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Abstract

Background: Current frequency and risk factors for sensitization to methylisothiazoli-
none (MI), methylchloroisothiazolinone/methylisothiazolinone (MCI/MI), benzisothia-
zolinone (BIT) and octylisothiazolinone (OIT) in Spain are not well known.

Obijectives: To study the frequency of sensitization, risk factors and simultaneous
sensitization between the four isothiazolinones.

Materials and Methods: We analysed all 2019-2021 consecutive patients patch-
tested with Ml (0.2% aq.), MCI/MI (0.02% ag.), BIT (0.1% pet.) and OIT (0.1% pet)
within the Spanish Contact Dermatitis Registry (REIDAC).

Results: A total of 2511 patients were analysed. Frequencies of sensitization were:
any isothiazolinone 15.7%, M| 6.8%, MCI/MI 4.8%, BIT 3.5% and OIT 0.5%. MI and
MCI/MI sensitization was associated with being occupationally active, hand dermati-
tis, detergents and age over 40. BIT sensitization was associated with leg dermatitis
and age over 40. About one in nine Ml-positive patients were positive to BIT,

whereas one in five BIT-positive patients were positive to M.
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BIT is uncommon.

KEYWORDS

1 | INTRODUCTION

(2-methyl-4-isothiazolin-3-one,  MI)  (CAS
no. 2682-20-4) and the mixture methylchloroisothiazolinone/

Methylisothiazolinone

methylisothiazolinone (5-chloro-2-methyl-4-isothiazolin-3-one/2-methyl-
4-isothiazolin-3-one, MCI/MI) (CAS no. 55965-84-9) are two derivatives
of isothiazolinones widely used as preservatives in rinse-off cosmetics,
household detergents, water-based paints and industrial products. Sensiti-
zation to both isothiazolinones takes place both in the domestic sphere,
mainly due to exposure to cosmetics and household detergents, and in
the workplace, especially in cleaning workers.! The epidemic of allergic
contact dermatitis (ACD) by MI and MCI/MI has been improving in
Europe in recent years, because of European regulatory measures, but
sensitization is still significant.?

The role of ACD elicited by other isothiazolinones, such as benzi-
sothiazolinone (1,2-benzisothiazol-3(2H)-one, BIT) (CAS no. 2634-33-5)
and octylisothiazolinone (2-octyl-2H-isothiazol-3-one, OIT) (CAS
no. 26530-20-1), is currently being evaluated. BIT is widely present in
household detergents, water-based paints, adhesives and industrial prod-
ucts, whereas OIT can be found in leather and industrial products.* There
is little information concerning the current frequency of sensitization to
these isothiazolinones and risk factors linked to sensitization.>~®

The objectives of this study were to determine the frequency, rel-
evance and risk factors for sensitization to MI, MCI/MI, BIT and OIT,
as well as risk factors for sensitization and the frequency of simulta-
neous sensitization between the four isothiazolinones, in a 2019-
2021 multi-centre Spanish registry (REIDAC).

2 | MATERIALS AND METHODS

The Spanish Contact Dermatitis Registry (REIDAC) prospectively
recruits all consecutive patients patch-tested in participating centres in
Spain. From January 1, 2019 to December 31, 2021, all patients were
tested with the Spanish standard series plus the extension/
recommended additions to the European baseline series.”® We ana-
lysed patients simultaneously patch-tested with the following allergens:
M1 (0.2% aq.), MCI/MI (0.02% aq.), BIT (0.1% pet.) and OIT (0.1% pet).
The allergens were commercially obtained from Chemotechnique
(Chemotechnique MB, Vellinge, Sweden) and allergEAZE (SmartPractice,
Calgary, Canada), based on availability at each centre. Patch tests were

Conclusions: Sensitization to MI, MCI/MI and BIT is still common in Spain, while sen-
sitization to OIT is rare. Currently, sensitization to Ml and MCI/MI seems to be occu-
pationally related. Although its origin is unknown, sensitization to BIT is more

frequent in patients aged over 40 years. Simultaneous sensitization between Ml and

benzisothiazolinone, contact dermatitis, methylchloroisothiazolinone/methylisothiazolinone,
methylisothiazolinone, octylisothiazolinone, patch tests, Spain, standard series

performed following the ESCD guidelines; (+), (++) or (+++) were con-
sidered to be positive.” Relevance was considered after clinical examina-
tion and evaluation of patient's history of possible exposure to every
isothiazolinone. Current relevance was presumed when sensitization
could explain or contribute to the dermatitis.

