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The pathomechanism of atopic eczema is complex. Two of
the most important exogenous factors for atopic eczema
are allergenic and irritant substances. In this study we
investigate the combined effect of topical aeroallergens
and irritation on the skin of atopic individuals. We
performed patch testing with several aeroallergens (atopy
patch test) and with an irritant, sodium lauryl sulphate, on
clinically unaffected skin of 30 sensitized patients with
atopic eczema. Application was conducted alone and as a
consecutive application. Healthy volunteers served as
controls. Evaluation was made by measurement of trans-
epidermal water loss 2 h after removal of the patches. In
atopic patients, we found increased levels of transepider-
mal water loss induced by the aeroallergens as well as by
sodium lauryl sulphate. The most impressive barrier
disruption was seen after application of house dust mite,
followed by cat dander and grass pollen. However, the
consecutive application of aeroallergens and sodium lauryl
sulphate led to a highly pronounced increase in transepi-
dermal water loss. Hence, in sensitized atopic subjects the
combined effect of aeroallergens and detergents may cause
severe skin problems, and this may be relevant in daily
practice. Key words: atopic eczema; atopy patch test; cat
dander; consecutive application; grass pollen; house dust
mite; irvitant contact dermatitis; sodium lauryl sulphate.
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In human skin, disruption of the epidermal water barrier
can be induced by detergents such as sodium lauryl
sulphate (SLS) (1-3). A recent study has shown that
topical aeroallergens affect the epidermal barrier of
sensitized atopics (4). This is important, because it can
lead to exacerbation of skin problems from house dust
mite and cat dander. In daily practice, however, contact
with aeroallergens and skin irritants, e.g. SLS, does not
occur separately in atopic patients but rather in com-
bination. The question is whether a skin barrier dis-
rupted by aeroallergens is more susceptible to detergents
and vice versa. So far, the interaction between these two
factors has not been assessed in experimental studies.
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The aim of this study was to investigate the single
and concomitant effect of aeroallergens and irritants
when applied topically on the skin of sensitized atopic
subjects.

PATIENTS AND METHODS
Study population

Forty volunteers (22 women and 18 men, aged between 18
and 60 years) participated in the study; 30 of them were
patients with atopic eczema recruited from the Department of
Dermatology, University of Marburg. Informed consent was
obtained from all participants, and the study was approved by
the ethics committee of the University Hospital of Marburg.

The patients had an atopy score according to Diepgen et al.
(5, 6) of >10, with only slight eczema at the time of testing.
All patients had a history of atopic dermatitis, atopic rhino-
conjunctivitis and/or atopic asthma with a positive prick
test and a specific IgE RAST level of >2 to at least one of
the following substances: house dust mite (dermatophagoides
pteronyssinus, n=24), cat dander (n=14), grass pollen (n=25)
or birch pollen (n=13).

Ten healthy volunteers with no sign of atopy (atopy score
according to Diepgen et al. (5, 6) of <4) and with negative
prick tests to the above-mentioned allergens served as controls.

Test procedure

The tested aeroallergens were house dust mite, grass and birch
pollen and cat dander, which were obtained from HAL Ltd.
(Diisseldorf, Germany) and used in concentrations of 20,000
and 50,000 AU/ml in petrolatum. These concentrations are
not comparable with those used in the standardization study
of Darsow et al. (7, 8). We performed a pilot study and tested
each allergen in 10 sensitized atopic individuals with both
concentrations. We saw significantly stronger reactions with
50,000 AU/ml compared to 20,000 AU/ml in the patients,
whereas no reactions were seen in controls. For further
testing, 50,000 AU/ml was chosen. All were patch-tested on
the back with the four aeroallergens in large Finn Chambers®
(inner diameter 12 mm, Epitest Ltd., Hyrld, Finland) on
Scanpore® tape in accordance with the schedule in Table I.
The first patch tests were applied for 24 h, removed and new
patch tests applied (“consecutive application™). Irritation
testing was done according to the guidelines of sodium lauryl
sulphate exposure tests by the Standardization Group of the
European Society of Contact Dermatitis (9). Skin reactions
were evaluated by transepidermal water loss (TEWL) with a
TEWAMETER TM210 (Courage & Khazaka, Cologne,
Germany) with the patient lying face down on a couch.
Measurements were performed before application of test
chambers (basal values) and 2 h after patch removal. During
the TEWL measurements, the probe was hand-held with the
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Table 1. Test design; rows 1-3 with 4 patches (for each
aeroallergen one patch), rows 4—6 with only one patch

