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Abstract
Atopic dermatitis (AD) is the most common chronic inflammatory skin disease in the world. AD is a complex pathology mainly
characterized by an impaired skin barrier, immune response dysfunction, and unbalanced skin microbiota.Moreover, AD patients
exhibit an increased risk of developing bacterial and viral infections. One of the most current, and potentially life-threatening,
viral infection is caused by herpes simplex virus (HSV), which occurs in about 3% of AD patients under the name of eczema
herpeticum (EH). Following a first part dedicated to the clinical features, virological diagnosis, and current treatments of EH, this
review will focus on the description of the pathophysiology and, more particularly, the presently known predisposing factors to
herpetic complications in AD patients. These factors include those related to impairment of the skin barrier such as deficit in
filaggrin and anomalies in tight and adherens junctions. In addition, low production of the antimicrobial peptides cathelicidin LL-
37 and human β-defensins; overexpression of cytokines such as interleukin (IL)-4, IL-13, IL-25, IL-33, and thymic stromal
lymphopoietin (TSLP); or downregulation of type I to III interferons as well as defect in functions of immune cells such as
dendritic, natural killer, and regulatory Tcells have been involved. Otherwise, genetic polymorphisms and AD topical calcineurin
inhibitor treatments have been associated with an increased risk of EH. Finally, dysbiosis of skin microbiota characterized in AD
patients by Staphylococcus aureus colonization and toxin secretion, such as α-toxin, has been described as promoting HSV
replication and could therefore contribute to EH.

Keywords Atopicdermatitis .Herpes simplexvirus .Predisposing factors . Immuneresponse .Skinbarrier .Microbiotadysbiosis

Introduction

Atopic dermatitis (AD) is the most common inflammatory
skin disease, impacting approximately 15 to 25% of children
and 1 to 5% of adults worldwide, with a greater frequency in
recent years in industrialized countries, and it is associated
with high socioeconomic costs [1–3]. In addition to the dis-
comfort caused by symptoms of itching and soreness, adverse
consequences on patients’ quality of life have been clearly
identified, resulting in sleeplessness, decreased academic

and professional performances, loss of self-esteem, and in-
creased family stress [4, 5].

AD is characterized by intense pruritus and skin dryness
associated with cutaneous hyper-reactivity to environmental
stimuli such as allergens, irritants, food, and humidity as well
as stress, viral infections, and bacterial infections [6].
Although AD pathogenesis is not fully understood, complex
interactions between skin barrier defect, immune response,
skin microbiota, and environmental exposures have been sug-
gested to play key roles [1–3, 7, 8]. During evolution of the
disease, innate and adaptive immunities are intimately linked
and their cross-talks have a clearly established role in the
development, maintenance, and flare-up of AD [1].

The main identified critical factors in AD are impaired skin
barrier; overexpression of Th2 cytokines, especially interleu-
kin (IL)-4, IL-13, and epithelial cell–derived cytokines IL-25,
IL-33, and thymic stromal lymphopoietin (TSLP); low pro-
duction of antimicrobial peptides (AMPs) and interferons
(IFNs); abnormalities in number and/or activity of immune
cells such as dendritic cells (DCs), natural killer (NK), and
regulatory T cells (Tregs); and dysbiosis of skin microbiota
[1, 2, 6, 7]. All of these factors considerably increase the risk
of viral or bacterial infection emergence in patients with AD
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[9, 10]. These complications include infections by
Staphylococcus aureus, herpes simplex virus (eczema
herpeticum), vaccinia virus (eczema vaccinatum), molluscum
contagiosum virus (eczema molluscatum), or coxsackievirus
(eczema coxsackium) [9, 11]. This review aims to describe the
clinical features and predisposing factors for eczema
herpeticum (EH), a severe viral infection occurring in AD
patients.

Eczema Herpeticum: a Rare but Severe Viral
Infection in AD

One of the most common viral infections occurring in AD
patient is EH: a herpes simplex virus (HSV) skin infection
[9, 11, 12]. Although EH is relatively rare, occurring in about
3% of AD patients, this initially local disease may progress to
a potentially life-threatening systemic infection [9–12]. The
pathogenesis of EH remains largely unknown so far.

Human Herpes Virus Simplex

HSVis an enveloped double-stranded DNAvirus belonging to
Herpesviridae family and Alphaherpesvirinae subfamily, in-
cluding HSV type 1 (HSV-1) and HSV-2, which share almost
50% of homologous sequences [10, 13]. Humans are fre-
quently exposed to these pathogens: seroprevalence for
HSV-1 is about 80% for children and up to 90% for adults
whereas HSV-2 affects 12–15% of adults [10, 13]. HSV-2 is
mainly involved in sexually transmitted genital herpes while
HSV-1 usually causes labial, ocular, and primary genital her-
pes [14]. Transmission of HSV occurs after contact with in-
fected secretions. Virus can spread via viral shedding during
symptomatic or asymptomatic recurrent infections [15].

HSV usually infects skin or mucosa and replicates in strat-
ified squamous epithelium [14]. Consequently, keratinocytes,
the predominant cell type in the epidermis, are the first cellular
targets for HSV in skin [16]. The entry of HSV in cells de-
pends on the interaction between viral glycoproteins B and D
with host cell surface molecules such as 3-O-sulfate heparan
sulfate, nectin-1, and HSV entry mediator, also known as tu-
mor necrosis factor receptor superfamily member 14
(TNFRSF14) enabling the fusion of host cell and viral mem-
branes [10, 17, 18]. Keratinocytes express all these receptors
enabling fast virus entry [14], about 90% of viral particles
being internalized at 30 min post-infection [16]. Other cells
found in skin such as DCs may also be infected with HSV,
especially epidermal resident Langerhans cells (LCs), which
express receptors involved in HSVentry [14, 19]. Infection of
DCs leads to inhibition of their maturation and consequently
to reduction in their cytokine production [19]. Dermal fibro-
blasts are also potential targets for HSV due mainly to high
expression of nectin-1 [20]. In addition, entry receptors for

HSV are found in various kinds of cells such as monocytes,
B- and T-lymphocytes, and endothelial and mast cells [21].
Following the lytic life cycle, HSV starts a lifelong persis-
tence, called latency, established in the sensory ganglia inner-
vating the site of infection. Reactivation of latent viruses can
be induced by many factors, such as ultraviolet exposure,
emotional stress, fever, tissue damage, or immune suppression
[17, 22]. HSV is known to implement multiple strategies to
evade host antiviral innate immune response, a phenomenon
contributing to infections [17, 23]. While HSV is usually re-
sponsible for harmless infection of cutaneous mucous mem-
branes in healthy patients, a disseminated HSV infection can
occur on lesional skin of AD patients.

