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Abstract

Background: Allergic contact dermatitis caused by shoes is common and new rele-

vant allergens have been identified.

Objectives: To investigate the pattern of type IV sensitization in patients with

suspected allergic contact dermatitis of the feet related to shoes as a presumed cul-

prit trigger.

Methods: Retrospective analysis of data of the Information Network of Departments

of Dermatology (IVDK), 2009-2018.

Results: Six hundred twenty-five patients with presumed shoe dermatitis were iden-

tified in a cohort of 119 417 patients. Compared to patients with suspected contact

sensitization from other allergen sources (n = 118 792), study group patients were

more frequently sensitized to potassium dichromate (10.8% vs 3.5%), colophony

(7.2% vs 3.7%), mercaptobenzothiazole (MBT; 4.0% vs 0.6%), mercapto mix (4.6% vs

0.6%), and p-tert-butylphenol formaldehyde resin (1.6% vs 0.5%). Sensitizations to

urea formaldehyde resin, melamine formaldehyde resin, glutaraldehyde, tricresyl

phosphate, and phenyl glycidylether were rare. Moreover, reactions to compounds in

the leather or textile dyes test series were scarce.

Conclusion: A distinct sensitization pattern was observed in patients with suspected

allergy to shoe materials. Although substances with low sensitization rates should be

removed from the leather and shoe patch test series, novel potential allergens should

be added.
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The first evidence of human footwear can be tracked down to the late

Pleistocene �40 000 years ago based on the anatomy of feet.1 At

that time, shoes were worn for protection of the skin and against the

cold, in the form of woven sandals, partially consisting of leather.

Nowadays, the appearance aspect has become of greater importance

and footwear consists of an abundance of different materials. Contact

dermatitis of the feet caused by footwear, hereinafter referred to as

“shoe dermatitis,” represents �10% of all patch testing cases.2,3 Typi-

cally, the volar and dorsal aspects of the feet are affected, sparing the

toes' flexural creases as well as the instep.4 Whereas unilateral affec-

tion is possible, most cases present with a symmetrical manifestation.5

The culprit agent causing the allergic contact dermatitis can often be

found in leather (chromium salts, biocides, colorants), rubber, or adhe-

sive components, in particular, p-tert-butylphenol formaldehyde resin

(PTBP-FR).6-11

Various studies on the causative allergens in shoe dermatitis from

different regions of the world, such as North America, Indonesia, Brazil,

and India, have been published in recent years.10,12-15 However, current

large-scale studies on shoe dermatitis from Central Europe are missing.

About 10 years ago, footwear dermatitis due to dimethyl fumarate

(DMF) in leather was reported in parallel to the epidemic of “sofa derma-

titis” due to DMF used as antimycotic substance at that time.16-21

Recent case reports have shown that octylisothiazolinone,22 dialkyl

thioureas,23 dimethylthio-carbamylbenzothiazole sulphide (DMTBS),24,25

2-(thiocyano-methylthio)benzothiazole (TCMTB),26 acetophenone

azine,27,28 and Tinuvin 770 (bis(2,2,6,6-tetramethyl-4-piperidyl) sebacate;

BTMPS)29 may also be important shoe allergens, yet may be overlooked

as they are not tested routinely. Occasionally, secondary “contaminants”
such as shoe refresher sprays or residues of antimycotics may cause

