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List of abbreviations
ALC

alcohol (synonymous for eth. or ethanol)

ATP

adenosine triphosphate

AQ

aqua

BCEDG

Belgian Contact and Environmental Dermatitis Group

BIT

benzisothiazolinone

Butyl-BIT

butyl-benzisothiazolinone

CDREF

Contact Dermatitis Literature References database

CLP

EU Regulation on Classification, Labelling and Packaging of substances and
mixtures

D

day

DCMIT

dichloromethylisothiazolinone

DCOIT

dichloro-octylisothiazolinone

DNCB

dinitrochlorobenzene

EC

European Commission

EC3

Effective concentration (of a test substance required to product a three-fold
increase in the stimulation index, compared to vehicle-treated controls in the
Local Lymph Node Assay [LLNA])

ECHA

European CHemicals Agency

ETH

ethanol (synonymous for alc. or alcohol)

EU

European Union

ESCD

European Society of Contact Dermatitis

GERDA

Groupe d’Étude et de Recherche en Dermato-Allergologie

HPLC-UV

High Pressure Liquid Chromatography with UV detection

LLNA

Local Lymph Node Assay

MBC

minimum biocidal concentration

MCI

methylchloroisothiazolinone

MCI/MI

methylchloroisothiazolinone/methylisothiazolinone

MI

methylisothiazolinone

MIC

minimum inhibitory concentration

OIT

octylisothiazolinone

PET

petrolatum

PPM

parts per million; 1 ppm = 1 mg/L = 0.0001%

REVIDAL

Réseau de Vigilance en Dermato-Allergologie

ROAT

Repeated Open Application Test

SCCS

Scientific Committee on Consumer Safety

US

United States
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The most common
isothiazolinone
derivatives
Methylisothiazolinone (MI)
CAS: 2682-20-4
Example of trade name: NeoloneTM
Occurrence: cosmetics, household detergents, chemical products (incl.
paints, glues).
Restrictions: forbidden in leave-on cosmetics (as of January 2017), but still
allowed in rinse-off cosmetics up to 100 ppm; cosmetics and detergents
should always be labelled; chemical products require specific labelling if
MI present > 1.5 ppm, and an additional warning “risk of sensitization” if
MI > 15 ppm.

Methylchloroisothiazolinone (MCI)
CAS (MCI): 26172-55-4 / CAS (MCI/MI) : 55965-84-9
Example of trade name: KathonTM CG (a 3:1 mixture of MCI with MI)
Occurrence: cosmetics, household detergents, chemical products (incl.
paints, glues).
Restrictions: forbidden in leave-on cosmetics (as of April 2016), but the
mixture MCI/MI is still allowed in rinse-off cosmetics up to 15 ppm;
cosmetics and detergents should always be labelled; chemical products
require specific labelling if MCI/MI present > 1.5 ppm, and an additional
warning “risk of sensitization” if MCI/MI > 15 ppm.

Octylisothiazolinone (OIT)
CAS: 26530-20-1
Example of trade name: SkaneTM
Occurrence: household detergents, chemical products (incl. paints, glues).
Restrictions: not allowed for use in cosmetics; detergents should always be
labelled.

Benzisothiazolinone (BIT)
CAS: 2634-33-5
Example of trade name: ProxelTM
Occurrence: household detergents, chemical products (incl. paints, glues).
Restrictions: in the EU not allowed for use in cosmetics, but may be
present in cosmetics originating from the US or Canada; detergents should
always be labelled.
11
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Chapter

1
Isothiazolinone
derivatives:
general aspects

“The proposed use of methylisothiazolinone as a preservative at a
maximum concentration of 0.01% (100 ppm) in finished cosmetic
products does not pose a risk to the health of the consumer.”
The Scientific Committee on Cosmetic Products and Non-Food
Products intended for Consumers (SCCNFP),
Opinion on Methylisothiazolinone (P94) – Submission, 23 April 2004.
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Isothiazolinone derivatives: general aspects

1.1. Isothiazolinone derivatives:
efficient preservatives, notorious sensitizers

T

he isothiazolinone derivatives methylisothiazolinone (MI),
methylchloroisothiazolinone (MCI), benzisothiazolinone (BIT),
and octylisothiazolinone (OIT) (Figure 1.1) are synthetic preservatives that have been used for more than 30 years in a

wide range of products, such as household detergents, water-based paints
and glues, industrial biocides, and the former two also in cosmetics. The
chlorinated component MCI is always associated with MI in a fixed 3:1
combination, known as the commercially available mixture MCI/MI (e.g.
Kathon® CG as in cosmetics). Contrary to MCI, which is never used alone,
MI has been gradually introduced as a stand-alone preservative in numerous non-cosmetic and cosmetic products (1). In contrast to chemical
products (e.g. paints)(2), the simultaneous use of MCI/MI and MI is not allowed in cosmetics, for which specific EU regulations apply with regard to
their maximum allowed concentrations (see below). Indeed for household
detergents and chemical products (e.g. paints), such limits have not been
imposed, neither for OIT or BIT. Moreover, cosmetics and detergents need
to be specifically labelled when they contain isothiazolinones, whereas for
chemical products specific threshholds for the labelling of MCI/MI, and
recently MI, have been instituted.

Figure 1.1. Chemical structure of the most frequently used isothiazolinone
derivatives in consumer products.
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Unfortunately, all isothiazolinone derivatives are apt to induce delayed-type hypersensitivity (T-cell mediated or type IV; contact allergy),
which may lead to allergic contact dermatitis, diagnosed by means of
patch tests (epicutaneous tests). In general, the chlorinated derivatives
are considered to be the strongest sensitizers (3). The relative sensitization risk of the more frequently used isothiazolinone derivatives is
sometimes represented as: MCI > MI > BIT > OIT, coinciding with their
clinical frequency of sensitization and their extent of use (4), although,
based upon EC3-values from a murine Local Lymph Node Assay [LLNA]1
(5), MCI > MI > OIT > BIT might be more correct.
In the eighties MCI/MI was the cause of a worldwide epidemic due to
its use as a preservative in cosmetics, with approximately 5% of patchtested patients reacting to it. Following European legislation, which
limited its use concentration in cosmetic products to a maximum of 15
ppm (0,0015%) instead of the former 30 ppm (0,0030%), the number of
contact-allergic patients dropped significantly (1).
Although MI was already shown to be a skin sensitizer in humans
and guinea pigs in the eighties (6-7), from 2000 onwards it was allowed
for use in industrial products. Since it was considered a less effective,
hence possibly also less allergenic molecule, no maximum limit was set.
However, shortly thereafter the first occupational cases caused by the
presence of MI in paints and glues started to appear in the literature
(8).
In 2005, following toxicological reports that MI was safe up to 600
ppm (9), the EU was still convinced that this chemical was indeed far
less sensitizing than its chlorinated counterpart, and allowed its use up
to a maximum of 100 ppm (i.e. more than 25 times higher than previously permitted in the mixture) in both leave-on (e.g. day creams) and
rinse-off cosmetics (e.g. shampoos)(Cosmetics Directive 2005/42/EC)
(9). In 2010 the first cases of contact allergy caused by MI in cosmetics
1
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The Local Lymph Node Assay (LLNA) is a murine model used to evaluate the skin sensitization
potential of chemicals. The assay relies on the measurement of events induced during the induction phase of skin sensitization, specifically lymphocyte proliferation in the draining lymph nodes.
The EC3-value, that is, the concentration of a chemical required to induce a stimulation index of
three, relative to concurrent vehicle-treated controls, is estimated. The lower the EC3 value, the
more potent the sensitizer is.
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were reported (10), and European alert systems (such as REVIDAL in
France) have since then highlighted an increasing number of patients
sensitized to MI.
Of note, the assumption that MI is only a ‘moderate’ sensitizer has
recently been debunked (11): indeed, in compilations of LLNA potency
values of sensitizers (12), a human error had resulted in a (meanwhile
widely quoted) LLNA EC3 value for MI of 1.9%, whereas in reality it is
0.4%, indicating that MI is in fact a ‘strong’ sensitizer (13). The latter information was, however, never included in the (second) Opinion on MI
(14), because the paper by Basketter et al. (13) had never been quoted
in the dossier submitted by the industry (15).
Nowadays MI, but still also MCI/MI, and to a lesser extent BIT and
OIT, do represent potentially important health hazards, both for consumers and workers in numerous industries. Most published reports
concern MI and/or MCI/MI, while patients suffering from allergic contact dermatitis from BIT and OIT are usually described in case reports or
smaller series. For example, the password-protected database CDREF
(a web-application developed at the KU Leuven and collecting literature
references on contact allergy since 1967) mentions 99 references for
MI, 87 for MCI, 40 for BIT, and 15 for OIT (last accessed 05/01/2017).
The whole MI-saga has also led to an increased awareness among
consumers who actively display, through both classic and social media, their interest in, and concerns about contact allergy caused by MI.
Moreover, less well-known derivatives, such as butyl-BIT and DCOIT
have recently gained attention as well (16,17).

1.2. The working mechanism of isothiazolinone
derivatives
Isothiazolinone derivatives are heterocyclic and electrophilic compounds, containing an N-S bond which enables them to react with nucleophilic cell components, such as thiols present in the active centre of
dehydrogenase enzymes of the Krebs cycle, crucial for energy production (ATP), and thus for cell growth (18). Such inhibition of cell growth
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occurs within minutes, while cell death is reached within hours, hence
the antimicobial effect of isothiazolinones (3). In general, the higher
the concentration of the biocide, the less time needed to eliminate the
micro-organisms. All isothiazolinone derivatives have bactericide, algicide and fungicide properties for which they are greatly appreciated
by numerous industries. Examples of the MIC values (i.e. the lowest
concentration preventing cells to grow) and MBC values (i.e. the lowest concentration inducing cell death) for MI, MCI, OIT and DCOIT, with
regard to Aspergillus niger and Saccharomyces cerevisiae, are shown in
Table 1.1. With the exception of MI, all isothiazolinones already exhibit
strong efficacy against various micro-organisms at very low concentrations. Besides their high anti-microbial activity at a broad pH range,
these biocides also offer the advantage of having little danger of inducing resistance. Furthermore, they are compatible with most industrial
formulations.

Table 1.1. Minimum inhibitory concentration (MIC) and minimum biocidal
concentration (MBC) of MI, MCI, OIT and DCOIT*.
Aspergillus niger

Saccharomyces cerevisiae

MIC (mg/L)

MBC (mg/L)

MIC (mg/L)

MBC (mg/L)

MI

166 ± 52

300 ± 0

60.0 ± 0

87 ± 10.3

MCI

0.35 ± 0.05

0.42 ± 0.04

0.58 ± 0.1

0.63 ± 0.1

OIT

0.05 ± 0.01

0.05 ± 0.01

0.56 ± 0.1

0.65 ± 0.2

DCOIT

0.12 ± 0.07

0.23 ± 0.14

0.55 ± 0.1

0.79 ± 0.5

*based on ref. 18; 1 mg/L = 1 ppm = 0.0001% (e.g. 100 mg/L = 100 ppm = 0.01%)
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1.3. Use concentrations of isothiazolinones
in (consumer) products in the EU
An overview of common use concentrations (based on reference 19)
of isothiazolinone derivatives in cosmetic and non-cosmetic products is
given in Table 1.2.
Table 1.2. Use concentrations of isothiazolinone derivatives in products in the EU.
Cosmetics°

MCI/MI < 15 ppm*
MI < 100 ppm**
BIT: forbidden***
OIT: forbidden****

Paints§ⱡ, glues§ⱡ, detergents°

MCI/MI < 15 ppm
MI < 300 ppm
BIT < 360 ppm
OIT: insufficient data

Industrially used biocides§ⱡ

MCI/MI, MI, BIT: potentially high use concentrations
possible (e.g. > 5000 ppm)
OIT: insufficient data

°labelling

is legally required
is legally not required
*As of April 2016: forbidden in leave-on cosmetics; a maximum of 15 ppm is still allowed in
rinse-off cosmetics.
**As of January 2017 forbidden in leave-on cosmetics; a recommendation exists to restrict its
use to 15 ppm in rinse-off cosmetics.
*** Exceptionally (illegally) present in cosmetics on the EU market; allowed in cosmetics in the
US and Canada.
**** Exceptionally (illegally) present in cosmetics on the EU market.
ⱡ European Chemicals Agency (ECHA): as of 11/03/2016 MI has been recognized as a skin sensitizer 1A; H317 in chemical products, meaning that products containing ≥ 15 ppm shall carry a
warning concerning the risk of sensitization, either on the product or in the MSDS; furthermore,
MI should be mentioned as an ingredient if present from 1.5 ppm on. Similar threshholds were
already in use for MCI/MI.
§labelling
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1.4. Overview of non-cosmetic sources of
isothiazolinone derivatives
Use and occurrence
Water-based paints and varnishes
Glues (e.g. for wallpaper, shoes) and glue removers; also used during the manufacture
of adhesives and plasters
Detergents (household and industrial cleaning products, including wet wipes; dishwashing and machine-washing liquids; fabric softeners); maintenance products for
clothes (e.g. textile sprays to mask odors, or to make garments wrinkle-free)
Fillers (e.g. plaster and floor tile work); pottery
Gloss and polish products (e.g. maintenance products for cars, boats, …)
Metal-working fluids (cooling fluids and oils); cooling tower waters
Textile-, leather (shoes!)- and fur industry, including in aqueous pigment liquids; also
used during the manufacture of carpets and mattresses, and (occasionally) gloves.
Printing inks and toners
Rubber industry (latex emulsions)
Plastics industry (polymer solutions); also used during the manufacture of plastic
materials (e.g. chopping boards, rubbish bags)
Paper and cardboard industry (e.g. as a biocide in paper pulp, in aqueous pigment
liquids)
Wood cleaning and maintenance products
Pesticides
As a bactericide, fungicide and algicide in various industries (e.g. in the production of
water softeners, air fresheners, milk- and water industry, ...), and in laboratories
Based on (20); including methylisothiazolinone (MI), methylchloroisothiazolinone/methylisothiazolinone (MCI/MI), benzisothiazolinone (BIT) and octylisothiazolinone (OIT); non-exhaustive list, based
on contactallergy.uzleuven.be, http://www.cdeskpro.be/files/cdref_n.htm, and derived from articles
published in the Journal Contact Dermatitis during 2014-2015.
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1.5. Examples of less reported, exceptional, or
remarkable cosmetic and non-cosmetic sources of
MCI/MI and MI
Cosmetics such as solid soap cubes, hand barrier creams, liquid makeup products
Animal care products (e.g. dog shampoo)
Mouth washes, maintenance products for dental prostheses
Sexual lubricants
Ironing waters
Toilet fresheners
Medical devices (e.g. “waist reduction belts” to lose weight, wet wipes for skin care,
products to decontaminate MRSA, ultrasound gels, …)
Antibacterial insoles for shoes
(Gel)mattresses and water beds
Articles, objects and textiles ‘contaminated’ with isothiazolinones, e.g. due to a
detergent (sofas, toilet seats, towels, garments, …).
Products for gardening, do-it-yourself products
Antifungal coatings for car tires and seats
Radiographic materials
Fuels (gasoline, diesel)
In medium density fiberboard (MDF)
MI: methylisothiazolinone; MCI: methylchloroisothiazolinone; non-exhaustive list, based on http://
www.cdeskpro.be/files/cdref_n.htm, on articles derived from the Journal Contact Dermatitis 20142015, and on personal observations of the author.
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Airborne and systemic
contact dermatitis, mimicking
atopic dermatitis, caused by
methylisothiazolinone
in a young child
The inspiration for this
research project

Published as:
Olivier Aerts, Nele Cattaert, Julien Lambert, and An Goossens.
Airborne and systemic contact dermatitis, mimicking atopic
dermatitis, caused by methylisothiazolinone in a young child.
Contact Dermatitis 2013: 68(4): 250-1.
Shortly following the start of my clinical activities at the University
Hospital of Antwerp in 2009, reports on MI-sensitization in consumers
started to increase in the literature, and the personally observed case
of a young girl, suffering from allergic contact dermatitis due to MI,
was one of the reasons to initiate this doctoral thesis.
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Airborne and systemic dermatitis from methylisothiazolinone

2.1. Introduction

T

he mixture of methylchloroisothiazolinone (MCI) and methylisothiazolinone (MI) has well- known sensitization properties.
Recently, in both industrial products and cosmetics, MI alone
(CAS 2682-20-4) has been used as an alternative (1).

2.2. Case report
A 4-year-old girl presented with a papular dermatitis affecting her face,
including the naso-labial folds and lower eyelids (Figure 2.1), followed by
generalized skin lesions accentuated at the knee and elbow folds . She was
known to have had mild atopic dermatitis since birth.
The skin eruption began shortly after the parents had painted the girl’s
bedroom with a water-based wall paint (wall paint Gamma ®, Antwerp,
Belgium). Despite topical treatment with potent corticosteroids, the rash
kept waxing and waning, and only after ~ 4 weeks did it start to clear,
while the girl had continued to sleep in the painted bedroom.

Figure 2.1. Airborne dermatitis of the
face: a diffuse papular dermatitis with
accentuation of the nasolabial folds
and lower eyelids.

Figure 2.2. Positive patch test
to MCI/MI (+) at D4.
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Patch tests were performed with an adapted European baseline series for children (2) on the upper back, and occluded for 2 days. Readings were performed according to International Contact Dermatitis Research Group guidelines. At D4 a + reaction was seen to MCI/MI 0.01%
(100 ppm) (Figure 2.2).
The history revealed an extensive nappy dermatitis 6 months earlier,
following the use of Scottex Fresh ® moist toilet paper (Kimberly-Clark
®; Dallas, Texas, USA; manufactured in 2010); the eruption had cleared
with topical treatment and had not recurred after stopping its use.
The baby wipes used contained MI but not MCI. Upon request, the
manufacturer of the paint informed us that only MI was present at a
concentration of 53 ppm, and not MCI or other isothiazolinones. The
parents declinded further testing with MI separately.
The child was thus diagnosed with an allergic contact dermatitis
caused by MI as a primary sensitizer in the wipes, followed by airborne
-and partly systemic- dermatitis (presumably by inhalation), the latter
mimicking atopic dermatitis, elicited by the wall paint.

2.3. Discussion and Conclusion
Recently, MI alone has frequently been used as a preservative in
both industrial products and cosmetics, in the latter being allowed at
a concentration up to 100 ppm. After the initial occupational cases (3),
several reports on sensitization to MI through the use of cosmetics, including moist baby wipes, started to appear in the literature (4).
Exposure to industrial products such as water-based paints, in which
the concentration of MI has not been limited, have led to the elicitation
of contact dermatitis –and even primary sensitization- in adults (5,6).
Moreover, evidence is emerging that MI-containing paints might give
rise to MI evaporation several weeks after their use (M. Lundov, personal communication 2012), and this could explain the slow resolution
of the skin lesions observed in this case, despite treatment.
Both the wipes and the water-based paint contained only MI, which
is therefore considered to be relevant for both eruptions. There was a
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clear positive patch test reaction to MCI/MI containing 25 ppm of MI,
which appears to be an important allergen, with, in some subjects, a
low elicitation threshold down to 10 ppm (4).
A Danish report mentioned that nearly all water-based paints in Denmark contain MI, MCI or benzisothiazolinone (6); however, according to
information obtained from the manufacturer, this paint and all of the
other water-based wall paints they produce only contain MI. The present paint contained 53 ppm MI, whereas use concentrations ranging
from 100 to 270 ppm in paints have been reported by a Danish group
(1).
In conclusion, we present here the first case of severe contact dermatitis caused by MI in a young child; this thus adds to the evidence in
favour of urging authorities to regulate the safe use concentration of MI
in both industrial and cosmetic products, to minimize the risk, not only
in an occupational context, but also for consumers, including children.
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Research objectives

Research objectives

T

he aim of this doctoral thesis is to investigate contact allergy
and allergic contact dermatitis caused by isothiazolinone derivatives, particularly MI, in Belgium.

