
Academic Editor: Chang-Hun Huh

Received: 21 March 2025

Revised: 17 April 2025

Accepted: 23 April 2025

Published: 25 April 2025

Citation: Cegolon, L.; Badalini, A.;

Larese Filon, F. Epidemiological and

Occupational Pattern of Patch-Test

Reactions to p-Tert-butylphenol-

formaldehyde Resin in North-Eastern

Italy, 1997–2021. Life 2025, 15, 698.

https://doi.org/10.3390/

life15050698

Copyright: © 2025 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Article

Epidemiological and Occupational Pattern of Patch-Test
Reactions to p-Tert-butylphenol-formaldehyde Resin in
North-Eastern Italy, 1997–2021
Luca Cegolon 1,2,* , Alessandro Badalini 1 and Francesca Larese Filon 1,3

1 Department of Medical, Surgical & Health Sciences, University of Trieste, 34128 Trieste, Italy;
alessandro.badalini@asugi.sanita.fvg.it (A.B.); larese@units.it (F.L.F.)

2 Public Health Department, University Health Agency Giuliano-Isontina (ASUGI), 34128 Trieste, Italy
3 Occupational Medicine Unit, University Health Agency Giuliano-Isontina (ASUGI), 34128 Trieste, Italy
* Correspondence: l.cegolon@gmail.com or luca.cegolon@units.it

Abstract: Background. Skin contact with items containing p-tert-butylphenol-formaldehyde
resin (PTBP-FR) may induce sensitization and allergic contact dermatitis (ACD).
Methods. This multi-centric cross-sectional study investigated the prevalence of sensitiza-
tion to PTBP-FR in 30,629 consecutive outpatients patch-tested during 1997–2021 in four re-
search centers from Northern Italy: Padua; Pordenone; Trieste; and Trento/Bolzano/Rovigo.
Patch tests were applied on the upper back of patients with suspected ACD. All
patches were removed after 48 h and read at 72 or 96 h. Results. The overall preva-
lence of PTBP-FR sensitization was 1.11% (=341/30,629) of cases, with lower preva-
lence occurring in the Province of Trento/Bolzano/Rovigo (0.36%). The body area
most frequently affected were the hands (36.32%), followed by face (19.52%) and legs
(8.09%). During 1997–2004, the prevalence of PTBP-FR positivity was significantly
lower in Trento/Bolzano/Rovigo (aOR = 0.19; 95%CI: 0.11; 0.35), whereas it was higher
among restaurant workers (aOR = 2.44; 95%CI: 1.44; 4.13). During the entire study period
(1997–2021), excluding Trento/Bolzano/Rovigo, PTBP-FR positivity significantly decreased
in the period 2011–2021 (aOR = 052; 95%CI: 0.39; 0.69) compared to 1997–2010 in males
(OR = 0.69; 95%CI: 0.52; 0.91). Conclusions. Females were likely to react to PTBP-FR at
patch tests. Prevalence of PTBP-FR sensitization significantly decreased over time, possibly
reflecting reduced occupational and non-occupational exposure due to replacement of the
resin with other adhesive products (acrylates or epoxy agents).

Keywords: p-tert-butylphenol-formaldehyde resin (PTBP-FR); allergic contact dermatitis;
sensitization; patch test; occupational exposure; clinical relevance; epidemiology

1. Introduction
P-tert-butylphenol-formaldehyde resin (PTBP-FR) is an alkyphenol resin synthesized

by polymerization of para-tertiary-butylphenol (PTBP) and formaldehyde [1]. Thanks to its
chemical and physical properties (heat resistance, durability, flexibility and rapid activity),
PTBP-FR is widely employed to improve the function of poly-chloroprene adhesives [2]
and as a glue to bond leather and rubber products [3]. PTBP-FR is applied and in shoes,
hats, watchbands, belts, handbags, automobile interior upholstery, plywood, furniture,
deodorants, diapers, nail adhesives, prostheses, dental bonding materials, disinfectants,
insecticides, athletic tapes, poly-chloroprene adhesives and sauna shorts [1,3–6].

PTBP-FR is a hapten known to be able to induce sensitization, especially following
skin contact with shoe adhesives, has been included in most standard patch-test series [7,8].
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According to the main large databases, prevalence of PTBP-FR sensitization varied from
0.3% in Northern Ireland during 1987–1992 to 1.6% in Italy during 2007–2008, with estimates
frequently being > 1% in the USA (Table 1) [9–24].

Table 1. Prevalence of PTBP-FR sensitization according to main patch-test databases from Eu-
rope and North-America, HD = hand dermatitis; LD = leg dermatitis; FD = face dermatitis;
ESSCA = European Surveillance System for Contact Dermatitis; IVDK = Information Network of
Departments of Dermatology; NAGCD = North American Contact Dermatitis Group.

