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Abstractt

Introduction: Positive skin prick tests (SPT) results with protein allergens are the minor Hanifin and Rajka’s atopic
dermatitis (AD) criterion. In adults, they mainly concern aeroallergens. The inflammation of skin often prevents SPT,
but does not exclude the assessment of serous specific immunoglobulin E (sIgE) concentrations.

Aim: To assess usefulness of testing AD patients to aeroallergens with SPT and sIgE concentrations, and the cor-
relation of these results and the clinical AD course.

Material and methods: In 286 AD patients, total IgE and sIgE (14 aeroallergens) were measured. SPTs were per-
formed with 17 aeroallergens. The AD severity was determined depending on the concurrent co-existence of asth-
ma, allergic rhinitis, extensive skin flares and severe itching.

Results: 59.1% and 66.1% of patients have had positive results of sIgk and SPT, respectively (p > 0.05). The concen-
tration of total IgE has positively correlated with the number of positive sIgE results (rho = 0.588, p < 0.001) and
their intensity (rho = 0.592, p < 0.001). Among the patients with at least one high positive sIgE score, severe AD
patients have been dominant (59.8% vs. 40.2%, p < 0.04). Among the patients with positive results without any
high scores, the percentages are 21.6 and 78.4, respectively (p < 0.001).

Conclusions: The compatibility of SPT results and IgE concentrations indicates that the two methods equally as-
sess aeroallergy in AD patients. The assessment of sIgE concentrations is especially advisable in patients with an
elevated total IgE level. The obtained results may suggest that presence of a high specific IgE level of antibodies to

aeroallergens may be the factor predicting a severe clinical AD course.
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Introduction

The pathomechanism of atopic dermatitis (AD) is
very complex and not fully explained [1]. It is widely con-
sidered that allergy to aeroallergens in adults is one of
the important factors that may provoke the development
of AD in genetically predisposed individuals [2].

Skin prick tests (SPT) are the gold standard in the as-
sessment of sensitization to protein allergens [3]. Posi-
tive results are connected with the presence of specific
IgE (slgE) overlying mast cells. They are obtained after
20 min by comparing the average diameters of allergenic
and control-histamine wheals [4]. According to Hanifin

and Rajka’s criteria, they are among the minor diagnostic
features of AD [5].

SPT technique has got a lot of limitations and the re-
sult can be influenced by various technical and biological
factors [6]. It is not applicable to children up to 5 years
old and adults over 70 years old. Although the use of
a special knife is recommended to standardize the tech-
nology, the depth of allergen insertion is difficult to re-
peat. The reading of the result is subjective and depends
on the doctor’s experience. Its result is not only affected
by the irritation of nerve fibers and the release of various
inflammatory mediators, specific differences in the num-
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ber of mast cells in the skin of individual patients, the
subjective ability to bind their high-affinity IgE receptor
(FceR1) to the tested allergen, the content of mediators
in granules and the individual ability of mast cells to de-
granulate, but it also depends on sex [7].

Moreover, AD is characterized by disorders in the
mechanical, chemical and immunological parts of the
skin barrier even in seemingly unchanged skin [8, 9]. In
addition, the use of oral and local immunosuppression
deepens the barrier dysfunction. A significant percent-
age of patients receive anti-histamines. Their withdrawal
before the test intensifies scratching, which additionally
damages the epidermis in a mechanical way.

Insertion of an allergen can cause either a strong ana-
phylactic reaction and, consequently, even the patient’s
death, or an extensive local reaction and occurrence of
urticaria, and/or aggravation of AD and atopic respiratory
track diseases [10].

Another method of assessing presence of specific
IgkE antibodies to protein allergens is to examine their
concentration in the patient’s serum [11]. The principle
of this method is based on the fluoro-immunoenzymatic
reaction. The reading is made by means of a fluorimeter,
which is completely automatic and objective [12]. The
slgE serum concentration is devoid of any limitations
which should be applied to SPT. Therefore, it appears to
be an alternative technique in testing AD patients.

Aim

The assessment of clinical usefulness of the allergy to
aeroallergens tests in AD patients through: a) Quantita-
tive and qualitative evaluation of the results obtained by
SPT and slgE serum concentrations; and b) The correla-
tion of the results with selected clinical and laboratory
parameters.

