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Abstract The quest for clarifying the pathophysiology of atopic dermatitis (eczema) has lasted for 25
centuries. Yearning to discern the primum movens of atopic dermatitis, physicians aimed to identify the
curative therapy. Recent scientific efforts has brought to the light an ever-growing amount of
interplaying pathophysiologic factors, including the epidermal barrier, the digestive flora, food, early
infections and antigenic stimulations, and innate and adaptive immune response; however, overfocusing
on some of these factors, along with misconceptions about the benefit/risk balance of topical therapies,
has sometimes led topical therapies being disregarded. Reviewing the history of pathophysiologic
concepts, we aim to return topical therapies to the center of the clinical management of atopic dermatitis.
© 2010 Elsevier Inc. All rights reserved.
For 25 centuries, the skin was not given much importance
in medicine, and what we call now dermatoses were only
considered as ancillary manifestations of internal diseases.
For a long time, skin manifestations such as oozing were
considered as merely a beneficial mode of evacuation of
internal excessive “humors” and thus as necessary.1 Until the
mid-19th century, the prominent medical doctrine was that
treating the skin of eczematous patients was the worst thing
to do.
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Topical steroids are the mainstay of atopic dermatitis
(AD)—and more generally eczema—treatment2,3; however,
topical steroids phobia recently emerged among parents of
children with AD4 as well as among some health profes-
sionals. The current ongoing decreased compliance with
topical steroid treatment represents one of the main reasons
for treatment failure, patient dissatisfaction, and worsening
of the disease burden.

We shall emphasize that several factors, including our
medical historical legacy, current controversies about the
pathophysiology of AD, and treatment phobia, may actually
contribute to undertreatment of AD. Our aim is not to refute
the existence of extracutaneous factors in the pathophysio-
logy of AD but to bring back the skin care of AD patients to
the front of the management scene.
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The historical basis of a misconception leading
to undertreating eczema

The Hippocratic humoralist doctrine influenced physi-
cians up to the middle of the 20th century.1 One of its
major contributions to the antique medical literature, the
“Epidemics,” depicts diseases as a consequence of an
imbalance in “body humors.” For Hippocrates, the body
contained four “humors:” the blood, the phlegma (the
lymph), the yellow bile, and the black bile. Most diseases
were considered as resulting from an excess of one of these
humors and therefore from a loss of an adequate
equilibrium between them. For instance, the oozing that
features skin disorders now called eczemas was thus
considered as a beneficial phenomenon: not a primarily
cutaneous disease, but rather the mode of healing of an
internal disease. According to the Hippocratic doctrine, the
least thing to do was to hamper a skin exudation.1

Unfortunately, this approach had a long life, and still in the
19th century, several authors, especially in France, con-
tributed to passing on the Hippocratic torch.5-7 For instance in
1818, Alibert maintained the myth of the “useful oozing.”He
asserted, “there is a time of an eruption when the teguments
are sprayed with an intense oozing...” and wondered “how
inconvenient would be the physicianwhowould intent to stop
this salutary oozing?”5 In Alibert's conception, drying the
skin exposes the patients to lethal complications.

In 1848 Cazenave stated that “the physicians must be very
cautious when treating a chronic dermatosis of a patient
whose organism is accustomed to and which rapid
disappearance might be dangerous”.6

In 1889 Ernest Gaucher declared during the first
International Congress of Dermatology:
I believe... that it is often dangerous to cure eczema,
chiefly in children, and I believe it scientifically because
my opinion is based on facts.... The dermatosis is a sort
of lifeline; if one makes it vanish, it is the skin clearance
that he withdraws at once, with its associated risk of
accumulation of toxins in the internal organs.7
Gaucher even later declared, “internal cancers may follow
the healing of an eczema.”8

Still in 1939, Gougerot considered eczema as “the
essential purging mean in nephropathies, hypertension,
arteriosclerosis, emphysema, asthma, chronic bronchopathy
and gout.”9

The idea that oozing—in skin diseases in general and in
eczema particularly—is not only something to respect but
also something to look for because it is a mode of cure of
internal disease, was defended by many physicians until the
end of the 19th century. For instance, several authors
recommended that oozing be increased by wrapping affected
areas with rubber sheets.10,11

