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Correlation of skin barrier impairment in atopic dermatitis
with aeroallergen sensitization
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ABSTRACT

Background: Atopic dermatitis (AD) often predates the development of allergic sensitization in the so-called atopic march.
Several studies have pointed out epidermal barrier impairment as a major cause of this evolution.

Objective: The present study aimed to assess atopic skin integrity by means of transepidermal water loss (TEWL) and
Corneometer, and to investigate possible correlations between barrier integrity measurements and the degree of sensitization
to aeroallergens (allergy score).

Methods: Sixty-one children (6 months to 17 years old) with AD were clinically evaluated by the Scoring Atopic Dermatitis
index. TEWL and Corneometer evaluations were performed on lesion sites as well as on healthy skin. The subjects underwent
skin-prick testing, and the severity of allergic sensitization was assessed for each patient by summing all wheal diameters (the
allergy score). The same tests were performed in 20 children without AD.

Results: In patients with AD, TEWL and Corneometer results were found to be higher and lower, respectively, on
eczematous areas in comparison with healthy skin, and differences were significantly correlated to the Scoring Atopic
Dermatitis index (p � 0.0001 and p � 0.007, respectively). The TEWL result was significantly higher in nonlesional skin of
the patients with AD compared with that of individuals without AD (p � 0.017). Of the patients with AD, 59% were sensitized
to inhalant allergens; allergy scores were positively correlated with both AD duration (r � 0.63; p � 0.0001) and nonlesional
skin TEWL values (r � 0.46; p � 0.002). No significant correlation was found between allergy scores and skin parameters in
subjects without AD.

Conclusion: Patients with AD are affected by barrier function impairment, even on noneczematous skin. This defect is
associated with greater aeroallergen sensitization and may contribute to allergic respiratory symptom development.

(Allergy Asthma Proc 36:e127–e133, 2015; doi: 10.2500/aap.2015.36.3872)

Atopic dermatitis (AD) is a chronic relapsing in-
flammatory skin disease, with the highest prev-

alence rates in childhood.1 Despite its favorable prog-
nosis, with most patients outgrowing the condition by
early adolescence,2 in �40% of patients, AD constitutes
the first step toward the development of allergic respi-
ratory symptoms, such as asthma and/or allergic rhi-
nitis.3,4 A specific cytokine expression pattern has re-
cently been suggested as a marker of progression of the
“atopic march,”5 but underlying mechanisms for this
process remain unclear. However, many studies in the
past decades emphasize the causative role of early and
then chronic epidermal barrier dysfunction in the
pathophysiology of this evolution.6–8

Under normal conditions, the skin represents the
organism’s main interface with the environment, nor-
mally protecting it against various external agents. In

patients with AD, however, ceramides depletion, filag-
grin (FLG) deficiency, and/or other cutaneous defects
produce epidermal barrier impairment, with greater
skin permeability in both an inside-outside and an
outside-inside direction.9 These alterations allow irri-
tants and allergens to penetrate the skin and trigger
inflammatory responses, which could be preferably
T-helper (Th) 2 driven because of the deviation of the
immune system that is characteristic of individuals
with atopy. The subsequent allergic sensitization re-
sults in the production of specific immunoglobulin E
(IgE) and memory T cells. The shift toward allergic
respiratory manifestations could then be explained by
the systemic recirculation of such elements.10,11 This
hypothesis has been confirmed by murine models: pro-
longed and repeated epicutaneous application of
ovalbumin in mice induced local skin inflammation
predominantly of the Th2 type, not only increasing the
levels of specific IgE against the protein but also trig-
gering hyperresponsiveness to methacholine after in-
halatory exposure to the same allergen.12,13