Material and methods

The study consisted of 286 AD patients (147 men and
139 women) aged from 16 to 60 (mean: 24 years old) dur-
ing exacerbation or partial remission of skin lesions. No
coexistence of other general and local disease that could
affect the results was found. The diagnosis was based on
the classification of Hanifin and Rajka [13]. The charac-
teristics of the examined group are presented in Table 1.

Atopic bronchial asthma and allergic rhinitis (sea-
sonal and perennial) in the patients were diagnosed in
pulmonological and laryngological allergy centres. The
severity of pruritus was rated according to the subjec-
tive analogous ten-point scale: 1 point means very weak
and 10 points — very strong pruritus [14], taking the score
> 5 points as intensive itching. The extent of skin lesions
at the time of disease exacerbations was based on the
interview using Wallace’s method of so-called “The Rule
of 9s” [15]. In the period of exacerbation, > 50% of the
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affected body surface area was considered as an exten-
sive change.

Coexistence of AD with at least two of four features,
like atopic asthma, allergic rhinitis, extensive skin lesions
during exacerbations and severe pruritus, was assumed
as a severe course of the disease (AD-Index > 2) (Table 1).

Total IgE concentration was evaluated using ELISA
method with the fluorimeter UniCAP (Pharmacia, Swe-
den). The values above 100 IU/ml were considered as in-
creased. Evaluation of specific IgE serum concentrations
ofantibodies to 14 aeroallergens (Table 2) was performed
with the same system and the results are presented in
kKUA/L. The results are considered negative if the values
are <£0.69 kUA/|, positive for 0.7-17.7 kUA/l and high
positive for > 17.7 kUA/L [16].

SPT was performed on an unchanged forearm skin in
a routine manner with solutions of 17 aeroallergens using
Allergopharma kits (Table 3). A negative result has been
considered when the post-allergenic reaction equals the
negative control reaction or the average diameter of the
post-allergenic wheal is bigger than the negative con-
trol fluid reaction but smaller than a half of the average
wheal diameter after histamine.

Positive results have been assumed when: a) the av-
erage diameter of the post-allergenic wheal is equal, is
bigger than a half or almost equals the average wheal
diameter after histamine; b) the average diameter of the
post-allergenic wheal equals or is not bigger than twice
the average diameter of the wheal after histamine.

A high positive result has been considered either
when the average diameter of the post-allergenic wheal
is at least twice bigger than the average wheal diameter
after histamine or when there is any reaction with pseu-
dopods.

The project was approved by the local Ethics Com-
mittee.

Statistical analysis

The frequency table method was used to describe
qualitative variables, and a typical measure of position
(like mean, median) and variability (like standard devia-
tion) were used to describe quantitative variables. For
selected pairs of variables, correlations were examined.
The %2 test with the Yates’ correction for small groups
(n < 5) was used for testing relationships between cate-
gorical variables. The Spearman rank correlation method
was used to measure the degree of the relationship be-
tween quantitative and order variables. For all statistical
tests and correlation analysis, a standard significance
level of p-value threshold was assumed (p < 0.05). The
prediction model, predicting AD-Index > 2, was built us-
ing the CART decision tree method. This model has iden-
tified 4 groups of patients (using the entropy minimiza-
tion criterion).

The test sensitivity (SE) was determined according to
the formula WD/(WD + FN) and specificity (SP) according
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Table 1. The characteristics of 286 AD patients

Parameter Value
Disease duration [years] 2-60 x20.5 6.5
Pruritus: 286 100%
Moderate/severe 137/149 47.9/52.1%
Positive personal atopic medical history 130 45.5%
Coexistence of asthma 85 30%
Coexistence of allergic rhinitis 98 34%
Max. skin surface change during the exacerbation period (%): 9-99 40.4
<30 117 40.9%
>30-<50 94 32.9%
> 50 75 26.2%

The clinical course according to AD-Index
(co-existing AD with severe pruritus and/or atopic asthma and/or allergic rhinitis
and/or extensive skin lesions (> 50%) during exacerbations):