Characteristics of EH

EH was first described in 1887 by Moritz Kaposi, an
Austrian dermatologist, in ten children with an “eczema
larvare infantum” displaying a vesiculopustular eruption
called “Kaposi’s varicelliform eruption” [10–12, 15].
Today, this term is applied to all viral complications
caused by HSV in skin diseases such as AD, psoriasis,
and rosacea. However, the term “eczema herpeticum” is
restricted to HSV extensive infection appearing in AD
[10–12]. EH can be classified according to its severity:
from local to disseminated infection, at times leading
potentially life-threatening to herpetic encephalitis [12,
15]. Inevitably, EH increases the cost of care for AD
patients. For example, in the United States of America
(USA), the total cost of inpatient care for EH is about $
2,000,000 US dollars per year [24].

Epidemiology In more than 90% of cases, EH is caused by
HSV-1, HSV-2 being preferentially located in the genital area
[25]. This disease is related not only to primary infection, but
also to reactivation of the latent virus [11, 26]. Nonetheless,
even if a wide range of person is HSV-seropositive, EH rarely
occurs in AD patients. Concerning EH prevalence, about 3%
of patients with AD are estimated to develop EH (ADEH+)
during their lifetime [27]. In the USA, there were between
4.03 and 7.3 children per million children per year hospital-
ized for EH between 2002 and 2012 [24]. ADEH+ patients are
usually younger than AD patients without a history of EH
(ADEH−) [25, 26] and more often male [24, 25, 28]. They
display early-onset AD and a higher average scoring atopic
dermatitis (SCORAD) index [25, 26, 28]. Risk factors of EH
in AD patients include presence of other allergic diseases such
as food allergy and asthma [25, 26], lymphopenia with normal
white blood cell count, increased erythrocyte sedimentation
rate [26], and higher levels of immunoglobulin (Ig) E and
circulating eosinophils [25, 26, 28]. EH may also be associat-
ed with psoriasis, asthma, or immune suppression [24]. In
addition, atopy to a wide diversity of allergens such as
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Staphylococcus aureus toxins, animal dander, food allergens,
house dust, or grasses is noted in ADEH+ patients [25].
ADEH+ patients are also more frequently concerned by
S. aureus infections that could lead to septicemia [15, 25,
28]. Finally, EH is independent of season and of time of the
year [24, 26]. The predisposing cellular factors for EH are
presented in a dedicated section.

Clinical Presentation Classically, EH most frequently affects
the face, neck, and trunk even if the hands, legs, or genital
organs may also be involved (Fig. 1; [29–40]). Typical lesions
of EH are monomorphic eruptions of dome-shaped
papulovesicles (Fig. 1; [10–12]). After 1 or 2 weeks, blisters
dry and form crusts that fill eroded pits [11, 12]. Vesicles may
also be umbilicated and the presence of ulcerations or slits is
possible [32, 36, 41–45]. Usually, lesions are completely dried
and healed after 2 to 6 weeks [10–12]. EH is often accompa-
nied with fever, malaise, or lymphadenopathy (Table 1;
[10–12]). Diagnosis EH is important because functional and/
or life-threatening complications may occur. HSV kerato-
conjunctivitis or keratitis may be responsible for blindness
[29, 46]. Similarly, HSV gingivostomatitis may decrease die-
tary intake and hydration [47]. In drastic cases of widespread
EH, viremia, meningitis, or encephalitis can be noted and
prove fatal [11, 15, 48, 49]. In immunocompromised patients,
EH can cause severe hepatitis that may progress to fulminant
or acute liver failure [50]. Pregnancy is also a period of height-
ened susceptibility to HSV infection with an increased risk of
dissemination, EH becoming potentially dangerous for the
mother and the fetus through materno-fetal viral transmission
and subsequent neonatal HSV infection [31, 38, 42]. One of
the other main complications of EH is a potential secondary
infection of vesicles by bacteria as S. aureus leading to pus-
tules [10, 15, 51]. Similarly, septicemia due to S. aureus su-
perinfections can cause multiorgan failure and can result in the
death of the patient [15, 52, 53]. In some cases, clinical

manifestations of EH can be atypical, complicating and
delaying diagnosis, and threatening the patient’s life.
Clinical presentations without emergence of vesicles [30] or
with only small papules have been described [54]. Those cases
exemplify the diversity of clinical characteristics complicating
EH diagnosis. Moreover, differential diagnose may appear,
including impetigo, eczema vaccinatum (EV), contact derma-
titis, and chickenpox [11, 12, 15, 33, 53] requiring differential
management. The difficulty of establishing diagnosis renders
it important clinicians should pay attention to any deteriora-
tion in an AD patient.

DiagnosisDiagnosis of EH is mainly clinical [11, 15, 33,
51, 53]. However, due to the potential diversity of EH
clinical manifestations, physicians confirm their diagno-
sis using diverse laboratory techniques such as Tzanck
smear, HSV culture, direct immunofluorescence (IF), or
polymerase chain reaction (PCR) (Table 1; [11, 33, 51,
53]). All these techniques present advantages and draw-
backs, particularly regarding sensitivity and specificity
[33, 51]. Nowadays, molecular biological techniques
are preferentially chosen because of their ease of use,
reliability, and high sensitivity [55]. Indeed, PCR is pos-
itive in 100% of cases when performed on early lesions,
and positivity rates remain higher than 80% on later
lesions as well (over 30 days) [55]. Because of potential
severe complications and fatal outcomes, diagnosis must
be established without delay, upon the first consultation.
Treatment should start based on clinical characteristics
as soon as the infection is suspected without waiting for
the results of the complementary analyses [15, 31, 33,
56].

