throughout the 
first years of life [12]. Large interindividual variations in 
skin bacterial communities, along with tremendous diversity 
in both community composition and the timing of bacte-
rial acquisition, have been observed in healthy infants by 
Capone et al. [12]. Although data indicate that the number 
and type of genera in a specific skin area do not signifi-
cantly change over the first year, the relative abundance of 



S14	 P. C. Luna 

the community has been reported to increase with age. A 
decline of Staphylococcus and Streptococcus species has 
been noted, which may contribute to the increased popula-
tion richness and evenness observed by the end of the first 
year. The skin microbiome in infants stabilizes over time 
and, as in adults, becomes progressively site specific: this 
process begins within the first 3 months of life and reflects 
a balance between the influx of microbial strains and niche 
selection [12].

Bidirectional microbial transmission between the mother 
and infant contributes to the dynamics of skin microbial col-
onization over the first year postpartum. A longitudinal study 
of mother–infant dyads followed up to 12 months revealed 
the predominance of six bacterial genera (Staphylococcus, 
Pseudomonas, Enterobacter, Enterococcus, Proteus, and 
Klebsiella) belonging to two phyla (Firmicutes and Pro-
teobacteria) in both mother and infant skin samples [13]. 
Peaks in the number of genera per individual were found 
at 6 and 9 months in both mothers and infants, correspond-
ing to periods when physical activity started to increase and 
infant food sources began to expand. The abundance of four 
of the six most frequent genera varied significantly with 
time in both groups, without remarkable differences in the 
isolation rates between the mothers and their children [13], 
which is in agreement with the fact that by the fourth week 
of life the infant microbiota is already very similar to that 
of the adult [10]. Only Proteus and Staphylococcus aureus 
have been reported to remain largely constant over time, 
with S. aureus being more frequently found in mothers than 
in infants. This latter finding could predispose both mothers 
and newborns to skin infections and could also be linked to 
the development of atopic dermatitis in the children [14]. 
The role of enteric bacteria (Enterococcus, Enterobacter, 
Klebsiella), found in large numbers on the skin of both the 
infants and nursing mothers, remains to be addressed. Fur-
thermore, Gaitanis et al. [13] revealed a decline over time 
in the concordance of isolated microbial species within the 
mother–infant dyad, suggesting that other factors beyond 
inheritance from the mother contribute to the progressive 
increase in infant skin microbial diversification with age.

Thus, the skin microbiome evolves over the first year, 
especially in the first weeks after birth, with this early colo-
nization potentially affecting long-term microbiome stabil-
ity and skin immune function. Infant skin is known to be 
sensitive and more prone to inflammatory conditions such 
as atopic dermatitis and diaper dermatitis and to infections 
such as candidiasis. Therefore, the timely and proper estab-
lishment of a healthy skin microbiome during early child-
hood has been suggested to have a pivotal role in preventing 
inflammatory skin diseases and access to potentially infec-
tious microbes [12]. Bidirectional microbial transmission 
between the mother and infant appears to be of paramount 

importance in this process [13], but the role of microbiota 
inheritance from the father remains poorly documented.

4 � Children Versus Adults

A shift in the microbiomes of the skin and nares has been 
shown to occur during the physiologic transition from child-
hood to adulthood. The site-specific composition of the skin 
bacterial community, observed from the first months of life 
[12], along with the overall increase in diversity with age, 
were confirmed in a study of 158 children aged between 1 
and 10 years [15]. The major phyla retrieved from these 
children were similar to those found in adults, e.g., Proteo-
bacteria, Firmicutes, Actinobacteria, and Bacteroidetes, with 
essentially the same genera but at different ratios [4, 15] 
(Fig. 1). For instance, the skin of the children contained 
less lipophilic bacteria (Actinobacteria, predominantly 
Cutibacterium), as the sebum level tended to be lower than 
that in adults [15, 16]. It is noteworthy that Zhu et al. [15] 
found the mode of delivery to still have an impact on the skin 
microbiome in the 10-year-old children. In addition, the skin 
microbiome of each child was more similar to that of their 
own mother than to that of unrelated women (particularly 
in the case of the most abundant bacteria), likely because 
of the impact of shared living environments and lifestyles. 
Conversely, sex was not found to exert a notable effect on the 
skin microbial community during childhood [15].