The following research questions will be addressed:

1.

How many patients in Belgium are contact-allergic to MI (sensitization rate),
what are their clinical characteristics, and what are the main culprit allergen
sources (sensitization sources)?
[Chapter 4]

2.

Can clinical data provide us clues as to whether cross-reactivity between
different isothiazolinone derivatives (notably between MI, MCI, BIT, and
OIT) occurs ?
[Chapters 4, 6]

3.

Labelling and use concentrations of isothiazolinone derivatives:
(i) Is the (required) labelling of cosmetics and household detergents correct?
(ii) Are the use concentrations of MCI/MI and MI in cosmetics correct, i.e.
max. 15 ppm (0.0015%)1 and max. 100 ppm (0.01%)1, respectively
(iii) Are BIT or OIT illegally present in cosmetics on the Belgian market?
[Chapter 5]

4.

Octylisothiazolinone (OIT), chemically similar to MI, may be used as a preservative in leather wear (e.g. shoes):
(i) Is OIT indeed another, potential leather-associated contact allergen?
(ii) What concentrations of OIT can be found in (finished) leather articles?
(iii) How should patch tests with OIT be performed to reliably diagnose
contactallergy to this derivative, and what are the implications for the
study of potential cross-reactivity to MI ?
[Chapter 6]

1

This research question was formulated when MCI/MI was still allowed in leave-on cosmetics. From
April 2016 onwards, it became forbidden in these products, although still allowed in rinse-off cosmetics; likewise, the use of MI was not yet discouraged nor forbidden in leave-on cosmetics, nor was
(is) it proposed to lower its use concentration to 15 ppm in rinse-off cosmetics.
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Methylisothiazolinone allergy in Belgium

Abstract
Background. The rate of contact allergy and allergic contact dermatitis caused by methylisothiazolinone (MI) is dramatically increasing
throughout Europe.
Objectives. To report on methylchloroisothiazolinone (MCI)/MI and
MI allergy in Belgium.
Patients and methods. Between January 2010 and December 2012,
the medical charts of 6599 patients of the Belgian Contact and Environmental Dermatitis Group were retrospectively reviewed for
MCI/MI and MI sensitization by use of a standardized questionnaire.
Available data on sensitization in 2081 patients tested in 2013 were
also included.
Results. In 2012, the sensitization rate for MCI/MI had increased to
4.5% and that for MI to 6.0 %; the latter showed a further increase
to 7.2% in 2013. The people mainly affected were women with a
median age of 49 years with hand and/or facial dermatitis, most often resulting from the use of cosmetics. Simultaneous reactions to
octylisothiazolinone were observed.
Conclusion. A dramatic increase in the rate of contact allergy caused
by MI in cosmetics is occurring in Belgium. Notwithstanding the
recent recommendation to discontinue the use of MI in leave-on
cosmetics, safer use concentrations should also be determined for
rinse-off products. Close monitoring of MI sensitization in the near
future will be necessary, and the highest test concentrations reported for MI and MCI/MI should be included in the baseline series.
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4.1. Introduction

D

espite the belief that sensitization by methylisothiazolinone (MI; CAS no. 2682-20-4) does not occur easily (1), a
significant number of allergic contact reactions caused by
this preservative have been reported in Europe, as well

as in other parts of the world (2-6). We present here the Belgian experience with MI contact allergy.

4.2. Patients and methods
The medical charts of patients who were investigated between January 2010 and December 2012 at six university patch test clinics and by
three private dermatologists, who are members of the Belgian Contact
and Environmental Dermatitis Group (BCEDG), were retrospectively
reviewed for methylchloroisothiazolinone (MCI)/MI and MI allergy. All
participants reported on the total number of patients who had been
tested with MCI/MI and with MI alone, specifying the test concentrations used: for MCI/MI, 100 ppm and/or 200 ppm (both from Chemotechnique, Vellinge, Sweden); for MI, 200 ppm (Chemotechnique) and/
or 500 ppm (Trolab, Hermal, Reinbeck, Germany) and/or 1000 ppm (obtained from the Department of Occupational Dermatology in Malmö
and tested in Leuven only within the framework of a multicentre study),
and/or 2000 ppm (Chemotechnique). All patients were patch tested according to the guidelines of the International Contact Dermatitis Research Group. For the patients who had a positive reaction to MCI/MI
and/or MI at D3 or D4, the following data were additionally collected
by use of a standardized questionnaire: age and sex, the location of the
dermatitis (more than one possible location per patient), the source of
the allergen (more than one possible source per patient), the route of
exposure (i.e. occupational versus consumer-related), the occurrence
of airborne dermatitis, respiratory symptoms or other symptoms, and
-if tested- simultaneous reactions to benzisothiazolinone (BIT) 0.05%
pet. and octylisothiazolinone (OIT) 0.1% pet. (Chemotechnique or
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Trolab). The dermatologists were also asked to mention unusual clinical
features, if present. Upon additional request, six of nine centers also
reported on some available data regarding MCI/MI and MI sensitization
in 2013. Statistical analysis, where appropriate, was performed with
SPSS 21.0 for WindowsTM (SPSSTM, Inc., Chicago, IL, U.S.A.), and results
were considered significant when the p-value was < 0.05. Continuous
variables (age) are reported as median (minimum-maximum), and categorical variables are reported as numbers (proportions). Differences
in age between the 3 years were assessed with the Kruskal-Wallis test.
Differences in proportions were compared between the 3 years with
a chi-square test or Fisher’s exact test when numbers were too small.

4.3. Results
4.3.1. Patch test concentrations used for MCI/MI and MI
By the end of December 2012, 6599 patients (2117 in 2010, 2135
in 2011, and 2347 in 2012) had been tested with MCI/MI at 100 ppm
(0.01% aq.) as included in the baseline series. MCI/MI 200 ppm was additionally tested in 252 patients (73 in 2010, 92 in 2011 and 87 in 2012),
and gave positive results in 6 patients (2.4%) in whom MCI/MI 100 ppm
remained negative. In 3 of these patients, a higher test concentration
of MI (200 or 500 ppm) gave negative results, indicating that MCI was
the culprit allergen. In the remaining 3 patients MI was not tested separately. Moreover, 3923 patients (59.4%, with 587 in 2010, 1473 in 2011,
and 1863 in 2012) were tested with MI separately, the majority with
500 ppm (0.05% aq.), that is, 3310 patients (84.4%): 526 in 2010, 1157
in 2011, and 1627 in 2012. In 603 patients (15.4%, i.e. 51 in 2010, 316
in 2011, and 236 in 2012), MI 200 ppm (0.02% aq.) was tested alone, in
another 13 patients (2 in 2011 and 11 in 2012) MI 500 ppm was tested
as a supplement to MI 200 ppm, and in only 10 patients (0.3%), all in
2010, was MI 1000 ppm (0.1% aq.) tested. Seven patients who did not
react to MI 200 ppm, did react to MI 500 ppm. Additionally, six of nine
centers reported on 2081 patients tested in 2013 with MCI/MI 100 ppm
(1474 patients; 70.8%) and/or 200 ppm [tested alone in 607 patients
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(29.2%): tested as a supplement in 314 patients (15.1%)]. Of 2081 patients, 2056 were also tested with MI 500 ppm (all patients), and in 612
of them it was tested with 2000 ppm as a supplement. One centre (A.
Goossens, KU Leuven) reported that, of 17 MCI/MI-allergic patients, 3
(17.6%) were only detected with MCI/MI 200 ppm, and that, of 30 MIallergic patients, 6 (20%) were only diagnosed with MI 2000 ppm.

4.3.2. Rates of sensitization to MCI/MI and MI
We observed an increase in the rate of contact sensitization to MCI/
MI, from 3.6% in 2010, to 3.7% in 2011, and to 4.5% in 2012; this was
not statistically significant (p = 0.158), but showed a clear rising trend.
In 2013 MCI/MI-sensitization reached 5.3%, and this was statistically
significant (p = 0.024, based on data from six participating centres). The
increase in the number of patients reacting to MI alone was even more
pronounced: 3.1% in 2010, 3.2% in 2011, and a dramatic increase up to
6.0% in 2012, which was statistically significant (p = 0.006), and even
reaching 7.2% in 2013 (p < 0.001, again based on data from six centres)
(Table 4.1; Figure 4.1). The positive reactions found were increasingly
of “current and certain” relevance (45.1% in 2010, 65.6% in 2011, and
66.2% in 2012; p = 0.002) (Table 4.2). Interestingly, the number of reactions that would have been missed if only the mixture of MCI/MI 100
ppm had been tested, calculated as the ratio between (i) the number of
patients not reacting to the mixture of MCI/MI and thus only detected
by testing MI separately in a given year and (ii) all patients reacting
positively to MCI/MI and/or MI in that year, showed a similar increase:
5 of 82 (6.1%) in 2010, 13 of 93 (14%) in 2011, and 55 of 160 (34.4%) in
2012, the last of these being again statistically significant (p < 0.001).
In 2013, as observed in six centers, the percentage of missed reactions
showed a slight further increase to 36.2% (63 reactions missed out of
174).
Although the median age was 49 years (Table 4.3), the youngest patient observed was only 2 years of age and the oldest patient was 90
years of age. More females than males (223 versus 112 or 66.6% versus
33.4%, respectively) were affected, with a slight increase (not statisti-
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Figure 4.1. Sensitization rate to MCI/MI and MI in Belgium between January 2010 and
December 2013*.
MCI: methylchloroisothiazolinone; MI: methylisothiazolinone; Y: Sensitization rate as a percentage
(number of patients testing positive for MCI/MI or MI / total number of patients tested with MCI/MI
or MI); X: Year. *2010 – 2012: data from 9/9 centers; 2013: data from 6/9 centers.

Table 4.1. Total number of patients tested and their reaction to MCI/MI and MI*.
2010
n (%)
MCI/MI testso

2117

2011
n (%)
2135

2012
n (%)
2347

2013
n (%)
2081

Total number
of tests (4 y)
8680

MCI/MI positive

77 (3.6%)

80 (3.7%)

105 (4.5%)

111 (5.3%)

373

MCI/MI negative

2040 (96.4%)

2055 (96.3%)

2242 (95.5%)

1970 (94.7%)

8307

1473

1863

2056

5979

MI tests°

587

MI positive§

18 (3.1%)

47 (3.2%)

111 (6.0%)

148 (7.2%)

324

MI negative

569 (96.9%)

1426 (96.8%)

1752 (94.0%)

1908 (92.8%)

5655

Total number of
patients with a
positive test

82

93

160

174

509

MCI: methylchloroisothiazolinone
MI: methylisothiazolinone
*: study period 2010-2013
o: any test concentration of MCI/MI (100 or 200 ppm) and MI (200, 500, 1000 or 2000 ppm)
n: number of patients in the given year
%: percentage of patients in the given year
§: of which patients not reacting to the mixture of MCI/MI: 5 (in 2010), 13 (in 2011), 55 (in 2012) and
63 (in 2013).
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Table 4.2. Relevance of the reactions to MCI/MI and/or MI*.
Current certain

Current probable

Unknown

Past

2010

45.1%

30.5%

20.7%

3.7%

2011

65.6%

16.1%

16.1%

2.2%

2012

66.2%

14.4%

16.9%

2.5%

* as a percentage (%) of all patients with a positive patch test to MCI and/or MI in the study period
2010-2012; MCI: methylchloroisothiazolinone; MI: methylisothiazolinone.

Table 4.3. Age and sex distribution of the patients reacting to MCI/MI and/or MI*.
Age (years)

Sex

Range

Mean

Median

Female / Male

2010

12 – 85

47.7

48.5

68.3% / 31.7%

2011

2 – 80

45.9

48.0

72.0% / 28.0%

2012

2 – 90

47.7

49.5

62.5% / 37.5%

* study period: 2010-2012; MCI: methylchloroisothiazolinone; MI: methylisothiazolinone;
%: percentage of patients in a given year.

Table 4.4. Localization of contact dermatitis caused by MCI/MI and/or MI*.

Face
Eyelids
Handsº
Arms
Axillae
Generalized
Anogenital
Scalp
Trunk
Legs
Feet
Neck
Other (exceptional)
Total number of localizations
Total number of patients positive for MCI/MI and/or MI

2010
n (%)
22 (20.4)
10 (9.3)
21 (19.4)
4 (3.7)
3 (2.8)
12 (11.1)
13 (12.0)
5 (4.6)
5 (4.6)
4 (3.7)
5 (4.6)
2 (1.9)
2 (1.9)
108
82

2011
n (%)
24 (17.9)
9 (6.7)
33 (24.6)
10 (7.5)
6 (4.5)
16 (11.9)
9 (6.7)
1 (0.7)
5 (3.7)
5 (3.7)
6 (4.5)
6 (4.5)
4 (3.0)
134
93

2012
n (%)
47 (20.7)
22 (9.7)
46 (20.3)
13 (5.7)
8 (3.5)
35 (15.4)
13 (5.7)
6 (2.6)
4 (1.8)
6 (2.6)
8 (3.5)
13 (5.7)
8 (3.5)
227
160

*study period: 2010-2012; n: the number of times the localization was mentioned; %: the relative
percentage of the localization with regard to all mentioned localizations in a given year; º: 1 case
with pulpitis of the fingers, 1 case superimposed on psoriasis; MCI: methylchloroisothiazolinone; MI:
methylisothiazolinone.
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cally significant; p = 0.373) in the male population in 2012 as compared
with previous years.

4.3.3. Localization of the dermatitis
The face, including the eyelids, and the hands were the most often
reported (Table 4.4), whereas the number of patients presenting with
anogenital lesions decreased significantly (p = 0.027). We noticed an
increase in generalized and severe reactions: among these, in 3 cases,
the main body folds were affected. Reactions in the axillary region were
attributable to the use of deodorants. Exceptionally reported locations
included the lips, ears, the peristomal area, around scars, wounds and
prostheses, the buttocks (one a toilet seat distribution and one a sofa
seat distribution), and 1 case of dermatitis on the shoulder.

4.3.4. Sources of MCI/MI and/or MI
Cosmetics were the most important allergen sources, in 53.7%, 61.3%
and 60.6% of cases in 2010, 2011 and 2012, respectively. Although the
exact cosmetic was reported only for a subgroup of patients, some
specific leave-on products mentioned included wet wipes (which are
actually decreasing as an allergen source) and deodorants, but also a
considerable number of rinse-off cosmetics (e.g. shampoos). The noncosmetic sources of exposure were mainly household detergents, the
frequency of which doubled from 4.1 % in 2010 to 8.7 % in 2012, and
paints. Exceptional allergen sources included a sexual lubricant, glue
and glue remover, a repair product for a boat, an industrial biocide,
oil and cooling fluids, water mattress antibacterials contaminating the
contact surface of the bed (7), polish, roofing material, a fabric softener,
and finally, very likely through contamination with a cleaning product
containing MI, a leather sofa, toilet seat, and towels.

4.3.5. Occupational versus consumer sensitization
A relatively low number of occupation-related exposures to MCI/MI
and/or MI was reported (15.9% of the cases in 2010, 19.4% in 2011,
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and 13.8% in 2012), as shown in Table 4.5. Although industrial products
were the most common sources, cosmetics, such as hand soaps, consituted a reasonable number: of the 55 mentioned responsible work-related allergen sources, 24 (44.4%) were cosmetics and 31 (56.4%) were
industrial products.

4.3.6. Airborne dermatitis, respiratory complaints, and other symptoms
In 29 of 335 (8.7%) patients who reacted to MCI/MI and/or MI in the
period 2010-2012, an airborne distribution was present, in all cases but
1 (roofing material) caused by water-based paints in which MI (sometimes in association with other isothiazolinones) was used as a preservative. No respiratory symptoms were mentioned, and only 1 patient
Table 4.5. Occupational contact dermatitis caused by
MCI/MI and/or MI*.
Profession

n

Laborerso

Allergen source(s)

14

various sourceso

Painters

10

paints

Hairdressers

7

hair care products

Cleaners

6

detergents

Nurses

4

hand soaps

Beauticians

3

cosmetics

Nursery (of children)

2

wipes, childrens’ cosmetics

Massage therapists

2

massage creams, detergents

Mechanics

2

hand soaps

Profession not stated

2

detergents, skin care products

Stone cutter

1

detergents

* study period: 2010-2012; n: number of patients;
MCI: methylchloroisothiazolinone
MI: methylisothiazolinone;
o of which:
1 working in the plastics’ industry (oil and cool fluids)
1 working in ship maintenance (oil and cool fluids)
2 working as a fork lift driver (oil and cool fluids, polish emulsion)
3 with no profession stated (glues, oil and cool fluids)
2 working in the copper wire industry (hand soaps)
1 roofer (roofing material)
3 working in a paint factory (paints)
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had a conjunctivitis complicating eyelid dermatitis, presumably caused
by an eye-care cream and/or hair spray containing MI.

4.3.7. Simultaneous reactions to benzisothiazolinone (BIT) and
octylisothiazolinone (OIT)
Since BIT and OIT were not systematically tested, we report only on
MCI/MI- and/or MI-allergic patients and their profile of reactions to
BIT and OIT: among the 335 patients testing positively during the period 2010-2012, only 194 were tested with BIT and 199 with OIT, of
whom 4 reacted only to BIT, 23 only to OIT (among which were 3 patients who were not tested with BIT), and 8 to both BIT and OIT. Relevant allergen sources for BIT and OIT could be traced in only 19 of
35 cases (54.3%),and, among these, 11 were considered to be occupational and 8 non-occupational: paints (10 cases), detergents (5 cases),
oils and cooling fluids (2 cases), glue or glue remover (1 case), and a
fabric softener (1 case). The remaining 16 patients (45.7%) all showed
non-occupational sensitization to MCI/MI and/or MI through exposure
to cosmetics; no relevance was found for BIT (in 5 patients of which 1
patient reacting only to BIT and 4 patients reacting to both BIT and OIT)
nor for OIT (in 15 patients of which 11 reacting only to OIT and 4 reacting to both BIT and OIT). In 15 of 31 patients reacting to OIT without any
relevant source, cross-reaction with MI was considered to be likely and
in 6 of them (40%) MI was pointed out as the primary sensitizer, based
on the gradation of the patch test reaction (MI > MCI/MI).