A complete clinical assessment of patients with AD
should include an evaluation of the degree of skin
barrier impairment. The most useful tools for this pur-
pose to date are the Tewameter (Tewameter TM300;
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CK Electronic GmbH, Cologne, Germany) and the Cor-
neometer (Corneometer CM825; CK Electronic). The
former measures transepidermal water loss (TEWL), de-
fined as the amount of water that passes from inside the
body through the epidermal layer to the surrounding
atmosphere via diffusion and evaporation processes; and
the latter evaluates stratum corneum hydration. These
biophysical parameters have been extensively validated
as a means of instrumental evaluation for skin barrier
function in AD.14,15 TEWL and Corneometer evaluations,
as accurate markers of epidermal barrier impairment, can
be effectively used to point out the importance of epicu-
taneous sensitization to aeroallergens in AD. There are
studies in the literature that report the use of these mea-
surements for this purpose, both in animal models16 and
in infants.17

However, taking into account a broader age range
could be helpful because increasing age means a longer
time of exposure of the atopic skin to environmental
agents, which leads to a greater potential influence on
the development of allergic sensitization. Moreover, all
the studies restricted research to examining the corre-
lation between epidermal barrier impairment and the
presence of aeroallergen sensitization, without evalu-
ating its severity and extent. The aim of our study was
to investigate this perspective in an all-ages pediatric
population by assessing AD skin by means of TEWL
and Corneometer evaluations, and investigating for a
correlation between barrier integrity and the level of
aeroallergen sensitization, as expressed by the severity
of wheal reaction to skin-prick testing.

METHODS

Patients
Our study enrolled children with a diagnosis of AD

according to the U.K. Working Party’s diagnostic cri-
teria.18 The children were seen consecutively in the
Allergology Outpatient Clinic at the Department of
Pediatrics of the University of Verona, Italy. Patients
were recruited between October 2013 and April 2014.
A non-AD group was simultaneously enrolled, which
included children with allergy and those without al-
lergy seen in the same clinic. The only exclusion criteria
was a positive personal history of cutaneous disorders.
The local ethics committee approved the study. The
parents of the children were adequately informed
about the methods and aims of the study and freely
decided on conscious involvement in the research after
giving their written informed consent.

Clinical Assessment
The children with AD were given a thorough medi-

cal examination to evaluate the percentage of skin in-
volvement and the severity of eczematous lesions. The
severity of AD was evaluated by means of the Scoring

Atopic Dermatitis (SCORAD) index, which combines
objective parameters of extent and intensity of clinical
signs (i.e., erythema, edema and/or papulation, exco-
riations, lichenification, oozing and/or crusts, and dry-
ness) with subjective criteria (pruritus and sleep loss).19

According to the SCORAD index, eczema was scored
in each patient as mild (�35), moderate (35–60) or
severe (�60), as defined in previous studies.20 Scores
were determined by using specific personal computer
software (ScoradCard; TPS Production, Rome, Italy).

Dermatologic Assessment
TEWL measurements were taken by using a

Tewameter (Tewameter TM300; CK electronic GmbH,
Cologne, Germany) on every lesion site observed at the
physical examination; an area of healthy skin, localized
in most cases on the extensor surface of the upper arm,
was likewise evaluated in each patient. For an ade-
quate reading, children had to remain perfectly still
during the entire procedure, and the Tewameter probe
was held in place for the time needed to obtain a steady
value in accordance with published guidelines.21 Stra-
tum corneum hydration was measured by means of a
Corneometer on the same areas as for the TEWL as-
sessment. To ensure reproducibility of measurements,
all the assessments were performed in the same room,
with standardized temperature and relative humidity
conditions, by the same trained physician (F.D.M.).21

