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SUMMARY

Background and aims

The preservative methylisothiazolinone (M) is a frequent cause of contact allergy. It is widely used
in cosmetic products and its use in leave-on cosmetic products is of particular concern, allegedly
contributing to the rapid increase in new cases of Ml contact allergy.

Further, Ml is added to Danish water-based paint, but no experimental study has hitherto
investigated this for paints purchased in the EU. A few epidemiological studies have shown that
cross-reactivity between Ml and isothiazolinones may exist. However, no study has
comprehensively investigated cross-reactivity between Ml and common isothiazolinones.

The overall objective of the thesis was to characterize and evaluate the ongoing and

unprecedented epidemic of contact allergy to M. In detail the aims were:

e To retrospectively investigate the epidemiology of Ml and preservative contact allergy in a
Danish cohort of dermatitis patients over almost three decades.

e To experimentally analyse the content of MI, benzisothiazolinone (BIT) and
methylchloroisothiazolinone (MCI) in water-based paint purchased on the European
market in five European countries.

e To investigate cross-reactivity between M, octylisothiazolinone (OIT) and BIT in a modified
local lymph node assay (LLNA).

e To prospectively investigate the epidemiology of Ml contact allergy in eight European

countries and elucidate the exposures regarding products containing M.

Methods

This thesis is based on four manuscripts. Manuscript | is based on a retrospective cohort of 23 138
dermatitis patients patch tested at Gentofte University Hospital during 1985-2013. Manuscript Il
builds on data on 71 water-based wall paints randomly purchased at retail outlets in five European
countries and quantitatively analysed for content of MI, MCI and BIT. Manuscript Il builds on data
on immune responses to MI, OIT and BIT in vehicle and Ml-sensitised mice and analysed by flow

cytometry. Manuscript IV is based on prospectively collected data in eight European countries
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collected at 11 centres from 1 May 2015 to 30 October 2015.

Results

Each time a new preservative was introduced on the European market, the overall prevalence of
preservative contact allergy in a tertiary hospital cohort increased (Manuscript I). Notably, we
found that in former epidemics of preservative contact allergy, the relevance decreased over time,
whereas the relevance continued to be high for ongoing epidemics. Further, we showed that Ml
was found in 93.0% (66/71) of all purchased water-based paint and the concentration ranged from
0.7 to 180.9 ppm (parts per million)(Manuscript ). Interestingly, no difference in the
concentration of M|l was observed between environmental labelled and non-environmental
labelled cans.

In our modified LLNA we showed cross-reactivity between MI, OIT and BIT because the same
responses of ear thickness, CD4" T cells and partly CD8" T-cells were observed in Ml-sensitised
mice challenged with MI, OIT or BIT (Manuscript Il1).

Lastly, we showed that the prevalence of Ml contact allergy across eight European countries was
6.0% (205/3434; range 2.6%—-13.0%) (Manuscript V). The dermatitis primarily affected hands
(43.4%), face (32.7%), arms (14.6%) and eyelids (11.7%). Relevant MI contact allergy was found in
72.7% (149/205) of all cases and the relevance was mainly driven by skin contact to cosmetic
products (83.2%; 124/149): Firstly rinse-off cosmetic products (38.9%), secondly leave-on cosmetic
products (24.8%) and thirdly to both (19.5%). Fifteen patients (7.3%) had previously experienced

allergic symptoms when being in newly painted rooms.

Conclusions

Overall, we showed that the use of Ml in cosmetic products has resulted in an unprecedented
epidemic of Ml contact allergy. The use of Ml in water-based paint is unnecessarily high and cross-
reactivity between Ml and OIT, and Ml and BIT is likely. This is a health concern for the European

citizen, justifying further preventive actions.
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DANSK RESUME (SUMMARY IN DANISH)

Baggrund og formal

Konserveringsmidlet methylisothiazolinon (MI) er en hyppig arsag til kontaktallergi. Det tilszettes i
vid udstraekning i kosmetiske produkter og iseer tilseetningen i sakaldte ”leave-on” kosmetiske
produkter, der forbliver pa huden, og vadservietter er bredt erkendt for at bidrage til et hastigt
voksende antal patienter med MI kontaktallergi.

Vandbaseret maling fra det europaeiske marked formodes at indeholde MI, men indtil nu har
ingen eksperimentelle studier undersggt dette. Endvidere har enkelte studier vist, at der muligvis
eksisterer krydsreaktivitet mellem Ml og visse isothiazolinoner, men ingen har fyldestggrende

undersggt dette.

Denne Ph.d.-afhandling har forsggt at karakterisere og evaluere den igangvaerende epidemi af
kontaktallergi over for MI. De enkelte formal har i detaljer veeret:

e At lave en retrospektiv epidemiologisk undersggelse af kontaktallergi overfor Ml og andre
udvalgte konserveringsmidler hos danske eksempatienter, der blev lappetestet henover
naesten tre artier (Manuskript 1).

e At analysere vandbaseret maling kgbt pa det europaeiske marked i fem europaiske lande for
indhold af MI, benzisothiazolinon (BIT) og methylchloroisothiazolinon (MClI).

e At undersgge mulig krydsreaktivitet mellem M, octylisothiazolinon (OIT) og BIT i en
modificeret ”local lymph node assay” (LLNA).

e At lave en prospektiv epidemiologisk undersggelse af patienter med Ml-kontaktallergi
lappetestet i otte europziske lande foruden at belyse disse patienters eksponering overfor

produkter indeholdende MI.

Metode

Denne afhandling bygger pa fire manuskripter. Manuskript | er baseret pa en retrospektiv
opggrelse af 23.138 patienter med eksem lappetestet ved Gentofte Universitets Hospital fra 1985-
2013. Manuskript Il bygger pa kvantitativ analyse af indholdet af MI, MCl og BIT i 71 vandbaserede

malinger indkgbt i fem europeeiske lande. Manuskript Il er baseret pa kvantitativ analyse af det
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immunologiske respons hos Ml-sensibiliserede mus efter en eksponeringsfase med M, OIT eller
BIT. Manuskript IV bygger pa prospektivt indsamlede data fra 11 centre i otte europaeiske lande
fra 1. maj 2015 til 30. oktober 2015.

Resultater

Introduktionen af nye konserveringsmidler pa det europaeiske marked har medvirket til en generel
stigning i hyppigheden af kontaktallergi over for konserveringsmidler (Manuskript I). Ydermere
viste vi, at relevansen af tidligere epidemiers kontaktallergi faldt signifikant over tid, mens
relevansen persisterede for nuvaerende epidemier. Derudover fandtes Ml i 93,0% (66/71) af al
indkgbt vandbaseret maling i koncentrationer fra 0,7-180,9 ppm (parts per million). Der fandtes
ingen forskel i koncentrationen af MlI, uagtet om malingen havde miljgmaerkning eller ej
(Manuskript 11).

| vores modificerede LLNA fandt vi, at det var muligt at inducere MI-kontaktallergi. Endvidere
fandt vi, at krydsreaktivitet mellem M, OIT og BIT ikke kan udelukkes, da samme respons mhp.
gretykkelse, CD4" T-celler og til dels CD8" T-celler blev observeret hos Ml-sensibiliserede mus, der
blev udsat for Ml, OIT og BIT (Manuskript Ill). Preevalensen af Ml-kontaktallergi i otte europaeiske
lande var 6,0% (205/3434; rangerede fra 2,6% til 13,0%) (Manuskript V). Den hyppigste
eksemlokalisation var haender (43,4%), ansigt (32,7%), arme (14,6%) og gjenlag (11,7%). Relevant
MI-kontaktallergi blev fundet hos 72,7% (149/205), veesentligt drevet af hudkontakt til kosmetiske
produkter indeholdende Ml (83,2%; 124/149): Primaert “rinse-off” kosmetiske produkter (38,9%),
sekundaert “leave-on” kosmetiske produkter (24,8%) og tertizert til begge produktkategorier
(19,5%). Femten patienter (7,3%) havde tidligere oplevet luftbarne allergiske symptomer ved

ophold i nyligt malede rum.

Konklusion

Summa summarum har brugen af Ml i isaer kosmetiske produkter resulteret i en epidemi af
kontaktallergi over for Ml. Brugen af Ml i vandbaseret maling er ungdig hgj og krydsreaktivitet
mellem Ml og OIT samt Ml og BIT kan ikke udelukkes, hvilket udsatter den europaeiske forbruger
for en risiko.

Disse fund understreger vigtigheden af yderligere restriktioner i brugen af Ml i “rinse-off”

kosmetiske produkter og i forbrugerprodukter som maling.
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1. INTRODUCTION

Dermatitis is a common skin disease and could be the result of an underlying contact allergy, a so-
called sensitisation to a specific allergen. Contact allergy is a T cell-mediated allergy that proceeds
in two steps: (i) the phase of sensitisation where the allergen provokes an immunological T cell-
mediated response in the skin and the individual becomes sensitised to this allergen; (ii) the phase
of elicitation where the sensitised individual is re-exposed to the same allergen or to an allergen
with chemical similarities resulting in an elicitation at the site of contact (1). The elicitation
clinically manifests as allergic contact dermatitis with redness, scaling, swelling and/or vesicles.
Allergic contact dermatitis is frequent in the population, and in a cross-sectional study of randomly
invited individuals (18-74yr; n=3119) from five European countries, 27% had at least one positive
patch-test result to allergens from the European Baseline Series (2).

Methylisothiazolinone (M) is a preservative with bacteriostatic properties and its use in primarily
cosmetic products has resulted in a rapid increase in new cases of contact allergy and allergic
contact dermatitis (3-14). Therefore, it is important to elucidate the epidemiological and
experimental aspects of contact allergy to M.

This thesis, entitled ‘Contact Allergy to Methylisothiazolinone — Observational and Experimental
Studies’, explores contact allergy to M|, its prevalence and the patients’ exposures to products
containing MlI, the use of Ml in water-based paint as well as cross-reactivity between Ml and other
common isothiazolinones. The background for the four manuscripts included in the thesis is

presented in the following sections.

1.1 The immunologic mechanisms in contact allergy and allergic contact dermatitis

Contact allergy is a type IV (T cell) mediated response to an allergen. The allergenic potential of an
allergen depends on (i) the allergen’s capacity to penetrate the outermost layer of the skin
(stratum corneum), (ii) the allergen’s lipophilicity, (iii) the allergen’s ability to activate the innate
immune system in the skin, (iv) and the chemical reactivity (1, 15).

Contact allergy may develop after only few exposures to, for example, highly concentrated

biocides in the industry or after repeated and prolonged exposures to consumer products, for



instance (16).

1.1.1 Sensitisation

The phase of sensitisation is complex and includes production of cytokines and chemokines but
depends primarily on activation of allergen-specific T cells (1, 17-20).

Allergens are relatively small molecules (<500 Da; referred to as haptens) that may penetrate the
stratum corneum (21). Prohaptens need activation inside the body, whereas prehaptens need
activation outside the body, by UV light, for example. Upon penetration of the stratum corneum
and under influence of the microenvironment’s pH, the allergen conjugates with skin proteins in
the deeper layers of the skin and forms sensitising compounds that may covalently bind to
nucleophilic side chains such as lysine, cysteine and histidine (1, 22, 23). One crucial skin
component is the major histocompatibility complex proteins (MHC class | and MHC class |l
molecules) abundantly present on epidermal Langerhans cells (24) that are antigen-presenting
cells (APC) (1, 25).

Lipophilic haptens favour conjugation with MHC class | molecules and a later activation of CD4" T
cells, while hydrophilic allergens favour conjugation with MHC class Il molecules and later

activation of CD8" T cells (26).

Resting Langerhans cells are found in the stratum spinosum. The Langerhans cells are primarily
activated by activation of innate pattern recognition receptors, for example, Toll-like receptors
(TLRs), either by direct allergen binding or by endogenous TLR ligands (27, 28). Upon activation,
the Langerhans cells begin their migration towards the afferent lymph node and their further
maturing (maturing Langerhans cells) (17, 18, 29). In the lymph node’s paracortical area, the
maturing Langerhans cells and naive T cells accumulate (homing) (17, 18, 30). In the paracortical
area, a cascade of T cell receptor binding between matured Langerhans cells (or other antigen-
presenting cells) and naive T cells is initiated. Activated T cells produce IL-2 and within days a
thousand-fold proliferation of regulatory and effector T cells with different cytokine expression
occurs in the lymph node (1, 31).

T cells can be divided into two main subsets based on their surface expression: CD4" T cells (‘T-

helper cells’) and CD8" T cells (‘Cytotoxic T cells’) (32). CD4" T cells may show different cytokine



profiles with helper/effector or regulatory/suppressive functions. Two cytokine profiles with
interest for contact allergy are Th1 cells that produce IFN-y, IL-2, and TNF-a and Th2 cells that
produce IL-4, IL-5, and IL-13 (1, 33, 34). Th17 cells may further be involved (1, 33, 34). T-regulatory
cells (Treg) and IL-10 secreting T-regulatory cells type 1 may also be important in the resolution of
allergic contact dermatitis (35, 36). CD8" T cells also show different cytokine profiles that are
involved in contact allergy (1). Prolonged exposure to the allergen favours Th2-response.
Regulatory B cells, for example, CD19" B cells, which produce negative regulatory cytokines, such

as IL-10 and TGF-B during the phase of sensitisation, are also of some interest (37).

The immune response to methylchloroisothiazolinone in combination with MI (MCI/MI) has
previously been shown to elicit Th1- and Th2-type cytokines in humans with contact allergy to
MCI/MI (34). It is plausible that MI alone favours the same elicitation of T cells, but this has never

been investigated.

1.1.2 Elicitation

Elicitation is a delayed reaction compared with Type | hypersensitivity (immediate reaction) where
mast cells degranulate within seconds to minutes. Within hours the delayed reaction is fully
activated and the allergic contact dermatitis has developed. Re-exposure to the allergen activates
antigen presenting cells, macrophages, mast cells and importantly keratinocytes to produce
proinflammatory cytokines and chemokines that favour the migration of allergen-specific T cells
(CD4" and CD8' T cells) from dermal vessels to the site of exposure (1, 17, 18, 38, 39). CD4' T cells
and CD8" T cells attract neutrophils and macrophages to the site of re-exposure. Th1 cells play a
crucial role in allergic contact dermatitis by producing IFN-y that further activates inflammatory
cells, for instance, macrophages (17, 18). Additionally, B-cells have been shown to activate mast
cells (39). The recruitment of cells and proinflammatory cytokines and chemokines results in
vascular dilation within hours and infiltration of effector cells, which initiates the allergen-specific
effector phase, resulting in allergic contact dermatitis.

On the background of the aforementioned and recognized immunological actions in contact
allergy, we wanted to investigate cross-reactivity between Ml and other isothiazolinones based on

the immune response these allergens present.



A more detailed presentation of how cytokines and chemokines influence the phases of

sensitisation and elicitation is outside the scope of this thesis.

1.2 Contact allergy to preservatives

Preservatives are necessary to prevent deterioration and spoilage from microbial growth in
cosmetic, household and chemical products for occupational use. Although preservatives’
bacteriostatic and/or fungistatic activity is necessary, an inherent risk of developing contact allergy
to preservatives exists when preservatives are in excessive contact with human skin (e.g. as part of
daily grooming routines with preserved cosmetic products). Cosmetic products include a wide
range of product categories: creams, deodorants, hair conditioners, hairstyling products, liquid
soaps, make-up, mouthwashes, nail-care products, shampoos, shaving products, self-tanning

products and so forth.

The use of preservatives has long been of concern: contact allergy to formaldehyde in the 1960s,
contact allergy to methylchloroisothiazolinone in combination with Ml (MCI/MI) in the 1980s,
contact allergy to methyldibromo glutaronitrile in the 1990s and the early 2000s, and more
recently contact allergy to MI from 2010/11 onwards (40-46). Although large retrospective studies
have shown that the prevalence of contact allergy to preservatives remains relatively stable, a
Danish retrospective study from 2010 found that the overall prevalence of contact allergy to
selected preservatives from the European Baseline Series and Extended Series increased
throughout the study period (43-45). In 1997, Dillarstone postulated that mandatory ingredient
labelling of cosmetic products and post-market surveillance of contact allergy would prevent
future epidemics of contact allergy (47). Notwithstanding, two epidemics of contact allergy to
methyldibromo glutaronitrile and Ml have since then greatly contributed to the overall burden of
contact allergy to preservatives (3, 5, 6, 8-10, 12-14, 41, 42, 45). The overall prevalence of
preservative contact allergy may exceed >10% in consecutive patch tested patients (45). Further,
European prevalence ratios of 2-3% have been found for preservatives such as formaldehyde
(with formaldehyde releasers), MCI/MI and methyldibromo glutaronitrile (43-45). Prevalence

ratios of 2—3% of contact allergy may, based on CE-DUR (the Clinical Epidemiology and Drug



Utilization Research), for example, affect thousands of citizens in the EU (48, 49). The European
Commission (EC) and health authorities set the limit for an acceptable prevalence ratio of contact

allergy.

1.3 Contact allergy to methylisothiazolinone—the epidemic

Since 2010/11, the use of MI (CAS No. 2682-20-4) as a preservative primarily in cosmetic products
has resulted in an unprecedented increase in the prevalence ratio of contact allergy to Ml in
several European countries (Fig. 1) (3-11, 13, 14, 50). Across other countries of the Western World
and Asia, the rapid increase of Ml contact allergy (and MCI/MI) has also been recognized; in 2013,
Ml was proclaimed ‘contact allergen’ of the year by the American Contact Dermatitis Society (51-

57).

1.3.1 Introduction of methylisothiazolinone on the market

MI was introduced as a (stand-alone) preservative for use in chemical products for

occupational use around 2000, when the patent of Kathon™ CG preservative (MCI/MI)(CAS no.
55965-84-9) expired.

In the 1980s, the use of MCI/MI in cosmetic products accounted for a rapid increase in the
prevalence of contact allergy to MCl and later MCI/MI (40). However, the EC acted upon request
and managed to restrict and lower the maximum permitted concentration of MCI/MI in cosmetic
products, resulting in observed prevalence ratios of 1%—2% of contact allergy to MCI/MI (14, 43,
45).

In 2003, the Scientific Committee on Cosmetic Products and Non-food Products (SCCNFP; a
predecessor of SCCS) came to the conclusion that the SCCNFP/0625/02 opinion that the submitted
risk assessment of MI was inadequate regarding genotoxicity/mutagenicity and should be re-
worked and resubmitted (58). The risk assessment of the sensitising potential of Ml in the
SCCNFP/0625/02 opinion was deemed adequate and no new data were therefore submitted by
the industry in the second opinion on Ml (59) (58, 59). At that point, new data by Basketter et al.
from 2003 showed that Ml (as a stand-alone preservative) had strong sensitising properties in the

local lymph node assay (LLNA) (60), but this was not included in the second opinion (59) (59).



The second opinion (59) concluded that ‘the proposed use of methylisothiazolinone as a
preservative at a maximum concentration of 0.01% (100 ppm) in the finished cosmetic product
does not pose a risk to the health of the consumer’—the use of M| at a maximum concentration of

100 ppm was later permitted (58, 59).

1.3.2 The recognition of the epidemic of contact allergy to methylisothiazolinone

Since the recognition of the rapidly increasing prevalence ratios of Ml contact allergy in several
European countries, national healthcare/environmental authorities, NGOs and some media have
tried to alert the EC (3, 5, 6, 8-10, 12-14). Since 2010/11, the epidemic has gained additional pace
with prevalence ratios of Ml contact allergy of 1.5%—2.5% in 2010 increasing to 6%—12% in 2014 in
European dermatitis patients (Fig. 1). In observational studies, Ml contact allergy has been
significantly associated with female sex, hand dermatitis, facial dermatitis and primarily work as a
painter (3, 6, 8-11, 13, 14, 61, 62).

Hitherto, no European studies have estimated the prevalence ratio of Ml contact allergy across

European countries.

1.3.3 The restriction of methylisothiazolinone in cosmetic products

While the epidemic of Ml contact allergy was gaining pace in 2014, the SCCS acted upon request in
opinion SCCS/1521/13: the SCCS advised the EC to ban the use of Ml in leave-on cosmetic
products (including wet wipes) and to lower the use of Ml in rinse-off cosmetic products to a
maximum concentration of 15 ppm due to the risk of sensitisation (63). However, shortly after, the
cosmetic industry requested that the EC re-evaluated opinion SCCS/1521/13. The cosmetic
industry claimed that a maximum concentration of 100 ppm Ml in rinse-off cosmetic products was
necessary to prevent deterioration of rinse-off cosmetic products and that Ml was safe for the
European consumer in this concentration (64).

However, a ROAT study (ROAT: repeated open application test) showed that the use of Ml in rinse-
off cosmetic products in concentrations of 50 and 100 ppm MI did elicit allergic contact dermatitis
in patients with Ml contact allergy (65). Soon after, the SCCS concluded that the use of Ml in rinse-
off cosmetic products should not exceed 15 ppm (64). This final opinion (SCCS/1557/15) led to the

initial legislative steps in the EC to restrict Ml in leave-on cosmetic products and wet wipes (64).



Figure 1. The prevalence ratio of contact allergy to methylisothiazolinone in European countries

based on consecutive patch-tested patients with suspected allergic contact dermatitis.
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In April 2016, the EC held the mandatory written comitology vote regarding drafting a ban on the
use of Ml in leave-on cosmetic products (66). The vote received unanimous agreement by all
member states to support the ban. A 90-day scrutiny period followed where the European
Parliament and Council were consulted before the final draft was adopted. After a 6-month
transition period, Ml in leave-on cosmetic products and wet wipes was banned in the EU as of 12

February 2017 (66) 2016/1198) (66).



The restriction of Ml in rinse-off cosmetic products awaits action by the EC (67, 68).
Therefore, it is important to explore Ml exposures across European countries to recognize and

gain an overview of exposures to M.

1.4 The use of methylisothiazolinone in cosmetic products

The use of Ml in cosmetic products and household products has previously been investigated.
The introduction of Ml in cosmetic products from 2005 and onwards led to a 25-fold increase in
the maximum use dose of Ml from 3.75 ppm in the previous 3:1 fixed combination in MCI/MlI to
100 ppm Ml as a stand-alone preservative.

In 2010, Garcia-Gavin et al. registered the first reports of Ml contact allergy due to skin exposure
to wet wipes and cosmetic products (46). Soon after, increasing prevalence ratios of contact
allergy to Ml were registered and exposure to cosmetic products containing M| was seen in 32% of
patients with Ml contact allergy (11). In Germany, Ml contact allergy (positive patch test reactions
to 500 ppm Ml aq.) increased from 1.9% in 2009, 3.4% in 2010 to 4.4% in 2011 in patients patch
tested with the preservative series due to suspected cosmetic contact dermatitis (6). In the
following years, several observational studies showed that relevant Ml contact allergy is increasing
and exposure to cosmetic products (incl. wet wipes) accounts for the majority of all cases
(approximately 60—-70%) (3, 13, 69). Further, market surveys have shown that the occurrence of
MI (and MCI/MI) in cosmetic and household products, respectively, varied between 0.5 and 7.7%,
and 10.0 and 16% (69-74). In Switzerland, a recent market survey of 1266 cosmetic products
showed that Ml alone was found in 4.0% of cosmetic products and in 6.4% of cosmetic products
intended for babies (e.g. baby wipes, creams, lotion and shower gels) (74). Notably, leave-on
cosmetic products, including wet wipes containing MI, seem to pose a special risk for the
consumer (3, 13, 46, 69, 73). In Italy, 94 patients with Ml contact allergy, patch tested from 2012
to 2014, had ongoing allergic contact dermatitis due to skin exposures to rinse-off cosmetic
products containing Ml as in accordance with the aforementioned ROAT study (65, 75).

Although mandatory ingredient labelling of cosmetic products exists in the EU, mislabelled Ml in
wet wipes has been observed (76, 77). Another case showed that Ml was not labelled in a sponge
for grooming (78). Accordingly, important sources of relevant Ml contact allergy may be

overlooked when the labelling is incorrect.
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In the US, 63 disposable diaper wipes (wet wipes) and 41 topical diaper preparations were
purchased in November 2015 and analysed for content of allergenic ingredients (79). It was found
that MCI/MI was present in 6.3% (n=4) of all wet wipes and not observed in topical diaper
preparations (79).

