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Abstract:

Background Considerable percentage of patients tested with a standard patch test series respond
with a positive reaction to more than one allergen, and some associations between synchronous
positive reactions to distinct standard patch allergens have been described in the literature.

Objectives To evaluate the prevalence of sensibilization to haptens of the European baseline
series as well as the prevalence of oligo- and polysensitization and the most significant associated
positive patch test reactions in Slovenia.

Methods Patch testing data collected by the Slovenia E-Surveillance system from January 2008 to
December 2017 were retrospectively analyzed.

Results Of a total of 15,171 analyzed patients, 39.29% showed at least one positive reaction. The
highest sensitivity rates were noted for metals (Nickel(ll)sulfate hexahydrate — 16.33%) and
fragrances group (Fragrance mix | — 6.70%). The correlation analysis showed the strongest
correlation between Mercapto mix and 2-Mercaptobenzothiazole (MBT) (61.2%), Fragrance mix
Il and Lyral (50.5%), and Potassium dichromate and Cobalt (Il) chloride hexahydrate (33.3%).

Conclusions Sensitization prevalence to the most common haptens was defined, and their
strongest correlations on a national level were discovered. Comparison with the European level
demonstrates already known associations between allergens according to the model of cross
reactivity.
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1 Introduction

Contact allergic sensitivity and the consequential allergic contact dermatitis (ACD) still present a
serious health problem [1]. Consequently, the European baseline series (EBS) of haptens (contact
allergens) was established and is used throughout Europe as an essential patch test screen to
diagnose ACD [2]. The primary importance of patch testing is the recognition of individual contact
sensitivity. However, evaluating an extensive database of patch testing results enables the
identification of epidemiological ACD patterns [3].

Since the population exposure to environmental allergens is continuously changing, the update
of the EBS is inevitable. Therefore, the European Environmental Contact Dermatitis Research
Group proposed criteria for the inclusion of haptens within the baseline series on behalf of the
European Society of Contact Dermatitis (ESCD). Consequently, in the period from 2008 to 2015,
28 of the most relevant haptens were included in the EBS. Afterwards the EBS was extended to
30 allergens with additional haptens Textile dye mix 6.6% pet and Methylisothiazolinone 0.2% ag.
[2,4-6].

According to a large epidemiological study, 27% of the representative sample of the general
population in five European countries had positive reactions to at least one of the contact
allergensincluded in a series referred to as “baseline series” (previously named “standard series”)
[7]. It is also known that a considerable percentage of patients tested with a standard patch test
series respond with a positive reaction to more than one allergen, and some associations between
synchronous positive reactions to distinct standard patch allergens have been described [8].

Until 2007, the statistical evaluation of patch tests results in Slovenia has been carried out mostly
for annual reports and less for the epidemiological survey or additional research work. With the
introduction of the national e-surveillance system for contact allergies in Slovenia in 2010 (see
Fig. 1), things have pivoted [9].

Patch tests results of patients who had been tested in one of the three main patch tests clinics in
the period from 2000 to 2010 were added into the system retrospectively. Multicenter data
acquisition on the national level was established within 2010 when the patch tests procedure was
unified across all seven skin allergy clinics in Slovenia and the regular use of the national e-
surveillance system was introduced. In 2017, the surveillance system was upgraded with the
collection of data for the MOAHFLA index. At present (June 2020), the national database contains
the data of 25,478 patients.

In this study, we evaluated and described the collected patch testing results of the Slovenia E-
Surveillance system covering the period from 2008 to 2017. We also identified significant
correlations between positive test reactions in a screening series and compared them to results
of other surveillance systems.



2 Materials and Methods

2.1 Database: Slovenia E-Surveillance System

Patch testing results are stored on the Apache Web server (Bloom RB. Apache Server 2.0). Access
to the application is secured by encryption and allows login only to the registered users with
assigned username and password. The security of the personal data entered into the system is of
the highest priority. Thus, the patient's anonymity is guaranteed in compliance with other
regulations regarding the protection of personal data according to the requirements of the
national information commissioner. Data can be easily transferred to other databases or edited
using other software tools. The registered data have been contributed to the European
Surveillance System on Contact Allergies (ESSCA) network database since 2012 [9].

2.2 Patch testing method

For this study, we used the patch testing data collected in the period from January 2008 to
December 2017. The test chamber of this 10-year period constantly contained 28 haptens of
national baseline series as well as EBS (see Table 1).

