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Skin and systemic infections in
children with atopic dermatitis:
review of the current evidence

Rodrigo Lomeli-Valdez, Luz Orozco-Covarrubias and
Marimar Saez-de-Ocariz*

Dermatology Department, National Institute of Pediatrics, Mexico City, Mexico

Atopic dermatitis is a chronic, pruritic inflammatory skin disorder that affects
approximately 2%—42% of children worldwide. Its course is frequently complicated
by secondary bacterial, viral, and fungal infections, which can exacerbate disease
severity and hinder treatment outcomes. These infections are thought to arise due
to a disrupted skin barrier, reduced antimicrobial peptide production, alterations in
the skin microbiome, and Th2-dominant inflammatory response. Identifying the
most prevalent and pathogenic microorganisms in patients with AD is critical for
early diagnosis, effective management, and prevention of complications. This
review provides an updated synthesis of current knowledge on the infectious
agents implicated in AD pathogenesis, summarizing recent findings on the
epidemiology, microbial interactions, and immune mechanisms involved.
Furthermore, it provides an overview of the latest therapeutic strategies for
managing AD and its associated infections. By integrating recent insights into
pathogenesis and treatment, this study offers a comprehensive perspective on the
evolving landscape of AD management in children.
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1 Introduction

Atopic dermatitis (AD) is the most common inflammatory skin disease in children,
with a prevalence ranging from to 2% to 42%, depending on country-specific reports
(1-3). Its pathogenesis is complex and multifactorial, involving both endogenous and
exogenous factors. Children with AD are more susceptible to certain types of infections,
including bacterial, viral, and fungal infections, which initially affect the skin, but may
spread systemically if not properly managed (4).

1.1 Pathogenesis

The prevalence of skin infections is higher in children with AD compared to healthy
individuals (5). Several mechanisms contribute to this increased susceptibility: increased
transepidermal water loss, altered pH of the skin, disrupted lipid distribution, immune
dysregulation, microbiome dysbiosis, and scratching (4) (Figure 1).

1.1.1 Skin barrier defects
In AD, the skin barrier is primarily altered in the stratum corneum, leading to
dysfunction and dryness, allowing easier penetration of irritants, microorganisms, and
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patients.

Susceptibility to infections in AD is driven by three main factors: disrupted skin barrier, immune dysregulation and microbiome dysbiosis. 1. Disrupted
skin barrier is characterized by increased transepidermal water loss due to a) genetic mutations in structural proteins of stratum corneum (e.g.,

e) mechanical damage from scratching. 2. Immune dysregulation, marked by a Th2 predominant immune response with elevated production of
interleukins linked to pruritus and heightened IgE synthesis. 3. Microbiome dysbiosis, characterized by overcolonization of S. aureus and
Malassezia spp. in the skin surface, and intestinal dysbiosis, which might contribute to both exacerbate inflammation and facilitate infections in AD

in the stratum corneum; d) reduced antimicrobial peptide production; and

other (6). This
transepidermal water loss and disruptions in molecules such as

antigens dysfunction involves increased
filaggrin, loricrin, ceramides, fatty acids, cholesterol, involucrin,
and claudins (1). These molecules are essential for maintaining
the cohesion of the stratum corneum, its hydration, an acidic
skin surface pH, and preventing overcolonization by pathogenic
bacteria, such as Staphylococcus aureus (7).

Lipid lamellar bilayers of stratum corneum of children with AD
differ from those in healthy children. There is a reduction in
essential lipids, such as sphingolipids and free fatty acids. This
can lead to larger intercellular spaces, disruption of the
permeability barrier and increased transepidermal water loss.
Decreased degradation of filaggrin leads to reduced levels of
some components of the natural moisturizing factor (NMF), like
pyrrolidone carboxylic acid and urocanic acid, which contribute
to stratum corneum acidification (8). The cornified envelope is

composed of various molecules: loricrin, filaggrin, and involucrin,
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which are crosslinked by transglutaminase with K1, K10, and
desmosomal proteins such as envoplakin and periplakin (9).
Genetic mutations in these molecules can lead to barrier
dysfunction, with the filaggrin gene (OMIM *135940, FLG) being
the most frequently altered, affecting up to 30% of patients
with AD (10).

1.1.2 Immune dysregulation

Keratinocytes in patients with AD secrete higher levels of IL-25
and IL-33, which induce a Th2 response with the secretion of IL-4,
IL-5, and IL-13 (4). This Th2 dominance, along with decreased IL-
17, lowers antimicrobial peptide production, predisposing patients
to skin infections (11). This decrease in antimicrobial peptide
production has also been observed in patients with similar skin
barrier defects such as ichthyosis (12). However, psoriasis,
another inflammatory dermatosis linked to a defective skin
barrier, does not show higher infection rates compared to

02 frontiersin.org


https://doi.org/10.3389/fped.2025.1513969
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Lomeli-Valdez et al.

patients with AD (13). This might be explained because
antimicrobial peptides are increased in the skin with psoriasis (14).

Total IgE levels are elevated in approximately 80% of AD cases
(15). In the literature, AD associated with elevated IgE is referred to
as extrinsic AD, while cases with normal IgE levels are classified as
intrinsic (16). The increase in IgE is directly linked to a heightened
Th2 response, driven by increased antigen presentation through an
impaired skin barrier. The severity of AD correlates with IgE
levels (17).