4.3.8. Unusual clinical manifestations
The following were mentioned: (i) widespread papular eruption mimicking a drug eruption (3 patients); (ii) worsening of atopic dermatitis (1
patient); (iii) systemic allergy mimicking atopic eczema (3 patients); (iv)
mixed eczematous-urticarial skin eruption (2 patients); (v) asteatotic
eczema (1 patient); (vi) possible photoaggravation (1 patient); (vii) dermatitis according to a toilet seat (1 patient) and to a leather sofa seat
(1 patient) distribution; and (viii) genital dermatitis causing relapsing
episodes of bacterial cellulitis (1 patient).
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4.4. Discussion
Since 2005, MI, the less potent allergen in MCI/MI and considered
to be a moderate to strong sensitizer (8-9), has been permitted in concentrations up to 100 ppm in both leave-on and rinse-off cosmetics,
whereas in industrial products (e.g. paints) no maximum concentration
has been set. Unfortunately, we are now again confronted with an epidemic progressing at a much higher rate than previous ones (10).
The rate of MCI/MI-sensitization in Belgium showed a clear increase
up to 4.5% in 2012, and a further increase to 5.3% in 2013, whereas the
rate of MI sensitization almost doubled, from 3.1% in 2010 to 6.0% in
2012, and increasing even further up to 7.2% in 2013 (with data in 2013
retrieved from six of nine centers), in agreement with other reported
sensitization rates (2, 11); meanwhile, even higher rates have been
published (5). It has already been shown that MI is responsible for the
sudden increase in MCI/MI contact allergy (3). Furthermore, our study
confirms that a test concentration of 100 ppm MCI/MI in the baseline
series is definitely inadequate to detect MI allergy as up to 36.2% of
patients with an MI contact allergy in 2013 would have been missed
if only the mixture had been tested. Moreover, in some cases, contact
allergy to MCI could only be shown by testing with MCI/MI 200 ppm.
The higher rate of consumer exposure to MI, through both leaveon and rinse-off cosmetics, offers the most reasonable explanation for
the actual epidemic, taking into account that most patients were usually referred for patch testing for the first time without known prior
Contact Dermatitis. Although we did not conduct a formal survey to
confirm this, both types of cosmetic on the Belgian market increasingly
contained MI. We cannot completely exclude the possibility that the
increase in the number of reactions to MI from 2010 to 2013 was, in
part, caused by the fact that more dermatologists started to test MI
in addition to MCI/MI, usually at 500 ppm, and sometimes at 2000
ppm, thereby causing a higher number of reactions in 2013 than in earlier years. However, the proportion of MI-positive patients detected in
2013 reached 7.2%, which is a tremendously high sensitization rate for
any given allergen.
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MI-positive patients are mostly females, with a median age of 49
years; this is comparable with data from a UK study (12), the authors
of which attribute this to the lack of a sufficient downregulatory response in older individuals, although more intensive use of anti-ageing
products (e.g. face and eye contour creams) is another explanation.
The female preponderance is probably attributable to more females
attending patch test clinics (for example, in the KU Leuven Contact Allergy Unit: 65% females versus 35% males), especially regarding allergy
to cosmetics. The age range is very broad, and MI contact allergy has
recently been observed even in very young children (13, 14).
The face and hands were most frequently affected, whereas, in contrast to other reports (11), the number of patients with anogenital dermatitis had significantly decreased, probably along with the decrease
in the use of isothiazolinone-containing wipes in Belgium (15). Eyelid
dermatitis could sometimes be traced to specific leave-on products for
use on periocular skin. Axillary dermatitis was always caused by MI in
deodorants, in agreement with previous reports (11, 16), with the occluded area of the axillary fold (like the anogenital region) facilitating
skin penetration and sensitization. The gradual reporting of more than
one affected body location, together with more generalized and severe
reactions, the latter also being recently reported (17), both support the
idea that the rates of MI exposure and contact allergy are increasing,
and that a cumulative effect, attributable to the use of several MI-containing products, might be present in a given patient.
Regarding cosmetics as allergen sources, particularly leave-on products but also rinse-off products, were involved, the latter presumably
in patients previously sensitized. It should be noted, however, that, in
an occupational setting (e.g. in hairdressers) a given rinse-off product
(e.g. a shampoo), through repeated and cumulative exposure, might
act as a “leave-on” product and induce sensitization (11). Sometimes,
the EU cosmetic regulation is even violated; for example: industrially
used soaps may contain non-allowed isothiazolinones such as BIT (data
on file), and OIT has recently been identified in a baby liquid soap (18)
and MI in concentrations exceeding the maximum allowed limit, that
is, > 100 ppm, in another liquid soap (18). Validation of the most ap-
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propriate chemical analytical tools for determining the qualitative and
quantitative isothiazolinone content of a given product, thus ensuring
adequate quality control in cosmetics and non-cosmetics, seems desirable (18).
With regard to household cleaning products, previous surveys had
already indicated that up to 16.5% of them contained MI (19, 20), but
this might be an underestimate, given that products are not always correctly labelled (21).
Water-based paints, as in other studies, appear to cause specific
problems (22-24): they are not only occupational allergen sources, but,
owing to their widespread use in homes, at work, and in public spaces, are also able to cause airborne and/or systemic allergic dermatitis,
the latter by inhalation, usually in individuals previously sensitized to
cosmetics; however, primary sensitization can often not be excluded
(25), as concentrations ranging from 100 ppm to 270 ppm (26) may
be found. Although 1 case report (13) suggested the possibility of MI
evaporation from wall paint during a period of ~ 4 weeks, and another
study reported 5 cases with persistent dermatitis for several weeks up
to 4 months following exposure (24), the question of how long MI evaporates from paints remains unresolved.
Within the group of exceptional allergen sources, it is noteworthy
that dermatitis could be elicited even through the use of contaminated
personal objects (e.g. a leather sofa contaminated with MI present in a
cleaning product), an elicitation route that has been previously reported for other strong allergens (27). Interestingly, a patient was recently
reported in whom penetration of MI through natural rubber gloves
might have been the cause of persistent hand dermatitis (28). Other
surprising allergen sources of MCI and MI have recently been published
in the literature (29, 30).
Occupational dermatitis was observed in only a minority of cases,
with work-related cosmetics often being the culprits. The occupations
at risk were mainly (in declining order of importance): (i) labourers in
various industries; (ii) painters; (iii) hairdressers; (iv) cleaners; and (v)
nurses.
No respiratory symptoms were mentioned, although such cases have
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been previously reported (e.g. 22, 24, 31), and nor were lupus-like or
urticarial reactions, as has been reported previously (32, 33). The way
in which our study was conducted made it difficult to evaluate these
manifestations thoroughly.
With regard to other isothiazolinone derivatives, for which contact
allergy is probably underestimated, our patients testing positively to
them more frequently showed reactions to OIT than to BIT, with MI being considered the likely primary sensitizer in 6 of 15 (40%) OIT-positive
subjects. Despite their chemical similarity, only a few studies have investigated possible cross-reactions between these derivatives (34-36).
Paints, but also household detergents and industrial products, often
contain different isothiazolinones; hence, co-sensitization may also account for the simultaneous reactions (34, 37). However, in nearly half of
the cases in our study, which mainly consisted of patients primarily sensitized to MI by exposure to cosmetics, the reactions could not be explained by a simultaneous or occupational exposure to a BIT-containing
or OIT-containing source. As not all patients sensitized to MI showed a
reaction to OIT, partial cross-reactivity seems the most likely explanation. It is of note that research regarding optimal patch test vehicles
and/or concentrations for OIT, as has been performed for MI in recent
years, is lacking (38).
A limitation of our study is that only MCI/MI-positive and/or MIpositive patients were evaluated; moreover, the retrospective design of
this study did not allow accurate tracing of all possible allergen sources.

4.5. Conclusions
Despite its limitations, owing to its multicentre and retrospective design, our study confirms the increasing rate of MI allergy in Belgium,
with a dramatic 7.2% sensitization rate in 2013. Our data might even
underestimate the MI epidemic in Belgium, as patch tests were mainly
performed with MI 500 ppm, and in a minority of cases even with 200
ppm. Indeed, testing with 2000 ppm MI, as recently recommended
(39), might have detected even more cases, as already found by some
BCEDG members who started using the latter concentration routinely
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in 2013.
We have confirmed that Contact Dermatitis caused by MI is mainly
attributable to leave-on cosmetics, including wet wipes and deodorants, but rinse-off products (e.g. hair care products), household detergents and water-based paints are highly represented as well. Although
regulatory action to limit the further spread of the MI epidemic was
not initially considered to be a priority (40), the European Commission’s
Scientific Committee on Consumer Safety (SCCS) recently adopted an
Opinion (41) on the use of MI in cosmetics, and at the same time Cosmetics Europe, representing the industry, discouraged the further use
of MI in leave-on cosmetics (42); in Belgium, the effect of this is probably already apparent, with the decreasing use of MI in wet wipes.
However, at this point, the question remains of how quickly this recommendation will be implemented for all leave-on cosmetics in Belgium,
and in the rest of Europe, and how this will affect MI-sensitization. Given the enormous reported rates thus far, follow-up studies are vital to
monitor MI sensitization closely in the coming years. Moreover, a safer
use concentration of 15 ppm, or even lower, for MI in rinse-off cosmetics, the former being expressed in the SCCS Opinion, is warranted, and
one might even consider lowering the permitted use concentration for
MCI/MI (5). Moreover, regulation of MI in industrial products, especially paints and detergents, is strongly advocated.
Addition of MI 500 ppm (43), and even 2000 ppm with a micropipette for application (39), and also MCI/MI 200 ppm to the European
baseline series is urgently needed for the correct diagnosis of contact
allergy to MI and MCI.
Finally, future studies might focus on cross-reactions between different isothiazolinone derivatives, more appropriate test conditions (vehicles and/or concentrations) for those other than MCI/MI and MI, and
on clinical manifestations other than skin involvement (e.g. respiratory
complaints).
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Abstract
Background. Methylisothiazolinone (MI) contact allergy is severely
affecting consumers with allergic contact dermatitis, owing to its
presence in cosmetics, household detergents, and water-based
paints, in particular. Data on the true isothiazolinone concentrations
in these products are scarce, and labelling may be incorrect.
Objectives. To report on the MI concentrations in such products marketed in Belgium, in order to verify the accuracy of labelling (when
applicable) and compliance with EU regulations.
Materials and methods. Thirty cosmetics (18 leave-on and 12 rinseoff), eight detergents and four paints were analysed for MI by the
use of high performance liquid chromatography with ultraviolet detection.
Results. The analysed leave-on, and to a lesser extent the rinse-off,
cosmetics, contained MI at concentrations far exceeding the permitted 100 ppm use concentration. Household detergents contained
high concentrations of MI, and mislabelling occurred for both cosmetics and detergents. The (limited) data on paints are in line with
the existing literature.
Conclusion. Cosmetics and detergents may facilitate contact sensitization because of a (too) high MI concentration, and mislabelling
may make its avoidance extremely difficult. Safer use concentrations
and correct labelling should be ensured by adequate quality control.
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5.1. Introduction

T

he ongoing methylisothiazolinone (MI) contact allergy epidemic is primarily attributable to its use in cosmetics, but
also to its use in household detergents and water-based
paints (1,2). The aim of the present study was to determine

the isothiazolinone concentrations in cosmetics and detergents, and to
a lesser extent in water-based paints, available to consumers on the
Belgian market. Moreover, compliance with existing EU regulations regarding labelling and content was assessed.

5.2. Materials and methods
A. Products
A total of 30 cosmetics (18 leave-on products and 12 rinse-off products), eight commonly used household detergents and four waterbased wall paints were collected from April to November 2014.
The cosmetics, all of which were within the medium price range,
were bought in different types of store in the province of Antwerp,
comprising smaller specialty (beauty) stores, department stores and
supermarkets, but also discount stores and pharmacies. Cosmetic products belonging to one of the four following subtypes were purchased:
leave-on products labelled as containing isothiazolinones (n=6), leaveon products labelled as not containing isothiazolinones (n=6), rinse-off
products labelled as containing isothiazolinones (n=5), and rinse-off
products labelled as not containing isothiazolinones (n=6). Additionally,
four cosmetics from MI-sensitized patients, who were patch tested at
the Contact Allergy Units of Antwerp or Leuven and who were found
to be allergic to MI and/or to methylchloroisothiazolinone/MI, were
included, as were three cosmetic leave-on products with a label not
declaring MI and MCI/MI, all bought at a pharmacy. The cosmetic samples were very diverse with regard to their galenic form, including both
hydrophilic and lipophilic formulations, among which creams, lotions,
soaps, shampoos and wet wipes.
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The detergents were all bought from supermarkets, also in the Antwerp area. In total six products were collected at random. According to
their labels, two contained no isothiazolinones, two contained only MI,
one contained only MCI/MI, and one contained benzisothiazolinone
(BIT). These were supplemented with two products (containing, according to their labels, a combination of MI and BIT), which were again
obtained from patients. The paints were randomly purchased in paint
shops in the greater Antwerp area.
The labels of cosmetics and detergents were carefully examined for
the presence of isothiazolinones prior to the analysis with high performance liquid chromatography (HPLC) with ultraviolet detection (HPLCUV), as we wanted to relate the actual isothiazolinone concentration
to the information that was present on the label. The buying of the
products, and the verification of the information on their labels, was
performed by one author (O.A.), and the HPLC-UV investigations were
performed by three other authors (H. M., S.J., and S.A.)

B. Reagents and standards
The solvents used in the chromatographic method, namely methanol
and acetonitrile (both HPLC grade), were obtained from Fisher Scientific® (Loughborough, Leicestershire, UK). Formic acid was obtained from
Acros Organics® (Geel, Belgium) and water for the HPLC was dispensed
with a Milli-Q system from Millipore (Bedford, MA, USA). The reference
materials of MCI/MI (14.2%) and MI (98%) were obtained from Santa
Cruz Biotechnology® (Dallas, TX, USA), and BIT (99.2%) and octylisothiazolinone (OIT)(99.9%) were obtained from Sigma Aldrich® (St. Louis,
MO, USA). With methanol as a solvent, a reference solution containing
10 μg/ml MI was prepared for injection, along with reference solutions
of MCI, BIT and OIT, all at a concentration level of 1.5 μg/ml.

C. Chemical analyses
The chemical analyses were performed at the Research group Natural Products and Food – Research and Analysis (NatuRA) of Antwerp
University. Briefly, for the majority of samples, the following procedure
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was used. An amount of 1 g of sample was dissolved in 6 ml of methanol and placed for 30 min in an ultrasonic bath. This solution was then
quantitatively transferred to a 10.0 ml volumetric flask and adjusted to
volume with methanol. The solution was then filtered (0.45 μm) and
analysed with HPLC-UV. An HPLC Agilent 1200 series (Agilent Technologies®, Eindhoven, The Netherlands) was used and the chromatographic
separation was performed on a GraceSmart RP C18-column (5 μm;
4.6 x 250 mm2) (Grace Alltech®, Deerfield, IL, USA). The mobile phase
consisted of formic acid 0.1% (vol/vol) in water as solvent A, and acetonitrile as solvent B; gradient elution was used. A constant flow rate
of 1 ml/min and an injection volume of 20 μl were used. The components were detected at 274 nm (MI and MCI), 280 nm (OIT) and 318 nm
(BIT) and quantified (mean of 2 independent results) with reference
solutions of MI, MCI/MI, BIT and OIT. The method was not validated
for each matrix separately, but was verified by checking the response
function and by evaluating the accuracy and precision of reconstituted
test samples in a general cream base at three concentration levels in
triplicate. Spike experiments (adding a known amount of MI, MCI, BIT
or OIT to a sample) were additionally performed to confirm the suitability of the applied method, resulting in acceptable recoveries within
the predefined range of 80 to 120% for all four isothiazolinones. Small
additional adjustments were rarely necessary (e.g. prolongation of the
ultrasonic bath time to 45 min in order to obtain proper dissolution,
cutting wipes into pieces beforehand, centrifuging some samples before filtration, and, finally, concentrating some other samples by evaporation to avoid missing isothiazolinones below the detection limit). The
limits of detection (LODs) were determined to be 1.3, 1.7, 0.9 and 1.5
ppm for MI, MCI, BIT and OIT, respectively.
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5.3. Results
The results are outlined in Tables 1-3.

A. Leave-on cosmetics
All leave-on cosmetics were free of BIT and OIT, and those labelled
as containing MI (n=7) did contain it. However, in six of them (86 %),
surprisingly high concentrations of MI were found (50% - 80% above
the permitted concentration of 100 ppm), with the highest concentration being present in a facial serum, containing 188 ppm MI (Table 5.1)!
One hand cream contained 159 ppm MI, the presence of which was
not labelled. All other leave-on products labelled as not containing MI
or MCI (an eye cream, two sun screens, two aftershave creams, three
hand creams, one set of wet wipes, an anti-ageing day cream, and a
makeup remover) were free of them.
Table 5.1. Leave-on cosmetics labelled as containing MI.
MCI
(ppm)

MI
(ppm)

BIT
(ppm)

OIT
(ppm)

Make-up remover (face/eyelids)

<LOD

171

<LOD

<LOD

Make-up remover (face/eyelids)

<LOD

39

<LOD

<LOD

Day cream

<LOD

171

<LOD

<LOD

Facial toner

<LOD

150

<LOD

<LOD

Make-up remover (eyelids)

<LOD

170

<LOD

<LOD

NT

188

NT

NT

<LOD

156

<LOD

<LOD

Facial serum
After-shave cream (sensitive skin, old version)
NT : not tested
<LOD : below the limit of detection
MI: methylisothiazolinone
MCI: methylchloroisothiazolinone
BIT: benzisothiazolinone
OIT: octylisothiazolinone
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B. Rinse-off cosmetics
All rinse-off cosmetics without MCI/MI or MI labelling (a facial
cleanser, two shower gels, a shampoo, a hair conditioner and an intimate hygiene wash emulsion) did not contain any of these derivatives.
However, of six rinse-off cosmetics that were labelled with MCI/MI or
MI, 2 (33%), a shower gel and a baby shampoo, contained concentrations of MI exceeding the permitted limit (128 and 163 ppm, respectively). Moreover, the baby shampoo was mislabelled, because, besides
MI (on the label), MCI was found. Moreover, of two other cosmetics
labelled as containing both MCI and MI, a shampoo contained only MCI
(in a very low concentration of only 3 ppm, with MI possibly being below the LOD, given the expected 3:1 ratio of MCI/MI), and a hand soap
contained only MI (Table 5.2).
Table 5.2. Rinse-off cosmetics labelled as containing MCI/MI or MI*.
MCI
(ppm)

MI
(ppm)

BIT
(ppm)

OIT
(ppm)

Intimate hygiene soap (MCI/MI)

5

2

<LOD

<LOD

Hand soap n° 1 (MCI/MI)

8

4

<LOD

<LOD

<LOD

128

<LOD

<LOD

Shampoo (MCI/MI)

3

<LOD

<LOD

<LOD

Baby shampoo (MI)

3

163

<LOD

<LOD

<LOD

8

<LOD

<LOD

Shower gel (MI)

Hand soap n° 2 (MCI/MI)

*Between brackets: the type of isothiazolinone, MI or MCI/MI, that was present on the label.
<LOD : below the limit of detection.
MI: methylisothiazolinone
MCI: methylchloroisothiazolinone
BIT: benzisothiazolinone
OIT: octylisothiazolinone
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C. Detergents
Of the eight detergents analysed, 2 (25%) were mislabelled: (i) in one
case, only MI was found, although the label stated it contained MCI/
MI; (ii) in a similar case, MI and BIT were mentioned on the label, but
the analysis did not show either of these isothiazolinones. Household
detergents sometimes contained remarkably high concentrations of MI
(e.g. 135 and 181 ppm)(Table 5.3).
Table 5.3. Detergents* containing or not containing MCI/MI, MI, BIT and/or OIT.
MCI
(ppm)

MI
(ppm)

BIT
(ppm)

OIT
(ppm)

Dish washing liquid (MI)

<LOD

135

<LOD

<LOD

Multipurpose cleaning spray (MI)

<LOD

71

<LOD

<LOD

Window cleaning spray (MCI/MI)

<LOD

2

<LOD

<LOD

Household wet wipes (NONE)

<LOD

<LOD

<LOD

<LOD

Dish washing liquid (NONE)

<LOD

<LOD

<LOD

<LOD

Floor cleaning detergent (BIT)

<LOD

<LOD

26

<LOD

Floor cleaning agent (MI and BIT)

<LOD

181

5

NT

NT

<LOD

<LOD

NT

Laundry detergent (MI and BIT)

*Between brackets: the type of isothiazolinone on the label (MI, MCI/MI, BIT or OIT) or no
isothiazolinone (NONE).
NT: not tested.
<LOD : below the limit of detection.
MI: methylisothiazolinone
MCI: methylchloroisothiazolinone
BIT: benzisothiazolinone
OIT: octylisothiazolinone
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D. Paints
In the four paints that we analysed, MI was always found (respectively 8, 225, 65 and 66 ppm), in three of four paints together with BIT
[respectively, 23, 35, 0 (below the LOD) and 41 ppm]. Neither MCI nor
OIT was present in our small number of samples. The label of one paint
specifically stated “contains BIT, which may cause allergic reactions”,
although a small amount of MI was also found (8 ppm); the label of
another paint specifically stated “contains MI, which may cause allergic
reactions”, although it also contained BIT (35 ppm).