shoe dermatitis, so taking a detailed history to identify further culprits is

crucial.30,31

As far as data of the Information Network of Departments of

Dermatology (IVDK) are concerned, two retrospective studies were

conducted analyzing different aspects of foot and shoe contact der-

matitis. In the early 1990s, we analyzed contact sensitizations in

85 patients who were occupationally exposed to shoes and leather. In

addition to frequent sensitizations to potassium dichromate, we found

a high proportion of positive reactions to glutardialdehyde, although

the results may have been susceptible to false positives due to testing

at 1% pet.32 The second study focused on 2671 patients with foot

dermatitis (irrespective of its cause) who were patch tested in IVDK

departments from 2001 to 2010.3 These patients reacted significantly

more often to potassium dichromate (12.8% vs 4.1%), cobalt chloride

(9.2% vs 6.2%), colophony (8.3% vs 4.0%), ammoniated mercury (5.7%

vs 3.6%), PTBP-FR (3.6% vs 0.8%), mercapto mix (2.9% vs 0.5%), and

mercaptobenzothiazole (2.5% vs 0.5%) than patients affected by

eczema/dermatitis at other skin regions.3

Until now, there has been no retrospective IVDK data analysis

explicitly focusing on patients with shoe dermatitis, that is, those with

foot dermatitis and having shoes as the suspected allergen source. We

therefore analyzed data of this particular subgroup of patients to

describe a current corresponding sensitization pattern for the Central

Europe region and provide patch test recommendations for the future.

1 | PATIENTS AND METHODS

The IVDK, founded in 1988, is a network of currently 58 dermatologi-

cal departments in Germany, Switzerland, and Austria focusing on

clinical epidemiology of contact allergy. The central IVDK database

holds clinical data and patch test results of �300 000 patients, with

roughly 10 000 new data sets added every year. The routine operat-

ing procedures of the IVDK network are described in detail else-

where.33 Briefly, patients' histories, clinical data, and patch test results

are recorded in local databases in the participating centers and, after

pseudonymization, transmitted to the IVDK central office at the Uni-

versity Medical Centre of Göttingen twice a year. Data are subjected

to a standardized quality control, added to the central IVDK database,

and analyzed according to international standards.34,35

Patch testing was performed according to the guidelines of the Ger-

man Contact Dermatitis Research Group (Deutsche Kontaktallergie-

Gruppe; DKG).36-38 Test allergens were applied to the skin for 48 hours

in 84.1% of the patients, and for 24 hours in 15.9%. Patch test reactions

were classified as negative, doubtful (erythema or a few follicular papules

only), positive (+, ++ or +++)—that is, reactions with erythema, infiltra-

tion, papules, and/or (coalescing) vesicles—or irritant. For the present

data analysis, patch test reactions at day 3 (D3) were considered. In a

few exceptional cases, when a patch test reading was performed at D4

instead of D3, this reading was selected. Patch test preparations were

purchased from Almirall Hermal, Reinbek, Germany (until 2013);

SmartPractice Europe, Greven, Germany (from 2014 on); or

Chemotechnique, Vellinge, Sweden.

Age- and sex-standardizations of reaction frequencies were con-

ducted according to published methods.39 For comparisons, percent-

ages of proportions of anamnestic items or reaction frequencies in

disjunct groups of patients are presented together with exact 95%

confidence intervals (CIs) in this study. Statistical significance of dif-

ferences on a 5% level was concluded from non-overlapping 95% CIs.

Data were managed and analyzed using the statistical analysis soft-

ware SAS, version 9.4 (SAS Institute, Cary, NC, USA).

2 | RESULTS

We analyzed data from 2009 to 2018 taken from the central IVDK

database. In these years, 119 417 patients were patch tested in the

departments of dermatology that make up the IVDK. In 1057 patients

(0.9%), shoes and boots were suspected as allergen sources relevant

to the patients' dermatitis. Six hundred twenty-five (59.1%) of these

patients exhibited dermatitis localized primarily to the feet.

These 625 patients were considered as the study group.

Of the study group, 357 patients (57.1%) were men, 155 (24.8%)

had a history of or had current atopic dermatitis, and 77 (12.3%)

patients had occupational dermatitis. Ages ranged from 7 to 88 years

(median 45 years). Age distribution is depicted in Figure 1. For com-

parison, the age distribution is provided of all other patients who were

patch tested in the IVDK in the same time period. Patients of the

study group were slightly younger than the overall tested patients,
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but with a similar distribution pattern. Allergic contact dermatitis

(ACD) was finally diagnosed in 203 patients (32.5%); the remainder

had other forms of eczema. In 168 ACD patients (82.8% of 203), ACD

was the only diagnosis. Ten patients (4.9%) additionally had atopic

dermatitis, six (3.0%) from chronic irritant contact dermatitis, three

(1.5%) from dyshidrotic eczema, and 16 (7.9%) from other dermatoses.

