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Abstract

Atopic dermatitis is a common allergic skin disease in dogs. Monitoring the progress of treatment
and the assessment of the severity of disease symptoms are crucial elements of the treatment pro-
cedure. One of the common means of assessing the severity of the clinical signs of the disease is the
CADESI 03. Research studies have pointed to a possibility of assessing the severity of skin lesions by
means of measuring biophysical skin parameters such as TEWL, skin hydration and erythema inten-
sity. The aim of the study was the assessment of changes in TEWL and CADESI values measured in
ten different body regions during non-specific anti-pruritus treatment. The examination was per-
formed on ten dogs with atopic dermatitis (age from 2.5 years to 7 years, mean age 3.8 years). The
measurements were performed in the following body regions: the lumbar region, the right axillary
fossa, the right inguinal region, the ventral abdominal region, the right lateral thorax region, the
internal surface of the auricle, interdigital region of the right forelimb, cheek, bridge of nose and the
lateral site of antebrachum. A statistically significant decrease in CADESI values was reported start-
ing from the second week of treatment. In the case of the mean TEWL values, a fall was observed
after one week of treatment in the ventral abdominal region and the interdigital region, after two
weeks of treatment in the axillary fossa and the inguinal region, and after three weeks in the cheek
and the lateral thorax region. There was no statistically significant decrease in TEWL values in the
course of treatment in four other regions.
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Introduction

Atopic dermatitis is one of the most common al-
lergic skin diseases in dogs. Genetic factors, which
manifest themselves in a strong breed and family pre-
disposition to the disease, have been found to play
a major role in its pathogenesis. A full pathogenesis is
still unknown but it is certain that the disease can be
attributed to immunological aberrations and skin bar-
rier dysfunctions (Marshela et al. 2006, 2010, Pin at al.
2008). Aberrations of both structure and function of
the epidermis increase the risk of allergy development
and intensify changes in the skin (Pin et al. 2008). The
treatment of the disease involves, among others, ad-
ministering systemic anti-pruritics such as glucocor-
ticosteroids or cyclosporin, specific immunotherapy
and topical treatment improving skin condition. The
treatment is long-lasting and atopic patients receive
medical care throughout their lives. Monitoring the
progress of treatment is therefore crucial in therapy.
The progress of treatment and the severity of symp-
toms can be monitored by assessing the intensity of
pruritus (for example with the PVAS system) (Olivry
et al. 2002) and the intensity of skin changes with the
CADESI method (Olivry et al. 2007). These methods,
although repetitive, have some limitations and heavily
depend on the experience of the physician performing
the examination (in the case of CADESI) as well as
the pet owner (in the case of PVAS). The limitations
of these methods result in using such objective
methods as the assessment of transepidermal water
loss (TEWL), skin hydration, erythema intensity and
skin pH. These methods, and especially the assess-
ment of transepidermal water loss, are commonly
used with human patients and have recently also been
used more widely with animals. The most commonly
applied method has been the assessment of TEWL,
which was measured in healthy dogs, cats and horses
(Shimada et al. 2008, Szczepanik et al. 2011, 2012) as
well as in atopic dogs (Hightower et al. 2010, Corneg-
liani et al. 2012, Marrsella 2012, Zając et al. 2014).
The studies have demonstrated that in atopic dogs the
parameter takes higher values than in healthy dogs,
and that the values are also higher on clinically af-
fected skin. The studies published in 2012 by Marsella
and in 2014 by Zając et al. have additionally reported
a positive correlation between this parameter and the
severity of the clinical signs of the disease as assessed
by the CADESI ( Marsella 2012, Zając et al. 2014).
Furthermore, studies have demonstrated that TEWL
values decrease in remission during specific im-
munotherapy and non-specific anti-pruritus treatment
(using cyclosporine) (Cornegliani et al. 2012). A sim-
ultaneous decrease in CADESI and TEWL values
during local treatment (using hydrocortisone acepon-

ate and polyunsaturated fatty acids) was reported by
Eui-Hwa Nam et al. and Tretter and Mueller ( Tretter
and Mueller 2011, Nam et al. 2012)

The aim of the present study was the assessment
of changes in transepidermal water loss in dogs
treated with anti-pruritic drugs (cyclosporine A in
a dose of 5 mg/kg BW).