A
re

a

Author Years Country N. Patients
Tested

% (95% CI)
Male
Ratio

Occupational
Dermatitis Age > 40 Atopic

Dermatitis HD LF FD PTBP-FR Positivity

Handley (1993) [9] 1987–1992 Northern
Ireland 2270 36.7 - - - - - - 0.3

Marques (1994) [10] 1983–1992 Portugal 3106 44.8 - - - - 67.5 $ - 2.4

Geldof (1989) [11] Before 1989 Netherlands 1966 - - - 43.3 - - - 1.5

Uter (2012) [12] 2007–2008 Austria
(ESSCA) 678 34 16 66 17 24 9 14 0.5 (0; 0.9)

Uter (2012) [12] 2007–2008 Denmark
(ESSCA) 1318 33 24 63 19 43 3 23 1.1 (0.5; 1.7)

Uter (2012) [12] 2007–2008 Finland
(ESSCA) 760 38 (32; 48) 39 (26; 61) 61 (55; 65) 27 (22; 30) 51 (38; 72) 3 (1; 5) 15 (13; 15) 0.8 (0.1; 1.4)

Uter (2012) [12] 2007–2008 Germany
(ESSCA) 2712 39 (35; 49) 22 (14; 29) 70 (62; 78) 16 (10; 23) 31 (22; 37) 8 (6; 12) 17 (9; 25) 0.8 (0.4; 1.2)

Uter (2012) [12] 2007–2008 Italy
(ESSCA) 2938 34 (31; 37) 10 (6; 15) 51 (49; 54) 10 (5; 15) 9 (7; 11) 17 (15;

19) 51 (49; 54) 1.6 (1.2; 2.1)

Uter (2012) [12] 2007–2008 Lithuania
(ESSCA) 680 26 21 62 17 9 34 62 0.7 (0.1; 1.3)

Uter (2012) [12] 2007–2008 Netherlands
(ESSCA) 2172 36 (36; 36) 22 (21;24) 56 (53; 58) 27 (25; 30) 24 (12; 30) 5 (4; 5) 21 (17; 26) 1.2 (0.7; 1.6)

Uter (2012) [12] 2007–2008 Poland
(ESSCA) 793 32 (30; 36) 28 (24; 29) 48 (16; 67) 18 (8; 24) 40 (34; 43) 4 (2; 7) 15 (13; 19) 0.6 (0.1; 1.1)

Uter (2012) [12] 2007–2008 Spain
(ESSCA) 1845 35 (31; 40) 16 (5; 57) 64 (45; 76) 11 (7; 27) 26 (17; 66) 9 (1; 12) 14 (4; 24) 0.8 (0.3; 1.2)

Uter (2012) [12] 2007–2008 Switzerland
(ESSCA) 2415 40 (38; 44) 17 (16; 19) 62 (60; 63) 17 (10; 27) 31 (21; 37) 7 (5; 8) 17 (15; 20) 0.8 (0.4; 1.2)

Uter (2012) [12] 2007–2008 UK
(ESSCA) 9201 33 (27; 39) 11 (8; 18) 57 (51; 64) - 30 (24; 43) 7 (5; 9) 28 (22; 31) 0.7 (0.5; 0.8)

Uter (2020) [13] 2007–2010 Europe
(IVDK) 43,052 37.7 15.4 71.9 19.6 27.7 12.0 15.8 0.59 (0.53; 0.67)

Uter (2020) [13] 2011–2014 Europe
(IVDK) 35,777 36.5 16.9 72.8 23.3 29.9 10.9 16.5 0.50 (0.43; 0.58)

Uter (2021) [14] 2015–2018 Europe
(ESSCA) 34,453 32.3 * 13.9 * 65.1 * 21.7 * 29.0 * 5.8 * 18.1 * 0.64 (0.58; 0.79)

Eu
ro

pe

Uter (2022) [15] 2019–2020 Europe
(ESSCA) 11,753 30.8 * 13.5 * 61.5 * 22.1 * 25.0 * 6.0 * 17.0 * 0.47 (0.35; 0.61)

