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An update on the current understanding of the infant skin 
microbiome and research challenges
Iliana R Serghiou1,2,*, Mark A Webber1,3,† and  
Lindsay J Hall1,2,3,4,‡

Multiple factors contribute to establishment of skin microbial 
communities in early life, with perturbations in these 
ecosystems impacting health. This review provides an update 
on methods used to profile the skin microbiome and how this is 
helping enhance our understanding of infant skin microbial 
communities, including factors that influence composition and 
disease risk. We also provide insights into new interventional 
studies and treatments in this area. However, it is 
apparent that there are still research bottlenecks that include 
overreliance on high-income countries for skin microbiome 
‘surveys’, many studies still focus solely on the bacterial 
microbiota, and also technical issues related to the lower 
microbial biomass of skin sites. These points link to pertinent 
open-research questions, such as how the whole infant skin 
microbiome interacts and how microbial-associated functions 
shape infant skin health and immunity.
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Where the infant skin microbiome field 
currently stands
The human skin microbiome is organised into microbial 
communities at different body sites [1]. These commu
nities include bacteria, archaea, viruses and fungi, and 
participate in the host’s skin physiological functions and 
immunity, and overall skin health [1–3]. The infant skin 
bacteriome has been studied in various projects in the 
last 20 years and has been found to typically consist of 
members of the phyla Bacillota, Actinomycetota, Pseudo
monadota and Bacteroidota [4]. As well as the bacteriome, 
the infant mycobiome has been found to contain Ma
lassezia, Candida, Cladosporium, Alternaria, Rhodotorula, 
Fusarium, Cryptococcus, Exophiala, Aspergillus and Ni
grospora [5–8]. Directly after birth, coagulase-negative 
staphylococci species (CoNS) (Staphylococcus epidermidis 
and Staphylococcus capitis) dominate the neonatal skin 
[9,10] along with Lactobacillus iners; not long after, these 
microbes decrease in abundance, which allows gradual 
colonisation by Acinetobacter, Streptococcus, Veillonella, Bi
fidobacterium and Enhydrobacter species [4]. Preterm 
neonates have been shown to have a more varied skin 
microbiome and exhibit more Staphylococcus, Raoultella, 
Klebsiella, Serratia, Streptococcus, Enterococcus and En
terobacter [10]. Streptococcus species particularly appear to 
be more abundant in infancy, and decrease with age 
[11–13]. Perturbations in these communities, particularly 
early in life, have been associated with dermal condi
tions, including staphylococcal-scalded skin syndrome 
(SSSS), atopic dermatitis (AD), diaper dermatitis (DD) 
and tinea capitis (TC) [1,4,5,7,14–17].

Most recent research has adopted higher-resolution 
methods to defining the skin microbiome. This has lar
gely confirmed previous studies in terms of species 
present (with AD the most-studied skin disease), al
though there has been more of a focus on detailed in
teractions between factors that affect the infant skin 
microbiome, mainly in high-income countries (HICs) 
[1–3,5,15,18,19]. Delivery mode, antibiotic exposure, 
breastfeeding and neonatal skin structure and function 
are factors that have been shown to influence initial skin 
community establishment [2,4,20]. Longer term, the 
environment, skincare cosmetics, diet, age and gender 
also impact the composition of the skin microbiome 
[2,3]. The skin microbiome community make-up ap
pears to be largely defined by age, and only transiently 
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influenced by factors such as drug use and cleaning and 
moisturising practices [4]. Recently, Zioutis et al. [21] 
found that community assembly was driven primarily by 
ecological drift, suggesting occurrence of stochastic 
processes. Other recent popular research topics in
clude skin disease microbiome profiling [4,5,14–17], in
vestigation of understudied microbial communities  
[4,5,22], combined studies using metagenomics, meta
bolomics and culturomics [5,23–25] and probiotic inter
ventions [19,26–28]. 

Given the recent increase in knowledge, the aim of this 
review was to provide an update on the current infant 
skin microbiome research. We identified 33 research 
papers and eight reviews published since 2021, which 
we focus on in this paper (Table S1). 

Factors affecting the infant skin microbiome 
There are many factors that affect the infant skin mi
crobiome, and more recent studies have focussed on how 
some of these influence skin microbiome establishment, 
function and disease [4–6,9,10,18,20–24,29–32]. 