Materials and Methods

12 dogs with atopic dermatitis were selected for
the study. The age of the animals ranged from 2.5 to
7 years (mean age 3.8). The experimental group com-
prised 4 females and 8 males. The dogs were of the
following breeds: shih tzu, fox terrier, pug, English
bulldog, Labrador retriever (n=3), German shepherd
(n=2), west highland white terier (n=3). All animals
were privately owned and were patients of the
Sub-Department of Clinical Diagnostics and Veterin-
ary Dermatology, Faculty of Veterinary Medicine,
University of Life Sciences in Lublin(Poland) and of
the private veterinary practice Befar in Czeladź(Po-
land). All the animals were diagnosed with atopic der-
matitis using the Favrot diagnostic criteria (set 2) (Fa-
vrot et al. 2010). Other inflammatory-pruritic diseases
were ruled out on the basis of hair examination, skin
scratch tests and elimination diet lasting at least
6 weeks. Animals with medium severe to severe clini-
cal signs of atopy (CADESI > 66) (Olivry et al. 2008)
were included in the study.

All dogs were diagnosed for allergy-inducing fac-
tors with intradermal tests (Agrolabo, Agroskin RTU
20, Scarmagio, Italy). Positive results were decided to
be those assessed as at least 2+ (0-4 scale). Addition-
ally, IgE levels were evaluated according to the manu-
facturer’s instructions (Policheck Allergie Dog Panel,
BioCheck GnBH, Munster, Germany).

Biophysical skin parameters assessment was per-
formed in dogs with atopic dermatitis prior to treat-
ment (T0), and then four times at 1-week intervals
(T1 after one week of treatment, T2 after two weeks
of treatment, T3 after three weeks of treatment, T4
after four weeks of treatment). In the meantime, the
animals were treated with cyclosporine (Equoral Teva
Pharmaceuticals Poland, 5 mg/kg BW). The assess-
ments were performed after a 60-minute acclimatisa-
tion in a room. The temperature in the room was
23+/2oC, and the humidity was 45 +/- 5% (the condi-
tions of using the tewameter TM 300 according to the
producer;s instructions are: temperature 10-30oC, hu-
midity 30-70%). The studies were performed in 2012
and 2013. The assessments were made in ten different
body regions: the lumbar region, the right axillary
fossa, the right inguinal region, the ventral abdominal
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region, the right lateral thorax region, the internal sur-
face of the auricle, interdigital region of the right fore-
limb, cheek, bridge of nose and the lateral site of ante-
brachum. In each region TEWL was measured. For
each region, 10 successful measurements were per-
formed within 30 seconds and the mean value was
then calculated. TEWL assessment was carried out
using the Courage Khazaka Multi Probe Adapter
5 with the appropriate TEWL probe: Tewameter TM
300 (results in g/m2 h). During each visit of the ani-
mals CADESI was calculated prior to TEWL
measurement. The CADESI assessment was per-
formed with the CADESI 03 system (Olivry et al.
2007). All the transepidermal water loss and CADESI
assessments were performed by the same person.

Statistical analysis

The Shapiro-Wilk test for normality was used to
verify the normal distribution of the results. Statistical
differences were calculated between the measure-
ments T0, T1, T2, T3, T4 for the CADESI. For each
patient mean TEWL (M TEWL) was calculated dur-
ing each examination (T0, T1, T2, T3, T4) as the
mean value from measurements in 10 different body
regions. Statistical differences were calculated be-
tween the measurements T0, T1, T2, T3, T4 for the
M TEWL. Additionally, differences in TEWL be-
tween the measurements T0, T1, T2, T3, T4 were cal-
culated separately for each of ten body regions. A Stu-
dent t-test was used to estimate the statistical signifi-
cance of the differences. Also, correlations were cal-
culated between the CADESI score and M TEWL.
Correlations were analysed using the Spearman-rank
correlation test. All analyses were performed with
Statistica 10 software (Statsoft, Tulsa, OK, USA).

Results

CADESI

A gradual decrease in the CADESI score was ob-
served in the course of the treatment. Before the on-
set of treatment (T0) the mean CADESI score was
173.9, 143 after one week (T1), 115.3 after two weeks
(T2), 102.9 after three weeks (T3), and 75.9 after four
weeks (T4). After one week of treatment the decrease
in the CADESI score was not statistically significant.
A statistically significant decrease was found between
the result obtained prior to treatment (T0) and the
results after two weeks of treatment – T2 (p=0.002),
three weeks of treatment – T3 (p=0.0001), and four
weeks of treatment – T4 (p=0.00002), as well as be-

tween the T1 and T3 scores (p=0.019), T1 and T4
scores (p=0.0015) and T2 and T4 scores (p=0.43).
The decrease in the CADESI value between T0 and
T4 was 56.3%. The results concerning CADESI
values are presented in Fig. 1.