Distribution of the localizations of dermatitis is presented in Table 1.

Patients in whom the soles were primarily affected (n = 142) were

significantly more often diagnosed with dyshidrotic eczema (29.6% vs

12.0%; P < .0001) and less frequently with allergic contact dermatitis

(24.6% vs 34.8%; P = .02) than the remaining patients with foot der-

matitis (n = 483). In 579 patients (92.6%), the DKG baseline series

was tested; the DKG leather and shoes series was patch tested in

475 patients (76.0%), and the DKG leather and textile dye series

in 329 patients (52.6%).

Positive reactions to allergens of the DKG baseline series are

listed in Table 2. Most frequently, patients reacted to nickel sulfate

(14.3%), potassium dichromate (9.8%), colophony (6.5%), and cobalt

chloride (6.2%). Twenty-eight patients (4.8%) reacted to

mercaptobenzothiazole (MBT) or its derivatives contained in the

mercapto mix.

We compared age- and sex-standardized frequencies of sensiti-

zations to baseline series allergens of the study group to all other

patients tested in the IVDK from 2009 to 2018 (Table S1 in the

online supplement). Patients with shoe dermatitis reacted signifi-

cantly more often to potassium dichromate (10.8% vs 3.5%), colo-

phony (7.2% vs 3.7%), MBT (4.0% vs 0.6%), and mercapto mix (4.6%

vs 0.6%). Reactions to PTBP-FR were also noted more frequently in

the study group (1.6% vs 0.5%), although significance was borderline.

Frequencies of sensitizations to nickel, cobalt, thiurams, preserva-

tives (including formaldehyde), and fragrances were not increased in

the study group.

Only 5 of the 14 allergens of the DKG leather and shoes series

elicited positive reactions in more than 1% of the patients tested

(Table 3). These allergens were 1,3-diphenylguanidine (DPG),

mercury(II)amidochloride, 4,40-diaminodiphenylmethane (MDA),

1,2-benzisothiazolin-3-one sodium salt, and PTBP-FR. In 226 patients

tested with MDA, p-phenylenediamine (PPD) was tested in parallel.

Four of these patients reacted to MDA, and each of these four

patients also reacted to PPD. No patients reacted to chloroacetamide

or chlorocresol.

In Table 4, positive reactions to the DKG leather and textile dyes

series are listed. Only two allergens elicited positive reactions in

more than 1% of the patients tested: PPD and disperse orange

3 (DO3). Both allergens were tested in parallel in 219 patients.

Eleven of these patients reacted positively to PPD, and 7 to DO3. All

of the DO3-positive patients also reacted to PPD. No positive reac-

tions were noted to disperse blue 3, disperse red 11, or disperse yel-

low 3.

The DKG rubber series was patch tested in 240 patients. Results

are presented in Table 5 in the online supplement. Positive reactions

to MBT and its derivatives (components of the mercapto mix), DPG,

and N-isopropyl-N0-phenyl-p-phenylenediamine (IPPD) were most

frequently noted, followed by zinc diethyldithiocarbamate (ZDEC) and

thiurams. Four of 237 patients (1.7%) had a positive patch test reac-

tion to p-tert butyl catechol 0.25% petrolatum (pet.) (PTBC). In

235 patients, PTBC and PTBP-FR were patch tested in parallel. Of

these, two had a strong (++) positive reaction to PTBP-FR, and four a

weak (+) positive reaction to PTBC. No patient reacted to both

substances.

Tert-butylhydroquinone (TBHQ) 1% pet. was tested in

394 patients, 7 (1.8%) of whom reacted positively. Only one patient

reacted to both PTBC and TBHQ.

