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Abstract

The microbiome consists of a collection of microorganisms, their genetic material, and their interactions within a specific
biological environment. Atopic dermatitis is a complex, long-lasting inflammatory skin condition that causes dryness and
itchiness. It is often associated with other conditions like allergic rhino conjunctivitis and asthma. Contemporary methods that
do not require culturing have been developed to identify microorganisms and their genetic makeup, which can have both
positive and negative effects on their host. There are indications that microorganisms in the gut and on the skin could
potentially influence the progression of atopic dermatitis. Although antiseptic treatments have been used for many years,
conventional diagnostic methods and genomics are now beginning to help us understand that targeted interventions for

-

imbalanced microbial communities might eventually be incorporated into a comprehensive therapeutic approach.
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1. Context

In the past few decades, our understanding has
grown to recognize that, in addition to eukaryotic cells,
the human body contains an abundant population of
microorganisms. These microorganisms reside in
various tissues and bodily fluids, with a significant
concentration in the digestive tract, primarily within
the colon (1). Healthy individuals exhibit a consistent
continuity of skin microorganisms. The presence of a
stable assembly of cooperative microorganisms has
been linked to beneficial health effects. In contrast, a
shift from cooperative microorganisms to pathogens
can result in microbial imbalance and illness. By
altering the composition and reducing the population
of bacteria that make up the normal flora, the
competitive environment on the skin is weakened,
allowing pathogenic bacteria to grow. The transient or
enduring occupants of the body's internal and external
interfaces include bacteria, archaea, viruses, and fungi.
Disparities in the composition of the microbiome have
been observed in the intestinal tract and skin of
individuals with atopic dermatitis compared to those
who are healthy (2).

2.The Human Microbiome

For several decades, the coexistence of harmless or
beneficial and harmful microorganisms in the human
body has been recognized and studied. However, more
recently, a deeper fascination has emerged, leading to
extensive studies using innovative methodologies to
identify microbial entities. This progress has led to the
coining of the term 'human microbiome,' introduced by
Joshua Lederberg (3). The microbiome includes entire
microbial categories and their genetic material,
encompassing both temporary and established bacteria,
archaea, viruses, and fungi (4). Some authors even
compare the human body and its symbiotic bacteria to a
superorganism, similar to how insects like ants and
honeybees colonize (5).

Microbes residing on the mucous membranes and
skin can be categorized into distinct groups based on
their positive or negative impact on the host, their
persistence over time, and their optimal locations for
colonization within the body. Favorable associations are
marked by either commensalism or mutualism. Various
regions of the human body serve as distinct
environments, including dry regions, warm and moist
regions like skin folds, and oxygen-deprived
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environments like the intestines (6) (Figure 1).
Additionally, areas such as sebaceous follicles and
sebum-rich regions on the face and back contribute to
diverse microbial niches (7), further enriching the
microbial landscape. This intricate ecosystem creates
interaction opportunities between the host and
microorganisms (8). A summary of some studies on the
relationship between the microbiome and atopic
dermatitis is listed in Table 1.

3. Detection Methods

Before the advancements in contemporary
sequencing methods, numerous inquiries utilized
culture-dependent approaches to explore the
microbiome of human skin across different habitats.
Many  investigations employing  conventional
techniques examined the impact of various external and
internal materials, as well as environmental factors like
cleansing agents and body washing. These studies also
encompassed diverse ecological niches, such as sebum-
rich areas and the infundibula of hair follicles (16). For
instance, the effect of povidone-iodine was studied on
the brow, a sebum-rich region, in contrast to 60% n-
propanol on the outer skin and infundibulum of
sebaceous glands (17). Furthermore, four additional skin
disinfectants, including octenidine hydrochloride (18),
were evaluated using the standardized forehead skin
test (SFST) initially proposed in 1981 (19).