Despite the maximum concentration of Ml in cosmetic products previously being set as 100 ppm,
using high-performance liquid chromatography with ultraviolet detection, a Belgium study showed
that the concentration could exceed 100 ppm in cosmetic products purchased on the Belgium

cosmetic market (80). No other studies have yet verified this finding.

1.5 The use of methylisothiazolinone in chemical products for occupational use

Isothiazolinones have presumable been added to water-based paints and glues for years. In
Sweden in 1998, it was found that 11.8% (9/76) of workers at a factory plant producing binders for
glues and paints had contact allergy to MCI/MI (81). Later, a Swiss study showed that MCI/MI can
evaporate from newly painted rooms and that MCI/MI was often used in ‘paints, varnishes and
coatings’ as this product category covered 38.2% of 3644 identified chemical products containing
MCI/MI for use in Switzerland (82). In England, contact allergy to MCI/MI and BIT has also been
observed in workers at a paint manufacturer (83).

However, it was not until 2004 that Isakson et al. published two occupational cases of contact
allergy to Ml in two Swedish workers who had become sensitised to Ml after contact with wall
covering glue and after a chemical burn from a biocide, respectively (16). Soon after, a substantial
outbreak of Ml contact allergy in workers at a paint factory was observed in Denmark (84). In
2010, a Danish observational study showed that 1.5% of 2536 consecutive patch-tested patients
had MI contact allergy, and 30% (11/30) of cases were due to exposure to chemical products at
the individuals’ occupational settings, for example, paint (5/11) (11). Later, more comprehensive
analyses of retrospective data on patients with Ml contact allergy showed that painters, machine
operators, tile setters and beauticians were at special risk of developing Ml contact allergy due to
exposure to occupational products preserved with Ml (13, 61, 62). Further, a Danish experimental
study from 2014 found that the concentration of Ml in 18 randomly purchased water-based paints
ranged 10-300 ppm (85). However, Ml is a ubiquitous preservative; accordingly, apart from its

presumed use in water-based paints, it can also be found in other product categories, for example,
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‘cleaning and washing agents’, ‘polishing agents’, ‘biocides’, ‘softeners’ and ‘binding agents’ (86).
Additionally, evidence of undisclosed methylisothiazolinone in chemical products for occupational
use has previously been published, for example, in wet wipes and in an ultrasound gel for hospital
settings (50, 87, 88). Manufacturers can legally omit information on the content of Ml in chemical
products for occupational use because the harmonized classification of Ml as a skin sensitiser in
the EU awaits formal approval (89). In other non-European countries, the use of Ml in chemical
products for occupational use has also been found. In Japan, chemical analyses of 27 polyvinyl
alcohol cooling towels showed that Ml was found in the range of 0.29-154 ug g-wet(90) (91).
Additionally, it has been shown that Ml in water-based paints can evaporate for at least 42 days
after application (85). This may result in airborne allergic contact dermatitis, probably mainly in
patients already sensitised to Ml (46, 92-94). Further, an observational study from Germany
showed that airborne allergic contact dermatitis was associated with contact allergy to MCI/Ml,
which has been ‘linked’ to Ml contact allergy since 2009 (6, 95).

The aforementioned data indicate that Ml contact allergy is commonly observed after exposure to
water-based paints; therefore, it is important to elucidate the use of Ml in water-based paint in

Europe.

1.6 Isothiazolinones

Isothiazolinones are a group of antimicrobial agents used as preservatives in cosmetic and
household products and in industrial chemical products (as biocides) for more than four decades
(86, 96, 97). Isothiazolinones possess bacteriostatic and/or fungistatic activity. However,
isothiazolinones are also known contact allergens and the use of MCI/MI and Ml has resulted in
epidemics of contact allergy (7, 40, 98).

In more recent years, M| (CAS no. 2682-20-4), MCI/MI (CAS no. 55965-84-9), benzisothiazolinone
(BIT; CAS no. 2634-33-5) and octylisothiazolinone (OIT; CAS no. 26530-20-1) have come to the fore
as isothiazolinones of interests due to their current and/or potential use in cosmetic and
household products (Table 1). Only Ml and MCI/MI may be used in cosmetic products because

they are included in Annex V (Table 1).
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Table 1. Four selected isothiazolinones and their regulation in Annex V of Regulation (EC).

Isothiazolinone (INCI/IUPAC) Abbreviation | CASno. Regulation | Chemical structure
in EU
Methylisothiazolinone MI, MIT 2682-20-4 A o
/
CH

2-Methylisothiazol-3(2H)-one \ /“/ ’

s
Methylchloroisothiazolinone MCI, CMI, MCIT | 26172-55-4 B [
/ N/CH3
5-Chloro-2-methyl-4-isothiazolin-3-one \ /

s

Cl

Benzisothiazolinone BIT, Bzl 2634-33-5 C o
/ NH
1,2-benzisothiazolin-3-one S‘f
Octylisothiazolinone OIT, OI 26530-20-1 D °
/ &;‘/\/\/\/\

2-n-octyl-4-isothiazolin-3-one

A: Allowed in rinse-off cosmetic products up to a maximum concentration of 100 ppm. Banned in leave-on
cosmetic products since 12 February 2017 (66).
B: Allowed in rinse-off cosmetic products up to a maximum concentration of 15 ppm. Banned in leave-on
cosmetic products since 16 April 2016. Always in fixed combination 3:1 with M.
C: Not included in Annex V and therefore not allowed for use in cosmetic products. In 2012, the SCCS

rejected the submitted risk assessment of BIT for use in cosmetic products by the cosmetic industry (117).
D: Not included in Annex V and therefore not allowed for use in cosmetic products. The cosmetic industry
has not submitted risk assessment of OIT.

Contact allergy to BIT was recognized as early as in the 1970s due to contact with a wide range of

different products ranging from gum arabic to cutting oils to medical gloves (99-104).

Occupational allergic contact dermatitis due to exposure to BIT in the working environment has

been seen in a pottery and during the production of carpets and air fresheners (99-104). Only few

retrospective observational studies exist of consecutive patients patch tested with BIT. In 1992,

1.8% of 556 Dutch dermatitis patients had contact allergy to BIT (105). In 2015, 1.6% (141/8728) of

German patients who were patch tested with the metal working fluid series had BIT contact

allergy (106). In Denmark, BIT contact allergy was seen in 0.4% of 3636 patients consecutively

patch tested with BIT; however, with different patch test concentrations because 66.5% were
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patch tested with 1000 ppm BIT aqg. and 33.5% with 500 ppm BIT aq. (62). Further, BIT contact
allergy has also been observed in painters and woodwork teachers (61, 62, 107-109).

In a recent Swiss market survey, 42.9% of detergents (household products) contained the
following isothiazolinones: MCI, MI, BIT and OIT (74). BIT was found in 31.2% of all liquid
detergents (74). Neither BIT nor OIT was found in cosmetic products (74). However, BIT contact
allergy has recently been registered in a patient due to the use of a liquid soap at the workplace
illegally preserved with BIT (110).

The use of OIT has been investigated in a single comprehensive study of extracted data from the
Danish Product Register, a register of hazardous chemical products for occupational use in
Denmark (86). Here it was found that OIT (n=111) was used less frequently than were Ml (n=884),
MCI (n=474), MCI/MI (n=611), and BIT (n=985) (86). OIT was primarily registered in ‘paint and
varnishes’ (54%; 60/111) with a mean concentration of 177 ppm (86). OIT has also been found in
leather products (111).

A retrospective study of 648 patients that was aimed patch tested with OIT, that is, patients under
special suspicion of contact allergy to preservatives, showed that 3.1% (n=20) had a positive patch-
test result to OIT (112). The majority were painters with occupational allergic contact dermatitis

(112). Painters may be at particular risk of OIT (61).

1.7 Immunological cross-reactivity between isothiazolinones

Cross-reactivity between two allergens occurs when the two allergens have chemically related
structures, chemical similarities. Although isothiazolinones have chemical similarities, all
containing an isothiazolinone ring (Table 1), only a few and mainly observational studies have
investigated cross-reactivity between MI and other isothiazolinones (3, 61, 62, 106, 113, 114).
Bruze et al. has previously investigated cross-reactivity between MCI as primary sensitiser and Ml
in the guinea pig maximization tests (113).

The conclusion in the observational studies showed that the observed coupled reactivity may be
due to co-sensitisation rather than cross-reactivity (106, 114). In 1996, Geier and Schnuch rejected
that cross-reactivity between Ml and BIT existed (114). However, a Belgian study from 2014
showed that the observed coupled reactions to primarily OIT in patients with MI contact allergy

were not explained by a simultaneous and/or an occupational exposure to OIT but should be
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ascribed cross-reactivity between Ml and OIT (3). In a patient with allergic contact dermatitis on
the posterior sides of both legs due to a continued exposure to Ml from a newly purchased sofa, it
was further found that the patient had a positive patch test reaction to OIT with no exposure to
products containing OIT [Vandevenne 2014].

A small, Swedish analysis from 2008 investigating workers sensitised to MCI/MI showed that
patients with a strong patch-test reaction to MCl might also react in the patch test to 1000 ppm
ag. Ml (115). Currently, the recommended patch-test dose of Ml is 2000 ppm (116).

Further, in several observational studies the rapid increase in the prevalence ratio of Ml contact
allergy has subsequently increased the prevalence ratio of MCI/MI contact allergy (3, 6, 62, 69)[. It
is currently unknown to what extent coupled reactivity occurs among isothiazolinone-sensitised
patients, but it has previously been suggested that approximately 50% to 76% of those reacting to
MCI/MI also react to Ml (3, 6, 62, 69). However, observational studies are not necessarily an
appropriate way to elucidate potential cross-reactivity between Ml and other isothiazolinones.

It is anticipated that the cosmetic industry will be eager to replace Ml with other preservatives, for
example, other isothiazolinones, after Ml has been/will be restricted in cosmetic products (117).
Therefore, it is of utmost importance to elucidate potential cross-reactivity between Ml and other

common isothiazolinones.

1.8 Contact allergy to methyldibromo glutaronitrile

Methyldibromo glutaronitrile (CAS No. 35691-65-7) is a preservative with efficient antimicrobial
effects and was formerly widely used in cosmetic products. In the 1980s, the EC gave permission
to use methyldibromo glutaronitrile in cosmetic products (leave-on and rinse-off cosmetic
products) and sunscreen products with a maximum concentration of 1000 ppm (0.1%) and 200
ppm (0.025%), respectively (118). The initial risk assessment was based on the established
methods at that time (119). However, the risk assessment failed to adequately substantiate the
sensitising potential of methyldibromo glutaronitrile (48, 119): (i) 11 studies with the guinea pig
maximization test failed; (ii) and 7 human, repeated insult patch tests (HRIPT) also failed to
demonstrate the allergenic potential of methyldibromo glutaronitrile (48, 120, 121).

In 1999, the LLNA and cumulative contact enhancement test (CCET) showed that methyldibromo

glutaronitrile had sensitizing capability, especially in the permitted maximum concentration of
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1000 ppm (122). Additionally, surveillance data showed in the mid- and late-1990s that the
prevalence ratios of contact allergy to methyldibromo glutaronitrile had increased proportional
with its use in cosmetic products and toiletries in several European countries (42, 44, 123-125).

In a comprehensive observational study, the prevalence ratio of contact allergy to methyldibromo
glutaronitrile in consecutive patch-tested patients with contact dermatitis (collected in 16 centres
in 11 European countries) increased from 0.7% in 1991 to 3.5% in 2000 (44).

These high prevalence ratios across European countries paved the way for a re-evaluation of the
sensitising risk of methyldibromo glutaronitrile. In 2002, the SCCNFP came to the conclusion that
no concentration of methyldibromo glutaronitrile was safe for the European consumer in leave-on
cosmetic products (126) (126). However, not until 2005 was methyldibromo glutaronitrile fully
banned in leave-on cosmetic products in the EU. Later it was further recognized that rinse-off
cosmetic products accounted for a substantial amount of the increase in cases with relevant
contact allergy to methyldibromo glutaronitrile (127, 128). That year, in 2005, the Scientific
Committee on Consumer Products (SCCP; a predecessor to the SCCS) recommended that
methyldibromo glutaronitrile also should be banned in rinse-off cosmetic products as no safe
concentrations could be established (129). As of 2008, methyldibromo glutaronitrile was fully
banned in rinse-off cosmetic products. Decreasing trends of contact allergy to methyldibromo
glutaronitrile were seen throughout the second half of 2010s (41, 43, 130).

Currently, the recommended patch-test dose of methyldibromo glutaronitrile is 0.5% (5000 ppm)
pet. (116).

Surveillance data across decades can be used to describe and evaluate temporal trends of

preservative contact allergy and to study the potential effects of intervention.

1.9 Risk assessment and risk management of substances in cosmetic products in the

European Union

The EC governs the use of chemical substances in cosmetic products, for example, preservatives.
Risk assessment refers to the pre-market procedure before a substance is granted permission for
use in cosmetic products. Here, the industry submits data to support the expert opinion by the
SCCS to conclude whether the substance is considered safe for use in cosmetic products in the

advised concentration. After the substance is granted permission for use in cosmetic products, the
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risk management is initiated. The process refers to the continuous monitoring of any adverse
effects that may arise with the use of the substance in cosmetic products, for example, contact
allergy. Surveillance data on contact allergy from dermatology departments and from
dermatologists in private practices serve as the basis.

In the following, the legislative steps are explained more comprehensively.

1.9.1 The EU Cosmetic Products Regulation

The former “EU Cosmetic Products Directive” (76/768/EEC) and the present “EU Cosmetic
Products Regulation” (Regulation (EC) No. 1223/2009) (fully applicable from July 2013) have been
introduced (i) to uniform the safety of cosmetic products (cosmetics) and cosmetic substances,
and (ii) to harmonize compliance within the EU Member States, simplify procedures and
streamline terminology (121, 131, 132). Overall, the “EU Cosmetic Products Regulation” is a
legislative framework effectuated in accordance with the overall purpose of the directive
(Regulation (EC) No. 1223/2009 and former 76/768/EEC) (133). In the original “EU Cosmetic
Products Directive” it was stated that no cosmetic product should cause any harm to the European
consumer ‘when used under normal or reasonably foreseeable conditions of use’” (Article 3) (131,

133).

1.9.2 Pre-market risk assessment and the Scientific Committee on Consumer Safety

In the European Union (EU), the European Commission (EC) is obliged to mobilize expertise to
provide sufficient advice on the use of chemical substances (incl. preservatives) in cosmetic
products (132, 134). This expertise is grounded in the Scientific Committee on Consumer Safety
(SCCS) as it was in its predecessors: SCCP, Scientific Committee on Consumer Products; SCCNFP,
Scientific Committee on Cosmetic Products and Non-Food Products; SCC, Scientific and
Standardization Committee. The SCCS is an independent advisory body of DG Sante (Directorate
General, Consumer Safety and Health Protection) of the EC (132, 135). The mandate of the SCCS is
to provide its opinion on whether a chemical substance is safe for use in cosmetic products on the
cosmetic market in the European Union (121, 132). Members of the SCCS and external experts can

be toxicologists or doctors with special qualifications in the risk assessment process of chemical
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substances that justify their presence as members of the SCCS (135). An opinion of the SCCS is
based on evaluation of the chemical substance’s toxicological dossier submitted by the industry
(132).

The European Parliament and member states may thereafter approve chemical substances (with a
positive opinion) for use in cosmetic products on the European cosmetic market. All chemical
substances for use on the European market in cosmetic products are listed in Annex V of the EU
Cosmetic Products Regulation (Regulation (EC) No. 1223/2009) (121, 133). Only preservatives

listed in Annex V are allowed for use in cosmetic products in the European Union (121, 133).

1.9.3 Post-market risk assessment and surveillance data

While the aforementioned pre-market risk assessment of substances is based on an at-that-time-
acceptable approach to risk evaluate a new substance for use in cosmetic products, the post-
market risk management of substances is based not only on novel research, but also primarily on
clinician-driven surveillance data of contact allergy (136-138). The EU Cosmetic Products
Regulation (Regulation (EC) No. 1223/2009) states that the safety of a cosmetic product on the
cosmetic market is with the designated “responsible person” (legal person) (Articles 4 and 5), and
member states have a legal obligation to entrust market surveillance authorities with the
necessary powers to monitor this compliance (Article 22) (121, 133). In matters of substances in
cosmetic products causing harm to the European consumer (a breach of Article 3), competent
(national) authorities shall immediately (i) take provisional measures, (ii) communicate this
concern to the EC, (iii) and further communicate this concern and the measures taken at a

national level to the competent authorities of the other member states (Article 27) (121, 133).

2. METHODS: THE NATIONAL ALLERGY RESEARCH CENTRE AND STUDY
POPULATIONS

2.1 The National Allergy Research Centre

The Ministry of Environment founded the National Allergy Research Centre in 2001. In relation to

the founding of the National Allergy Research Centre and with the aid of the well-established
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network of dermatologists in the university hospitals’ dermatology departments and
dermatologists in private practice, the surveillance database of contact allergy ‘National Database
of Contact Allergy’ was formed. Its purpose is to continuously monitor frequencies of contact
allergy and clinical data for patients with dermatitis treated at university hospitals’ dermatology
departments and dermatologists in private practice. Accordingly, the National Allergy Research
Centre is engaged in research and the continuous surveillance of the prevalence ratio of contact
allergies in the population.

Data from a single centre may also be extracted for research purposes as the systematic
registration of data for contact allergy dates back to 1985 for the Department of Dermatology and
Allergy, Copenhagen University Hospital, Herlev-Gentofte, while for others it is an activity more

recently initiated.

2.2 The modified local lymph node assay

The local lymph node assay (LLNA) was originally made for hazard identification and as a
measurement of relative potency (139). Groups of CBA mice are by topical application of the
dorsum of both ears exposed to the allergen in various concentrations or to a vehicle control for
three consecutive days (139). On Day 5, mice are given an intravenous injection of tritiated
thymidine (3H-TdR) and killed 5 hours later. The draining lymph nodes are then excised (139).
Often, a positive control of hexyl cinnamic aldehyde is included in the setup. Data are pooled of
each experimental group or experimental animal basis and processed for -scintillation, counting
of the cells in the draining lymph nodes. A stimulation index (Sl) is thereafter calculated for each
substance. A skin sensitiser is defined here as the concentration of a substance that induces a
threefold increase in the cells of the draining lymph nodes (Sl of 3; EC3) (139).

The modified local lymph node assay (Fig. 2) is described in detail in Manuscript III.
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Figure 2. (a) The sensitisation phase in the modified local lymph node assay and (b) the challenge

phase in the modified local lymph node assay.
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Ear thickness was measured by engineer micrometre on Day 5 in sensitisation phase (a) and on Day 23 in

challenge phase (b). The draining local lymph node(s) were then removed for flow cytometry for

measurement of CD4" T cells, CD8" T cells and CD19" B cells.

2.3 Ethics statement

Manuscript | is based on anonymized data from the ‘National Database of Contact Allergy’. In
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Manuscript Ill, all mice were housed in accordance with national animal protection guidelines
(licence number 2012-15-2934-00663). No ethics statement was relevant for Manuscript Ill.

In Manuscript IV, all participants signed a written informed consent form before inclusion in Study
IV. Further, the storage of Danish data for Study IV was approved by the Danish Data Protection
Agency (GEH-2015-076, I-suite no. 03709). All other Centres followed their regional/national
guidelines for storage of data and only anonymous data were sent to the National Allergy

Research Centre for inclusion in the study.

2.4 Statistical analyses

Statistical analyses were performed using (i) SPSS™ Statistics, Chicago, IL, USA, IBM PASW
Statistics for Windows™ and Mac OS X, edition 19.0 and 20.0, (ii) R statistical software (version
3.1.0; www.r-project.org) and (iii) RStudio (Version 0.98.1103 for Mac OS X). Statistical analyses
for dichotomous variables were done using the Chi Square test and Fishers Exact test when
appropriate. Continuous variables were presented as mean when data were normally distributed
and as median scores with interquartile range (25th and 75" percentiles) when data were non-
normally distributed. Normal distribution was assumed only after visual inspection of histogram,
and Kolmogorov-Smirnov test and/or Shapiro-Wilk test for normal distribution. In Manuscript Il
normal distribution was assumed after log transformation.

The distribution was graphically represented with either strip charts with means or with strip
charts with overlay boxplots.

The statistical threshold for statistical significance in all studies was predefined as p-value < 0.05.
In Manuscript |, the Chi Square test linear-by-linear association was utilized to test for trends of
preservative contact allergy across test years. Binary logistic regression analysis was used to
ascertain the effects of background variables (MOALHFA-index) on the development of
preservative contact allergy (dependent variable). Associations were expressed as odds ratios (OR)
with 95% confidence intervals (Cl).

In Manuscript I, non-parametric variables were tested for group differences using Kruskal-wallis-H
test for global heterogeneity. Additional post-hoc pair-wise testing with Mann-Whitney U-test was
applied between selected groups.

In Manuscript Ill, preselected one-way ANOVA with post hoc Tukey’s honest significant difference

21


http://www.r-project.org/

(HSD) test for global heterogeneity was applied for analysis of differences in means across
subgroups.

Figures were made in SPSS, R statistical software, molecular structures in ChemSpider
(http://ChemSpider.com), and maps in P&P World Map
(http://edit.freemap.jp/en/trial_version/edit/europe). Figures were later modified in Adobe

Photoshop CC®.

3. OBJECTIVES OF THE STUDIES

Study |

e To describe and evaluate temporal trends of preservative contact allergy.

e To characterize and evaluate previous and present epidemics of preservative
contact allergy and effect of intervention.

Study Il

e To determine the concentrations of MI, MCI and BIT in water-based wall paints
purchased in retail outlets for analysis of consumer exposure.

e To explore environmental labelling of water-based paints regarding M.

Study IlI

e Toinduce contact allergy to Ml in mice.

e To investigate whether Ml sensitised mice develop the same immune response
regarding CD4' T cells, CD8* T cells and CD19* B cells when challenged with Ml as
with OIT and BIT.

Study IV

e To characterize European patients with M| contact allergy during a defined period
of 6 months.
e To identify their exposures to cosmetic products, household products, and

industrial chemical products containing Ml.
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4. RESULTS AND MANUSCRIPTS

This section summarizes key findings related to the stated objectives. The original manuscripts are
included after each summary.

Manuscript | is based on data from Herlev-Gentofte University Hospital in Denmark. Manuscript Il
is based on chemical analysis of purchased water-based paint from five European countries.
Manuscript lll is based on data from a modified local lymph node assay in mice. Manuscript IV is
based on data from 11 European centres that prospectively collected data for six months on

patients with MI contact allergy.

4.1 Failures in risk assessment and risk management for cosmetic preservatives in

Europe and the impact on public health — Manuscript |

e The prevalence of preservative contact allergy in a uniform retrospective cohort of patients
patch tested in a university hospital significantly increased from 6.7% in 1985 to 11.8% in
2013.

e Methyldibromo glutaronitrile remained relatively high (3-6%) after 1999 where
methyldibromo glutaronitrile was introduced as part of the baseline series.

e The present clinical relevance of methyldibromo glutaronitrile decreased from >90% in
1999 to <10% in 2013.

e The prevalence of Ml significantly increased from 1.5% in 2005 to 5.7% in 2013 (p<0.001).

e The clinical and present relevance of Ml contact allergy remained stable at approximately
60—-80% during 2005-2013.

e Facial dermatitis affected approximately 20-25% of all patients with preservative contact
allergy between 2001 and 2009 and showed a steep increase thereafter up to
approximately 40%.

e This increase was mainly due to Ml contact allergy and the adjusted attributable risk
percentages associated between facial dermatitis and Ml contact allergy were 40% and

49% during 2010-2013 and the test year 2013, respectively.
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Summary

Background. In view of the current and unprecedented increase in contact allergy
to methylisothiazolinone (MI), we characterized and evaluated two recent epidemics of
contact allergy to preservatives used in cosmetic products to address failures in risk
assessment and risk management.

Objective. To evaluate temporal trends of preservative contact allergy.

Methods. The study population included consecutive patch tested eczema patients seen
at a university hospital between 1985 and 2013. A total of 23 138 patients were investi-
gated for a contact allergy.