Treatments Antiviral therapy should be set up as soon as
EH is suspected, because in case of severe form, EH can
potentially be fatal with a mortality rate of 10 to 75% in

Fig. 1 Characteristic
monomorphic eruptions of
eczema herpeticum on arm (a)
and hand (b), and widespread
eruption of EH (c)
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the absence of antiviral treatment [11, 12, 57]. Acyclovir
(ACV) is the first-line drugs for treatment of HSV infec-
tions since the 1980s. This molecule is a guanosine ana-
logue which must be triphosphorylated, firstly by the
virus-encoded thymidine kinase (TK) and subsequently
by cellular enzymes, to be efficient. Then, ACV-
triphosphate acts as a potent inhibitor of viral DNA poly-
merase [58]. Five to 10 mg/kg of intravenous ACV, 3
times daily, for 5 to 7 days is the recommended treatment
for EH [11, 15]. As ACV has poor oral bioavailability,
valacyclovir (VACV), an L-valyl-ester prodrug of ACV,
has been developed [58, 59]. In treatment with VACV,
500 mg orally twice a day for 5 days is recommended
for EH [15]. Penciclovir (PCV) and its oral prodrug
famciclovir act similarly to ACV and may be used in
countries where it is marketed in dosages of 5 mg/kg/dose
and 500 mg, twice a day for 7 days [11, 58, 59].

Sometimes, these treatments can fail due to drug resistance
[11]. In a cohort of 8 ADEH+ patients, 3 had an acyclovir-
resistant HSV [60]. This resistance may be conferred by viral
mutations either in the unique long (UL) 23 gene which en-
codes the TK in 95% of cases or in the UL30 gene which
encodes the viral target DNA polymerase in the 5% of remain-
ing cases [58, 61]. In order to counteract this resistance, main-
ly supported by TK mutations, other treatments can be used
such as foscarnet (FOS) and cidofovir (CDV). FOS and CDV
are a pyrophosphate analogue and an acyclic nucleoside
monophosphate, respectively, which directly inhibit the viral
DNA polymerase without the need for a functional TK. Forty
mg/kg 3 times a day for 2 to 3 weeks are recommended for
foscarnet [15]. However, both are nephrotoxic and have very
poor oral bioavailability; as a result, they are used only when
other therapies have failed [12, 51, 58, 59, 61]. These antiviral
treatments are not used for topical applications, except in cases
of herpetic keratitis where topical antiviral ointment must be
applied [12]. Topical glucocorticosteroids may be added to the
antiviral drug even if they remain controversial [11, 12]. In
addition to a curative approach, a prophylactic treatment
should be implemented for ADEH+ patients with high risk
of recurrences using oral ACV in a dosage of 200 mg 3 times
a day or VACV helping to significantly decrease disease se-
verity [11, 51, 56].

In addition to these classical treatments, new thera-
peutic approaches may be considered especially in pa-
tients infected with a resistant strain. Among these, the
IFN-γ therapy may be a good alternative in infection
with resistant strains, particularly for AD patients with
a low level of IFN-γ [51, 60]. Indeed, IFN-γ enables
control of HSV replication and propagation, and may be
of considerable benefit in cases of EH. Nevertheless, up
until now, patients’ clinical improvement is not suffi-
cient, given the very high cost of this therapy [12, 51,
60].

Predisposing Factors for Eczema Herpeticum
in Atopic Dermatitis Patients

Impairment of the Skin Barrier

AD is characterized by impaired barrier function which cause
increased transepidermal water loss and may facilitate entry of
HSV through the first keratinized layers of the skin and bind-
ing to its receptors at the surface of the target cells [2, 11]. This
dysfunction arises from a defect in terminal keratinocyte dif-
ferentiation due to decreased expression of filaggrin (FLG)
that damages the structure and composition of the stratum
corneum. In addition, anomalies in tight junctions (TJs) and
adherens junctions (AJs) are involved in this process (Fig. 2).

Filaggrin FLG is a key protein of the barrier function, playing
an important role in formation of the cornified cell envelope
[62, 63]. Proteolytic degradation products of FLG are in-
volved in maintenance of skin hydration and the pH of the
skin, and play a crucial role in the regulation of key biochem-
ical events, including protease activity, desquamation, lipid
synthesis, barrier permeability, and cutaneous antimicrobial
defense [7, 63, 64]. However, in AD patients, FLG expression
is strongly reduced. This lack of FLG can be explained, in 1/3
of patients, by loss-of-functionmutations in the gene encoding
FLG [62]. Two common mutations, R501X and 2282de14,
are associated with AD (Table 2; [64]). R501X mutation oc-
curs in 18% of AD patients and 2282del4 in 48% [64, 65].
Gao et al. have studied those mutations in 278 Euro-American
AD patients including 112 ADEH+ patients [65]. They found
that 25.4% of ADEH+ patients carried the R501X mutation
and 17.8% the 2282el4 one. Moreover, a significant associa-
tion for the R501Xmutation in ADEH+ patients was found. In
addition, ADEH− patients carrying both R501x and 2282de14
mutations have an increased risk of ADEH compared to those
with only one mutation [65].

Nevertheless, less than 1/3 of ADEH− patients are con-
cerned by these mutations, which is why other mecha-
nisms, including cytokine environment of AD lesions (de-
tailed later in a dedicated paragraph), are likely to con-
tribute to epidermal barrier defects and development of
viral infections [7, 62, 63, 72]. In addition, the reduced
level of FLG results in decreased formation of FLG
breakdown products like urocanic acid (UCA) and pyrrol-
idone carboxylic acid (PCA), which help to maintain acid
pH on the skin [7, 63, 64, 72]. Indeed, incubation of
keratinocytes with UCA and PCA at various concentra-
tions has caused dose-dependent medium acidification
and allowed significant dose-dependent inhibition of
HSV-1 replication [72]. Viral replication was also reduced
with a decreasing pH due to hydrochloric acid [72] sug-
gesting that an acid pH inhibits the entry of HSV into
cells [72, 73]. Consequently, reduction of UCA and
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PCA due to FLG deficit causes elevation of the skin-
surface pH, conducive to HSV-1 replication that can in-
crease the risk of EH [72].