Severe AD-associated infections have been linked to toll-
which
susceptibility to skin infections by reducing IL-6 and IL-12,

like receptor 2 (TLR-2) polymorphisms, increase
and T-cell immunity (18). Additionally, dendritic cells in patients
with AD secrete less IFN-o, and there is a reduction in
natural killer (NK) cells (4, 19). Increased thymic stromal
lymphopoietin (TSLP) acts as a critical alarmin in the skin
primarily produced by keratinocytes in response to
environmental stressors, including allergens and irritants. Once
released, TSLP binds to its receptor
particularly dermal dendritic cells, triggering their activation.
This activation leads to the release of cytokines such as IL-4, IL-
5, and IL-13, which are pivotal in driving the Th2-skewed

immune response seen in AD (20).

on dendritic cells,

1.1.3 Dysbiosis of skin and intestinal flora
The skin microbiome—comprising bacteria, viruses, fungi, and

arthropods—also undergoes alterations in patients with AD (21).
Differences in microbial diversity and community composition
have been observed between affected and unaffected skin of
patients with AD. Genomic approaches
characteristic, site-specific bacterial community structures, and

have revealed
shotgun metagenomics has shown that the overall microbial

composition—including  bacteria, fungi and virus—differs
between patients with AD and controls across multiple skin sites
(22). These microbial populations are dynamic and vary by body
(23). In healthy children,

epidermidis, Staphylococcus lugdunensis, Staphylococcus hominis,

area and age Staphylococcus
Cutibacterium, Acinetobacter, Prevotella, and Corynebacterium are
more abundant than in children with AD (16, 24). Commensal
coagulase-negative staphylococci inhibit the growth and biofilm
formation of Staphylococcus aureus in healthy children, whereas
Staphylococcus aureus predominates in patients experiencing AD
flares (7). In over 90% of patients with AD, Staphylococcus
aureus colonization is observed, compared to 15%-30% of
healthy individuals (4, 25). Besides, greater colonization by
Staphylococcus aureus is linked with increased inflammation and
more severe disease (26). Staphylococcus aureus produces toxins
that act as superantigens, promoting Th2 inflammation and
enhancing the IgE-mediated response. The alpha-toxin of
Staphylococcus aureus induces keratinocyte apoptosis, while the &
toxin increases mast cell degranulation (27).

A balanced and diverse skin microbiome can offer protection
against pathogenic bacteria, while its disruption may contribute
to AD development. For instance, Kennedy et al. (28) found that
colonized ~ with

infants Staphylococcus  epidermidis  and

Staphylococcus cohnii by two months of age had a significantly
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lower risk of developing eczema by one year, likely due to greater
microbial diversity. Additionally, Nakatsuji et al. (29) reported
that healthy individuals harbor significantly higher levels of
coagulase-negative Staphylococcus species—such as specific strains
of Staphylococcus epidermidis and Staphylococcus hominis with
anti- Staphylococcus aureus properties—compared to patients
with AD; and when these beneficial strains were applied to these
patients, they effectively reduced Staphylococcus —aureus
colonization. Further, Byrd et al. (30) found that mild AD flares
were associated with increased Staphylococcus epidermidis levels,
whereas severe cases were dominated by Staphylococcus aureus.
The
microorganisms, plays a crucial role in immune system function

intestinal microbiota, composed of millions of
and the regulation of inflammation. Recent research suggests that
dysbiosis—an imbalance in this microbiota—may contribute to the
development and exacerbation of AD. This connection is thought
to be mediated through the interaction between intestinal bacteria
and the immune system, which modulates the inflammatory
response in the skin. Studies support this concept, showing that
the gut microbiome not only regulates systemic immune responses
but also directly impacts the skin immune function. Dysbiosis may
disrupt the balance of T-helper cells, particularly the Th17/Treg
cell axis, which is critical for controlling inflammation and
maintaining skin homeostasis. Additionally, alterations in gut
microbiota can lead to the production of pro-inflammatory
cytokines and immune mediators, which may exacerbate skin
inflammation and trigger or worsen AD. Certain bacterial strains
in the gut, such as Firmicutes and Bacteroidetes, have been
implicated in maintaining immune tolerance, while a decrease in
microbial diversity—commonly associated with dysbiosis—is
linked to increased susceptibility to inflammatory skin conditions
like AD (31, 32).

The prevalence of AD is significantly higher in children (20%)
compared to adults (3%) (1). Microbiome is considered one of the
most influential factors contributing to this discrepancy. Recent
metagenomic studies have elucidated significant age-related
in the
highlighting distinct microbial compositions between adults and
children (33). In the skin microbiome, children exhibit a higher
diversity of microbial communities compared to adults (33, 34).

differences skin microbiome and gut microbiota,

The increased diversity is attributed to the skin’s developing
immune system and environmental exposures, which influence
microbial colonization patterns. Conversely, adults tend to have a
more stable and less diverse skin microbiome, reflecting a mature
immune system and established environmental interactions (35).
The age-specific differences in the composition of skin
commensals likely play a role in AD development since the
commensals help defend against pathogens and maintain skin
health at different development stages (36).

The higher abundance of Staphylococcus aureus in AD is
independent of age group, ethnicity, and geographic location
(37, 38); however, Shi et al. (36) demonstrated significant
differences in the skin microbiome between pediatric and adult
patients with AD by comparing the microbial patterns of 128
patients—59 young children (2-12 years), 13 adolescents (13-17
years), and 56 adults (18-62 years)—and healthy controls. Their
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analysis identified significant differences in microbial composition
between young children and adolescent/adult patients with AD
(beta diversity, ANOSIM p <0.001)). In non-lesional AD skin,
microbial diversity was significantly higher in young children than
in adolescents/adults (alpha diversity, p=0.036). However, in
lesional skin, microbial diversity was significantly lower in both
young children (p<0.001) and adolescents/adults (p=0.013).
Staphylococcus was significantly more abundant in both lesional
(p <£0.012) and non-lesional skin of patients with AD compared
with skin of healthy controls (p < 0.003).