5.4. Discussion
Isothiazolinone derivatives, which are at the centre of attention because of the unprecedented contact allergy epidemic caused by MI, are
highly efficient preservatives at low concentrations, with little danger
of resistance, and are compatible with most industrial formulations
(3,4). Their bactericidal, fungicidal and algicidal properties are fairly
similar, with the exception of MI, for which, according to the industry
(5), higher concentrations are necessary. Therefore, following the EU
Cosmetics Regulation (6), MI and its mixture with MCI may still be used
in leave-on and rinse-off cosmetics, but with maximum allowed concentrations of 100 ppm and 15 ppm, respectively; recently, it was decided that the use of MCI/MI in leave-on cosmetics will be prohibited
from 16 April 2016 onwards (7) ; both BIT and OIT are not permitted
for cosmetic use, but they are routinely, and without restrictions, used
in detergents and paints, where they can often be found together with
MCI/MI and/or MI. Furthermore, labelling of all of these preservatives
is mandatory in the EU for both cosmetics and household products
(6,8), whereas it is not requested for chemical products such as paints.
Indeed, at present, no legally binding (harmonized) classification of MI
as a contact allergen exists in the Registration, Evaluation, Authorization and Restriction of Chemicals (REACH)/Classification, Labelling and
Packaging-regulation (CLP) (9). According to the rules of self-classification, set out by the industry itself, paints containing MI above a certain,
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self-defined concentration (usually still a very high threshold, e.g. MI
0.1% or 1000 ppm) are labelled as “may cause allergic sensitisation”
(10). Moreover, so-called “environmental labels (eco labels)” are also in
use for products containing isothiazolinones in self-defined (but often
again still high) concentration ranges (e.g. MCI/MI maximum 15 ppm,
MI maximum 200 ppm, BIT maximum 500 ppm) (9,10). A summary of
the existing legal requirements is shown in Table 5.4.
Table 5.4. EU Regulation of isothiazolinones in cosmetics, detergents and paints.
Product type

Labelling

MCI/MI

MI

OIT

BIT

Cosmetics
(leave-on and
rinse-off) (6-7)

Obligatory

Maximum
15 ppm#*

Maximum
100 ppm*

Not allowed

Not allowed

Household
detergents (8)

Obligatory

No
Maximum

No
Maximum

No
Maximum

No
Maximum

Water-based
paints (9-12)

Only rules of
No
self-classification Maximum°
by the industry
are in use§

No
Maximum°

No
Maximum

No
Maximum

MI: methylisothiazolinone
MCI: methylchloroisothiazolinone
BIT: benzisothiazolinone
OIT: octylisothiazolinone
No maximum: no maximum concentration defined.
*: MCI/MI and MI should not be used together in cosmetic products (6).
#: its presence in leave-on cosmetics will be prohibited from 16/04/2016 onwards (7); for rinse-off
cosmetics the 15 ppm rule will still apply.
°: MCI/MI and MI are being used together in some water-based paints (9-10)
§ Paints containing MI above a certain concentration, self-defined by the industry (e.g. > 0.1% or
1000 ppm) are labelled as “may cause allergic sensitisation” (11,12).

Although a recommendation has been proposed to ban the use of
MI in leave-on cosmetics (13,14), the rate of reduction of MI in those
products is difficult to evaluate at present, and various EU countries
continue to report disturbing increases in their rates of MI-allergic patients, among both adults and children (15). In our patch test units in
Antwerp and Leuven 9% of patients tested between January 2014 and
June 2014 had been sensitized to MI, with a relevance rate of ~ 80%, and
with MI-containing cosmetics as the major culprit sources (16). At present (March 2015), these figures remain unchanged. Apart from leave-
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on cosmetics, which are held to be primarily responsible for inducing
MI-allergy, rinse-off cosmetics, detergents and paints have gained attention as important MI-containing sources, mainly in eliciting Contact
Dermatitis (2,17). However, detergents, and even rinse-off cosmetics,
might act as “leave-on” products, when used repetitively (e.g. cleaning
agents used by a cleaner or shampoo used by a hairdresser) or in a cumulative way, hence possibly inducing contact allergy (18,19). Furthermore, airborne sensitization from paints is well-known (20). Therefore,
the MI concentration in detergents and paints should be lowered, and
perhaps even restricted to 15 ppm, as was already advised for rinse-off
cosmetics in the aforementioned SCCS Opinion (13).
Recently, some studies have reported on the presence of isothiazolinones in paints (9,10), but only a few have investigated their true
concentrations in cosmetics and household detergents. Some publications have highlighted the sporadic occurrence of (i) too high concentrations of MI or MCI/MI in certain cosmetic products, (ii) mislabelling,
or even (iii) the use of forbidden isothiazolinones (BIT and OIT) in cosmetics (2, 5, 21). Occasionally, we were able to make similar observations, for example BIT being present in an occupational hand soap
(2), and as such explaining a work-related hand dermatitis, or MI being present in household wet wipes, although the label did not mention it and was confirmed to be “isothiazolinone-free”, even after repeated contact with the manufacturer (22). Similar findings have been
reported for formaldehyde, which was present in extremely high concentrations in certain cosmetic products (23,24), and was present in
products that were found to be incorrectly labelled, that is, stating no
formaldehyde(releasers) were present (25).

Cosmetics
With regard to the observed MCI/MI levels and the origin of the
higher MI concentrations in some cosmetics, the most important sensitization source, three hypotheses seem likely:
(i) The cosmetic industry might be using MCI and MI together in a
2:1 ratio rather than a 3:1 ratio (e.g. hand soap number 1 in Table
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5.2, containing MCI 8 ppm and MI 4 ppm). However, this seems
highly unlikely, as MCI/MI in a 3:1 ratio is commercially available as
Kathon CG ® (Rohm and Haas, Croydon, UK) and we are not aware
of any products currently on the market containing MCI/MI in a 2:1
ratio; moreover, this still would not explain the absolute MI level
being (much) higher than 100 ppm in some products.
(ii) The cosmetic industry still uses MCI/MI in a 3:1 ratio, but deliberately adds MI, considered as another individual ingredient, separately (thereby sometimes exceeding the 100 ppm level for MI),
as is being done, for example, in the paint industry; this has been
previously reported (9,10), and was also confidentially confirmed
to us by at least one Belgian paint manufacturer. When considering
only the label of a cosmetic product, stating the presence of MCI
and MI, one cannot tell whether or not MI was separately added
to MCI/MI (26). Alternatively, in some products containing only MI,
this isothiazolinone might deliberately be used in a concentration
over 100 ppm.
(iii) Given the fact that no information is available on MI concentrations
in individual cosmetic ingredients, another explanation might be
the hidden presence of MI in ingredients that are included within
the same formula, as such augmenting the total MI concentration
of a given MI-containing or MCI/MI-containing product, possibly
without the cosmetic manufacturer being aware of this.
With regard to this, some patients examined at our patch test units
showed extreme reactions (3+) to their own leave-on cosmetics containing MI (Figure 5.1), with little reaction or no reactions to MCI/MI
100 ppm or 200 ppm aq. (containing only 25 or 50 ppm MI, respectively), although they did react to MI tested at 500 ppm aq. or, more
recently, 2000 ppm aq. Besides their leave-on character, or, with regard
to rinse-off cosmetics, their repetitive or cumulative use, these very
high concentrations of MI are liable to facilitate contact sensitization
even more.
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A

B

Figure 5.1. (A) A patient reacting to a cosmetic serum (+++) containing methylisothiazolinone (MI) 188 ppm. (B) Patch test reactions to methylchloroisothiazolinone/
MI 200 ppm (+), MI 500 ppm (++) and MI 2000 ppm (+++). (Courtesy of Professor An
Goossens).
It is useful to compare our results with those of a previous study,
conducted by Lundov et al. in 2010 and published in 2011, in which 19
cosmetics from the Danish market were found to contain high MI concentrations (three of four of products, > 50 ppm; and one of four products, > 95 ppm), but still below the maximum limit of 100 ppm (27).
However, the majority of the examined products in that study, and at
that time, were rinse-off cosmetics, whereas mainly leave-on cosmetics were analysed in the present study. As already suggested (26), the
use of MI as a preservative in cosmetics, including leave-on products,
may well have increased substantially since 2010 and the present study
–taking into account some limitations (see below)- shows that certain
leave-on cosmetics, at least on the Belgian market, do contain MI at
levels that are too high.
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Detergents
Detergents, including wet household wipes, often contain isothiazolinones (2), usually MI, MCI/MI and/or BIT, as shown in the present
study, and constitute the second most important allergen source of MI,
which is sometimes present in high use concentrations. These results
support the earlier observations made by Uter et al. that repeated skin
contact with such products may elicit and even induce contact allergy to MI (18). Furthermore, as MI is a volatile allergen, as with paints
(9, 10, 28-30), household detergents applied to large surfaces inside
a house may also give rise to airborne Contact Dermatitis, sometimes
even with unusual clinical manifestations, as recently reported (31).
Furthermore, a cleansing agent containing a high amount of MI, used
to clean a dental prosthesis, was held to be responsible for inducing a
flare-up of a quiescent oral lichen planus (32). Finally, also in this group
of products, mislabelling may occur (22), as has even been reported for
a medical device (33). In this regard, it is interesting to note that not all
types of gloves seem to be able to protect against (occupational) hand
dermatitis (34), and the use of thick (reusable) nitrile gloves, instead of
natural rubber latex or polyvinylchloride, has thus been proposed (35).

Paints
Water-based paints, often containing different isothiazolinones, usually MI together with BIT (9,10), represent a specific health hazard. Indeed, airborne elicitation and sensitization may result in long-lasting
skin and mucosal complaints, given the ongoing emissions of isothiazolinones in low concentrations for several months. In the present study,
which was mainly focused on cosmetics and detergents, only four water-based paints were examined, and our findings with regard to MI are
in line with previous studies (9,10). The BIT concentration in our paints
seems to be considerably lower (range: 23-41 ppm) than that in paints
from Denmark and Sweden in particular, which may contain up to 462.5
ppm (9). We earlier reported on the occurrence of an airborne and systemic dermatitis following inhalation from a paint containing even as
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low as 53 ppm MI (28), which is now clearly labelled by the manufacturer as “containing methylisothiazolinone which can cause allergic reactions”. Although some paint producers may use only MI, or more often MI together with BIT, one manufacturer (confidentially) confirmed
to us that MCI/MI may also be combined with MI and BIT [as already
mentioned by others (9,10)]. Furthermore, the total content may be
increased by the addition of other isothiazolinone-containing additives
(e.g. colour pastes added to a basic, colourless paint). Apart from the
need to regulate isothiazolinone concentrations and institute proper
labelling, another potential health hazard that should be urgently evaluated is the addition to paints of so-called nanoparticles (measuring
between 1 nm and 100 nm), such as titanium dioxide (TiO2), which is
also used in cosmetics (e.g. sunscreens). Recently, it has been shown
that TiO2 increases the sensitization capacity of dinitrochlorobenzene
in an experimental mouse model (36); hence, the exact influence of
nanoparticles on human skin sensitization is currently not at all certain.
Interestingly, although proper labelling of paints is not yet mandatory,
some companies have made efforts to point out (some) allergy risks on
their label (e.g. Gamma®, Antwerp, Belgium) and others have restricted
their biocide use to MCI/MI at a maximum of 15 ppm [e.g. Boss paints,
(www.boss.be), Waregem and Antwerp, Belgium, and Nutshell (http://
nutshellpaints.co.uk/), Exeter, UK – see (37)]. Both initiatives should be
encouraged, and regulated, by EU authorities. However, one should
keep in mind that certain environmental labels (eco labels), as mentioned above and exemplified in (9), may be misleading, especially with
regard to the permitted MI and BIT concentrations, as most analysed
(and problematic) regular paints so far seem to contain much lower
concentrations of MI and BIT. The recent multicentre study of paints
by Schwensen et al. (9) confirmed that there is no clear difference in
MI concentrations between regular paints and so-called eco-labelled
paints.
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5.5. Limitations of this study
The present study, although pointing towards too high use concentrations of MI in leave-on cosmetics, has some limitations that should
be taken into account. Apart from the small sample size, the selection
of the samples might have been biased by two main factors: (i) some
of the analysed MI-containing cosmetics were retrieved from MI-sensitized patients; and (ii) the collection of the other samples by the main
author –who also performs the patch tests in Antwerp and specifically
follows up MI-sensitized patients – might have led to the inclusion and
overrepresentation of MI-containing products of those brands that
were also often involved in those patients. Notwithstanding the actual existence of too high use concentrations, and mislabelling, caution
should be excercised in extrapolating these results too easily to all cosmetic products available on the market today.

5.6. Conclusions
Approximately 1 year after the recommendation to discontinue the
use of MI in leave-on cosmetics, and to reduce its content in rinse-off
cosmetics, the present study shows that MI may be found in cosmetics in concentrations far exceeding the permitted maximum EU level of
100 ppm. Detergents often also contain high amounts of this preservative, and are frequent causes of hand dermatitis, and potential causes
of airborne reactions. These phenomena might be contributing to the
escalating MI-epidemic.
With regard to paints, it seems that OIT, although considered to be
an important occupational allergen for painters (38), is less used (or
less studied?). In the future, attention should be given to the relevance
of the addition of nanoparticles to paints, a feature that might also be
important for cosmetics.
Mislabelling of cosmetic products, but also of detergents, and the
effectively non-existent labelling of paints –with very few modest exceptions – add to the difficulty for sensitized patients in strictly avoiding
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this important and highly relevant allergen, both in consumer-related
products and in the occupational environment. Therefore, apart from
reconsidering the safe use concentrations for MCI and MI in cosmetics, they should also be re-evaluated for detergents and paints, and full
ingredient labelling should be required for all of these product types.
This implies that authorities recognize MI as an important allergen, and
by extension, as an important occupational allergen, and should implement adequate control mechanisms at a European level.
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Abstract
Background. Octylisothiazolinone (OIT) is used as an antifungal
agent by the leather industry.
Objectives. To show sensitization to OIT from leather, and to highlight the potential implications when cross-reactivity between OIT
and methylisothiazolinone (MI) is studied.
Methods. Two patients with allergic Contact Dermatitis caused by a
leather belt and shoes, respectively, were patch tested with methylchloroisothiazolinone/methylisothiazolinone (MCI)/MI, MI, MCI, OIT
and benzisothiazolinone (BIT). High-performance liquid chromatography with ultraviolet detection (HPLC-UV) was used to detect isothiazolinone derivatives in leather goods. Additionally, files of OITsensitized patients, observed at the KU Leuven department during
the period 1990-2015, were retrospectively analysed.
Results. Both patients had been primarily sensitized to OIT, but the
diagnosis in one of them could be achieved only when a higher patch
test concentration of OIT (1000 ppm pet.) was used. HPLC-UV confirmed the presence of OIT in their leather goods. Non-relevant sensitization to MI was noted in both cases. Four additional cases of
OIT-sensitization from leather could be retrieved from the KU Leuven
database.
Conclusions. Non-occupational sensitization to OIT from leather
may occur. Patch test concentrations of > 250 ppm pet. may be necessary for diagnosis, and to show cross-reactivity with MI. Safer use
limits for OIT in the leather industry may be needed.
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6.1. Introduction

O

ctylisothiazolinone (OIT)(CAS no. 26530-20-1) is primarily an occupational contact allergen; it was originally developed as a fungicide for paints (1, 2) but is also found
in a wide range of other products including glues, cutting

and cooling fluids, wood preservatives, and household detergents (3).
Moreover, cases of occupational and, less frequently, non-occupational
Contact Dermatitis, owing to its use by the textile and leather industry,
have been reported (2, 4, 5). Here, we describe 6 sensitized subjects,
focus on OIT as a relevant non-occupational contact allergen in consumers exposed to leather goods treated with this fungicide, and provide a review of the literature on this topic.

6.2. Patients and methods
Patient 1
A 34-year-old non-atopic male, working as a clerk, was referred for
evaluation of itchy and band-like lichenoid dermatitis that had started
6 months earlier at the site of contact with a belt on his abdomen and
back (Figure 6.1A), with, sometimes, follicular spread to the entire abdomen, arms, and legs. A skin biopsy had shown spongiotic dermatitis.
Treatment with topical and even systemic corticosteroids had produced
only minor and temporary relief. The patient had never experienced
skin problems before, and had no history of intolerance to cosmetics or
to leather articles (e.g. shoes). He did, however, wear the same wide,
black leather belt (Figure 6.1B) nearly every day, and after he had been
asked to stop using this, and to generally try to avoid contact with leather goods, his dermatitis healed, and it has not recurred since.
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Figure 6.1.
a. Lichenoid dermatitis accompanied by a follicular spreading reaction over the lower abdomen in patient 1.
b. Diffuse, itchy, band-like dermatitis on the lower back in patient 1.
Note the black leather belt.
c. Patch test reactions to octylisothiazolinone (OIT) 1000 ppm. pet.
(+++) and to methylisothiazolinone (MI) 2000 ppm aq. (+) on D4 in
patient 1, indicating OIT as the primary sensitizer; MI 500 ppm. aq.
gave only a doubtful reaction (+?) at D4.
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Patient 2
A 34-year-old atopic male presented with a 2-month history of dermatitis of the dorsa of the feet (Figure 6.2A), which he related to the
wearing of several leather shoes (three different pairs). After topical
corticosteroid treatment and switching to non-leather shoes containing
an inner fabric lining, his foot dermatitis gradually resolved. However,
he then started to develop itchy and inconspicuous papular skin lesions
on his arms, shoulders, back, and buttocks when in contact with a new
leather sofa. The symptoms disappeared after replacement of the sofa
by one made from fabric. The patient had never previously experienced
any skin problems with personal care products or with leather items.