More extensive exploration has recently been
conducted concerning antiseptic agents that induce
personalized, short-term, and location-specific shifts in
the native bacterial communities on the skin.
Chlorhexidine, water, povidone-iodine, and ethanol
were studied at two distinct skin sites: The forearm and
the back (20). These findings offer valuable insights into
the robustness and adaptability of the skin microbiome,
concurrently revealing how topical antiseptic treatment
affects the dynamics of skin bacteria and the overall
community ecosystem. The methods employed to
collect skin flora samples, including swabs, scrubs,
cyanoacrylate (21), and skin biopsies, play a pivotal role
in the outcomes. Since the skin constitutes a three-
dimensional environment for bacteria, variations in
niches and the bacterial strains accessed by each
sampling technique are evident. These discrepancies
necessitate careful consideration in microbiome
studies. Compliance with protocols before sampling,
the type of swabs used, and the skill of the sampler
impact the results of microbiome investigations.
Additionally, the site of bacterial colonization is
important. Most bacteria are superficial colonizers, but

some are deep colonizers, such as those in hair follicles,
so different methods may yield different results.

Both modern sequencing techniques and culture-
based methods bring distinct advantages, significantly
shaping the outcomes of investigative studies.
Conventional culture-based methods can identify about
half of the skin's microbial diversity. The advantages of
culture-oriented approaches lie in the validation of
living microorganisms and the substantial production
of cloned DNA. Metagenomics, which harnesses
microbial DNA through techniques like polymerase
chain reaction (PCR), DNA chips, and sequencing, opens
up valuable avenues to reveal concealed diversity and
interactions between microorganisms (14). The viability
of collected microorganisms can be readily confirmed
with culture-based methods, but some techniques also
align with sequencing methods (22). In summary,
culture-based methods are time-consuming and labor-
intensive, while modern sequencing techniques are
much faster and easier. On the other hand, culture-
based methods are cheaper and more accessible than
sequencing techniques such as next generation
sequencing (NGS).

In the context of fungi, Kondori et al. compared
duplex PCR employing a dermatophyte primer with
traditional culture and microscopic techniques. Their
findings demonstrated the potential of duplex PCR as a
promising detection method, primarily due to its ability
to deliver a diagnosis within a significantly reduced
timeframe (23).

4.The Gut Microbiome

The gut harbors a diverse range of phyla by default.
The specific makeup of microorganisms varies even
among individuals in good health, and this diversity can
be impacted by factors such as gender, age, or dietary
choices. The phyla that constitute a well-balanced gut
microbiome in adults include Bacteroidetes, firmicutes,
proteobacteria, and actinobacteria (1). Distinctive
patterns within the gut microbiome have been
identified in connection with various illnesses,
encompassing variations in diversity and the recurrent
presence of particular bacterial strains. Associations
have been observed among conditions such as
hypertension, chronic kidney disease, obesity, and even
breast cancer, and the microbiota within the
individual's gut. For example, in cases of hypertension,
researchers noted a reduction in the diversity of
microorganisms and a decrease in the abundance of
typically beneficial commensal microbes,
characteristics typically found in a healthy individual's
microbiome (24). In addition to above conditions, as a
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Figure 1. The most frequent normal flora on skin and gut

Table 1. A Summary of Some Studies on the Relationship Between the Microbiome and Atopic Dermatitis

Authors  Findings Ref
Paller et The key role of the microbiome in the pathogenesis of atopic dermatitis (AD); use of antiseptics and antibiotics for AD treatment; use nonspecific
al immunomodulators with effect on microbiome for AD treatment; effects of infancy gut microbiome changes in AD development; effects of Staphylococcus ~ (2)
: aureus vaccines to manipulate AD skin microbiome
Huetal Observed that the diversity, relative abundance, and pathways derived from stool microbiota were associated with allergy, eczema, food allergy and asthma ©)
* atschool age; the role of stool microbiota on atopic diseases seems related to later childhood.
Lee et al Staphylococcus aureus species of the skin microbiome play key roles in the development and establishment of AD; the role of S. aureus in gut and that’s (10)
© effects on AD is unclear.
Song et Increase the number of active F. prausnitzii in the gut of AD infants; different nutrients released from the damaged gut epithelium can help the growth of F. "
al. prausnitzii in the gut of AD infants. (1)
Leeetal They didn't see the difference between the gut microbiome of AD patients and eosinophilic inflamed patients; they found the inverse correlation between 12
*  Clostridia and blood eosinophil count and weak correlation between E. coli and blood eosinophils. (12)
?ly lund et They found the inverse correlation between eczema severity and microbiota diversity, as well as the load of butyrate-producing bacteria. (13)
Kim et al They found the increase of staphylococcus, pseudomonas and streptococci in AD lesions of AD compared to healthy controls with higher number of 14
metal sediminibacterium and Lactococcus. (14)
Shietal They found that the skin microbiome is different in pediatric and adult AD. In children, they saw an increase of Gemella, Streptococcus, Haemophilus, Rothia, G
1etal.  ond Granulicatella, and in adults, they saw increase of Finegoldia, Corynebacterium, Propionibacterium, Anaerococcus, Lactobacillus, and Staphylococcus. (15)