Results. The overall prevalence of contact allergy to at least one preservative increased
significantly over the study period, from 6.7% in 1985 to 11.8% in 2013 (p < 0.001).
Importantly, the preservatives methyldibromo glutaronitrile and MI rapidly resulted in
high sensitization prevalence rates, which reached epidemic proportions. Although the
proportion of patients with current clinical disease attributable to methyldibromo glu-
taronitrile contact allergy decreased significantly following the ban on its use in cos-
metic products (p < 0.001), the sudden and high proportion of current sensitization to
MI requires immediate attention (p < 0.001).

Conclusions. The introduction of new preservatives in Europe with inadequate
pre-market risk assessment has rapidly increased the overall burden of cutaneous dis-
ease caused by preservatives. We suggest that the cosmetic industry has a responsibility
to react faster and replace troublesome preservatives when a preservative contact allergy
epidemic is recognized, but the European Commission has the ultimate responsibility for
failures in risk management after new, major sensitizing preservatives are introduced onto
the market.
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FAILURES IN RISK MANAGEMENT FOR COSMETIC PRESERVATIVES e SCHWENSEN ET AL.

Preservatives are used in cosmetic, household and indus-
trial chemical products (when they are referred to as
‘biocides’) to prevent microbial growth and spoilage.
Although only a minor proportion of the general popula-
tion is in daily and repetitive skin contact with preserved
industrial chemical products, daily exposure to preserva-
tives in cosmetic products (personal care products and
toiletries), such as moisturizing lotions, shampoos or skin
cleansers, and household products, is a common part of
daily routines. Excessive exposure to allergenic preser-
vatives may cause contact allergy and allergic contact
dermatitis, a skin condition that can become chronic and
only resolves if contact with the allergen is avoided.

In a historical perspective, the European Commission
(EC) has accepted the need to deviate from the intention
of the Cosmetics Regulation (previously Directive) by per-
mitting the use of preservatives with significant sensitiz-
ing capacity in cosmetic products, as there is a reasonable
demand and need for product preservation. The mandate
of the Scientific Committee on Consumer Safety (SCCS)
and its predecessors, an independent advisory body of DG
Sante (Directorate General, Consumer Safety and Health
Protection, previously known as DG Sanco) of the EC, is
to provide its opinion on the question of whether the use
of a chemical substance, for example a preservative, is
safe for the consumer in cosmetic products from a pub-
lic health point of view (1). Within the EU, only those
preservatives on a ‘positive list’" annexed to the Regula-
tion may be used in cosmetic products. Opinions from
the SCCS on questions concerning the sensitizing capa-
bility of a preservative are based on predictive experimen-
tal assays, animal studies (which are no longer permitted
if the experiments are to be performed solely to provide
data required for safety evaluation of a substance for cos-
metic use), and, partly, human testing with standardized
methods (2—4). Opinions at the time of assessment (when
the opinions are formed) are not based on large amounts
of clinical and epidemiological data, as these data are
generated after marketing of a preservative. Subsequent
reassessment of a preservative (risk management) can be
triggered by these post-marketing surveillance data when
issues arise.

In 1989, de Groot and Herxheimer recognized the
growing problem of contact allergy to the widely used
preservative methylchloroisothiazolinone (MCI) in the
fixed 3:1 combination with methylisothiazolinone (MTI)
(MCI/MI) (5). It was predicted that future preservative
contact allergy epidemics could potentially be avoided
by (i) adequate risk assessment, (ii) mandatory ingre-
dient labelling of cosmetic products, and (iii) prioritized
detection of new sensitizing preservatives (5, 6). It was
foreseen that these reasonable initiatives would result in
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safer cosmetic products and prevent the emergence of
new preservative contact allergy epidemics.

In view of the unprecedented epidemic of con-
tact allergy to the recently marketed preservatives
methyldibromo glutaronitrile and MI, and what seems
to be a trend of recurring epidemics of contact allergy
to preservatives, we find it important to (i) describe and
evaluate temporal trends of preservative contact allergy,
and (ii) characterize and evaluate previous and present
epidemics of preservative contact allergy in order to pro-
pose a better risk management procedure for novel and
current preservatives in EU member states.

Materials and Methods

The study population included consecutive patients with
dermatitis (eczema) who underwent routine diagnostic
patch testing at Copenhagen University Hospital Gentofte
between 1 January 1985 and 31 December 2013 for
contact allergy. All patients were patch tested with at
least the European baseline series of contact allergens and
additional allergens from extended test series (7).

Contact allergy information on the following and
most frequent preservatives was extracted from the
database: formaldehyde (CAS no. 50-00-0), formalde-
hyde releasers [2-bromo-2-nitropropane-1,3-diol (CAS
no. 52-51-7), diazolidinyl urea (CAS no. 78491-02-8),
DMDM hydantoin (CAS no. 6440-58-0), imidazolidinyl
urea (CAS no. 39236-46-9), and quaternium-15 (CAS
no. 4080-31-3)], iodopropynyl butylcarbamate (CAS no.
55406-53-6), methyldibromo glutaronitrile (MG) (CAS
no. 35691-65-7), MCI/MI (CAS no. 55965-84-9), MI
(CAS no. 2682-20-4), and paraben mix [methylparaben
(CAS no. 99-76-3), ethylparaben (CAS no. 120-47-8),
propylparaben (CAS no. 94-13-3), and butylparaben
(CAS no. 94-26-8)]. All patients were patch tested
with all of the preservatives after their inclusion in the
diagnostic patch test series.

Available information from the database included age,
the baseline characteristics of patients according to the
MOALHFA index (information on male gender, occupa-
tional relevance of a contact allergy, atopic dermatitis,
leg dermatitis, hand dermatitis, facial dermatitis, and
age > 40 years), and the outcome of patch testing. How-
ever, the MOALHFA index in its present form was not
routinely registered throughout the entire study period.
Thus, information on atopic dermatitis and information
on facial dermatitis were not collected until 1994 and
2001, respectively.

Patch tests with allergens were applied to the upper
back. The occlusion time was 2 days, and readings were
performed after 2, 3 (or 4) and 7 days, in accordance with

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Table 1. The distribution of the MOAHLFA index for 21 247 eczema patients with no contact allergy to preservatives and 1891 patients with

contact allergy to at least one preservative

Cases with no contact

Cases with contact allergy

allergy to preservatives, % (n) to at least one preservative, % (n) OR (95%Cl) p-value
Male 34.9 (7418) 31.6 (598) 0.82 (0.74-0.91) <0.001
Occupational contact dermatitis 11.1(2354) 16.5 (312) 1.09 (0.94-1.27) 0.245
Atopic dermatitis 11.0 (2340) 10.3 (194) 0.83(0.71-0.98) 0.030
Hand dermatitis 23.9 (5076) 40.1 (758) 2.31(2.07-2.59) <0.001
Leg dermatitis 5.0 (1061) 6.7 (126) 1.28 (1.05-1.56) 0.013
Facial dermatitis 10.6 (2251) 15.1(286) 1.57 (1.37-1.80) <0.001
Age > 40years 63.7 (13544) 76.5 (1447) 2.00 (1.78-2.24) <0.001

OR (95% CI), odds ratio with 95% confidence interval obtained from binary logistic regression modelling.

ICDRG recommendations (8). Reactions of strength 1+,
2+ and 3+ were interpreted as positive responses. Irritant
reactions, doubtful reactions and negative reactions were
interpreted as negative responses. In cases of repeated
testing, patch test data from the last visit were used in the
analysis.

‘Relevance’ was defined as a current and certain asso-
ciation between contact allergy and the clinical manifes-
tation of contact dermatitis.

An ‘epidemic’ is generally a definition used for infec-
tious diseases. The term ‘contact allergy epidemic’ has,
in dermatological conditions such as contact allergy and
allergic contact dermatitis, been defined as the occurrence
of disease in a geographical region or within a specific pop-
ulation that is in excess of that normally expected (9).

Statistics

All data analyses were performed with spss™ version 19.0
(SPPS™ Statistics Chicago, IL, USA; IBM PASW Statis-
tics) for Windows™. Binary logistic regression analysis
was performed to ascertain the effects of background vari-
ables (MOALHFA index), that is, explanatory variables, on
the likelihood of developing preservative contact allergy
(dependent variable). The y2-test linear-by-linear associ-
ation was utilized to test for trends of preservative allergy
across test years. Attributable risk percentage was used to
test the contribution of MI contact allergy to the develop-
ment of facial dermatitis. All p-values are two-sided, and
0.05 was chosen for statistical significance.

Results

A total of 23138 patients aged 1-100years were
patch tested between 1985 and 2013. The MOAHLFA
index for patients without preservative contact allergy
(n=21247) and patients with contact allergy to at
least one preservative (n=1891) is shown in Table 1.
Atopic dermatitis was only registered between 1994

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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and 2013, and facial dermatitis between 2001 and
2013. Hand dermatitis, facial dermatitis and older age
(age > 40 years) were all highly significantly associated
with having contact allergy to at least one preservative
(p<0.001).

Facial dermatitis affected approximately 20-25% of
tested patients with preservative contact allergy during
2001-2009, but showed a steep increase to 41% of
patientsin 2013 (p < 0.001). When patients with MI con-
tact allergy were excluded, the increase in facial dermati-
tis after 2009 appeared to be less dramatic, affecting only
28% (p=10.025)in 2013. The MI contact allergy adjusted
attributable risk percentages associated with facial der-
matitis were 40% and 49% for the period 2010-2013
and the test year 201 3, respectively. This observation sug-
gests that MI contact allergy had a strong impact on the
increasing prevalence of facial dermatitis seen in recent
years.

Figure 1 shows the temporal trends of contact allergy
to preservatives. Notably, the overall prevalence of sen-
sitization to at least one preservative increased from
6.7% in 1985 to 11.8% in 2013 (p<0.001), suggest-
ing an increased burden of preservative contact allergy.
Whereas methyldibromo glutaronitrile contact allergy
showed a relatively high prevalence, ranging between
approximately 3% and 6%, the clinical relevance of
methyldibromo glutaronitrile contact allergy, that is, the
proportion with allergic contact dermatitis caused by
methyldibromo glutaronitrile, decreased significantly,
from >90% of cases between 1999 and 2004 to <10%
of cases in 2013, following the ban on its use cosmetic
products in Europe (Fig. 2; p < 0.001).

Importantly, the prevalence of MI contact allergy
increased from 1.5% in 2005 to 5.7% in 2013
(p<0.001), making MI the single most problematic
preservative after 2010 (Fig. 1). The clinical relevance of
positive patch test reactions to MI became high imme-
diately after its inclusion in the patch test series, and
remained stable across the test period, with no significant
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Fig. 1. Temporal trend of preservative contact allergy of 23 138 patients suspected of having allergic contact dermatitis eveluated at a
hospital university clinic in Copenhagen between 1985 and 201 3. Formaldehyde releasers: 2-bromo-2-nitropropane-1,3-diol, diazolidinyl
urea, DMDM hydantoin, imidazolidinyl urea, and quaternium-15. ‘Preservatives’: Contact allergy to at least one preservative.

trend, and 60-80% of positive reactions being considered
of current clinical relevance by the dermatologist (Fig. 3).

Discussion

This 29-year retrospective epidemiological study inves-
tigated the recurring epidemics of preservative contact
allergy among consecutively patch tested patients with
dermatitis. Our data suggest that, each time a new
preservative has been marketed, it has added to the
overall prevalence, and probable burden, of contact
allergy to preservatives; for example, the epidemics of
methyldibromo glutaronitrile and MI contact allergy
contributed with a prevalence of 4—6% within the period
1999-2013 (10). These recurring epidemics of preser-
vative contact allergy represent a public health challenge,
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as thousands of dermatitis patients across Europe have
developed lifelong allergies to these intensively used
preservatives following exposure to cosmetic products in
particular (5, 10-17). Affected individuals may develop
occupational skin problems because of secondary expo-
sure in the work environment, resulting in sick-leave and,
ultimately, retraining. Children may also develop contact
allergy to preservatives, with an impact on their well-
being. For example, MI contact allergy after exposure to
wet-wipes or to sunscreen preserved with MI has resulted
in nappy and facial dermatitis, respectively (18, 19).
Collectively, these data emphasize that it is crucial, for
personal and economic reasons, to carefully consider and
evaluate the risk assessment process prior to introduc-
ing new preservatives. The two most recent epidemics
of methyldibromo glutaronitrile and MI contact allergy

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Fig. 2. Time trend based on the frequency of clinical relevance of methyldibromo glutaronitrile contact allergy for 483 patients with
methyldibromo glutaronitrile contact allergy between 1999 and 2013.

illustrate the weakness in the process of permitting these
major sensitizing preservatives.

Risk assessment

The former ‘EU Cosmetic Directive’ (76/768/EEC) and
the ‘EU Cosmetic Products Regulation’ (Regulation No.
1223/2009) applied from 2013 state that no cosmetic
products should cause any damage to human health
when applied under normal or reasonable foreseeable
conditions of use (1, 20).

Ultimately, the cosmetics industry is responsible for
substantiating the safety of cosmetic products and chem-
ical substances, including preservatives, used in their
products. However, preservatives used in cosmetic prod-
ucts in Europe are on a ‘positive list’ in the legislation, and
industry may only use a preservative if it is permitted in
the list. Permitted preservatives must first be assessed for
safety by the SCCS; industry is responsible for providing
the dossier of data required for formal assessment by the
SCCS. Failure to provide adequate data to enable formal

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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risk assessment will lead to a negative opinion of the
preservative, and the preservative will not be permitted
for use in cosmetic products. The deficiency in risk assess-
ment concerning contact allergy to preservatives before
they are introduced in cosmetic products is evident:
several epidemics of preservative contact allergy have
emerged, namely formaldehyde in the 1960s, MCI/MI
in the 1980s, methyldibromo glutaronitrile in the late
1990s, and now the recent and unprecedented epidemic
of MI contact allergy (3, 10, 11). Pre-market risk assess-
ment of the safety of chemical substances is based on
accepted toxicological approaches. However, post-market
risk management and re-evaluation require surveillance
to detect problems once the consumer is being exposed
to a preservative, and then action to reduce exposures
should contact allergy to the preservative become an
issue post-marketing. The problems with the current
risk assessment methodology and the dramatic failure
of risk management are of public health concern. The
procrastination of the EC as a risk manager has been
discussed previously (21, 22).
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Fig. 3. Time trend based on the frequency of clinical relevance of methylisothiazolinone contact allergy for 201 patients with

methylisothiazolinone contact allergy between 2005 and 2013.

Risk assessment and risk management
for methyldibromo glutaronitrile

The rise in methyldibromo glutaronitrile contact allergy
prevalence throughout Europe in the late 1990s should
have alerted the EC at an earlier point regarding better risk
management of new preservatives (23, 24).

The legal adoption of methyldibromo glutaronitrile
in cosmetic products in a concentration up to 0.1% was
based on established methods for evaluating the aller-
genic potential of a chemical (such as the guinea-pig
maximization test), but these failed to show its allergenic
potential (25, 26). Later animal studies with multi-
ple topical applications during the sensitization phase
showed methyldibromo glutaronitrile to be a sensitizer.
Clinical and epidemiological studies on patients with
dermatitis showed an increasing frequency of contact
allergy to methyldibromo glutaronitrile and resulting
allergic contact dermatitis (23, 24, 27). In 2002, the
SCCS recommended that methyldibromo glutaronitrile
should no longer be used in leave-on cosmetic products
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(SCCNFP/0585/02) and, in 2005, the SCCS recom-
mended that it should no longer be used in rinse-off
cosmetic products (SCCP/0863/05), as no safe con-
centrations for methyldibromo glutaronitrile could be
established (28, 29). This led to a significant reduction
in the clinical relevance of methyldibromo glutaronitrile,
but the prevalence of contact allergy to methyldibromo
glutaronitrile remains high.

Risk assessment and risk management for Ml

In the early 2000s, MI was introduced as a stand-alone
preservative for use in industrial chemical products, with
no upper limit in concentration, for example as a preser-
vative for use in glue or paint (19, 30).

The SCCS stated in 2003, in their first opinion
on MI (SCCNFP/0625/02), that no adequate risk
assessment of MI could be carried out, as the geno-
toxicity/mutagenicity studies were inadequate (31). The
issue of sensitization to MI was considered to be ade-
quately addressed at the time of the first opinion, and no

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Table 2. Overview of adequate risk assessment of pre-marketed preservatives and future approaches to avoid epidemics of contact allergy to

preservatives used in cosmetic products

Pre-market risk assessment of preservatives

Marketed preservatives

Industry:

Transparent and reproducible in vivo, in vitro and in silico testing

Obligation to use less sensitizing allergens, e.g. acids

The use of preservatives in combination to lower the concentrations

rather than the use of a single preservative in a high concentration

Legal authorities:

Well-carried-out risk assessment

- Risk-based approach to the processes of risk assessment and risk
management: a distinction between high (leave-on) and low
(rinse-off) exposures

- Any occupational use of the preservative and occupationally related
allergic contact dermatitis to the preservative must be considered, as
it may provide information about a highly sensitizing and
troublesome preservative

- Strong or extreme sensitizers should not be permitted

Authorities grant temporary permission for the use of newly marketed
preservatives in cosmetic products. Re-evaluation and granting of
permanent permission take place in a short time frame, e.g. 5years,
to avoid the permanent use of highly sensitizing preservatives

Derogation of highly sensitizing preservatives

new data regarding sensitization to MI were submitted
by industry for inclusion in the second opinion on MI
(SCCNFP/0805/04) (31, 32). Using the local lymph
node assay, Basketter et al. showed in 2003 that MI has
strong sensitizing capabilities, but this information was
not included in the second opinion, as the paper was not
provided in the dossier submitted by industry, and no
third process in the risk assessment of MI was triggered by
these data (32, 33). Of concern is the conclusion drawn
from the human repeated insult patch tests conducted by
the industry that the threshold level for sensitization is
well above what was to be the permitted concentration of
100 ppm MI in cosmetic products (32). The opinion on
MI (SCCNFP/0805/04) stated that ‘the proposed use of
methylisothiazolinone as a preservative at a maximum
concentration of 0.01% (100 ppm) in the finished cos-
metic products does not pose a risk to the health of the
consumer’ (32).

Since 2010, the prevalence of MI contact allergy
has increased at an alarming rate, and several Euro-
pean countries have confirmed the existence of an MI
epidemic, primarily because of its use in cosmetic prod-
ucts, with prevalence rates of more than 6-12% in
consecutively tested contact dermatitis patients in many
European countries (12—17). In light of the prevail-
ing tendency for there to be MI contact allergy among
patients with contact dermatitis, in 2011 European
dermatologists raised their concern on the use of MI in
cosmetics (34).

Until 2013, MI was stated and erroneously recognized
as possessing moderate sensitizing capabilities, based on
areview article of compilations of potency values, that is,

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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reporting modelling studies on a large set of local lymph
node assay data (35, 36). However, MI actually possesses
strong sensitizing capabilities, as pointed out in an edito-
rial by Roberts (33—-37).

The current epidemic of MI contact allergy in several
member states of the EU prepared the ground for a revi-
sion of the opinion on MI (SCCS/1521/13), published in
December 201 3. The SCCS concluded that no safe level of
MI had been determined for leave-on cosmetic products
(e.g. lotions and wet-wipes), and that, for rinse-off cos-
metic products (e.g. soaps and shampoos), a maximum
concentration of 15 ppm MI was safe from the point of
view of sensitization (34). Hitherto, the EC has not acted
upon the advice of its independent advisory committee,
but has acted on the request of industry to ask the SCCS
to re-evaluate its opinion that MI is not safe for use in
rinse-off products and hair care products at 100 ppm, as
described above (22).

Epidemics and the impact of regulatory interventions

The introduction of regulatory interventions for these
highly problematic preservatives will not lead to a
decreasing prevalence of morbidity for some years, as
implementation of prohibitions/restrictions is delayed,
the market is allowed to sell off already manufactured
cosmetic products, cosmetic products purchased before
the prohibition/restriction may still be in the possession
of consumers, and the population of already sensitized
(and not recognized) individuals is alarmingly large. Fully
implemented regulatory interventions will nevertheless
lead to decreasing clinical relevance of the restricted
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preservative. Our data indicate that the background
population with methyldibromo glutaronitrile contact
allergy may be large and not yet fully recognized, as the
prevalence of contact allergy to methyldibromo gluta-
ronitrile at this stage remains unchanged, whereas the
clinical relevance of methyldibromo glutaronitrile has
diminished (Figs. 1 and 2).

It is important to emphasize that patients remain
with lifelong contact allergy to the preservative, and
will, with appropriate exposure to the preservative in
domestic or occupational settings, develop allergic con-
tact dermatitis. Furthermore, the prohibition of these
preservatives is seldom internationally applied, and the
consumer may be therefore exposed to preservatives
whose use is prohibited in the EU, but that are allowed for
preservation in cosmetic products in other parts of the
world.

It is suggested that the EC, as the legal authority and
risk manager, should grant only temporary permission
for use of a newly approved preservative for use in cos-
metic products. Re-evaluation and/or more permanent
permission for use of the preservative would be granted
after the preservative had been present on the market, and
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the frequency of any developing contact allergy to it in the
consumer had been evaluated.

In conclusion, the EC should be a more active manager
when industry presents a safety dossier of a preservative
for risk assessment; strong or extreme sensitizers should,
as a point of departure, not be acceptable for use in cos-
metic products. There are currently available a number of
preservatives permitted for use in cosmetic products that
should give manufacturers ways to adequately preserve
cosmetics without using extreme or strong sensitizers, for
example the less allergenic acids.

We therefore suggest that (i) meticulous and adequate
risk assessment of contact allergens should be priori-
tized in the future, (i) temporary permissions and later
re-evaluation should be introduced by legal authorities
to avoid delay in the derogation of recognized and highly
allergenic preservatives, and (iii) the cosmetic indus-
try should accept responsibility for reacting faster and
replacing troublesome preservatives when a developing
epidemic of contact allergy to a preservative epidemic is
recognized (Table 2). The recurring epidemics of contact
allergy to preservatives represent a concern for public
health.
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4.2 Methylisothiazolinone and benzisothiazolinone are widely used in paint: a

multicentre study of paints from five European countries — Manuscript Il

e 71 water-based paints purchased in five European countries were analysed.

e Ml was found in 93% (66/71) and the concentration ranged from 0.7 to 180.9 ppm.

e BIT was found in 95.8% (68/71) and the concentration ranged from 0.1 to 462.5 ppm.

e MCl was found in 23.9% (17/71) in relatively small concentrations (0.26—11.4 ppm).

e Ml was found in high concentrations across all five countries with no significant difference
between the countries.

e The concentration of BIT was particularly high in Denmark and Sweden.

e In general, Swedish paint contained low concentrations of Ml and high concentrations of
BIT.

e 49.3% (35/71) were labelled with environmental labels, but no difference in the
concentration of Ml was registered.

e A comprehensive review was conducted of published non-occupational and occupational

cases with contact allergy to isothiazolinones due to exposure to paint.
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Summary

Background. In view of the current epidemic of contact allergy to methylisothiazoli-
none (MI), it is important to clarify the extent of use of MI and related isothiazolinones in
paints currently available for the consumer and worker in Europe.

Objectives. To elucidate the use and concentrations of MI, methylchloroisothiazolinone
(MCI) and benzisothiazolinone (BIT) in paints on the European retail market.

Methods. Wall paints (n=71) were randomly purchased in retail outlets in five Euro-
pean countries. The paints were quantitatively analysed for their contents of MI, MCI and
BIT by high-performance liquid chromatography coupled to tandem mass spectrometry.
Results. MIwasfoundin 93.0% (n = 66) of the paints, with concentrations ranging from
0.7 to 180.9 ppm, MCI in 23.9% (n=17), ranging from 0.26 to 11.4 ppm, and BIT in
95.8% (n=68), ranging from 0.1 to 462.5 ppm. High concentrations of MI were found
in paints from all five countries. Paints purchased in Denmark and Sweden contained
especially high concentrations of BIT.

Conclusion. The use of MI across European countries is extensive. In view of the ongoing
epidemic of MI contact allergy, an evaluation of the safety of MI in paints is needed.