Figure 6.2.
a. Acute foot dermatitis in patient 2, caused by octylisothiazolinone
(OIT) present in leather shoes.
b. Patch test reactions in patient 2 to octylisothiazolinone (OIT) in
different concentrations and vehicles, all on D4: [i] OIT 250 ppm pet
(negative), [ii] OIT 1000 ppm pet (++), [iii] OIT 1000 ppm eth. (++),
[iv and v] ethanol extracts of two different leather shoes (++).
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Patient 3
A 58-year-old non-atopic male, working as an electrician, consulted because of chronic eczema on the dorsa of both feet, sometimes
accompanied by generalized lesions. Topical corticosteroids provided
good, but only temporary, relief. When the patient stopped wearing his
leather shoes, the dermatitis on his feet completely resolved.

Patient 4
A 38-year-old atopic female, working as psychologist, was referred
because of lichenoid dermatitis with red-brown, flattened papules
along with dry eczematous lesions on both wrists. This had occurred 1
year earlier, shortly after she had started wearing a watch with a leather strap, alternately on the left and right wrist. The dermatitis had occasionally spread to the forearms. Moreover, during summer, the patient
had noticed the occurrence of itchy dermatitis on the dorsal sides of
both feet, which she related to the wearing of leather shoes (both sandals and closed shoes). Interestingly, she recalled having suffered from
facial dermatitis in the past, shortly after removing wall paint.

Patient 5
A 51-year-old non-atopic woman, working as a clerk, consulted because of itchy, vesicular skin eruptions on the wrists and the dorsal
parts of both feet, the latter sometimes spreading to the lower legs.
This was related to the wearing of a leather watch strap and leather
sandals, respectively. The patient had previously been affected with
perianal dermatitis following the use of wet toilet paper.

Patient 6
A 34-year-old atopic woman was referred because of persisting foot
dermatitis for which, in the past, patch tests had already shown multiple sensitizations, for example to chromium, cobalt, p-phenylenediamine, thiuram mix, mercapto mix, and colophonium, and methylchlo-
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roisothiazolinone (MCI)/methylisothiazolinone (MI) 100 ppm aq. (the
last of these being relevant for previous Contact Dermatitis caused by
wet wipes). Wearing of shoes made from “hypo-allergenic” (chromiumfree) leather, however, did not allow the dermatitis to heal, in contrast
to wearing of non-leather shoes, or wearing of leather shoes with a
double pair of cotton socks and a cardboard inlay sole.
Patients 1 and 2 were evaluated at the Contact Allergy Unit in Antwerp in 2013 and 2014, respectively, whereas patients 3-6 presented
between 2006 and 2015 at the Department of Dermatology of KU Leuven. All were patch tested with the Belgian baseline series, containing
MCI/MI 100 ppm [0.01%] aq.), a shoe series (containing OIT, 1000 ppm
[0.1%] pet.) in the cases of foot dermatitis (patients 2-6), and their own
products, including pieces of suspected leather items (tested in all cases except in patient 2). All commercial allergens were from Chemotechnique Diagnostics (Vellinge, Sweden) or from Trolab® (Hermall, Reinbek,
Germany). In Antwerp patch test chambers from Allergeaze® (Smartpractice, Phoenix, AZ, USA) were used, fixed with Fixomull® stretch (BSN
medical, Hamburg, Germany); in Leuven, Van der Bend® chambers (Van
der Bend, Brielle, The Netherlands) were used initially, applied on the
back with MicroporeTM (3M Health Care, Borken, Germany), while later
IQ UltraTM test chambers were used (Chemotechnique Diagnostics), all
fixed with Mefix® (Mölnlycke Health Care, Göteborg, Sweden). All tests
were occluded for 2 days, and read, according to ICDRG guidelines, on
day (D)2, D4 and sometimes also D7.
In the most recent cases (patients 1 and 2) a detailed work-up was
additionally performed, including:
(i) patch testing of several isothiazolinones in different vehicles and concentrations: MCI/MI 100 ppm [0.01%] and 200 ppm [0.02%] aq., MI 500
ppm [0.05%] aq. and 2000 ppm [0.2%] aq., MCI 150 ppm [0.015%] aq.
(kindly provided by the laboratory of M. Bruze in Malmö), benzisothiazolinone (BIT) 500 ppm [0.05%] pet. and 1000 ppm [0.1%] pet., OIT 250
ppm [0.025%] pet., 1000 ppm [0.1%] pet., 1000 ppm [0.1%] in alcohol
(ethanol; eth.), 2000 ppm [0.2%] alc., as well as dichloro-octyl isothiazolinone (DCOIT) 100 ppm [0.01%] pet., the latter three being in-house
preparations
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(ii) patch testing with eth. extracts of the leather goods (one belt in patient
1; pieces of three pair of shoes and one leather sofa in patient 2), based
on an extraction procedure as described elsewhere (6). Briefly, from all
leather samples, a piece with a surface measuring approximately 1550 cm² (depending on how much we were able to use) was cut out,
and was further cut into smaller pieces of ~ 5x3 mm2. These were put
into a glass jar, and ≥ 5 mL of eth. 70° (chosen as a solvent, given the
lipophilic character of OIT) was added until all pieces were completely
submerged. The jar was put into an ultrasonic bath (Comed ultrasonic cleaner, model UC-50, Comed, Strasbourg, France) for 15 minutes;
thereafter it was left open to the air to mostly evaporate for max. 5 days
(no hood was used, and the pieces of leather were not removed, thus
allowing further ‘spontaneous’ extraction). After 5 days, a concentrated
solution (“extract”) was obtained. No extra solvent had to be added.
The extract was used ‘as is’ for patch testing without further dilution.
An amount of 20 μl of each extract was applied onto an Allergeaze®
test chamber. No control patients were tested with these extracts, but
high-performance liquid chromatography with ultraviolet (UV) detection (HPLC-UV) was later performed on them to verify the presence of
isothiazolinones, in particular OIT (see below).
(iii) chemical analysis of the leather articles of the patients, and additionally
of five “hypo-allergenic” (chromium-free) leather samples collected by
the KU Leuven department, for their qualitative and quantitative contents of different isothiazolinones (MCI, MI, OIT, BIT and DCOIT), with
HPLC-UV; this was performed by the laboratory of Natural Products and
Food – Research and Analysis (NatuRA), Department of Pharmaceutical
Sciences, University of Antwerp (7,8). Briefly, 1 g of each leather sample
was cut into very small pieces (2x2 mm2), stirred in 10 ml of methanol
(Fisher Scientific, Loughborough, UK) and put on a magnetic stirrer for
30 min. After the solution obtained had been filtered and transferred to
a volumetric flask, this procedure was repeated three times, each time
with addition of 10 ml of fresh methanol to the same leather sample,
to obtain complete and repeatable extraction of the isothiazolinones.
Subsequently, an HPLC Agilent 1200 series (Agilent Technologies®, Eindhoven, The Netherlands) was used, and the chromatographic separa-
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tion was performed on a GraceSmart RP C18-column (5 μm; 4.6 x 250
mm2) (Grace Alltech®, Deerfield, IL, USA). The mobile phase consisted
of formic acid 0.1% (vol/vol) (Acros Organics, Geel, Belgium) in MilliQ water (Millipore, Brussels, Belgium) as solvent A, and acetonitrile
(Fisher Scientific) as solvent B, for gradient elution. A constant flow rate
of 1 ml/min and an injection volume of 20 μl were used. The isothiazolinones were detected at 274 nm (for MI and MCI), 280 nm (for OIT),
284 nm (for DCOIT), and 318 nm (for BIT), and quantified (mean of two
independent results) by the use of reference solutions of MI, MCI/MI,
BIT, OIT and DCOIT. For each leather sample the analysis was performed
in triplicate. The reference isothiazolinones were obtained from Santa
Cruz Biotechnology (Dallas, Texas, USA) (MCI/MI and MI), and from
Sigma-Aldrich (Steinheim, Germany)(BIT and OIT); DCOIT was obtained
from Tokyo Chemical Industry, (Zwijndrecht, Belgium). Furthermore,
spike experiments (addition of a known amount of MI, MCI, BIT, OIT or
DCOIT to a sample) were performed to confirm the suitability of the applied screening method, resulting in recoveries ranging between 68 %
and 81 % for all five isothiazolinones, which is acceptable for these matrices. The limits of detection were determined as 5.14 ppm, 3.13 ppm,
4.81 ppm, 2.02 ppm, and 2.57 ppm for MI, MCI, BIT, OIT, and DCOIT,
respectively.

6.3. Results
All results of the work-up of patients 1-6 are summarized in Table
6.1.
Patient 1 showed primary sensitization to OIT, reacting to 1000 ppm
[0.1%] pet (+++) and to 250 ppm [0.025%] pet. (++). OIT was shown to
be present in a high concentration (171 ppm) in the suspected leather
belt, by means of HPLC-UV. Interestingly, patch testing pieces of the
belt ‘as is’ gave negative results, whereas the eth. ultrasonic bath extract gave a positive reaction. Moreover, all eth. extracts from leather
goods from patient 2, that is, three different types of leather shoes and
a leather sofa, also gave positive reactions.
Patient 2 also showed primary sensitization to OIT, but this was only
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Table 6.1. Summary of clinical data, patch test results and HPLC-analyses of leatherwear of
patients reported in the present study (n=6).
Patient 1
Patient 2
Patient 3
Localisation of the Trunk (abdomen, a) Dorsum feet
Dorsum feet
dermatitis
back; band-like
b) Skin contact sites
and lichenoid)
leather sofa
Suspected leather Belt
a) Shoes
Shoes
source
b) Sofa
Patch test reaction* to OIT
+
1000 ppm pet
+++
++
250 ppm pet
++
neg
NT
1000 ppm alc
+++
++
NT
2000 ppm alc
+++
++
NT
Patch test reaction* to DCOIT
100 ppm pet
neg
neg
NT
Patch test reaction* to MCI/MI
100 ppm aq
neg
+
neg
200 ppm aq
+
++
NT
Patch test reaction* to MCI
150 ppm aq
+
neg
NT
Patch test reaction* to MI
500 ppm aq
?
++
NT
2000 ppm aq
+
++
NT
Patch test reaction* to BIT
500 ppm pet
neg
neg
neg
1000 ppm pet
neg
neg
neg
Other patch test reactions* (baseline series and additional series):
Nickel 5% pet**
+
neg
neg
Chromium 0.5% pet
neg
neg
neg
Cobalt 1% pet
neg
neg
neg
Patch test
Leather pieces
Leather pieces
Leather pieces
reaction* to
belt: neg
shoes #1, #2, #3:
shoes: neg
leather pieces
Ethanol extract
NT.
Ethanol
and/or to ethanol belt: +
Ethanol extract
extract shoes:
extracts made
shoes #1, #2,# 3: ++ NT
from them
Leather piece sofa:
NT
Ethanol extract
sofa: +
NT
Patch test
Ethanol extract
Ethanol extract
reactions* to other leather shoes
leather belt (from
leather extracts
#1, #2, #3 (from patient 1): +
patient 2): +
Ethanol extract
leather sofa (from
patient 2): +
OIT analysis of the Belt: OIT: present Shoe #1: OIT: pre- NT
sent (281 ppm).
suspected leather (171 ppm)
source, using
Shoes #2, #3:
HPLC-UV
OIT neg
Sofa: OIT: present
(21 ppm)
*patch test reactions always at day (D)4
** nickel spot test on the belt closure was positive, but was
an insufficient explanation for the dermatitis of the patient
NA: not applicable
NT: not tested
#: number
ppm: parts per million
Pet: petrolatum

Patient 4
a) Wrists
(lichenoid)
b) Dorsum feet
a) Watch strap
b) Shoes

Patient 5
Patient 6
a) Wrists
Dorsum feet
b) Dorsum feet
a) Watch strap Shoes
b) Shoes

++
NT
NT
NT

+
NT
NT
NT

+
NT
NT
NT

NT

NT

NT

neg
NT

neg
NT

++
++

NT

NT

NT

NT
NT

++
NT

+
++

neg
NT

neg
NT

neg
NT

neg
neg
neg
Leather pieces
watch strap:
neg
Leather pieces
shoes: neg.
Ethanol extracts: NT

neg
+
neg
Leather pieces
watch strap:
NT
Leather pieces
shoes: neg
Ethanol extracts: NT

neg
++
+
Leather pieces
shoes: +?
Ethanol extracts: NT

Ethanol extracts of
“hypoallergenic leather”
from 3 brands:
+; from 2
brands: neg.
NT

Ethanol extracts of
“hypoallergenic leather”
from 3 brands:
+; from 2
brands: neg.
NT

Ethanol extracts of
“hypoallergenic leather”
from 2 brands:
+; from 2
brands: neg.
NT

Aq: aqua
Alc: alcohol (ethanol)
Neg: negative
MI: methylisothazolinone
MCI: methylchloroisothiazolinone
OIT: octylisothiazolinone
BIT: benzisothiazolinone
DCOIT: dichloro-octylisothiazolinone
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shown by patch testing with OIT 1000 ppm [0.1%] pet (++), as the lower
concentration of 250 ppm [0.025% pet.] remaining negative (Figure
6.2B). HPLC-UV analysis of one type of leather shoe confirmed the
presence of OIT (shoe no. 1), again in a high concentration (281 ppm),
whereas its presence could not be shown in the two other types of
shoe (shoes no. 2 and no. 3), despite patch tests with eth. extracts of all
three types of shoes giving positive results. The leather of the sofa, an
eth. extract of which also gave a positive patch test reaction, was found
to contain a lower amount of OIT (21 ppm). An eth. extract from the
leather belt (from patient 1) also gave a positive reaction (+) in patient
2. Simultaneous reactions were observed to MI and MCI (patient 1) and
to MI (patient 2), but not to BIT.
In the belt of patient 1, and in one type of shoe of patient 2 (shoe no.
3), the presence of possible trace amounts of MI could not be excluded,
given that the UV spectrum of the HPLC analysis was too unclear. In the
leather sofa of patient 2, BIT was also present.
None of the analysed leather items contained MCI or DCOIT.
In the additional 4 OIT-sensitized patients, retrieved from the KU
Leuven database and suspected of having allergic Contact Dermatitis as
a result of wearing leather goods, patch tests with pieces of their own
leather items (shoes and watch straps) remained (possibly false) negative, except for patient 6, who reacted doubtfully to pieces of her leather shoes. In patients 4-6, of whom 2 were contact-allergic to chromium
(patients 5 and 6), patch tests with eth. extracts of “hypo-allergenic”
(chromium-free) leather samples (five types) partly resulted in positive
reactions; analysis by means of HPLC-UV of these leathers showed the
presence of OIT in various concentrations (30, 96, 131, 200 and 249
ppm).
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6.4. Discussion
OIT seems to be less used and also less sensitizing than MCI/MI, MI,
and BIT (2). This is also reflected by the considerably lower number
of reports dealing with (usually occupational) cases of allergic Contact
Dermatitis caused by this preservative. For example, according to the
reference database CDREF, which is part of the password-protected
computer application www.cdeskpro.be, developed within the KU Leuven dermatology department and containing journal references from
1967 onwards, only 12 references for OIT, as compared with 39 for BIT,
and even 71 and 81 for MI and MCI/MI, respectively, could be retrieved
(last accessed 10 March 2016).
Isothiazolinones are used in the textile industry to prevent microbial
contamination during several stages of the production process (9,10)
of various textiles (e.g. garments and mattresses), leather wear, and
fur. As such, they may act as potential skin sensitizers in workers who
are occupationally exposed to them. For example, in 1993, Valsecchi et
al. reported 3 patients, all employed in the spinning department of a
nylon factory, presenting with occupational hand dermatitis, which was
attributed to MCI/MI used as a biocide in an emulsion oil applied to the
yarn (11).
Besides MCI/MI, also the presence of OIT in various types of textiles and leather goods may put workers at risk for the development
of occupational allergic dermatitis, as shown by several case reports
and small series (Table 6.2). In 2007, Aalto-Korte et al. (12) described a
sewing machine operator with hand eczema, who was occupationally
sensitized to OIT, which was found in mattress textiles in potentially
sensitizing concentrations (range 2-50 ppm). In Leuven, similar cases of
labourers, working in a mattress factory and presenting with (airborne)
allergic Contact Dermatitis caused by a biocide containing MCI/MI, OIT
and BIT, have been observed (unpublished data, on file). Furthermore,
Mose et al. (2), in their extensive retrospective review on OIT , also
included 1 sensitized textile worker suffering from occupational hand
dermatitis.
As also indicated by the leather industry itself (13), OIT is specifically
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and often used during the processing of animal hides, because of its
strong fungicide properties, thus preventing microbial contamination
of the production environment in general (e.g. of water used for soaking the animal hides), and fungal deterioration of the leather material
in particular. It is during the tanning process, but also potentially during
later stages (e.g. transport), that OIT may become incorporated into
the leather, resulting in its subsequent release upon skin contact in a
consumer. Although OIT has been submitted to the Biocidal Product
Regulation of the European Registration, Evaluation, Authorization and
Restriction of Chemicals (REACH), the substance is still “under review”,
and no safe use limits have yet been determined. Similarly to the use of
MI in paints (14), the industry at present thus adheres to rules of ‘selfregulation’ (with variable concentrations in use, e.g. ranging between 1
and 150 mg/kg; e-mail communication of 24 August 2015, from Modint, the branch network of the textile industry, Zeist, The Netherlands).
EU ecolabels, as for paints, also exist for leather goods (e.g. footwear),
and might allow the use of OIT. For example, recommendations from
consumer organizations on EU footwear ecolabels recently stated that
“biocides, used for the protection of leather and textiles during different production processes, should be avoided to the greatest possible
extent, but if preservatives are used for protection during the transportation and storage of leather they shall meet the following conditions
for the use on leather: N-octylisothiazolinone < 250 mg/kg…” (15).
Already in 1984, Foussereau et al. (4) reported a patient with hand
dermatitis caused by OIT and MCI/MI, both of which were present in a
preservation fluid used for the fabrication of leather shoes. Febriana et
al. (10) described another 2 labourers in the leather tanning industry
in Indonesia, 1 of of whom became sensitized to OIT and 1 to MCI/MI,
both of which were used for the processing of animal hides.
Interestingly, through skin contact with OIT-treated textiles and
leather goods, not only those who are occupationally exposed, but also
consumers, may be at risk for OIT sensitization (Table 6.2). In 1992,
Oleaga et al. (5) were the first to describe OIT as the cause of foot dermatitis in a patient wearing leather shoes; the manufacturer admitted
the use of it as a fungicide (no chemical analysis was performed at that
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Table 6.2. Octylisothiazolinone in textiles and in leather products as a potential cause
of occupational and non-occupational contact dermatitis: overview of previously
published cases (n = 17).
Reference

Type of textile or leather
product involved and
number of patients
exposed to them
Foussereau et Leather shoes
al. 1984 (4)
1 patient
Oleaga et al.
Leather shoes
1992 (5)
1 patient
Rani et al.
Leather shoes
2003 (16)
4 patients
Aalto-Korte et Mattress textiles
al. 2007 (12)
1 patient
Fukunaga et al. Mattress textiles
2010 (19)
1 patient
Febriana et al. Leather (unspecified)
2012 (10)
1 patient
Mose et al.
Textiles (unspecified)
2013 (2)
1 patient
Shoes (unspecified)
1 patient
Shoes (unspecified)
1 patient
Not stated (shoes?)
1 patient
Not stated (shoes ?)
1 patient
Concha-Garzón Shoes (unspecified)
et al. 2014 (18) 1 patient
Febriana et al. Leather shoes
2015 (17)
2 patients

Localisation of
the dermatitis

Occupational
dermatitis

Isothiazolinones (other than
OIT) involved

Hands
Feet

Yes (laborer in a Possibly also MCI/MI and
shoe factory)
BIT2
No

Feet

No

Hands

Yes (sewing ma- Possibly also MCI/MI1
chine operator)
No

Contact sites of
skin with mattress
Hands
Yes (laborer in
In 1 other patient MCI/MI
tanning factory)
Hands and lower Yes (textile
arms
worker)
Feet
No
Feet

No

Feet

Not stated

Feet and lower
leg
Feet

No
No

MCI/MI

Feet

No

No other isothiazolinonesensitizations in these 2
patients; 4 and 2 other
patients (from the same
report), reacted to MCI/MIand to TCMBT-, respectively.