0.89 **

Fransway (2013) [16] 2007–2008 USA 5085 35.6 11.8 69.6 21.5 22.8 3.9 25.9 1.2
Warshaw (2013) [17] 2009–2010 USA 4308 32.1 9.9 67.4 NA 20.1 4.7 15.5 1.5
Warshaw (2015) [18] 2011–2012 USA 4235 31.4 9.6 67.3 NA 19.2 3.9 16.1 1.1
DeKoven (2017) [19] 2013–2014 USA 4859 30.0 8.9 67.5 NA 20.2 4.7 15.5 1.0
DeKoven (2018) [20] 2015–2016 USA 5597 28.0 10.2 67.5 NA 22.0 3.7 16.9 1.2
De Koven (2021) [21] 2017–2018 USA 4991 29.5 11.7 64.5 NA 21.5 2.9 15.9 1.1
Silverberg (2022) [22] 2001–2018 USA 9966 39.2 18.0 62.2 79.7 22.8 - - 0.6
Silverberg (2022) [22] 2001–2018 USA 1276 53.5 4.0 53.8 - - - 2.9 7.1
De Koven (2023) [23] 2019–2020 USA 4112 26.2 11.6 64.2 31.8 21.8 3.6 16.0 1.4

U
SA

Zawawi (2023) [24] 2017–2021 USA (Mayo
Clinics) 2687 27.8 - - - - - - 0.9

1.71 **

* Median; ** Average %; $ = foot dermatitis. Protective effect (green), harmful effect (yellow).

In North America prevalence of sensitization to PTBP-FR on 43,677 patients referred
for patch testing from 2001 to 2018 was 7.1% among those with shoe contact dermatitis
(CD) and 0.6% in those with hand CD (Table 1) [22].

Non-occupational allergic contact dermatitis (ACD) induced by PTBP-FR more com-
monly involves the feet [25], and several cases have been reported, mainly triggered by
exposure to shoes [26–29]. For instance, in an investigation on 109 patients with foot CD and
a shoe source of allergens from the North American Contact Dermatitis Group (NACDG)
patch-tested during 2001–2004, PTBP-FR was the most common allergen—accounting for
24.7% positive patch-tests—and shoes were the source of the allergen [27]. In a subsequent
NACDG investigation on 352 patients patch-tested during 2005–2018, with a shoe allergen
source and foot as one of three sites of dermatitis, potassium dichromate was the most
common allergen (29.8%), followed by PTBP-FR (20.1%) [28].

By contrast, the hands are more frequently involved in occupational ACD induced by
PTBP-FR, especially among workers in shoe and leather industry [30], clothing manufac-
turing [31] and those exposed to paper sheets impregnated with resins [32]. The first case
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of ACD caused by PTBP-FR exposure was, in fact, reported by Malten in 1958 in a worker
handling shoe adhesive [33].

Exposure to PTBP-FR can occur also through different routes. For instance, skin
contact with Holter electrodes (3 M Red Dot 2239 ECG electrodes) caused ACD in three
patients subsequently patch testing positive to PTBP-FR [34]. Likewise, a 46-year-old
woman undergoing 24 h Holter examination developed vesicular dermatitis induced by
PTBP-FR at each electrode site, one day after their removal from her chest [35]. A case of
hand ACD persisting for about 5 years induced by PTBP-FR present in a basketball was
reported in a 33-year-old non-atopic professional player [36]. Furthermore, a 56-year-old
woman developed ACD on skin areas (neck and legs) directly in contact with her scuba
wetsuit containing PTBP-FR adhesives [37].

In view of the above, this multi-centric cross-sectional study aimed to investigate
prevalence of positive reactions in consecutive outpatients with suspected ACD who were
patch- tested in Triveneto, an area of North-Eastern Italy.

2. Methods
Prevalence of sensitization to PTBP FR (1% in pet) was investigated in 30,629 con-

secutive patients undergoing patch test for suspected ACD during 1997–2021 (25 years)
in four centers of Triveneto—Trieste, Padua, Pordenone and Bolzano/Trento/Rovigo—to
identify potential trends and associated factors. This study was approved by the local
ethical committee of Friuli Venezia Giulia (CEUR, protocol 092/2018), and written informed
consent was obtained from all participating patients.

2.1. Evaluation of Patients and Patch Testing

The clinical pattern of patients was assessed using the MOAHLFA Index (considering
sex of patient, occupational dermatitis, atopic dermatitis, hand dermatitis, leg dermatitis,
face dermatitis, age > 40 years) [38].

Occupation was classified using ISCO-88 codes and then summarized in groups with
similar exposure.

Occupational dermatitis was assessed by a dermatologist or an occupational medicine
consultant considering the clinical history, sites involved, occupational exposures and
stop-and-go test.

All patients were patch-tested with Finn Chambers (Epitest, Tuusula, Finland) on Scan-
por tape (Norgesplaster, Vennesla, Norway), using haptens produced by Chemotechnique
Diagnostics (Vellinge, Sweden) and by FIRMA (Florence, Italy). During the overall period,
the European baseline series and the extended Triveneto series (Supplementary Table S1)
were used to patch test patients for suspected ACD. All patches were applied on the upper
part of patients’ back and removed after 48 h. The area was examined upon removal of the
patch (D2) and after 72/96 h (D3/D4), according to guidelines of the International Contact
Dermatitis Research Group [39]:

Reaction degrees of +, ++ and +++ were considered positive.
Doubtful reactions (?+) were considered negative.