Allergological Evaluation
Skin-prick tests were performed on uninvolved skin

at the volar surface of the forearm with standardized
allergen extracts (Stallergenes, Milan, Italy) for 21 in-
halant allergens, including grass (grass mixture and
dog’s tooth grass), herbs (ambrosia, ribwort plantain,
nettle, wormwood, Parietaria), trees (beech, olive tree,
tree mixture, cypress, mimosa), epidermals (horse,
feather mixture, cat, dog), mites (Dermatophagoides fari-
nae and Dermatophagoides pteronyssinus), and fungi (Al-
ternaria, Aspergillus, and Cladosporium). Histamine
phosphate (10 mg/mL) and physiologic saline solution
were used as positive and negative controls, respec-
tively. The cutaneous response was scored 15 minutes
after challenge as the greatest wheal diameter ex-
pressed in millimeters.22 Global severity of allergic sen-
sitization was assessed for each patient by summing all
of the single wheal diameters, excluding histamine; the
quantitative score obtained was subsequently referred
to as the allergy score (the quantitative score that esti-
mates the severity of a patient’s allergic sensitization,
derived from the sum of all the single wheal diameters
obtained at skin-prick testing).23

Statistical Analysis
Results are expressed as mean (standard deviation

[SD]); differences were considered significant at p �
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0.05. A comparison of TEWL and Corneometer mea-
surements between lesion site and healthy skin and
between healthy skin of subjects with AD and subjects
without AD was performed by using the rank sum test.
Among groups that presented different AD severities
according to the SCORAD index, a comparison of
TEWL and Corneometer evaluations was done by us-
ing the Kruskal-Wallis rank test. The linear regression
method was used to study the association between the
allergy score and disease duration and healthy skin’s
TEWL.

The required sample size has been estimated a priori
with a t-test for the difference of mean TEWL of non-
lesional skin in two independent populations (children
with and children without AD), according to the fol-
lowing assumptions: a significance level of � � 5%, a
power of � � 80%, an allocation ratio n2/n1 � 3, and an
expected standard deviation of 7 g/m2/hr.24 The ex-
pected difference between means was 5 g/m2/hr,
which corresponds to an expected effect size �0.7.
Under these assumptions, the estimated sample size
was equal to 21 subjects without AD and 63 subjects
with AD. All statistical analyses were performed by
using GraphPad Prism for Windows (GraphPad Soft-
ware, La Jolla, CA).

RESULTS
Sixty-one children affected by AD, ages between 6

months and 17 years, were enrolled in the study. Ac-
cording to the SCORAD index, AD was mild in 28
subjects (45.9%), moderate in 26 (42.6%), and severe in
7 (11.5%). The non-AD group consisted of 20 subjects,
ages 3–15 years. The general characteristics of the pop-
ulation studied are shown in Table 1.

TEWL and Corneometer levels were globally mea-
sured in the patients with AD on 12 different lesion
sites; to avoid bias caused by the diverse locations,
however, statistical analysis was done by considering
only those measurements on antecubital fossa lesions.
Values referred to healthy skin derived for the same
reason from a unique area located on the extensor
surface of the upper arm for both AD and non-AD
groups. Data are summarized in Table 2. As expected
in patients with AD, TEWL and Corneometer measure-
ments on lesion sites showed important differences
compared with measurements on healthy skin of the
same patient, with TEWL significantly higher (p �
0.0001) and skin hydration significantly lower (p �
0.011) on visibly damaged areas (data not shown).
Moreover, when we compared the values of TEWL and
Corneometer results between the two study groups, it
emerged that children with AD had a significantly
greater TEWL, a sign of barrier defect, on healthy skin
compared with subjects without AD (p � 0.017) (Fig. 1). The
same comparison in relation to the values of stratum
corneum hydration did not give significant results.

When evaluating the subjects according to their
SCORAD index and TEWL and Corneometer values,
alterations were confirmed and showed in addition a
significantly direct relationship with severity of dis-
ease. In particular, the more severe the disease, the

Table 1 Demographic and allergic characteristics of
patients included in the study

AD (n � 61) Non-AD
(n � 20)

Mean (SD) age, y 5.92 � 4.23 8.8 � 3.5
Boys, no. (%) 33 (54.1) 15 (75)
Girls, no. (%) 28 (45.9) 5 (25)
Parental history of atopy,

no. (%)
27 (44.3) 8 (40)

Allergic sensitization,
no. (%)

Inhalant allergy 36 (59) 14 (70)
None 25 (41) 6 (30)

Respiratory symptoms,
no. (%)