Row Day 1 Day 2 Day 3

1 4 x aeroallergens 4 x aeroallergens

2 4 x aeroallergens 4x SLS Removal of
3 4x SLS 4 x aeroallergens patch and
4 Petrolatum SLS evaluation
5 SLS Petrolatum

6 SLS SLS

use of an insulating glove until a stable TEWL value was
established (~1 min). Air convection was prevented by use of a
protective measuring chamber and by reducing movements
and speaking in the test-room. The test results were evaluated
by two experienced persons in accordance with the guidelines
for TEWL measurement by the Standardization Group of the
European Society of Contact Dermatitis (10). Each TEWL
test value was the average of three single measurements.
Before measurement, the volunteers rested for at least 0.5 h in
the test-room, a fully air-conditioned room (climatization
without air movement by Thermotexx®™) with a stable
temperature between 20°C and 22°C and relative humidity
between 35% and 62%.

Biostatistical methods

Data were calculated with SPSS for Windows®™. TEWL
values were shown as median, as there was no symmetrical
distribution according to the Kolmogorov-Smirnov test. Delta
TEWL results were often slightly increased and occasionally
showed a very strong increase. Hence the distribution showed
a shift to the left. Differences between the test groups were
calculated by means of the Mann-Whitney U test. Differences
within a test group (e.g. SLS vs. aeroallergen) were calculated
by means of the Wilcoxon test. The data for each group of
aeroallergen-positive volunteers were evaluated and compared
separately with the control group.

RESULTS

The medians of TEWL values are listed in Table II.
There were visible atopy patch reactions in 38% to 64%
of the sensitized subjects (n=30). In these individuals, a
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significant increase was observed in TEWL, and was
highest in individuals sensitized and tested with house
dust mite and grass pollen, less severe with cat dander
and only moderate (but still significant) with birch
pollen. There was no relationship between patch-test
positivity and RAST test in the patients.

Application of aeroallergens to healthy, non-sensitized
volunteers revealed neither clinical changes nor significant
changes in TEWL, regardless of which aeroallergen has
been applied. All volunteers showed an increase in TEWL
after SLS application (alone or consecutive application).

The application of SLS and petrolatum (and vice
versa) led to a similar significant increase of TEWL in the
group of atopics compared to the healthy control group.
However, the consecutive application of aeroallergens
and SLS (rows 2 and 3) led to a significantly stronger
disruption of the epidermal barrier in the group of sen-
sitized atopics compared to the control group (Fig. 1).

The sequence of applications (aeroallergen/SLS or
SLS/aeroallergen) was not relevant for the test outcome
in the atopic group, whereas in the control group the
sequence aeroallergen/SLS showed a tendency to stronger
reactions compared to the sequence SLS/acroallergen.
Among the atopics, however, the SLS-induced increase
of TEWL was higher after SLS once (rows 4 and 5) or
twice (row 6), and also stronger than after application
of the aeroallergens alone (row 1). To elucidate the
differences between the various aeroallergen groups and
the controls, the TEWL values after aeroallergen and
SLS application are shown in Fig. 1.