Regarding the gut microbiota, children possess a less diverse
microbial composition compared to adults (39). Moreover, and
imbalance of the gut microbiome during early childhood
precedes the onset of AD. By the age of three, the children gut
microbiota resembles that of an adult, with three major microbial
phyla—Firmicutes, Bacteroidetes, and Actinobacteria—becoming
more prevalent (40, 41). This maturation process is influenced by
multiple factors including diet, antibiotic usage, and
environmental exposures (42, 43).

The environmental factors contribute to significant variability
in metagenomic studies of children’s gut microbiota (39, 44).
However, as children age, their microbiota stabilizes, and the
variations observed in younger children tend to diminish,
ultimately resembling the more stable and diverse gut microbiota
of adults. The gut microbiome of infants with AD shows a
decreased relative abundance of Bifidobacterium, Enterococcus,
Clostridium, Lactobacillus  paracasei, and Ruminococcaceae
(45-47). In contrast, gut colonization with Staphylococcus,
Clostridia, and Feacalibacterium prausnitzii is more prevalent in
AD infants (48, 49). Additionally, as in the skin, studies have
noted higher counts of Staphylococcus aureus in fecal samples of
AD children (33).

Wang et al. (50) found unique gut microbiome signatures in adult
patients with moderate to severe AD in Southern Chinese populations.
Their findings revealed a dominance of Blautia, Butyricicoccus,
Lachnoclostridium, Eubacterium halliigroup, Erysipelatoclostridium,
Megasphaera, Oscillibacter, and Flavonifractor. However, a recent
systematic review on gut dysbiosis and adult AD did not find global
differences in gut microbiota between adults with AD and healthy
adults. Nevertheless, specific bacterial taxa, including Bacteroides,
Escherichia-Shigella and Clostridium were more characteristic of the
fecal microbiota in adults with AD (51). Furthermore, a higher
prevalence of Clostridia and Enterobacteriaceae species has been
detected in both children and adults with AD (44).

These findings underscore the dynamic nature of the gut
microbiota and its potential implications in AD pathogenesis

across different age groups.

1.1.4 Associated infections

Children with AD are particularly susceptible to infections,
which can trigger or worsen AD flares. As such, it is important
to recognize infection-related flare-ups and understand the
appropriate management strategies. Infections typically begin in
early childhood, with Staphylococcus aureus overgrowth on
untreated AD lesions being common. As children grow, the
infections  broadens,

spectrum  of including  widespread
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molluscum contagiosum infections in toddlers and school-aged
children, folliculitis and impetigo in scholars, and a higher
prevalence of warts in pre-teens and teens (52).

Huang et al. (44) compared 86,969 pediatric patients with AD
to 116,564 matched controls and found that children with AD
had significantly higher odds of developing various skin
infections. These included methicillin-resistant Staphylococcus
(MRSA) (OR, 3.76), (OR, 2.12), and
herpesvirus  infections  (OR, compared to the

varicella
2.91)

aureus

matched controls.

Additionally, Ren and Silverberg documented that children
with AD had higher rates of skin infections in emergency
department visits compared to those without AD (5.15% vs.
2.48%). They also found that AD was associated with
significantly higher odds of skin infection (OR 2.23, 95% CI
2.16-2.31). The infections with higher adjusted odds ratios
included eczema herpeticum (OR 12,95, 95% CI 10.72-15.66),
impetigo (OR  6.64, 95% CI 6.29-7.00), molluscum
contagiosum (OR 4.58, 95% CI 4.18-5.02), and erysipelas (OR
3.63, 95% CI 2.63-5.01). Other infections with increased odds
in children with AD
MRSA and non-MRSA infections, cutaneous warts, herpes

included carbuncle/furuncle, cellulitis,
simplex and zoster viruses, dermatophytosis and candidiasis (53).

A notable aspect is the comparison of infectious agents
between pediatric and adult patients. In AD cutaneous infections
show age-related differences. Molluscum contagiosum and
impetigo are more common in children with AD. While
Staphylococcus  aureus, Herpes Simplex Virus, Human
papillomavirus and Coxsackie virus are slightly more prevalent in
children, the difference is less significant. In contrast, Malassezia
spp. and Candida spp. infections are more frequent in adults,
especially those with chronic or seborrheic-like AD. Table 1
summarizes infectious agents associated with an increased
frequency in patients with AD, along with a comparison between
adults and children (54-57).

Recent research also indicates that AD is associated with higher
rates of extracutaneous infections, such as respiratory and urinary
tract infections, in both adult and pediatric populations (58). In
this regard, Huang et al. (44) found increased odds of several
infections in pediatric patients with AD, including influenza
(OR,1.40), 1.52), (OR, 1.42),
gastroenteritis (OR, 1.70), urinary tract infections (OR, 1.38),
otitis media (OR, 1.43), streptococcal pharyngitis (OR, 1.29), and

sinusitis (OR, 1.52), compared to matched controls. However,

pneumonia (OR, bronchitis

further investigation is needed to elucidate the underlying
mechanisms behind these extracutaneous and systemic infections
in AD.