Several steps ahead of their contemporaneous colleagues,
Hebra and Kaposi, leading Austrian dermatologists of the
late 19th century, favored an opposite approach, asserting
that eczema results mostly from external factors, as
exemplified by contact eczema. They advocated that the
treatment of eczema should be mostly topical. Hebra
accurately criticized that “hypothesizing that cutaneous
diseases and particularly those with oozing phenomenon
had to be considered as salutary, physicians exhorted their
patients to endure eczema.”12 He advocated the treatment of
eczema with showering, not-too-warm-bathing, emollients,
tar, and sulfur.12 Similarly, Moritz Kaposi, his successor in
Vienna, emphasized the “utmost importance of external
treatments of skin diseases.”13
Moving toward a scientific adaptation of the
humoralist doctrine: the atopic diathesis

Fortunately, modern medicine has withdrawn Hippo-
crates' humoralist doctrine, but the theory that eczema is
merely the manifestation of a systemic (internal) disease is
still alive. We review here the different pathophysiologic
candidate-mechanisms of eczema (AD) that actually prevail.

At the end of the 19th century, the observation that AD
develops predominantly at the age of breastfeeding and often
fades at the age of weaning suggested that AD and maternal
milk are linked. For instance, in 1894 Marfan believed that
artificial milk worsens AD and suggested that milk be
replaced by wheat flour.14 A step further, Sabouraud believed
that milk in general provokes AD.1 Later on, various
regimens were proposed to reduce AD (less milk, more oil,
quail's eggs, among others) without definitive evidence.

Thus, AD has been progressively related to infant food in
general, and the belief that a dietary approach may improve
AD in some peculiar cases has been substantiated scienti-
fically.15 In addition, it has been reported that food-induced
skin rashes may develop in nearly 40% of children with
moderate to severe AD.16

Since it was coined by Coca and Cooke in 1923, the term
“atopy” (from the Greek: “out of place”) describes a familial
type of hypersensitivity where the patient is “reacting with
characteristic symptoms to the administration of or contact
with a quantity of any substance, which, to the majority of
the members of the same animal species is innocuous.”17 A
decade before the term “atopic dermatitis” was used by Wise
and Sulzberger,18 the term “atopy” already referred to the
concept of allergy.

As early as 1933, Wise and Sulzberger18 emphatically
stated that the logical therapy for AD was the elimination of
all foods and inhalants giving positive wheal reactions to
allergologic testing and the desensitization to the most
suspect unavoidable compounds.

The avoidance of the most suspect allergens from food
(eg, wheat, egg, and milk) and the environment (eg, silk,
animals hairs) was advocated in 1935.19 Indeed, many AD
children have an immediate positive result on skin (prick)
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tests to several environmental allergens, and in some AD
patients, epicutaneous patch testing with aeroallergen such as
house dust mite allergens can induce eczematous lesions.

Conversely, many children with AD are sensitized to
several allergens, including food allergens, without clinical
relevance of the allergic tests.19,20 In many of these children,
the ingestion of the positively tested allergen does not
provoke a flare (or the onset) of AD. Many children in
current practice are being fed a milk-free diet without any
confirmation of allergy to the protein in cow's milk.21 This
approach occasionally may result in drastically overrestrict-
ing the child's alimentation and hampering development and
sometimes the familial quality of life.22

Certain data have data led to the proposition that AD is the
consequence of a systemic immune disease.2 First, 58% to
68% of AD children have a positive family history of atopy.
Second, allergic rhinitis or asthma develops in 50% to 80%
of AD patients.2 Third, most AD patients have peripheral
blood eosinophilia and up to 80% have increased serum
immunoglobulin (Ig) E concentrations.2 Since 1969, AD has
been associated with elevated levels of IgE,23 and in the
1980s, the role of IgE receptors on skin mast cells,
Langerhans cells, and eosinophils was identified, introducing
the concept of a mixed type I and IV hypersensitivity
immune response.24 Fourth, AD patients have increased
allergen-specific type 2 T helper (Th) cells producing
interleukin (IL)-4, IL-5, and IL-13, but little interferon-γ in
the peripheral blood.2 IL-4 and IL-13 induce germline
transcription at the ɛ exon, thereby promoting isotype
switching to IgE. IL-5 promotes the development, activation,
and survival of eosinophils. Many experimental studies in
recent years have added complexity to this immunologic
explanation of eczema.25,26

During the late 1980s, the observation that hay fever
occurs less frequently in children with many older siblings
led to the hypothesis that more hygienic environmental
conditions may be a risk factor for AD.27 That seminal
report inspired numerous epidemiologic studies during the
past 2 decades, which have been recently reviewed.28