All 15,171 patients included in the study had been tested with Chemotechnique and AllergEAZE
Brial standardized EBS haptens. The test chambers had been attached for 48 hours to do the first
reading of results in accordance with standard guidelines, while the second reading had been
taken after 96 hours [6]. According to the consensus of clinicians performing patch testing in
Slovenia, only the results of the second reading (after 96 hours) are registered in the E-
Surveillance System. Only clearly positive reactions (+, ++, +++) are recorded as positive, while
irritative or questionable results are recorded as negative.

2.3 Data analysis

Data analysis was performed with the code written in the Python programming language, where
two external libraries were used, i.e., SciPy [10] (open-source software for mathematics, science,
and engineering) and Pandas [11] (open-source data analysis and manipulation tool). A p-value
of less than 0.05 (p < 0.05) was considered to indicate statistical significance.

Descriptive statistics was used for the description of the analyzed data, e.g. frequency
distribution. To evaluate the strength of the relationship between given allergens, a correlation
analysis was conducted. If the correlation analysis shows a high correlation, this indicates a very
strong relationship between the two allergens. In the analysis, we estimate the correlation
coefficient r that is defined on an interval [-1, 1]. The coefficient can be explained as:

1; higher values of the first allergen are associated with the higher levels of the second one
r =4 0; absence of correlation
—1; higher values of the first allergen are associated with the lower levels of the second one

To quantify the strength of the association between two allergens an odds ratio (OR) was
calculated, accompanied by the respective 95% (a=0.05) confidence interval (Cl), as



ny/n
oR = M1/Mo
No1/ Moo

where ni; is the number of patients with positive reactions to both allergens, nio is the number
of patients with positive reaction to the first allergen only, no; is the number of patients with
positive reaction to the second allergen only, and ngo is the number of patients without positive
reaction to either of the two allergens. Standard error is then calculated as
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and the 95% Cl as
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OR is considered as one of the most common measures for the estimation of individual risk. It
addresses the question of how much the frequency or likelihood of a sensitivity (a positive
reaction) to an allergen is increased if a patient shows a positive reaction to a certain other
allergen, relative to the frequency or likelihood if this positive reaction is not present [12]. Beside
the prevalence ratio, OR is the most commonly used measure for estimating individual risk in the
field of contact allergy [12]. Fisher's exact test was used to determine if there are non-random
associations between the two given allergens.

3 Results

3.1 Demographic data and MOALHFA index

The dataset comprises patch tests results of 15,171 Slovenian patients who underwent patch
testing in the period from January 2008 to December 2017. Included in the sample are 4670
(30.78%) males and 10501 (69.22%) females, the average age of patients is 50.34 years.

Since 2017, information regarding MOAHLFA index is also being collected: out of 1705 tested
patients, 539 (31.61%) were males, the ratios of the latter were as follows: occupational
dermatoses: 41 (3.17%); atopic dermatitis: 124 (9.59%); hand dermatitis: 660 (51.04%); leg
dermatitis: 230 (17.79%); face dermatitis: 238 (18.41%), 1059 (81.90%) were aged more than 40.

3.2 Number and proportion of positive reactions

For the analysis of patch tests results, a distribution of the clinical phenotypes based on the
number of positive results was regularly conducted. A group of negative patients, at least one
positive reaction (P), oligosensitization (proportion of patch tested patient with one or two
positive reactions), and polysensitization (proportion of patch tested patients with three or more
positive reactions) are well determined [16]. Out of 15,171 cases, 9211 (60.71%) are negative,



5960 (39.29%) are showing at least one positive reaction (known as standardized P-measure),
4891 (32.24%) are oligo-sensitized, and 1069 (7.05%) are poly-sensitized.

The evaluation of patch tests results had also shown only one positive reaction in 3374 (22.44%)
patients, 1517 patients (9.99%) had responded with two positive reactions, 650 (4.28 %) with
three positive reactions, and the rest (2.58%) had more than three positive reactions. Only 37
(0.24 %) patients had shown more than six positive reactions (see Table 2).

3.3 Sensitivity rates for allergens of EU baseline series

Collected patch test results of 28 different haptens of EBS in the period 2008 to 2017 had shown
the sensitivity rates for each allergen listed in Table 1. The highest sensitivity rate is confirmed for
Nickel(ll)sulfate hexahydrate (16.66%), followed by Fragrance mix | (6.70%), Cobalt (I) chloride
hexahydrate (5.89%), Balsam of Peru (5.29%), Potassium dichromate (4.22%), and Fragrance Mix
I1(3.80%).