Tight Junctions TJs, which are complex of adhesive proteins,
control the entry of water and solutes across the skin and
establish a link between keratinocytes within the stratum
granulosum [27, 63]. Healthy TJs prevent keratinocytes from
viral propagation by contact between cells blocking access to
the virus receptor [66]. TJs are composed of three main trans-
membrane proteins: claudin (CLDN) which is involved in TJs
resistance and permeability, occludin, and the IgG-like family
of junctional adhesion molecules (JAMs) [63, 74]. Gene ex-
pression profiling in AD patients shows a reduction in
CLDN1 and CLDN23 expressions [67]. In addition, lower
electrical resistance and absence of ion selectivity permeabil-
ity are signs of TJ defects in AD patients [67]. Defect in

CLDN1 can be partially explained by an adjacent single-
nucleotide polymorphism (SNP) (rs9290927) in the gene
encoding CLDN1 associated with a higher risk of AD and
two SNPs (rs893051 and rs9290929) associated with disease
severity [67]. As described for FLG and after exclusion of
FLG mutations, an intronic SNP (rs3732923) and a SNP in
promoter region (rs3954259), in Euro-American and Afro-
American populations, respectively, seem significantly asso-
ciated with EH (Table 2; [66]). The role of CLDN1 in HSV
infection has been studied using CLDN1 siRNA transfected
primary human keratinocytes infected with a virulent HSV-1
strain [66]. A significant increase in the number and size of
HSV-1 focal forming units was observed in CLDN1 siRNA
transfected keratinocytes in comparison to control siRNA
transfected keratinocytes [66]. These results suggest that a
lower CLDN1 level may promote HSV infection and the
spread of the virus from one keratinocyte to another [66]. In

Fig. 2 Factors promoting HSV replication in eczema herpeticum. Atopic
dermatitis (AD) patients are characterized by impaired skin barrier, espe-
cially a filaggrin and claudin deficit as well as increased Nectin-1 acces-
sibility. An abnormal immune response is found and includes overexpres-
sion of type 2 cytokines such as interleukin (IL)-4 and IL-13 and other
inflammatory mediators such as IL-25, IL-22, and TSLP. These cytokines
lead to lower induction of antimicrobial peptides than in other inflamma-
tory skin diseases and exacerbate skin barrier defects. During the devel-
opment of EH in AD patients (ADEH+ patients), immune cells are also

affected with a lack of plasmacytoid dendritic cells (pDCs), defective
natural killer cells (NK), expansion of regulatory T cells (Treg), and
overexpression of IDO1 by DCs altering the production of interferon
(IFN), an important antiviral cytokine. Finally, the lesional skin microbi-
ota of AD patients is unbalanced with sizable colonization of S. aureus
producing toxins such α-toxin. All these modifications interact with each
other, promoting entry or reactivation and replication of HSVand, finally,
the development of EH
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another study, the role of TJs in HSV-1 entry was investigated
using either murine primary keratinocytes deficient for the
polarity regulator partitioning defective-3 (Par3) or knockout
keratinocytes for E-cadherin [75]. Deficit of Par3 and E-
cadherin led to non-functional TJs and a reduced
transepithelial electrical resistance [75]. In both cases, an in-
creasing number of cells expressing HSV antigens was ob-
served compared to control cultures. These results support
the fact that defects in TJs facilitate virus access to host cell
receptors, penetration in the skin, and, finally, HSV infections
[75].

Adherens Junctions AJs are formed by the nectin-afadin com-
plex including nectin-1 to nectin-4 and the cadherin-catenin
complex such as E-cadherin and β-catenin, and have a

structural intercellular adhesive role [74]. Moreover, nectin-1
is a HSV-glycoprotein D receptor, allowing the entry of HSV
into cells [18]. It has been shown that when AJs are disrupted,
nectin-1 is detectable on cell surfaces that increase its avail-
ability [76]. Consequently, disruption of AJs increases the
availability of nectin-1, which becomes more accessible for
HSV, and facilitate virus entry into cells [76]. An alteration of
AJs in AD patients might occur and eventually be considered
a risk factor for EH.

Altered Antimicrobial Peptide Production

When the epidermal barrier is disrupted, activation of the skin
innate immune system prevents the entry of pathogens in the
organism. Among the effectors of innate immunity, AMPs are

Table 2 Genetic variants associated with an increased risk of EH. Mutations and single-nucleotide polymorphisms significantly associated (p value <
0.05) with EH

Mutations

Gene Mutation Location Ethnicity Ref.

Filaggrin R501X Coding
region

European-African [64]

228de14 [65]

Single-nucleotide polymorphisms

Gene Polymorphism Rs number Location Ethnicity Ref.

CLDN1 rs3732923 Intron European-American [66,
67]rs3954259 Promoter European-American

rs9290927 Downstream

rs893051 Intron

rs9290929 Promoter

STAT6 rs167769 Intron European-American [68]
rs841718 Intron

rs3024975 Intron

rs703817 3′ UTR

rs3024951

rs324013 Promoter

TSLP T/C rs2416259 Downstream European-American [69]

IL7R G/T rs12516866 Promoter European-American [69]
A/C rs10213865 Intron

C/T rs1389832 Intron

T/C rs10058453 Downstream

IRF2 C/A rs377552 Intron European-American [70]
A/T rs809909 Intron

G/A rs7655371 Intron

G/A rs6812958 Intron

C/A rs2797507 Intron

rs11132242 Intron

rs17488073 Intron

rs3775543 Exon

IFNG T/A rs2069727 3′ UTR European-American [71]
rs2430561 Intron

IFNGR1 rs1327475 Intron European-American [71]
rs10475655 Intron
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able not only to directly kill bacteria or viruses but also to
activate adaptive immunity [77, 78]. In human skin, different
AMPs contributing to antimicrobial defenses are produced:
the cathelicidin LL-37, the human β-defensins (hBD) 1–4,
the psoriasin (S100A7), and the ribonuclease 7 (RNase 7)
[77, 78]. Some are constitutively expressed in epithelial tissue
such as LL-37, hBD-1, S100A7, and RNase 7, whereas hBD-
2, hBD-3, and hBD-4 are present at low levels in normal skin
but can be strongly induced in infectious or inflammatory
conditions [77, 78].β-defensins and LL-37 are known to exert
an antiviral activity against HSV [27, 79].

In inflamed skin of AD patients, levels of hBD-2, hBD-3,
LL-37, Rnase 7, and S100A7 are slightly higher than those in
healthy skin [78]. Nevertheless, their expression and produc-
tion except for RNase 7 are clearly lower in the skin of AD
patients as compared to psoriatic skin [78, 80, 81]. These low
AMP levels in ADEH− patients may confer a higher risk for
development of bacterial and viral infections such as EH (Fig.
2; [10, 80]).