Asthma 15 (24.6) 15 (75)
Rhinitis 8 (13.1) 7 (35)
None 40 (65.6) 3 (15)

Severity of AD, no. (%)
Mild (SCORAD � 35) 28 (45.9) –
Moderate (SCORAD �

35–60)
26 (42.6) –

Severe (SCORAD � 60) 7 (11.5) –

Table 2 TEWL and Corneometer values
(mean �SD�)

Area TEWL (g/m2/hr) Corneometer (u)

AD
Face lesion 32.33 � 17.15 30.16 � 16.46
Neck lesion 41.87 � 18.35 36.27 � 19.85
Axilla lesion 28.15 � 21.99 26.75 � 5.73
Upper arm

lesion
20.38 � 13.83 24.92 � 11.59

Elbow lesion 26.82 � 11.58 31.17 � 13.59
Forearm

lesion
20.83 � 16.61 21.3 � 5.72

Hand lesion 28.67 � 15.32 27.33 � 15.09
Abdomen

lesion
25.38 � 23.36 35.03 � 13.21

Back lesion 27.7 � 17.54 25.39 � 7.84
Groin lesion 25.06 � 24.92 42.62 � 32.18
Knee lesion 32.5 � 16.63 34.2 � 18.33
Foot lesion 35.53 � 23.29 50 � 26.12
Healthy skin 11.72 � 7.51 36.65 � 12.37

Non-AD
Healthy skin 8.96 � 6.49 38.78 � 12.72
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greater the TEWL on lesional skin (mean [SD] 19.48 �
6.62 g/m2/hr in patients with mild AD versus mean
[SD] 29.96 � 12.16 g/m2/hr in patients with moderate
AD versus mean [SD] 34.04 � 11.02 g/m2/hr in pa-
tients with severe AD; p � .0001) (Fig. 2). Conversely,
Corneometer values on eczematous areas decreased
(38.17 � 16.60 corneometer units in subjects with mild
disease versus 27.97 � 9.94 corneometer units in
subjects with moderate disease versus 24.83 � 9.50
corneometer units in subjects with severe disease;
p � 0.007) (Fig. 3). Atopic familial history was glob-
ally well represented in both groups (44.3% in chil-
dren with AD and 40% in children without AD).
Interestingly, parental history of AD was docu-
mented only for seven children in the AD group.

The prevalence of allergic sensitization in the sam-
ples was generally high (Table 1). In the AD group,
only 25 of 61 children (41%) did not show any pos-
itive results to skin-prick tests, with 59% of individ-
uals showing sensitization to aeroallergens; among
individuals with allergy, most (33 of 36) were polysen-
sitized, with documented reactions to at least two in-
halant allergens. Allergy scores showed a mean (SD)
value of 34.94 � 24.01 mm. Respiratory symptoms
(allergic rhinitis and/or asthma) were present in 21 of
61 children with AD. In the non-AD group, 14 of 20
children (70%) proved to be allergic, with only one
child who was monosensitized. Allergy scores showed
a mean (SD) value of 26.14 � 11.76 mm. Seventeen of
20 children showed respiratory symptoms (allergic rhi-
nitis and/or asthma). The prevalence of aeroallergen
sensitization was substantially similar in the two study
groups (bearing in mind that the children without AD
were nevertheless subjects with atopic diathesis).

When considering individuals with allergy in both
research groups, all possible correlations between al-
lergy score and skin parameters in the study were then
analyzed to identify any significant associations be-
tween the degree of sensitization to inhalant allergens
and epidermal barrier conditions. In patients with al-
lergic AD, a significant positive correlation was found
between the allergy score and disease duration (r �
0.63; p � 0.0001) (Fig. 4): children affected by the dis-
ease for a longer time showed significantly greater
aeroallergen sensitizations. Remarkably, in the same
patients, allergy scores positively correlated with the
TEWL value of nonlesional skin (r � 0.46; p � 0.002)
(Fig. 5): higher TEWL levels on apparently healthy
sites, suggestive of the baseline conditions of the pa-
tient’s skin, were associated with the greater allergy
scores and, therefore, with the greater allergic sensiti-
zations to inhalants. The search for a correlation be-
tween Corneometer values and allergy scores did not
show any positive results. In the non-AD group, no
significant correlation was found between the allergy
score and skin parameters.