Key words: benzisothiazolinone; environmental label; methylchloroisothiazolinone;
methylisothiazolinone; paint; safety data sheet.

The isothiazolinones methylisothiazolinone (MI, CAS
no. 2682-20-4), methylchloroisothiazolinone (MCI, CAS
no. 26172-55-4) and benzisothiazolinone (BIT, CAS no
2634-33-5) are antimicrobial agents. The first two are
used as preservatives in cosmetic products, and all three
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are used as biocides in chemical products (non-cosmetic
products), for example paints (1-3). Isothiazolinones
have been used for >30years, and isothiazolinones
have a well-known capacity to induce skin sensitization
(4, 5).

The allergenicity of isothiazolinones is exemplified
by epidemics of sensitization to isothiazolinones, for
example the epidemic of contact allergy to MCI/MI (3:1
fixed combination; CAS no. 55965-84-9) in the early
1980s. Subsequently, restrictions on the use of MCI/MI
in cosmetics and their classification as skin sensitizers in
chemical products have led to a decreasing prevalence of
contact allergy to MCI/MI in several European countries,
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and the prevalence of MCI/MI contact allergy had, until
recently, stabilized at ~ 2% (6-9).

In 2000, MI was introduced by industry as a stan-
dalone preservative, that is, without MCI, for use in chem-
ical products (‘mixtures’ according to the CLP regulation)
with no upper limit on concentration. In 2005, MI was
permitted for use in cosmetic products at a concentra-
tion of up to 100 ppm (10). MI was, according to the
local lymph node assay, a strong sensitizer (EC3 0.4), but
less potent than MCI/MI (11). However, since 2009, the
prevalence of contact allergy to MI has increased at an
alarming rate throughout Europe (12-19).

The Scientific Committee on Consumer Safety did not
consider BIT to be safe for use as a preservative in cosmetic
products (20), and so far the prevalence of BIT allergy has
remained stable (19). BIT is used as a biocide in a broad
range of chemical products (20). Isothiazolinones, espe-
cially MI and BIT, are widely used as biocides in paint (2,
3, 21). Moreover, working as a painter has been associ-
ated with MI sensitization (15, 22, 23), and several case
reports have verified the pattern of paint (both domestic
and occupational exposure) being a risk factor for contact
allergy to MI.

Isothiazolinones can cause contact allergy by direct
skin exposure. As MI is volatile and can therefore evap-
orate, it may cause airborne allergic contact dermatitis,
asthmatic symptoms, and even systemic allergic dermati-
tis (21, 24-32).

In contrast to the more regulated market for isoth-
iazolinones in cosmetic products, industry can omit
warning labelling and information on the use of isoth-
iazolinones in paints. This can be done if the substance
is not classified as a skin sensitizer (H317) according to
the CLP regulation, or R43 according to its predecessor
(the Dangerous Substances Directive), either by legally
binding harmonized classification or by notification by
industry (also called self-classification). It is problematic
for both the consumer and worker with contact allergy to
isothiazolinones and for the clinician that product labels
and safety data sheets often do not contain information
on the isothiazolinone content in the paint, despite a
relatively high concentration (33).

In view of the unprecedented epidemic of contact
allergy to MI, the presence of isothiazolinones in paints
is of particular interest. To our knowledge, the concen-
trations of isothiazolinones in paints intended for use
by the consumer have, on a European basis, not been
analysed. The aim of this European multicentre study
was to determine the concentrations of MI, MCI and BIT
in water-based wall paints purchased in retail outlets for
analysis of consumer exposure. Furthermore, a system-
atic review of the published literature regarding cases
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with non-occupational and occupational contact allergy
to isothiazolinones in paint was conducted.

Materials and Methods

Paint collection and samples

A total of 71 white wall paints or wet room paints were
purchased in retail outlets in five European countries:
Denmark (Copenhagen), France (Strasbourg), Germany
(Erlangen), Sweden (Stockholm), and the United King-
dom (London). The paints were randomly chosen, and
represented a broad selection of the brands in each coun-
try; all paints were purchased in the period from 1 Decem-
ber 2013 to 31 January 2014. All paints were intended
for consumer and/or professional use. Wet room paint
was defined as paint intended for use in a humid environ-
ment, for example bathrooms.

All paints were sent by post or courier to the Depart-
ment of Environmental Science, Aarhus University,
Denmark, where the cans were opened for the first time
and analysed. An attempt was made to buy the same Dan-
ish paints as 2 years earlier, but this was not possible (21).

The paint was thoroughly mixed before sampling. If a
thin layer of transparent liquid was visible on top in the
paint can, a sample was taken before mixing. A portion of
~5 ml was taken with a disposable plastic syringe. Analy-
ses were performed in duplicate for randomly chosen sam-
ples (every tenth sample).

Safety data sheet and labelling

Ifpossible, safety data sheets were collected for all paints at
the time of purchase. If the store did not provide any safety
data sheets with the paint, the companies’ websites were
immediately searched for safety data sheets. All safety
data sheets were meticulously searched for warnings and
listings of isothiazolinones in the paint.

Additional labelling on the paint cans was also col-
lected. This labelling, however, consisted mainly of
environmental labels, for example the European Flower.
Environmental labels often have demands regarding the
use of isothiazolinones in the paints, and are therefore
important for this study. The following environmental
and health-related labelling was present on the paint
cans: ‘EU Ecolabel' (‘European Flower’; EU), ‘Svane’
(The Nordic Swan label; Denmark and Sweden), ‘Der
Blaue Engel’ (The Blue Angel; Germany), ‘Svalanmarkt’
(Asthma and Allergy Association; Sweden), TUV NORD:
Fir Allergiker geeignet, Freiwillige Materialpriifung
(optional material testing; recommended for people suf-
fering from allergy) and volatile organic compound (VOC)
labelling (low VOC content, minimal VOC content).

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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The environmental label ‘EU Ecolabel’ limits isothia-
zolinones in paints to a total sum of isothiazolinones of
500 ppm, a maximum MI concentration of 200 ppm, a
maximum MCI/MI concentration of 15 ppm, and a maxi-
mum BIT concentration of 500 ppm (34, 35). The ‘Nordic
Swan label’ (Nordic Ecolabelling) limits isothiazolinones
in paints to a total sum of isothiazolinones of 500 ppm,
and a maximum MCI/MI concentration of 15 ppm (36).
In addition to the environmental label of ‘EU Ecolabel’,
indoor paints can undergo testing for indoor air quality
with a specific methodology and, if successful, meet Class
A+ (‘EU Ecolabel A+"). However ‘EU Ecolabel A+’ has no
additional requirements regarding the use of isothiazoli-
nones in paints (37).

‘Der Blaue Engel’ limits isothiazolinones in paints to
maximum concentrations of 50 ppm MCI/MI, 200 ppm
MI, and 200ppm BIT (38). The ‘TUV NORD’ label
requires, among other criteria, an MCI/MI concentration
of <15 ppm, and BIT or BIT and MI concentrations com-
bined of <200 ppm (39). Products labelled with ‘Svalan’
are recommended by the Swedish Asthma and Allergy
Association, saying that ‘The products are free from
allergens, perfumes and irritants in amounts so that no
reported medical cases are known’ (40). A special provi-
sion is given for paints, for which ‘the recommendation
is valid 2 weeks after application of the paint’ (41). VOCs
represent a wide variety of compounds, and are used
as solvents in paints to help keep the paint stable (37),
but the none of the labels with VOC (‘Minimal VOC,
0-0.29%"; ‘Low VOC, 0.30-7.100%"; ‘Medium
VOC, 8-24.100%'; High VOC, 25-50%; and ‘Very High
VOC, more than 50%’) have specific requirements regard-
ing the use of isothiazolinone in paints, and are therefore
not included as environmental labels of relevance in this
analysis (42).

Analysis of isothiazolinones in paint

The concentrations of MI, MCI and BIT were measured in
all collected paint samples. As described elsewhere (21),
a sample of 1 g (+0.1g) from each paint was extracted
in 25 ml of methanol/0.4% formic acid (20/80 vol/vol)
by means of ultrasound over a period of 10 min. The
suspension was filtered through a Phenex-GF/CA (fibre-
glass/cellulose) filter, and analysed by high-performance
liquid chromatography (HPLC) coupled with tandem
mass spectrometry. The analytes were separated on a
Kinetex C18 (100 x 2.1 mm?) HLPC column, and ionized
with electrospray ionization operated in positive mode.
The mass spectrometer was operated in multiple reaction
monitoring mode, with two mass transitions (parent
ion/product ion) for each analyte (m/z 116/101 and
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116/71 for MI; m/z 150/87 and 150/135 for MCI; m/z
152/109 and 152/134 for BIT). Detection of the analytes
was based on retention time and the most abundant
mass transition corresponding to an authentic standard.
Confirmation of analyte identity was based on the
response of the secondary mass transition relative to the
response of the primary mass transition. Quantification
of the analytes was performed with response factors
calculated from a four-point calibration curve (21).

The recoveries with the extraction method for paint
were calculated by spiking five different paints with MI,
MCI, and BIT. The samples were spiked at three different
concentrations: 0.1, 1.0 or 10 pg/ml. Average recoveries
obtained for MI, MCI and BIT were 85.9%, 82.6% and
58.0%, respectively.

The precision of the analysis was calculated as the
relative standard deviation of replicate analytes extracted
from a total of 12 pairs. The overall precision for MI was
1.3%. The overall precision for BIT was 1.5%.

Review

Literature for a review of non-occupational and occu-
pational cases with contact allergy to isothiazolinones
in paint was systematically sought from the PubMed™
database and Google™ scholar. The literature search was
carried out with the MeSH terms ‘methylisothiazolinone’,
‘2-methyl-4-isothiazolin-3-one’,  ‘methylchloroisothia-
zolinone’, ‘5-chloro-2-methyl-4-isothiazolin-3-one’,
‘benzisothiazolinone’,  ‘1,2-benzisothiazol-3(2H)-one’,
Kathon CG’, ‘CAS no. 26172-55-4", ‘CAS no. 2682-
20-4’, ‘CAS no. 2634-33-5", ‘CAS no. 55965-84-9’,
‘contact allergy’, ‘allergic contact dermatitis’, ‘airborne’,
and ‘paint’. Reference lists of the relevant articles were
also studied for case reports relevant for this review. Only
literature in English was included. Overall, case reports
were considered for inclusion if contact allergy to isothia-
zolinone resulting from paint exposure was detected. The
last literature search was performed on 1 July 2014.

Statistics

The data were processed with SPss™ (SPSST™ Statistics
Chicago, IL, USA; IBM PASW Statistics) for Windows™,
edition 20.0, and R statistical software (version 3.1.0;
Www.r-project.org).

The Mann—Whitney U-test was applied for (i) analysis
of differences between the MI concentrations found in the
previously tested Danish paints and the newly found MI
contents for Danish paints (21), (ii) analysis of differences
between the MI concentrations in paints with environ-
mental labels and paints with no environmental labelling,
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and (iii) analysis of differences between the MI and BIT
concentrations in wet room paints and white wall paints.
The distribution of the measured values for MI, MCI and
BIT were graphically represented by a strip chart with an
overlay boxplot. The Kruskal—Wallis H-test for global het-
erogeneity was applied for analysis of differences in MI and
BIT concentrations across countries.

The threshold for statistical significance was predefined
as a p-value of < 0.05.

Results

Seventy-one paints were analysed for their contents
of three isothiazolinones. MI was identified in 93.0%
(n=66) of the purchased paints, and the MI concen-
tration ranged from 0.7 to 180.9 ppm (Fig. 1). MCI was
identified in 23.9% (n=17) of the purchased paints, and
the MCI concentration ranged from 0.26 to 11.4 ppm.
BIT was identified in 95.8% (n=68) of the purchased
paints, and the BIT concentration ranged from 0.1 to
462.5 ppm (Fig. 2).

The distributions of MI concentration differed between
countries (Fig. 1). However, no overall statistically signifi-
cant heterogeneity was seen. In contrast, BIT concentra-
tions differed statistically significantly between countries
(Fig. 2).

Table S1 shows a detailed description of all 71 pur-
chased paints regarding product name, MI, MCI and
BIT concentrations, and environmental labelling. Seven
paints had a low content of MI (< 5 ppm), and five paints
(three British and two French) had no detectable MI
content at all (Table S1). Only a paint purchased in the
United Kingdom contained only MI (4.0 pg/g) with no
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detectable BIT or MCI. Almost all paints contained MI
and BIT in combination. For example, a Danish pur-
chased paint had 180.9 ppm MI in combination with
128.7 ppm BIT. However, many of the Swedish purchased
paints contained a relatively high BIT concentration in
combination with a relatively low MI concentration, for
example 462.5 ppm BIT in combination with 2.47 ppm
MI (Table S1).

Samples were also taken from the thin layer of trans-
parent liquid (surface layer) visible on top of nine paints.
Analysis showed that the MI concentration in this surface
layer was 1.5-2.5 times higher than the MI concentra-
tion in the paint in the corresponding can. In a UK paint,
an MI concentration of 421.0 ppm was found in the sur-
face layer.

Table 1 shows the frequency of available safety data
sheets for all paints in both paint stores and websites for
each country. The internet web addresses for the UK pur-
chased paints were not checked immediately after pur-
chase, which is why the data are not included in Table 1.
The frequency of environmental labelling is also shown
in Table 1. A total of 49.3% (35/71) of the paints were
labelled with environmental labels; a Mann—Whitney
U-test did not reveal any statistically significant differ-
ence in MI concentration between the paints with envi-
ronmental labels and the paints without environmental
labels (p=0.881). All of the UK paints were labelled with
either ‘'VOC Symbol’, ‘99% solvent free’, ‘Low VOC content
0.3-7.99%’, or ‘Minimal VOC content 0—0.29%’, and, in
the analysis, these were not regarded as environmental
labels of relevance.

Overall, the labelling of isothiazolinone content on
safety data sheets were insufficient for all European
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Table 1. Frequency of available safety data sheets (SDSs) for paints
at stores or internet websites along with the frequency of paints
having environmental labels

SDS at SDS at Environmental
European store, % website, % labelling on paint
country (n/total) (n/total) cans, % (n/total)
Denmark 0(0/14) 57.1(8/14) 64.3 (9/14)
France 0 (0/9) 44.4% (4/9)* 100 (9/9)
Germany 0 (0/9) 88.9 (8/9)* 77.8 (7/9)
Sweden 0(0/21) 100 (21/21) 42.9(9/21)
United Kingdom 0(0/18) NI 0.0 (0/18)*

NI, not investigated at the time of purchase.

*SDS could be ordered by email.

fPaint cans from the United Kingdom were labelled with VOC
(volatile organic compounds). These were not counted as environ-
mental labels. See ‘Results’.

countries (Table S1). The manufacturers in the German
and Swedish paint markets showed that they were more
proactive regarding labelling of isothiazolinone content
on the paint cans than manufacturers in other Euro-
pean countries. Two German paints claimed to have no
added preservatives on their paint cans. These two paints
did indeed have MI and BIT concentrations of <1 ppm
(Table S1).

Furthermore, on a few German paint cans (n= 3), an
allergy hotline telephone number was listed in case of
allergic symptoms (‘Allergiker-Hotline’ and ‘Technisches
Merkblatt’).

The Mann—Whitney U-test did not show any statisti-
cally significant differences in MI concentration between
previously purchased Danish paints in a study by Lundov
etal. (21) and the MI concentrations in the Danish paints
purchased for the present study (p=0.884).
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A total of 19.7% (14/71) paints were wet room
paints, and no statistically significant difference in MI
concentration between wet room paints and white wall
paints was observed (p = 0.840), but wet room paints had
a statistically significantly higher BIT concentration than
white wall paints (p < 0.001).

In the past 30 years, several case reports on contact
allergy to isothiazolinones resulting from paint exposure
have been published (Table 2). Older case reports have
primarily presented contact hypersensitivity to MCI/MI
(mixture 3:1), BIT (e.g. Proxel™) and octylisothiazoli-
none in paints (43-50). All of these paints probably
contained MCI/MI, BIT, or other isothiazolinones, but
in only a few reports were the paints analysed (48). In
recent years, after the introduction of MI in 2000, several
case reports on contact hypersensitivity to MI or other
isothiazolinones resulting from exposure to paint have
been published (24-28, 30—-32, 51-55). A Danish study
described, for the first time, four paint factory workers
with MI sensitization and allergic contact dermatitis
resulting from direct skin exposure to additives with
a 10% MI solution (54). In many of the recently pub-
lished case reports, allergic contact dermatitis has often
developed at directly exposed skin sites, whereas some
case reports have shown that emissions of MI can elicit
airborne allergic contact dermatitis at indirectly exposed
skin sites, for example the face or arms, or even asth-
matic symptoms (21, 24—32). Some case reports have
described systemic symptoms and generalized dermatitis
resulting from exposure to MI and/or BIT in paints (27,
32, 55), and a few studies even reported that emergency
treatment was necessary, owing to severe asthmatic
symptoms (24, 26).
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Discussion

In this European multicentre study, we investigated the
concentrations of MI, MCI and BIT in 71 paints randomly
purchased in retail outlets in five European countries:
Denmark (Copenhagen), France (Strasbourg), Germany
(Erlangen), Sweden (Stockholm), and the United King-
dom (London). MI was found in 93.0% (n=66) of the
paints, BIT was found in 95.8% (n = 68) of the paints, and
MCI was found in 23.9% (n =17) of the paints.

These data indicate that MI and BIT are widely used
by the paint industry in relatively high concentrations
across the five European countries, indicating a European
problem.

In a previous study from Denmark, Lundov et al. found
MI concentrations ranging from 10 to 300 ppm in 19
randomly chosen water-based paints purchased in 2012
(21). In the present experimental study, employing a
current sample of European paints, the highest MI con-
centration was found in a Danish purchased paint, with
a concentration of 180.9 ppm. In comparison with the
previously mentioned study by Lundov et al., it was found
that 32% (6/19) of the analysed paints had a higher
MI concentration than the highest measured MI con-
centration of 180.9 ppm, but no statistically significant
difference was found (21). However, the MI concentration
varies greatly among the Danish purchased paints. Fur-
thermore, the data indicate that the use of MI in paints is
a European problem, not being limited to Denmark, and
this emphasizes the need for a European evaluation of the
health risk caused by MI in paints, and a regulatory limit
for MI in paint.

It is likely that paint manufacturers add different isoth-
iazolinones, and probably also other preservatives, to the
paint to enhance the antimicrobial effect. By adding dif-
ferent preservatives to the paint, the paint manufacturers
also would avoid the need for warning labelling, as the
concentrations would be lower than if only a few preserva-
tives were used in high concentrations, for example above
1000 ppm. Our data indicate that more than one isothia-
zolinone is often added to the paint, as only four paints
contained only BIT and only one paint contained only
MI. No paints contained only MCI, as expected, as MCI
is employed in a fixed 3:1 combination with MI (MCI/MI
3:1). The BIT concentrations in the purchased paints var-
ied among countries. Paints from Denmark and Sweden
contained relatively high concentrations of BIT as com-
pared with paints from France, Germany, and the United
Kingdom (Fig. 2 and Table S1). Our data indicate that it
is possible for the paint manufacturers to preserve paint
without the use of a relatively high MI concentration, as
some paints contained relatively low MI concentrations,
and this was not related to the intended use of the paint,
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for example white wall paint versus wet room paint. How-
ever, the BIT concentration in paint may be related to the
intended use of the paint, as wet room paint had a statis-
tically significantly higher BIT concentration than white
wall paint.

In a recent Danish emission test and a field experiment
test, it was shown that MI is emitted from newly painted
walls within hours, and that a (low) MI concentration is
emitted for weeks (21). The published case reports of air-
borne contact allergy to MI resulting from exposure to
paint (24-28, 30-32, 51, 52, 55) are now further sup-
ported, as our data indicate that MI is widely used in Euro-
pean paints. In the present study, the MCI concentration
in paint was relatively low as compared with the MI and
BIT concentrations. MI, as a separately added preserva-
tive, had obviously been used additionally to MCI (suppos-
edly Kathon™), as the MI concentration was 2.5-101.3
times higher than the MCI concentration.

Environmental labels often also have provisions for the
use of isothiazolinones in the paint; for example, the Envi-
ronmental label ‘EU Ecolabel’ limits isothiazolinones in
paints (34, 35). None of the paints with the ‘EU Ecolabel’
contained MI or BIT above the relatively high concentra-
tion limits (MI > 200 ppm; BIT > 500 ppm), and the envi-
ronmental labelling may therefore give the consumer a
false sense of security by pretending that the product is
safer than the rest of the products. However, our anal-
ysis showed no difference in MI concentration between
paints labelled with environmental labels and those with-
out additional labelling.

Anti-skinning agents are used to prevent skinning
during the production or storage of paints. The thin
transparent liquid layer visible on top of some of the
paints in the present study was most likely such an
anti-skinning agent. Furthermore, the MI concentration
in all surface layers was higher than that in the corre-
sponding mixed paint. It is not known to what extent the
higher concentration of preservatives in anti-skinning
agents adds to the allergy risk.

The current legislation on labelling (CLP) states that
chemical products (mixtures) containing a skin sensitizer
above a certain concentration should be labelled with
a warning to protect against sensitization (56). This is
according to the rules of self-classification (notification by
industry), if no legally binding (harmonized) classification
hasbeen decided. The generic concentration for classifica-
tion and labelling is 10 000 ppm (1%), but lower, and spe-
cific, concentration limits should be set when appropriate.
There are 1727 notifications of MI as a skin sensitizer
(H317); however, only 52 give a lower specific concentra-
tion limit (1000 ppm or 0.1%) (57). The CLP also states
that information should be given in safety data sheets and
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on the label if the concentration of a classified sensitizer
in a product is above one tenth of the concentration
limit for classification (called the concentration limit for
elicitation).

All analysed paints had MI concentrations well below
1000 ppm and the paint manufacturers were therefore
not obliged by law to state that the paints contained MI,
despite the risk of contact allergy shown in several studies
(Table 2).

For the consumer and the professional decorator, it is
currently almost impossible to obtain knowledge about
the isothiazolinone content in the paint. Labels and safety
data sheets did not generally state the presence of any of
the isothiazolinones (Table S1). Safety data sheets were
not available at any of the paint stores in the five European
cities where the paints were purchased (Table 1). Safety
data sheets could, for some of the paints, be obtained at the
paint manufacturers’ websites, but national differences
were observed (Table 1).

The results concerning some paints from Germany and
Sweden clearly show that paint manufacturers, regard-
less of an inadequate European regulation, are able to
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provide information on isothiazolinone content by
labelling and in safety data sheets.

In conclusion, we emphasize an urgent need for evalu-
ation of the regulation on the use of MI in paints for pro-
tection of the consumer, the worker, and the MI-allergic
patient. It is important for sufficient product labelling of
MI content to be made a legal requirement, regardless
of the MI concentration. Ultimately, we must emphasize
that the paint manufacturers also have a responsibility to
improve the safety profile of their paints, for example by
stating the use of MI on the paint container, or by limiting,
or even abandoning, the use of MI in paints.
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4.3 Cross-reactivity between methylisothiazolinone, octylisothiazolinone and

benzisothiazolinone using a modified local lymph node assay — Manuscript Il

No significant impurities of isothiazolinones in other isothiazolinone standards were found.
Ml induced strong concentration-dependent immune responses in the draining lymph
nodes after a sensitisation phase of three consecutive days.

0 Overall, the test for global heterogeneity for ear swelling, CD4* BrdU" T cells, CD8"
BrdU" T cells, and CD19" BrdU" B cells was statistically significant. However, post-
hoc pair-wise comparisons showed in general terms only a partial statistical
significance; some pair-wise comparisons were not statistically significant.