MI: methylisothiazolinone
MCI: methylchloroisothiazolinone
BIT: benzisothiazolinone
OIT: octylisothiazolinone
TCMBT: 2-thiocyanomethyl-thiobenzothiazole
1Patient contact allergic to OIT and MCI/MI; only OIT determined in mattress textiles.
2Patient contact allergic to OIT, MCI/MI and BIT; both OIT and MCI/MI present in a preservative fluid for shoe
leather. No data on the leather content.
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time). Rani et al.(16), and more recently Febriana et al.(17), identified
another 4 and 2 patients, respectively, all presenting with foot dermatitis possibly caused by OIT in leather shoes. In the study by Febriana et
al. 1 of the 2 OIT-positive patients also reacted positively to MCI/MI 200
ppm [0.02%] aq., whereas another 3 patients did not react to OIT 1000
ppm [0.1%] pet., but only to MCI/MI 200 ppm [0.02%] aq., which they
also related to leather foot wear. Concha-Garzón et al. (18) reported a
patient with foot dermatitis related to the wearing of shoes (type not
specified), in whom positive patch test reaction were found to, among
other things, shoe material, and to OIT and MCI/MI. In 2010, Fukunaga
et al. (19) described a patient, who was sensitized to OIT present in a
three-layered mattress, suggesting the penetration of OIT from the inner layer of the mattress, through a middle layer, to the outer textile
layer which was in contact with the patient’s skin. This case is reminiscent of another patient with widespread dermatitis owing to the presence of MCI/MI in a preservative fluid added to the reservoir of a water
bed mattress (20). Besides spilling of the fluid, with contamination of
the mattress surface, penetration of MCI/MI through the mattress material might also have occurred in this particular case, taking into account the penetration capacity that has been highlighted for MCI and
MI (21-23).
It is of note that a whole market with specifically designed “sanitized”
(isothiazolinone-treated) consumer products now exists (e.g. www.sanitized.com, last accessed 20 June 2016), particularly targeting textiles
such as sportswear, working clothes, socks and underwear, potentially
exposing consumers not only to OIT, but also to BIT and butyl-BIT.
In the present case series, we draw attention to OIT as a non-occupational contact allergen, owing to its specific presence in leather items,
particularly in leather shoes, belts, watch straps, and even sofas. Our
data seem to suggest that, in some cases, OIT is even the only detectable contact allergen that is potentially relevant for leather-associated
dermatitis (e.g. patients 3 and 4; Table 6.1). Although the majority of our
patients presented with a classic picture of eczema, 2 of them (patients
1 and 4) presented with a lichenoid dermatitis. Moreover, as described
for patient 2, seemingly inconspicuous skin lesions, accompanied by a
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chief complaint of intensive itch, notably at sites of skin contact with a
leather sofa, may already be indicative of contact allergy to OIT.
Patch testing with pieces of leather items “as is” may give false-negative results (patients 3-6), whereas the case of patient 1 clearly shows
that eth. ultrasonic bath extracts (which, by the use of HPLC-UV, were
indeed found to contain OIT) are much more sensitive, as was previously shown for rubber chemicals in the original publication by Bruze
et al. (6).
All subjects except for patients 5 and 6 had negative patch test results
with chromium, which is still the most well-known leather contact allergen. In these 2 patients, the possibility cannot be fully excluded that
the patch tested “hypo-allergenic” (proclaimed chromium-free) leather
extracts might still have contained low amounts of chromium salts (24).
Furthermore, in patient 6, cobalt might also have contributed to the patient’s dermatitis (25). It is, however, as likely that OIT is the responsible
allergen, because chemical analysis with HPLC-UV of several samples
of “hypo-allergenic” leathers collected at the KU Leuven Department,
showed relatively high levels of OIT (range 30-249 ppm). Some of these
“hypo-allergenic” leather samples were indeed able to provoke positive
skin reactions, not only in patients 5 and 6, but also in patient 4, who
reacted to OIT, but not to chromium and cobalt. Furthermore, chemical analyses of several other, commercially available leather articles by
NatuRA confirmed a wide range of use concentrations of this biocide
(4-395 ppm; data on file, 7-8). Although, during the latter investigation,
not all leather samples contained OIT, none of them contained MCI or
DCOIT, and they only rarely contained BIT, it is of note that serial analyses of the same leather article sometimes revealed variable OIT- and,
to a lesser extent, BIT- levels, indicating that these biocides might not
always be uniformly (homogeneously) present within one and the same
leather item (data on file; 7-8); although variable results may also relate to the analytical method. This might offer an explanation for why,
although patient 2 reacted to eth. extracts of three types of leather
shoes, the HPLC-UV analysis of only one of his shoes confirmed the
presence of OIT. The sometimes relatively high use concentrations of
OIT in leather might potentially sensitize patients, as was the case in
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our first 2 patients (i.e. OIT 171 ppm in the belt from patient 1, and
281 ppm in one type of leather shoe from patient 2). One might argue
that lower concentrations of OIT, by occlusion, friction, sweating and/or
prolonged skin contact, or when pre-existing dermatitis is present (12),
may well be able to do so.
For the patch test results of the first 2 cases, it is interesting to discuss some observations with regard to the patch test methodology:
(i) The test concentration used for MCI/MI, the separate testing of MCI,
and the determination of relevance for positive patch test reactions to
MCI/MI and MI
Patient 1 (Table 6.1) shows a negative result with MCI/MI 100 ppm
[0.01%] aq., but positive reactions to MCI/MI 200 ppm [0.02%] aq.,
containing 150 ppm of MCI, and to MCI 150 ppm [0.015%] aq. separately, in line with the notion that the test concentration of 200 ppm for
the mixture should be preferred over 100 ppm (26), or that it is worthwhile testing with MCI separately, in order not to miss sensitization to
the chlorinated derivative. Moreover, patient 2 shows that equal patch
test sensitivity (++) to MCI/MI 200 ppm [0.02%] aq. and to both MI
500 ppm [0.05%] aq. and 2000 ppm [0.2%] aq. does not imply that the
patient is indeed sensitized to MCI, as separate testing with MCI 150
ppm [0.015%] aq. showed no sensitization to the chlorinated derivative. As recently suggested by Debeuckelaere et al. (27), sensitization to
MI might not necessarily imply a cross-reaction to MCI, at least in an invitro model. Consequently, in-vivo, some patients might be exclusively
sensitized to MCI, but not to MI (data on file).
(ii) The test concentrations and vehicles used for OIT
Patient 2 (Table 6.1) shows that OIT 250 ppm [0.025%] pet., which
was once advocated by some as the optimal, non-irritating and nonsensitizing patch test concentration (28), might actually be too low a
test concentration. When comparing OIT with MI, the latter having
its optimal patch test concentration at 2000 ppm [0.2%] aq. (29), one
might also favour higher patch test concentrations for OIT. Furthermore, the aforementioned levels of OIT in leather may sometimes even
exceed the concentration present in the commercialized patch test con-
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taining 250 ppm [0.025%] (data on file; 7-8). Besides this lower patch
test concentration, a 1000 ppm [0.1%] pet. patch test concentration
is also available from Chemotechnique, usually as part of a shoe series; in our experience, this only rarely causes skin irritation. As a consequence, for epidemiological surveillance, and in order not to miss
contact sensitization to OIT, all members of the Belgian Contact and
Environmental Dermatitis Group are now routinely using OIT at 1000
ppm pet. Moreover, in both Antwerp and Leuven, the lipophilic OIT is
additionally sometimes tested at 1000 [0.1%] and/or 2000 ppm [0.2%]
eth., as being done by other research groups (30). The alcoholic dilutions offer the potential advantage of more precise dosing of the allergen, making more accurate comparisons between different patch test
clinics possible in the future. It is of note that Foussereau et al (4) have
previously used much higher test concentrations of OIT (e.g. 1%), and,
in a review by Aalto-Korte et al. (31), in which OIT was patch tested at
1000 ppm [0.1%] pet. in 782 patients, they encountered only 1 patient
who was actively sensitized to it.
(iii) The potential cross-reactivity between isothiazolinones, in particular MI
and OIT
From our previously published retrospective study on contact allergy
caused by MI in Belgium (32) it became clear that some OIT-sensitized
patients appeared to be primarily sensitized to MI through the use of
cosmetics, whereas no relevant OIT-containing source could be identified, raising the hypothesis of the existence of (at least partial) crossreactivity between MI and OIT. This was further supported by single
case reports (33). Recently, a similar case was reported concerning
an MI-sensitized 18-month-old boy with recalcitrant facial and genital
Contact Dermatitis caused by MI-containing wet wipes, who (at his very
young age) already showed otherwise unexplained sensitization to OIT
tested at 1000 ppm [0.1%] pet. (34). Although concomitant sensitization cannot be fully excluded, the sole avoidance of MI seemed to have
led to complete resolution of his skin lesions, as we also observed in the
majority of previously reported cases (32-33). It is of note that, since
use of the higher test concentration of OIT 1000 ppm [0.1%] pet. in Antwerp from January 2014, the data seem to suggest a relative increase
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in the frequency of OIT sensitization (data on file), possibly related to
the steep rise in MI sensitization. Although the latter observation also
seems to favour potential cross-reactivity between MI and OIT, this
should be confirmed in larger patient series.
The consideration of higher patch test concentrations for OIT being necessary to show OIT sensitization is also important when potential cross-reactivity between isothiazolinones, in particular between
MI and OIT, is discussed. Some authors have routinely used the lowest commercially available patch test concentration of OIT (250 ppm
or 0.025% pet.) (35), which entails a certain risk of underestimation of
primary OIT sensitization and/or cross-reactivity to OIT in patients who
are primarily sensitized to MI. Indeed, as shown in patient 2, relevant
contact allergy to OIT would have been missed if only OIT 250 ppm
[0.025%] pet. had been tested. Moreover, as shown in patients 1 and 2,
primary OIT sensitization from leather may go hand in hand with positive patch test reactions to MI without clinical relevance for the latter
contact allergen, that is, these patients have contact with MCI/MI- and/
or MI-containing cosmetics without apparently developing skin lesions,
indicating contact allergy, but not Contact Dermatitis. The difference
in patch test intensities observed in patient 1 (OIT > MI) further supports the hypothesis that OIT is indeed the primary sensitizer in this
particular case.
If we look more closely at patient 4 (Table 6.1): airborne sensitization to OIT from contact with wall paint in the past cannot be excluded
from the history, although MI rather than OIT is present in paints (14,
36), and, for the former, primary airborne sensitization from paints has
been described (37). Because, in this particular case, only MCI/MI 100
ppm [0.01%] aq. was tested, potentially leading to a false-negative result concerning MI-sensitization, primary sensitization to MI cannot be
fully excluded. This is also illustrated when we consider patient 5 (Table 6.1): MCI/MI 100 ppm [0.01%] aq. gave a negative result, whereas
the result with MI 500 ppm [0.05%] aq. was positive and relevant (wet
wipes), which might have led to a clinically relevant cross-reaction to
OIT. The same applies to patient 6 (Table 6.1) in whom sensitization
to MI from wet wipes occurred. Apart from concomitant sensitization,
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which seems very likely, given the widespread exposure to MI, clinically
relevant (or irrelevant) cross-reactions to OIT in MI-sensitized patients
might also theoretically occur, and may thus represent alternative explanations for patients 4-6.
It is quite striking to see that OIT is a frequent occupational contact
allergen for painters (2), as, apparently the use of this particular biocide, at least as compared to MI and BIT (14,36), seems to be rather
limited. Hypothetically, when we take into account the potential existence of cross-reactivity between MI and OIT, primary sensitization to
MI from paints might also explain subsequent, clinically relevant crossreactivity to OIT in some of these cases. Indeed, in the study by Mose
et al. (2), all patients were patch tested with MCI/MI 100 ppm [0.01%]
aq., but not with MI separately, leading to a potential underestimating
of primary MI-sensitization (29,32). Moreover, MI 2000 ppm [0.2%] aq.
should be preferred to 500 ppm [0.05%] aq., because the lower concentration may still fail to show clinically relevant MI-sensitization (32, 38).
This is, with regard to the cross-reactivity issue, also shown in patient 1
(Table 6.1), who was primarily sensitized to OIT, and reacted to MI 500
ppm [0.05%] aq. only with a doubtful reaction (+?), but reacted clearly
(+) to MI 2000 [0.2%] ppm aq. (Figure 6.1c). Conversely, when sensitization to MI is encountered in a patient, whether clinically relevant
or not, without a simultaneous reaction to OIT 250 ppm [0.025%] pet.
(Table 6.1; patient 2), it seems imperative to patch test with higher concentrations of OIT, not only to confirm sensitization, but also to show
potential cross-reactivity.
Finally, we should stress that isothiazolinones such as MI might also
be present in maintenance products (e.g. detergents and balms) used
to treat leather items [e.g. a leather sofa, (39)], potentially exposing
patients to the possibility of developing Contact Dermatitis. Patients
1 and 2 did not recall having cleaned their belt, shoes or sofa with any
particular cleaning products, although a few of their leather samples
potentially contained trace amounts of MI. Avoidance of the OIT-containing leather items alone led to full clearance of the dermatitis in patients 1 and 2, but both were reluctant to use MI- or MCI/MI-containing
products in the future.
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6.5. Conclusion
In the current study, we found evidence that OIT may be present in
leather goods in high amounts that are capable of inducing primary,
non-occupational sensitization in consumers. Moreover, a patch test
concentration of > 250 ppm [0.025%] should be used in order not to
miss sensitization to this fungicide, and also to reliably investigate potential cross-reactivity with other isothiazolinones such as MI. Finally,
safer use concentrations in the textile and leather industry should be
considered.
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I

n this Chapter we emphasize the new and important aspects of the studies conducted, and we discuss our observations in the light of other relevant and related publications.

7.1. Epidemiology of MCI/MI- and MI-sensitization in Belgium
and beyond
7.1.1. Dramatic sensitization rates to MI have been reported worldwide
In recent years the prevalence of sensitization to cosmetic contact allergens, and to preservatives in particular, has increased substantially. In
2013 we observed a dramatic and highly relevant sensitization to MI of
7.2% in patch-tested patients in Belgium, occurring at an unprecedentedly fast rate (1)(Chapter 4). This figure even further increased up to
>9% in the years thereafter (2), confirming equally high, and even higher
sensitization rates in other European countries: France (5.6% in 2012)(3),
Germany (6.0% in 2012)(4), Sweden (6.5% in 2012)(5), Denmark (6.5% in
2013)(6), United Kingdom (5.7% in 2012, rising up to 11.1% in 2013)(7,8),
Portugal (10.9% in 2013)(9), Hungary (MCI/MI-sensitization up to 8.0%)
(10), and, finally, Finland holding the record with 13.2% of patch-tested
patients sensitized to MI in 2013 (11). Also, in the United States, where
fewer cohort studies have been performed, an increase of MI-sensitization up to 6.8% in 2014 was observed (12), shortly following the election
of MI as “Allergen of the Year” in 2013 by the American Contact Dermatitis Society (ACDS)(13). The equal, but less pronounced, increase in MCI/
MI-sensitization in all of these studies cannot be explained by a change
in exposure, but is due to MI, present in cosmetics in concentrations very
near to 100 ppm (0.01%)(4, 14).
As discussed in Chapter 4, many of these studies probably even have
underestimated the true sensitization rate to MI, aswell as to MCI/MI, as
the highest patch test concentrations commercially available for MI and
MCI/MI had not always been applied (see below: 7.4 Optimal patch test
concentrations for MCI/MI, MI, OIT, and BIT). Moreover, as many centres
performed patch test readings at D2 and D4, but not always at D7, a fur101
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ther underestimation may have occurred, since an additional reading at
D7, as indicated by Higgins et al. (15), detects even more positive patch
test reactions. This is in accordance with a previous report from Jonker
et al. concerning late patch test reactions, also to MCI/MI (16), and is in
line with the recent recommendations from the ESCD, promoting late
readings at D7 (17).
A prevalence of contact allergy to an allergen of 6% in patients patchtested routinely in centers specialized in investigating contact allergy,
roughly corresponds to a prevalence of >1% in the general population,
indicating the occurrence of a real “epidemic”, even “pandemic”(2,18).
Moreover, one should keep in mind that, besides those patients who
were patch tested, also a large group of ‘undiagnosed’ cases among
the general public still exists. Notwithstanding the extreme sensitization rates, the European legislator has, unfortunately, excelled in slowliness when it came to taking necessary (timely) measures to combat the
epidemic (19)(see below: 7.7 Recent developments and legislation: has
there been any change ?).

7.1.2. MI sensitization targets older, adult females,
but also men, and even very young children
Apart from the inherent sensitization capacity of isothiazolinone
derivatives, and of MI in particular, also the degree of exposure and
individual patient characteristics are important factors contributing to
the risk of developing contact allergy and subsequent allergic contact
dermatitis. Although mostly middle-aged females sensitized to MI by
the use of cosmetics have been reported, also male patients are concerned, and, depending on the culprit MI-containing cosmetic (e.g.
shaving products), subanalyses sometimes showed equally important
sensitization rates in men and women (20). Although exposure to specific MI-containing product types, such as anti-aging cosmetics that are
often used by females > 40 years old, was highlighted in Chapter 4,
MI is an ubiquitous contact allergen present in a variety of cosmetic
(and other) products, and not in one particular product type (21). Also
very young children haven been frequently sensitized, often by the use
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of MI-containing wet wipes for genital and/or peri-oral use. In fact, to
the best of our knowledge, the first case was reported by our group
(Chapter 2)(22), which was shortly followed by similar reports (3, 2324). Since then, alarming sensitization rates have been reported in the
whole pediatric population (25), sometimes related to the use of specific rinse-off products (26). As for adults, also in very young children
atypical clinical presentations, such as rare forms of vesicular hand dermatitis, have been descibed (27).(see below : 7.3 Clinical presentation
of allergic contact dermatitis caused by MCI/MI and/or MI).