Most authors agree that the lack of “favorable” immune
stimulations may lead to a detrimental predominance of
Th2 over Th1 cells; to date, however, there is no evidence
of the role of a specific infection or allergen favoring
AD.28 Besides, definitive prophylactic and therapeutic
recommendations cannot be drawn,28 and the benefits of
early childhood infections on the prevention of AD
remains unclear given the paucity of good quality
prospective studies.29

The encounter of the digestive and the hygiene hypoth-
eses is epitomized by the alleged role of probiotics.30 During
the first days of life, newborns progressively develop their
digestive flora. In adults, this flora comprises hundreds of
aerobic (3%) and anaerobic (97%) bacterial species. This
flora has been credited with several effects with miscella-
neous levels of evidence: digestive function modulation such
as nutrient and mineral absorption, synthesis of some
vitamins (B, K), immune system stimulation and reduction
of allergy risk, barring of pathogenic flora development,
better resistance to infections, reduction of diarrheic
episodes, and decreasing cholesterol.30

The Nobel Prize winner Elia Metchnikoff hypothesized in
1907 that not all microorganisms are harmful to human
health and that several intestinal bacteria “produce useful
substances.”31 In 1965 Lilly and Stillwell, two veterinarians,
coined the term “probiotics,” the antinomy of antibiotic. A
study in 1997 observed that in Estonian children, with low
prevalence of allergies, the intestinal flora is represented by
lactobacilli, whereas in Swedish children, with a high
prevalence of allergies, clostridia are prevalent.32 Further
studies found smaller enteric colonization of anaerobic
bacteria (eg, lactobacilli) and larger colonization of aerobic
bacteria (eg, coliform and Staphylococcus aureus) in allergic
children compared with nonallergic children.30,32 Since
1997, several randomized controlled trials suggested a
positive effect of probiotics supplementation of either the
child or the mother on the prevention or the treatment of the
child's AD33; nevertheless, no definitive conclusions can be
drawn given the lack of large-scale studies.28,29
Controversies on topical therapy

The search for an internal cause results from a legitimate
endeavor: the search for a curative treatment. Compared with
other organs, diseases of the skin provoke a peculiar
psychologic reaction among patients: They reject of the
notion that a disease can be idiopathic. For instance, most
clinicians have certainly witnessed the following phenom-
enon: many patients with diabetes mellitus or hypertension
will rapidly admit that their disease is idiopathic and,
consequently, that their treatment can only be symptomatic.
Conversely, very few patients with chronic skin diseases
such as AD, chronic urticaria, or psoriasis accept straight-
forwardly that they can only be treated symptomatically, and
that they may hardly withdraw treatment without subsequent
relapses of their dermatoses. The social burden associated
with skin diseases may be a part of the explanation. Another
part could be the fear of topical therapies.

Half a century after the advent of topical steroids34 and
more than a decade after the publication of the first trial
demonstrating the efficacy of topical calcineurin inhibitors in
AD,35 many patients, caregivers, and health professionals are
still reluctant to acknowledge any compound from these two
therapeutic families as the mainstay of AD treatment.36

Some patients even reported the lack of counseling regarding
the use of topical emollient.36

In 1952, the efficacy of the topical steroid 17 hydro-
xycortisone-21 acetate was reported in six of eight patients
with AD.34 More than 50 years after this discovery, two of
the major reasons for poor adherence to and thus for
treatment failure of topical steroids are the low level of
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knowledge and the fear of real or imaginary adverse
effects.37 First, most patients have heard of the side effects
of systemic steroids but are unaware that topical steroids
have extremely limited systemic absorption and conse-
quently mostly local side effects, if any.4,36

Second, in the beginning of the topical steroids era (the
1950s and 1960s), misuse and overdosage were common,
and thus local side effects were observed, including atrophy,
hypopigmentation, telangiectasia, striae distensae, skin
infections, and flare of AD at withdrawal. This fear is now
one of the main reasons that patients are reluctant to use
topical steroids.36 Seventy-two percent of patients and
caregivers are worried about side effects of topical steroids,
most commonly thinning of the skin, and 24% had omitted
their use because of these fears.4 Several randomized
controlled trials, however, showed that medium-term (16 to
18 weeks) use of topical steroids does not provoke clinically
apparent atrophy.38-40