Mild course:
Lack of coexistence (AD-Index = 0) 103 36.0%
1 feature (AD-Index = 1) 82 28.7%
Severe course:
2 features (AD-Index = 2) 57 20.0%
3 features (AD-Index = 3) 27 9.5%
All 4 features (AD-Index = 4) 17 5.8%
Concentration of total IgE, norm/elevated 80/206 27.9/72.1%
Table 2. The incidence of positive and high positive Table 3. The incidence of positive and high positive SPT
results of specific IgE antibodies to individual results with extracts of individual aeroallergens tested on
aeroallergens tested on patients with AD (n = 286) AD patients (n = 286)
Test aeroallergen Positive results High positive Test aeroallergen Positive results High positive results
results N % N o
N % N % House dust mites 100 350 22 77
Sweet vernal grass 86 30.1 48 16.8 Grass pollen 38 30.8 21 73
House dust mites 80 28.0 42 14.7 Tree pollen 65 227 6 21
Timothy grass 74 259 37 12.9 Cat hair 64 224 7 24
Perennial ryegrass 73 255 38 13.3 Weed pollen 63 220 4 14
Cat hair 59 20.6 14 4.9 Dog hair 53 150 3 10
Dog hair 33 1> 8 28 Horse hair 37 129 6 21
Penicillium notatum 32 1.2 4 L4 Goose and duck feathers 34 11.9 1 0.3
Candida albicans 2 77 3 10 Chicken feathers 33 115 1 03
Aspergillus fumigatus 22 7.7 0 0.0 Guinea pig hair 31 10.8 3 10
Ragweed 2 /3 4 14 Sheep wool 31 108 2 07
Poplar L >2 3 10 Rabbit hair 5 87 2 07
Wormwood 2 4.2 4 14 Cow hair 3 80 4 14
Cow hair 1 38 0 0.0 Candida albicans 22 7.7 2 0.7
Horse hair 3 L0 ! 03 Mucor racemosus 20 7.0 1 0.3
Aspergillus penicillium 19 6.6 1 0.3
Alternaria cladosporium 18 6.3 1 0.3
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to the formula WN/(WN + FD). Positive predictive value
(PPV) was determined according to the formula WD/(WD
+ FD) and negative predictive value (NPV) determined ac-
cording to the formula WN/(WD + FN), where: WD — the
number of patients with a severe course of the disease
and positive results of the analysed test; FN —the num-
ber of patients with a severe course of the disease and
negative results of the analysed test; WN —the number
of patients with a mild disease course and negative re-
sults of the analysed test; FD — the number of patients
with a mild course of the disease and positive results of
the analysed test [17].

Results

In 169 out of 286 (59.1%) patients, at least one sigk
positive result has been found. Among them 41.4%
(70/169) have had at least one high positive result. In SPT
results, these percentages have been 66.1% (189/286)
and 46.3% (82/189), respectively. The differences between
in vivo and in vitro methods have been statistically in-
significant (p > 0.05). The frequency of positive results of
specific Igk antibodies to the tested allergens ranged from
31.0% to 1.0% (Table 2) and for SPT — from 35.0% to 6.3%
(Table 3). Positive results for at least two allergens have been
observed in 86.4% of patients using the in vivo method and
in 82.0% with the in vitro method (p > 0.05) (Figure 1).

In the group of patients with the positive results of
slgE, 89.3% have shown an elevated level of total IgE,
and with the negative results of sIgk —47.0% (p < 0.05).
These percentages for SPT results have been similar and
amounted to 82.5% and 51.5%, respectively (p < 0.05). The
number of positive sIgk results as well as their intensity
have positively correlated with total IgE concentration: rho
=0.588, p < 0.0001 and rho = 0.592, p < 0.0001, respec-
tively. SPT correlation values have been calculated as rho
=0.248, p < 0.02 and rho = 0.256, p < 0.009, respectively.

The value of AD-Index has positively correlated
with the number of sIgE positive results (rho = 0.343,
p < 0.0001) and their intensity (rho = 0.358, p < 0.0001).
This correlation has also been demonstrated for the num-
ber (rho = 0.170, p < 0.004) and intensity (rho = 0.183,
p < 0.002) of positive SPT results.