result of excessive use of some antibiotics, the balance generation of advantageous metabolites, which could
of intestinal flora is disturbed. Also, by using probiotics, potentially shed light on whether particular patterns
the composition of this population can be changed in a are a cause or an outcome of diseases, is an ongoing area
controlled way. Exploring mechanisms like the of study that warrants further investigation.
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5. Gut Commensals and Atopic Dermatitis

It is commonly believed that commensal
microorganisms contribute  positively to  the
development of the immune system, and certain types
of human commensals have the capacity to trigger
substantial immune reactions. Maintaining a
harmonious balance between the host and the
commensal gut microbiome depends significantly on
the functioning of the innate immune system (25).
Certain types of innate immune cells located in mucosal
tissues, for instance, detect commensal bacteria using
toll-like receptors (TLRs), thereby controlling the extent
to which these microorganisms can breach the
intestinal barrier (26). This interaction can initiate
antigen presentation and play a pivotal role in the
progression of the innate immune system.

In 1989, Strachan proposed that the emergence of
atopic diseases might be attributed to either a lack of
cross-contamination or the advancement of personal
hygiene and living conditions. Subsequent research
supports this hypothesis, particularly regarding the
reduced diversity of the gut microbiome observed in
infants with AD (15). Beyond its role in regulating the
immune system's development, the gut microbiome
also contributes to creating compounds like conjugated
linoleic acid, which is suspected to have anti-
inflammatory properties (27). Moreover, it might exert a
beneficial impact by curbing the production of
cytokines in the skin. Some experts refer to this
interaction as the gut-skin axis (10). This concept refers
to the bidirectional relationship between the gut
microbiome and skin health. Several mechanisms, such
as the intestinal barrier, inflammatory mediators, and
metabolites, have been proposed for the gut-skin axis.
For example, the gut-dwelling microbe Clostridium
sporogenes generates metabolites derived from aromatic
amino acids, which subsequently impact the
functioning of the host's intestinal system. Some of
these metabolites, including indole propionic acid,
exhibit anti-inflammatory properties (28). Exploring the
implications of these attributes and whether they
influence AD is a compelling avenue for further
investigation. This is particularly intriguing due to
indications that the interplay between the gut
microbiome and immune cells might play a role in
influencing both the development and severity of AD
(1).

Research findings indicate that the microorganisms
inhabiting the intestinal tract change throughout
childhood. The composition of gut microorganisms
among children could potentially impact the

development of AD and coincide with the onset of
eczema (12). However, the means to foster a beneficial
evolution in this regard, as well as whether the
disparities in microbial composition are fundamental
or consequential, require further exploration.

6. The Start and Impacts of Colonization

Numerous factors play a role in shaping an
individual's microbiome composition. The conventional
belief was that a fetus remains sterile before birth, with
initial contact and colonization starting during the
birthing process. However, recent evidence suggests
that microbial colonization might commence before
childbirth. In female mice capable of bearing offspring,
which were administered labeled strains of Enterococcus
faecium orally, identical bacteria were discovered in the
amniotic fluid. Comparable outcomes were achieved in
human subjects. When blood samples from the
umbilical cords of women who underwent cesarean
section (CS) deliveries were cultured, gram-positive
cocci were identified in nine out of 20 samples from
healthy newborns (29).