2.2. Statistical Analysis

Since Trento/Bolzano/Rovigo contributed only until 2004, prevalence of sensitization
against PTBP-FR by explanatory variables was assessed in years 1997–2004 in all four
research centers, whereas analysis across the entire study period (1997–2021) excluded
Trento/Bolzano/Rovigo, since the latter center contributed only until 2004.
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Continuous variables were presented as mean and standard deviation as well as
median and interquartile range (IQR). Means were contrasted by t-test, medians by Mann-
Whitney test, whereas the Chi-squared test was employed to compare categorical variables.

A backward stepwise procedure was used to build up two multivariable logistic
regression models—Model 1 limited to years 1997–2004 yet including all centers and
Model 2 stretching across the entire study period (1997–2021) but excluding Trento-Bolzano-
Rovigo—to investigate the prevalence of sensitization to PTBP-FR, reporting adjusted odds
ratios (aOR) with 95% confidence interval (95%CI).

The statistical analysis of the data was performed with STATA version 14.0
(Stata, College Station, TX, USA).

3. Results
Prevalence of PTBP-FR positivity was 1.35% (=206/15,307) for years 1997–2004 and 1.21%

(328/26,996) across the entire study period (1997–2021) excluding Trento/Bolzano/Rovigo
(Table 2). Considering all centers combined, the overall prevalence of PTBP-FR positivity was
1.11% (=341/30,629) during the entire study period (1997–2021) (Supplementary Table S2).

Table 2. Study population by patch-test results against p-tert-butylphenol-formaldehyde resin
(PTBP-FR). Number (N), column and row percentage (%), chi square p-value, mean ± standard
deviation (M ± SD), median with interquartile range (IQR). CD = contact dermatitis; M = missing
values. Obs. = complete case (analysis) observations. ACD = allergic contact dermatitis.

TERMS

Period 1997–2004
(All Centers)

Period 1997–2021
(Excluding Trento/Bolzano/Rovigo)

Total Patients
Patch-Tested

N (Column %)

PTBP-FR
Positivity

N (Row % Out
of Total Tested)

p-Value
Total Patients
Patch-Tested

N (Column %)

PTBP-FR
Positivity

N (Row % Out
of Total Tested)

p-Value

Total Patients Examined for Suspected ACD 15,307 206 (1.35) 26,996 328 (1.21)

1+ positive patch test
No 6743 (44.05) NA 11,595 (42.95) NA

Yes 8464 (55.95) NA 15,401 (57.05) NA

Center

Padua 5086 (33.23) 90 (1.77)

<0.001

9562 (35.42) 123 (1.29)

0.323
Pordenone 2243 (14.65) 46 (2.05) 7471 (27.67) 97 (1.30)

Trieste 4345 (28.39) 57 (1.31) 9963 (36.91) 108 (1.08)

Trento/Bolzano/Rovigo 3633 (23.73) 13 (0.36) NA NA

Sex
Females 10,323 (67.44) 154 (1.49)

0.024
18,169 (67.30) 251 (1.38)

<0.001
Males 4984 (32.56) 52 (1.04) 8827 (32.70) 77 (0.87)

Age (years)
(M: 3)

M ± SD 42.7 ± 17.2 42.5 ± 16.3 44.1 ± 17.3 43.1 ± 17.1

Median (IQR) 40 (29; 55) 40 (30; 53) 0.845 * 42 (30; 57) 41 (29; 55) 0.224 *

<41 7930 (51.81) 102 (1.29)
0.507

12,564 (46.55) 102 (1.29)
0.507

>40 7377 (48.19) 104 (1.41) 14.429 (53.45) 104 (1.41)

Atopic dermatitis
(M: 3143)

No 11,788 (95.48) 178 (1.51)
0.241

22,754 (89.52) 285 (1.25)
0.372

Yes 558 (4.52) 5 (0.90) 2664 (10.48) 28 (1.05)

Occupational dermatitis
(M: 31)

No 13,973 (91.29) 192 (1.37)
0.326

24,873 (92.24) 298 (1.20)
0.450

Yes 1334 (8.71) 14 (1.05) 2092 (7.76) 29 (1.39)

Body area affected
by dermatitis

Hand
(M: 4432)

No 6719 (58.77) 116 (1.73)
0.020

15,045 (65.10) 197 (1.28)
0.490

Yes 4714 (41.23) 56 (1.19) 8528 (34.90) 97 (1.17)

Leg
(M: 4430)

No 10,661 (92.81) 159 (1.50)
0.851

21,676 (91.60) 272 (1.25)
0.566

Yes 822 (7.19) 13 (1.58) 1989 (8.40) 22 (1.11)

Face
(M: 4430)

No 9585 (83.92) 143 (1.49)
0.778

19,016 (80.35) 245 (1.29)
0.196

Yes 1838 (16.08) 29 (1.58) 4649 (19.65) 49 (1.05)

Calendar year
1997–2010 NA NA

NA
18,371 (68.05) 265 (1.44)

<0.001
2011–2021 NA NA 8265 (31.95) 63 (0.73)
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Table 2. Cont.