On the basis of mathematical analysis of the summary
intensity of sIgE test results and their number, the patients
were divided into 4 groups — A, B, C and D.

In 150 subjects (group A), both the low summary inten-
sity of sIgE test results (sIgk-Sum < 1) and a low number of
them (slgE-number < 1) have been detected. In this group,
79% had a mild course of AD (AD-Index < 2) and 21% —
a severe one (AD-Index > 2), p <0.000 (Figure 2 A).

In 7 subjects (group B), the large summary intensity
of slgE test results (sIgE-Sum > 1) and a large number
of them (sIgE-Number > 7) have been found. In all cases
(100%), the course of the disease was severe (AD-Index
>2), p < 0.001 (Figure 2 B).
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In 37 patients (group C), the summary intensity of
sIgE test results has been high (sIgE-Sum > 1), their num-
ber —average (1 < slgE-Number <7) and all the results
have not been high positive (sIgE-Sum/sIgE-Number < 1).
In this group, 78.4% of patients had a mild course of AD
(AD-Index < 2) and 21.6% — a severe one (AD-Index > 2,
p < 0.001) (Figure 2 C).

In the remaining 92 patients (group D), the summary
intensity of sIgE test results has been high (sIgE-Sum > 1),
their number — average (1 < slgE-Number <7) and at least
one result has been high positive (sIgE-Sum/sIgE-Number
> 1). In this group, a severe AD course was determined
in 59.8% of patients, (AD-index > 2) and a mild one —in
42.4% (AD-Index < 2) p < 0.05 (Figure 2 D).

Statistically significant differences in the prevalence
of severe AD patients have been stated between groups
A and B (21 vs. 100%, p < 0.0001), A and D (21 vs. 59.8%,
p < 0.0001), B and C (100 vs. 21.6%, p < 0.04) and C and D
(21.6 vs. 59.8%, p < 0.001). There have been no statistically
significant differences in the incidence of severe patients
between groups A and C, B and D (Figures 2 A-D).

The sensitivity and specificity of the clinical classifica-
tion of the patients with atopic dermatitis based on the
presence of high positive results of specific IgE antibodies
to aeroallergens are 62.6% and 79.1%, respectively. PPV
and NPV values for this qualification are 61.0% and 80.0%,
respectively.

Discussion

The two diagnostic methods used in our research
have shown positive results in the majority of respon-
dents in a similar percentage. The confirmed allergies

25

20+

Percentage

12 3456 7 8 91011 12 13 1415 1617
Number of positive results

—@-5slgE (n=167) —— SPT (n =186)

Figure 1. The prevalence of positive SPT results with (solu-
tions) extracts of individual aeroallergens and specific IgE
concentrations of antibodies to one and more than one al-
lergen in patients with AD (n = 286)
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Figure 2. The incidence of severe AD in relation to the proportion between the summary intensity of the test results and
their number for the specific IgE concentrations of antibodies to aeroallergens

were polyvalent and mainly related to 3 allergens —house
dust mites, grass pollen and cat hair.

Our own observations are consistent with other re-
searchers’ results [18-20] and confirm that the presence
of specific class E antibodies to aeroallergens is a hall-
mark of adult AD patients. The diagnostic methods used
in vitro and in vivo, although different from a biological
point of view [21-23] can be used interchangeably in AD
patients.

The results of our own research confirmed the ob-
servations of others [24] that the presence of specific
IgE antibodies circulating and covering mast cells cor-
relates with total IgE concentration. Therefore, people
with elevated levels of this immunoglobulin should be
tested for allergy in the first place. It has been noted that
both diagnostic methods are characterized by high sen-
sitivity but low specificity [25], which significantly limits
their usefulness in an accurate definement of an AD-
provoking factor. This can be explained by the fact that
the pathomechanism of hypersensitivity to aeroallergens
can be very diverse: either it is associated with | and/or
IV allergic mechanism or it can be a reaction caused by
irritation [26, 27].
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In our study, an attempt has been made to analyse the
usefulness of these test results as a possible prognostic
marker in the clinical course of atopic eczema. Literature
data indicate that the coexistence of AD with atopic asth-
ma, allergic rhinitis, severe pruritus and extensive skin le-
sions during exacerbations has a significant impact on the
severity of atopic dermatitis [28—32]. Therefore, the patient
in our study was qualified to the group with severe AD
when at least two of these four features coexisted.