Octylisothiazolinone 0.025% pet. (OIT) was patch tested in

49 patients only; no positive reactions were observed.

Dimethyl fumarate (DMF) was patch tested in 65 patients at test

concentrations ranging from 0.001% (= 10 ppm) to 1% in water, and

at 0.1% in pet. One patient showed a weak positive reaction to DMF

1% aq. but did not react to 0.1% or 0.01% aq. All other tests remained

negative.

Material from the patients' own shoes were patch tested in

135 patients. Twenty-nine tests were performed with leather

parts, 28 with textile parts, seven with foam material, and six with

rubber parts. In the majority of tests (n = 80), the material was not

specified. Body care products for the feet were tested in

16 patients. There were 17 positive reactions to materials not

specified (9 +, 7 ++, 1+++), 4 reactions to leather samples (2+, 1
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F IGURE 1 Age distribution of the patients in the study group
compared to all patients who were patch tested in the IVDK
(2009-2018)

TABLE 1 Distribution of the localization of dermatitis in the study
group (625 patients with “shoe dermatitis”)

Localization n %

Feet (no details given) 329 52.6

Soles 142 22.7

Arches 91 14.6

Toes 13 2.1

Ankles 6 1.0

Lower legs 44 7.0
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++, 1+++), 3 to rubber samples (2+, 1++), 3 to textile materials

(2+, 1++), and 1 to foam material (+). Of those 22 patients who

reacted to their own shoe material, 5 had no reaction to standard-

ized patch test substances. The remaining 17 patients reacted to

nickel sulfate (8 patients), colophony (8), MBT and MBT derivatives

(6), fragrances (6), potassium dichromate (5), cobalt chloride (5),

PTBP-FR (3), DPG (3), oil of turpentine (3), thiurams (2),

iodopropynyl butylcarbamate (2), formaldehyde (1) melamine form-

aldehyde resin (1), dibutylthiourea (1), ethyleneglycol

dimethacrylate (1), and dimethyl fumarate (1). However, we have

no information whether these allergens were present in the culprit

shoes.

TABLE 2 Patch test reactions to allergens of the DKG baseline series in the study group. Some allergens were added to the baseline series
during the course of the study period. Others were removed, resulting in reduced test frequencies

Allergen Test concentration Number of patients tested % positive

Nickel sulfate 5% 568 14.3

Potassium dichromate 0.5% 569 9.8

Colophony 20% 571 6.5

Cobalt chloride 1% 568 6.2

Balsam of Peru (Myroxylon pereirae) 25% 567 5.6

Fragrance Mix I 8% 570 5.6

Mercapto Mix (CBS, MBTS, MOR) 1% 571 4.6

Fragrance Mix II 14% 571 4.4

Mercaptobenzothiazole (MBT)a 2% 490 3.7

Methyldibromo glutaronitrile (MDBGN)b 0.3% 125 3.2

Propolis 10% 569 3.2

Methyldibromo glutaronitrile (MDBGN)b 0.2% 444 3.2

Lanolin alcohols 30% 569 3.0

Methylchloroisothiazolinone/methylisothiazolinone

(MCI/MI) (aq.)

0.01% 569 2.5

Mercaptobenzothiazole (MBT) a 1% 82 2.4

Thiuram mix 1% 571 2.3

Oil of turpentine 10% 564 2.0

p-Tert-butylphenol formaldehyde resin (PTBP-FR) 1% 514 1.9

N-isopropyl-N0-phenyl-p-phenylenediamine (IPPD) 0.1% 569 1.8

Methylisothiazolinone (aq.) 0.05% 461 1.5

Zinc diethyldithiocarbamate (ZDEC) 1% 570 1.2

Jasmine absolute 5% 497 1.0

Sandalwood oil 10% 497 1.0

Epoxy resin 1% 566 0.9

Cetearyl alcohol 20% 569 0.9

Iodopropynyl butylcarbamate (IPBC) 0.2% 462 0.9

Ylang Ylang (I + II) oil 10% 497 0.8

Formaldehyde (aq.) 1% 569 0.7

Paraben Mix 16% 569 0.7

Hydroxyisohexyl 3-cyclohexene carboxaldehyde

(HICC)

5% 569 0.7

Compositae Mix IIc 5% 349 0.6

Compositae Mix Ic 5% 218 0.5

2-Bromo-2-nitropropane-1,3-diol 0.5% 489 0.2

Note: Vehicle is petrolatum (pet.) unless water (aq.) is specified.