Figure 1. TEWL of healthy skin in subjects with AD versus
subjects without AD.

Figure 2. TEWL readings according to the SCORAD index.

Figure 3. Corneometer readings according to the SCORAD index.

Figure 4. Correlation between AD duration and allergy score.
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DISCUSSION
AD is a chronic relapsing inflammatory skin disease

whose main cornerstone is represented by epidermal
barrier impairment. Important instruments for investi-
gating this defect are TEWL and Corneometer, which
are able to detect the condition of skin barrier function.
We used these tools in our study to objectively define
the skin condition of patients with AD, in search of an
association between barrier integrity and degree of
sensitization to aeroallergens. We eventually reached
the conclusion that, in children with AD, higher TEWL
readings of healthy skin (suggestive of the individual’s
basal skin conditions) corresponded to greater severity
of allergic sensitization; in other words, a significant
barrier defect allows excessive skin permeability,
which leads to more probable inhalant allergen sensi-
tization. Moreover, a positive association was observed
between the allergy score and disease duration, which
implies that a prolonged time of exposure to environ-
mental allergens of a skin bearing an intrinsic defect of
barrier function runs a higher risk of allergic sensitiza-
tion. When considering that subjects with atopy are per
se predisposed to the development of allergic manifes-
tations, the presence of allergic sensitization to aeroal-
lergens constitutes, in this kind of subject, an addi-
tional risk factor for atopic progression.25 Indeed, of
the 36 children with allergic AD enrolled in the study,
20 (56%) already presented with allergic rhinitis
and/or with asthma at the time of recruitment.

The results of the present study concord with other
studies in this field. In fact, clinically damaged skin
areas in patients with AD seemed to have, as ex-
pected,9 significantly higher TEWL and significantly
lower skin hydration compared with healthy skin of
the same subject. Moreover, increasing severity of the
disease was associated with proportional variations of
these parameters: slightly higher TEWL and lower
Corneometer values invariably reflected progressively
greater skin barrier impairment and were thus associ-
ated with more severe clinical manifestations of AD, as

already described.26 Furthermore, we showed that un-
involved skin of children with AD differed from that of
children without AD by showing significantly higher
TEWL values. In fact, as previously observed by dif-
ferent research groups, nonlesional skin of patients
with AD proves to be altered compared with the skin
of subjects without AD and, therefore, should be re-
ferred to as “seemingly healthy skin.”26,27 It has also
recently been shown that the stratum corneum of le-
sional but also of clinically unaffected skin of adults
with AD is abnormal, with reduced expression of FLG
and FLG-like proteins.28

The connection between AD and allergic sensitiza-
tion has been studied by many clinicians over the past
decades, but it remains unclear whether allergic sensi-
tization should be considered a cause or a consequence
of eczema. To date, some investigators have indicated
that both options could be possible29; nevertheless,
there is a growing body of evidence that eczema can
induce allergic sensitization, especially as concerns
food allergens.30 With regard to aeroallergens, our
study showed that epidermal barrier impairment in
patients with AD can also be a strong risk factor for the
development of sensitization. Individuals affected by
the disease bear an intrinsic generalized skin barrier
defect in which several genetic and environmental fac-
tors intervene to trigger the inflammatory responses
responsible for eczema re-exacerbations.16 Causes of
this basal alteration of the skin could be found in
mutations of various genes coding for different stra-
tum corneum components, e.g., FLG31 or serine-pro-
teases inhibitor Lympho-epithelial Kazal-type-related
inhibitor,32 as already indicated by numerous genetic
studies. In addition to genetic modifications of FLG
and FLG-like proteins, proinflammatory cytokines and
defects in pro-FLG processing can cause FLG down-
regulation, which indicates that skin inflammation, in
turn, may reduce the expression of FLG and FLG-like
proteins, which contribute to the AD-related epidermal
barrier dysfunction.28 This barrier defect determines an
increase in skin permeability in both directions, from
inside the organism to the environment, with loss of
water and electrolytes, and from the environment to
inside the organism, with entrance of various types of
substances, including irritants and aeroallergens.9–11

These latter can thereby come into contact with the
subject’s immune system, which triggers immune re-
sponses, mainly of the Th2-type.