In addition to the mother's bacterial flora acting as a
source of microbial inheritance during pregnancy,
studies such as those conducted by Shin et al. have
demonstrated that the method of delivery, whether
vaginal or CS, also impacts the constitution of the
newborn's microbiome (30). Backhed et al. conducted
research involving fecal samples from children born via
CS. They found that the gut microbiome consisted of
Haemophilus spp., Enterobacter spp., Streptococcus spp.,
Veillonella spp., and Staphylococcus spp. (31). Since CS
procedures are generally carried out under strictly
sterile conditions, newborns acquire microorganisms
from the hospital environment rather than their
mother's vaginal or skin microflora. This dynamic could
significantly influence the developing immune system
of the infant.

A separate study, which included the collection of
meconium samples, yielded similar outcomes. Bacteria
were identified in over 66% of the samples, with
Staphylococcus spp. being the most frequent. Even the
meconium of infants delivered through CS was not
entirely sterile. Furthermore, infants born vaginally
exhibited a broader range of bacteria, while those born
via CS experienced a delay in the colonization of
Bacteroides fragilis (32). Microorganisms obtained during
vaginal birth are considered crucial for the natural
development of the infant's gut microbiome. Although
being born via CS appears to heighten the likelihood of
developing food allergies beyond 36 months, it does not
seem to increase the risk of developing AD (33).
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The establishment of an individual's gut microbiome
also differs depending on whether an infant is breastfed
or formula-fed. Breastfed infants tend to have a less
varied gut microbiome. Among breastfed newborns,
Bifidobacterium spp. is the prevailing microorganism. In
breastfed children, the quantities of Bifidobacterium spp.
were more than double those in their bottle-fed
counterparts (34). Microorganisms commonly found in
breast milk include Streptococci, Staphylococci, Micrococci,
Enterococci, and Lactobacilli. However, it is possible that
some of these may originate from the mother's skin and
might be contaminants (35).

The impact of breastfeeding on the progression of
atopic dermatitis is a matter of debate, involving several
factors that require thorough examination. The
complexity arises because a mother's milk, if she has
experienced or is experiencing atopic dermatitis or
related conditions (ADRD), might not yield the same
beneficial outcomes for her infant as the milk from a
non-atopic mother (36). This discrepancy could be due
to the potential diminishment in the protective
attributes of breast milk, which might occur as early as
four weeks after breastfeeding initiation. A reduction in
omega-6 and omega-3 fatty acids has been observed in
mothers with atopic dermatitis who breastfeed.
Following this, within the subsequent five months,
alterations in the milk's composition occur at the
expense of protective constituents, thereby increasing
the child's susceptibility to developing atopic dermatitis
(13). Nevertheless, women with atopic dermatitis should
not discontinue breastfeeding, as the transfer of
protective antibodies to the child via breast milk
continues. Certain experts suggest the supplementation
of fatty acids like omega-3 and omega-6 during the third
trimester and continuing throughout the entire
breastfeeding period (37). Research has indicated that
breastfeeding among children from atopy-prone
families acts as a safeguard against atopy. However,
these outcomes were not observed in children without
risk factors and were not as pronounced in the broader
population (38).

The skin microbiome of a newborn shortly after birth
is also affected by the delivery method and undergoes
transformations as the child matures. Generally,
neonates delivered vaginally tend to exhibit a microbial
composition that closely resembles their mother's
vaginal flora (39). In a systematic review of various
studies, researchers suggested that there might be
unexamined variables complicating the assessment of
the impact of the delivery method versus the
underlying reasons influencing the choice against
natural birth (40). Additionally, during the early stages

] Microbiota. 2024;1(3): e151599

of life, the infant's skin microbiome appears relatively
unstable and gradually achieves stability as time
progresses (41). Approximately 1 to 2 months post-
delivery, Capone and Paller observed no discernible
disparities in the microbial composition among infants,
regardless of the delivery mode (42).

7.The Relationship Between the Skin Microbiome
and Atopic Dermatitis

Microorganisms that have been extensively
investigated for their association with the worsening of
atopic dermatitis include Staphylococcus aureus bacteria
and fungi of the Malassezia genus. Furthermore, viruses
such as the herpes simplex virus (HSV) might also
contribute to the deterioration of the condition. Skin
affected by atopic dermatitis tends to accommodate
pathogenic microorganisms like S. aureus, while also
exhibiting a diminished array of beneficial commensals
(43). The dynamics among microorganisms play a
pivotal role in inflammation, with inflamed skin
exhibiting reduced diversity of microorganisms
compared to healthy skin. Promoting the growth of
commensals results in a reduction of both
inflammation and the abundance of S. aureus (44)
(Figure 2). Additionally, the interplay between
microorganisms and the immune cells residing in the
skin appears to influence the disease's progression.
Thus, an intricate network of interactions between
microorganisms, their fellow microbes, and the host
contributes to an inflammatory cycle. Comprehending
all constituents of this cycle remains an actively studied
domain.