2 Bacterial infections

Bacteria constitute approximately 70% of the normal skin
microbiome. In children with AD, certain infections occur more
frequently, including impetigo, erysipelas, cellulitis, cutaneous
abscesses, and folliculitis (59, 60).
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TABLE 1 Primary cutaneous infectious agents in patients with atopic dermatitis.
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Pathogen Disease Clinical Diagnostic Treatment Hospitalization Pediatric vs. adult
features test criteria
Staphylococcus | Non-bullous Erythema, warmth, Skin cultures Topical antibiotics; | Persistent fever, severe skin Pediatric patients have higher
aureus impetigo tenderness, edema, (especially if MRSA | if systemic signs are | infection, suspected organ rates of colonization and
Bullous impetigo | and a serous discharge | is suspected) present, use systemic | failure. infection. Adults with AD are
Other less that, upon drying, antibiotics* more likely to develop
frequent: forms a meliceric crust impetigo in the setting of
Folliculitis, Large fluid-filled severe disease or
furunculosis, bullae that rupture immunosuppression.
cellulitis, easily, leaving a moist
erysipelas, red base
dactylitis
Streptococcus Non-bullous Erythema, warmth, Skin and swab Topical antibiotics, | Persistent fever, severe skin Highly prevalent in children.
pyogenes impetigo tenderness, edema, cultures for severe or infection, suspected organ
Other less and a serous discharge disseminated failure.
frequent: that, upon drying, infections, systemic
cellulitis, forms a meliceric crust treatment is
erysipela, recommended*
ecthyma and
dactylitis.
Herpes simplex | Eczema Pruritic, painful PCR or Tzanck test. | Acyclovir, Moderate to severe EH. Viral infections, such as HSV,
virus herpeticum vesicles, ulcerations, valacyclovir or Intravenous acyclovir is are more prevalent in pediatric
and widespread crusts famciclovir* indicated. patients and can lead to severe
exacerbated by Oral acyclovir complications
scratching should be restricted
to the treatment of
mild disease
Coxsackie virus | Eczema Hand, foot, and mouth | PCR for Coxsackie | Supportive Rarely; patients develop Coxsackie virus is more
Coxsackie disease, characterized | A16 and other treatment for complications such as aseptic | commonly associated with
by oral ulcers and enteroviruses symptoms meningitis, encephalitis, pediatric AD due to higher
papules on the hands seizures, myopericarditis, or exposure rates, while adults are
and feet, followed by heart failure which warrant less likely to develop infections
systemic symptoms hospitalization. unless immunocompromised
such as fever, malaise,
and sore throat
Molluscum Eczema Small, pearl-like Not necessary; if in | Curettage or Not require Molluscum contagiosum
contagiosum molluscatum papules that may have | doubt chemical irritants In disseminated cases, an occurs mainly in pediatric AD.
virus a central umbilication | histopathology of underlying immunodeficiency
lesions must be ruled out
Vaccinia virus | Eczema Vesicles, crusts, and PCR of vaccinia Vaccinia immune All cases should be Most cases occur in adults
vaccinatum associated fever virus globulin hospitalized.
Cidofovir Patients should be isolated until
Brincidofovir a case of smallpox is ruled out.
Infection-control precautions
should be used to prevent
secondary transmission and
nosocomial infection.
Human Warts Small, raised, keratotic | Not necessary; if in | Cryotherapy, Not required HPYV infection is slightly more
papillomavirus papules with tiny black | doubt PCR of HPV | chemical irritants, In disseminated or recalcitrant | frequent in pediatric patients
dots in the center immunotherapy cases, an underlying with AD.
immunodeficiency must be
ruled out
Malassezia spp. | Head and neck | Eczematous plaques in | Prick test, specific | Topical antifungals: | Not required Malassezia and other fungal
dermatitis seborrheic areas immunoglobulin E | ketoconazole or In severe or recalcitrant cases, | infections are less common in
test, or atopy patch | ciclopirox olamine | an underlying pediatric AD but occur more
test Systemic immunodeficiency must be frequently in adults with AD.
antifungals: ruled out
itraconazole or
fluconazole

MRSA, methicillin-resistant Staphylococcus aureus; PCR, polymerase chain reaction; HPV, human papillomavirus.

2.1 Staphylococcus aureus

infections. While Staphylococcus aureus colonizes the skin in

only 15%-30% of the general population (64), its prevalence is

significantly higher in patients with AD, especially those with

Staphylococcus aureus is the most common bacterial pathogen

in children with AD, accounting for around 40% of infections in ~ moderate to severe disease. In such patients, the likelihood of

this population (60-63). It is a Gram-positive opportunistic ~ colonization correlates with disease severity (64). In contrast to

bacterium capable of causing both superficial and invasive healthy children, Staphylococcus aureus is found in 70%-90% of
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the skin with active dermatitis, 39% of unaffected skin, and 62% of
nasal passages in children with AD (65).

This increased colonization is attributed to alterations in
filaggrin, which lead to a decreased NMF and lower skin
acidification, enabling greater expression of bacterial virulence
genes including enterotoxins, phenol-soluble modulins, factor B,
and alpha-hemolysin, which enhance bacterial adhesion to
keratinocytes (60).

Non-bullous impetigo is the most common clinical
manifestation of Staphylococcus aureus infection in pediatric
patients with AD, presenting with erythema, warmth, tenderness,
localized skin edema, and a serous discharge that, upon drying,
leaves a meliceric crust (Figure 2) (61). Staphylococcus aureus
infection seldom appears as bullous impetigo, which typically
appears as clusters of vesicles that rapidly progress to flaccid
superficial bullae. These bullae easily rupture, leaving moist, red
erosions surrounded by a scaly collarette of blister roof. In this
context, bullous impetigo is often misdiagnosed as an acute AD
flare, scabies, varicella, or other conditions (62). Laboratory tests
in affected patients may reveal elevated acute phase reactants like
C-reactive protein (CRP) or erythrocyte sedimentation rate
(ESR). If left untreated, these infections can lead to bacteremia,
dissemination to other organs, and staphylococcal scalded skin

syndrome (63).