Abbreviations: CBS, N-cyclohexyl-2-benzothiazyl sulfenamide; MBTS, dibenzothiazyl disulfide; MOR, morpholinyl mercaptobenzothiazole.
aMBT was patch tested at 1% pet. in 2016/2017 and at 2% pet. in all other periods.
bMDBGN was patch tested at 0.2% pet. until March 2016 and at 0.3% pet. from April 2016 on.
cThere was a switch from Compositae Mix I to Compositae Mix II in 2011.
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3 | DISCUSSION

Foot dermatitis is a complex disease that may give rise to several dif-

ferential diagnoses: allergic or irritant contact dermatitis; atopic, dys-

hidrotic, or hyperkeratotic eczema; psoriasis; tinea pedis; and, rarely,

lichen planus. According to the literature, 1.5%-24% of patch tested

patients have allergic contact dermatitis due to shoes.2-4,40-42 This

great variation is probably explained by differences in patient selec-

tion criteria and variable climate conditions leading to different shoe-

wearing habits. In our study, the prevalence of shoe dermatitis was

even lower (0.9%), possibly based on strict inclusion criteria. Although

female gender was predominant in some studies,40-43 supporting the

theory of a higher risk of sensitization due to the absence of stockings

in summer, an opposite gender distribution was shown in our study

and that of others.3,4,44,45 It can be hypothesized that men's tendency

to increased sweating (28) may facilitate allergen penetration and thus

contribute to sensitization. Sweating of the feet is most pronounced

on the soles. We found allergic contact dermatitis to be low in our

patients with affected soles, which was probably due to the thick stra-

tum corneum in that region.

With our retrospective analysis of IVDK data of patients with

shoe dermatitis, we are able to describe a sensitization pattern for a

TABLE 3 Patch test reactions to allergens of the DKG leather and shoes series in the study group

Allergen Test concentration Number of patients tested % positive

1,3-Diphenylguanidine (DPG) 1% 467 2.6

Mercury(II)amidochloride 1% 467 2.6

4,40-Diaminodiphenylmethane 0.5% 467 1.9

1,2-Benzisothiazolin-3-one, sodium salt 0.1% 466 1.7

p-Tert-butylphenol formaldehyde resin (PTBP-FR) 1% 441 1.6

Ethylenediamine dihydrochloride 1% 465 0.9

Phenol formaldehyde resin (Novolak) 5% 465 0.9

Urea formaldehyde resin 10% 466 0.4

Melamine formaldehyde resin 7% 466 0.4

Glutaraldehyde 0.3% 467 0.4

Tricresyl phosphate 5% 464 0.2

Phenyl glycidylether 0.25% 468 0.2

Chloroacetamide 0.2% 466 0.0

Chlorocresol 1% 467 0.0

Note: Vehicle is petrolatum throughout.