The challenge experiments showed that Ml-sensitised mice irrespective of being exposed
to 0.4% M, 0.7% OIT or 1.9% BIT reacted equally with ear swelling and showed a similar
immune response regarding CD4* BrdU" T cells in the draining auricular lymph nodes.
The challenge experiments also showed that Ml-sensitised mice irrespective of being
exposed to 0.4% MI, 0.7% OIT or 1.9% BIT activated the immune response similarly
regarding CD8" BrdU™ T cells and partly for CD19* BrdU" B cells.
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Summary

Background In the light of the exceptionally high rates of contact allergy to the
(MD),
between MI, octylisothiazolinone (OIT) and benzisothiazolinone (BIT) is needed.
Objectives To study cross-reactivity between MI and OIT, and between MI and BIT.
Methods Immune responses to MI, OIT and BIT were studied in vehicle and MI-

preservative methylisothiazolinone information about cross-reactivity

sensitized female CBA mice by a modified local lymph node assay. The inflam-
matory response was measured by ear thickness, cell proliferation of CD4" and
CD8" T cells, and CD19" B cells in the auricular draining lymph nodes.

Results MI induced significant, strong, concentration-dependent immune responses
in the draining lymph nodes following a sensitization phase of three consecutive
days. Groups of MI-sensitized mice were challenged on day 23 with 0-4% MI,
0-7% OIT and 1-9% BIT — concentrations corresponding to their individual EC3 val-
ues. No statistically significant difference in proliferation of CD4 " and CD8" T cells
was observed between mice challenged with MI compared with mice challenged
with BIT and OIT.

Conclusions The data indicate cross-reactivity between MI, OIT and BIT, when the
potency of the chemical was taken into account in choice of challenge concentra-
tion. This means that MI-sensitized individuals may react to OIT and BIT if

exposed to sufficient concentrations.

What’s already known about this topic?

e Contact allergy to methylisothiazolinone (MI) in the European population is alarm-
ingly high.

e Retrospective observational studies of patients with contact allergy to MI have
shown that concomitant reactions between MI, octylisothiazolinone (OIT) and ben-

zisothiazolinone (BIT) may exist.

What does this study add?

e MI induced a significant concentration-dependent immune response after a sensiti-
zation phase of three consecutive days.

e MI, OIT and BIT induced the same concentration-dependent inflammatory response
with proliferation of CD4" and CD8" T cells, and partly CD19" B cells, in MI-sen-
sitized mice.

e Cross-reactivity was seen between MI and OIT and between MI and BIT when
the potency of the chemical was taken into account in the choice of challenge
concentration.

© 2016 British Association of Dermatologists
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The introduction of the preservative methylisothiazolinone
(MI) in cosmetic products on the European market has
resulted in an unprecedented epidemic of contact allergy and

allergic contact dermatitis to ML'™*

Currently, 100 ppm
(0-01%) MI is allowed in cosmetic products in the European
Union. However, the recent European risk management assess-
ment of MI in cosmetic products, which was performed on
the basis of newly achieved evidence showing that MI pos-
sesses a greater sensitizing potential than originally anticipated,
has resulted in the publication of new recommendations on
the use of MI in cosmetic products.”® It is therefore impor-
tant to obtain sufficient knowledge on the potential cross-reac-
tivity between MI and other common isothiazolinones, as the
cosmetic industry is eager to substitute MI with other isothia-
zolinones, for example benzisothiazolinone (BIT).’

The chemical structures of MI, octylisothiazolinone (OIT)
and BIT are similar; they all contain an isothiazolinone ring
(Fig. 1), which may indicate that cross-reactivity exists
between these isothiazolinones. The only systematic study test-
ing cross-reactivity between MI and methylchloroisothiazoli-
none (MCI) was conducted by Bruze et d. in the 1980s, using
the guinea pig maximization test.'” Interestingly, several
observational studies have described potential cross-reactivity
between selected isothiazolinones, but it is currently unknown
to what extent cross-reactivity exists in patients with MI con-
tact allergy.""''™"*

In general, and in a historical context, animal studies have
proven useful in estimating the allergenic capacity of a chemi-
cal substance and the cross-reactivity between structurally
related chemicals.'® Further studies on isothiazolinones and
their cross-reactivity are needed to (i) ensure that patients
with a newly diagnosed MI contact allergy receive the best
possible medical advice; and to (ii) give legislative authorities
the basis to regulate sufficiently the use of isothiazolinones in
products. The aim of this study was to investigate whether
MI-sensitized mice developed the same immune response
when being challenged with MI as with OIT and BIT.

Materials and methods

Mice

Female CBA mice were purchased from Janvier Labs (Saint-
Berthevin, France). All mice were housed in the specific
pathogen-free animal facility of the University of Copenhagen

o) o
S S N {
L2 L M
s o s
M oIr BIT
115:1 g mol-1  213-3gmol-1 151-1g mol-1

Fig 1. Chemical structures and molar masses of methylisothiazolinone
(MI), octylisothiazolinone (OIT) and benzisothiazolinone (BIT).

© 2016 British Association of Dermatologists
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in accordance with national animal protection guidelines (li-
cence number 2012-15-2934-00663). All mice were acclima-
tized for 1 week before the experiments started at the age of
7—8 weeks. All mice were housed in conventional filter-top
cages with standardized light/dark cycles. All mice received
water and pelleted food ad libitum.

Isothiazolinones

The following chemicals and isothiazolinones were purchased
from Sigma-Aldrich (St Louis, MO, U.S.A.) between Septem-
ber 2014 and January 2015: acetone (CAS-RN:67-64-1); olive
oil (CAS RN: 8001-25-0); MI (CAS RN: 2682-20-4);
octylisothiazolinone (CAS RN 26530-20-1); BIT (CAS RN:
2634-33-5).

EC3 values

The sensitizing hazard for contact allergens can be quantified
by derivation of the EC3 value, which is estimated as the aller-
gen concentration necessary to induce a threefold increase in
proliferation activity in the draining lymph node.'”

The challenge concentrations were chosen on the basis of
published EC3 values: 0-4% for MI and 1-9% for BIT.'* *° No
EC3 value for OIT could be identified in the literature.”’ We
therefore estimated the EC3 value of OIT based on the fact
that, chemically, OIT is a homologue of MI (Fig. 1). The reac-
tion chemistry of OIT compared with MI is either the same or
possibly less reactive because of the steric effect of the octyl
group in the OIT molecule (Fig. 1).

For this murine study, OIT was regarded as a strong sensi-
tizer with an estimated EC3 value of 0-7% as we assumed that
for MI and its homologues the potency is not logP dependent.
Molar potency would then be the same, but in terms of
weight percentage it would depend on molecular weight,
owing to the octyl homologue (Fig. 1). On the basis of the
EC3 value of MI, we multiplied by the ratio of the molecular
weights 213/115 to get and EC3 value for OIT of 0-7%.

Purity analysis of the used standards

In order to exclude cross-contamination from other isothia-
zolinones, purity analyses of each used standard were per-
formed. Stock solutions (0-2 mg mL™') were prepared in
methanol (Merck, Darmstadt, Germany). The analysis was per-
formed on an Ultimate 3000 dual-gradient, low-pressure mix-
ing high-performance liquid chromatography system (Dionex,
Sunnyvale, CA, U.S.A.) coupled to an API 4000 triple-quadru-
pole mass spectrometer (AB Sciex, Framingham, MA, U.S.A.)
with electrospray ionization in positive mode.”” Each isothia-
zolinone was analysed on two precursor/product—ion pairs.
Limits of detection ranged from 0-06 to 0-5 ng mL~'. None
of the isothiazolinones could be detected in any of the other
standards. Hence, impurities of < 0-03% were calculated based
on stock solution concentration and detection limit (see
Table 1).

British Journal of Dermatology (2017) 176, pp176—-183
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Table 1 Impurities of isothiazolinones in other isothiazolinone standards

Impurities (%)

Standard Methylisothiazolinone Benzisothiazolinone Octylisothiazolinone
Methylisothiazolinone = < 0-01 < 0-003
Benzisothiazolinone < 0-03 = < 0-005
Octylisothiazolinone < 0-02 < 0-02 =

Induction of contact sensitization Statistics

To induce contact hypersensitivity, each mouse was exposed
to 25 pL newly dissolved MI in a 1 : 4 olive oil:acetone
mixture (OOA) on the dorsal side of both ears for three con-
secutive days (days 0-2). Concentrations were 0-13% MI,
0-4% MI or 1-2% MI Control mice were exposed to 25 pL
vehicle (OOA). All mice were given 0-8 mg mL ™' 5-bromo-
2'-deoxyuridine (BrdU) in their drinking water on day 3 and
euthanized 48 h after, on day 5. Subsequently, skin inflamma-
tion of the ears was quantified by the increase in the thickness
of the ears, as measured using an engineer’s micrometre
(Mitutoyo, Kawasaki, Japan). The draining retroauricular
lymph nodes were surgically removed for subsequent flow
cytometric analysis. After removal, the retroauricular lymph
nodes were kept on ice in complete RPMI medium.

Challenge experiments

Mice were exposed to 25 UL newly dissolved mixtures of MI
(0-13%, 0-4% or 1-2%) or 25 pL vehicle (OOA; control mice)
on the dorsal side of both ears for three consecutive days (days
0-2). All mice were given 0-8 mg mL ™' BrdU in their drinking
water on day 22, and on day 23 mice were challenged on the
dorsal side of both ears with either 25 puL 0-4% MI, 1-9% BIT
or 0-7% OIT. Control mice were exposed to 25 pL vehicle or
dissolved mixture of 0-4% MI on the dorsal side of both ears.
All mice were euthanized 24 h after the day of challenge. Skin
inflammation of the ears was quantified by the increase in the
thickness of the ears as described above. Additionally, the drain-
ing retroauricular lymph nodes were surgically removed for
flow cytometry. After removal, the retroauricular lymph nodes
were kept on ice in complete RPMI medium.

Flow cytometry

A suspension of cells of the removed draining retroauricular
lymph nodes was manually prepared by pressing the lymph
nodes through a cell strainer followed by washing in complete
RPMI medium. Cells were counted with a haemocytometer
and resuspended (107 cells mL™") in complete RPMI medium.
The distribution of B and T cells was analysed by incubation
with anti-CD4, anti-CD8 and anti-CD19. Cells were stained
intracellularly with anti-BrdU to determine cellular prolifera-
tion, as previously described.'® Finally, cells were analysed by
flow cytometry on a FACSCalibur (BD Biosciences, San Jose,
CA, USA).
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The data were processed with R (version 3.1.0; www.
r-project.org).

All data were normally distributed after log-transformation
visually accessed by histograms. A strip chart plot showed the
distribution of ear thickness, CD4" BrdU" T cells, CD8"
BrdU" T cells and CD19" BrdU" B cells. Preselected one-way
ANOVA with post hoc Tukey’s honest significant difference
(HSD) test for global heterogeneity was applied for analysis of
differences in means across subgroups (n = 8). The threshold
for statistical significance was predefined as a P-value < 0-05.

Results

Sensitization to methylisothiazolinone

Application of MI at concentrations of 0-13% MI, 0-4% MI or
1-2% MI for three consecutive days induced statistically signif-
icant ear swelling (P < 0-001) (Fig. 2a). Further, MI induced
significant concentration-dependent immune responses in the
draining lymph nodes after the sensitization phase of three
consecutive days. The overall test for global heterogeneity for
CD4" BrdU" T cells, CD8" BrdU™ T cells and CD19" BrdU" B
cells assessed by one-way ANOVA was statistically significant
(P <0-001, P<0-001 and P < 0-05, respectively) (Fig. 2b—
d). In addition, pair-wise comparisons, not shown in Fig-
ure 2a, indicated that local ear swelling showed a significant
concentration-dependent trend for sensitization with MI [in-
duction with 0-13% MI vs. 0-4% MI (P < 0-01), and 0:13%
MI and 0-4% MI vs. 1-2% MI (both P < 0-001)]. Further pair-
wise comparisons of the immune response with regard to
CD4" BrdU™ T cells showed a partly significant concentration-
dependent trend (Fig. 2b): induction with 0-13% MI vs. 0-4%
MI (P> 0-05), and 0-13% MI and 0-4% MI vs. 1-2% MI
(P<0-01 and P < 0-001, respectively). The same pair-wise
comparisons showed a nonsignificant trend for the immune
response with regard to CD8" BrdU* T cells and CD19"
BrdU™ B cells.

Challenge experiment: response to
methylisothiazolinone, octylisothiazolinone and
benzisothiazolinone in methylisothiazolinone-sensitized
mice

Figure 3a shows the response, signified by local swelling of
the ears, after challenge at day 23 with MI, OIT or BIT. Here,

© 2016 British Association of Dermatologists
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Fig 2. (a) The distribution of ear swelling, (b) CD4" 5-bromo-2'-deoxyuridine (BrdU)" T cells, (c) CD8" BrdU" T cells and (d) CD19" BrdU" B
cells in mice sensitized with vehicle, 0-13% methylisothiazolinone (MI), 0-4% MI or 1-2% MI depicted as a strip chart with mean. Each triangle

represents a single measurement. The overall test for global heterogeneity for ear thickness, CD4" BrdU" T cells, CD8" BrdU" T cells and CD19"

BrdU" B cells assessed by one-way ANOVA were statistically significant. Asterisks signify the outcome of post hoc Tukey's honest significant

difference test for the specific subgroup in comparison with the control group. OAA, olive oil and acetone; n.s., nonsignificant (P > 0-05).
*P < 0-05, **P < 0-01, ***P < 0-001 (n = 8-9 based on two independent experiments).

significant differences between the subgroups were observed
(P < 0-001). All subgroups except mice sensitized with OOA
or 0-13% MI and challenged with 0-4% MI showed a statisti-
cally significant difference in ear swelling compared with con-
trol mice.

Additional pair-wise comparisons found that local swelling
of the ears showed a significant concentration-dependent trend
when challenged with MI: 0-13% MI vs. 0-4% MI (P < 0-05),
and 0-13% MI and 0-4% MI vs. 1-2% MI (P < 0-001 and
P > 0-05, respectively). The same pair-wise comparisons were
partly significant for challenge with OIT: 0-13% MI vs. 0-4%
MI (P > 0-05), and 0-13% MI and 0-4% vs. 1-2% (P < 0-001
and P < 0-001, respectively). Additionally, the pair-wise com-
parisons were partly significant for BIT: 0-13% MI vs. 0-4%
MI (P > 0-05), and 0-13% MI and 0:4% vs. 1:2% (P < 0-001
and P < 0-01, respectively).

Challenge experiment: methylisothiazolinone,
octylisothiazolinone and benzisothiazolinone equally
activate CD4* T cells in methylisothiazolinone-sensitized
mice

The immune responses in regard to CD4" T cells in the drain-
ing auricular lymph nodes after challenge with MI, OIT and
BIT were statistically significant (P < 0-001) (Fig. 3b). Mice

© 2016 British Association of Dermatologists

sensitized with OOA or 0-13% MI and challenged with 0-4%
MI did not show a significant statistic difference compared
with control mice. However, MI-sensitized mice challenged
with MI, OIT or BIT showed similar, statistically significant
CD4"
(Fig. 3b). Further pair-wise comparisons of the immune

T-cell proliferation compared with control mice
response in regard to CD4" BrdU™ T cells showed a nonsignif-
icant concentration-dependent trend at the time of sensitiza-
tion when challenged with MI, OIT and BIT.

Challenge experiment: methylisothiazolinone,
octylisothiazolinone and benzisothiazolinone partly
activate CD8™ T cells in methylisothiazolinone-sensitized
mice

Again, the immune responses in regard to CD8" T cells in the
draining auricular lymph nodes after challenge phases with MI,
OIT and BIT were statistically significant (P < 0-001; Fig. 3c).
Post hoc analyses with Tukey’s HSD test comparing the sub-
groups with control mice showed that only mice sensitized with
1-2% MI showed a statistically significant difference (Fig. 3c).

Additional pair-wise comparisons of the subgroups testing
concentration dependency of CD8" BrdU™ T cells showed, in
part, a nonsignificant trend at the time of sensitization when
challenged MI, OIT and BIT (data not shown).

British Journal of Dermatology (2017) 176, pp176—-183

50



180 Cross-reactivity between MI, OIT and BIT, J.F. Schwensen et al.

(a) g
g . e
7 & e
3 N A e
o A
g = - A 2
]
c —_ a 1y S
‘5 A A & o
Y
£ 3 - A& R o a & o &
= 5. ry A
ra 5 ns. S A % —%— 4
© A % a -%— A f
w 3 A —f S a A A
4 & Fs
r-y
w |
o~
T T T T T T T T T T T
Sensitization 00A O0A 013% M 04%M  12%M O13%M  04%M  12%M O13%M  04%M  12%M
‘Chalange 00A O4% M 04% M O4%M  04% M O7T%OT O7%OIT O07%O0M 19%BIT  19%BIT 19%BIT
() g
— § 4
&
=}
89 o
o B ot
o 8 was A
+
e | o
T g -
o & ns i e
+ a - A
© a a
[=] & a
ns. ns. —
c 8 i —4 " ns. —
= A4 ns 6 N 2 % a a
—%— '& % & £ a& 3 & 2
o 4 o
T T T T T T T T T T T
Sansitization 00A O0A O13%M  04%M  1:2% M 013%M  04%M  12%M OI13% M 04%M  12%M
Challenge 0OA 4% M 04% M O4% M O4%M O7T%OM  O7%OM O7%OM 19%BIT  19%BIT 19%BIT

(b) g
<8
=)
2 g | -
L o
=] - e 4
+ oo e A
o a
B2 & T e A a
= 2 % A
0o « a - a
+ — Fy
3 ns. A — & A A
>3 A 'y
o 8 4 ns. a4 A ) A -
=} Y - Er & R
'&‘ % a & & ) £
a & a
o
T T T T T T T T T T T
Sensitization OOA O0A O13% M O4%M  1-2%M 013%M  04%M  12%M 013%M  04%M  12%M
Challenge OOA 04% Ml Od4% M O4%M 04%M O7%OT  O7%OM O7%OIT 19%BIT  19%BIT 19%BIT
a
- e -
& -
T % & a
=
i)
] § — ns. a
= a ns.
2 a ns. &
° 5.
g o - a
o g
o ns. b — I
o & - SN a
o ns. & a ==
O o4 a a a a
& § £ % s
4 + 7 . g
o - & &
T T T T T T T T T T T
Sansitization 00A O0A O13%M  O4%M  1-2%M 013%M  04%M  129%M 013%M  04%M  12%M
Challenge 00A 04% M 0d% MI 04%MI 04%M 07T%OIT O7%OIT O7%OM 19%BIT  19%BIT 1-9%BIT

Fig 3. (a) The distribution of ear swelling, (b) CD4" 5-bromo-2’-deoxyu

ridine (BrdU)" T cells, (c) CD8"BrdU" T cells and (d) CD19" BrdU" B

cells in mice sensitized with vehicle [olive oil and acetone (OOA)], 0-13% methylisothiazolinone (MI), 0-4% MI or 1-2% MI, and challenged with
either vehicle (OOA), 0-4% MI, 0-7% octylisothiazolinone (OIT) or 1-9% benzisothiazolinone (BIT), depicted as a strip chart with mean. Each

triangle represents a single measurement. The overall test for global heter

ogeneity for ear thickness accessed by one-way ANOVA was statistically

significant. Asterisks signify the outcome of post hoc Tukey’s honest significant difference test for the specific subgroup in comparison with the

control group. n.s., nonsignificant (P > 0-05). *P < 0-05, **P < 0-01, ***P < 0-001 (n = 8 based on two independent experiments).

Challenge experiment: methylisothiazolinone,
octylisothiazolinone and benzisothiazolinone partly
activate CD19* B cells in methylisothiazolinone-
sensitized mice

The immune responses in regard to CD19" BrdU" B cells in
the draining auricular lymph nodes after challenge with MI,
OIT or BIT were statistically significant (P < 0-001; Fig. 3d).
Post hoc analyses with Tukey’s HSD test comparing the sub-
groups with control mice showed that only mice sensitized
with either 0-4% MI or 1-2% MI and challenged with 0-4%
MI, 0-7% OIT or 1-9% BIT was statistically significantly differ-
ent compared with control mice (Fig. 3d).

Further pair-wise comparisons of the subgroups testing con-
centration-dependency of CD19* BrdU™ B cells (not shown in
Fig. 3d) did not show any trend when challenged with MI,
OIT or BIT.

Cross-reactivity between methylisothiazolinone and
octylisothiazolinone, and between methylisothiazolinone
and benzisothiazolinone

Figure 4 presents some of the data shown in Figure 3a—d as

line graphs of the means and SEM of the subgroups. Overall,
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MI-sensitized mice showed the same
whether being challenged with MI, OIT or BIT (Fig. 4). The
differences in mean for the specific subgroups were accessed

immune response,

by the same preselected one-way ANOVA with post hoc
Tukey’s HSD test as described in Figure 3a—d. The same ear
swelling was shown for MI, OIT and BIT, with no statistically
significant difference in mean when comparing subgroups
sensitized with the same concentration of MI (i.e. 0-13% MI,
0-4% MI or 1-2% MI) (Fig. 4a). Additionally, no statistical
difference in CD4" BrdU* T cells, cD8* BrdU" T cells or
CD19" BrdU" B cells was observed whether Ml-sensitized
mice were challenged with 0-4% MI, 0-7% OIT or 1-9% BIT,
when comparing the preselected subgroups sensitized with the
same concentration of MI (Fig. 4b—d).

Discussion

In this experimental study we investigated whether the
immune response differed after a challenge phase with MI,
BIT or OIT in MlI-sensitized female CBA mice. MI induced sig-
nificant concentration-dependent immune responses after a
sensitization phase of three consecutive days. Notably, MI,
OIT and BIT induced the same concentration-dependent
inflammatory response with proliferation of CD4" and CD8"

© 2016 British Association of Dermatologists
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Fig 4. The mean and SEM (error bars) of (a) ear thickness, (b) CD4" 5-bromo-2'-deoxyuridine (BrdU)"* T cells, (c) CD8" BrdU™ T cells and (d)
CD19" BrdU™ B cells in methylisothiazolinone (MI)-sensitized mice at three different concentrations (0-13% MI, 0-4% MI or 1-2% MI) and all
dermally challenged with 0-4% MI, 0-7% octylisothiazolinone (OIT) or 1-9% benzisothiazolinone (BIT) at day 23. Eight mice in each group,

based on two independent experiments. No statistically significant difference was shown for ear thickness, CD4" BrdU" cells, CD8" BrdU" cells or
CD19" BrdU™ cells whether the MI-sensitized mice were challenged with 0-4% MI, 0-7% OIT or 1:9% BIT, calculated by one-way ANOVA with

(preselected) Tukey’s post hoc test.

T cells and CD19" B cells in MI-sensitized mice. This means
that no significant difference was observed between the
groups challenged with MI compared with the groups chal-
lenged with OIT or BIT. No such immune response was
observed in the control mice.

It is noteworthy that cross-contamination was eliminated as
purity analyses of each standard used showed that OIT and
BIT were found in limited amounts in the purchased MI and
vice versa. It was therefore not likely that the MI-sensitized
mice were accidentally sensitized to OIT or BIT during the
sensitization phase.

In accordance with our results, studies by Basketter et dl.
and Devos et al. found that MI has strong sensitizing capabili-

18,23

ties. In this study we used a verified modification of the

local lymph node assay, where the sensitization phase lasted

© 2016 British Association of Dermatologists

for three consecutive days. Our data show that the mice were
sensitized to MI, and, as expected, that 0-4% MI (the previ-
ously published EC3 value for MI) induced a threefold
increase of cells in the draining lymph node (data not
shown).

Thousands of European citizens are allegedly already sensi-
tized to MI owing to daily skin contact with cosmetic products
preserved with ML°>" In December 2013, the Scientific Com-
mittee on Consumer Safety (SCCS), an independent advisory
body of DG Santé (Directorate General, Consumer Safety and
Health Protection), of the European Commission concluded
that no safe level of MI could be determined for leave-on cos-
metic products, and that for rinse-off cosmetic products only
a maximum concentration of 15 ppm MI was safe from the

24

point of view of sensitization. Although the cosmetic
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industry subsequently submitted cosmeto-vigilance data sup-
porting the use of MI in concentrations up to 100 ppm in
leave-on hair cosmetic products and rinse-off products to be
safe for the consumer, the SCCS concluded in June 2015
(SCCS/1557/15) that the initial concern raised in the opinion
SCCS/1521/13 remained.”’