Delivery mode influences skin microbial colonisation, 
which in turn affects skin barrier function [4,5]. A recent 
investigation tested the impact of vaginal delivery (VD) 
in water on the infant skin (bacterial) microbiome [4]. 
The authors identified a higher abundance of Strepto
coccus on the skin of infants born by elective caesarean 
section (CS) and VD in water, compared with normal 
VD [4]. Rapin et al. [4] further distinguished between 
elective and emergency CS, and while they found no 
significant difference in bacterial skin diversity, they did 
observe higher Lactobacillus abundance in emergency 
compared with elective CS (likely due to initial labour- 
associated exposure to the vaginal microbiota) [4]. Dry 
skin was also observed in all infants born through elec
tive CS, which was associated with higher Streptococcus 
abundance [4]. Mycobiome-focused studies have also 
shown Candida albicans and Rhodotorula species in higher 
abundance on the skin of VD infants, while Aspergillus 
was in higher abundance in CS infants [5,6]. The preg
nancy and birthing process (whether vaginally or CS 
delivery), can encounter complications, which may lead 
to the use of antibiotics. Antibiotic exposure in infants 
has been shown to reduce skin microbial diversity, al
though this appears to be transient followed by recovery, 
and then increasing diversity seen over time, despite 
exposure [9,30]. More recently, it appears that antibiotic 
use in pregnancy leads to colonisation of the infant skin 
with genitourinary tract-associated pathogens (Ur
eaplasma and Gardnerella) [23]. 

To prevent CS-associated conditions (e.g. AD), inter
ventions have been trialled, such as vaginal seeding  
[20,29]. This exposes CS-delivered infants to the 

maternal (vaginal) microbiome that is ‘bypassed’ during 
CS delivery, although it does not account for important 
vertical transfer of maternal gut microbes [20,29]. How
ever, there is concern regarding infection transmission 
from the mothers’ vaginal microbiome to the neonate, 
for example, transfer of group-B Streptococcus, but 
screening steps have been put in place [20,29]. Cur
rently, there are five vaginal seeding randomised pla
cebo-controlled trials in infants investigating how this 
process correlates with immunity and health outcomes in 
infants (Table S2). To date, one clinical trial (ID: 
NCT03567707) does not appear to have published any 
data, however, the other four clinical trials (ID: 
NCT03298334, ID: NCT03809390, ID: 
ChiCTR2000031326 and ID: ACTRN12618000339257) 
have conducted associated studies, some showing that 
vaginal seeding can partially ‘restore’ microbiota profiles 
in CS babies and normalise neurodevelopment  
[20,29,33–35]. However, two associated studies demon
strated that vaginal seeding had no significant impacts on 
gut microbiota composition, growth, anthropometry or 
allergy risks during the first few months to two years of 
life [36,37]. 

Other maternal factors, such as the mothers’ breastmilk 
and food allergies, have been associated with infant skin 
microbiome changes [4,18]. Mother food allergies have 
been associated with higher levels of Prevotella and Al
loprevotella on infant skin [4], and breastfeeding has 
been associated with transfer of transient microbes 
(Prevotellaceae) to the infant skin, which was limited to 
the typical period of breastfeeding [4]. These transient 
microbes could have important implications in commu
nity establishment and health, however, further in
vestigation into this is required. There have also been 
differing opinions as to whether breastmilk has an effect 
on the infant skin microbiome composition, allergic 
disease and AD in infants [18,21], however, further 
studies are needed in this area. 

The maternal and infant ‘environment’ also appears to 
influence skin community composition. For example, 
the presence of dogs during pregnancy is associated with 
higher representations of Betaproteobacteriales and 
Ralstonia on the infant skin [4]. Longer-term hospital 
stays, including in neonatal intensive care units, pre
dispose for carriage of potential pathogens on the skin of 
preterm infants, and show differences between coun
tries. For example, Mycobacterium tuberculosis and Myco
bacteroides abscessus were found on the skin of neonates in 
a hospital in India [31], Streptococcus was identified on 
neonates in a hospital in Sweden [4,31], and bacterial 
colonisation with Gram negatives Klebsiella pneumoniae 
and Serratia marcescens appeared to be common in neo
nates born in South African hospitals [32]. Another study 
identified similarities between the preterm skin micro
biome and the environment of the infant’s incubator/ 
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isolator and air swabs, although they concluded that the 
skin microbiome swabs clustered separately from in
cubator/isolator and control swabs [10]. 