The analysis of the relationship between the number
of positive results and their intensity in both diagnostic
methods and the classification of patients according to
AD-Index has shown statistically significant, positive cor-
relations. However, the strength of the correlations for
SPT results, although statistically significant, has proved
to be negligible (rho < 0.184) [33]. This indicates the fact
that in adults with AD, the results obtained with the im-
munoenzymatic method appear to be more useful in as-
sessing the relationship between the clinical course of
the disease and the presence of a high specific IgE level
of antibodies to aeroallergens.

Another issue was to find an answer to the ques-
tion: what plays a more important role in such an as-
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sessment: the number of positive sIgE results or their
intensity. Therefore, in the second phase of our research,
the patients were divided into 4 groups A, B, Cand D
as it is presented in the results. This classifies patients
practically as: group A — negative results; group B —only
high positive results; group C — positive results without
presence of high positive results; and group D — positive
results including at least one high positive result.

In group A, statistically significant frequency of the
patients with a mild course of disease was observed,
whereas in group B all the patients had severe AD. The
analysis between groups C and D showed statistically
significant more frequent occurrence of the patients
with a severe course of AD in group D (at least one high
positive result) than in group C (no high positive results).
What is more, 1. No statistically significant differences
were found in the frequency of severe AD patients in the
groups with different numbers of high positive results
(group B vs D), and only negative results (group A) vs.
only positive results, but no high positive ones (group C);
2. Statistically significant more frequent presence of
the patients with AD-Index > 2 in group B (high positive
results) than in group C (positive but not high positive)
as well as in group D (positive and high positive results)
than in group A (negative results). All the observations in
our study indicate that a more severe clinical course of
AD was observed mainly in the patients with high posi-
tive specific IgE levels of antibodies to aeroallergens.

The diagnostic utility of allergy tests depends on their
sensitivity and specificity. In our own research, the screen-
ing of AD patients based on the presence or absence of
high specific IgE levels of antibodies to aeroallergens omit-
ted more than one-third of the patients among those with
really severe AD and one-fifth of the patients with a really
mild disease course. However, it should be remembered
that the pathogenesis of AD is multifactorial and its clini-
cal course is influenced by a variety of other intrinsic and
extrinsic factors, such as stress, temperature, humidity,
occupational and non-occupational exposure to chemical
agents and the degree of the epidermal barrier damage [1].
Nevertheless, our own results support the observations of
other researchers that the course of AD with high specific
IgE serum concentrations of antibodies to aeroallergens is
characterized by a certain clinical individuality [34].

The commonly accepted laboratory markers which
predict a severe AD course are the disturbance of filaggrin
expression and a high concentration of total IgE [35, 36].
Analysing our own results, the question can arise wheth-
er the serum concentrations of specific Igk antibodies to
aeroallergens may have a prognostic value in the severity
of AD. The calculated values of PPV and NPV indicate that
AD with a severe course defined according to our own clin-
ical criteria will also be developed in 39% of the patients
who do not have high serum concentrations of sIgk anti-
bodies to aeroallergens, and 20% will have a severe course
of the disease despite the high concentrations of these
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antibodies. It is worth mentioning that the real prognostic
value of these studies expressed in PPV and NPV values is
affected not only by the multifactorial pathogenesis of AD,
but also by the selection and size of the study groups [17].

The results of our research suggest a certain relation-
ship between the presence of high positive specific IgE
concentration of antibodies to aeroallergens and the se-
vere course of AD. The other studies have shown that aller-
gy to aeroallergens predisposes to the development of AD
as well as atopic diseases of the respiratory tract [37-39].

Therefore, in order to confirm the prognostic signifi-
cance of the presence of high sIgE concentrations for the
course of AD, long-term multi-centred double-blind system
observations on large groups of AD patients, especially in
those with an extrinsic form characterized by high total
IgE, should be performed [34].