TERMS

Period 1997–2004
(All Centers)

Period 1997–2021
(Excluding Trento/Bolzano/Rovigo)

Total Patients
Patch-Tested

N (Column %)

PTBP-FR
Positivity

N (Row % Out
of Total Tested)

p-Value
Total Patients
Patch-Tested

N (Column %)

PTBP-FR
Positivity

N (Row % Out
of Total Tested)

p-Value

Occupation

Clerks 3693 (24.13) 52 (1.41)

0.023

5971 (22.12) 80 (1.34)

0.004

Health care workers 2.133 (13.93) 32 (1.50) 2572 (9.53) 46 (1.79)

Teachers - - 364 (1.35) 4 (1.10)

Cashiers - - 26 (0.10) 0

Sellers - - 353 (1.31) 3 (0.85)

Restaurant workers 631 (4.12) 20 (3.17) 1118 (4.14) 21 (1.88)

Hairdressers 160 (1.05) 3 (1.88) 330 (1.22) 7 (2.12)

Farmers 164 (1.07) 1 (0.61) 204 (0.76) 2 (0.98)

Construction workers 857 (5.60) 9 (1.05) 944 (3.50) 9 (0.95)

House painters - - 26 (0.10) 0

Painter other 25 (0.16) 0 72 (0.27) 1 (1.39)

Construction cleaners - - 17 (0.06) 1 (5.88)

Mechanics 765 (5.00) 5 (0.65) 1335 (4.95) 13 (0.97)

Workers of wood industry 251 (1.64) 2 (0.80) 391 (1.45) 3 (0.77)

Artisans general 372 (2.43) 5 (1.34) 346 (1.28) 6 (1.73)

Leather artisans 98 (0.64) 3 (3.06) 90 (0.33) 3 (3.33)

Chemistry Industry workers 167 (1.09) 4 (2.40) 199 (0.74) 4 (2.01)

Drivers 191 (1.25) 1 (0.52) 228 (0.84) 1 (0.44)

General cleaners 188 (1.23) 4 (2.13) 356 (1.32) 8 (2.25)

Housewives 2326 (15.20) 28 (1.20) 2898 (10.73) 41 (1.41)

Students - - 830 (3.07) 3 (0.36)

Pensioners 2389 (15.61) 31 (1.30) 3976(14.73) 40 (1.01)

Unemployed 229 (1.50) 0 604 (2.24) 3 (0.50)

Other 611 (3.99) 6 (0.98) 3601 (13.34) 29 (0.81)

Military 57 (0.37) 0 145 (0.54) 0

* = Wilcoxon test p-value.

A variability of testing and sensitization was observed in the entire cohort, with a
decreasing time trend from 1.96% in 2000 to 0.55% in 2021 (Supplementary Table S2 and
Figure 1).
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Figure 1. Yearly prevalence of positive patch tests to p-tert-butylphenol-formaldehyde resin
(PTBP-FR) in North-Eastern Italy, 1997–2021 (all research centers combined), with a trendline (purple
marked). Standard errors red-marked.
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Table 2 displays the descriptive distribution of the study population by sensitization
to PTBP-FR and explanatory factors, broken down by study period (1997–2004 across all
centers vs. 1997–2021 excluding Trento/Bolzano/Rovigo). Supplementary Table S3 shows
the distribution of patch tests executed and percentage of positive results by center and
calendar period.

Calendar Years 1997–2004

As mentioned above, prevalence of PTBP-FR positivity during 1997–2004 was 1.35%,
lower in Trento/Bolzano/Rovigo (0.36%) and higher in Pordenone (2.05%) and Padua
(1.77%) (Table 2).

The median age of patients testing positive to PTBP-FR during 1997–2004 was 40 years,
and sensitization was significantly higher in females (1.49%) than males (1.04%, p = 0.023).
Prevalence of female sex among patients sensitized to PTBP-FR in 1997–2004 was 74.76%
(=154/206).

The body area most frequently affected by contact dermatitis during 1997–2004 were
the hands (41.23%), followed by face (16.08%) and legs (7.19%), with significantly higher
prevalence in patients without hand involvement (1.73% vs. 1.19%, p = 0.020) (Table 2).