3.4 The association between positive reactions to two different allergens: a correlation
analysis

In the next step, a correlation analysis was performed to uncover any statistical relationships
between two allergens. Fig. 2 represents the correlation analysis of all 28 allergens. The darker
the cell is the stronger is the relation. It is evident that some pairs of allergens correlate very
strongly. The strongest correlation is between Mercapto mix and 2-Mercaptobenzothiazole
(MBT) (61.2%), followed by the correlation between Fragrance Mix Il and Lyral (50.5%), Potassium
dichromate and Cobalt (Il) chloride hexahydrate (33.3%), Balsam Peru and Fragrance mix |
(32.3%), and Fragrance mix | and Fragrance Mix Il (31.1%). Table 3 shows the remaining top 15
correlation pairs with the corresponding correlation coefficient.

3.5 The association between positive reaction to two different allergens: odds ratio
analysis

Table 4 and Table 5 show the number (n), percentage (%), odds ratios (OR) with 95% confidence

interval (95% Cl), and the p-value (p) between two allergens association.

Table 4 delivers associations with a percentage greater than 0.5%, i.e., positive reactions to both
allergens noted in more than 0.5% of the patients. The strength of associations between positive
reactions to two different allergens was quantified with the OR, accompanied by the respective
95% Cl. To account for the effect of multiple testing, the Bonferroni adjustment was used for all
statistical tests, namely Fisher’s exact test, with adjusted p-values of less than .05 considered
significant. We can see that there are 24 such associations, and all are statistically significant. The
most common two allergens present in these associations are Nickel(ll)sulfate hexahydrate and
Fragrance mix |, each appearing nine times.

Table 5 shows top 15 pairs of allergens with the highest OR, ten of them having the percentage



rate less than 0.5% of all patients. The highest OR has the association between Mercapto mix and
2-Mercaptobenzothiazole (MBT), for which also the highest correlation has been determined.

4 Discussion

Modern digital electronic data capture (EDC) solutions greatly aid in collecting, combining, and
preserving the data in a friendly, undemanding, and time-efficient way for the dermatologists.
Creating a central electronic database for patch testing results provides a “single source”
documentation strategy and, therefore, a better picture of contact sensitivity and characteristic
of allergic contact dermatitis [9]. The Slovenia E-Surveillance system and the German Contact
Dermatitis Research Group (Deutsche Kontaktallergie-Gruppe) system of collecting patch-testing
data for German-speaking countries represent the only national multicenter surveillance systems
of patch testing results in Europe [13].

Comparing the demographic data of the tested population in Slovenia during the period from
2008 to 2017 with ESSCA reports for the period 2007-2008 and 2013—-2014 [14,15] shows a
slightly lower proportion of males (30.78 %) and patients with age over 40 (69.99%) in Slovenia.
A slightly lower proportion (39.9%) of patients with at least one positive reaction, a standardized
P-measure, has also been detected. The study of Dittmar et al. [16] shows an equal standardized
prevalence of oligosensitization (7.05%) and a slightly lower proportion of the polysensitized
population (32.2%) in Slovenia.

In our study, the highest sensitivity rate was confirmed for Nickel(ll)sulfate hexahydrate (16.66%),
followed by Fragrance mix | (6.70%), Cobalt (Il) chloride hexahydrate (5.89%), Balsam of Peru
(5.29%) and Potassium dichromate (4.22%), which is comparable with ESSCA results in
approximately the same period [16].

Based on the results collected by the ESSCA group for the period 2007-2008 [14], we noted much
lower sensitization rates for Nickel(ll)sulfate hexahydrate compared to southern EU countries, i.e.
Italy and Spain, and the neighboring Austria. Rates of other metals (Potassium dichromate and
Cobalt (ll) chloride hexahydrate) are comparable to Italian rates; however, they are lower
compared to rates in Austria and Spain. Sensitization rates for Fragrance mix I, Fragrance Mix I,
and Balsam of Peru are obviously higher compared to Italy; however, much lower compared to
rates in Austria. The ESSCA results for period 2013-2014 [15] determine the highest sensitivity
for the same haptens (Nickel(ll)sulfate hexahydrate 18.1%, Fragrance Mix | 7.3%, Cobalt (Il)
chloride hexahydrate 5.9%, Balsam of Peru 5.3%, Potassium dichromate 3.2%), but with the
obvious discrepancy in Methylisothiazolinone/Methylchloroisothiasolinone (Kathon CG,100 ppm)
in ratio ESSCA: Slovenia (7.3%: 3.1%.). Compared to the ESSCA results, a higher proportion of
Methyldibromoglutaronitrile (MDBGN) sensibilization (3.58%) in Slovenia also stands out [15].