8. Staphylococcus aureus

Staphylococcus aureus is responsible for a range of
infections, from minor pimples to conditions like
erysipelas and staphylococcal scalded skin syndrome
(SSSS) through the actions of its exfoliative toxins A and
B. Staphylococcus aureus is known for producing stable
superantigens and exoproteins that resist heat, dryness,
and proteolysis (45). These proteins can bind to MHC-2
molecules and T-cells carrying specific T-cell receptors
(TCR). Most individuals with exotoxin-producing S.
aureus exhibit IgE sensitization (46). In chronic atopic
dermatitis lesions, S. aureus has been identified in 90%
of cases. Exudative lesions contained S. aureus in all

sampled instances, exceeding a density of 14 x 10°

organisms per cm? (47). Higher-density colonization
with S. aureus was linked to more severe flare-ups and
elevated severity scoring of atopic dermatitis (SCORAD)
scores compared to colonization by other Staphylococcus
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Figure 2. Crosstalk between skin and microbiome in healthy and atopic dermatitis conditions. The presence of normal flora on the skin interacts with the host to establish a
functional immune response and prevents the overgrowth of pathogens. On healthy skin (Left), there is high microbial diversity. The skin of atopic dermatitis (AD) patients
(Right) is characterized by the overgrowth of pathogenic microbes such as Staphylococcus aureus, and reduced microbial diversity. Staphylococcus aureus virulence factors
including d-toxin and superantigens trigger IgE-mediated mast cell degranulation, and the resulting increase in Th2 cytokines perpetuates AD.

species like Staphylococcus epidermidis, which were
related to milder disease courses (48). Conversely, S.
aureus was found on about 5% of healthy individuals'
skin using culture-based methods (49).

Varied distributions of colony clusters were
identified in neonates and individuals over 80 years of
age, and the observed virulence attributes can
contribute to infection development. As a result,
decolonization strategies could be considered for
specific patients based on their infection risk. The
amounts of certain defensins and cathelicidins,
essential components of the skin's innate immune
system, are observed to be lower in the inflamed skin of
AD patients compared to psoriasis plaques (50). This
deficiency in antimicrobial peptides, along with other
disruptions in the skin barrier, such as abnormal levels
of filaggrin, can render inflamed skin more susceptible
to S. aureus infiltration and subsequent infection.
Remarkably, S. aureus itself can initiate and worsen the
inflammatory response in AD by generating factors that

alter the host's immune response or compromise the
integrity of the skin barrier.

Research indicates that certain strains of S. aureus
can induce the production of Kkallikreins by
keratinocytes to varying degrees (51). Kallikreins, a class
of serine proteases, are responsible for the degradation
of filaggrin and desmoglein-1(52). This disruption in the
normal desquamation process contributes to an
impaired barrier function of the skin. Furthermore, S.
aureus stimulates Kkeratinocytes to release pro-
inflammatory interleukins (IL}-1a and IL-36q, along with
their respective receptors, IL-IR and IL-36R. This cascade,
triggered by the induction of IL-17, leads to an
inflammatory response (53).

Another noteworthy challenge is S. aureus's capability
to create biofilms. These biofilms are intricate microbial
communities that allow bacteria to evade the host's
immune defense and resist antibiotics. Isolates obtained
from AD patients demonstrated a strong capacity to
generate biofilms. In a recent study conducted by Allen
et al., it was discovered that S. aureus biofilms were
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widespread within AD lesions (54). Similarly, Tankersley
et al. showed that exposure to S. aureus biofilm-
conditioned media resulted in notably heightened
inflammatory reactions in human keratinocytes in
vitro, in contrast to media conditioned with planktonic
bacteria. Following exposure, these keratinocytes
rapidly experienced decreased viability and underwent
apoptosis (55). This suggests that S. aureus biofilms can
diminish the secretion of antimicrobial peptides by
affecting their origin.