2.2 Streptococcus pyogenes

AD is also associated with a higher incidence of Streptococcus
pyogenes infections, with 24% of AD children affected compared
to 17% of the healthy children. Streptococcus pyogenes can cause
both cutaneous (impetigo) and extracutaneous infections, such as
pharyngotonsillitis  (66).
erosions with scalloped edges that resemble eczema herpeticum.

Cutaneous lesions may appear as

Streptococcus  pyogenes infections may occur alone or in

combination with Staphylococcus aureus, and the two can be
clinically indistinguishable (67).

FIGURE 2
Impetiginized atopic dermatitis lesions.
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3 Viral infections

Viral infections are less common than bacterial infections in
children with AD. The most frequently encountered viral
infections include herpetic eczema, coxsackie eczema, and
molluscum contagiosum. In addition, we mention evidence of
association od AD with human papillomavirus and SARS-CoV?2.

3.1 Eczema herpeticum

Eczema herpeticum, caused by the herpes simplex virus, can
spread rapidly and poses a serious, life-threatening risk. Although
only 3% of children with AD develop herpetic eczema, it
accounts for up to 34% AD-related hospitalizations (68, 69).
Initial studies indicated that the R501X mutation in the gene
encoding filaggrin (OMIM *135940, FLG), one of the strongest
genetic predictors of AD, significantly increases the risk of
developing eczema herpeticum in both European and African
ancestry populations. This suggests that a defective skin barrier
plays a role in the development of this severe condition (70).
More recently, deficiencies in claudins and overexpression of
indoleamine 2,3-dioxygenase (IDO1) have been observed (68).
Clinically, it presents with pruritic, painful vesicles, ulcerations,
and widespread crusts exacerbated by scratching Figure 3. The
condition typically occurs in children with more severe forms of
AD and is often associated with impetiginous coinfection
(Figure 4) (68, 71, 72).

The increased risk of Staphylococcus aureus infection may be
due to heavy colonization of Staphylococcus aureus in these
children and to the production of o-toxins that can promote
viral replication in skin cells (71).

Systemic  symptoms such as fever, malaise, and
lymphadenopathy are common, and complications may involve
other organs, leading to keratoconjunctivitis, meningoencephalitis,

and, in severe cases, septic shock (70).

3.2 Coxsackie eczema

Although specific percentages regarding the incidence of
coxsackie eczema in children with AD remain unreported,
existing research suggests a significant association between the
two conditions. One study found that 55% of coxsackie eczema
cases occurred in children with underlying AD (73). Coxsackie
eczema is characterized by disseminated vesicles and
ulcerations. It is an infection caused by enteroviruses, with
coxsackie A6 being the most common strain. It may initially
manifest as hand, foot, and mouth disease, featuring oral ulcers
and papules on the hands and feet, followed by systemic
symptoms like fever, malaise, and sore throat. Although there is
no specific evidence that coxsackie eczema is more frequent
in AD children, lesions tend to be more widespread in
this population, and it can be easily confused with herpetic

eczema (Figure 5) (65).
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FIGURE 3
Patient with multiple vesicles and crusts in eczema herpeticum.

FIGURE 4
A 14-year-old male adolescent patient with impetiginized eczema
herpeticum.
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3.3 Molluscum contagiosum

Children with AD have a 13% higher risk of contracting
molluscum contagiosum infections compared to healthy children
(74). Besides, studies have shown that children with a history of
AD are more likely to have a higher number of molluscum
contagiosum lesions, as well as a higher prevalence of molluscum
dermatitis (75). Additionally, in children with pre-existing AD,
molluscum contagiosum can exacerbate the disease, leading to
more widespread lesions. In children, the risk of exacerbation
appears to be highest when molluscum contagiosum lesions
develop on intertriginous or flexural areas (76).

Molluscum contagiosum is a virus, member of the
poxvirus family, and tends to be more widespread in those
with AD, particularly in areas prone to scratching. It is
characterized by small, pearl-like papules that may have a
central umbilication (Figure 6). The infection can cause
associated eczema in the area. Constant scratching can lead
to autoinoculation and further spread of the lesions. While
eczema associated with molluscum contagiosum is not
typically severe, it can be cosmetically significant (76).

3.4 Human papillomavirus infection
There are conflicting reports about the risk for acquisition

of warts in children with AD. While some studies have
reported a lower incidence of warts in patients with AD,
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FIGURE 5
Coxsackie eczema almost indistinguishable from eczema herpeticum.

more recent research with a larger sample size found a higher
prevalence of warts in children with AD and other atopic
disorders (7%), though a slightly lower prevalence in
patients with AD alone (2%) (56).

FIGURE 6
Typical pearl-like papules in molluscum eczema.
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3.5 SARS-CoV-2 infection

The relationship between SARS-CoV-2 infection and AD is
bidirectional: patients with AD have an increased risk of SARS-
CoV-2 infection, while COVID-19 can trigger new-onset or
exacerbation of AD. However, most studies on this topic have
focused on adults, with limited data available for pediatric
populations (77, 78).

A large epidemiological study of 435,019 adult patients
(79) found that AD was
significantly associated with an increased risk of SARS-CoV-2
infection (OR 1.48, 95%CI 1.06-20.6; p=0.020), but a
decreased risk of requiring mechanical ventilation (OR 0.22,
95%CI 0.11-0.47; p =0.00008). Additionally, increased disease
activity following COVID-19 SARS-CoV-2
vaccination was observed in a minority of patients with AD
(12/176; 6.8%) (80).