Cleansing practices are common in hospitals around the 
world, and many frequently use chlorhexidine gluconate 
to cleanse the skin of neonates, which has been shown to 
be effective for skin antisepsis and reducing bacterial 
colonisation [22,32]. These antisepsis products can be 
harsh on the neonatal skin, therefore emollient applica
tion may be necessary to improve skin condition, which 
has previously been shown to increase Gram-positive 
Staphylococcus aureus colonisation [32]. Capone et al. [24] 
claims to be the first study to evaluate the impact of 
commercialised baby skincare products on the infant 
skin microbiome; they showed that routine emollient 
use in infants increased their skin microbiome richness, 
ceramide and free fatty acid levels, which plays an im
portant role in skin barrier integrity. In contrast, other 
studies have shown no associations between emollient 
use and skin bacterial composition [4]. This demon
strates the need for more in-depth investigations into the 
effects of emollient use on infant skin composition and 
health. 

Other less-studied factors impacting the infant skin 
microbiome include genetics and gender. Genetics, 
specifically filaggrin (gene) functional deficiency, has 
shown no association with the skin microbiome, despite 
it being responsible for impaired skin barrier function 
and a major risk factor for AD [4]. There have also been 
few studies comparing the impact of gender on the in
fant skin microbiome, and have shown contrasting re
sults: some identifying no significant effect [6], whereas 
others have shown a significant difference in the first 
week of birth, specifically in the groin area, but the rea
sons were unclear [30]. 

Infant skin disease microbiome profiling 
SSSS, AD, DD and TC are common neonatal skin dis
eases [1,4,5,7,14–17], however, the majority of recent 
studies have focused on AD and DD. Skin microbiome 
profiling of infant AD has shown altered microbiome 
community composition, with S. aureus identified as the 
main bacterial driver, whilst others have shown the re
verse [1,15,16], or no specific bacterial taxa associated 
with AD [4]. There appears to be a mixed consensus on 
the main causative agent of AD, which needs to be 
clarified through further investigation. Furthermore, 
both lesional and non-lesional skin of AD-afflicted in
fants have shown a slower temporal development of the 
skin microbiome than healthy infants [16]. DD has been 
studied in relation to the bacteriome and mycobiome, 
with Candida and S. aureus directly correlating with 
disease severity [5,17]. TC is caused by pathogenic fungi 
Microsporum canis, which has been correlated with an 

increase in abundance of Cutibacterium and Cor
ynebacterium, and reduced Streptococcus [7]. 

Understudied infant skin microbiome 
communities 
The infant skin bacteriome is better studied than the 
mycobiome, virome and archaeome, allowing bacteriome 
culture collections to be developed, such as the Skin 
Microbial Genome Collection (SMGC) and Skin 
Bacteria Culture Collection (SBCC) [38]. These collec
tions identified a novel skin-abundant bacterial genus 
Candidatus pellibacterium in adults and infants. More re
cently, research has provided more insight into the in
fant skin fungal communities [5,39]. C. albicans has been 
shown more abundant in areas with skin-to-skin contact, 
whereas Cladosporium and Alternaria were more abun
dant in less-occluded areas [5]. Saheb Kashaf et al. [38] 
also recently identified three novel Malassezia species 
(Malassezia auris, Malassezia palmae and Malassezia rara) 
in adults and infants. 

There is a lack of infant skin virome research, and cur
rent work is focused on disease outcomes in neonates, 
such as the herpes simplex virus 2 [39]. Viruses identi
fied in adults and infants have been classified to the 
order Caudovirales, and families Siphoviridae and Myo
viridae [38]. The toe web appears to be a site that is 
abundant in viruses, and novel jumbo phages have been 
identified here [38]. Archaeome research and its role in 
the skin microbiome is completely lacking across the 
lifespan; Thaumarchaeota is currently the main archaeal 
genus identified on human skin, with no specific genera 
relating to infant skin [3]. 