Dickel et al. [17] defined multiple sensitivity as a reaction to more than one allergen and several
contact sensitization models. Those are multiple sensitizations, where allergens A and B occur in
different products and usually induce sensitization; concomitant sensitization, where allergens A
and B are present in the same product and both induce sensitization; simultaneous sensitization,



where allergens A and B are present in different products but may induce simultaneous
sensitization; cross-sensitization, where A is the primary allergen inducing sensitivity and B is a
secondary allergen, chemically related to A and also capable of eliciting contact dermatitis; and
combination of cross-sensitization and concomitant sensitization.

Concerning the described models [17], our study's most significant associations meet the
definition of the combination of cross-sensitization and concomitant sensitization except the
association between fragrances and metals, which are, in our opinion, multiple independent
sensitizations. When focusing on the most significant associations that have been recognized in
statistical evaluations of large patch testing results databases, i.e. the associations between
metals of the standard tray [8,17-20], Formaldehyde and its releasers Quaternium 15 [17,21,22],
fragrance mix and metals [8,21], Balsam of Peru and fragrance mix [8,21,22], Carba, and Thiurama
Mix [19,22], Ethylene Diamine Dihydrochloride and Neomycin [22,23], para-phenydiamine and
Benzocaine [22,23], we can see that our research confirms all of them.

Dickel et al. [17] also reported that despite Nickel sulfate is the most frequent sensitizer, it usually
occurs as an isolated allergen with the lowest number of significant positive associations with
other allergens. The Mercapto mix, in contrast, has the highest multiple sensitivity index. Our
analysis confirms the claim of Nickel sulfate as the most frequent sensitizer, but we cannot
confirm it as an isolated allergen, since our results show multiple associations with it. On the other
hand, our research shows the same strongest significant associated sensitizations for the pair
Mercapto mix — 2-Mercaptobenzothiazole.

Comparing with the results of German Contact Dermatitis Research Group (DKG) [8] with 24
allergens, where 39 combinations of positive reactions occurred in more than 0.5% of patients,
we noticed the same most frequent associations between Fragrance Mix | and Balsam of Peru, as
well as Cobalt (Il) chloride hexahydrate and Nickel(ll)sulfate hexahydrate. Our analysis also shows
similar strongest significant associated sensitizations as presented in [21,22], i.e. Mercapto mix
and 2-Mercaptobenzothiazole, Fragrance mix Il and Lyral, Formaldehyde and Quaternium 15, as
well as Benzocaine and 4-Phenylenediamine base.

Top allergen pairs defined by the highest odds ratios for the European region provided by Dittmar
et al. [16] match our results. The strongest significant associations in North/Central Europe were
found between Quaternium-15 and Formaldehyde, which was also identified with similar odds
ratio in our research. In the same North/Central European region, allergen pairs Potassium
dichromate — Cobalt (lIl) chloride hexahydrate and Fragrance mix | — Fragrance mix |l were found,
which also matches the results of our research. Similarities with Southern Europe were found in
the allergen pairs 2-Methoxy-6-n-pentyl-4-benzoquinone (Primin) — Clioquinol (Chinoform,
Vioform) and Tixocortol-21-pivalate — Clioquinol (Chinoform, Vioform).

Other strongest associations of our study, i.e. Fragrance mix Il — Lyral, Formaldehyde —
Quaternium 15, Benzocaine — 4-Phenylenediamine base, Cobalt (ll) chloride hexahydrate —
Nickel(ll)sulfate hexahydrate, and Fragrance mix | — Fragrance mix Il were also confirmed by the
studies [8,22,24].



The strongest significant associations of our study are logical and indicate well the connections
between haptens which are tested independently in EBS and as an integral part of a mix of
haptens, i.e., Mercapto mix and 2-Mercaptobenzothiazole or Fragrance mix Il and Lyral. Linking
between Formaldehyde and Quaternium 15, Benzocaine and 4-Phenylenediamine base suggest
cross-reactivity that is characteristic for haptens that are transformed in the skin into a chemically
similar antigen, i.e. benzocaine, parabens, PPD and azo dyes with a common presence of an amino
substituent at the para position of the benzene ring. This structural similarity could explain the
frequency of the cross-reaction observed in our patients between PPD and Benzocaine [23] and
Formaldehyde and Quaternium 15.