TEWL

Similarly to CADESI, a gradual decrease in the
value of the parameter was observed with respect to
transepidermal water loss (TEWL). When analyzing
the results calculated as the mean score from ten
examined body regions (M TEWL), it was found that
the value of M TEWL of 35 g/m2 h at T0 gradually
dropped to 25.72 g/m2 h at T1, 23.99 g/m2 h at T2,
20.97 g/m2 at T3 h, and to 20.55 g/m2 h at T4. Statisti-
cally significant differences were noted between
M TEWL before the onset of treatment (T0) and T1
(p=0.03), T2 (p=0.019), T3 (p=0.003), T4 (p=0.001).
The obtained results are shown in Fig. 2.

Analysing the changes of TEWL values in differ-
ent body regions, a gradual decrease in value of the
parameter was observed in most regions. As far as the
interdigital region is concerned, the TEWL value at
the beginning of the treatment (T0) was 68.28 g/m2 h,
at T1 – 31.70 g/m2 h, at T2 – 31.14 g/m2 h, at T3
– 29.81 g/m2 h, and at T4 – 28.57 g/m2 h. Statistically
significant differences were reported between T0 and
T1 (p=0.013), T2 (p=0,00056), T3 (p=0,0003), T4
(p=0,0002) .The obtained results are presented in
Fig. 3.

As regards TEWL measured in the cheek, a grad-
ual decrease in the value of the parameter was noted.
At T0 it was 34.76 g/m2 h, at T1 32.59 g/m2 h, at T2
29.89 g/m2 h, at T3 21.14 g/m2 h, and at T4 20.77 g/m2

h. Statistically significant differences were reported
between T1 and T3 (p=0.018) and between T1 and
T4 (p=0.019). The results are provided in Fig. 4.

In the case of the lateral thorax region, there was
a decrease in TEWL value up to the third week of
treatment (T3), after which a growth was observed
(T0 – 35.67 g/m2 h, T1 – 27.15 g/m2 h, T2 – 27.79 g/m2

h, T3 – 19.86 g/m2 h, T4 – 22.77 g/m2 h). Statistically
significant differences were observed between T0 and
T3 (p=0.044). The results are shown in Fig. 5.

With respect to TEWL assessed in the ventral ab-
dominal region, it was 32.91 g/m2 h at T0, 15.81 g/m2

h at T1, 15.04 g/m2 h at T2, 15.49 g/m2 h at T3, and
10,54 g/m2 h at T4. Statistically significant differences
were reported between the values at T0 and T1
(p=0.031), T2 (p=0.029) and T4 (p=0.0046). The re-
sults are presented in Fig. 6.

In the case of the inguinal region a gradual de-
crese in TEWL was reported to and the values were
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Fig. 1. Changes in CADESI values in the course of treatment.

Fig. 2. Changes in mean TEWL values in dogs in the course of treatment.
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Fig. 3. Changes in TEWL values in the interdigital region in the course of treatment.

Fig. 4. Changes in TEWL values in the cheek in the course of treatment.
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Fig. 5. Changes in TEWL values in the lateral thorax region in the course of treatment.

Fig. 6. Changes in TEWL values in the central abdominal region in the course of treatment.
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Fig. 7. Changes in TEWL values in the inguinal region in the course of treatment.

Fig. 8. Changes in TEWL values in the axillary fossa in the course of treatment.
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Fig. 9. Correlation between M TEWL and CADESI.

33.93 g/m2 h at T0, 21.56 g/m2 h at T1, 11.37 g/m2 h at
T2, 15.17 g/m2 h at T3, and 16.25 g/m2 h at T4. Statisti-
cally significant differences were reported between
the values at T0 and T2 (p=0.01) and T4 (p=0.04)
and between T1 and T2 (p=0.018). The results are
given in Fig. 7.

As regards the results obtained in the axillary
fossa, TEWL values gradually dropped up to the third
week of treatment, similarly to other body regions re-
ferred to above. However, the value in the last
measurement slightly rose. The values were 30.36 g/m2

h at T0, 26.72 g/m2 h at T1, 19.02 g/m2 h at T2, 16.34
g/m2 h at T3, and 19.08 g/m2 h at T4. Statistically
significant differences were reported between the
values at T0 and T3 (p=0.036) and between T1 and
T3 (p=0.041) The obtained results are shown in
Fig. 8.