REIDAC collects online data using the OpenClinica platform
(OpenClinica LLC and collaborators, Waltham, MA, USA, RRID:
SCR_019223), as previously described.’® Positive, irritant and doubt-
ful reactions were collected, as well as relevance (current, past,
unknown), age, gender, occupation-related dermatitis, atopic dermati-

tis, site(s) affected, occupations and sources of sensitization.

21 | Statistics

Continuous variables (age) are reported as means (standard deviations),
and categorical variables are reported as numbers (proportions). Factors
associated with sensitization were expressed as odds ratios (OR) with
95% confidence intervals (95%Cl). Significance was calculated with
Fisher's exact test. Results were considered significant when the p-value
was 0.05 or lower. For data analysis, the statistical package Stata 16 (Sta-
taCorp. 2019. Stata Statistical Software: Release 16. College Station, TX:
StataCorp LLC, RRID: SCR_012763) was used.

3 | RESULTS

A total of 2511 patients were patch-tested with the four allergens and
included in this analysis. Table 1 describes the clinical-demographic
characteristics of the population and the odds ratio of each variable
studied for sensitization. The frequency of global sensitization to any
isothiazolinone was 15.7% (394/2511). The number of patients sensi-
tized to each was: Ml 172 (6.8%), MCI/MI 120 (4.8%), BIT 89 (3.5%)
and OIT 13 (0.5%). The frequency of current relevance for the four
allergens was: M| 77%, MCI/MI 68%, BIT 39% and OIT 38.5%.

As factors associated with a higher risk for sensitization (risk fac-
tors), we identified that MI was significantly associated with being
occupationally active (OR: 2.3; 95%Cl: 1.6-3.3), hand dermatitis (OR:
2.4; 95%Cl: 1.7-3.3) and the use of detergents (OR: 3.8; 95%Cl:
2-6.8). As factors significantly associated with a lower risk for sensiti-