5 Conclusion

This paper presents the evaluation of patch testing results collected in the 10-year period from
January 2008 to December 2017 in the Slovenia E-Surveillance System. We identified not only the
highest sensitivity rates among tested allergens, but also significant correlations between positive
test reactions in a screening series and provided an extended discussion.

Based on the encouraging results and additionally collected data, i.e. anatomical site of dermatitis
and occupation from 2017, we are planning to expand the data analysis. The specific goal of our
future research will be to further analyze polysensitization. We will do our best to evaluate the
prevalence and identify the predictive factors with the use of intelligent data analysis methods.
Besides, it would be very informative to conduct an in-depth analysis of polysensitization
obtained in our dataset with results of surveillance systems of other counties.
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Table 1: Number of positive reactions and absolute frequencies calculated for each allergen in European baseline series in the
period from 2008 to 2017.

# Allergen Concentration | Acronym | Number of Absolute
(%) positive | frequency

reactions (%)

1 Nickel(ll)sulfate hexahydrate 0.5 pet NI 2528 16.66
2 Fragrance mix | 1.0 pet FMI 1016 6.70
3 Cobalt (Il) chloride hexahydrate 1.0 pet co 894 5.89
4 Balsam of Peru 20.0 pet PER 803 5.29
5 Potassium dichromate 1.0 pet CR 640 4.22
6 Fragrance Mix || 5.0 pet Fll 577 3.80
7 Methyldibromoglutaronitrile (MDBGN) 5.0 pet DMD 544 3.59
8 Methylisothiazolinone/Methylchloroisothiasolinone | 5.0 pet 120 476 3.14

(Kathon CG,100 ppm)
9 Colophonium 20.0 pet KOL 450 2.97
10 | 4-Phenylenediamine base (PPD) 16.0 pet PPD 413 2.72
11 | Hydroxyisohexyl 3-cyclohexene carboxaldehyde | 0.1 pet LYR 247 1.63
(Lyral®)

12 | Thiuram mix 30.0 pet TIU 226 1.49
13 | Neomycin sulfate 2.0 pet NEO 214 1.41
14 | Epoxy resin 1.0 pet EPO 182 1.20
15 | Wool (Lanolin) alcohol 25.0 pet LAN 154 1.02
16 | Formaldehyde 1.0 pet FOR 141 0.93
17 | Paraben Mix 2.0 pet PAR 114 0.75
18 | Benzocaine 1.0 aq BEN 89 0.59
19 | Quaternium 15 (Dowicil 200) 8.0 pet Q15 81 0.53
20 | Budesonide 0.1 pet BUD 81 0.53
21 | N-Isopropyl-N-phenyl--4-phenylenediamine 1.0 pet IFP 81 0.53
22 | Sesquiterpene lactone mix 0.01 pet sQL 80 0.53
23 | 4-tert-Butylphenolformaldehyde resin (IPPD) 0.01 pet PBF 74 0.49
24 | 2-Mercaptobenzothiazole 0.01 pet MBT 70 0.46
25 | Mercapto mix 0.1 pet MER 67 0.44
26 | 2-Methoxy-6-n-pentyl-4-benzoquinone (Primin) 0.5 pet PRI 55 0.36
27 | Clioquinol (Chinoform, Vioform) 14.0 pet KLI 30 0.20
28 | Tixocortol-21-pivalate 5.0 pet TXP 20 0.13




Table 2: Number and proportion of the patients regarding the number of positive patch tests results.

Num. of allergies

Num. of patients

Share [%]

1 3374 22.24
2 1517 10.00
3 650 4.28
4 240 1.58
5 101 0.67
6 41 0.27
7 26 0.17
8 5 0.03
9 4 0.03
10 2 0.01




Table 3: The strongest correlations between allergens.