Conclusions

Polyvalent allergy to aeroallergens is a characteristic
feature of adult AD patients. The compatibility of SPT re-
sults with aeroallergens and specific IgE serum concen-
trations of antibodies to allergens provides the evidence
for the equality of the two methods, which can be used
interchangeably. The assessment of aeroallergy is particu-
larly advisable in AD patients with elevated serum total IgE
levels. The obtained results can suggest that the presence
of high specific IgE levels of antibodies to aeroallergens
may be the factor predicting a severe course of AD with
manifestations of strong pruritus, extensive skin lesions
and presence of the atopic respiratory tract diseases.

Conflict of interest

The authors declare no conflict of interest.

References

—

. Werfel T, Allam JP, Biedermann T, et al. Cellular and molecu-
lar immunologic mechanisms in patients with atopic derma-
titis. J Allergy Clin Immunol 2016; 138: 336-49.

Bieber T. Atopic dermatitis. N EnglJ Med 2008; 358: 1483-94.

. Bousquet PJ, Chatzi L, Jarvis D, Burney P Assessing skin prick
tests reliability in ECRHS-I. Allergy 2008; 63: 341-6.

4. Antunes J, Borrego L, Romeira A, Pinto P Skin prick tests and
allergy diagnosis. Allergol Immunopathol (Madr) 2009; 37:
155-64.

. Hanifin J, Rajka G. Diagnostic features of atopic dermatitis.

Acta Dermatovenerol 1980; 92: 44-7.

Oppenheimer J, Nelson HS. Skin testing. Ann Allergy Asthma

Immunol 2006; 96 (2 Suppl 1): S6-12.

. Naclerio RM, Norman PS, Fish JE. In vivo methods for the
study of allergy-mucosal tests, techniques, and interpreta-
tions. In: Allergy Principles and Practice. 4" edn. Middleton E,
Reed CE, Ellis EF, et al. (eds). Mosby-Year Book, Inc: St. Louis,
MI, USA 1993; 595-637.

. Kabashima K. New concept of the pathogenesis of atopic
dermatitis: interplay among the barrier, allergy, and pruritus
as a trinity. J Dermatol Sci 2013; 70: 3-11.

W

wi

o

~

(o]

483



Renata Jeziorkowska, Michat Rozalski, Krzysztof Skowronski, Zbigniew Samochocki

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Juraki¢ Tonci¢ R, Marinovi¢ B. The role of impaired epidermal
barrier function in atopic dermatitis. Acta Dermatovenerol
Croat 2016; 24: 95-109.

Reid MJ, Lockey RF, Turkeltaub PC, Platts-Mills TA. Survey of
fatalities from skin testing and immunotherapy 1985-1989.
J Allergy Clin Immunol 1993; 92: 6-15.

Hamilton RG, Franklin Adkinson Jr N. In vitro assays for the
diagnosis of IgE-mediated disorders. ) Allergy Clin Immunol
2004; 114: 213-25.

Seltzer JM, Halpern GM, Tsay YG. Correlation of allergy
test results obtained by IgE FAST, RAST, and prick-puncture
methods. Ann Allergy 1985; 54: 25-30.

Hanifin JM, Rajka G. Diagnostic features of atopic dermatitis.
Acta Dermatol Venerol 1980; 92: 44-7.

Severity scoring of atopic dermatitis: the SCORAD Index.
Cconsensus report of the European Task Force on Atopic
Dermatitis. Dermatology 1993; 186: 23-31.

Wallace AB. The exposure treatment of burns. Lancet 1951;
1: 501-3.

Tsay Y, Halpern G. IgE fluoroallergosorbent (IgE FAST TM)
test: concept and clinical applications. Immunol Allergy Pract
1984; 6: 169-74.

Akobeng KA. Understanding diagnostic tests 1: sensitivity,
specificity and predictive values. Acta Paediatr 2007; 96:
338-41.

Werfel T, Kapp A. Environmental and other major provoca-
tion factors in atopic dermatitis. Allergy 1998; 53: 731-9.
Silny P, Czarnecka-Operacz M, Silny W. Results of skin prick
tests and evaluation of serum antigen specific immuno-
globulin E in patients with atopic dermatitis and airborne
allergy with regards to the type of sensitising allergens and
seasonal course of the disease. Pol Merkur Lekarski 2005;
18:393-9.