zation (protective factors), we identified female sex (OR: 0.7; 95%Cl:
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TABLE 1 Clinical-demographic characteristics of the population and odds ratio for sensitization.
Total
MI (%) OR(95%Cl) MCI/MI (%) OR(95%CI) BIT (%) OR(95%Cl) OIT (%) OR (95%Cl) (n: 2511) (%)
Reactions
Positive (any) 172 (6.8) 120 (4.8) 89 (3.5) 13(0.5) 394 (15.7)
Positive (+) 39 (22.7) 31(25.8) 52 (58.4) 5(38.5) 127 (32.2)
Positive (++) 73 (42.4) 60 (50) 27 (30.3) 7 (53.8) 167 (42.4)
Positive (+++) 60 (34.9) 29 (24.2) 10 (11.2) 1(7.7) 100 (25.4)
Irritative 4 3 0 0
Doubtful (—/+) 9 5 22 3
Relevance
Current 132(76.7) 82 (68.3) 35(39.3) 5(38.5)
Past 17 (9.9) 12 (10) 4(4.5) 0(0)
Unknown 23 (13.4) 26 (21.7) 50 (56.2) 8(61.5)
Demographics
Age (years), mean (SD) 47.9 (18.2) 50.9 (15.2) 55.3 (16) 54.1(10.7) 48.5 (18.4)"
Female sex 106 (61.6) 0.7 (0.5-0.95) 78 (65) 0.8(0.5-1.2) 49(55.1) 0.5(0.3-0.8) 7(53.8) 0.5(0.1-1.8) 1750 (69.7)*
Occupational 47 (27.3) 2.3(1.6-3.3) 38(31.7) 28(1.9-43) 16(18) 1.3(0.7-2.2) 3(23.1) 1.7 (0.3-6.7) 372 (14.8)°
Atopic dermatitis 32(18.6) 1.2(0.8-1.7) 22(18.3) 1.1(0.7-1.8) 6(6.7) 0.4(0.1-0.8) 4(30.8) 2.3(0.5-8.2) 417 (16.6)°
Hand dermatitis 80 (46.5) 2.4(1.7-3.3) 58(48.3) 2.5(1.7-3.7) 20(22.5) 0.7 (0.4-1.2) 4(30.8) 1.1(0.3-4.1) 700 (27.9)
Leg dermatitis 8(4.7) 0.9(0.4-18) 6(5) 0.9(0.3-2.2) 1213.5) 3(1.5-5.8) 0(0) 0 132 (5.3)°
Facial dermatitis 29(16.9) 0.6(0.4-0.97) 17 (14.2) 0.5(0.3-0.9) 13(14.6) 0.5(0.3-0.99) 2(15.4) 0.6(0.1-2.7) 593 (23.6)°
Age over 40 years 119(69.2) 1.1(0.8-1.6) 96(80) 2(1.2-3.3) 75(84.3) 2.6(1.5-5.1) 12(92.3) 5.8(0.6-247.3) 1686 (67.1)°
Occupations
Retiree 21(12.2) 0.6(0.3-0.9) 17(14.2) 0.7 (04-12) 22(24.7) 1.4(0.8-24) 2(15.4) 0.8 (0.1-3.6)
Office worker 20(11.6) 1.1(0.7-1.8) 16(13.3) 1.3(0.7-2.3) 8(9) 0.8 (0.3-1.7) 2(15.4) 1.6 (0.2-7.1)
Cleaning worker/ 18(10.5) 0.7(04-1.2) 15(12.5) 0.9(0.5-1.6) 12(13.5) 1(0.5-1.9) 3(23.1) 2(0.3-7.7)
housekeeper
Health worker 20(11.6) 1.5(0.9-2.5) 16(13.3) 1.8(0.96-3.1) 5(5.6) 0.6(0.2-1.6) 0(0) 0(0-3.2)
Student 19 (11) 1.1(0.6-1.8) 7(5.8) 0.5(0.2-1.1) 3(34) 03(0.1-0.9) 0(0) 0(0-2.6)
Others 74 (43) 1.2(0.9-1.7) 49 (40.8) 1.1(0.7-1.6) 39(43.8) 1.2(0.8-2) 6(46.2) 1.3(0.4-4.8)
Possible sources of allergen exposure
Leave-on cosmetics  35(20.3) 1.2(0.8-1.8) 27 (22.5) 14(0.9-2.2) 16(18) 1(0.6-1.8) 4(30.8) 2.1(0.5-7.6)
Rinse-off cosmetics 23(134) 1.3(0.8-2) 17 (14.2) 1.4(0.8-2.3) 6(6.7) 0.6(0.2-1.3) 0(0) 0(0-2.4)
Detergents 16 (9.3) 3.8(2-6.8) 18 (15) 7(3.7-12.5) 5(5.6) 1.9(0.6-4.7) 0(0) 0(0-9)
Others 89(51.7) 0.9(0.6-1.2) 52(43.3) 0.6 (0.4-0.9) 50(56.2) 1.1(0.7-1.7) 8(61.5) 1.3(0.4-5.1)
Unknown 9(5.2) 0.3(0.2-0.7) 6(5) 0.3(0.1-0.7) 12(13.5) 1(0.5-1.9) 1(7.7) 0.5 (0-3.6)

Note: Statistically significant variables highlighted in bold. Those acting as risk factors are highlighted in red, whereas those acting as protective factors are

highlighted in green.

Abbreviations: BIT, benzisothiazolinone; MCI/MI, methylchloroisothiazolinone/methylisothiazolinone; MI, methylisothiazolinone; OIT, octylisothiazolinone.

?Data from the whole population (n: 2511).