DISCUSSION

In sensitized atopic patients, topical application of a
type 1 allergen or classical aeroallergens can give rise to
a cutaneous response morphologically similar to atopic
eczema (7, 8). This so-called “atopy patch test”” has been
shown to be sufficient in detecting relevant allergens in
subjects with atopic dermatitis and the test’s specificity
regarding the clinical relevance is better than prick

Table II. Transepidermal water loss (TEWL) (gin?® h) in the different groups and schema of applications. Values (except the
basal value) are displayed as medium A-values (TEWL test basal-value)

Baseline  SLS Aeroallergen  Aeroallergen/SLS ~ SLS/Aeroallergen  Petrolatum/SLS ~ SLS/Petrolatum
(row 6) (row 1) (row 2) (row 3) (row 4) (row 5)

Control group  Mite 8.0 17.9 0.3 18.1 16.1 10.1 11.1

Grass 0.4 20.1 10.0

Birch 0.5 14.5 7.5

Cat 0.3 11.2 8.4
Atopy group Mite 8.4 14.6 7.1* 22.0% 22.0% 12.4 11.3

Grass 9.5 12.9 8.8* 18.7% 20.9% 11.9 10.7

Birch 9.5 17.7 2.6 14.8 11.9% 14.1 10.7

Cat 9.3 17.6 4.5% 14.5% 23.3% 12.6 9.9

Mite=house dust mite allergen; grass=grass pollen allergen; birch =birch pollen allergen; cat=cat dander allergen.
*Difference of TEWL between basal value and value after aeroallergen application is significant (p <0.01).
#Difference of TEWL between combination aeroallergen/SLS to petrolatum/SLS (or vice versa) is significant (p <0.05).
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Fig. 1. Delta transepidermal water loss (A TEWL) values (difference to the basal value) after aeroallergens alone or consecutive application

of aeroallergen and SLS.

or intracutaneous testing (11). Activation of dendritic
cells seems to be a crucial pathogenetic factor and the
reaction is IgE-mediated (13, 15, 16) with release of
proinflammatory mediators and induction of allergen-
specific T-cell clones (17—19). The eczema development
includes skin barrier disruption, composition of the
cellular infiltrate (20—22) and cytokine release (23, 24)
similar to atopic eczema.

Until now, pretreatment with a detergent before an
atopy patch test has only been performed to enhance
the penetration of allergens (25). We found no changes
in skin barrier function after application of aeroaller-
gens on the skin of healthy volunteers, indicating that
aeroallergens do not usually disrupt the intact epider-
mal barrier. By contrast, the application of aeroaller-
gens to sensitized atopics leads to an increase of TEWL
as an indicator of barrier disruption, thereby support-
ing the data of Gfesser et al. (4). The observed barrier
disruption in our study was dependent on the aero-
allergen used: While there was a strong increase in
TEWL after house dust mite and grass pollen allergens,
the barrier disruption caused by cat dander and
especially birch pollen was less pronounced. This is in
line with earlier findings (11) and may be due to the
different size of the molecules and degree of sensitiza-
tion. Individuals who showed a strong barrier disrup-
tion after atopy patch test often reported a seasonal
aggravation of their atopic eczema (26).

In the control group, application of an aeroallergen
to the skin pretreated with 0.5% SLS did not worsen
the barrier disruption compared to a consecutive appli-
cation with SLS/petrolatum. This indicates that in healthy
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volunteers aeroallergens have no significant influence
on the intensity of the cutaneous response to primary
irritants.

However, different results were obtained in the group
of patients with atopic eczema: the consecutive applica-
tion with SLS/aeroallergen led to a significantly stronger
reaction than SLS/petrolatum. This is understandable
because application of petrolatum usually leads to a
diminished barrier disruption caused by SLS (27, 28). By
contrast, aeroallergens in petrolatum can induce a
barrier disruption, so that the combination with SLS
increases this disruption probably because of better
penetration of the aeroallergens. This would support the
notion that atopic skin with a disturbed barrier function
is more susceptible for induction of specific immune
responses. Such a specific reaction may, in turn, lead to
further impairment of the skin barrier and worsening of
pre-existing eczema.