Many studies investigated the reasons for the activa-
tion of such responses that led to allergic sensitization.
Results of some studies indicated the influence of tis-
sue-specific factors that would generally draw epithe-
lial cells to initiate Th2-type rather than Th1-type re-
sponses8; other studies, however, maintain that this
T-cell pattern could be promoted only in individuals
with associated predisposing “enhancer” alleles that

Figure 5. Correlation between TEWL of nonlesional skin of pa-
tients with allergic AD and allergy score.
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favor IgE responsiveness.10 Regardless of their exact
way of production, Th2-specific lymphocytes remain
in the skin-homing compartment as memory T cells,
ready to be reactivated if the allergen could reach them
once more. The loss of their homing-site–specific re-
ceptors and their subsequent systemic recirculation
would then explain the switch of allergic manifesta-
tions from the cutaneous to the respiratory type and
the progression from AD to allergic rhinitis and/or
asthma.10,11

The association between the skin barrier defect and
the presence of sensitization to inhalant allergens has
already been confirmed by studies in murine models
and in children �1 year of age.16,17 Our study investi-
gated the matter in a more-specific way, which re-
vealed a significant correlation between epidermal bar-
rier impairment and, not only the presence but also the
level of sensitization to inhalant allergens. For this
purpose, TEWL was used as an indicator of the out-
side-inside passage through the skin: although this
parameter could be considered mainly as a marker for
the inside-outside barrier, the majority of studies that
investigated TEWL and percutaneous absorption
found a quantitative correlation, which led to also con-
sidering TEWL as a marker for the outside-inside bar-
rier.33 The degree of sensitization to aeroallergens was
expressed by the allergy score obtained for each patient
by summing all of his or her single wheal diameters.
This parameter has frequently been used in the litera-
ture to estimate the severity of allergic sensitization in
patients34–36 and has been validated by Frith et al.,23

who showed that the quantitative score derived from
the sum of wheal diameters directly correlates with
total serum IgE, which gives a good approximation of
sensitization levels. It must be stressed that higher allergy
scores imply not only greater individual sensitization to
single allergens but also greater risks of polysensitiza-
tion.37 This undoubtedly constitutes an aggravating fac-
tor for the occurrence and severity of allergic diseases.38

If these points can be claimed as strengths of our
study, we must admit that our research had limita-
tions. First of all, patients with both recent and dated
diagnoses of AD were recruited, and compliance with
possible ongoing treatments was not checked. Second,
the analysis was limited to recording measurements in
a single moment and did not evaluate the situation’s
evolution for each patient in time. Further research is
necessary on larger cohorts of patients to confirm the
association in single patients and long-term follow-up.

In summary, the present study provided evidence
that the skin barrier was critical in protecting the or-
ganism against normally harmless environmental mol-
ecules that could otherwise trigger, in an individual
with atopy, the activation of inappropriate defense
systems. A defective skin barrier significantly facili-
tated an encounter between allergens and one’s im-

mune system, which led predisposed individuals to
allergic sensitization and then most likely to the devel-
opment of allergic diseases. It, therefore, is evident that
restoration of skin barrier integrity needs to be a key
factor in AD treatment. Adequate early topical therapy
aimed to restore the stratum corneum not only on
clinically damaged areas but also on seemingly healthy
skin could be of upmost importance in controlling the
disease39 and, accordingly, in preventing allergic sen-
sitization and, in the long term, also progression to-
ward allergic respiratory diseases.40
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