Third, few patients understand the difference in potency
between the different topical steroids.37 A recent survey of
the knowledge about topical steroids among the parents of
100 children attending pediatric outpatient clinics showed a
weak level of awareness of topical steroids strength, and
nearly half of the patients thought fusidic acid is a topical
steroid.37 Consistently, a third of patients and their caregivers
do not understand the potencies of the topical steroids that
are used.4

Advising patients to use topical corticosteroids “sparingly”
or “thinly,” regardless of the potency, favors corticosteroids
phobia, as has been underlined in a recent report.41 We agree
that pharmacy labeling of topical corticosteroids needs to be
changed according to the drug potency.41

A decade ago, the introduction of topical calcineurin
inhibitors for the treatment of AD was initially made with the
hope of providing comparable efficacy without the specific
side effects of topical steroids. Between 1997 and 2005, a
meta-analysis of 25 randomized trials showed that (1)
tacrolimus and pimecrolimus are both more effective than
a placebo; (2) tacrolimus 0.1% is more effective than potent
topical steroids; and (3) the rates of skin infections in any of
the comparisons did not differ.35 This meta-analysis,
however, pointed out the lack of long-term safety data.

In 2005, two trials appraising the long-term safety profile
of tacrolimus after a maximum follow-up of 23 to 48 months
reported no increase in adverse events, peculiarly infec-
tions.42,43 Several pharmacokinetic studies demonstrated
that during topical calcineurin inhibitor treatment, the
systemic exposure is about 30- to 60-fold less than during
systemic treatment of solid organ transplant recipients, and
that tacrolimus is not detectable in 80% of adult and 90% of
pediatric blood samples, respectively.44

Topical calcineurin inhibitors are associated with higher
rates of skin irritation and burning sensations than topical
steroids, and long-term safety data are lacking.35,45 Thus, as
a result of animal studies and several human case reports, the
United States Food and Drug Administration (FDA) issued
an alert for health care professionals in 2005 and a black-box
warning on both tacrolimus and pimecrolimus labeling in
2006 concerning the potential risk of malignancy.46 This
certainly contributed to extending the fear, which already
existed for topical steroids, to topical calcineurin inhibi-
tors.44 In transplant recipients exposed to sustained and
higher levels of immunosuppressive regimens, lymphopro-
liferative disorders and nonmelanoma skin cancer are
increased.44 Again, as for steroids, there is certainly a
frequent confusion among patients and caregivers concer-
ning the risks of systemic and topical calcineurin inhibitors.
At last, AD rediscovered as a skin disease

A growing amount of epidemiologic, clinical, and
experimental evidence indicates that the skin should not
only be considered as the target in AD but also as the starting
point of the pathogenic chain.47,48 First, AD has primarily a
cutaneous expression that is best exemplified by the
inclusion of skin signs among major criteria in all major
diagnostic studies.49,50 Besides, total serum IgE count,
radioallergosorbent tests, and skin prick tests are neither
specific nor sensitive for AD51 and are not required for the
diagnosis of AD.52

Second, normal keratinocytes are important in the
epidermal barrier function and as primary inducers and
targets of immunologic responses occurring in the
skin48,53-55 Both of these functions are altered in AD.53

Under external stimulations, keratinocytes can release several
proinflammatory cytokines, including IL-1, tumor necrosis
factor-α, and IL-4, which stimulate skin lymphocytes,
macrophages, and eosinophils.55

The dysfunction of the permeability barrier may be
measured by the increased transepidermal water loss and
the diminished water-binding capacity.48,53,54 This dysfunc-
tion stems from reduced levels of several epidermal
compounds such as ceramides and filaggrin.48,56-58 Cera-
mides depletion is caused by an overexpression of the
enzyme that hydrolyzes the ceramide precursor sphingo-
myelin. This decrease in epidermal ceramides is associated
with both an epidermal barrier dysfunction and a
hyperproduction of granulocyte-macrophage colony-stimu-
lating factor that contributes to the initiation and main-
tenance of the chronic inflammatory process through the
stimulation of Langerhans cells.59,60

Genetic factors uphold epidermal barrier dysfunction,
allowing for an increased exposure to irritants and allergens
during the first weeks of life that promotes a specific Th2 cell
activation favoring eosinophilia, development of IgE
responses to atopens, and production of IL-4, IL-5, and
IL-13.48,61 Interestingly, in genome-wide studies, the
cytokine cluster region on chromosome 5q and the major
histocompatibility complex region on chromosome 6p did
not show substantial evidence for linkage to AD,62 whereas
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since the turn of the millennium, several studies found
linkage of AD to locus 1q21, which contains the epidermal
differentiation complex.63 More recently, microarray studies
found downregulation of filaggrin in AD patients compared
with healthy controls.64