In daily life, taking showers or bathing in a tub during
the pollen season can exert a calamitous effect on the skin
of atopic individuals, as this provides an adverse associ-
ation of aeroallergen and irritant exposure. Therefore,
when taking a shower, an irritant effect can be diminished
by quick showering and reduced use of soap and detergents.

In conclusion, consecutive application of SLS and
aeroallergens in sensitized atopic eczema patients leads to
a more severe barrier disruption than a separate applica-
tion of each component. This interrelation between allergy
and irritation (which may be dependent on the severity of
the dermatitis (29)) is a further factor that can induce
eczema. Hence, in the pathogenesis of atopic eczema,
endogenous factors and irritation and (aero)allergens may
act together, giving rise to a vicious circle.



ACKNOWLEDGEMENTS

We thank Dr.

Peter Zoefel, Computer-Center of the

University of Marburg, for biostatistical consultations, and
Mrs. Sabine Weimar for technical assistance.

REFERENCES

1.

10.

11.

12.

13.

14.

Wilhelm KP, Maibach HI. Susceptibility to irritant
dermatitis induced by sodium lauryl sulfate. ] Am Acad
Dermatol 1990; 23: 122-124.

. Loffler H, Pirker C, Aramaki J, Frosch PJ, Happle R,

Effendy I. Evaluation of skin susceptibility to irritancy by
routine patch testing with sodium lauryl sulfate. Eur
J Dermatol 2001; 11: 416-419.

. Agner T, Serup J. Sodium lauryl sulphate for irritant

patch testing: a dose-response study using bioengineering
methods for determination of skin irritation. J Invest
Dermatol 1990; 95: 543 —547.

. Gfesser M, Rakoski J, Ring J. The disturbance of

epidermal barrier function in atopy patch test reactions in
atopic eczema. Br J Dermatol 1996; 135: 560 - 565.

. Diepgen TL, Fartasch M, Hornstein OP. Evaluation and

relevance of atopic basic and minor features in patients
with atopic dermatitis and in the general population. Acta
Derm Venereol 1989; Suppl. 144: 50-54.

. Diepgen TL, Fartasch M, Hornstein OP. Kriterien zur

Beurteilung der atopischen Hautdiathese. Dermatosen/
Occup Environ 1991; 39: 79-83.

. Darsow U, Vieluf D, Ring J. Atopy patch test with

different vehicles and allergen concentrations: an
approach to standardization. J Allergy Clin Immunol
1995; 95: 677 -684.

. Darsow U, Vieluf D, Ring J. The atopy patch test: an

increased rate of reactivity in patients who have an air-
exposed pattern of atopic eczema. Br J Dermatol 1996;
135: 182-186.

. Tupker RA, Willis C, Berardesca E, Lee SH, Fartasch M,

Agner T, et al. Guidelines on sodium lauryl sulfate (SLS)
exposure testing. Contact Dermatitis 1997; 37: 53 —69.
Pinnagoda J, Tupker RA, Agner T, Serup J. Guidelines
for transepidermal water loss (TEWL) measurement: a
report from the Standardization Group of the European
Society of Contact Dermatitis. Contact Dermatitis 1990;
22: 164—178.

Darsow U, Vieluf D, Ring J. Evaluating the relevance of
aeroallergen sensitization in atopic eczema with the atopy
patch test: a randomized, double-blind multicenter study.
Atopy Patch Test Study Group. J Am Acad Dermatol
1999; 40: 187-193.

Krauss S, Mayer E, Rank G, Rieber EP. Induction of the
low affinity receptor for IgE (Fc epsilon RII/CD23) on
human blood dendritic cells by interleukin-4. Adv Exp
Med Biol 1993; 329: 231-236.

Bieber T, Rieger A, Neuchrist C, Prinz JC, Rieber EP,
Boltz-Nitulescu G, et al. Induction of Fc epsilon R2/
CD23 on human epidermal Langerhans cells by human
recombinant interleukin 4 and gamma interferon. J Exp
Med 1989; 170: 309-314.