TABLE 4 Patch test reactions to
allergens of the DKG leather and textile
dyes series in the study group

Allergen Test concentration Number of patients tested % positive

p-Phenylenediamine (PPD)a 1% 219 5.0

Disperse Orange 3 (CI 11005) 1% 323 2.8

Disperse Red 17 (CI 11210) 1% 323 0.9

Disperse Blue 124b 0.3% 251 0.8

Disperse Blue 106b 0.3% 251 0.8

Acid Yellow 36 (CI 13065) 1% 323 0.6

Bismarck Brown R 0.5% 322 0.3

Disperse Red 1 (CI 11110) 1% 323 0.3

Disperse Yellow 9 (CI 10375) 1% 323 0.3

Naphthol AS (CI 37505) 1% 323 0.3

Disperse Blue 3 (CI 61505) 1% 323 0.0

Disperse Red 11 (CI 62015) 1% 323 0.0

Disperse Yellow 3 (CI 11855) 1% 321 0.0

Note: Vehicle is petrolatum throughout.
aPPD was inserted in this test series in October 2011.
bDisperse Blue 106 and 124 were removed from this test series in April 2016 because they were no

longer available at 0.3% pet.
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region with moderate climate. Of the baseline series allergens, we

observed increased frequencies of sensitizations to potassium dichro-

mate, colophony, and MBT and its derivatives.

Chromium (Cr) salts are used in more than 90% of leather for tan-

ning.46 The trivalent chromium salts used in this process can oxidize

to the hexavalent Cr(VI), which may leach from the leather.

Cr(VI) elicits dermatitis and patch test reactions at lower concentra-

tions than Cr(III) in sensitized patients, largely because it penetrates

the skin more easily.6,47 Mostly, diagnostic patch testing is performed

using potassium dichromate 0.5% pet., where chromium is in its hexa-

valent state. The sensitization rate in our study (9.8%) was in the same

range as described in a similarly designed Brazilian study.12 It is inter-

esting to note that it was lower than described in a previous IVDK

data analysis (2001-2010) of patients with foot dermatitis.3 According

to EU regulation No. 301/2014, leather articles or parts coming into

contact with the skin may not contain more than 3 ppm Cr(VI) from

2015 onwards.48 The preventive effect of this regulation is not

reflected by our data, because most of the patients were tested

before 2015. The influence of time can hardly be recognized in

cohorts as small as ours with �50 patients with suspected shoe der-

matitis per year.

Colophony is a well-known shoe allergen in glues and finishes or

as tackifier.15,40,49 In our study group, the frequency of sensitization

to colophony was about twice as high as in the control group and

comparable to earlier IVDK data on patients with foot dermatitis,3

confirming its persistent and particular importance as a shoe allergen.

Among the rubber ingredients patch tested in the baseline series,

MBT and its derivatives, but not thiurams, ZDEC, or IPPD, elicited sig-

nificantly more positive reactions in shoe dermatitis patients com-

pared to the control group. Generally, rubber components are known

to be relevant shoe allergens.10,12-15,40 However, the leading role of

MBT and its derivatives in this context has been described previously

by only Freeman, Australia,9 and Nardelli et al., Belgium.40

Remarkably, cobalt sensitization was only slightly and insignifi-

cantly increased in our study group. This is in contrast to our earlier

data on foot dermatitis3 and data on shoe dermatitis patients from

Belgium,40 but it is in line with some other studies on contact allergy

due to shoes.10,12 Cobalt has recently gained more attention as a rele-

vant allergen in leather consumer goods.50,51

PTBP-FR is considered as the most prominent occupational aller-

gen encountered by shoemakers and repairers,6 but has also been

described as a relevant contact allergen in patients with shoe dermati-

tis.3,9,10,40 In our study, the prevalence of sensitizations to PTBP-FR

was increased compared to the control group (1.6% vs 0.5%), but only

with borderline significance. In 2014, the DKG moved PTBP-FR from

the baseline series to the “leather and shoes” series due to its low

reaction frequency and because it is only a relevant contact allergen

in shoes.