Research on early-life skin microbial community as
sembly using metagenome-assembled genomes (MAGs) 
is currently very limited, however, an Early-Life Skin 
Genomes catalogue has recently been developed for 
infants aged 2–3 months and 12 months [40]. This cat
alogue comprises of 9194 bacterial genomes from 1029 
species, 206 fungal genomes from 13 species and 39 viral 
sequences [40]. Top genera identified from bacteria, 
fungi and viruses were Streptococcus, Corynebacterium, 
Neisseria, Bifidobacterium, Prevotella, Malassezia, torque 
teno virus and gammapapillomavirus [40]. 

Metagenomic, metabolomic and culturomic 
integrative studies 
In recent years, more integrative approaches are being 
used to study the infant skin microbiome and its func
tion, using combinations of metabolomics, culturomics 
and metagenomics [5,23–25,38,41,42]. This has allowed 
a coexistence of three distinct metabolite–microbe 
clusters to be identified: the first was dominated by 
Cutibacterium linked to hydrophobic elements of the skin 
barrier, the second associated the Staphylococcus genus 
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with amino acids relevant to water holding capacity and 
pH regulation of the skin surface and the third was 
characterised by Streptococcus associated with amino acid 
and sugar abundance [41]. Furthermore, Saheb Kashaf 
et al. [38] used an integrative approach of culturomics 
and metagenomics to identify members and functions of 
the human skin microbiome, and led to the develop
ment of the SMGC and SBCC from infant and adult 
skin. These integrative studies will have implications for 
identifying potential strains for probiotic interventions to 
treat skin disease and maintain skin health. 

Probiotic interventions 
Probiotic interventions, mostly using Lactobacillus and 
Bifidobacterium spp., and Lacticaseibacillus rhamnosus GG, 
have shown promising results in treating AD in infants  
[26–28]. After probiotic treatment with L. rhamnosus GG, 
higher levels of Prevotella, Veillonella and Ralstonia and 
lower levels of Stenotrophomonas and Microbacterium were 
identified. Certain skin and gut microbiota (Acinetobacter 
spp., Haemophilus haemolyticus, Bacteroides ovatus, Schaalia 
odontolytica and Actinomyces graevenitzi) have also been 
identified as potential candidates for probiotic treatment 
of AD and food allergies [19]. There are multiple clinical 
trials for skin probiotic interventions in infants currently 
being conducted, or that were completed within the last 
two years (Table S3); which will assess the potential of 
probiotics for treatment of skin disease. 

Technical research limitations 
Although there continues to be an increase in infant skin 
microbiome research, several technical and study design 
limitations may be impacting the associations and conclu
sions drawn. For example, most longitudinal and RCT 
studies have focused on multiple timepoints closely clus
tered temporally, rather than taking a longer-term outlook 
into infancy [1,2,4,5,9,10,14–17,21,23,24,27,28,30,31,41]. 
Other infant skin microbiome studies have been limited 
due to either low microbial taxonomic resolution and/or 
lack of microbial functional information, given the frequent 
use of targeted gene region sequencing methods [43]. The 
way skin samples are collected further impacts the re
solution and robustness of infant skin microbiome studies; 
while research has identified that the deeper layers of skin 
tissue hold stable viable bacterial populations compared 
with the skin surface [44], the Manos [15] review revealed 
multiple studies that used skin scrapings (that can access 
these deeper tissues), resulted in reduced DNA quantity 
and quality that was not adequate for 16S rRNA gene se
quencing, and resulted in elevated host DNA contamina
tion [15]. Furthermore, skin scrapings are invasive to 
infants causing neonatal skin trauma. Also, although groups 
have used commercialised DNA extraction methods (some 
with slight alterations) to study the infant skin microbiome, 
these are not optimised for skin. The skin is a low-biomass 
niche [45] and has microbial components, such as the 

mycobiome, that are particularly difficult to lyse, which 
affect DNA quantity and quality, thus sequencing out
comes. For example, Teufel et al. [17] identified an issue 
of internal-transcribed spacer sequencing (used to profile 
fungal communities) not yielding enough reads for ana
lysis. Furthermore, even with rigorous controls in place, 
low-biomass niches are also at a high risk of contamination  
[25,42]. Thus, new methods and approaches optimised for 
study of the skin microbiome are required to address these 
technical limitations and improve infant skin microbiome 
research. 