7.1.3. Sensitization : from the occupation to the consumer,
and vice versa?
Occupational sensitization may result from chemical burns in workers exposed to irritant concentrations of isothiazolinone derivatives
(28). Since the introduction of MI in 2000 as a preservative in chemical
(industrial) products, the first reports describing occupational sensitization appeared in the literature (29). As highlighted by Lundov et al.
(14), this pattern signified an important warning sign: MI as a new and
rapidly rising occupational contact allergen should have alerted regulators much sooner that it was not as safe as it was considered to be (30).
Nevertheless, MI was further allowed in cosmetics in 2005, initially being incorporated mainly in rinse-off cosmetics, but later on also increasingly in leave-on toiletries. The first cases of consumers sensitized by MI
through the use of cosmetics were documented by García-Gavín et al.
(31), and, by now, cosmetics have been pointed out as the main allergen
sources of the epidemic (see below : 7.2 Allergen sources containing
MCI/MI and/or MI). Although approximately one third of MI-sensitized
cases have been considered as occupational (32), our epidemiological
study (Chapter 4) reported only few such cases. Some possible explanations for this observation are:
(i) The retrospective and multicentric design of the study, with most centres not specifically investigating occupational allergic contact dermatitis, might have underestimated their occurrence.
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(ii) A strong focus on cosmetics, as in most other studies at the beginning
of the MI-epidemic, might have led to a relative under-recognition of
the actual occupational origin of some cases. It is interesting to note
that our epidemiological data showed that, even in those few cases
considered to be occupational, the culprit allergen sources were still
often MCI/MI-containing or MI-containing cosmetics (e.g. handsoap at
work, as opposed to chemical/industrial products), an observation also
made by others (e.g. 3, 33).
(iii) Moreover, specific problems related to occupational sensitization from
isothiazolinone derivatives include: confusing brand names and synonyms for dermatologists, mislabelling of chemical products (as also occurs for cosmetics and detergents – see below), and often incorrect and
incomplete MSDS, which renders determination of relevance difficult.
A rapid spot test for qualitative isothiazolinone detection in occupationally contacted products, and in cosmetics, would be desirable(see
below : Chapter 8: Future perspectives).
By now, many research groups have shifted their focus (again) towards occupational cases (34), i.e. workers exposed to chemical products not yet (sufficiently) covered by any recommendation, let alone by
any EU regulation. Safer and maximum allowed use concentrations in
many chemical products, correct labelling of these products, and complete and adequate MSDS are indeed important issues which should be
addressed in the near future. The recent recognition of MI as a class IA
sensitizer (H317) is a hopeful sign in this regard. Non-cosmetic allergen
sources, also important for consumers at home and/or at the workplace, are detergents and water-based paints, highlighted in Chapter 4.
Many cases of occupational allergic contact dermatitis from isothiazolinone derivatives are caused by MCI/MI and MI, and only to a lesser
extent by BIT and OIT, that are not allowed in cosmetics; the latter are
considered to be weaker sensitizers for which the sensitization rates
have remained rather stable in the past 10 years (35).
Moreover, as Urwin et al. and Friis et al. have stated in their reports
(36, 37), the increasing use of isothiazolinones, and specifically of MI,
in various chemical (industrial) products, together with more efficient
patch test conditions for MI (i.e. higher patch test concentrations,

104

General discussion

primarily derived from studies focusing on cosmetic contact allergy),
might offer possible explanations as to why occupational cases are now
increasingly being diagnosed.
Although occupational dermatitis caused by isothiazolinone derivatives has not been the primary focus of this thesis project, we provided
a review on this topic, including a summary of recent studies, on behalf of the French GERDA group (38). Briefly, the generally reported
« high-risk » occupations are fairly comparable to the ones described
in Chapter 4, including painters, beauticians, hair dressers, labourers
in various occupations (e.g. exposed to metalworking fluids), cleaning
personnel, and health care providers (e.g. nurses). Usually, occupations exposed to liquid (watery) fluids, in the broad sense, that require
preservatives such as isothiazolinone derivatives in order to prevent
microbial contamination, are concerned. Besides chemical (industrial)
products, such as biocides of various types, also work-related cosmetics are often involved. Apart from clear-cut occupational exposures,
some publications have recently highlighted more subtle exposures to
isothiazolinone derivatives e.g. office workers exposed to detergents,
water-based wall paints or carpet glues at their work place (39).

7.2. Allergen sources containing MCI/MI and/or MI
7.2.1. From rinse-off to leave-on cosmetics, and back
In 2010 Lundov et al. had already documented the strong presence
of MI in rinse-off cosmetics, in particular (14), and its increased use
in leave-on cosmetics being nowadays considered as the main driving
force of the MI-epidemic. Specifically reported leave-on products comprised, among others, wet wipes and deodorants (both facilitating contact sensitization due to the occlusive effect of the body location where
they are usually applied), sunscreens, hair care products, and several
facial cosmetics (Chapter 4; and see above: 7.1.2 MI sensitization targets older, adult females, but also men, and even very young children).
Warburton et al. recently reported a gradual shift in the presence of
MI from leave-on to rinse-off cosmetics (40) as a result of the recom-
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mendations of both the EU and of Cosmetics Europe. The latter type of
cosmetics, due to their much shorter skin contact time, have, together
with household detergents, been regarded as important sources of
elicitation but not induction of sensitization. MI-and MCI/MI-containing rinse-off cosmetics and detergents have recently indeed been pinpointed as important allergen sources maintaining ongoing dermatitis
in already MI-sensitized patients (20). Yazar et al. have demonstrated
that rinse-off cosmetics, such as liquid hand soaps containing ≥ 50
ppm MI, are not safe with regard to the elicitation of allergic contact
dermatitis in previously MI-sensitized individuals; on the other hand:
none of their 19 controls were sensitized when performing (modified)
ROATs1 during 21 days with liquid soaps containing 50 or 100 ppm of MI
(41). However, as a word of caution, it should also be mentioned that
specific rinse-off products, especially when used repetitively by certain
occupations, such as shampoos by hairdressers, might still be able to
induce sensitization (4). A pre-existent irritant contact dermatitis, as
often present in many occupational settings, may facilitate subsequent
sensitization even more. Moreover, the data from rinse-off cosmetics also reflect the potential danger associated with other, repetitively
used products that have a short skin contact, such as detergents, hence
their role in eliciting and thus maintaining dermatitis in MI-sensitized
patients (see below) (42).

7.2.2. MCI/MI and MI in cosmetics:
which use concentration is safe (if any)?
No safe use concentration of MCI/MI or MI in cosmetics could be
determined for leave-on cosmetics (43)(see below: 7.7 Recent developments and legislation: has there been any change?). For the rinseoff types, it has been reported that MCI/MI at a maximum of 15 ppm
is relatively safe as to induction in non-sensitized individuals, but also
with regard to the risk of elicitation of dermatitis in previously MCI/MI1

106

A repeated open application test (ROAT) is an alternative method to test for contact allergy. It
is performed by applying a test substance (often a cosmetic product) twice daily on the flexural
aspect of the forearm near the cubital fossa, and this during 2 weeks (up to 4 weeks), or until a
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sensitized subjects (44). However, cases of MCI/MI < 15 ppm in rinseoff cosmetics as a cause of elicitation of allergic contact dermatitis have
occasionally been published (45). Likewise, for MI, lowering of the allowed concentration in rinse-off products is necessary, and, similar to
MCI/MI, a maximum of 15 ppm has been proposed by the SCCS (43).
Although the risk of induction of MI-sensitization may then be low (41),
the risk of elicitation in already sensitized individuals has never been investigated with such low concentrations, except in a few cases studying
eliciting concentrations of MI < 15 ppm (e.g. 10 ppm) both in (leave-on)
cosmetics (31), as well as non-cosmetics (46).

7.2.3. Unusual cosmetic products as the cause of
allergic contact dermatitis
We recently reviewed the wide variety of unusual MCI/MI-containing or MI-containing cosmetic products as the causal sensitizers (47);
for example: solid, extra greasy soap cubes may contain MCI/MI (personal communication Dr. A. Pons-Guiraud, REVIDAL, Paris, 10 January
2014), and MI may also be present in liquid make-up such as mascara
and eyelid pencils, usually brought in by patients without the packaging that contains the (legally obliged) ingredient information. Some authors suggested that sun-protecting creams containing MI are low-risk
products (48), while others reported the opposite (49); even potential
photo-aggravation by MCI/MI and MI should be kept in mind (1,50).
Although some cosmetic companies started labelling their products as
“methylisothiazolinone-free” (e.g. Ombra® sunscreen, Emil Kiessling,
Georgensgmünd, Germany), another manufacturer, from the US, decided to incorporate MI in a mouth water (Colgate Total® Lasting WhiteTM,
Colgate-Palmolive, New York, USA), with at least one female consumer
suffering from throat swelling, resembling food allergy, following its use
(51).
Hair-care products are a specific and often reported culprit group
as well. We previously reported, for the first time and following our
observations detailed in Chapter 4, hair gel as the specific cause of
not only scalp dermatitis (mimicking folliculitis decalvans), but also of
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lymphomatoid facial dermatitis in a male patient (52)(see below: 7.3.1
A wide variety of unusual clinical and histological presentations). Recently, Badaoui et al. confirmed our findings and reported hair gel as
an often (by patients and dermatologists!) neglected MI-containing
cosmetic, potentially causing facial and scalp dermatitis, especially in
men (53). Also cosmetics for pets (e.g. dog shampoo) that do not have
to adhere to the EU Cosmetics Regulation, may contain isothiazolinone
derivatives. A similar observation has been made for the preservative
methyldibromo glutaronitrile (personal communication M. Isaksson,
ESCD Malmö, 13-16 June 2012), which has been banned from cosmetics since 2007 because no safe use concentrations could be determined.
Despite the well-known sensitizing potential of MI, cosmetics and
other product-types used within the medical sector, also still often contain this preservative. For example, in the University Hospitals of Antwerp and Leuven, as well as in the Cliniques Universitaires St. Luc in
Brussels (personal communication Prof. D. Tennstedt, REVIDAL, Paris,
28 June 2013) wet wipes, bath creams, liquid soaps or MRSA-decontamination bonnets, all used in the daily skin care of patients, have
been reported as allergen sources, causing dermatitis in both patients
and caregivers (e.g. nurses). It may be debated whether such products
should still be considered cosmetics or rather medical devices, given
the fact that their main objective is antisepsis of the skin. Methylisothiazolinone-containing medical devices (e.g. ultrasound gel) are not
covered by the Cosmetics Regulation either, may be mislabeled, or may
have incorrect MSDS-sheets; they thus constitute a specific and troublesome group of products. Interestingly, using gloves only seems to
provide partial (if any) protection (see below).

7.2.4. Over-preservation of cosmetics and illegally used
isothiazolinone derivatives
As indicated by Lundov et al., a great variation exists in preservative
concentrations among different cosmetic products (54), without clear
reason. The same author reported that MI was often present in cosmetics near the 100 ppm maximum concentration (14). Some (leave-
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on) cosmetics may even be over-preserved with MI (Chapter 5), that is,
with MI > 100 ppm, an observation occasionally made by others as well
(55, 56). Recently this was confirmed to be occurring also outside of the
EU, with some products even containing extreme MI-concentrations
(e.g. foot creams preserved with > 3000 ppm MI !)(57).
Although our results described in Chapter 5 are potentially not representative for the whole cosmetic market (small sample size of products, often belonging to the same brands as delivered by MI-allergic patients), Garcia-Hidalgo et al. recently reported that, also in Switzerland,
over-preservation occasionally occurs, albeit in a minority of (again
mainly leave-on) cosmetic products (58). Recently, some authors have
drawn attention to other, specific consumer products containing > 100
ppm of MI (59). High use concentrations may also explain why some
patients presented with very strong patch-test reactions to their own
cosmetics, and to higher test concentrations of MI (500 or 2000 ppm,
aq.), but who showed much weaker reactions to MCI/MI 100 or 200
ppm aq., containing only 25 and 50 ppm MI, respectively.
The actual reason for over-preservation remains elusive: besides the
deliberate addition of too much MI, also the simultaneous use of MCI/
MI and MI in a given cosmetic product (which is officially forbidden in
cosmetics by EU law but occurs in the paint industry), or the hitherto
unclarified potential MI-preservation of individual cosmetic ingredients, may all offer explanations. The use of delibaretly high concentrations of MI in some (cosmetic) products has also been suggested by
other researchers (59).
Interestingly, in some of the analysed cosmetic samples (Chapter 5),
sometimes an apparent MCI/MI ratio of 2:1 was present, instead of the
3:1 ratio, which has also been observed by others (60). Such altered
ratio of MCI and MI is possible if MI is addionally present (e.g. in the
formulation of another individual cosmetic ingredient or mixture), or
if MI is deliberately used together with MCI/MI. According to Wittenberg et al., another potential explanation for a variability in the ratio of
MCI/MI might be the occurrence of a chemical reaction between MCI
and other ingredients present in a given cosmetic formulation (60). In
our epidemiological study (Chapter 4), only one case was encountered
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in which BIT was shown to be illegally present in a cosmetic product
i.e. an occupationally used hand soap (61). No other cosmetic products illegally containing BIT or OIT, as reported by others (56), could
be identified (Chapter 4 and 5). One should, however, bear in mind
that cosmetics bought in the US and Canada may legally contain BIT
(47). It is important to realize that BIT or OIT should never be proposed
as cosmetic preservatives in the future, as these chemicals may show
cross-reactivity to MI, as recently shown in an animal model (62) (see
below: 7.5 simultaneous reactions to different isothiazolinone derivatives: concomitant sensitization or immunological cross-reactivity?).

7.2.5. Water-based paints as a specific occupational
and consumer health hazard
Water-based paints are responsible for long-lasting (airborne) allergic contact dermatitis and/or systemic dermatitis by inhalation (63).
We have reported several of such cases separately, also to raise awareness on this particular health hazard (22, 64). Recently, Herry et al. confirmed our initial (pediatric) case (Chapter 2) in which inhalation of MI
from paints resulted in systemic dermatitis mimicking atopic dermatitis, that is, affecting the main body folds (65). Moreover, these authors
also showed that, with regard to respiratory complaints, prick tests
with MI, which we also used when investigating patients with urticarial
skin eruptions, always remain negative (47). Besides professional painters, also consumers painting (parts of) their house, or exposed to paints
at the workplace or in public spaces, are at risk. A case of such airborne
allergic contact dermatitis by proxy was published separately (64).
A study by Lundov et al. showed that the airborne presence of MI
peaks within hours of application of paint and subsequently shows a
slower evaporation rate for more than 42 days (66). In a recent, large
clinical series, comprising 44 patients from France and Belgium, we
were able to demonstrate that subjects, sensitized to MCI/MI and/
or MI, may be affected by airborne allergic contact dermatitis from
paints, not allowing them to (re-)enter a freshly painted room for approximately 5 to 6 weeks (67). These clinidal data confirm the previous
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experimental data from Lundov et al. Individual patient characterstics
may also be important: for example, patients who are very strongly
sensitized to MI, down to very minute concentrations such as 10 ppm,
may potentially show allergic skin reactions during a much longer time.
Many patients reacting to water-based paints appear to have been previously sensitized to MI through the use of cosmetics, although primary
airborne sensitization has been suggested to occur as well (68), which
could not always be excluded in the aforementioned clinical series (67).
Water-based paints often contain different isothiazolinone derivatives,
usually MI together with BIT (69), highly similar to what has recently
been reported for household detergents (20, 58). It is interesting to
note that MI and BIT may be present in relatively high concentrations
in paints (>300 ppm)(14, 69), the higher BIT-concentrations mainly being reported in Scandinavian countries (69), whereas MCI/MI and OIT,
although both being reported as important occupational allergens for
painters, seem to be less often used. In our second study (Chapter 5),
a small sample of water-based paints available on the Belgian market
often contained, besides MI, also BIT, albeit in much lower concentrations (range : 23-41 ppm).
With regard to the presence of BIT (37,69) and OIT (70) in paints, two
observations are worth highlighting :
(i) not one single case of sensitization to BIT (considered to be a rare contact allergen) from paints in Belgium or in France has been published to
date: a retrospective review of cases from the KU Leuven and Antwerp
departments only revealed 16 sensitized subjects, none of whom were
painters (47). One possible explanation might be the test concentration of BIT, i.e. 0.05% or 500 ppm pet., which might have been too low,
especially when considering the relatively low sensitization potential of
BIT as compared to MCI, MI and OIT. Another explanation might be related to exposure conditions: both Friis et al. and Schwensen et al. have
reported on the frequent use of high BIT-concentrations in paints available on the Scandinavian market (37,69), in contrast to other European
countries, such as France and Belgium (Chapter 5).
(ii) likewise, not one single case of OIT-sensitization in Belgium or France
related to the use of paints has been published. Moreover, as men-
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tioned in Chapter 5, both the industry (personal communication by
Mrs. Linda Lea, ESCD conference, Manchester, 15 September 2016),
market surveys (37) and chemical analyses studies (69) showed that MI
and BIT, but not OIT, are highly represented in paints; a similar distribution of the use of isothiazolinone derivatives seems to occur in detergents (58). Together with the knowledge that cross-reactivity between
isothiazolinone derivatives can sometimes only be demonstrated when
high enough test concentrations (i.e. for MI, but also for OIT) are applied (62), this observation raises questions as to whether the acceptance of OIT as an important paint-related contact allergen really relies
on exposure to this derivative, which seems to be limited, or whether
OIT-sensitivity mainly reflects cross-reactivity to MI, in painters primarily sensitized to MI. Primary MI-sensitization has potentially been overlooked in some studies (e.g. 70) if only MCI/MI and/or too low patch
test concentrations of MI, were used. A similar observation could be
established by us in another group of patients, notably in consumers
exposed and sensitized to OIT present in leather goods, often showing
cross-reactivity to MI (71)Chapter 6).
The simultaneous use of titaniumdioxide-based nanoparticles (nanoTiO2) and isothiazolinone derivatives in water-based paints, as for example in sunprotecting creams, deserves further attention (see below :
Chapter 8 : Future perspectives). Hitherto the effect of their presence
on the induction c.q. elicitation capacity of MI is uncertain. Meanwhile
we have been able to show that nano-TiO2 actually may increase the
elicitation potential of MI in previously MI-sensitized individuals (data
on file; 38).
On the positive side, some paint manufacturers (similar to some cosmetic manufacturers, see above) have spontaneously started to label
their products with “contains methylisothiazolinone, may cause an allergic reaction”, whereas others have restricted the use of MCI/MI to a
maximum of 15 ppm (47). Some manufacturers are even using a lower
threshhold of 1 ppm (e.g. AkzoNobel®, personal communication by Mrs.
Linda Lea, ESCD conference, Manchester, 15 September 2016). A complete ban on MI (and related isothiazolinones) in paints does seem to
be a hard nut to crack for the paint industry.
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With regard to (mostly) self-employed painters in Belgium, affected
by occupational allergic contact dermatitis from MI-containing paints,
an additional practical problem is the absence of (financial) coverage
by the Fonds voor de Beroepsziekten (Fund for Occupational Disease),
now called FEDRIS. Besides the chronic use of immusuppressive medication, such as methotrexate or azathioprine, or a revision of the existing legal framework, this gap also highlights the need to search for
alternative therapeutic strategies, as recently reported (e.g. 72; see below: Chapter 8: Future perspectives).