9. Other Bacteria

Although S. aureus is the bacterial species most
commonly linked to exacerbations in atopic dermatitis,
some scholars argue that other skin bacteria
contributing to flares may not be receiving sufficient
attention (56). Interactions among microorganisms
within the skin's microbiota play a pivotal role in the
development of AD. For instance, AD flares have been
associated with reduced microbial diversity and the
dominance of a specific microbe, such as S. aureus (56).
This dysbiosis tends to resolve as lesions heal (56).
Consequently, reinstating commensal bacteria could be
an effective strategy for managing dysbiosis and
alleviating AD symptoms.

For example, the experimental introduction of
Staphylococcus hominis or S. epidermidis strains to the
skin of two individuals with AD led to a notable
reduction in S. aureus colonization (44). Moreover, skin
commensals such as S. epidermidis play a vital role in IL-1
signaling, a fundamental pathway for the innate
immune system. In one study, mice devoid of
microorganisms were infected with Leishmania major,
leading to the development of wounds. However, when
these animals were treated with topically applied S.
epidermidis strains, their skin healing significantly
improved (44).

Staphylococcus epidermidis has also been associated
with  anti-inflammatory  properties. A  study
demonstrated that S. epidermidis triggered non-
inflammatory pathways following injury by suppressing
TLR3 expression in keratinocytes. This effect was linked
to staphylococcal teichoic acid (57). Immune responses
to commensals, as considered earlier, differ from those
toward pathogens. Studies have indicated that
commensals promote the development of particular T-
cells without inducing inflammation, displaying
immunoregulatory and reparative markers (58).

10. Malassezia Species

] Microbiota. 2024;1(3): e151599

Around a century ago, the discovery of Malassezia
spp. marked a significant milestone. These
microorganisms were initially labeled as Pityrosporum
orbiculare[ovale. They are a component of the typical
microbial community residing on human skin and are
predominantly localized in regions characterized by
substantial sebum production, such as the scalp, chest,
and back. In these areas, they establish themselves
within the outermost layer of the skin, known as the
stratum corneum.

Presentlyy, our understanding encompasses
approximately 14 lipophilic yeasts within the Malassezia
genus. Most of these yeasts lack the genetic machinery
required for synthesizing fatty acids. This genetic trait
explains their affinity for seborrheic sites, although an
exception exists in the form of M. pachydermatis, which
can flourish even without external sources of lipids.
Other species compensate for this deficiency by
secreting various lipases and phospholipases that
facilitate the breakdown of oils present in the sebum
produced by their host's skin. Although Malassezia spp.
are usually present on healthy skin, they can also play a
role in inciting or exacerbating various conditions such
as seborrheic dermatitis, folliculitis, pityriasis
versicolor, and AD (59).

The frequent occurrence of positive Malassezia spp.
samples in both healthy individuals and AD patients
underscores the prevalence of this species. Curiously,
the rate of positive culture recoveries in AD patients was
comparatively lower than in their healthy counterparts
(60). The most prevalent species can be found in both
controls and patients, varying depending on the
geographical area. However, specific species appear to
be more prevalent in skin regions with lesions than in
non-lesional areas, prompting further investigation (61).
Despite this, the true impact of Malassezia spp. remains
somewhat unclear. Nevertheless, AD patients appear to
benefit from antifungal treatments effective against
Malassezia spp. (62).

Notably, during atopy scratch tests utilizing
Malassezia extract, over 30% of patients displayed
positive reactions. Additionally, a link between the
severity of eczema and Malassezia antigens has been
established (63). Apparent discrepancies in antibody
production were evident; among healthy volunteers,
IgG and IgM antibodies were detected, indicating a
standard interaction between yeast and the immune
system (64). Conversely, adults with AD exhibited
specific IgE antibodies (62). In the case of children, there
was no observable connection between IgE-mediated
sensitization to Malassezia and SCORAD scores (65).
Another study identified a link between gender and age
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regarding IgE-mediated sensitization, with a higher
prevalence in adult males (66). Eczema incited by
Malassezia generally manifests in seborrheic zones, such
as the head and neck region, accounting for the shifting
distribution pattern of AD during and after adolescence.