Unmet research questions 
There is a pressing need for more longitudinal (following 
infants from birth into infancy) and higher-resolution 
infant skin microbiome studies. Shotgun metagenomic 
sequencing will provide higher resolution over 16S 
rRNA gene sequencing, allowing species and strain-level 
profiling as well as functional information to be obtained  
[43]. However, to date, there are very few skin micro
biome studies that utilise shotgun metagenomics  
[5,9,13,30,46]. A consideration for these types of studies 
is the ability to extract enough high-quality DNA, but 
ongoing studies in this area are addressing this need [13]. 
Profiling using shotgun metagenomics will enable re
searchers to robustly study the infant skin microbiome, 
including the mycobiome, virome and archaeome, which 
are significantly understudied in infants when compared 
with the bacteriome. 

Research on how the whole microbiome (viruses, fungi, 
bacteria and archaea) interacts and functions as a com
munity, and how this is associated with skin health or 
disease, is also lacking [5]. Moreover, although there has 
been a research focus on infant skin microbiome in re
lation to certain skin diseases [4,5,7,14–18,21], as of yet, 
no one has been able to distinguish between micro
biome-driven and microbiome-independent cases. This 
is a crucial missing research gap that needs to be ad
dressed for improved treatment interventions [4]. Clin
ical studies have used culturomic and viromic methods 
to diagnose skin disease in independent cases and ex
amine certain factors such as the effects of cleansing and 
moisturising products on skin bacterial colonisation  
[14,22,32,39]. However, to improve the robustness of 
these studies, multiple techniques such as culturomics, 
viromics and metabolomics with metagenomics, should 
be more widely employed, as currently these are few and 
far-between [7,25,38,41]. These multi-omics studies 
would help to identify perturbation-associated micro
biota changes and fully understand their functional role 
in infant skin health and immunity, before and after 
birth, which is lacking. This would also accelerate de
velopment of improved maintenance, preventative and 
treatment options that will improve standard of care of 
full-term and preterm neonates, therefore optimising 
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their long-term health. Interventions include oral and 
topical probiotic use, development of live biother
apeutics products and improved skin transplantation and 
wound dressing techniques, some of which are already 
underway [14,26]. 

Currently, the vast majority of infant skin microbiome 
studies have only focused on a few HICs, and skin 
health maintenance, prevention and treatment inter
ventions would be significantly benefitted by diversi
fying the cohorts that are sampled to a wider 
geographical and socio-economic reach. This would also 
help establish a baseline microbiome composition for a 
healthy infant skin microbiome, the influence of factors 
modulating the skin microbiota and how skin conditions 
are linked to microbial compositional changes. Certain 
practices, such as kangaroo mother care (KMC) and 
breastfeeding, are known to improve neonatal health 
outcomes, and their practice is advised globally by the 
World Health Organisation’s updated 2022 re
commendations [47]. Shah, Govindarajan, Ran
gaiah et al. [31] revealed that the presence of M. 
tuberculosis and M. abscessus on Indian neonates dimin
ished with KMC, demonstrating its importance in neo
natal health outcomes. Other practices worldwide may 
also influence seeding of the infant skin microbiota and 
should be explored further to understand the effects that 
practices have on birth outcomes and neonatal micro
biomes, which could have lasting health implica
tions [48]. 

Conclusions 
Infant skin microbiome research over the last two years 
has focused on the bacteriome and investigated a more 
detailed interaction of certain factors that affect it. Infant 
skin exposed to these factors and afflicted with skin 
disease (mainly AD) has been assessed and profiled 
(mainly in HICs), which has led to initial investigations 
of probiotic skin health interventions. There are clear 
focused research bottlenecks, which have left open 
questions on how the whole infant skin microbiome 
interacts and functions in infant skin health and im
munity, before and after birth. These could be ad
dressed by profiling cohorts across the globe, and 
overcoming technical limitations, which include lack of 
integrative approaches used, overuse of targeted gene 
sequencing and unoptimised skin collection and DNA 
extraction methods used. This would improve neonatal 
skin health interventions and optimise their long-term 
health. 
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