On top of the insufficient risk management of MI to date,
the question of risk assessment of other isothiazolinones arises.
In 2012, the SCCS concluded that BIT is not considered safe
in respect to skin sensitization, as MI and MCI/MI clinically
are important skin sensitizers. Our results show full cross-
reactivity between MI and BIT, indicating that BIT is not safe
for patients with MI contact allergy, if exposed to sufficiently
high concentrations. In 1996, Geier and Schnuch concluded
that no cross-reactivity existed between MCI/MI and BIT."'
Similarly, recently published retrospective observational studies
by Geier et al. and Aerts et al. could not confirm cross-reactivity
between MI and BIT."'* However, the degree of cross-reactivity
will depend on the level of sensitization, that is, the concentra-
tion of MI at the time of sensitization. This will, in approxi-
mately two-thirds of all clinical cases, be up to 100 ppm MI,
owing to its use as a preservative in cosmetic products for
domestic use."*” This should be compared with our experi-
mentally chosen concentrations of MI (0-13%, 0-4% and 1-2%).
Controlled murine studies, such as those presented herein, are,
in general, superior in showing ‘maximum scenarios’ of cross-
reactivity to the abovementioned observational studies when
analysing cross-reactivity, as exposure is done under controlled
circumstances and with known concentrations at the time of
sensitization. Further, the selected and recommended patch test
concentrations of BIT and OIT, used in many observational
studies, may potentially be too low to detect cross-reactivity
between MI, OIT and BIT
Although, the patch test dose of MI has been optimized to
2000 ppm aq., the patch test doses and vehicles of BIT and OIT
have not yet been optimized. Future clinical studies should

in Mil-sensitized individuals.

therefore prioritize the detection of optimal patch test doses of
BIT and OIT.

It is acknowledged that the extensive use of MI and other
isothiazolinones in paints and other industrial chemical prod-
ucts massively expose workers, and to some extent consumers,
to a risk of sensitization.”®*” The verified use of BIT in paint
and other industrial products may also be problematic owing
to the hitherto shown cross-reactivity between MI and
BIT.”®*” However, the use of BIT may only be problematic to
workers in direct skin contact with paints, that is, painters/
decorators, as the evaporation of BIT from newly painted walls
is negligible compared with MI*®

Octylisothiazolinone has not yet been assessed for use as
preservative in cosmetic products in Europe. Theoretically,
OIT may possess a lower sensitizing capability than MI, but as
a potential risk of cross-reactivity between MI and OIT exists,
it is of utmost importance to consider this in a future Euro-
pean risk assessment of OIT. Often, OIT is included in the
more specialized patch test series, for example for painters,
which is in accordance with OIT being an important allergen
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that painters are exposed to.'*”” Ten out of 20 targeted
patch-tested Danish patients with OIT sensitization had rele-
vant contact allergy, and 90% of the 10 had been exposed to
OIT in an occupational setting, for example to paints.”” The
previously mentioned Belgian study by Aerts et al. indicated
that cross-reactivity between MI and OIT may exist.' Approxi-
mately 40% of 15 Belgian patients allergic to MI with a posi-
tive patch test result to OIT had no relevant exposure to OIT,
which was considered a sign of cross-reactivity between MI
and OIT.'

Except for OIT, all EC3 values were chosen on the basis of
published and verified EC3 values. However, no published
EC3 value was found for OIT. We therefore tried to estimate
the theoretical EC3 value for OIT, as, chemically, OIT is a
homologue of MI.

The in situ chemical behaviour of MI, OIT and BIT in three-
dimensional reconstructed human epidermis may be another
approach to test cross-reactivity between MI, OIT and BIT, but
such comprehensive studies have, to our knowledge, not yet
been conducted. However, a French study recently concluded
that cross-reactivity between MI and MCI did not exist owing
to differences in the in situ chemical behaviour of MI and
MCL>° It is important to emphasize that we found cross-reac-
tivity between MI, OIT and BIT.

In conclusion, cross-reactivity was detected between MI and
OIT, as well as between MI and BIT, when the potency of the
chemical was taken into account in choice of challenge con-
centration. This new insight means that MI-sensitized individ-
uals may react to other isothiazolinones such as OIT and BIT
depending on exposure concentrations. Although the use of
MI in European cosmetic products may be restricted according
to the two recent opinions on MI (SCCS/1521/13 and SCCS/
1557/15), consumers/workers with MI contact allergy may
still experience problems with OIT and BIT in other consumer
and/or occupational chemical products.
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e 6.0% (205/3434) of consecutive patch-tested patients in eight European countries (11
clinics) had Ml contact allergy.

e The dermatitis most often affected hands (43.4%), face (32.7%), arms (14.6%), eyelids
(11.7%), neck (10.2%), legs (10.2%), ano-genital area (4.9%), feet (2.9%) and scalp (1.5%).

e Widespread dermatitis (defined as dermatitis at more than 3 anatomical sites) was found
in 12.7% of patients with Ml contact allergy.

e Relevant contact allergy to Ml was found in 72.7% (149/205) of the patients with Ml
contact allergy.

e 88.6% (132/149) were exposed to products containing Ml while 11.4% (17/149) were
exposed to products containing MCI/MI.

e In most cases, relevant Ml contact allergy was due to exposure to cosmetic products
(83.2%; 124/149) in the individuals’ domestic and/or occupational environment.

e 19.5% were exposed to leave-on and rinse-off cosmetic products.

o 24.8% were exposed only to leave-on cosmetic products.

e 38.9% were exposed only to rinse-off cosmetic products.

e Occupational contact dermatitis due to Ml contact allergy was seen in 16.8% (n=25) of
patients with relevant contact allergy to MI. This was mainly due to cleaning agents, water-
based paints and lacquers, or cosmetic and household products at the workplace.

e In7.3% (n=15) of the cases, being in a newly painted room had resulted in allergic

reactions.
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Summary Background. The use of methylisothiazolinone (MI) in cosmetic products has caused

an unprecedented epidemic of MI contact allergy. Current data concerning exposures at
a European level are required.

Objectives. To describe demographics and MI exposures for European patients with MI
contact allergy.

Methods. Eleven European dermatology departments from eight European countries
prospectively collected data between 1 May and 31 October 2015 among consecutive
patients who had positive patch test reactions to MI (2000 ppm agq.).

Results. A total of 6.0% (205/3434; range 2.6—13.0%) of patients had positive patch
test reactions to MI. Dermatitis most frequently affected the hands (43.4%), face (32.7%),
arms (14.6%), and eyelids (11.7%); 12.7% had widespread dermatitis. For 72.7%
(149/205), MI contact allergy was currently relevant mainly because of exposure to cos-
metic products (83.2%; 124/149). Of these 124 patients, 19.5% were exposed to leave-on
and rinse-off cosmetic products, 24.8% only to leave-on cosmetic products and 38.9%
only to rinse-off cosmetic products containing MI or methylchloroisothiazolinone/MI.
The majority of these (79%) noted onset of their dermatitis between 2013 and 2015.
Fifteen patients (7.3%) had previously experienced allergic reactions when they were in
newly painted rooms.

Conclusion. Clinically relevant MI contact allergy remains prevalent across European
countries, mainly because of exposure to rinse-off and leave-on cosmetic products.
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Methylisothiazolinone (MI; CAS no. 2682-20-4)
was already shown to be a sensitizer in humans and
guinea-pigs in the mid-1980s (1, 2). The first occupa-
tional cases of allergic contact dermatitis caused by MI
were reported in 2004, and the first report on MI contact
allergy related to cosmetic products was published in
2010 (3, 4). Since then, the continued use of MI as a
preservative in cosmetic, household and industrial chem-
ical products has resulted in an unprecedented increase
in the prevalence of contact allergy to MI in Europe
(5-13). Although MI-containing cosmetic products and
household products account for most cases of contact
allergy to MI, its use in products for occupational use, for
example water-based paints and metalworking fluids, has
also caused skin problems in workers (5, 13-18).

Scientists and national health or environmental
authorities tried for several years to raise awareness of the
European outbreak of contact allergy to MI (12, 19, 20).
In 2013, the European Commission (EC) requested an
opinion (SCCS/1521/13) from the Scientific Committee
of Consumer Safety (SCCS) (21). The SCCS concluded
that the European consumer was not sufficiently pro-
tected with regard to sensitization with a concentration
of 100 ppm MI in cosmetic products (21): ‘For leave-on
cosmetic products (including “wet wipes”), no safe
concentrations of MI for induction of contact allergy
or elicitation have been adequately demonstrated. For
rinse-off cosmetic products, a concentration of 15 ppm
(0.0015%) MI is considered safe for the consumer from
the view of induction of contact allergy. However, no
information is available on elicitation.” Subsequent to this
opinion, the European cosmetics industry submitted an
additional dossier of data to support the safe use of MI at
100 ppm in rinse-off cosmetic products and leave-on hair
care products (22). The SCCS, however, arrived at the
same conclusion in the SCCS/1557/15 opinion as in its
earlier SCCS/152/13 opinion (21, 22). In spring 2016,
EU member states agreed on a ban on the use of MI in
leave-on cosmetic products, which will be effective from 1
January 2017 after a 6-month transition period, during
which the cosmetic industry may still produce leave-on
cosmetic products containing MI.

The EC held a public consultation on the use of MI in
rinse-off cosmetic products from 1 April 2016 to 1 July
2016, to seek the opinions of interested parties (23). Here,
the EC proposed accepting the advice given in opinion
SCCS/1557/15 to restrict the use of MI in rinse-off cos-
metic products to 15 ppm MI (22, 23). Although this is
an important step, the European consumer will continue
to be exposed to MI at up to 100 ppm in rinse-off cosmetic
products until the proposal has been implemented. It is
therefore important to continuously monitor the trend of
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MI contact allergy in the European population. Hitherto,
no prospective European multicentre study has been
performed. The purpose of this study was to investigate
patients with MI contact allergy and their exposures to
cosmetic products, household products and industrial
chemical products containing MI during a defined period.

Materials and Methods

This prospective multicentre study was conducted at 11
centres in eight European countries (for the case record
form, see Table S1; for technical details, see Table 1). Dur-
ing the study period from 1 May 2015 to 30 October
2015, patients with positive patch test reactions (reac-
tions designated as +, ++, or +++) to 2000 ppm (0.2%)
MI aq. were included.

Patch testing was performed according to ESCD
recommendations (24). The patch tests were applied to
the upper back and occluded for 2 days. In most of the
centres, readings were performed on day (D) 2, D3/D4,
and D7. All patients were patch tested with the European
baseline series. All centres used their usual routines, and
different patch test systems (Table 1) were therefore used.
Demographics, patch test results and exposures to MI and
methylchloroisothiazolinone (MCI)/MI were recorded
for all MI patch test-positive patients in each clinic. The
patients with positive MI patch test results were asked to
bring all their cosmetic products, toiletries, cleaning prod-
ucts and products for occupational use that they used in
their domestic and occupational environments. All prod-
ucts preserved with MI or MCI/MI were recorded with
regard to product type and use (domestic versus occu-
pational). If the substance was relevant for the present
contact dermatitis, additional information, such as
manufacturer and specific product name, was registered.

Descriptive analyses of the anonymized data were
performed at the National Allergy Research Centre,
according to pertinent guidelines (25), with spss™ (spss™
Statistics, Chicago, IL, USA; IBM PASW Statistics) for
Windows™, edition 20.0.

Results

A total of 205 patients had positive patch test reac-
tions to MI (2000 ppm aq.) among 3434 consecutively
patch tested patients (6.0%, 95% confidence interval:
5.2—6.8%; range 2.6—13.0%) (Table 1). Table 2 shows
that females were predominant in the group (69.8%;
143/205) of patients with MI contact allergy; 23.4%
(48/205) had previous or current atopic dermatitis (not
shown in Table 2), and the mean age was 47.0 years. The
dermatitis was primarily localized on the hands and the
facial region. One in every 10 had widespread dermatitis,
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Table 1. Overview of the data of 205 European patients with methylisothiazolinone (MI) contact allergy prospectively collected in 11

dermatology departments in eight European countries

Contact allergy

Country Centre to MI, % (/Nygi) Test system and producer of Ml patch test material

Belgium Leuven 7.3(22/302) IQ Ultra™, Chemotechnique Diagnostics

Denmark Bispebjerg 5.0 (12/241) Finn Chambers®, Chemotechnique Diagnostics
Gentofte 5.2 (27/519) Finn Chambers®, Chemotechnique Diagnostics
Odense 5.8 (15/257) Finn Chambers®, Chemotechnique Diagnostics

Finland Finnish Institute of 13.0 (7/54) Finn Chambers®, Chemotechnique Diagnostics

Occupational Health

United Kingdom Leeds 5.2 (21/404) IQ Ultra™, Chemotechnique Diagnostics

London 5.1 (27/526) Finn Chambers®, Chemotechnique Diagnostics
Italy Bari 2.6 (8/313) Al test®, Euromedical, Calolziocorte, LC, Italy
Portugal Coimbra 5(15/177) 1Q Ultra™, Chemotechnique Diagnostics
Spain Barcelona 7 (17/255) Finn Chambers®, Chemotechnique Diagnostics
Sweden Malmo 8 (34/386) Finn Chambers®, Chemotechnique Diagnostics
Table 2. Demographics for 205 European patients with A total of 72.7% (149/205) Ml-positive patients

methylisothiazolinone contact allergy prospectively collected in
11 dermatology departments in eight European countries

Age (years), mean (Nyya1) 47.0 (201)
1-30, % (n) 21.4 (43)
31-50, % (n) 32.2 (65)
>50, % (n) 46.3 (93)

Female sex, % (N/Nygia1) 69.8 (143/205)

Previous atopic dermatitis, % (n/nga) 7.3 (15/205)

Current atopic dermatitis, % (n/nyyiy) 18.0 (37/205)

No present contact dermatitis, % (N/Niy1a) 8.3 (17/205)

Anatomical site of contact dermatitis, % (n/ny)

Widespread 12.7 (26/205)
Hands 43.4 (89/205)
Face 32.7 (67/205)
Arms 14.6 (30/205)
Trunk 13.7 (28/205)
Eyelids 11.7 (24/205)
Neck 10.2 (21/205)
Legs 10.2 (21/205)
Anogenital 4.9 (10/205)
Feet 2.9 (6/205)

Scalp 1.5 (3/205)

here defined as dermatitis involvement of more than three
anatomical sites (Table 2). No notable difference in the
location of dermatitis was observed when MI contact
allergy was stratified for current or past relevance.

Patch test results with selected allergens from the Euro-
pean baseline series for the 205 patients with MI contact
allergy are shown in Table 3. MCI/MI elicited positive
patch test reactions in 64.2% (129/201) of MI-positive
patients. A total of 15% of the patients (n = 32) previously
had a positive patch test reaction to either MI or MCI/MI.
Polysensitization, defined as the presence of contact
allergy to three or more unrelated allergens, was regis-
tered in 24.9% (n = 51) of MI-positive patients.

© 2016 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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had current and certain relevance of their MI contact
allergy resulting from exposures primarily to rinse-off
and leave-on cosmetic products containing MI or MCI/MI
(Table 4). A total of 83.2% (124/149) were exposed to cos-
metic products containing MI or MCI/MI in their domestic
and/or occupational environment: 58.4% (n=87) were
exposed to rinse-off cosmetic products, in comparison
with 44.3% (n = 66) exposed to leave-on cosmetic prod-
ucts. Twenty-nine patients with relevant MI contact
allergy were, however, exposed to rinse-off and leave-on
cosmetic products containing MI or MCI/MI. Of the 149
patients with relevant MI contact allergy, 99 were exposed
only to cosmetic products, 19 were exposed only to house-
hold products (primarily dishwashing detergent), 23 were
exposed to cosmetic products and household products,
4 were exposed only to water-based paint and lacquer, 1
was exposed to water-based paint and cosmetic products,
1 was exposed to water-based paint, cosmetic products,
and household products, and 2 were exposed only to
chemical products for occupational use (glue and surface
treatment for floors). Office work, healthcare work and
cleaning were the most common occupations registered
for the 205 patients with MI contact allergy (Table S2).
Among the 149 patients with relevant MI contact
allergy who were exposed to products containing MI or
MCI/MI, more than half of all patients with relevant MI
contact allergy were exposed to more than one product
containing MI or MCI/MI: 71 (47.7%) were exposed to
one product containing MI or MCI/MI, 32 (21.5%) were
exposed to two products, 20 (13.4%) were exposed to
three products, 12 (8.1%) were exposed to four prod-
ucts, and 14 (9.4%) were exposed to more than four
products. Almost 90% of patients with relevant MI con-
tact allergy (88.6%; 132/149) were exposed to products
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Table 3. Patch test results for 205 European patients with methylisothiazolinone contact allergy, and results of additional patch testing with

selected allergens from the European baseline series

Patch test reaction

Weak positive

Strong positive

Extreme positive

Allergen (%, N/Nigia) reaction (1+) reaction (2+) reaction (3+) Negative Doubtful
Methylisothiazolinone 25.4 (52/205) 56.6 (116/205) 18.0 (37/205) 0.0 (0/205) 0 (0/205)
Methylchloroisothiazolinone/ 29.4 (59/201) 23.9 (48/201) 10.9 (22/201) 31.3(63/201) 4.5(9/201)

methylisothiazolinone
Other selected allergens from the European baseline series
Fragrance mix | 5.9 (11/185)

9.7 (18/185)

Fragrance mix Il 6.6 (12/183) 4 4 (8/183)
Myroxylon pereirae 5.5(10/183) 5(1/183)
Formaldehyde 2.7 (5/184) 8 (7/184)
Quaternium-15 0.5 (1/182) 6(3/182)
Paraben mix 0.0 (0/181) 6(1/181)
Nickel sulfate 4.3 (8/186) 14 5(27/186)
Potassium dichromate 1.6 (3/182) 6(3/182)
Cobalt chloride 3.9 (7/181) 2 (4/181)

1(2/185) 82.7 (153/185) 5(1/185)
8(7/183) 84.7 (155/183) 0.5(1/183)
5(1/183) 92.9 (170/183) 5(1/183)
5(1/184) 91.3(168/184) 1.6 (3/184)
0(0/182) 97.8 (178/182) 0.0 (0/182)
0(0/181) 99.4 (180/181) 0.0 (0/181)
8 (7/186) 76.3 (142/186) 0.0 (0/186)
0(0/182) 95.6 (174/182) 0.5(1/182)
7 (3/181) 91.7 (166/181) 0.6 (1/181)

Table 4. Exposures to products containing methylisothiazolinone
(MI) or methylchloroisothiazolinone/MI in 149 patients with clini-
cally relevant MI contact allergy

Product category % (n)
Both leave-on and rinse-off cosmetic products 19.5 (29)
Rinse-off cosmetic products 38.9 (58)
Leave-on cosmetic products (including wet wipes) 24.8 (37)
Household products without exposure to 12.8(19)
cosmetic products*
Paints or chemical products for occupational use 4.0 (6)
Total 100 (149)

Of the patients, 83.2% (n = 124) were exposed to cosmetic products.
*A total of 42 patients were exposed to household products: 19
only to household products, and 23 to both household products and
primarily cosmetic products.

containing MI (the rest were exposed to products con-
taining MCI/MI): 91.7% (n=121) of these were exposed
to domestic products, 18.2% (n=24) were exposed to
chemical products for occupational use or cosmetic prod-
ucts at their workplace, and 10.7% (n = 13) were exposed
in both their domestic and occupational environments.
Patients with relevant MI contact allergy had less expo-
sure to products containing MCI/MI (36.9%; n=55)
in terms of domestic exposures (94.5%; n=52) and
occupational exposures (18.2%; n=10). Only 12.7%
(n=7) were exposed to products containing MCI/MI in
their domestic and occupational environments.

A total of 16.8% (n=25) of patients with relevant
MI contact allergy had occupational contact dermati-
tis resulting from occupational exposure to products
containing MI or MCI/MI: cleaning agents (n=6),
water-based paint (n=4), glue (n=1), lacquer (n=1),
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and/or cosmetic products and household products
(n=13). Occupational contact dermatitis was seen most
frequently in: nurses (n =4), hairdressers (n=4), clean-
ers (n = 3), cosmetologists (n = 2), factory workers (e.g. in
glue production) (n=2), painters (n=2), carer (n=1),
machinist (n=1), and others (n=7).

The year of onset of dermatitis in the 149 patients
with relevant MI contact allergy is shown in Fig. 1.
Approximately 79% (100/126) developed contact der-
matitis between 2013 and 2015 (until 30 October 2015).

Table 5 shows the patients’ exposures to MI-containing
products. Rinse-off cosmetic products containing MI were
frequently registered: shampoos, baths/shower gels, and

63 | I

2012 2013 2014 2015

9.5

24 2.4
Il =

Before 2010 2011
2010

Test year

Fig. 1. The year of onset of contact dermatitis in 149 patients with
clinically relevant contact allergy to methylisothiazolinone.
Ny = 126 (missing data: 23).
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Table 5. Exposures to domestic and occupational products contain-
ing methylisothiazolinone (MI) and methylchloroisothiazolinone
(MCI)/MI in 205 European patients with MI contact allergy

Product category MI, % (n) MCI/MI, % (n)
Shampoo 15.7 (45) 22.5(25)
Dishwashing liquid 12.6 (36) 8.1(9)
Face cream/lotion 8.0 (23) 3.6 (4)
Baths/shower gel 8.0(23) 14.4 (16)
Body cream/lotion 7.0 (20) 5.4 (6)
Liquid soap 6.6 (19) 6.3 (7)
Cleansing agent 59017) 11.7 (13)
Make-up remover 45 (13) 1.8(2)
Conditioner 3.5(10) 6.3 (7)
Wet wipes 3.1(9) 5.4 (6)
Cream/lotion (unspecified) 2.8(8) 0.0 (0)
Hairstyling (gel/mousse) 2.4(7) 1.8(2)
Paint 2.4(7) 1.8(2)
Household cleansing spray 1.7 (5) 1.8(2)
Eye cream 1.4 (4) 1.8(2)
Sunscreen/self-tanning 1.4 (4) 0.0 (0)
Hand cream/lotion 1.0(3) 0.0 (0)
Face mask 1.0(3) 0.0 (0)
Cream/lotion for feet 0.7 (2) 0.0 (0)
Deodorant (unspecified) 0.7 (2) 0.0 (0)
Glues 0.7 (2) 0.0 (0)
Hairstyling product (unspecified) 0.7 (2) 2.7 (3)
Deodorant (roll-on/stick) 0.3(1) 0.0 (0)
Deodorant (spray) 0.3(1) 0.9 (1)
Hairstyling spray 0.3(1) 0.0 (0)
Make-up (unspecified) 0.3(1) 0.0 (0)
Rinse-off (unspecified) 0.3(1) 0.0 (0)
Shaving product 0.3(1) 0.0 (0)
Others 5.6 (16) 3.6 (4)
Total 100 (286) 100 (111)

Of the patients, 73.1% (n=144) and 32.8% (n=63) were exposed
to MI and MCI/MI, respectively. Patients may have been exposed to
more than one product.

liquid soaps. However, leave-on cosmetic products, such
as creams/lotions and body creams/lotions were also fre-
quently registered (Table 5). Some brands of product were
mentioned more frequently than others as having caused
allergic contact dermatitis in 149 patients with relevant
MI contact allergy: Clarins® (n=20), Pantene™ (Proc-
ter & Gamble) (n=16), TRESemmé® (Unilever) (n=13),
Nivea® (Beiersdorf AG) (n=13), Fairy® (Procter & Gam-
ble) (n=10), Head & Shoulders® (Procter & Gamble)
(n=8), Dove® (Unilever) (n=5), Dreft® (Procter & Gam-
ble) (n=4), L'Oréal (n=4), and Revlon® (n=4).

A total of 7.3% (15/205) MI-positive patients had pre-
viously experienced allergic reactions when they were in
newly painted rooms: contact dermatitis (n = 13), rhini-
tis (n=2), and/or conjunctivitis (n=1). However, none
experienced asthma. Eight patients (3.9%) experienced
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allergic reactions to airborne exposures other than paint,
mainly cleaning agents.

Discussion

This multicentre study of 205 patients with MI contact
allergy from eight European countries showed that MI
contact allergy remains frequent across all countries;
however, there are national differences. Dermatitis in
patients with MI contact allergy was most often localized
to the hands and face, and 72.7% of the patients had cur-
rent relevance of their MI contact allergy, primarily result-
ing from the use of rinse-off and leave-on cosmetic prod-
ucts containing MI or MCI/MI.