11. Other Fungi

Malassezia represents a typical example within the
fungal realm. Other fungi coexist within the human
body, including opportunistic molds like Aspergillus
spp., dermatophytes such as Trichophyton, Microsporum,
and Epidermophyton, as well as yeasts like
Candida albicans and Malassezia spp. Candida spp. are
part of the normal flora of mucous membranes and can
be found in the gastrointestinal tract of symptomless
carriers (67). Under certain circumstances, such as in
patients with skin conditions, cancer patients, those
with compromised immune systems, and individuals
residing in humid and warm environments, C. albicans
can even be cultured from non-hairy skin (68).
Infections might then arise due to additional
predisposing factors and the virulence of the infecting
microorganism.

Notably, Th17 cells play a pivotal role in reacting to
the yeast form of C. albicans, rather than the filamentous
variety (69). Another study found no noteworthy
contrast in Candida spp. skin colonization between
individuals with AD and those without the condition
(70). Conversely, other studies noted that C. albicans, in
particular, can be isolated with greater frequency from
both unaffected and affected skin areas in AD patients
than in healthy individuals (71), as well as from the
gastrointestinal tract (59). Furthermore, Savolainen et
al. established a correlation between the severity of AD
and the generation of C. albicans-specific IgE antibodies
in individuals with AD (72). This suggests that Candida
spp. could potentially activate the immune system by
releasing various allergens, thereby triggering the onset
or worsening of AD. Consequently, it has been proposed
that Candida spp. colonization in AD patients should be
evaluated and managed.

Persistent dermatophyte infections are believed to be
more common in individuals with AD (70). According to
Svejgaard et al., there is an elevated vulnerability to
Trichophyton rubrum infections on the feet of atopic
children and adolescents, along with a greater
likelihood of enduring infections. Nonetheless, the
findings present some inconsistencies, as they also
revealed that acute infections can be entirely resolved in
at least a subset of these patients (70).

12. Herpes Simplex Virus

HSV-1 and HSV-2 are widely prevalent DNA viruses
known for their neuroinvasive and neurotoxic
characteristics, capable of latent persistence. A
significant proportion of individuals carry HSV;
however, disparities in socioeconomic status have been
noted, with a lower socioeconomic standing correlating
with earlier infections. The virus gains entry through
minor lesions on the skin or mucous membranes,
leading to primary infection and subsequent antibody
production. A few latent viruses persist in sensory
neurons over time. In addition to causing cold sores and
genital herpes, HSV can result in serious health
complications like encephalitis and necrotizing
hepatitis (73).

A particularly noteworthy dermatological condition
associated with HSV is Kaposi's varicelliform eruption
(KVE) or eczema herpeticum. Kaposi's varicelliform
eruption exemplifies a secondary infection that arises
over underlying skin conditions. A mortality rate of
approximately 9% has been documented for KVE. This
condition has been observed in various diseases that
disrupt the skin's barrier function, including
pemphigus, Darier’s disease, Grover's disease, cutaneous
lymphomas, and AD. While perhaps not as numerous as
S. aureus infections, a study examining 179 children with
AD over 2.75 years in the 1980s revealed 21 symptomatic
episodes of herpes simplex infection (74).

Comprehensive treatment, both topical and
systemic, is essential for individuals with severe
superinfections caused by HSV. Antiviral therapy
involving medications like acyclovir, its derivatives, or
foscarnet must be administered over several days.
Particular attention is necessary to address the presence
of keratitis (75).

13. Other Viruses

In individuals with AD, similar to widespread herpes
infections, there is a greater prevalence of other skin
diseases caused by viruses. Examples include human
papillomavirus (HPV) and molluscum contagiosum
virus. Molluscum contagiosum is frequently
encountered in children with AD and individuals with
compromised immune systems, often manifesting as a
disseminated variant. The clinical appearance of
molluscum contagiosum 1is characterized by skin-
colored papules with a central depression, typically
measuring 3 - 5 mm in diameter. Scratching can lead to
self-inoculation of the poxvirus. Generally, this
condition is self-limiting; using band-aids to prevent
self-inoculation and employing careful removal
techniques can accelerate the healing process (76).