LL-37 Previously, it has been shown that LL-37 contributes to
control HSV skin infections. In human keratinocytes infected
with HSV-2 and then treated with exogenous LL-37, viral
replication has been significantly reduced [82]. In HSV-1-
infected primary keratinocytes, the anti-HSV-1 activity of
LL-37 appeared to be due to the potentiation of cellular anti-
viral defenses through the induction of interferon-stimulated
gene expression [79]. In addition, the role of cathelicidin in
HSV infections has been tested in knockout (KO) mice for the
gene encoding murine cathelicidin. In skin biopsies collected
from these mice, HSV-2 replication was significantly higher
than that in skin biopsies from wild-type (WT) mice suggest-
ing that cathelicidin is involved in protection against HSV
skin infections [82]. Level of LL-37 in ADEH+ patients in
comparison with ADEH− patients has been studied using im-
munostaining of biopsies from lesional skin [82]. A lower
level of LL-37 in ADEH+ patients compared to ADEH− pa-
tients has been observed suggesting that ADEH+ patients
present exacerbated cathelicidin deficit that could facilitate
HSV replication [82]. In addition, a significant negative cor-
relation between cathelicidin expression and total serum IgE
has been found in AD patients suggesting that marked Th2
polarity reduces LL-37 induction during inflammation [82,
83]. In this way, stronger reduction in skin cathelicidin expres-
sion may predispose patients with AD to develop EH [82].

Human β-Defensins Defensins seem to have an antiviral ac-
tivity against HSV through direct binding to the viral envelope
glycoproteins [11, 77]. In addition, hBD-3 is able to bind host
cell receptors, thereby avoiding virus-host cell interactions
and preventing HSV attachment [84, 85]. In lesional skin bi-
opsies, lower expression of hBD-2 and hBD-3 has been found
in ADEH+ patients than in ADEH− patients [83]. As for LL-

37, Th2 cytokines, especially IL-4 and IL-13 overexpression
in AD, contributes to the downregulation of hBD-3 in
keratinocytes [81]. In lesions of ADEH+ patients, the levels
of these cytokines were higher than those in ADEH− patients,
which may explain the exacerbated hBD-3 deficit [83].
Consequently, defensins deficit in AD patients may also be a
risk factor for the development of HSV infections.

Cytokine Environment

In AD skin lesions, T cell and dendritic cell infiltrates appear
to trigger the production of cytokines [1]. The cytokine profile
of lesional skin is complex and depends on the phase of the
disease and the phenotypes of AD patients, which are hetero-
geneous [6]. AD is characterized by different types of immune
responses that can occur concomitantly. ATh2/Th22 polariza-
tion is predominant, covering the whole disease spectrumwith
considerable cytokine activation and production during acute
disease [86–88]. This immune response is constituted of Th2
(IL-4, IL-13, IL-31) and Th22 (IL-22) cytokines [6, 87, 88]. In
chronic AD lesions, an increase of the Th1 immune response
appears [86, 87, 89]. An attenuated Th17 response and IL-17
production as compared to other inflammatory diseases such
as psoriasis is also found in chronic and acute AD [1, 86–88].
In addition, other mediators such as IL-25, IL-33, and TSLP,
which are known to promote Th2 responses, are
overexpressed in AD patients [6, 7, 90]. In contrast, IFN-γ
and type I IFNs, which have a crucial role in the antiviral
defense, are downregulated in AD patients [7, 9, 91]. All these
modifications may contribute to the development of EH inAD
patients (Fig. 2).

IL-4, IL-13 As evocated in previous sections, IL-4 and IL-13,
which are strongly expressed in AD, can promote viral infec-
tions and EH development due to their contribution to FLG
and AMP expression deficit [62, 72, 81, 82]. Indeed, addition
of IL-4 and IL-13 to keratinocytes was shown to downregulate
significantly filaggrin [62, 72] and hBD-3 expression [81].
These cytokines play also a role in viral replication: in IL-4-
and IL-13-pretreated keratinocytes, HSV-1 gene expression
considerably increased 24 h post-infection [72]. IL-4 and IL-
13 signaling pathways involve the signal transducer and acti-
vator of transcription 6 (STAT-6). Genotyping of ten STAT-6
SNPs in Euro-American populations has shown a significant
association of three intronic STAT-6 SNPs with ADEH: i.e.,
rs3024975, rs841718, rs167769, and one ′UTR SNP,
rs703817 (Table 2; [68]). Two SNPs, rs3024951 and
rs324013, were associated with differential IFN-γ production
in HSV-stimulated peripheral blood mononuclear cells
(PBMCs) isolated from ADEH+ patients. Rs324013 was si-
multaneously associated with an increased risk of ADEH+
and a reduced level of IFN-γ [68]. These results suggest in-
volvement of STAT-6 SNPs in the regulation of IFN-γ
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production, leading to the development of EH. Finally, char-
acterization of virus-specific T cell responses has revealed
increased of IL-4 secretion in HSV-1-stimulated cells from
ADEH+ patients compared to healthy and ADEH− patients
corresponding to higher Th2 polarization in ADEH+ patients
than in ADEH− patients [92]. Consequently, virus-specific T
cells display a Th2 immune response that is exacerbated in
ADEH+ patients which may contribute to development of
viral infections [92].

IL-25 IL-25 is an IL-17 cytokine produced by keratinocytes
and mononuclear cells, overexpressed in AD patients com-
pared to healthy patients [93]. In addition to its role in the
stimulation of Th2 differentiation, IL-25 is involved in the
downregulation of FLG expression in keratinocytes alone or
in synergy with IL-4 and IL-13 [72, 93]. IL-25 treatment prior
to HSV-1 infection has led to a significant increase of viral
replication in comparison to untreated cells [72]. This effect
was accentuated when keratinocytes were pretreated with a
combination of IL-25, IL-4, and IL-13. These findings suggest
that IL-25, conjointly with IL-4 and IL-13, can promote HSV-
1 replication in AD patients [72]. However, contrary to IL-4
and IL-13, IL-25 did not inhibit LL-37 and hBD-3 expression
in HSV-1-infected keratinocytes, thereby highlighting a pro-
viral effect independent of AMP expression [72]. In FLG
siRNA–treated keratinocytes, no difference in HSV-1 gene
expression was noted in presence or absence of IL-25 suggest-
ing that IL-25 enhances HSV-1 replication only by inhibiting
FLG expression [72]. Finally, IL-25 levels were found to be
higher in skin biopsies of ADEH+ patients compared to
ADEH− or healthy patients, suggesting that overexpression
of IL-25 may also be considered a predisposing factor to EH
[72].