Prevalence of atopic dermatitis was 558 (4.52%) among patients undergoing patch
testing and 2.43% (=5/206) among those testing positive to PTBP- FR. Prevalence of OCD
was 8.71% (=1.334/15,307) among patients undergoing patch testing and 6.80% (=14/206)
among those testing positive to PTBP-FR.

Prevalence of PTBP-FR sensitization was higher among restaurant workers (3.17%),
leather artisans (3.06%) and workers of the chemistry industry (2.40%) (Table 2).

Table 3 displays multiple logistic regression analysis on factors associated with sensiti-
zation to PTBP-FR.

Table 3. Multiple logistic regression analysis on sensitization to p-tert-butyl-phenol-formaldehyde
resin (PTBP-FR). Adjusted (aOR9 with 95% confidence interval (95%CI). Obs. = complete case
(analysis) observations. MODEL 1 (adjusted for sex, occupation and center) included all centers but
was limited to years 1997–2004. MODEL 2 (adjusted for sex, occupation and calendar year) stretched
across the entire study period (1997–2021) but excluded Trento/Bolzano/Rovigo.

Terms
All Patients

aOR (95%CI) p-Value

MODEL 1
Period 1997–2004

(14,996 obs.)

Center
Padua reference

Trento/Bolzano/Rovigo 0.19 (0.11; 0.35) <0.001

Occupation
Administrative reference

Restaurant workers 2.44 (1.44; 4.13) 0.001

MODEL 2
Period 1997–2021

(excluding
Trento/Bolzano/Rovigo)

(26,799 obs.)

Calendar year
1997–2010 reference

2011–2021 0.52 (0.39; 0.69) <0.001

Sex
Females reference

Males 0.69 (0.53; 0.91) 0.008

Occupation
Administrative reference

Other 0.60 (0.39; 0.91) 0.018

Prevalence of PTBP-FR sensitization was significantly lower in Trento/Bolzano/Rovigo
(aOR = 0.19; 95%CI: 0.11; 0.35), among males (aOR = 0.69; 95%CI: 0.52; 0.91) and in other
occupational categories (aOR = 0.60; 95%CI: 0.39; 0.91).
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Calendar years 1997–2021

As mentioned above, prevalence of PTBP-FR positivity during 1997–2021 was 1.21%,
slightly lower in Trieste (1.08%) compared to Padua (1.29%) or Pordenone (1.29%) (Table 2).
Sensitization was significantly (p < 0.001) lower in years 2010–2021 (0.73%) compared to
1997–2010 (1.44%) and in males (0.97%) compared to females (1.38%). Prevalence of female
sex among patients sensitized to PTBP-FR in 1997–2021 was 76.52% (=251/328).

Prevalence of atopic dermatitis was 10.48% (=2664/26,996) among patients undergoing
patch testing and 8.54% (=28/328) among those testing positive to PTBP- FR. Prevalence
of OCD was 7.76% (=2092/26,996) among patients undergoing patch testing and 8.84%%
(=29/328) among those testing positive to PTPB-FR.

In terms of occupation, sensitization to PTBP-FR was significantly higher in general
cleaners (2.25%), construction cleaners (5.88%) or hairdressers (2.12%) (Table 2).

At multiple regression analysis showed that, during 1997–2004 (Model 1), sensitization
to PTBP-FR was significantly lower in Trento/Bolzano/Rovigo (aOR = 0.19; 95%CI: 0.11; 0.35)
and higher among restaurant workers (aOR = 2.44; 95%CI: 1.44; 4.13). During the entire
study period (1997–2021), excluding patients from Trento/Bolzano/Rovigo, prevalence of
PTBP-FR sensitization was significantly lower in the period 2011–2021 (aOR = 0.52; 95%
CI: 0.39; 0.69) compared to 1997–2010, among males (aOR = 0.69; 95%CI: 0.52; 0.91) and in
other occupational categories (aOR = 0.60; 0.39; 0.91) (Table 3).

4. Discussion
4.1. Prevalence Sensitization to PTBP-FR

With variability by center and calendar year, prevalence of PTBP-FR sensitization was
1.35% during 1997–2004 compared to 1.21% across the entire study period (1997–2021),
excluding Trento/Bolzano/Rovigo, progressively decreasing over time (Supplementary
Table S2).

Excluding Trento/Bolzano/Rovigo, in patients patch-tested before 2010, prevalence of
sensitization was 1.44%, decreasing to 0.73% afterwards, reaching the percentage of 0.55%
in 2021. In Europe, prevalence of PTBP-FR sensitization remained rather steady over time,
fluctuating from 0.59% (95%CI 0.41–07) during 2007–2010 to 0.50% (95%CI 0.43–0.58) in
2001–2014 [11], 0.54% (0.41–0.7) in 2015–2018 [12] and 0.47% (0.35–0.61) [13] in 2019–2020.
Likewise, prevalence of sensitization to PTBP-RF was relatively stable over time in the USA,
yet consistently > 1% [22].