TABLE 5 Patch test reactions to allergens of the DKG rubber series in the study group and reactions to MBT, IPPD and ZDEC in study group
patients tested with the DKG rubber series

Allergen Test concentration Number of patients tested % positive

Mercaptobenzothiazole (MBT) 2% 184 4.3

1,3-diphenylguanidine (DPG) 1% 238 4.2

Morpholinyl mercaptobenzothiazole (MOR) 0.5% 238 4.2

N-cyclohexyl-2-benzothiazyl sulfenamide (CBS) 1% 238 3.8

Dibenzothiazyl disulfide (MBTS) 1% 238 2.9

N-isopropyl-N0-phenyl-p-phenylenediamine (IPPD) 0.1% 224 2.7

Tetramethylthiuram monosulfide (TMTM) 0.25% 238 2.1

p-tert-butylcatechol 0.25% 237 1.7

Zinc diethyldithiocarbamate (ZDEC) 1% 224 1.3

Dipentamethylenthiuram disulfide (DPTD) 0.25% 239 1.3

Tetramethylthiuram disulfide (TMTD) 0.25% 239 1.3

Tetraethylthiuram disulfide (TETD) 0.25% 239 1.3

Ethylenediamine dihydrochloride 1% 239 0.8

Zinc dibutyldithiocarbamate (ZDBC) 1% 236 0.4

Dibutylthiourea 1% 238 0.4

Diphenylthiourea 1% 238 0.4

Methenamine (Hexamethylene tetramine) 1% 238 0.4

Monobenzone 1% 238 0.4

N,N0-diphenyl-p-phenylenediamine (DPPD) 0.25% 238 0.4

Cyclohexylthiophthalimide 0.5% 238 0.4

Zinc dibenzyldithiocarbamate 1% 238 0.0

Note: Vehicle is petrolatum throughout.
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PTBC is used as a stabilizer in synthetic rubber. Its possible role

as a shoe allergen remains unclear. In two previous studies,10,40 reac-

tions to PTBC were regarded as cross-reactions to PTBP-FR. How-

ever, we did not find any concomitant reactions to both substances.

TBHQ is a widely used antioxidant, for example, in skin care products,

that is chemically similar to PTBC and thus may possibly cross-react.

However, we identified only one patient reacting to both PTBC and

TBHQ. This suggests that PTBC may act as an independent shoe aller-

gen in most cases. However, it must be considered that PTBC is

tested at 0.25% pet. only, whereas PTBP-FR and TBHQ are being

tested at 1% pet. and that the PTBC reactions might therefore be mis-

sed. Increasing the PTBC test concentration is, however, not an

option, because higher concentrations have been shown to induce

active patch test sensitization.52 It might be worthwhile adding PTBC

and TBHQ to the leather and shoe series in order to get more data on

this issue.

The diagnostic value of the two patch test series recommended

for patients with shoe dermatitis is limited: Half of the substances of

the “leather and shoes” series, such as urea formaldehyde resin, mela-

mine formaldehyde resin, glutaraldehyde, tricresyl phosphate, phenyl

glycidylether, chloroacetamide, and chlorocresol, elicited positive

reactions in less than 0.5% of the patients tested. Furthermore, we

did not identify any publication indicating that the two formaldehyde

resins play a significant role as contact allergens in shoes. Glutaralde-

hyde is used in tanning,6 but in agreement with other studies on shoe

dermatitis,10 we could not identify it as a significant contact allergen

in this context. Tricresyl phosphate and phenyl glycidyl ether are used

in the shoe industry as a flame retardant and a reactive diluent for

epoxy resins, respectively, yet neither seems to play a role as a shoe

allergen. Again, reports on sensitization in this context could not be

found. According to information from the chemical industry, the use

of chloroacetamide and chlorocresol as biocides is declining, and we

did not find any case of sensitization in our study group. As part of

the DKG preservative and biocides series, both elicited positive reac-

tions in less than 0.5% in the IVDK cohort from 2009 to 2018 (data

not shown in detail). On the other hand, octylisothiazolinone, which

has been reported to be a relevant leather and shoe allergen,22 has

only occasionally been patch tested in patients with shoe dermatitis.