TSLP TSLP, an IL-7-like cytokine, is known to target DCs in
order to induce Th2 cell differentiation and to interact with
skin-homing Th2 cells enhancing IL-4 production [69, 94].
TSLP acts by binding the IL-7 receptor α-chain (IL-7Rα)
and the TSLP receptor chain (TSLPR) [69, 94]. In AD pa-
tients, TSLPR expression in CD4+Tcells was higher than that
in healthy and psoriatic patients [94]. In addition, it was shown
that treatment of CD4+ T cells with IL-4 increased TSLPR
expression and that stimulation of CD4+ Tcells fromADEH−
patients with TSLP increased production of IL-4 by about
30% [94]. Consequently, a feedback loopmechanism between
TSLP and IL-4 may be involved in AD through potentiation
of Th2 profile. Moreover, genotyping of 29 SNPs of TSLP,
IL-7R, and TSLPR in Euro-American population has shown
that two TSLP SNPs, rs1898671 and rs2416259, were signif-
icantly associated with ADEH+ as well as four IL-7R SNPs
namely rs12516866, rs10213865, rs1389832, and
rs10058453 (Table 2; [69]). Interestingly, TSLPR SNPs were
associated with ADEH− but not necessarily with ADEH+

[69]. TSLP SNP rs1898671 was even associated with a lower
risk of ADEH+ [69]. These results suggest that TSLP signal-
ing pathway may be involved in EH. Moreover, in a mouse
model of EV, it was shown that in both primary and satellite
lesions, VV dissemination to internal organs and induction of
skin inflammation were inhibited in TSLPR-deficient mice
[95]. Similar results were obtained in mice depleted for IL-
33 receptor [95] suggesting that increased levels of TSLP and
IL-33 in AD patients can contribute to the development of
viral infections.

IFNs IFNs play an important role in immune responses, acti-
vating antigen-presenting cells such as DCs, macrophages,
and T and natural killer cells and promoting differentiation
of T helper cells into Th1 cells [27, 70, 96, 97]. Following
activation of type I IFN by viruses, transcription of numerous
interferon-stimulated genes such as MX1, OAS1, BST2, and
PKR, involved in cell antiviral defenses, is initiated [98]. IFNs
play an antiviral effect against HSV-1 inhibiting viral replica-
tion [97]. Mikloska et al. have shown a reduction of HSV-1
titer of about respectively 60%, 50%, and 90% using plaque
reduction assay, in skin explants preincubated with IFN-α,
IFN-γ, or both before infection [99]. In another study, pre-
treatment of keratinocytes with IFN-γ significantly decreased
HSV-1 replication, thereby confirming the major role of
IFN-γ in the antiviral defenses [72]. ADEH+ patients are
characterized by a deficit in antiviral IFN response [9–11,
71, 92]. Indeed, ADEH+ patients’ T cells stimulated with
HSV-1 disclosed a significant reduction in the IFN-γ response
compared to those from healthy patients [71, 92]. Moreover,
the IFN-γ response reduction seemed to be more accentuated
in ADEH+ patients than in ADEH− patients [92]. In addition,
the number of IFN-γ producing cells was lower in ADEH+
patients in comparison with ADEH− and healthy patients
[92]. The lower expression of IFNs in EH may result from
different causes. First, transcriptomic analysis performed on
HSV-1-infected PBMCs revealed pronounced downregula-
tion of 15 types I and III IFN genes including IFN-α and type
III IFN IL-29, in ADEH+ patients compared to ADEH− pa-
tients [100]. Then, significant downregulation of IFN (α, β,
andω) receptor I, IFN-γ, and IFN-γ receptors was also found
in ADEH+ patients [71].

Furthermore, the expression of interferon regulatory factors
(IRF) 2, 3, and 7, transcription factors regulating IFN expres-
sion and cellular antiviral response, was reduced in HSV-1-
stimulated PBMCs from ADEH+ patients compared to
ADEH− and healthy patients [100] and IRF2 gene expression
was reduced in skin biopsies of ADEH+ patients compared to
ADEH− and healthy patients [70]. IRF3 and IRF7 pathways
involve ankyrin repeat domain 1 (ANKRD1) as a binding
partner [101] and it has been reported that silencing
ANKRD1 in DCs caused a significant decrease in IL-29 and
IFN-β gene expression, suggesting involvement of ANKRD1
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in the type I and III IFN pathways especially in the IRF3
pathway [101]. However, ANKRD1 expression in HSV-1-
infected PBMCs was lower in ADEH+ patients compared to
ADEH− patients suggesting that this downregulation may
contribute to reduced IFN levels in ADEH+ patients [101].
Otherwise, the association between IFN-γ and IFN-γ receptor
1 gene variants and ADEH+ patients has been also tested
(Table 2; [71]) showing that two IFN-γ SNPs, rs2069727
and rs2430561, were significantly associated with lower
IFN-γ production following HSV infection [71]. In addition,
IFN-γ receptor 1 SNPs, rs1327475 and rs10457655, had a
stronger association with ADEH+ and may increase the risk
of developing viral infections [71]. Finally, genetic variants of
IRF2 found in North American populations should also be
considered a risk factor [70] as several IRF2 SNPs such as
rs3775543, rs377552, rs809909, rs7655371, rs6812958,
rs2797507, rs11132242, and rs17488073 were associated
with an increased risk of ADEH+ (Table 2; [70]).

On the other hand, a large amount of IFN-α and IFN-β
may be produced by plasmacytoid DCs (pDCs) in viral infec-
tion [102]. However, flow cytometry analyses have shown
that pDCs are almost missing in AD lesions [102]. The lack
of pDCs, potentially worsened by Th2 cytokines in ADEH−
patients, could impair the production of IFN-α and IFN-β
and, finally, may predispose to EH [10, 102]. Moreover, in-
creased mRNA level of the suppressor of cytokine signaling-1
(SOCS-1), a protein which negatively regulates IFN activity,
has been shown in HSV-1-infected keratinocytes and repre-
sents a mechanism of viral immune evasion [103]. Unlike in
skin biopsies from psoriasis patients, where an elevated IL-29
expression has been found, skin biopsies fromAD patients did
not express IL-29 [104]. As IL-29 has been shown to be in-
volved in the expression of antiviral proteins such as MX1,
BST2, ISG15, and OAS2, this finding could explain the low
expression of these proteins in AD patients [104]. Finally, in
keratinocytes and reconstructed epidermis infected by HSV-1,
addition of IL-29 decreased infection in a dose-dependent
manner [104]. Taken together, these studies indicate that
IFN deficits in AD patients reduce antiviral defense and may
be considered a risk factor for the development of EH.