0.5-0.95), facial dermatitis (OR: 0.6; 95%Cl: 0.4-0.97) and being
retired (OR: 0.6; 95%Cl: 0.3-0.9). MCI/MI was significantly linked to
being occupationally active, (OR: 2.8; 95%Cl: 1.9-4.3), hand dermatitis
(OR: 2.5; 95%Cl: 1.7-3.7), age over 40 years (OR: 2; 95%Cl: 1.2-3.3)
and the use of detergents (OR: 7; 95%Cl: 3.7-12.5), while, as a signifi-
cant protective factor, facial dermatitis (OR: 0.5; 95%Cl: 0.3-0.9).
Sensitization to BIT was significantly associated with leg der-
matitis (OR: 3; 95%Cl: 1.5-5.8) and age over 40 years (OR: 2.6;

95%Cl: 1.5-5.1), whereas female sex (OR: 0.5; 95%Cl: 0.3-0.8),
atopic dermatitis (OR: 0.4; 95%Cl: 0.1-0.8), facial dermatitis (OR:
0.5; 95%Cl: 0.3-0.99) and being a student (OR: 0.3; 95%Cl: 0.1-
0.9) acted as significant protective factors. No factors were associ-
ated to OIT sensitization.

Figure 1 describes the concomitant sensitization frequencies
between the four isothiazolinones. In the group of MlI-positive
patients, 11.6% (20/172) were also positive to BIT and 2.9% (5/172)
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MCI/MI
5% 42 2222 N: 2511
(2%) 88 %
oIT 6 2
1% (0%) (0%)
2 1 2
(0%) (0%) (0%)
BIT 62 5 8 9
4% (2%) (0%) (0%) (0%)
64 86
(3 %) (3 %)
MlI 7%

MI: Methylisothiazolinone

MCI/MI: Methylchloroisothiazolinone/methylisothiazolinone
BIT: Benzisothiazolinone

OIT: Octylisothiazolinone

FIGURE 1 Diagram illustrating simultaneous sensitization
between the four isothiazolinones. BIT, benzisothiazolinone; MCI/MI,
methylchloroisothiazolinone/methylisothiazolinone; Ml,
methylisothiazolinone; OIT, octylisothiazolinone

to OIT. In the group of BIT-positive patients, 22.5% (20/89) were also
positive to Ml and 5.6% (5/89) to OIT. In the group of OIT-positive
patients, 38.5% (5/13) were also positive to MI and 38.5% (5/13)
to BIT.

4 | DISCUSSION

Overall, in our population we have found a high frequency of sen-
sitization to any isothiazolinone (15.7%). Separately, the frequen-
cies of sensitization to MI (6.8%), MCI/MI (4.8%) and BIT (3.5%)
were high, while the frequency of sensitization to OIT (0.5%) was
much lower. In addition, we found a high frequency of current rel-
evance for Ml (77%) and MCI/MI (68%), while low for BIT (39%)
and OIT (38.5%).

4.1 | Methylisothiazolinone and
methylchloroisothiazolinone/methylisothiazolinone

In the context of the MI sensitization epidemic, multiple studies have
evaluated the frequency of sensitization to Ml and MCI/Ml in consec-
utive patients. Most recent European studies?> #1172 have observed
slightly lower frequencies of sensitization than ours (3%-5% for Ml
and 4% for MCI/MI). Minding the findings of studies from previous

years,>'4"1? there is an apparently progressive epidemic increase in

the frequency of sensitization to Ml and MCI/MI from 2007 to 2014-
2015, when the peak of maximum prevalence is reached (6%-15% for
Ml and 7%-13% for MCI/MI). From then on, a slower decline is
observed until now. On the contrary, the most recent study of the
North American Contact Dermatitis Group (NACDG)?° recorded the
highest prevalence to date, analysing a 2017-2018 population in
which 15.3% of patients were sensitized to Ml and 11% to
MCI/MIL. This is probably due to the absence of regulation regarding
the use of isothiazolinones in cosmetics in the United States. In
Europe, the 2015 recommendation of the Scientific Committee on
Consumer Safety,?* according to which for leave-on cosmetics no safe
concentrations of MI for induction of contact allergy or elicitation
have been adequately demonstrated, whereas for rinse-off cosmetics
a concentration of 15 ppm is considered safe, and the following mea-
sures adopted by the European Parliament and of the Council on cos-
metic products,??724 have resulted in a slowly progressive decline in
sensitization. However, the pre-epidemic epidemiological situation
has not yet been reached, as corroborated by our work.