Based on our results, we propose reducing the DKG “leather and

shoes” series to the first seven allergens of Table 3, which elicited

almost 1% positive reactions or more. The rubber allergen DPG seems

to be as important as thiurams or MBT derivatives in patients with

shoe dermatitis. Mercury compounds have been used as preservatives

in leather,6 and have also been described as contact allergens in rub-

ber boots in the 1990s,53 but we are not sure if they are still currently

relevant. A positive patch test reaction to MDA may indicate contact

allergy to diphenylmethane-4,40-diisocyanate,54 a basic compound of

polyurethanes that may be present in shoes, or it may be a cross-

reaction in patients primarily sensitized to PPD.55 Among other areas

of application, benzisothiazolinone is being reviewed for use as a bio-

cide for leather.56 Ethylenediamine is used as a stabilizer in rubber

latex57 and may hence be a relevant shoe contact allergen. Phenol

formaldehyde resins may be contained in urethane adhesives.6 In

addition, we recommend adding octylisothiazolinone 0.025% pet. as it

has been reported to be a relevant allergen in leather.6,22

The leather and textile dyes series (Table 4) does not seem to be

appropriate for detecting contact sensitization to leather colorants

used in shoes. Either other dyes are being used or leather dyes do not

pose a great risk to the consumer. PPD (with occasional cross-reaction

to DO3) was the only allergen of this series to elicit a reaction in more

than 1% of the study group. It is not yet clear whether these reactions

are relevant to shoe dermatitis, as patients may have become sensi-

tized to PPD through different exposures, for example, hair dyes. A

significantly increased risk of PPD sensitization among patients with

shoe dermatitis was described in a Belgian study.39 In accordance

with other studies, the authors stated that shoe dermatitis from dyes

is extremely rare, and they assumed that reactions to dyes from stock-

ings may be a confounder.5,40 Although the frequencies of reactions

were low in our study group, we would not recommend shortening

this series because it has its relevance in suspected textile dye

allergy.58

Concentration of DMF has been limited to 0.1 mg/kg (= 1 ppm)

in any consumer products (including shoes) in the EU since March

2010.59,60 Accordingly, only one possible sensitization to DMF was

detected. However, this reaction was only elicited by the highest test

concentration (1% aq.), hence a false positive (irritant) reaction cannot

be excluded. Routine patch testing with DMF is no longer necessary

since relevant exposure is lacking.

From the practical point of view, in individual cases, patch testing

with the patientʼs own shoe material might be helpful. Indeed, new

shoe allergens such as DMTBS or acetophenone azine have been

identified by investigations like these.24,25,27 However, in most cases,

information on the ingredients of the shoe parts is almost impossible

to obtain. Hence, the prospective scientific value of these tests is lim-

ited when no analytical chemical laboratory is at hand. In our data,

positive patch tests with various materials from the patientsʼ own

shoes were recorded in 22 patients, and 17 of these patients had pos-

itive reactions to standardized patch test preparations as well. The rel-

evance of these reactions for the shoe dermatitis, however, remained

largely unclear, because information on the composition of the shoe

material is not present. A declaration of the shoe ingredients, at least

of the known and frequent contact allergens, would be helpful for

secondary prevention. But considering the shoe production process,

this is probably illusory.

4 | CONCLUSION

Among patch test patients, allergic contact dermatitis to shoes, in par-

ticular due to dyes, remains rare. Our findings are in agreement with

the list of the most frequent and relevant allergens, that is, Cr(VI),

colophony, MBT and its derivatives, and PTBP-FR. Urea formaldehyde

resin, melamine formaldehyde resin, glutaraldehyde, tricresyl phos-

phate, phenyl glycidylether, chloroacetamide, and chlorocresol no lon-

ger seem to be relevant allergens and should therefore be removed

from the leather and shoes patch test series. Octylisothiazolinone
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should be added because there is increasing evidence that it is a rele-

vant allergen in leather and shoes, although we did not identify aller-

gic patients in our small series of patients tested with this substance.

To evaluate the role of PTBC and TBHQ as potential cross-reacting

allergens in patients with shoe dermatitis, we propose adding these

two substances to the leather and shoes patch test series.
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