Becherel PA, Mossalayi MD, Quaaz F, Le Goff L,
Dugas B, Paul-Eugene N, et al. Involvement of cyclic
AMP and nitric oxide in immunoglobulin E-dependent

15.

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

. Pirron U, Schlunck T, Prinz JC, Rieber EP.

Allergy and irritation 331
activation of Fc epsilon RII/CD23+ normal human
keratinocytes. J Clin Invest 1994; 93: 2275-2279.
Bieber T, de la Salle H, de la Salle C, Hanau D,
Wollenberg A. Expression of the high-affinity receptor for
IgE (Fc epsilon RI) on human Langerhans cells: the end
of a dogma. J Invest Dermatol 1992; 99: 10S—-118S.

. Bieber T, de la Salle H, Wollenberg A, Hakimi J,

Chizzonite R, Ring J, et al. Human epidermal Langer-
hans cells express the high affinity receptor for immuno-
globulin E (Fc epsilon RI). J Exp Med 1992; 175:
1285-1290.

Jurgens M, Wollenberg A, Hanau D, de la Salle H,
Bieber T. Activation of human epidermal Langerhans
cells by engagement of the high affinity receptor for IgE,
Fc epsilon RI. J Immunol 1995; 155: 5184 —5189.
Mudde GC, Van Reijsen FC, Boland GJ, de Gast GC,
Bruijnzeel PL, Bruijnzeel-Koomen CA. Allergen presen-
tation by epidermal Langerhans’ cells from patients with
atopic dermatitis is mediated by IgE. Immunology 1990;
69: 335-341.

IgE-
dependent antigen focusing by human B lymphocytes is
mediated by the low-affinity receptor for IgE. Eur
J Immunol 1990; 20: 1547 -1551.

Leung DY, Bhan AK, Schneeberger EE, Geha RS.
Characterization of the mononuclear cell infiltrate in
atopic dermatitis using monoclonal antibodies. J Allergy
Clin Immunol 1983; 71: 47-56.

Reitamo S, Visa K, Kahonen K, Kayhko K, Stubb S,
Salo OP. Eczematous reactions in atopic patients caused
by epicutaneous testing with inhalant allergens. Br
J Dermatol 1986; 114: 303 -309.

Zachary CB, Allen MH, MacDonald DM. In situ
quantification of T-lymphocyte subsets and Langerhans
cells in the inflammatory infiltrate of atopic eczema. Br
J Dermatol 1985; 112: 149 -156.

Grewe M, Gyufko K, Schopf E, Krutmann J. Lesional
expression of interferon-gamma in atopic eczema. Lancet
1994; 343: 25-26.

Grewe M, Walther S, Gyufko K, Czech W, Schopf E,
Krutmann J. Analysis of the cytokine pattern expressed
in situ in inhalant allergen patch test reactions of
atopic dermatitis patients. J Invest Dermatol 1995; 105:
407-410.

Tanaka Y, Anan S, Yoshida H. Immunohistochemical
studies in mite antigen-induced patch test sites in atopic
dermatitis. J Dermatol Sci 1990; 1: 361 —368.

Darsow U, Behrendt H, Ring J. Gramineae pollen as
trigger factors of atopic eczema: evaluation of diagnostic
measures using the atopy patch test. Br J Dermatol 1997,
137: 201-207.

Wigger-Alberti W, Rougier A, Richard A, Elsner P.
Efficacy of protective creams in a modified repeated
irritation test: methodological aspects. Acta Derm
Venereol 1998; 78: 270-273.

Wigger-Alberti W, Elsner P. Petrolatum prevents irrita-
tion in a human cumulative exposure model in vivo.
Dermatology 1997; 194: 247-250.

Tupker RA, Coenraads PJ, Fidler V, De Jong MC,
van der Meer JB, De Monchy JG. Irritant susceptibility
and weal and flare reactions to bioactive agents in atopic
dermatitis: I. Influence of disease severity. Br J Dermatol
1995; 133: 358 -364.

Acta Derm Venereol 83