In a comparison of bacterial communities at several body 
sites in children and young adults, significant differences 
were found between the groups, with communities at the 
nares exhibiting the most marked microbial shifts [16]. This 
site can harbor opportunistic pathogens, including S. aureus 
and Streptococcus pneumonia. Oh et al. [16] demonstrated 
that microbial diversity of the nares decreased with increas-
ing sexual maturity, regardless of sex, indicating that stabi-
lization and convergence of microbiomes in the nares occur 
in more mature subjects. In another study, the microbiome in 
the nares was found to cluster separately from that of other 
skin sites and to have a level of bacterial diversity that was 
lower than that of moist and dry sites [17]. Analysis of this 
bacterial community revealed that it contained Corynebac-
terium (35.5%) (Actinobacteria), Staphylococcus (17.7%) 
(Firmicutes), and Alloiococcus (5.2%) (Firmicutes), with 
these proportions being higher than those found at other skin 
sites [17]. In particular, S. aureus was overrepresented in 
the nares of younger subjects [16]. Moreover, a correlation 
between the incidence and abundance of this strain in the 
nares and at other distant skin sites has been found in both 
younger and older children, suggesting that the nares may 
serve as a reservoir for this pathogen.

This latter finding may have implications for the age-
related incidence and severity of some cutaneous disorders 
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such as atopic dermatitis. This cutaneous disorder involving 
skin colonization by S. aureus predominantly occurs in chil-
dren and often resolves by adolescence and adulthood [14, 
18]. Therefore, microbiome surveys of skin sites associated 
with atopic dermatitis (dry, moist, and sebaceous sites) are 
of particular interest for developing preventive or targeted 
therapeutic approaches for this skin disorder. Such investiga-
tions could benefit from new technologies, such as the 3D 
molecular mapping of the skin surface that allows correla-
tion of the body distribution of skin molecules and bacteria 
[7].

5 � Adolescence

During the transition through puberty, the skin microbiome 
has been shown to shift notably from a predominance of 
Firmicutes, Bacteroidetes, and Proteobacteria (beta- and 
gamma-proteobacteria) to the more lipophilic Actinobacte-
ria (Corynebacterium and Cutibacterium) [16]. In particular, 
sebum overproduction has been linked to overcolonization 
by the commensal bacteria Cutibacterium acnes. This loss 
of strain diversity leads to an imbalance of the skin micro-
biota (dysbiosis) and potentially to acne, an inflammatory 
disorder of the pilosebaceous unit [6, 19]. Although these 
bacteria dominate the microbiota of pilosebaceous follicles, 

in subjects both with and without acne, recent studies have 
indicated that a higher abundance of some phylotypes with 
the potential to act as opportunistic pathogens is associated 
with acne lesions [19, 20].

Thus, changes in physiologic conditions at puberty may 
lead to an imbalance between the different skin community 
members and, in some cases, to the emergence of acne. The 
more pronounced physiological and anatomical differences 
between males and females that emerge at adolescence—
such as sweat, sebum, and hormone production—have also 
been suggested to account for the cutaneous microbial dif-
ferences seen between sexes in adults [17, 21].

6 � Older Subjects

Although the skin microbial composition of healthy subjects 
has been found to remain largely stable over time during 
adulthood [22], age-related physiologic changes—particu-
larly alterations in sebum secretion and immune function 
and a decrease in sweat—may affect the skin microbiome 
of older individuals. A marked modification in skin micro-
biome structure and composition has indeed been observed 
with aging [17], particularly in women [23]. Cutaneous 
microbial communities may also vary according to racial and 
ethnic backgrounds [24]. Yet, the most striking differences 

Phylum
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Actinobacteria

Proteobacteria

Bacteroidetes

infantnewborn children adolescent adult senior

0%

Relative 
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No skin site 
specificities

Skin site specificities

VglCsr

Others

Microbial diversification

Fig. 1   Skin microbiome evolution in healthy subjects as years go by. 
The graph provides a global overview of the relative abundance of 
major bacterial phyla of the human skin microbiota at different stages 
of life, measured by either 16S RNA or metagenomic approaches 
(DNA). Average data or main trends extracted from: newborns until 

4 weeks (Dominguez-Bello et al. [8]), infants up to 12 months (Chu 
et al. [10] and Capone et al. [12]), children up to 10 years (Zhu et al. 
[15]), adolescents (Oh et al. [16]), adults (Ying et al. [17] and Grice 
et al. [4]), and older subjects above 60 years (Shibagaki et al. [23]). 
Csr cesarean delivery, Vgl vaginal delivery
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in bacterial content have been found to remain dependent on 
body site, influenced by their different physiologic character-
istics, i.e., sebaceous, moist, or dry [17, 23, 24].