The association between AD and increased susceptibility to
SARS-CoV-2 children
A retrospective chart analysis was conducted in Southern
Brooklyn, New York, an area of high COVID-19 incidence. The
study included 677 patients diagnosed with AD, non-eczema

conducted by Patrick et al

infection or

infection  in remains  unclear.

dermatitis, asthma, or allergy, alongsidel505 healthy controls.
Participants were tested using COVID-19 rapid antigen, SARS-
CoV-2 IgG antibody, or SARS CoV-2 IgM antibody. The results
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showed that within the tested community, children with AD or
allergic disorders had similar rates of COVID-19 infection
compared to heatlhy children (81).

Elevated levels of IL-4 and IL-13, key cytokines associated with
AD, have been linked to more severe COVID-19 outcomes.
Dupilumab, an IL-4 and IL-13 inhibitor used in AD treatment,
has shown promise in reducing the severity of both AD and
COVID-19 by modulating these cytokines (79).

A large cohort study including 617,964 COVID-19 patients and
1,796,174 matched-control cases demonstrated a significant
increase in new-onset AD among patients with a history of
SARS-CoV-2 infection compared to those with negative serology.
The highest risk difference was observed in the pediatric
population under 18 vyears of age, with those having prior
COVID-19 exhibiting a 33%
developing AD compared to controls (80).

One study investigated the link between COVID-19 and AD by
analyzing large-scale genetic, transcriptomic, and epigenetic data.
The suggest that epigenetic
transcriptional regulation contribute to COVID-19-associated
onset and worsening of AD. Notably, LMAN2 was identified as a
key molecule linking viral

infection increased risk of

findings modifications  and

infection to immune-mediated
inflammatory diseases. However, further research—particularly in
pediatric populations—is required to fully elucidate these

connections and optimize treatment strategies (81).

4 Fungal infections

The diversity of fungi is greater in active lesions of AD than in
non-lesional skin (82, 83). Yeasts from the Malassezia family are
part of the normal microbiota, primarily found near the openings
of sebaceous glands and in the upper parts of hair follicles.
Colonization occurs in 100% of patients with AD, compared to
10%-78% in healthy children (58, 84). In pediatric patients with
AD, an overgrowth of Malassezia spp. has been observed;
Malassezia globosa and Malassezia restricta are present in both
healthy individuals and children with AD. However, a higher
quantity of Malassezia dermatitis and Malassezia sympodialis has
been found in children with AD, with no distinction between
affected and unaffected skin (58). Additionally, a large population
study showed more than 40% of children with seborrheic dermatitis
during early childhood will develop AD later on, suggesting early
sensitization of seborrheic skin may result in the onset of AD (85).
Elevated levels of total IgE and specific IgE against Malassezia have
been observed in children with AD, leading to speculation that
Malassezia in the sweat of these children may act as an allergen,
contributing to inflammation (86-88).

Head and neck dermatitis is a subtype of AD that affects the
seborrheic areas and is more common in children. Current
evidence implicates fungi, particularly Malassezia spp. in its
pathogenesis. Clinically, it presents as eczematous plaques that
consistently affect the forehead, eyelids, perioral region, and neck.
This condition has been primarily associated with patients with
AD treated with dupilumab, although its underlying mechanisms
remain incompletely understood (84).
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Although Candida spp. has not been directly associated with a
dermatosis, an increased prevalence of Candida spp. has been
identified in children with AD compared to healthy children. Candida
commonly colonizes the oral, gastrointestinal, and urogenital mucosa,
affecting 50%-75% of individuals. Candida albicans has been reported
to induce alterations in keratinocytes that facilitate interactions with
antigen-presenting cells in patients with AD (88, 89).

Children with AD who develop chronic dermatophyte infections
often experience more severe and persistent symptoms (89). Chronic
dermatophyte infections are more prevalent in children with AD,
and their management tends to be more challenging compared to
pediatric patients without AD (89). While antifungal treatments
may provide some relief, a more comprehensive understanding of
and the

the relationship between dermatophyte infections

progression of AD is still needed (88).

5 Diagnosis

Clinical data is typically sufficient to guide diagnosis.
Microbiological skin cultures are generally not recommended unless
there is suspicion of MRSA to determine antibiotic sensitivity and
guide treatment. If a systemic Streptococcus pyogenes infection is
suspected, a throat swab culture can be performed due to its
association with pharyngotonsillitis, or a serology test for anti-
streptolysins may be conducted. For cutaneous Streptococcus
pyogenes infection, a skin culture could be performed (3, 61).

In cases where herpetic or coxsackie eczema are suspected but
the presentation is unclear, PCR testing of lesion exudate is
recommended for confirmation of HHV-1 or Coxsackie virus. If
PCR is unavailable, a scraping of the lesion for a Tzanck test to
identify multinucleated giant cells can be performed (56).

For fungal associated infections, since Malassezia spp. and
Candida spp. are commensal organisms, routine smears and
molecular testing are not recommended. In these cases,
sensitization tests such as prick tests, specific immunoglobulin

E tests, or atopy patch tests are more useful (89).

6 Treatments for infectious agents

Bacterial and viral infections in AD often emerge suddenly and
are more prevalent in severe cases. In contrast, fungal infections
typically develop more gradually and may not be immediately
obvious. These infections frequently worsen the symptoms of AD,
highlighting the importance of prompt and effective treatment to
manage both the infections and the underlying condition (90, 91).

Active lesions of AD require topical corticosteroids as the first-
line treatment. In patients with active Staphylococcus aureus
infections (rather than colonization), the addition of topical
antibiotics may be considered, although their use should be
limited to short periods to prevent bacterial resistance (92). Some
guidelines advise against the use of topical antibiotics due to
their limited efficacy compared to corticosteroids alone (90, 93).
In cases of disseminated infections or those with systemic
involvement, systemic antibiotics are recommended (94).
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Studies indicate that using antibiotics to decolonize patients with
Staphylococcus aureus is ineffective in preventing exacerbations (16).
Consequently, the widespread use of systemic antibiotics or routine
decolonization is not recommended, as these approaches can disrupt
the skin microbiome and contribute to increased antibiotic
resistance (95). Additionally, prophylactic antibiotics have not
demonstrated any benefit in reducing inflammation in patients
with AD in the absence of active infection (94).