Allergen 1 Allergen 2 Correlation p
Mercapto mix 2-Mercaptobenzothiazole (MBT) 0.61 <0.001
Fragrance Mix Il Hydroxyisohexyl 3-cyclohexene carboxaldehyde 0.51 <0.001
(Lyral®)
Potassium dichromate Cobalt (Il) chloride hexahydrate 0.33 <0.001
Balsam of Peru Fragrance mix | 0.32 <0.001
Fragrance mix | Fragrance Mix II 0.31 <0.001
Cobalt (I1) chloride hexahydrate Nickel(ll)sulfate hexahydrate 0.28 <0.001
Fragrance mix | Hydroxyisohexyl 3-cyclohexene carboxaldehyde 0.23 <0.001
(Lyral®)
Formaldehyde Quaternium 15 (Dowicil 200) 0.22 <0.001
4-Phenylenediamine base (PPD) Benzocaine 0.20 <0.001
Colophonium Balsam of Peru 0.18 <0.001
Balsam of Peru Fragrance Mix Il 0.15 <0.001
Colophonium Fragrance mix | 0.13 <0.001
Cl+Me-isothiazolinone (Kathon CG,100 ppm) Methyldibromoglutaronitrile (MDBGN) 0.12 <0.001
Budesonide Tixocortol-21-pivalate 0.12 <0.001
Potassium dichromate Nickel(ll)sulfate hexahydrate 0.12 <0.001




Table 4: Analysis of associations. The * symbol indicates statistical significance.

combination n % OR 95% ClI p
CO+ NI * 525 3.46 8.72 7.57-10.04 <0.001
PER + FMI * 328 2.16 13.73 11.70-16.12 <0.001
CR+CO* 277 1.83 17.21 14.43 -20.52 <0.001
FMI + FIl * 264 1.74 15.53 12.98 - 18.58 <0.001
CR+ NI * 241 1.59 3.23 2.74-3.82 <0.001
NI + FMI * 208 1.37 1.31 1.12-1.54 0.001
FIl + LYR * 195 1.29 142.76 103.42 - 197.05 <0.001
NI + PER 147 0.97 1.13 0.94-1.36 0.206
KOL + PER * 128 0.84 8.27 6.65—10.30 <0.001
FMI + LYR * 127 0.84 16.71 12.90-21.64 <0.001
PER + FII * 127 0.84 5.81 4.70-7.180 <0.001
NI + FII * 125 0.82 1.40 1.15-1.72 0.001
KOL + FMI * 115 0.76 5.27 4.22 -6.58 <0.001
NI + KOL * 110 0.73 1.65 1.32-2.05 <0.001
NI+ DMD * 110 0.73 1.28 1.03-1.59 0.026
NI + 120 * 109 0.72 1.51 1.21-1.88 <0.001
PPD + NI * 109 0.72 1.83 1.46-2.29 <0.001
FMI + DMD * 108 0.71 3.74 3.00-4.67 <0.001
PER + DMD * 100 0.66 4.46 3.55-5.61 <0.001
FMI +1Z0 * 97 0.64 3.84 3.04-4.84 <0.001
CO + FMI * 87 0.57 1.55 1.23-1.95 <0.001
CR+ FMI * 78 0.51 2.01 1.57-2.57 <0.001
1ZO + DMD * 78 0.51 5.98 4.62-7.76 <0.001
CO+PER* 76 0.50 1.73 1.35-2.22 <0.001




Table 5: Analysis of the strongest significant associations. The * symbol indicates statistical significance.

combination n % OR 95% ClI p
MER + MBT * 42 0.28 904.56 487.32 -1679.03 <0.001
Fll + LYR * 195 1.29 142.76 103.42 - 197.05 <0.001
BUD + TXP * 5 0.03 66.12 23.44-186.49 <0.001
FOR+Q15 * 24 0.16 53.88 32.34-89.77 <0.001
PPD + BEN * 40 0.26 32.19 20.94 -49.49 <0.001
KLI + TXP * 0 0.00 25.20 3.28 -193.83 0.042
KLI + PRI * 2 0.01 20.33 4.72 - 87.53 0.005
CR+CO* 277 1.83 17.21 14.43 - 20.52 <0.001
FMI + LYR * 127 0.84 16.71 12.90-21.64 <0.001
FMI + FIl * 264 1.74 15.53 12.98 - 18.58 <0.001
EPO + TXP * 3 0.02 14.76 4.29-50.81 0.002
PRI + TXP 1 0.01 14.71 1.94-111.88 0.070
PER + FMI * 328 2.16 13.73 11.70-16.12 <0.001
PPD + IFP * 21 0.14 13.12 7.90-21.79 <0.001
KLI + KOL * 8 0.05 12.09 5.35-27.31 <0.001




Figure legends

Fig. 1: Web interface for data entry of tested individuals and marks of positive allergens.

Fig. 2: Correlation analysis.
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