With regard to the factors associated with sensitization to Ml and
MCI/MI, we identified being occupationally active, hand dermatitis
and the use of detergents as significant risk factors; age over 40 years
was also a risk factor for sensitization to MCI/MI. On the other hand,
female sex, facial dermatitis and being retired were significant protec-
tive factors.

Several studies have studied the risk factors linked to sensitiza-
tion to Ml and MCI/MI.441517:25 The reports in Danish consecutive
patients by Schwensen et al.”> who studied a 2009-2013 multi-centre
sensitized population, and Havmose et al.,* who studied a 2005-2019
uni-centre sensitized group, identified female sex, being occupation-
ally active, facial dermatitis, hand dermatitis and age over 40 years as
risk factors. Havmose's study indicates that leave-on cosmetics have
been losing importance as a source of exposure to M, in favour of
rinse-off cosmetics. The authors also observed a lower frequency of
current relevance, work-related ACD, hand dermatitis and facial der-
matitis. Uter et al. identified the same variables, as well as atopic and
anogenital dermatitis, as risk factors in a 2009-2012 MI patch-tested
population of the Information Network of Departments of Dermatol-
ogy (IVDK).® In these studies, occupations at risk of sensitization were
housekeeper, cleaning worker, beautician/cosmetology, painter, tile
setter/terrazzo worker, industrial operator and welding—blacksmith.

These data are partially consistent with ours. In line with previous
findings, we identified being occupationally active, hand dermatitis,
age over 40 and the use of detergents as risk factors. Both leave-on
and rinse-off cosmetics were the most frequent sources of sensitiza-
tion to every isothiazolinone, but association was not significant. It
should be noted that, despite European regulations, leave-on cos-
metics still are a possible source of sensitization to Ml and MCI/Ml in
Spain, differing from the experience in others countries, such as
Belgium.? In addition, opposite to previous studies, female sex and
facial dermatitis were protective factors. This indicates that, at pre-
sent, maintenance of sensitization to Ml and MCI/MI in Spain is prob-
ably work-related, while cosmetics have seemingly lost importance as

a source of sensitization in favour of hidden sources. Although we did
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not identify a significant risk association with any specific occupation,
we found a higher frequency of sensitization in health workers,
whereas being retired significantly protected against it. Surprisingly,
contrary to aforementioned studies, working as cleaning worker/
housekeeper was not a risk factor in our research, even though the
use of detergents was linked to sensitization. Probably, the wide range
of occupations made it difficult to identify specific occupations at risk
for sensitization. A list of occupations and sources of allergen expo-

sure can be found in Tables S1 and S2, respectively.

4.2 | Benzisothiazolinone and octylisothiazolinone
The frequency of sensitization and relevance of the BIT and OIT in
Europe has been less studied.®>1%132¢ We documented similar results
in a previous study analysing a partial 2019-2020 sample of the pre-
sent population, supporting the inclusion of the BIT in the extended
Spanish series.'© Uter et al. have conducted a multi-centre study in a
2019-2020 European group, which showed a frequency of sensitiza-
tion to BIT of 4.7%, so that the authors conclude that its inclusion in
the European standard series appears suitable.?® Also noteworthy is
the study of Soriano et al. in a 2019 UK sample, which observed fre-
quencies of sensitization to BIT and OIT of 4% and 1%, respectively,’
similar to ours. King et al. reported a gradual increase in the preva-
lence of contact allergy to BIT in another UK group, from 0.3% in
2014 to 3.4% in 2019, probably as a consequence of increased use in
household products.t®