Staphylococcus aureus infections often require antibiotic
treatment, with choices guided by methicillin sensitivity and
resistance patterns. For mild infections suspected to involve
methicillin-sensitive Staphylococcus aureus, recommended options
include amoxicillin, cephalexin, doxycycline, minocycline, or
clindamycin. In children, MRSA is more prevalent, and multiple
resistance genes are often present, necessitating careful antibiotic
selection (93). If MRSA is suspected, linezolid or trimethoprim-
sulfamethoxazole should be considered. For severe infections,
both methicillin-sensitive and methicillin-resistant strains should
be covered using a combination of vancomycin, linezolid,
teicoplanin, or daptomycin, alongside an anti-staphylococcal
with
recommended. The duration of antibiotic therapy typically ranges

beta-lactam  antibiotic, intravenous  administration
from 7 to 14 days, adjusted based on local resistance patterns
(90). A recent systematic review advises against the empirical use
of beta-lactams, erythromycin, clindamycin, or fusidic acid in
patients with AD due to high microbial resistance (94).

Decolonization can be beneficial for patients with recurrent
exacerbations, particularly through nasal decolonization with
topical mupirocin for 5 days. Treatment should also extend to
family members and pets to reduce household reservoirs of
infection. However, complete eradication remains difficult, as
recurrent infections are often associated with persistent
colonization within households (95).

For localized skin infections caused by Streptococcus pyogenes,
topical antibiotics like fusidic acid or mupirocin can be used. For
more severe or disseminated infections, systemic treatment with
penicillin is recommended. Allergic patients may be treated
with macrolides. Severe infections can be managed intravenously
with vancomycin or clindamycin (96, 97).

In cases of suspected
should be
dissemination to more than one segment, hospitalization and
initial
valacyclovir, or

eczema herpeticum, empirical

treatment initiated immediately. If there is

intravenous therapy are warranted, with acyclovir,
famciclovir as the preferred medications.
Topical antivirals are not effective (98).

Coxsackie eczema is generally benign and treated supportively,
with topical corticosteroids for intense itching. Treatment for
molluscum contagiosum can vary. The most effective method is
curettage but may be poorly tolerated by children. Other
alternatives include cryotherapy or chemical irritants. A common
effective option for children is the nightly topical application of
10% KOH (99).

Head and neck dermatitis is primarily managed with topical
antifungals, such as ketoconazole or ciclopirox olamine. In more
severe or refractory cases, systemic antifungal therapy, including
itraconazole or fluconazole, may be considered as an alternative (84).
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6.1 Prevention of cutaneous infections by
restoring the skin barrier and treating AD

6.1.1 Emollients and moisturizers

The daily and frequent application of emollients and
moisturizers is crucial for repairing and maintaining the skin
barrier, thereby reducing the risk of infections. Their use has
been shown to decrease the quantity of Staphylococcus aureus on
the skin (100). A daily bath or shower with lukewarm water,
followed by gentle drying, is recommended. Moisturizers should
be applied multiple times a day to keep the skin hydrated.
Ointments are generally more effective than creams and lotions
for maintaining skin hydration, although they may not always be
well tolerated by all patients (101). Petrolatum is recommended,
as it helps maintain barrier function and supports normal skin
microbiota. However, in excessively hot or humid environments,
its use may be discouraged due to its occlusive nature (101).

6.1.2 Treating staphyloccocus aureus colonization

Diluted sodium hypochlorite baths (0.005%) have been shown
to aid in disease control, particularly in patients already undergoing
anti-inflammatory treatments, further reducing the burden of
(102). These baths are typically
recommended once or twice a week, using commercially
available bleach (5%-6% concentration). The bleach is diluted at
a ratio of 1-2 ml per L of water. A meta-analysis found that this

Staphylococcus  aureus

treatment improves the severity of AD in moderate to severe
cases without significant adverse effects. However, despite its
clinical benefits, the same meta-analysis found no significant
reduction in Staphylococcus aureus burden. Thus, while chlorine
baths have a beneficial anti-inflammatory effect, their overall
impact on the skin microbiome remains unclear (103).

Bacteriotherapy is an emerging approach for treating AD by
restoring microbial balance and reducing Staphylococcus aureus
colonization, a key factor in inflammation and barrier
dysfunction. This strategy involves the use of probiotics, bacterial
lysates, enzymes, and microbiome transplants to promote a
healthier skin microbiome (104).

Current evidence suggests that oral prebiotics and probiotics do
not significantly impact AD severity, as measured by SCORAD.
However, studies indicate that the topical application of certain
(e.g.
salivarius) can

Lactobacillus  species Lactobacillus ~ plantarum  and

Lactobacillus reduce Staphylococcus —aureus
colonization. though this has not yet translated into improved
AD lesions or reduced corticosteroid use (30).

Recent studies highlight the potential benefits of antimicrobial
peptides (AMPs) produced by coagulase-negative commensal
staphylococci, such as Staphylococcus epidermidis, Staphylococcus
lugdunensis and Staphylococcus hominis, within the human
microbiome (105). These bacteria produce unique peptides and
lantibiotics, that enhance skin defense by selectively targeting and
eliminating pathogenic bacteria, such as Staphylococcus aureus,
while preserving beneficial microbes. By synergizing with the

host’s endogenous AMPs, these bacterial peptides strengthen the
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skin antimicrobial barrier, maintain microbial balance, and help
prevent infections (106).