] Microbiota. 2024;1(3): e151599


https://brieflands.com/articles/jmb-151599

Khosrojerdi M et al.

Brieflands

14. Normalization and Treatment

The prevalence of atopic conditions is rising. Atopic
dermatitis (AD), as a related disorder, is a complex
ailment with varying degrees of severity, impacting not
only the affected individuals but also posing a challenge
for public health systems and healthcare services. Since
approximately one in ten individuals is affected by AD,
there is a substantial demand for appropriate
treatment. However, the intricacies of this situation
encompass various contributing factors, including the
potential influence of the AD-specific microbiome and
the restoration of dysbiosis. Dysbiosis within the gut
could contribute to or be associated with exacerbations
of the condition.

As a potential approach, the oral administration of
synbiotics, which combine pro- and prebiotics, has been
introduced for AD patients. Probiotics, primarily
Lactobacillus and Bifidobacteria, are considered beneficial
bacteria that can withstand the low pH of the stomach
and induce positive health effects. Prebiotics, on the
other hand, are substances that can induce alterations
in the microbiome. Modern prebiotics include non-
digestible oligosaccharides with bifidogenic properties.
Most research studies on AD following the consumption
of probiotics and synbiotics showed favorable effects,
resulting in an improvement in SCORAD scores (77). For
instance, a randomized placebo-controlled trial
involving 53 children with moderate to severe AD
supplemented with the probiotic
Lactobacillus fermentum VRI-003 PCC indicated a
statistically significant improvement in AD (P = 0.03)
(78).

However, it is essential to acknowledge that not all
published findings demonstrated an improvement in
SCORAD scores or a substantial reduction in the
likelihood of AD development. This discrepancy might
indicate strain-specific attributes. Additionally, C.
sporogenes and its associated metabolites hold promise
for further exploration. Notably, its anti-inflammatory
metabolite indole propionic acid has shown beneficial
qualities in relation to the development of type 2
diabetes mellitus, yet its implications for AD remain
uncharted. Given that compromised barrier function
and elevated epidermal water loss are pivotal
components of AD pathology, topical treatment
involving emollients is typically recommended as a
foundational therapeutic approach (79).

The application of the probiotic strain Lactococcus
lactis onto the skin of a mouse model yielded promising
outcomes, such as the alleviation of AD symptoms and
the suppression of histamine levels (80). Established
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treatments have also impacted the microbiome
composition. For patients displaying signs of bacterial
superinfections, the use of intermittent bleach baths
and topical mupirocin ointment in the nasal passages
resulted in a reduction in AD severity (81). UVB
phototherapy has long been an approach to AD
treatment. A study conducted in 2006 demonstrated
that UVB treatment contributed to a decrease in the
microbial load of S. aureus (82). Atopic dermatitis
localized to the head and neck, which often correlates
with Malassezia, can be managed through the localized
application of ketoconazole creams and shampoos.

15. Conclusions

Gathering clinical observations involves labor-
intensive foundational research aimed at uncovering
the underlying mechanisms, which we are only just
beginning to unravel. Monitoring the interactions
between microorganisms and between microorganisms
and the host throughout the progression of the disease
is a process that requires additional time and resources.
Based on some evidence, the effects of metabolites
produced by gut bacteria on AD have been
demonstrated in mice. However, further investigations
are necessary to evaluate the effectiveness of this
approach in the development and progression of AD in
humans. Given that AD is a multifaceted chronic
ailment, its treatment must also encompass other
interrelated pathways. Addressing dysbiosis, for
instance, necessitates tackling impaired skin barrier
function through adequate rehydration or even the
topical supplementation of components like ceramides.
The skin's pH level might also warrant attention;
adjusting the pH below five could potentially favor the
physiological flora, particularly benefiting .
epidermidis. Another area to explore would involve
investigating the long-term effects of focused systemic
therapies, like dupilumab, on the microbial
composition within AD patients.

Finally, it should be noted that the findings collected
in this review are not yet proven for clinical use, and
more research is needed to justify any clinical practices
aimed at the microbiome in AD patients.
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