A comparative study of the skin microbiomes of healthy 
individuals in a Chinese cohort according to age revealed 
that older adults (50–60 years) had an overall lower bac-
terial richness than younger adults (25–35 years), regard-
less of sex, but exhibited greater intragroup variations [17] 
(Fig. 1). For instance, Enhydrobacter—a Proteobacteria 
deemed enriched in Chinese individuals [24]—was more 
abundant among older individuals than among adoles-
cents and younger adults (5.8 vs. 3.3 and 2.4%, respec-
tively), especially at sites such as the back and nares. In 
contrast, Cutibacterium was less abundant in older adults 
than in adolescents and younger adults (12.6 vs. 21.9 and 
26.7%, respectively), especially on dry and moist sites [17]. 
Moreover, in another Chinese study [24], S. aureus was less 
abundant in older adults (51–90 years) than in children and 
adults (4.2 vs. 6.8 and 6.7%, respectively), with a higher 
relative abundance in males than in females. However, 
across skin sites and age groups, females were reported 
to present greater overall levels of bacterial diversity than 
males. Ying et al. [17] reported other sex differences among 
older individuals: species richness in older men has been 
found to be lower than that in older women, and women 
have also been shown to display greater intragroup variation 
than men. More specifically, Cutibacterium abundance was 
found to be greater in older men than in women, especially 
on glabellae and the back of the hands, likely because of the 
presence of relatively more terminal hair follicles including 
sebaceous glands in men. Moreover, the relative abundance 
of Staphylococcus and Alloiococcus in the nares of older 
individuals has been found to be greater in females than in 
males, whereas that of Anaerococcus (Firmicutes) is higher 
in males than in females (Fig. 1). These sex differences have 
been suggested to mainly stem from physiologic differences 
between male and female skin microenvironments, such as 
hormones, metabolism, perspiration rate, lipid content, and 
pH, but may also be associated with cosmetic use or sun 
exposure [17].

A comparison of the skin microbiomes across four skin 
sites between younger (< 40 years) and older (≥ 60 years) 
healthy Japanese women revealed that the richness of bacte-
rial species was higher in the latter group for all tested skin 
sites [23]. Indeed, an overall lower abundance of Actinobac-
teria (predominant genus Cutibacterium) was observed in 
the older subjects, with a concurrent increase in other phyla 
(Firmicutes, Bacteroidetes, and Proteobacteria) in varying 
proportions depending on the skin site. The decrease in 
Cutibacterium might be related to the decrease in sebum 
secretion observed in aging skin, as this species is more lipo-
philic. In contrast, Corynebacterium (Actinobacteria), Aci-
netobacter (Proteobacteria), Streptococcus (Firmicutes), and 

Prevotella (Bacteroidetes) were more abundant in the older 
women than in their younger counterparts. The most striking 
alterations in bacterial structure between age groups were in 
the forearm (dry) and scalp (sebaceous) microbiomes. The 
diversification of the scalp microbiome in the older women 
was mainly attributed to a marked increase in the number of 
minor species. These changes in the abundance and structure 
of bacterial communities might contribute to the age-related 
diversification of the microbiomes in women specifically at 
these skin sites. However, it should be noted that changes in 
skin physiology, which might not exclusively depend upon 
aging, can also contribute to alterations of the skin micro-
biome. Detailed analysis by Shibagaki et al. [23] revealed 
that 31 bacterial species were overrepresented in older skin 
microbiomes, half of these species being normal oral bac-
teria. This finding suggested an age-dependent relationship 
between the skin and oral bacteria; however, the role played 
by this relationship in the bacterial diversification of older 
skin has yet to be clarified.

Comparative microbiome analyses according to the skin 
aging, mostly performed in healthy Asian women, dis-
played some differences in their conclusions and might not 
be generalizable. The main trend of a higher diversity and 
greater variation of bacterial species in the skin of older 
subjects should be confirmed in multiethnic studies taking 
into account sex specificities. Further investigations of these 
age-related changes also remain to be conducted at the func-
tional level in healthy and pathogenic contexts.

7 � Conclusion

This overview of the skin microbiome as years go by high-
lights the most striking known changes encountered by 
healthy skin during the main stages of life. As skin micro-
biota composition is crucial for developing adapted immune 
responses from a young age, differences in skin microbiome 
development may contribute to variations in normal physiol-
ogy and to disease predisposition or inflammatory skin con-
ditions. Therefore, gaining further insight into skin microbial 
settlement, and the variations and network of interactions 
that occur during different life stages, is essential for increas-
ing our understanding of cutaneous disease pathogenesis and 
for the development of innovative treatments. Collecting 
information about the epidermal and dermal microbiomes 
could prove useful for monitoring the condition of the skin 
throughout life and for helping to predict the emergence of 
disease and response to treatments, ultimately guiding the 
choice of the most appropriate treatment approach or ther-
apy. Modulating the microbiota will undoubtedly improve 
cutaneous health at all life stages.
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