As regards the remaining body regions, i.e. the
lumbar region, bridge of nose, the internal surface of
the auricle, and the lateral site of antebrachium there
were no statistically significant differences noted in
TEWL values in the course of treatment and these
results are therefore not provided in graphs.

Correlations

When calculating the correlations between the
CADESI index and M TEWL, there were significant
correlations found between the CADESI score and
M TEWL (r=0.69 at p=0,05).

Discussion

During cyclosporine A treatment of atopic dogs
with a dose of 5 mg/kg BW it was observed that the
CADESI values decreased gradually which was an in-
dication of improvement in skin condition. The effec-
tiveness of cyclosporine in atopic dermatitis treatment
was previously confirmed by numerous research (Stef-
fan et al. 2003, Taszkun 2010, Kowalik et al 2011) and
estimated to be 30-83% after 4-6 weeks of treatment.
These findings are similar to ours. In the present
study the improvement was gradual and the statisti-
cally significant difference was noted after two weeks
of treatment. Although there was a decrease in the
CADESI value after the first week, but it was not
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statistically significant (p=0.06). As regards TEWL
measured in all body regions (M TEWL), it was also
observed that its values fell gradually in the course of
treatment. A statistically significant decrease in the
value of the parameter was noted after one week of
treatment, however, the subsequent falls were rela-
tively small and were not significantly different from
each other. A very similar behaviour of the parameter
was observed in the interdigital region. As far as other
regions are concerned, a decrease in the parameter
was observed too, and a statistically significant fall was
noted in the ventral abdominal region as soon as after
one week of treatment (there was a slight rise ob-
served after three weeks and then the value of the
parameter fell again after four weeks). In the case of
the axillary fossa and the inguinal region, a statistically
significant decrease of TEWL values were observed
only after two weeks, and in the lateral thorax region
only after three weeks of treatment. In the cheek a de-
crease in TEWL value also occured after three weeks
of treatment. In four examined body regions, i.e. the
lumbar region, bridge of nose, the internal surface of
the auricle, and the lateral site of antebrachium, we
have not observed a statistically significant decrease in
TEWL in the course of treatment. The results ob-
tained indicate that the examination of transepider-
mal water loss can be used in monitoring the progress
of treatment in atopic dermatitis. As regards the as-
sessment of mean TEWL values as well as the values
in the interdigital region and in the ventral abdominal
region the decrease in TEWL precedes clinical im-
provement assessed using CADESI. This finding may
indicate that the improvement in epidermis integrity
appears sooner than it is observable in clinical exam-
ination. The parameters assessed in the case of CA-
DESI (lichenification, abrasions and alopeciae) need
more time before clinical improvement appears.

The information regarding changes in TEWL in
the course of treatment is very scarce. In 2012
Eui-Hwa Nam et al. published a study concerning
changes in TEWL and CADESI in the course of
treatment using hydrocortisone aceponate. The stu-
dies showed a concurrent decrease in TEWL and CA-
DESI after 14 days of treatment. Similarly, Tretter et
al. (2011) reported a simultaneous decrease in CA-
DESI and TEWL in the course of treatment using
locally administered products containing polyunsatu-
rated fatty acids. Cornegliani et al. (2012) took
measurement of this parameter in dogs undergoing
specific immunotherapy and symptomatic treatment
using cyclosporine and showed that TEWL values are
lower during therapy compared to the values in un-
treated dogs. Nevertheless, these studies did not in-
volve examining the changes in the parameter at dif-
ferent time intervals.

Such studies were also conducted with human pa-
tients with atopic dermatitis. It was reported that the
improvement in skin condition was accompanied by
a decrease in TEWL values in the course of treatment
(Aalto-Korte 1995).

Other studies conducted by Pellicoro et al. (2013)
concerned the influence of local treatment on skin
barrier. Dimethicone, which was used in treatment,
did not have an effect on skin condition assessed with
CADESI or TEWL. Also, the presence of a correla-
tion between the two parameters was not confirmed.

The correlation between TEWL and CADESI was
previously the object of study of Marsella R. (2012)
and Zając et al. (2014), who confirmed the existence
of such a correlation in atopic dogs.

To summarize, it appears justified to use TEWL
measurement in monitoring the progress of treat-
ment.
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