Defects in Immune Cells

Various immune cells, such as LCs, NK cells, DCs, T cells,
mast cells, eosinophils, and macrophages, are found in inflam-
matory skin of ADEH− patients [7] but some of their func-
tions are disrupted [91]. This is the case with the inflammatory
DCs and LCs present in lesional skin, which negatively regu-
late T cell functions, thus contributing to lower antiviral de-
fenses [2, 7, 105]. Moreover, number of NK cells is reduced
compared to healthy patients and remaining cells are function-
ally defective [91]. Finally, in skin lesions of ADEH− patients,
the number of Tregs is increased [2]. All these dysfunctions

found in AD patients may be considered predisposing factors
to EH (Fig. 2).

Dendritic Cells DCs are antigen-presenting cells involved in
primary and secondary adaptive immune responses. Skin DCs
include LCs, pDCs, and inflammatory epidermal DCs that are
important in antiviral defense mechanisms [91, 102, 105]. In
addition to their role with regard to T cell function regulation
and cytokine production, DCs contribute to the production of
indoleamine 2,3-dioxygenase (IDO), a catabolizing enzyme
of tryptophan (TRP) in the kynurenine pathway. At low level,
the IDO activity has a crucial role during viral infection with
an ability to inhibit HSV-2 replication [106]. Nevertheless,
high IDO1 activity degrades TRP to a critical level in T cells,
leading to an inhibition of their proliferation and consequently
a reduced production of IFN-γ [105, 106]. In ADEH+ pa-
tients, IDO activity in serum was significantly higher than that
in serum of ADEH− and healthy patients [105]. IDO1 can be
produced by different cells such as pDCs, monocytes, and
LCs. Flow cytometry analyses performed on each of these
cells have identified mature LCs as the major source of
IDO-1 in ADEH+ patients [105]. This overexpression of
IDO1 may be caused by viruses. LCs stimulated with Poly
I:C to mimic viral infection have exhibited increased IDO1
expression and activity, a phenomenon exacerbated in LCs
from ADEH+ patients compared to those from ADEH− and
healthy patients [105]. This result suggests that exacerbated
IDO1 expression and activity in LCs due to HSV exposure
might be involved in the lack of IFN-γ and might finally
function as a predictive biomarker of viral complications in
AD [105].

Natural Killer Cells NK cells, actors of innate immune system,
represent about 10–15% of peripheral blood lymphocytes and
are major actors in the defense against HSV infections due to
their ability to lyse infected cells by producing secretory lyso-
somes containing cytotoxic proteins, especially granzyme B
and perforin [91, 107]. NK cells depleted mice infected with
HSV-1 presented earlier and more severe skin lesions and
higher mortality rate compared to WT mice, underlining the
major role of NK cells in limiting HSV infections [108]. It has
been shown that the number of NK cells is significantly re-
duced in AD patients compared to healthy patients and the
reduction was exacerbated in ADEH+ patients [10, 91, 109].
However, in a murine model of EH, no difference in mature
cytolytic NK cell number was found between EH mice and
WT mice, infected or not with HSV-1 [110]. However, the
number of NK cells producing granzyme B, perforin, and
IFN-γ was markedly reduced after HSV-1 infection in EH
mice compared to WT mice, suggesting that in case of HSV-
1 infection, NK cells expressed fewer effector molecules
[110]. It has also been shown that transfer of NK cells in EH
mice prior to HSV-1 infection reduced the severity of EH
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[110]. Consequently, defective NK cell activity may increase
the EH severity and could be a predisposing factor for EH.

Regulatory T Cells Regulatory T cells (Tregs), a population of
CD4+ T cells, are usually characterized by expression of the
alpha-chain of the IL-2 receptor (CD25) and the transcription
factor Foxp3 and have an immune suppressive role on effector
T cells [2, 111]. It has been shown in HSV-infected mice that a
depletion of Tregs may lead to an increase of CD8+ and CD4+

T cell responses, cytotoxicity against HSV, and expression of
IFN-γ and granzyme B [111]. This depletion also reduces the
viral titer of HSV in brain and lymph nodes [111].
Consequently, Tregs seem to be able to suppress adaptive
immune responses established by CD4+ and CD8+ T effector
cells against HSV infection. In addition, flow cytometry anal-
yses performed in PBMCs fromADEH+ patients showed that
all the Tregs subsets tested were present in a considerably
higher concentration than in ADEH− and healthy patients
[112]. Moreover, co-culture of Tregs from ADEH+ patients
and CD4+ effector T cells caused an inhibition of effector T
cell proliferation in comparison with culture of effector T cells
alone [112]. Regarding the increase of Tregs frequency and
the preservation of normal function, the same results were
obtained in EH mice [110]. Consequently, Tregs in ADEH+
patients retained their ability to suppress the activity of effec-
tor T cells. A cytokine expression analysis performed on lym-
phocyte subsets demonstrated an impairment in IFN-γ and
TNF-α production by CD8+ T, CD4+ T, and CD56+ NK cells
in ADEH+ patients [112]. Then, PBMCs depleted of Tregs
and infected with HSV-1 let restore the production of IFN-γ
by CD8+ and CD4+ Tcells [112]. Taken together, these results
suggest that expansion of functional Tregs could promote
HSV-1 infection by inhibiting immune responses and be in-
volved in the development of EH.

Consequences of Current AD Therapies
on the Occurrence of EH

ADmay be managed using different treatments including top-
ical calcineurin inhibitors [6, 113]. Topical calcineurin inhib-
itors are immunomodulators represented by pimecrolimus, an
ascomycin macrolactam derivate, that suppresses production
of pro-inflammatory mediators by activated T cells and by
tacrolimus, a macrolide molecule that inhibits T cell activation
[114, 115]. Study of the efficacy and safety of pimecrolimus
(12.4%) showed a slight increase of viral infection in the
group of ADEH− patients (with moderate AD) treated with
pimecrolimus compared the group of ADEH− patients treated
with a conventional treatment control using emollients and
topical corticosteroids (6.3%) [116]. In the same study, EH
appeared in 2.1% of patients in the group treated with
pimecrolimus compared to 0.8% in the control group suggest-
ing a role of pimecrolimus in the development of EH [116].