Samochocki Z, Zabielski S, Czarnecka |, Paluchowska E. Total
and specific Ig and immediate skin tests in the prognosis
of atopic dermatitis. Pol Merkur Lekarski 2004; 16: 144-7.
Ro AD, Saunes M, Smidesang |, et al. Agreement of specific
IgE and skin prick test in an unselected cohort of two-year-
old children. Eur J Pediatr 2012; 171: 479-84.

Droste JH, Kerhof M, de Monchy JG, Schouten JP, Rijcken B.
Association of skin test reactivity, specific IgE, total IgE, and
eosinophils with nasal symptoms in a community-based
population study. The Dutch ECRHS Group. J Allergy Clin Im-
munol 1996; 97: 922-32.

Mehl A, Niggemann B, Keil T, et al. Skin prick test and specif-
ic serum IgE in the diagnostic evaluation of suspected cow’s
milk and hen’s egg allergy in children: does one replace the
other? Clin Exp Allergy 2012; 42: 1266-72.

Ott H, Stanzel S, Ocklenburg C, et al. Total serum IgE as
a parameter to differentiate between intrinsic and extrinsic
atopic dermatitis in children. Acta Derm Venereol 2009; 89:
257-61.

Darsow U, Ring J. Atopic patch test. Atopic eczema and al-
lergy. Hautarzt 2003; 54: 930-6.

Fabrizi G, Romano A, Vultaggio P, et al. Heterogeneity of
atopic dermatitis defined by the immune response to inhal-
ant and food allergens. Eur J Dermatol 1999; 9: 380-4.
Samochocki Z, Owczarek W, Rujna P, Raczka A. Hypersen-
sitivity to aeroallergens in adult patients with atopic der-
matitis develops due to the different immunological mecha-
nisms. Eur J Dermatol 2007; 17: 520-4.

Rudzki E, Samochocki Z, Rebandel P, et al. Frequency and
significance of the major and minor features of Hanifin and

484

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

Rajka among patients with atopic dermatitis. Dermatology
1994; 189: 41-6.

Rudzki E, Samochocki Z, Kuzak W. Multivariete analysis of
variance “Manova” in the prognostic of occurrence of cer-
tain manifestations of atopic dermatitis. Przegl Dermatol
1991; 82: 49-51.

Rudzki E, Samochocki Z, Litewska D, et al. Clinical features
of atopic dermatitis and a family history of atopy. Allergy
1991; 46: 125-8.

Rudzki E. Asthma-prurigo syndrome. Przegl Dermatol 1993;
80: 133-9.

Rudzki E, Samochocki Z, Dynowska D. Coexistence of atopic
dermatitis with other allergic diseases. Int Rev Allergol Clin
Immunol 1997; 3: 87-91.

Guilford JR Fundamental statistics in psychology and educa-
tion. McGraw-Hill, New York 1950; 165.

Tokura Y. Extrinsic and intrinsic types of atopic dermatitis.
J Dermatol Sci 2010; 58: 1-7.

Bieber T, Cork M, Reitamo S. Atopic dermatitis: a candidate
for disease-modifying strategy. Allergy 2012; 67: 969-75.
Irvine AD, McLean WH, Leung DY. Filaggrin mutations as-
sociated with skin and allergic diseases. N Engl ) Med 2011;
365:1315-27.

i S, von Mutius E, Lau S, et al. The pattern of atopic sen-
sitization is associated with the development of asthma in
childhood. J Allergy Clin Immunol 2001; 108: 709-14.

Lowe AJ, Hosking CS, Bennett CM, et al. Skin prick test can
identify eczematous infants at risk of asthma and allergic
rhinitis. Clin Exp Allergy 2007; 37: 1624-31.

Re AD, Simpson MR, Storrg O, et al. The predictive value of
allergen skin prick tests and IgE tests at pre-school age: the
PACT study. Pediatr Allergy Immunol 2014; 25: 691-8.

Advances in Dermatology and Allergology 4, August / 2019