To our knowledge, this is the first prospective study
to investigate the prevalence of MI contact allergy and
to perform exposure analysis in a broad selection of
European patients with MI contact allergy. Our results
are in line with those of prior retrospective observational
studies of consecutive patients with MI contact allergy
(5-13, 26). The majority of patients with relevant MI
contact allergy (79%; 100/126) had an onset of their
contact dermatitis between 2013 and 2015. However,
the number of patients with MI contact allergy in 2015
is probably underestimated, as we only included patients
until October 2015.

Notably, our results show that 83.4% of patients
with relevant MI contact allergy had been exposed to
cosmetic products containing MI or MCI/MI. The epi-
demic of MI contact allergy has been driven by the use
of MI in cosmetic products. The use of MI in rinse-off
cosmetic products is of particular concern, as its use at
the currently permitted concentration up to a maximum
of 100 ppm can elicit contact dermatitis in patients with
MI contact allergy, according to use tests (27). The use of
MI in rinse-off cosmetic products may, purely on the basis
of our exposure results, be of even more concern than the
use of MI in leave-on cosmetic products, as our patients
were exposed to many more rinse-off cosmetic products
than leave-on cosmetic products. Exposure analyses on
the use of MI in cosmetic products based on the European
mandatory ingredient labelling have previously provided
estimates of exposure varying between ~0.5% and 3.3%
(28—-30). In one analysis, it was shown that the fre-
quency of the use of MI in leave-on and rinse-off cosmetic
products was approximately equal (28). According to
our data, the restriction on the use of MI in rinse-off
cosmetic products to 15 ppm MI, as previously suggested
by the SCCS (22), seems to be justified. Currently, a public
hearing held by the EC is being conducted concerning its
implementation (23).

Water-based paint is a source of clinically relevant
exposure to MI (17, 31-33). It has recently been
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recognized that MI is extensively used as a preserva-
tive in European water-based paints, although in varying
concentrations (0.7-180.9 ppm) (17). MI evaporates
from newly painted surfaces, and may result in air-
borne allergic contact dermatitis (15). Our data show
that 16.8% of the patients with relevant MI contact
allergy were exposed to products for occupational use
(including water-based paints), cosmetic products and
household products containing MI or MCI/MI at their
workplace. This is in accordance with the findings of
other European studies (5, 13). Until March 2016, MI
was not officially classified as a skin sensitizer in the EU.
Accordingly, industry could legally omit information
regarding the content of MI in their chemical products for
occupational use, as long as the rules of self-classification
according to the regulation on classification, labelling
and packaging of substances and mixtures (CLP Regu-
lation) were adhered to (34). This has previously been
shown to be the case for water-based paints purchased
in Europe (17). However, the Committee for Risk Assess-
ment concluded, on 11 March 2016, that MI should
be classified as ‘Skin Sens 1A, H317', with a specific
concentration limit of 0.0015% (35). We suggest that the
use of MI should be fully restricted in water-based paint
in order to protect European workers and consumers,
as water-based paints can be preserved without the use
of MI (17).

Interestingly, we found a relatively high frequency
of polysensitization and simultaneous contact allergy
to fragrance mix I, fragrance II and formaldehyde in
patients with MI contact allergy, which is in accordance
with a recent Spanish and Swedish study (Table 3) (36,
37). It has previously been estimated that the frequencies
of contact allergy to fragrance mix I, fragrance II and
formaldehyde are approximately doubled in patients with
MI contact allergy as compared with the frequency in
patients without MI contact allergy (37, 38). However,
our results on polysensitization should be interpreted
with caution, as it is possible that not all positive patch
test results were registered (Table S1).

Nearly 65% of all patients with MI contact allergy had
positive patch test reactions to MCI/MI, which is similar to
what has been found in other studies (7, 28, 38). Hitherto,
immunological cross-reactivity between isothiazolinones
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has mainly been discussed in observational studies
(5,39-41). A recent French experimental study of three-
dimensionally reconstructed human epidermis con-
cluded that immunological cross-reactivity between MI
and MCI was unlikely, as their in situ chemical behaviour
was different (43). However, a recent murine study
based on a modified local lymph node assay concluded
that immunological cross-reactivity existed between MI,
octylisothiazolinone, and benzisothiazolinone (44). Our
current study does not include data that may or may not
verify potential immunological cross-reactivity between
isothiazolinones.

In conclusion, it is of concern that clinically relevant
MI contact allergy remains prevalent across European
countries. MI used in rinse-off and leave-on cosmetic
products continues to cause problems for the European
consumer. Cosmetics producers have not managed to
self-regulate the use of MI in their products on the Euro-
pean market, and the use of MI in a number of cosmetic
brands is of particular concern, as these cosmetic brands
were frequently recorded in our study.

The planned European restriction on the use of MI in
cosmetic products and adherence to the CLP Regulation
are important and necessary to ensure the population’s
health.
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5. CONSIDERATIONS ON METHODOLOGY

This section elaborates the methodology not covered or only briefly described in Manuscripts I-IV.

5.1 Retrospective observational study — Manuscript |

A retrospective observational study was performed to determine the temporal trend of contact

allergy to preservatives from the European baseline series and extended series from 1985-2013.

5.1.1 Study design and analyses

So-called surveillance data of contact allergy (from retrospective observational studies) is of
utmost importance in the registration of national and regional prevalence ratios of contact allergy
in order to monitor potential breaches of Article 3 after post-marketing of cosmetic substances
such as preservatives (133, 136, 137). However, inherent limitations in observational studies exist.
One major pitfall is that causality can be mistakenly found. Our analyses were primarily descriptive
but also included test for association.

‘Preservative (contact) allergy’ was defined as contact allergy to preselected preservatives from
the European Baseline Series and Extended Series. The overall prevalence ratio of contact allergy
to preservatives across the test years should be interpreted with caution as the following
preservatives were added to the patch-test series during the test period: lodopropynyl
butylcarbamate from 1996, methyldibromo glutaronitrile from 1999, methylisothiazolinone from
2005 and the formaldehyde releasers (2-bromo-2-nitropropane-1,3-diol from 1994; diazolidinyl
urea from 1994; DMDM hydantoin from 1994; imidazolidinyl urea from 1994). This will obviously
increase the prevalence ratio across the test period. Nevertheless, it is in accordance with our
overall conclusion in the manuscript that every time a new preservative is marketed, the
prevalence ratio of preservative contact allergy and the overall burden of disease increase due to
daily use of cosmetic products. The question to address is, when is the prevalence ratio of newly
introduced preservatives acceptable regarding the total number of individuals with contact allergy
to a specific preservative?

Furthermore, we used a binary logistic regression model to estimate the impact of variables from
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the MOAHLFA index on the dependent variable of ‘preservative contact allergy’. Although atopic
dermatitis and facial dermatitis were registered only as variables in the database from 1994 and
onwards (MOAHL index) and 2001 and onwards (MOAHLFA-index), respectively, we used them in
our binary logistic regression model of data for 1985-2013. It is also important to emphasize that
‘A’ (atopy) in the MOAHL index included ‘atopic eczema, allergic rhinoconjunctivitis and/or allergic
bronchial asthma’, whereas ‘A’ (atopic dermatitis) in the MOAHLFA index included only atopic
dermatitis (140). Another more appropriate statistical approach would therefore have been to
include data for all variables and dependent variables only from 2001 and onwards in the binary
logistic regression model.

In the analyses, we did not compensate for the ‘multiple comparisons problem’. We included 7
variables, all from the MOAHLFA index: ‘male sex’, ‘occupational contact dermatitis’, ‘atopic
dermatitis/atopy’, ‘hand dermatitis’, ‘leg dermatitis’, ‘facial dermatitis’ and ‘age>40’. The risk of
rejecting a ‘true’ null hypothesis, making a type-1 error (‘false positive’), increases with the
number of variables. By testing multiple null hypotheses (n=7), the likelihood increases of getting a
significant p-value by chance. A few tests exist to compensate for that chance, to control the
family-wise error rate, i.e. Bonferroni correction, Holm-Bonferroni method and the Dunn-Sidak
correction. Although the original Bonferroni is undoubtedly the easiest test to use, it tends to give
a less conservative correction than do the other two. The Boneferroni correction compensates by
testing the significant level at a lower level, a level that takes the number of variables into account
by setting the new significant level to a/m, where o equals preselected significance level and m
number of variables in the analysis. In our analysis, this would give a new significance level of
0.05/7 = 0.0071. With this in mind, we can reject the association between atopic dermatitis and
‘preservative contact allergy’ and leg dermatitis and ‘preservative contact allergy’ (Table 1 in
Manuscript I). However, we can still conclude that ‘preservative contact allergy’ is associated with
female sex, hand dermatitis, facial dermatitis and age>40. We also showed that M| contact allergy
contributed to the increasing number of patients with facial dermatitis in the group of patients
with ‘preservative contact allergy’. It has previously been shown by binary logistic regression

modelling that facial dermatitis is associated with Ml contact allergy (3, 13).
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5.1.2 Study population and diagnosis of contact allergy

The labour market of the capital region of Denmark has long been characterized by occupations
involved in service and administration, craftsmanship, healthcare sector and pharmaceuticals with
mainly administrative personnel. In other parts of Denmark, heavy industry and production
facilities are often more frequent. This accords with the initial cases of contact allergy to Ml being
found at production facilities (16, 84).

The patch testing was standardized following the guidelines recently drawn up by the European
Society of Contact Dermatitis (116). In Manuscript I, the relevance of contact allergy to Ml or
methyldibromo glutaronitrile was defined as ‘a current and certain association between contact
allergy and the allergic contact dermatitis’. In detail, the patients should have current contact with
products containing the ascertained allergen. The accuracy of relevance comes down to the
systematic exposure assessment, which is time-consuming and safety data sheets may even be
inaccurate (141). We included relevancies only from 1999 and onwards; accordingly, we are
certain that the majority of relevant cases of contact allergy to methyldibromo glutaronitrile and
MI primarily have been registered, for example, due to the mandatory ingredient labelling of
cosmetic products in the EU (47, 133). While the use of methyldibromo glutaronitrile in chemical
products for occupational use in Denmark is negligible, the use of Ml is probably widespread (86,
121). In more recent years, the stepwise systematic exposure assessment has been prioritized and
formalized at Herlev-Gentofte University Hospital (141).

The relevance of Ml in Manuscript | and Manuscript IV is comparable, and the same definition of
relevance is applicable in Manuscript IV.

We emphasize that Thyssen et al. previously have published data from Manuscript | (1985-2008)
(45).

5.2 Experimental study — Manuscript Il

To estimate the use of MI, MCl, and BIT in paint on the European market, we conducted an

experimental study based on paint purchased from five European countries.
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5.2.1 Purchase of paints

In each country, a co-author acted as ‘person responsible’ in the purchase of the paints. All paints
were randomly chosen. In the protocol it was stated that each participating country should
contribute with 10 white wall paints and 10 wet room paints intended for paint in humid
environments. All paints were to represent a broad selection of those on sale in the country, e.g.
at retail outlets in, or in the vicinity of, the city: Denmark (Copenhagen), France (Strasbourg),
Germany (Erlangen), the United Kingdom (London) and Sweden (Stockholm). Paints were then
sent by post/courier to Denmark for analysis. All paint tins were sealed at the time of arrival.

A total of 71 tins of paint were sent to the Department of Environmental Science, Aarhus
University. Despite our setup stipulating that all five countries should contribute with 20 tins of
paint, only a few countries contributed sufficiently: Denmark (n=14), France (n=9), Germany (n=9),
the United Kingdom (n=18) and Sweden (n=21). Only 19.4% (14/71) of all purchased paints were
wet room paints and none came from Germany and the United Kingdom. This may blur our
conclusion of no detectable difference in the concentration of M| between wet room paints and
white wall paints. However, our study was exploratory and a conservative statistical approach was

chosen based on the aforementioned.

5.2.2 The Danish paints

Despite our overall aim to randomly purchase paints, we initially tried to buy the same Danish
paints as analysed in a previous study by Lundov et al. 2014 of Danish paints purchased in 2012
(85). However, this was not possible and the approach was dropped during the purchase phase.
This prevents us from saying that the Danish paints were randomly purchased. The paints
purchased for the initial study by Lundov et al. represented a wide range of brands in Denmark

(85). No statistical difference was observed between the countries regarding Ml concentration.

5.2.3 Environmental labelling

See Manuscript Il for details on environmental labelling of Ml and safety data sheets.
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5.2.4 Experimental analysis

We used high-performance liquid chromatography (HPLC) coupled with tandem mass
spectrometry (MS-MS) in the experimental analyses of isothiazolinones of all 71 purchased paints.
This method is well recognized as an analytical chemistry technique with high sensitivity of
quantification of the analyte in complex mixtures such as paint (24). The precision of the method
was calculated as the relative standard deviation of replicate analysis of 12 pairs. In our study, it
was 1.3% for Ml and 1.5% for BIT. This is in accordance with the previous study by Lundov et al.
(85).

There are other ways of isolating analytes, for example, gas-liquid partition chromatography
(GLPC), but we chose HLPC due to the sensitivity and safety during the isolation of the analyte with

no substantial risk of decomposition of the analyte.

5.2.5 Octylisothiazolinone

Although occupational relevant OIT contact allergy was recognized in painters in 2012/13, we
included only MI, MCI and BIT for detection in our purchased water-based paints (61, 112). At the
time of the purchase and analyses of the paints, we did not realize the potential importance of co-
sensitisation and/or cross-reactivity between Ml and OIT (3, 112).

Currently, the National Allergy Research Centre is conducting analyses of newly purchased
European water-based paints. Here, we found that only 27.6% (16/58) of the experimentally
analysed paints had detectable amounts of OIT (Median 0.51 ppm; IQR 0.21-4.80). These low
concentrations are not in accordance with a mean concentration of 177 ppm for OIT registered in
the Danish Product Register (86). However, the data registered in the Danish Product Register
cannot be used to conclude in what concentration OIT is found in the final paint product (86).
Other preservatives may also have been of interest, for example, other isothiazolinones or the
current use of formaldehyde in water-based paint, but this was outside the scope of the current

study (96, 142).

5.3 Animal study — Manuscript Il

To investigate the potential cross-reactivity between Ml and OIT, and Ml and BIT, we conducted
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an experimental study based on the modified LLNA with the aforementioned isothiazolinones.

5.3.1 Groupings

All groupings included 8-9 mice based on two independent experiments on different days. During
the phases of sensitisation and elicitation, we used relatively high concentrations of Ml, OIT and
BIT (their EC3 values). Lower concentrations of Ml would require more and frequent exposures to
elicit the same immune response, which would unnecessary stress the mice. This is an acceptable
approach when testing allergenic potential of an allergen, but it may differ regarding humans and
does not necessarily mimic the exposures humans experience: repeated and long-lasting exposure
to the same cosmetic product containing the specific allergen.

It would have been beneficial to include a ‘positive control’: mice sensitised with Ml in the three
different concentrations and challenged with OOA. This is a notable limitation. Instead, as stated
in our protocol, we exposed mice with OOA during the phase of sensitisation and challenged them

with OOA or 0.4% MI.

5.3.2 Purity analysis of the used standards

Notably, we found that cross-contamination was negligible because purity analyses showed that
analytes of Ml did not contain BIT and OIT and vice versa. Impurities were later calculated based
on stock solution concentration and detection limit (Table 1 in Manuscript Ill). Accordingly, to the
best of our knowledge, we can reject the notion that the mice were sensitised to BIT and OIT
during the phase of sensitisation or that MI-sensitised mice were exposed to M| when being

challenged with BIT and OIT.

5.3.3 EC3 values

An inverse correlation exists between the sensitisation potential of an allergen and the EC3 value:
the lower the EC3 value, the more potent is the allergen regarding sensitisation. In Manuscript lll,
we used established EC3 values for Ml and BIT, whereas the value for OIT was estimated because
no value has been published (60, 143-145). The EC3 value of Ml has previously been erroneously

guoted (moderate sensitiser), but since 2013 it has been recognized as a strong sensitiser with an
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EC3 value of 0.4% (60, 133, 144).

5.3.4 Estimation of EC3 value for octylisothiazolinone

OIT was regarded as a strong sensitiser with an estimated EC3 value of 0.7%. Here, we assumed
that the Ml and homologues’ potency was not logP dependent. Molar potency would then be
regarded as the same and in terms of weight %, it would depend on molecular weight due to the
octyl homologue (Table 1). Given these assumptions, the EC3 value for OIT is 0.7% as the
molecular weights divided by each other multiplied by the EC3 value for Ml give: 213/115 * 0.4 =
0.7.

However, the estimation of the EC3 value for OIT contains some uncertainties. If the potency of Ml
and OIT are considered logP dependent, the potency of OIT will increase by a factor 33. For
mechanistic domains where logP dependency has been shown and QMMs have been developed
(SB domain and SN2 domain) the logP coefficient in equations correlating EC3 is about 0.4. A CH2
group contributes about 0.54 logP units, so the difference in logP between OIT and MI will be
about 3.78 (7*0.54 = 3.78)(Table 1). Multiplying by the assumed QMM coefficient of 0.4 and
taking the antilog, the logP effect would be to increase the potency by a factor 33, given OIT, EC3 =

0.02%, an extreme sensitiser.

In our study, OIT was considered a strong sensitiser (EC3 = 0.7%) instead of an extreme sensitiser
(EC3 =0.02%). Under this assumption, we tested our hypothesis of cross-reactivity between Ml
and OIT. However, if OIT is to be considered an extreme sensitiser and we challenged the MI-
sensitised mice with a concentration of 0.7% OIT, the concentration would be 35 times too high
and may hinder any firm conclusion based on the results. The immunological response in the
draining lymph node is concentration dependent and the advantage of the EC3 value is that it is
the exact concentration of a chemical that gives a threefold increase in the number of cells in the
draining lymph node [Gerberick 2007]. A concentration that is 35 times the EC3 value may
increase the expected EC3 value response many fold and thereby give an increased immunological
response in the groups challenged with 0.7% OIT.

Further, another, more time-consuming approach would be to experimentally determine the EC3
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value of OIT by the LLNA.

5.3.5 Hypotheses, statistical significance and power

In our null hypothesis, we hypothesized that the same immunological response would be mounted
when Ml-sensitised mice were challenged with MI, OIT or BIT. In the alternative hypothesis, we
hypothesized is that the immunological response MI-sensitised mice will mount when being
challenged with MlI, OIT or BIT differs. As stated, we did not include a control group of MlI-
sensitised mice challenged with a vehicle.

Statistical significance was defined as p<0.05. The power is defined as the probability that the test
correctly rejects the null hypothesis. The risk of a Type Il error (false negative) decreases with
increasing power. The power is based on (i) the chosen significance level (p=0.05), (ii) effect size in
the population (here immunological response), and lastly (iii) the sample size (n=8-9). Two ways to
increase the power would be to increase the number of mice or to reduce measurements errors.
Prior to the study, we did not conduct a priori power analysis as this approach is uncommon for
murine studies and we choose n=8-9, which is an accepted approach, both ethically and
scientifically.

However, post-hoc power analysis is not appropriate due to its controversy. Another more suited
approach is to consider the 95% Cl in order to have a surrogate for power; those we have already
created (and preselected) for Figure 4 in Manuscript Ill. In figure 4, relatively narrow 95% Cl is
overlapping, indicating that the same immunological response was mounted when Ml-sensitised

mice were challenged with MI, OIT or BIT.

5.4 Prospective observational study — Manuscript IV

In Manuscript IV, we aimed to investigate Ml contact allergy based on a European multicentre

study of prospectively collected data during May 2015—October 2015.

5.4.1 Study design and analyses
Observational prospective studies tend to be superior to retrospective studies. This study, with

prospectively collected data, is the first to elucidate the widespread epidemic of Ml contact allergy
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across several European countries. Only consecutive patch-tested patients were included, thereby
we avoid mistakenly found causality in, for example, cohorts based on aimed patch-tested
patients with patients being patch tested with only the metal fluid series or hairdresser series.

All centres were general centres of dermatology, apart from one. Despite the FIOH (the Finish
Institute of Occupational Health) in Finland being a centre specializing in occupational cases, it
contributed only 3.4% (7/205) of all patients with M| contact allergy. However, it was in the FIOH
that the highest prevalence ratio of Ml contact allergy was registered (13.0%; 7/54). In general,
the centres that contributed with data were located across both the Northern (n=165) and
Southern EU (n=40) (Fig. 3). Other studies have focused mainly on one country/region (3, 5, 6, 8-
10, 12-14). .

Figure 3. Geographical location of the centres contributing data on 205 patients with contact

allergy to methylisothiazolinone.
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5.4.2 Considerations on ethics

No ethics approval for this prospective observational study was needed according to the Local
Human Ethics Committee. However, all patients gave written informed consent before inclusion.
The Data Protection Agency approved storage of unanonymised data from Copenhagen University
Hospital Gentofte (Journal number: GEH-2015-076 and I-suite number 03709). All other
collaborators followed their regional and/or national guidelines for storage of patient data. All
data were anonymised at each European centre before being sent to the National Allergy

Research Centre (see supplemental Table 1 in Manuscript IV).

5.4.3 Patch testing across European countries and diagnosis

Some variance in test systems and producers existed across all countries in Manuscript IV (Table 1
in Manuscript IV). We do not believe this influenced the patch-test results. We included only
patients with a positive patch-test result to 2000 ppm MI aq. (reactions designated as +,++,+++).
There is an inherent risk of measurement bias regarding a positive patch-test result of Ml, but all
centres followed the most recent European recommendations on patch testing (116). However,
not all patients had patch-test readings performed on D2, D3/4 and D7 according to this guideline
(116). Six patients had their (positive) readings performed only on D2 and D7 with no difference
between the two readings, apart from one patient with a weak positive reaction (+) on D2
compared with a strong reaction (++) on D7. Only one patient had a positive reaction (+) on D2, a
doubtful reaction on D3/4 and a negative reaction on D7. Two patients had no patch-test reading
done on D2; they had a negative and doubtful reaction on D3/4, respectively, and a positive patch-
test reaction (+) on D7. Theoretically, some patients may not be included in the study because

they have been overlooked (116).

In the manuscript, polysensitisation was defined as the presence of contact allergy to three or
more unrelated allergens (146). A post-hoc analysis showed that 24.9% (n=51) of Ml positive
patients were polysensitised. However, only selected allergens from the European Baseline Series
were predetermined on the form (supplementary Table 1 in Manuscript IV); this may have
resulted in an underestimation as only these frequent, predetermined allergens may have been

registered. The ratio of polysensitisation should be interpreted with caution in Manuscript IV as it
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was only a secondary aim in the study with methodological limitations.

The diagnosis of widespread contact dermatitis was defined as dermatitis at more than three
anatomical sites. The anatomical sites were preprinted and included the following: hands, arms,
face, scalp, eyelids, neck, trunk, anogenital area, legs and feet. ‘Widespread’ refers to a large
percentage of the skin being involved, here with dermatitis. Our definition is somewhat
contradictory as we counted all 10 anatomical sites as actual anatomical sites, but it could be
argued that the dermatitis is not widespread if it is localized to only the eyelids, face, scalp and the
neck. Nevertheless, no patients were affected by dermatitis only at these sites. No formal

definition exists on generalized dermatitis.

6. DISCUSSION

Discussion of the results from Manuscripts I-IV in more general terms.

6.1 Recurring epidemics of contact allergy to preservatives — Manuscript |

Unfortunately, epidemics of contact allergy to specific preservatives develop as shown in
Manuscript | and by others (3, 6, 13, 40, 42, 44, 45, 98). We found prevalence ratios of 4—6% for
methyldibromo glutaronitrile and Ml during 1999-2013. A novel finding was that the prevalence
ratio of methyldibromo glutaronitrile continues to be high, but with decreasing relevance, even
after the ban of methyldibromo glutaronitrile in cosmetic products.