Filaggrin is a precursor of hydrophilic molecules that are
important in moisturizing the stratum corneum.48,65 Several
studies on European populations published in 2006 demon-
strated that the combined allele frequency for the R501X and
2282del4 mutations was higher in AD patients than in
healthy controls.57,58 The absence of detection of the R501X
and 2282del4 mutations in a series of 143 Japanese AD
patients and the observation of two novel null mutations
(3321delA and S2554X) in AD patients who were members
of ichthyosis vulgaris families suggest that filaggrin muta-
tions vary according to the ethnic group of AD patients.66 A
study from the United Kingdom recently found that the
filaggrin null alleles are associated with a rather severe type
of AD that starts in early childhood and persists into
adulthood.67 Linkage analyses suggest that other genetic
variations may intervene in the pathophysiology of AD at the
1q21 locus.68

Taken together, these data suggest that a genetically
determined epidermal barrier dysfunction allows the transe-
pidermal entry of allergens that promote a Th2 cell–mediated
immune response.69 Even though other loci, such as 3q21,
3p26 and 20p, have shown association with AD, in the
beginning of 2008, the locus 1q21 is the one that emonstrated
the highest linkage.25

Third, although optical microscopy does not yield specific
abnormalities in nonlesional skin of AD children, electron
microscopy has detected subtle microvillous changes in
nonlesional corneocytes.70 These changes might facilitate
Staphylococcal colonization of the skin, a nearly constant
feature of AD patients2. S aureus secretes superantigens,
such as enterotoxin B, that activate T cells and macro-
phages71-74 and also releases several toxic proteins, including
cytolytic α toxin, that promote keratinocytes damage.75 Most
patients with AD produce specific antistaphylococcal super-
antigens IgE antibodies.72 The clinical relevance of these
experimental findings has been substantiated by clinical data.
Indeed, for AD lesions with secondary infection, the
combination of antistaphylococcal antibiotics and topical
steroids is more efficient than topical steroids alone.76

The defective stratum corneum barrier allows entry of S
aureus superantigens and other allergens and irritants.53

Increased binding of S aureus to the skin has been
hypothesized to be related to the underlying AD inflamma-
tion. Thus, treatment with topical steroids or tacrolimus
reduces the S aureus count on AD skin, which in turn
decreases allergenic stimulation.77,78

Fourth, AD is associated with a dysfunction of the innate
immune system of human skin, which comprises antimicro-
bial peptides such as cathelicidins (LL-37) and β-defensins.
These peptides are negligible in healthy skin but accumulate
in inflammatory skin. The epidermal expressions of LL-37
and human β-defensin 2 were significantly lower in AD
lesions than in psoriatic lesions.2,79 Once S aureus binds to
AD skin, the defective epidermal defenses permit the
bacteria to colonize the skin.79
Conclusions

Both concepts—that AD is not a skin disease and that
topical therapies are hazardous—are widespread. The
allergic and dietary approaches to AD may result in
excessive allergy testing, exclusion diets, and efforts to
eliminate house dust mites. These interventions may be
needlessly detrimental, stressful. and costly for many
patients, because evidence-based recommendations identify-
ing patients who may peculiarly benefit from them are
lacking. Our main concern is not to discuss whether AD is
primarily an extracutaneous disease, which might have been
a merely conjectural issue, it is basically to underline that all
these nondermatologic approaches may result occasionally
in neglecting the direct—essentially topical—treatment of
the skin.

Finally, the strongest argument that AD is primarily a skin
disease is that topical therapy is the modality that has
demonstrated the most consistent and marked efficiency in
AD.80 Poor adherence to topical therapy is one of the major
causes of treatment failure in AD.37 Therefore, this theoretic
issue of whether AD a skin disease has a direct, immediate
therapeutic consequence for most patients.

Our skin-centered approach to AD is not a denial of the
involvement or importance other factors. The pathogenesis
of AD is, indeed, a complex interplay of numerous
elements including immune, genetic, metabolic, infectious,
and neuroendocrine factors, as well as their respective
interactions with the environment.29 The particular impor-
tance of each of these factors and the chronologic
sequence of events that eventually leads to an AD lesion
remain to be elucidated.
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