Similarly, six cases (2%) of EH were reported among 316
patients with moderate to severe AD treated with 0.1% of
tacrolimus, a finding suggesting that this drug might be a risk
factor for EH [117]. In addition, several clinical cases in the
literature have reported EH development during therapies
using one of these molecules. For example, two patients with
severe AD, in a cohort of 36 patients followed, presented with
disseminated herpetic lesions following treatment with tacro-
limus [114]. Likewise, after 1 year of treatment with 1%
pimecrolimus, patients can develop widespread herpetic ves-
icles positive for HSV-1 [115]. Overall, topical calcineurin
inhibitors are suspected to have a role in the development of
viral infections but the available data are insufficient to claim
or disprove an association between treatment and an increased
risk of EH [114, 115]. Conversely, another study reported that
less than 1% of patients treated with tacrolimus ointment
monotherapy were diagnosed as having EH [118] and similar
results were obtained in a cohort excluding patients with EH
history [119]. Despite their beneficial role in the repair of the
skin barrier function of AD patients, it cannot be excluded that
these immunosuppressive treatments may alter skin antiviral
defenses in some cases. In contrast, association between cy-
closporin, another immunosuppressor, and infectious diseases
in AD has been tested but no significant difference between
treated and untreated patients has been found [120]. Lastly, no
association between Dupilumab, a monoclonal antibody
targeting IL-4 and IL-13 receptor, and EH has been proven
[121].

Influence of Microbiota in HSV-1 Infection

An important parameter to take account in EH outbreak con-
cerns skin microbiota. Skin microbiota is composed of a rich
community of microorganisms whose abundance and compo-
sition change according to individuals, ecologic features of
each specific body site, and environment [122]. In spite of
possible spatial and temporal fluctuations, four phyla are dom-
inant: Actinobacteria, Proteobacteria, Bacteroidetes, and
Firmicutes. Three genders, Staphylococcus (Firmicutes),
Corynebacterium (Actinobacteria), and Propionibacterium
(Actinobacteria), represent more than 60% of skin-associated
bacteria [123, 124]. Commensal bacteria such as
Staphylococcus epidermidis and Propionibacterium spp. are
essential in normal skin because of their contribution to the
regulation of skin immunity, controlling AMP production,
neutrophil recruitment, and defense against pathogens [122,
125]. However, AD patients are characterized by a skin mi-
crobiota dysbiosis [126].

Dysbiosis of Skin Microbiota in AD Patients Skin microbiome
dysbiosis has been associated with AD and correlated with
disease severity [2, 125–127]. Sequencing of skin samples
fromADEH− and healthy patients showed decreased bacterial
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diversity in AD lesions [126]. In the antecubital and popliteal
creases of ADEH− patients, the genus Staphylococcus repre-
sented about 90% of bacteria during untreated flares compared
to only 16% of bacteria in healthy patients, 31% in treated
flares, and 20% post flare [126]. S. aureus was the most pre-
dominant species in AD representing 65% in untreated flares
[126]. Thus, dysbiosis of the skin microbiome in AD may
have an important role during viral infection and in the emer-
gence of EH. Indeed, it has been shown that a dysbiosis of
microbiota led to a more severe HSV-2 infection, thereby il-
lustrating the crucial role of commensal microbiota in viral
infections [128]. Moreover, S. aureus is responsible for severe
skin infections in ADEH− patients due to the huge amount of
virulence factors produced and may be related to an increased
risk of viral infections (Fig. 2; [125, 129]).

Role of S. aureus in Viral Infections Among S. aureus viru-
lence factors, the pore-forming α-toxin is one of the most
virulent insofar as it can provoke alteration of cell membrane
integrity, activation of stress-signaling pathways, loss of cel-
lular components, modification of ion gradients, and
concentration-dependent cell lysis [129, 130]. Interestingly,
24h-treatment of keratinocytes with α-toxin before HSV-1
infection increased viral replication, a phenomenon which
was not observed using staphylococcal enterotoxin B or toxic
shock syndrome toxin 1 [129]. Co-infection of keratinocytes
with α-toxin-deficient strain of S. aureus and HSV-1 resulted
in a significantly lower viral load than co-infection with a WT
bacterial strain, thereby confirming the role of α-toxin in viral
replication [129]. The effect of α-toxin on viral infection
seems to depend on the disintegrin and metalloprotease 10
(ADAM10) receptor of α-toxin. Indeed, siRNA silencing of
ADAM10 gene expression in keratinocytes has been shown to
prevent formation of α-toxin heptamer, with no increase of
viral load compared to controls [129]. This result was con-
firmed using a mutated α-toxin deficient in pore formation,
which was not able to enhance HSV-1 replication in
keratinocytes [129]. The mechanisms responsible for the en-
hancement of viral replication by α-toxin did not involve
modulation of expression of virus receptor genes, antiviral
response genes, or antimicrobial peptide genes [129]. It was
shown that α-toxin acts by promoting HSV-1 entry into
keratinocytes and consequently contributes to the develop-
ment of EH in AD patients [129].

Nevertheless, S. aureus produces other virulence factors,
especially phenol-soluble modulins (PSMs), which are also
able to form pores in cell membrane [125]. One of them, the
δ-toxin or PSMγ, has an important role in the physiopatholo-
gy of AD triggering Th2 response [125, 131]. In addition, δ-
toxin was found in a huge amount in AD lesions infected by
S. aureus [131]. Similarly, PSMα is able to induce the death of
keratinocytes and trigger the production of inflammatory cy-
tokines [132]. Taking into account the role of α-toxin in EH

and of PSMs in AD, PSMs might also have a role in viral
infection and should be studied in EH.

Conclusion

Because of the different modifications of the skin that occur in
AD such as impairment of barrier function, alteration in innate
and adaptive immunity, dysbiosis of skin microbiota, and col-
onization of lesions by S. aureus, AD patients have a higher
risk of disseminated viral infections, particularly caused by
HSV-1 so-called EH. Indeed, all these modifications promote
entry, replication, and propagation of viruses and contribute to
the development of EH. EHmay lead to dramatic outcomes in
case of dissemination throughout the organism, including the
death of the patient. This is why it is crucial to diagnose this
infection early upon the appearance of the first symptoms and
initiate treatment as soon as possible. Nowadays, pathophys-
iology of EH remains poorly known. While several factors
such as cytokine and genetic defects seem to potentiate HSV
replication, complementary studies are required to better un-
derstand the mechanisms involved. Moreover, HSV seems to
interact with pathogens especially S. aureus which is known
to amplify viral replication through virulence factors. That
much said, many of the virulence factors of S. aureus and its
interactions with other bacterial species have yet to be studied.
The elucidation of newmechanisms involved in EHmay open
the way to the development of new therapeutic approaches.
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