The use of methyldibromo glutaronitrile is low in chemical products for occupational use (142).
Methyldibromo glutaronitrile was registered in only four products in the Danish Products Register
Database (PROBAS) in 2014; however, there is no specification due to confidentiality. In
comparison, M| was registered in 830 products out of 38,000 active substances and materials
(142). This observation may partly explain the significant decrease in relevance of contact allergy
to methyldibromo glutaronitrile to <10% after its use in cosmetic products was banned.
Nevertheless, other retrospective studies have found decreasing prevalence ratios of

methyldibromo glutaronitrile shortly after the ban (41, 43, 130). A Danish retrospective study of
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19 279 consecutive patch-tested patients from the Danish Contact Dermatitis Group concluded
that the prevalence ratio of methyldibromo glutaronitrile contact allergy significantly decreased
from 4.6% in 2003 to 2.6% in 2007 (41). The current relevance of methyldibromo glutaronitrile
was also observed to decrease from 51.3% in 2003 to 29.0% in 2007 (41). In the study, the number
of centres (tertiary clinics and dermatologists in private practice) increased over the test years
(41). In our study, we also observed a decline in the prevalence ratio of contact allergy to
methyldibromo glutaronitrile from 2003 to 2007, but with an increasing prevalence ratio of
methyldibromo glutaronitrile from 2007 to 2010, a decline from 2010 to 2012, and an increase
from 2012 to 2013 (Fig. 1 in Manuscript I). Although some variance across test years will always be
found, we did not find any significant decrease/increase in the prevalence ratio of contact allergy
to methyldibromo glutaronitrile. Additional analyses of the data, not published in Manuscript |,
show that patients with methyldibromo glutaronitrile contact allergy have a higher frequency of
contact allergy to formaldehyde (7.7%) and contact allergy to Ml (14.6%). This is in accordance
with the observed decreasing relevance of methyldibromo glutaronitrile, for example, in a patient
with suspected allergic contact dermatitis where the patch-test results show a relevant Ml contact
allergy and an irrelevant methyldibromo glutaronitrile contact allergy with former relevancy.
Further, in Lithuania, methyldibromo glutaronitrile contact allergy was found in 3.7% of
consecutive patch-tested patients tested during 2014—-2015 (147). In comparison with patch-test
results from the same centre from 2006—2008, the prevalence ratio of methyldibromo
glutaronitrile contact allergy was stable (5.5%) (147, 148).

A comprehensive European multicentre study recently showed that methyldibromo glutaronitrile
contact allergy was predominantly found in patients with older age after stratification into the age
groups ‘16—64yrs’ and >64yrs’ (up to 2.9 and 3.7, respectively) (149). However, regional
differences were observed, and in the Netherlands, a relatively high frequency of methyldibromo
glutaronitrile contact allergy was observed (6.9%) compared with that in the UK (0.6%) (149).
Despite the majority of all cases of methyldibromo glutaronitrile contact allergy being observed in
the two oldest age groups, patients younger than 16yrs of age also had the allergy [Giménez Arnau
2016]. This may be the result of early sensitisation to methyldibromo glutaronitrile (before 2008)
for the ‘oldest’ patients in the age group ‘<16yrs’ or by non-regulated sources, such as a

preservative in topical medicaments, where methyldibromo glutaronitrile is not necessarily
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declared (149, 150).

Notably, we found a relevance of Ml contact allergy of 60—-80% across the test years 2005-2013,
but after even a complete ban on Ml in leave-on cosmetic products and a restriction in rinse-off
cosmetic products, patients with unrecognized Ml contact allergy may still be exposed to Ml from
consumer products such as water-based paint. The high ratio of relevance may indicate that the
epidemic of Ml contact allergy was still gaining pace in 2013 with new cases of allergic contact
dermatitis due to exposure to products containing MIl. However, Manuscript | did not include any

exposure analysis.

‘Preservative contact allergy’ was defined as contact allergy to preselected preservatives from the
European Baseline Series and Extended Series, but since the definition varies over time due to the
introduction of new preservatives in the series there are some limitations that must be addressed:
(i) preservatives are largely different chemicals with individual capability to preserve and sensitise,
(ii) the introduction of all new preservatives in the patch-test series does, nonetheless, increase
the overall prevalence ratio of contact allergy to preservatives, and (iii) the introduction of new
preservatives along with new registered variables (e.g. atopic dermatitis and facial dermatitis) may
lead to false deductions.

We found that preservative contact allergy was associated with facial dermatitis. However, facial
dermatitis was not registered systematically in the MOAHLFA index until 2001, in contrast to the
prevalence ratio of preservative contact allergy that steadily and significantly increased over the
test years. The conclusion based only upon the logistic regression model of all patients may
therefore falsely draw an association with preservative contact allergy and facial dermatitis
because the premises are different. Looking only at the data from 2001 when facial dermatitis was
systematically registered and onwards showed that facial dermatitis affected 20-25% during
2001-2009. Thereafter a steep and significantly increase in the frequency of facial dermatitis was
observed, mainly driven by the new cases of Ml contact allergy. Further, we estimated Ml contact
allergy adjusted attributable risk percentages with facial dermatitis that was 40% and 49% for
2010-2013 and the year 2013, respectively. This adds to the overall interpretation of the data that

Ml contact allergy affects the anatomical region of the face, as we also showed in Manuscript IV
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where 32.7% of all patients with Ml contact allergy had facial dermatitis.

6.2 Methylisothiazolinone is widely used in water-based paint — Manuscript Il

The use of Ml in chemical products for occupational use is diversified and according to a Danish
experimental study, Ml is often added to Danish water-based paints (85, 86). In agreement with
this, we experimentally showed that Ml is extensively used in water-based paint in high
concentrations across five European countries. Additionally, we showed that BIT was also used
extensively in high concentrations. Lastly, we showed that, in many cases, the labelling of Ml is
insufficient and that environmental labels do not protect the European consumer sufficiently
regarding exposure to M.

Our data are in accordance with several cases showing that patients may experience allergic
contact dermatitis due to skin contact or airborne contact with evaporated Ml from Ml-preserved
water-based paint (46, 77, 92-94, 151-156). Taken together with our data in Manuscript IV where
approximately 7% had experienced allergic symptoms whenever entering a newly painted room,
this calls for action.

One way of avoiding elicitations in patients who already have Ml contact allergy is by labelling the
products that contain Ml and it is pivotal that Ml is labelled correctly. Ml must be labelled only if
the concentration exceeds 1000 ppm. In general, chemicals not classified as a skin sensitiser in the
EU must be labelled on the product and on the safety data sheet only if the concentration exceeds
one-tenth of the standardized ‘generic concentration for classification and labelling’ of 10,000
ppm (1%) according to the rules of self-classification (90) (90). All water-based paints in
Manuscript Il contained Ml concentrations well below 1000 ppm and should therefore not be
labelled according to the rules of self-classification.

After several years of delay, the Committee for Risk Assessment (150) concluded that Ml should
be classified as ‘Skin Sens 1A, H317’, with a specific concentration limit of 0.0015% (89). The final
decision on the abovementioned recommendations is still awaited and will be decided in spring
2017.

Initially, a specific concentration limit of 0.06% (600 ppm) was proposed, but after a public hearing
this concentration was considered too high to sufficiently protect the European consumer against
MI contact allergy and allergic contact dermatitis due to exposure to Ml in chemical products for

industrial use, including water-based paint (89). Until Ml is classified as a skin sensitiser, the
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manufacturers can legally omit information regarding the content of Ml in their chemical products
for occupational use, providing the rules of self-classification according to the regulation on
classification, labelling and packaging of substances and mixtures (CLP Regulation) are adhered to
(90). Consequently, the safety data sheets and paint tins registered in Manuscript Il did not state
the content of Ml in the products. Without correct labelling of Ml, it is impossible to avoid
exposure unless the manufacturers willingly state its content. In the future, after final
implementation of the CRA recommendations to classify Ml as a skin sensitiser and according to
the CLP, manufactures will be obliged to state the content of Ml if the concentration exceeds one
tenth of the specific concentration limit of 15 ppm (1.5 ppm, the so-called ‘concentration limit for
elicitation’) (90).

However, Ml labelling of a product such as water-based paint is mostly for the benefit of
consumers who know they have an Ml contact allergy and who can recall this when purchasing
the product. However, no questionnaire studies have been conducted in patients with MI contact
allergy. A questionnaire study in patients with chlorhexidine contact allergy showed that after
their diagnosis, 32% had experienced accidental exposure to products containing chlorhexidine,
and that only 38% and 83% were aware of the use of chlorhexidine in cosmetic products and
hospital/dentist settings, respectively (157). Patients with different preservative contact allergies
are probably equally well or badly equipped to manage their contact allergy. After the regulation
of Ml in cosmetic products, the use of Ml in chemical products for occupational use may persist,
posing a risk of accidental flare-up episodes, for example, by airborne allergic contact dermatitis
due to exposure to evaporated Ml from water-based paint.

In Manuscript I, we failed to show a statistically significant decline in the dose of Ml in water-
based paint purchased in December 2014/January 2015 compared with the aforementioned study
by Lundov et al. of MI-concentration in Danish water-based paint randomly purchased in 2012
(85). Currently, the National Allergy Research Centre is analysing the content of Ml and other
isothiazolinones in European water-based paint from the same five European countries as in

Manuscript Il.

6.3 The potential cross-reactivity between isothiazolinones — Manuscript Ill

This novel approach to address cross-reactivity between isothiazolinones by a modified local
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lymph node assay shows that cross-reactivity between Ml and OIT, and Ml and BIT may exist.
Initially, we showed that mice were sensitised to Ml after a sensitisation period and that the
preselected EC3 value for Ml initiated a threefold cellular response in the draining lymph node.
Lastly, we showed that the concentration-dependent challenge response was similar in MI-

sensitised mice that were challenged with MI, OIT and BIT.

Initially, we showed the that the sensitising potential of Ml in the modified LLNA is in accordance
with previous published data showing that Ml possesses strong sensitising capability with an EC3
value of 0.4% in an LLNA (60, 144, 158). This is further in accordance with surveillance data in this
thesis and previously published work (3, 5, 6, 8-10, 12-14).

Murine studies are preferred when considering cross-reactivity as they show ‘maximum scenarios’
(0.13% M, 0.4% Ml and 1.2% MI) compared with surveillance data that often lack sufficient
knowledge of exposures and assumed co-sensitisation, possibly even when there is none. A
notable example comes from us, who once assumed that OIT was to be found in paints and,
accordingly, viewed this as a relevant exposure. However, the aforementioned ongoing

experimental study of purchased paints does not necessarily verify this picture (86, 112).

In 1996, Geier et al. rejected the notion that cross-reactivity existed between MCI/MI, OIT and BIT
(114). In a Danish retrospective study, only 8.8% (15/170) patients with MI contact allergy also had
BIT contact allergy, where BIT was patch tested in the concentration 500 ppm aq. or 1000 ppm ag.
(62). In the same study, it was found that 44.1% of patients with a positive patch-test result to BIT
also had a positive patch-test result to MI 2000 ppm ag. (62). However, this study had some
limitations as not all patients included in the analyses were consecutively patch tested with BIT
and no data on exposures were available (62). It is therefore unknown whether this was due to co-
sensitisation or cross-reactivity between Ml and BIT.

In 2014, another retrospective observational study of 6599 patients showed that cross-reactivity
between MI and OIT existed (3). However, this conclusion was based on patients who were aimed
patch tested with OIT (nyta = 199). Fifteen patients had a positive patch-test reaction to Ml and
OIT, but no relevant exposures to OIT; cross-reactivity with M| was therefore considered likely (3).

In 2015, a retrospective observational analysis of 3938 patch-tested patients in Germany further
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showed that 8.5% (21/248) and 6.0% (15/248) of patients with MI contact allergy also had OIT
contact allergy and BIT contact allergy, respectively (106). Therefore, it was concluded that the
observed concomitant patch-test reactions between these isothiazolinones were due to co-
sensitisation rather than cross-reactivity (106).

In 2016, a Belgian study showed that two patients with suspected OIT allergic contact dermatitis
due to relevant exposure to leather goods also had a positive patch-test reaction to Ml with no
relevant exposures (111). Further, the authors concluded that the recommended patch-test
concentration of OIT of 250 ppm pet. was too low to detect the OIT contact allergy and a patch-
test concentration of 1000 ppm OIT pet. was needed (111).

The patch-test dose of OIT (250 ppm) in the extended patch test series may be too low to
sufficiently detect OIT contact allergy. The recommended patch test concentration of Ml is 2000
ppm ag. whereas the patch test concentration of BIT varies between 500-1000 ppm ag. The
patch-test doses of OIT and BIT need to be optimized in same way as has the patch-test dose of Ml
before observational studies can be considered sound regarding cross-reactivity between
isothiazolinones.

Recently, a French comprehensive experimental study investigated the in situ behaviour of MCl
and M. It was concluded that cross-reactivity between MCI (without the Ml component) and Ml
would be unlikely (159). No such studies of in situ behaviour of MI, OIT and BIT have yet been
published.

6.4 The prospective European multicentre study — Manuscript IV

This is the first prospective European multicentre study in patients with Ml contact allergy. An
overall prevalence ratio of 6.0% of M| contact allergy is relatively high and in many cases higher
than the prevalence ratios of Ml contact allergy observed in previous retrospective observational
studies most of these with data for 2010-2013 (3, 5, 6, 8-10, 12-14). The epidemic of Ml contact
allergy is persisting and still gaining pace, at least based on our data from 2015 in comparison with
the retrospective data. However, a recent British surveillance study showed that the incidence of
Ml contact allergy peaked in 2013 with a minor decrease in 2014 (160). Taken together, our data
cannot be used for longitudinal conclusions regarding the development of Ml contact allergy; one

retrospective study of regional data may also be too few to conclude on plateaus (160). In Leeds
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and London, we found relatively high prevalence ratios of Ml contact allergy of 5.2% and 5.1%,
respectively. The persistent high prevalence ratio of relevant Ml contact allergy across European
countries shows that the cosmetic industry cannot regulate itself.

Furthermore, we found that the majority of patients with Ml contact allergy noted onset of their
dermatitis during 2013-2015 and that 72.7% had a current relevancy of their Ml contact allergy.
This could mean that the pace of the epidemic of Ml contact allergy is not decreasing and that

citizens across the EU continue to become sensitised by skin exposure to products containing Ml.

Notably, the anatomical localizations of the dermatitis-affected body parts are often exposed to
cosmetic products (incl. wet wipes): hands, face, eyelids, neck and ano-genital region. An alarming
12.7% of the patients had widespread dermatitis, which may indicate the severity of their contact
allergy. To date, the Quality of Life (QoL) or Dermatology Life Quality Index (DLQI) in patients with
MI contact allergy has not been reported, but it is well known that life quality is impaired in
dermatitis patients, for example, in individuals with contact allergy to fragrances or those with
occupational contact dermatitis (161, 162).

Polysensitisation and simultaneous contact allergy to fragrance mix I, fragrance Il and
formaldehyde in patients with MI contact allergy were in accordance with other studies (146,
163). However, it is important to emphasize that this was a secondary comparison and further
research in polysensitisation of patients with Ml contact allergy is needed before any firm

conclusions can be drawn.

Exposure analyses revealed that the exposure to Ml-containing leave-on and rinse-off cosmetic
products accounted for 83.2% of all patients with relevant Ml contact allergy. The first
retrospective published study showed that 100% of patients with Ml contact allergy were exposed
to Ml contained in cosmetic products, primarily due to the use of wet wipes (46). Later
retrospective studies of consecutive patients showed that relevant Ml contact allergy is increasing
primarily due to exposure to cosmetic products (incl. wet wipes), which accounts for
approximately 60—70% of relevant cases of Ml contact allergy (3, 13, 69).

In Italy, a recent retrospective observational study showed that rinse-off cosmetic products and

household products were relevant exposures in patients with Ml contact allergy (75). This is in
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accordance with our data in Manuscript IV, as 58.4% (87/149) of patients with relevant Ml contact
allergy were exposed to rinse-off cosmetic products either alone (38.9%; n=58) or in combination
with leave-on cosmetic products (19.5%; n=29).

This should certainly be taken into account if and when the EC considers implementing the
suggested restriction of Ml in rinse-off cosmetic products by the SCCS (63, 64, 67, 68). Since
December 2013, the trade organization Cosmetics Europe has advised their members to
discontinue the use of Ml in leave-on cosmetic products in the interests of consumer safety;
however, our data reveal that Ml is still found in many different brands and manufacturers (164).
This could be because retail stores are still selling off already manufactured leave-on cosmetic
products, but it is more likely due to the continued use of Ml in leave-on cosmetic products.
Further, in 2015 in a comprehensive ROAT study with 2 liquid hand soaps preserved with Ml at 50
ppm and 100 ppm, Yazar et al. showed that the use of Ml in rinse-off cosmetic products elicits
allergic contact dermatitis in patients with Ml contact allergy (65). This is in accordance with our
data revealing that 38.9% of patients with relevant Ml contact allergy were exposed only to Ml
contained in rinse-off cosmetic products.

Initial steps have been taken to implement the advice of the SCCS to restrict the use of Ml in rinse-
off cosmetic products. In spring 2016, a public consultation on Ml in rinse-off cosmetic products
was launched, ending 1 July 2016 (67, 68). The conclusion has yet to be published. Despite Ml in
leave-on cosmetic products being fully restricted from February 2016 and initial steps being taken
to restrict Ml in rinse-off cosmetic products, the cosmetic market may continue to sell off already
manufactured leave-on cosmetic products containing Ml, and MI may still be used in rinse-off

cosmetic products at a maximum concentration of 100 ppm.

7. CONCLUSIONS AND PERSPECTIVES FOR FURTHER RESEARCH

7.1 The epidemic of contact allergy to methylisothiazolinone and the failed risk

management process

The unprecedented epidemic of contact allergy to Ml on the European continent has raised

awareness of the risk assessment procedure in the EU. In Manuscript IV, we saw that the
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prospectively registered prevalence ratio of Ml contact allergy was 6.0% (range 2.0% to 13.0%),
which is in accordance with Manuscript | and several retrospective studies across Europe (3, 5, 6,
8-10, 12-14). However, our study is the first and only prospective European study that shows high
prevalence ratios of contact allergy to Ml across European countries.

Further, in Manuscript IV we suggest that restrictions on the use of Ml in rinse-off cosmetic
products are necessary because 58.4% (87/149) of the patients with a relevant Ml contact allergy
had had skin contact with an alarmingly high number of MI-containing rinse-off cosmetic products.
Our study does not necessarily say anything about the risk of sensitisation when being exposed to
rinse-off cosmetic products containing MI. A total of 38.9% (58/149) of our patients with a
relevant Ml contact allergy possessed MI-containing rinse-off cosmetic products, and it is
therefore possible that these patients have been sensitised purely due to skin contact with rinse-
off cosmetic products containing M.

In Manuscript |, we suggested that the European risk assessment and risk management process of
cosmetic ingredients should be changed based upon the presence of the current epidemic of
contact allergy to MI. While the pre-market risk assessment process of Ml in 2003—2005 was
regarded as sufficient with no risk to the European consumer, the post-market surveillance data of
contact allergy to Ml showed that the use of Ml is a burden for the general health of the European
consumer regarding contact allergy. Since this recognition in 2010 and onwards, scientists and
national healthcare and environmental authorities have tried to raise awareness of the
troublesome use of Ml in cosmetic products in the EU (7, 98). However, they have had little
success; Ml for use in leave-on cosmetic products was not banned until February 2017 and the use
of Ml in rinse-off cosmetic products awaits legal measures by the EC after it has been recommend
by the SCCS to limit its use in rinse-off cosmetic products to 15 ppm (63, 64, 67, 68).

The current EU Cosmetic Products Regulation states that ‘in substances which are likely to cause
allergy to a significant part of the population, other restrictive measures such as a ban or a
restriction of concentration should be considered’ (133). In view of this and the insufficient, and
untimely risk management of Ml by the EC, we proposed in Manuscript | (and later modified)
another approach to equip the EC with a timely remedy to legally address and withdraw the use of
troublesome substances in cosmetic products in the EU to avoid full-blown epidemics (165).

Substances are currently granted time-unlimited entry into Annex V, that is, substances that may

83



be used in cosmetic products in the EU (see introduction) (133, 165). Instead, we propose that all
new substances, with an adequate and positive opinion by the SCCS, should be granted only time-
limited entry into the Annex V instead of the current time-unlimited entry (121). Accordingly,
surveillance data and real-life experience of the substance can be taken into account before the
substance is granted unlimited entry into the Annex V (121). In all its simplicity, we hope that
future delays can be avoided in risk management of troublesome substances allowed for use in

cosmetic products.

7.2 The use of methylisothiazolinone in paint

The extensive use of Ml in European water-based paint calls for action. Not only painters
occupationally exposed to water-based paint or European citizens who paint their homes are at
risk, but also citizens who are unknowingly exposed to evaporated Ml from newly painted walls.
Approximately 7% of the European patients with Ml contact allergy in Manuscript IV had
experienced allergic symptoms when being in newly painted rooms, which indicates that future
studies should focus on whether Ml continues to be used in water-based paint purchased in
Europe. Interest groups and media have tried to raise awareness of the alarmingly high
concentrations of Ml in water-based paint. The proposed classification of Ml as a skin sensitiser
with a specific concentration limit of 15 ppm is on the right track, but a total ban of Ml in water-
based paint is advisable when considering the number of patients with MI contact allergy in the
EU and the high domestic use of water-based paint. Overall, in accordance with our data in
Manuscript Il, it is possible to preserve water-based paint with a low content or no content of Ml

(and BIT).

7.3 Cross-reactivity between isothiazolinones

Taken together, we showed that cross-reactivity between Ml and OIT, and Ml and BIT may exist
because the same immunological response was observed in Ml-sensitised mice challenged with
M, OIT and BIT. There is always a question of whether another study design would have been
more appropriate to test for cross-reactivity, for example, an additional control or in situ

behaviour of MI, OIT and BIT based on the reconstructed human epidermis or even observational
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studies (3, 6, 106, 159). Different conclusions have also been drawn from different study designs.
Experimental studies under standardized conditions may, however, ethically and study-wise be
the best approach and be superior to other designs. Further, in the light of the epidemic of Ml
contact allergy, we emphasize that a conservative approach regarding the potential cross-
reactivity between Ml and isothiazolinones in general should be considered when future
legislation is drawn up on the use of OIT and BIT in cosmetic products.

In 2012, the SCCS advised the EC against the use of BIT in cosmetic products due to the ongoing
and rapid increase in cases of Ml contact allergy in the EU (117). Since then the epidemic of Ml
contact allergy has been fully recognized and the final legislative steps on curbing the epidemic
have been initiated. The absolute number of recognized and un-recognized European citizens with
MI contact allergy will persist and will be alarmingly high for years if the epidemic of Ml contact
allergy follows the same pattern as the epidemic of methyldibromo glutaronitrile contact allergy
with a high prevalence ratio but decreasing relevance (Manuscript I). It is plausible that a great
number of the European citizens with recognized and un-recognized MI contact allergy may
experience cross-reactivity to OIT or BIT and elicitation of allergic contact dermatitis if these
preservatives are used in cosmetic products. Based on our data, we therefore highlight that the EC
is obliged to be a commendable risk assessor and risk manager and should not permit OIT and BIT

in cosmetic products (121).

In conclusion, this thesis concerning contact allergy to methylisothiazolinone contributes with the

following novel observations:

e The prevalence of contact allergy to Ml has increased rapidly in a Danish tertiary clinic
since 2010 and has contributed significantly to an increasing prevalence of facial dermatitis

in patients with preservative contact allergy.

e MIlis widely used in water-based paint in five European countries in high and
troublesome concentrations. This observation highlights the need for intervention on

the use of MI in European water-based paint.
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e Cross-reactivity between Ml and BIT, and Ml and OIT was detected in our modified LLNA.
We therefore emphasize that this novel finding should be considered in future risk

assessment of OIT and BIT.

e The use of Ml in cosmetic products across eight European countries has contributed to the
unprecedented epidemic of contact allergy to Ml in these countries. Nearly an eighth of
the patients had severe, more widespread dermatitis due to exposure to Ml-containing
cosmetic products. The restriction of Ml in leave-on cosmetic products in the EU is in place,
but legislative restriction of Ml in rinse-off cosmetic products awaits (necessary) action
based upon our novel findings. The use of rinse-off cosmetic products containing Ml

contributed solely to 38.9% of all patients with relevant contact allergy to Ml.
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