Furthermore, studies in both animal models and patients with
AD have shown promising therapeutic benefits, particularly by
targeting Staphylococcus aureus, leading to clinical improvements
in AD. While preliminary findings are encouraging, larger clinical
trials are needed to confirm efficacy and long-term effects (107).

Newer therapies, such as endolysins, are being explored for AD
management due to their ability to selectively target Staphylococcus
aureus by cleaving peptidoglycan bonds in the bacterial cell wall.
These lysins, derived from bacteriophages, offer a novel
antimicrobial approach with high specificity (108).

Niclosamide, a traditional anthelmintic agent, has recently
being investigated for its potential role in treating AD,

particularly through its effects on microbial dysbiosis. Topical

niclosamide (ATx201) has shown promise in reducing
Staphylococcus aureus colonization. In a Phase 2 randomized,
double-blind, placebo-controlled trial, ATx201 significantly

decreased Staphylococcus aureus burden while enhancing skin
microbiome diversity in patients with AD. This shift towards a
more balanced microbiota is associated with improved skin
health and reduced inflammation, highlighting niclosamidés
potential as an adjunct therapy for AD (106).

6.1.3 Anti-inflammatory therapies

Topical anti-inflammatory treatments, such as corticosteroids,
crisaborole, and calcineurin inhibitors, are effective for reducing
inflammation, restoring barrier function, and decreasing
Staphylococcus aureus colonization. Controlling inflammation is
essential for preventing infections, as it is a major risk factor for
skin infections in patients with AD (109).

Dupilumab, a monoclonal antibody that targets and neutralizes
IL-4 and IL-13, has been shown to significantly reduce pruritus,
inflammation, and Staphylococcus aureus colonization. A clinical
study demonstrated that after 32 weeks of treatment, dupilumab
induced significant changes in the microbiome of skin lesions, by
reducing Staphylococcus aureus colonization in 75% (110).
Dupilumab is approved for use in pediatric patients aged 6
months and older. Other monoclonal antibodies with similar
efficacy, such as tralokinumab and lebrikizumab, are approved
for use in patients aged 12 years and older (104).

Other treatments, such as Janus kinase (JAK) inhibitors, both
topical and oral, are currently in various stages of clinical trials
for pediatric patients. Baricitinib, administered orally, and topical
ruxolitinib have been approved for the treatment of atopic
dermatitis (AD). Baricitinib is approved for daily oral use in
moderate to severe cases in children aged 2 years and older,
although its efficacy has primarily been demonstrated in children
over 10 years of age. Topical ruxolitinib (1.5%) is approved for
short-term treatment of mild to moderate AD in patients aged
12 years and older (111, 112). Abrocitinib is approved for
children aged 12 years and older, with clinical outcomes similar
to those of other JAK inhibitors. Upadacitinib shows promise,
demonstrating superior efficacy compared to dupilumab after 4
months of treatment; however, additional studies are needed to
further establish its safety and efficacy in children (113). Topical
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delgocitinib has been approved in Japan for the treatment of
moderate to severe AD in children aged 2 years and older. These
therapies provide benefits for patients who do not achieve
adequate control with other treatments and have not been
associated with an increased risk of infections (114).
Narrow-band UVB (NB-UVB) phototherapy is an effective and
well-tolerated treatment for moderate to severe AD, particularly in
patients unresponsive to topical therapies. It modulates immune
responses by inducing apoptosis of activated T cells, reducing
pro-inflammatory cytokines such as TNF-o and IL-4, and
promoting the production of anti-inflammatory cytokines.
report a 60%-80% in AD
symptoms, including erythema, pruritus, and scaling, with

Clinical studies improvement
sustained benefits and fewer side effects than broader UV spectra
(115). NB-UVB also reduces Staphylococcus aureus colonization
and its production of superantigens (107). While psoralen plus
UVA (PUVA) is an alternative for severe AD, it carries a higher
risk of long-term skin damage and carcinogenesis. Phototherapy
is frequently combined with topical or systemic treatments to
enhance efficacy, providing a viable option with a lower risk
profile than prolonged immunosuppressive therapy (115).

6.1.4 Treating pruritus

Pruritus and its consequent scratching significantly contribute
to skin damage, making its control a primary treatment goal.
Conventional antihistamines have little direct effect on pruritus,
as the pathways involved in AD are not primarily mediated by
histamine. Their utility lies mainly in their sedative effects, which
is why they are often used at night. In contrast, medications that
block the IL-4/IL-13 pathway, such as dupilumab, markedly
improve these symptoms. Additionally, blocking the IL-31
pathway with drugs like nemolizumab or JAK inhibitors has
shown significant antipruritic effects (116).

7 Conclusions

Patients with AD are more susceptible to frequent and severe
infections than the general population A key factor contributing
to this increased susceptibility is the presence of skin barrier
defects, which lead to dysfunctional immune responses and
pathogen invasion, resulting in inflammation and exacerbation of
AD lesions. An altered skin microbiome further contributes by
facilitating the overcolonization of potential pathogens, such as
Staphylococcus aureus and Malassezia spp. These microorganisms
are major contributors to both cutaneous an exracutaneous
infections, further aggravating the condition. During AD flare-
ups, infections should be considered potential triggers, as
identifying and addressing the primary infectious agents can help
prevent complications and reduce disease severity. Finally,
infection prevention in AD should focus on two main strategies:
restoring the skin barrier to prevent pathogen invasion and
modulating the Th2 inflammatory response through targeted
pharmacological interventions. This dual approach may help
mitigate infections and alleviate associated complications (117).
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