Very few studies have investigated risk factors related to BIT
and OIT sensitization. The report of Schwensen et al. did not iden-
tify any significant risk factors associated with sensitization to
BIT.> In our study, we identified leg dermatitis and age over
40 years, while female sex, atopic dermatitis, facial dermatitis and
student occupation were significant protective factors. Although
we have not been able to identify the origin of sensitization, our
data indicate that sensitization to BIT is possibly a consequence of
continued exposure to the allergen and appears in more advanced
stages of adulthood. While most cases of contact allergy to BIT are
unknown, it is worth stressing that cosmetics were identified as a
possible sensitization source in 22/89 (25%) of the cases (Table 1),
despite the European regulations forbidding the use of BIT in cos-
metics.?” Since these data is based on clinical signs, not labelling,
these cases may be related to Ml and BIT concomitant sensitiza-
tion. On the other hand, OIT sensitization was not associated with
any of the variables studied, probably due to the low sample size
of OIT-positives. In fact, exposure to OIT in Spain may be lower
than in other countries.?®

It should be noted that the proportion of weak positives (+) was
high in the group of patients patch-tested with BIT (58.4%), and to a
lesser extent in that of patch-tested with OIT (38.5%). In the BIT
group, 69.2% (36/52) of weak positives were not considered currently
relevant (data not given in Table 1). Similarly, the proportion of doubt-
ful reactions (—/+) was high in both groups, affecting almost one in

every four patients, albeit we did not find irritant reactions. Although

K- WILEY-L

several authors have recommended patching both allergens at 0.1% in

petrolatum,l's'18

we found a high proportion of weak positives, most
of which were not currently relevant, and doubtful reactions, which
indicate the need for further research on the optimal concentration

and vehicle for patching BIT and OIT.

4.3 | Simultaneous sensitization

In our study, approximately only one in nine (11.6%) Ml-positive
patients were also positive to BIT and one in five (22.5%) BIT-positive
patients were also positive to MI. On the other hand, only 3% of
MiI-positive patients were also positive to OIT and almost two in five
(38.5%) OIT-positive patients were also positive to MI. Concerning
MCI/MI and simultaneous sensitization to BIT and OIT, our findings
are comparable to those of Ml (Figure 1).

Concomitant sensitization between MI, BIT and OIT has been
reported,>*227-3% with findings similar to ours. In general, in
Mil-sensitized patients, concomitant sensitization to BIT or OIT is
uncommon, less than 10%-20% of cases. In BIT-sensitized patients,
simultaneous sensitization to MI is also low, standing at around
20%-25%, while in OIT-positive patients, simultaneous sensitization
to Ml is much higher and occurs in 60%-80%. In addition, these
reports have studied the presence of BIT and OIT in the products that
act as source of sensitization to Ml in Ml-sensitized patients, which is high
and low, respectively. Taking into account the lower structural similarity
between Ml and BIT, all these data indicate that the most likely mecha-
nism of concomitant sensitization between MI and BIT is simultaneous

exposure. The report of Schwensen et al.*®

is the only one that defends
the potential cross-reactivity between Ml and BIT, as long as exposure to
sufficient concentration of the allergen is reached. Our data are scarce to
determine whether concomitant sensitization between Ml and OIT is due

to simultaneous exposure or cross-reactivity.

44 | Strengths and limitations

This research is a multi-centre REIDAC study with a large and recent
sample of consecutive patients, which can be considered representa-
tive of the Spanish population attending hospitals for ACD. The main
limitation of the study is the low number of patients sensitized to OIT,
which may explain why we have not identified any factor associated

with sensitization.

45 | Conclusions

At present, there is a high frequency of sensitization to MI,
MCI/Ml and BIT in Spain, while sensitization to OIT is rare. Sensiti-
zation to Ml and MCI/MI is associated with being occupationally
active, hand dermatitis, the use of detergents and the age over
40 years, so it seems to be occupationally related. We have not

found the origin of sensitization to BIT, although it is associated
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with leg dermatitis and age over 40 years. Simultaneous sensitiza-

tion between Ml and BIT is rare.
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