In an earlier study from the University Hospital of Coimbra (Portugal) on 3106 pa-
tients (1391 males against 1715 females) patch-tested during 1982–1991 for suspected ACD,
74 patients were positive for PTBP-FR—a prevalence of 2.4% [10]. In another study on
1966 patients from the Netherlands with suspected ACD, 30 (1.5%) tested positive to
PTBP-FR, which was confirmed as causative agent in 7 cases, whereas in six cases it was
a probable causative factor and in 17 the etiological agent was unclear [11]. Likewise,
patch-test positivity against PTBP-FR during 2009–2018 was 1.6% out of 441 patients with
suspected shoe ACD in a clinical study using data from IVDK, a network of 58 dermatolog-
ical departments from Germany, Switzerland, and Austria [4].

Prevalence of PTBP-FR sensitization can therefore be rather variable and influenced by
several factors, including environmental conditions (humidity, high temperature), which
could induce sweating and facilitate the release of the hapten from handworks [1,40–45],
compliance with preventative measures (use of PPE and/or moisturizing creams); the
modality of patch-test execution; variability of test reading [10,30,46,47]; and different
concentrations of the main two allergens (dimers IX and X) in patch-test formulations [48].
An abnormal concentration of the latter dimers may in fact induce false negative results at
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patch test [8]. Information on the concentration of the latter main two allergens in patch-test
preparations was not available in the present study.

4.2. Factors Associated with PTBP-FR Sensitization

In line with the literature, in the present study, the body area most frequently af-
fected by CD in patients undergoing patch testing were the hands, followed by face and
legs [10,37]. In the above study from the University Hospital of Coimbra (Portugal) on
3106 patients patch-tested during 1982–1991, in 67.57% (=50/74) cases, the feet were the
most frequent site affected by dermatitis, due to shoes [10]. Since information on foot
dermatitis was not available in the present study and leg dermatitis does not necessarily
reflect foot involvement, prevalence of foot CD was inevitably even lower.

In the present study, the mean age of patients patch testing positive to PTBP-FR
(42.5 years in 1997–2004 vs. 43.2 years in 1997–2021) was slightly higher than that reported
elsewhere [11,49], but it was very much in line (43 years) with the above study from
Portugal [10].

The majority of patients patch-tested in the present study were females (67.44%
in 1997–2004 vs. 67.30% during the entire study period 1997–2021 excluding
Trento/Bolzano/Rovigo), and patients testing positive to PTBP-FR were predominantly
females both during 1997–2004 (74.76%) and across the entire study period excluding
Trento/Bolzano/Rovigo (76.52%). Although the setting of the study does not allow us to
infer causation, considering the over-representation of females among patients patch-tested
for PTBP-FR for suspected ACD, 75.7% (=56/74) of patients positive to PTBP-FR among
3106 patch-tested for suspected ACD in Portugal during 1982–1991 were also females [10].
Furthermore, in the above study on 1966 patients from the Netherlands, 80% (=24/30)
patch testing positive to PTBP-FR were females [11]. Likewise, female prevalence among
46 patients positive to PTBP-FR was 78% (=36/46) in a European study on 7094 patients
(73% females) patch-tested for suspected ACD during 2005–2018 [8].

Moreover, multivariable logistic regression analysis showed that females were more
likely to test positive across the entire study period, excluding Trento/Bolzano/Rovigo in
the present investigation. Whilst sex-dependent predisposition may be involved, females
are generally at risk of ACD due to a higher level of occupational and non-occupational
exposure to allergens in their lifetime [50,51]. Moreover, female skin is generally thinner
and more permeable to irritants and allergens [50]. However, shoe CD was more likely in
males and patients younger than 40 years among 352 NACDG patients patch-tested during
2015–2018, subsequently diagnosed with foot ACD [28].

In the present study prevalence of atopic dermatitis among patients testing positive to
PTBP-FR was 2.43% during 1997–2004, compared to 8.53% across the entire study period
(1997–2021), in line with previous data from Triveneto [51].

4.3. The Impact of Occupation

Prevalence of occupational dermatitis among patients testing positive to PTBP-FR was
6.80% in 1997–2004 and, after excluding Trento/Bolzano/Rovigo, 8.84% across the entire
study period (1997–2021).

Prevalence of occupational dermatitis was slightly higher (8.82%) among patients
patch testing positive to PTBP-FR compared to those testing negative (8.23%). Higher rates
(24.4%) of occupational exposure in patients testing positive to PTBP-FR were reported in
an earlier investigation (before year 2000) on a selected population [52].

The progressive reduction of PTBP-FR sensitization over time observed in the present
study—already reported in the open literature [49,53,54]—may reflect decreasing occupa-
tional exposure to the resin, mainly used in footwear, due to its progressive replacement
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with other glues and adhesive products (acrylates or epoxy agents) and/or higher com-
pliance with health and safety at work (HSW) measures [49]. Although typically more
allergenic than PTBP-FR, acrylates, not included in the patch-test formulation used in the
present study, do not cross-react against PTBP-FR, hence, they cannot have determined
false positive patch-test results.

For instance, a possible explanation for the lack of sensitization in maintenance activ-
ities within the industrial sectors (e.g., assemblers and technical maintenance staff) may
reflect higher compliance with HSW measures and lower use of the resin for maintenance
activities, although no information on this point was available. Likewise, the increased sen-
sitization to PTBP-FR in restaurant workers found in the present study is hard to explain [1],
since any worker can have skin contact with adhesive and glues during small maintenance
activities or to leather shoes or neoprene gloves. Neoprene is a special synthetic rubber
included in many products (e.g., wet suits, elastic supports, gloves, shoes, orthopaedic
devices, adhesives, among other), which can contain PTBP-FR as an ingredient [6,55–58].
However, higher prevalence of sensitization to PTBP-FR in restaurant workers observed
during 1997–2004—not confirmed across the entire study period (1997–2021)—may ar-
guably reflect decreased occupational exposure over time.

The decreasing occupational exposure to PTBP-FR over time was also endorsed by the
geographical distribution of sensitization, significantly lower in Trento/Bolzano/Rovigo
(0.36%), at least during 1997–2004, and higher in Padua (1.29%) and Pordenone (1.30%).
The areas of Pordenone and Padua are known to have a more developed industrial sectors,
including leather factories in the Riviera del Brenta, just outside Padua city. By contrast,
the economy of the provinces of Trento-Bolzano mainly relies on agriculture and tourism,
Rovigo on agriculture and Trieste on tertiary sector, with limited industrial activities entail-
ing potential occupational exposure to glues/adhesives [45]. Moreover, the provinces of
Trentino and Bolzano are mountain areas featuring lower average temperatures (especially
in winter) than the other three research areas-hence, different environmental conditions
may account for the geographical differences in PTBP-FR sensitization. While leather
shoes worn without socks in areas with warmer temperatures may contribute to inducing
sensitization to PTBP-FR, lower environmental temperatures may inhibit the release of the
latter hapten [1].

4.4. Strengths and Limitations

The present is the largest study investigating PTBP-FR patch-test positivity in Italy over
a long time period (25 years), employing a multi-center data collection, while also assessing
the impact of occupation and yielding adjusted prevalence estimates of PTBP-FR sensiti-
zation over time. Moreover, this study collected information on patient occupation, and
information not normally available in the literature. This adds value to the present study.

Study limitations include the cross-sectional design, the variability of testing preva-
lence by research center and calendar year and the lack of relevance definition for
PTBP-FR sensitization. In order to avoid potential interpretation bias, an assessment
of clinical relevance of sensitizations was averted, as was also in other epidemiological
studies [11–13,59,60]. Another limitation is the lack of data on foot involvement, since
PTBP-FR is primarily considered a shoe allergen. However, most epidemiological studies
from Europe and North America considered hands, legs and face as body sites.

5. Conclusions
The overall prevalence of PTBP-FR sensitization was 1.11% during 1997–2021 (includ-

ing all centers combined), significantly decreasing over time, likely reflecting a progressively
reduced use of the resin in favor of other adhesive products. During 1997–2004 prevalence
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of sensitization was 1.35% including all centers combined, decreasing to 1.21% across the
entire study period (1997–2021) excluding Trento/Bolzano/Rovigo.

Sensitization to PTBP-FR was more likely in females, who are generally at higher risk
of ACD due to higher level of occupational and non-occupational exposure to allergens in
their life-time.

A variability of sensitization was also observed by research center, with lower preva-
lence in Trento/Bolzano/Rovigo, where agricultural or tourist businesses prevail, compared
to Padua and Pordenone, featuring prominent industrial activities. The latter geographical
differences may also reflect different environmental conditions, since the provinces of
Trentino and Bolzano are mountain areas featured by lower average temperatures than the
other three research areas.
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Table S2: Frequency distribution of patients patch-tested for contact dermatitis and rates of posi-
tivity against p-tert-butylphenol-formaldehyde resin (PTBP-FR), by calendar year (1997–2021) and
research center. Number (N) and row percentage (%); Table S3: Frequency distribution of patients
patch-tested for contact dermatitis and rates of positivity against p-tert-butylphenol-formaldehyde
resin (PTBP-FR), by calendar year and research center. Number (N) and row percentage (%).
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