7.2.6. Household detergents and cleaning products:
a too long neglected allergen source ?
In our first study (Chapter 4) we have stressed that, besides cosmetics and paints, also household detergents, including cleaning wet wipes,
are important allergen sources of MI. Moreover, we have shown that
they often contain several isothiazolinone derivatives simultaneously,
mainly MI and BIT (similar to paints) in relatively high use concentrations (Chapter 5). Although we investigated only a small group of detergents, our findings on types and use concentrations of isothiazolinone
derivatives in these specific products are in line with the recent report
by Garcia-Hidalgo et al. (58). Moreover, these authors confirmed that
MCI/MI and OIT may be used less frequently in detergents on the Swiss
market, similar to paints (69), which is reminiscent of what Friis et al.
reported in Denmark (37).
Detergents may cause hand dermatitis, but also, and again similar to
paints, airborne allergic contact dermatitis. Furthermore, we have separately reported on the erroneous use of a detergent, containing a high
concentration of MI (135 ppm), to clean a dental prosthesis as the most
likely cause of a flare-up of a longstanding, but quiescent oral lichen
planus (73). The film-forming capacities of the detergent, inadequate
rinsing, and the porosity of the (acrylate) prosthesis may all have led to
the accumulation of MI inside the prosthesis, causing sensitization, and
subsequent koebnerisation, leading to a flare-up of the lichen planus.
This case also demonstrates the potential of MI to act as a mucosal sen-
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sitizer (see below), as also described in cases of genital dermatitis, due
to wet wipes, medical or sexual lubricants (1), and as reported in a case
of stomatitis following the use of an MI-containing mouth wash (47,
51). We have also reported the first case of airborne allergic contact
dermatitis caused by an MI-containing detergent, which led to a lympomatoid contact dermatitis, even with additional photo-aggravation
(74). Furthermore, allergic contact dermatitis by proxy, from isothiazolinone-containing detergents, again similar to paints, has been observed (data on file; 38, 75).
Similar to rinse-off cosmetics, repetitive skin contact with household
detergents may elicit, but also induce (occupational) hand dermatitis,
for example in cleaning personnel, cooks and workers in food catering,
cafés, or restaurants (47).
With regard to textile washing liquids, the induction of sensitization,
due to residual amounts of isothiazolinone derivatives in washed clothing, is considered highly unlikely, and with regard to the possibility of
elicitation of allergic contact dermatitis in previously (highly) sensitized
individuals, no convincing data have been reported so far (47).
Although BIT-sensitization appears to be rare in Belgium (see above),
some cases of occupational BIT-sensitization from detergents have
been reported (38, 47). In this regard, and as proposed by Schwensen
et al. (35), BIT should be patch-tested in cleaning personnel, although,
as opposed to MI, its optimal patch test concentration still remains to
be established (see below).

7.2.7. A surprising increase in unusual allergen sources
containing MCI/MI or MI
Besides the ubiquitous presence of isothiazolinone derivatives in
both cosmetics and industrial products, summarized in (47), numerous
other, sometimes surprising allergen sources containing MCI/MI or MI
have very recently been reported:
(i) medical devices such as ultrasound gels, wound dressings and vacuum
assisted closure (VAC) sponges (76),
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(ii) cosmetically used (even proclaimed “100% natural”) body sponges
(45,59)
(iii) solid materials, such as spectacle frames (77).
(iv) adhesive labels (78)
(v) ironing waters (79)
(vi) gel pads, used during the procedure of eyelash extensions (80)
Isothiazolinone derivatives were often found in these (cosmetic)
products in alarmingly high concentrations, and were occasionally mislabelled as well, both in line with our observations described in Chapter
5 (see below: 7.2.9 (Mis)labelling, or non-existent labelling, of products:
a specific challenge for our patients).

7.2.8. Contamination and penetration of solid materials
by isothiazolinone derivatives
Besides the actual use of isothiazolinone derivatives during different stages of the production process of various (solid) materials (71,
77), also penetration of such materials by these chemicals constitutes
a specific problem, relevant for the elicitation of dermatitis in some
sensitized patients. Some examples of this capacity to contaminate,
penetrate and reside in solid materials are:
- sofas, towels and toilet seats (related to MI-containing detergents or
maintenance products (1)(Chapter 4)
- mattresses, shown to contain MCI/MI or OIT (81, 82)
- water beds (83)
- leather goods, such as shoes, belts, watch straps and sofas, often
treated with OIT as an antifungal agent during production (71), or with
MI-containing maintenance products (84)(Chapter 6)
- dental prostheses cleaned with an MI-containing detergent (73)
In line with these observations, several authors have tried addressing the issue of wearing protective gloves when handling MI-containing products, with most gloves (natural latex rubber, polyvinylchloride
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(PVC), and even some nitrile ones [personal communication prof. An
Goossens, BCEDG symposium, 22 October 2016] not always offering
the expected protection (85, 86). For MCI/MI, and for MCI alone, similar observations have been made (data on file; 47).

7.2.9. (Mis)labelling, or non-existent labelling, of products:
a specific challenge for our patients
Cosmetics and detergents, both including wet wipes, as discussed
in Chapter 5, are legally required to have a correct label stating all isothiazolinone derivatives present. However, mislabelling occurs in both
product types (38, 87-89). Moreover, medical devices, such as wound
dressings and ultrasound gels (76, 90), for which no clear legislation exists, are usually not labelled at all, and their MSDS may be incomplete
or vague (« contains preservatives »). Finally, chemical products, including water-based paints, often do not contain any information with
regard to their isothiazolinone-content on their containers, or in their
MSDS, and manufacturers are not always willing to share information
(« confidentiality »)(67, 87). This lack of clear labelling, or even mislabelling, of so many products makes it virtually impossible for many
sensitized patients (both consumers and those occupationally exposed)
to correctly avoid them. Furthermore, even with correct labels, people
may still experience difficulties in the reading and understanding of
these labels.

7.3. Clinical presentation of allergic contact dermatitis
caused by MCI/MI and/or MI
7.3.1. A wide variety of unusual clinical and histological
presentations
Most patients sensitized to MCI/MI and/or MI present with facial
and/or hand dermatitis (eczema), although unusual (non-eczematous)
clinical presentations, often accompanied by an unusual (non-eczematous) histology, may predominate the clinical picture (Chapter 4).
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Since our first observations we, and others, have specifically reported on such cases, the majority concerning lymphomatoid dermatitis
(lupus erythematosus-like, or resembling Jessner’s lymphocytic infiltration), in which the epidermis is relatively unaltered, but the dermis
contains a remarkable (sometimes dense) lymphocytic infiltrate, invariably accompanied by eosinophils (52, 74). Recently, also lichenoid dermatitis, and a flare-up of oral lichenoid lesions, were reported (73, 91).
Meanwhile, cases of poikiloderma of Civatte, erythema multiforme,
(delayed) urticaria, mixed eczematous-urticarial eruptions, seborrheic
dermatitis, rashes mimicking a drug reaction, solitary angioedema-like
periorbital swelling, dermatomyositis, folliculitis decalvans, dermatitis
mimicking eczema herpeticum (Kaposi’s varicelliform eruption), follicular allergic contact dermatitis, localized areolar dermatitis from an MIcontaining shower gel (despite full-body cutaneous allergen exposure),
and even mimickers of cutaneous T-cel lymphoma have been published
(e.g. 38, 92-93). The cumulative use of several MI-containing cosmetics
may even contribute to severe, generalized forms of dermatitis resembling erythroderma. The volatility of MI has also provoked many cases
of airborne allergic contact dermatitis, mostly due to paints (Chapter 4),
even by proxy (64), but also due to detergents (74), which all may contain high concentrations of isothiazolinones. Inhalation of MI vapors,
from paints, but again also from detergents and from various biocides,
may trigger a systemic contact dermatitis, sometimes predominantly
involving the main body folds, and in some cases even mimicking atopic
dermatitis (22, 65).
A pronounced (solitary) facial or eyelid swelling may lead the clinician to (erroneously) suspect the occurrence of an immediate (IgE-mediated), instead of a delayed (T-cel mediated) type of hypersensitivity.
No immediate reactions upon patch testing with MI, nor positive pricktests performed with this preservative, or with cosmetics containing
it, have been reported (47). On the contrary, patients always showed
positive patch tests, although sometimes only to the highest test concentration of MI, i.e. 2000 ppm aq. (47, 74). Reminiscent of the angioedema-like clinical picture provoked by p-phenylene diamine (PPD),
the observed reactions to MI are another example of a delayed-type
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hypersensitivity showing a rapid onset and course, in which strong inflammation results in pronounced cutaneous edema.

7.3.2. Photo-aggravated allergic contact dermatitis from MI
A peculiar, clinical manifestation of contact allergy caused by MI, first
coined in our epidemiological study (Chapter 4), concerns the existence
of potential photo-aggravation. Recently, Pirmez et al. confirmed this
novel pattern of involvement when they described 30 patients sensitized to MCI/MI, with photo-distributed skin lesions, or with a generalized dermatitis being more pronounced on UV-irradiated body parts.
In three of their patients photo-patch tests showed a higher degree of
reactivity than patch tests (50). Meanwhile, photo-aggravation by MI
has been increasingly diagnosed in daily clinical practice in Belgium and
France (data on file; 94), Portugal (e-mail communication Prof. M. Gonçalo, Coïmbra, Portugal, 11 November 2015), Germany (95), the United
Kingdom (96), and recently also in Australia (91). Given the (theoretical)
contact-allergy facilitating effects of the often present nano-TiO2 (97)
and the current knowledge that contact dermatitis caused by MI may
become photo-aggravated, the presence of MI in sunscreens, that are
sometimes applied onto damaged (i.e. sunburned) skin, might give rise
to a potentially dangerous cocktail.

7.3.3. Mucosal involvement and respiratory symptoms
Mucosal involvement may be part of the clinical picture of MI sensitization, such as, for example, conjunctivitis caused by MI-containing
hair-care products and eye-care creams (Chapter 4, and as highlighted
by e.g. http://www.bmj.com/content/345/bmj.e8221/rapid-responses; BMJ, online rapid reponse to reference (63) by Saul N Rajak, ophthalmologist, Brighton, UK, 02 January 2013; last accessed 18 November 2016). Mucosal involvement may be the predominating, or even
solitary clinical presentation, such as intra-oral lesions and complaints,
due to MI-containing mouth washes or detergents used to clean dental
prostheses (see above); likewise, cases of genital dermatitis due to wet
wipes or intimate hygiene products (still often prescribed by gynaecol-
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ogists) have been documented (data on file). Respiratory symptoms,
although often reported by various authors (63), were not explicitly
mentioned in our intial retrospective study (Chapter 4), but cases of
airborne and systemic contact dermatitis due to MI in paints, often accompanied by respiratory symptoms, have meanwhile been collected
by us together with members of the French GERDA-group (67). Devos
et al. showed that, in skin-sensitized mice, when looking at airway reactivity and the type of pulmonary inflammation involved, MI, following
intranasal application, mainly acts as an irritant to the mucosal surfaces, and not as an allergen (asthmogen) (98). Whether this also applies
to humans remains to be demonstrated (see below: Chapter 8: Future
perspectives). Recently, Park et al. also reported on the occurrence of a
so-called ‘humidifier disinfectant associated lung injury (HDLI)’, possibly
related to the use of preservatives, among which MCI and MI (99).

7.4. Optimal patch test concentrations for
MCI/MI, MI, OIT and BIT
We confirmed that patch tests containing MCI/MI 100 ppm (0,01%)
aq., as formerly present in the European baseline series, are insufficient
to detect contact allergy to the MI-component, and that MI should
be patch tested separately, at a higher concentration, that is, MI 200
(0.02%), 500 (0.05%), or (ideally) even 2000 ppm (0.2%) in aq. (Chapter 4). Otherwise, 36,2% (or more than one third) of our MI-sensitized
patients would have not have been diagnosed correctly. Recently, the
European Society for Contact Dermatitis (ESCD) has recommended the
inclusion of MI 2000 ppm (0,2%) aq. in the European baseline series
(100).
Likewise, MCI/MI should preferably be tested at 200 ppm (0,02%)
aq.,instead of 100 ppm (0,01%) aq., as was already routinely done by
Swedish and British dermatologists (101), to avoid missing contact allergy to the chlorinated derivative. Again, this higher patch test concentration for MCI/MI has been proposed as the most optimal test concentration (102).
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Contrary to what Spanish researchers have recently advocated (103),
patch testing MCI/MI 200 ppm (0.02%) aq., containing only 50 ppm of
MI, does not always suffice to detect contact allergy to the MI-component, since patients with negative reactions to MCI/MI 200 ppm and/or
MI 500 ppm, but positive to MI 2000 ppm, have been diagnosed (data
on file ; 74).
Ideally, these higher patch test concentrations should be applied using a micropipette (15μl for a Finn® Chamber, or 20μl for a Chemotechnique® Chamber) to prevent active sensitization and irritant patch test
reactions, and also to enable different patch test clinics to reliably compare their results.
Moreover, there may be an interest to patch test MCI separately at
150 ppm or 0.015% in aq., as discussed in Chapter 6, as patients exclusively sensitized to this derivative, without concomitant reactivity to
MI, do exist (data on file; see below: Chapter 8: Future perspectives).
This might also be of importance to further clarify the cross-reactivity
issue.
Water seems to be the preferred vehicle to patch test hydrophilic
compounds such as MI (104), and, by extension, probably also MCI/MI
and MCI.
Future research into the optimal patch test concentrations and vehicles for BIT and OIT, as has been extensively performed for MI in the
recent decade, also seems desirable (see below : Chapter 8 : Future
perspectives). With regard to BIT, Holden et al. recently suggested to
compare the results of different patch test concentrations, such as 500,
750 and 1000 ppm, all in pet. (105): from their study in 623 patients
routinely tested with BIT and OIT in different concentrations, they concluded that BIT 500 ppm (0.05%) pet. might be a too low patch test
concentration, whereas 1000 ppm (0.1%) occasionnally gave rise to
irritant patch test reactions. In the patch test clinics of Antwerp and
Leuven, the routine patch testing of BIT 1000 ppm (0.1%) pet., since
the beginning of 2014 at a dose of ~ 20 μg, has only rarely resulted in
irritant patch test reactions (data on file). According to Holden et al. BIT,
even more so than OIT, should be included in an (extended) European
baseline series, because the exposure through household detergents
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and cleaning agents, as previously also indicated by Schwensen et al.
(35) and by Garcia-Hidalgo et al. (58), seems to have increased. The relevance of BIT as a preservative in household detergents was also previously highlighted when we reviewed BIT-sensitized patients observed
at the Antwerp department (data on file ; 47).
With regard to OIT Holden et al. concluded that the patch test concentration of 1000 ppm (0.1%) pet. should be preferred over 250 ppm
(0.025%) pet, as the latter missed the majority of their OIT-sensitized
patients (105). This observation is in line with our findings from Chapter 6 : our observational study on OIT-sensitization from leather (71)
showed that OIT 250 ppm (0.025%) pet., once proposed as the optimal
non-sensitizing and non-irritating patch test concentration (106), may
actually result in false-negative reactions, thus missing patients with a
relevant sensitization to OIT. Furthermore, our study confirmed that, in
real life, patients are actually exposed to concentrations of OIT > 250
ppm, as evidenced by the HPLC-analysis of several, even « hypo-allergenic », leather samples.
As suggested in Chapter 6, OIT may also be patch tested in ethanol,
at 0.1% and/or 0.2%, preferably by using a micropipette to administer
a fixed dose, whereas for BIT, according to the literature, occasionally
water has been used as a vehicle, instead of petrolatum (35).
In the future, comparative studies between different vehicles and
concentrations for BIT and OIT seem desirable (see below : Chapter 8 :
Future perspectives).

7.5. Simultaneous reactions to different isothiazolinone
derivatives: concomitant sensitization or immunological
cross-reactivity?
Alexander et al.indicated that, although cross-reactivity may occur
between chlorinated derivatives (e.g. between MCI and DCMIT), no immunological cross-reaction is to be expected between chlorinated and
non-chlorinated derivatives, the latter being also less potent skin sensitizers (107). In fact, potential cross-reactivity between the different
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isothiazolinone derivatives has only been occasionally studied. Most
of these observations rely on case reports, small case series or retrospective, observational studies, often using different (sometimes low)
patch-test concentrations (108-111).
The derivative OIT, chemically most related to MI, gained attention
in our first study (Chapter 4). Many patients with a positive patch test
to OIT, for whom no relevant OIT-containing allergen source could be
found, were shown to be primarily sensitized to cosmetics containing
MI. This observation suggested the possibility of the existence of, at
least partial, cross-reactivity between MI and OIT. Thereafter several
other cases have been reported (112). Some additional, clinical observations further support this possibility of cross-reactivity between MI
and OIT :
(i) (very) young children, sensitized to MI from cosmetics, who showed
an unexplained, concomitant reaction to OIT, the latter being mainly
reported as an occupational contact allergen in adults (113);
(ii) concomitant active sensitization to MI 2000 ppm aq., as well as to OIT
1000 ppm pet., in one given patient (data on file ; 38)
(iii) furthermore, in such patients, avoidance of MI-containing products
usually resulted in complete clearance of their dermatitis, regardless of
concomitant OIT-sensitization, indicating relevant sensitization tot MI,
but rather non-relevant cross-reactivity to OIT.
Most patients sensitized to MI will usually also show a patch-test
reaction to MCI/MI, although MCI, not being commercially available, is
usually not tested separately in these cases. Although we recommend
MI-sensitized and MCI/MI-sensitized individuals to avoid both derivatives, a recent in-vitro study by means of a 3D reconstructed human
epidermis, considered cross-reactivity between them to be unlikely,
because their in situ chemical behaviour is different (114); this is in line
with the review by Alexander et al.(107). It could, however, not be fully
excluded either (importance of common metabolites ?)(114); BIT and
OIT were not investigated in that study. Schwensen et al. demonstrated in a murine model based on a modified Local Lymph Node Assay
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(LLNA), that cross-reactivity does occur between the non-chlorinated
derivatives MI, BIT and OIT, depending on the test concentration used,
that is, only becoming apparent when high enough test concentrations
were used (62). These results are in line with our clinical observation,
that, in order to demonstrate cross-reactivity between MI and OIT, one
should patch test the higher concentrations of MI and OIT, that is, 2000
ppm aq. and 1000 ppm pet., respectively, because lower ones (e.g. MI
500 ppm aq. and OIT 250 ppm pet.) may fail to demonstrate sensitization c.q. cross-reactivity (Chapter 6).
In Chapter 4 BIT did not seem to cross-react with MI, although not
all patients were patch tested with this derivative, and usually with
the lower concentration, 500 ppm instead of 1000 ppm pet. Moreover, according to the EC3 values reported by Schwensen et al., BIT (and
not OIT) would be the least sensitizing isothiazolinone-derivative (62),
hence possibly requiring even higher patch test concentrations to show
sensitization c.q. cross-reactivity to other isothiazolinone derivatives.
Concomitant sensitization is often considered more likely than crossreactivity, because it is assumed that individuals are often simultaneously exposed to several isothiazolinone derivatives (to MCI and MI always together, but also to MI on its own, and to OIT and BIT). However,
large market surveys investigating the actual content of paints (69) and
detergents (58), being both important isothiazolinone-containing product-types, have demonstrated that mainly MI and BIT are the derivatives to which painters, cleaners, and consumers are generally exposed.
As a consequence, this does not adequately explain why MI-sensitized
patients (as reported in Chapter 4) often show simultaneous reactivity towards OIT. As detailed in Chapter 6, an alternative explanation
for at least some OIT-sensitized individuals, including painters, might
be that they exhibit a primary MI-sensitization, with subsequent crossreactivity to OIT, the latter chemical being only rarely used in paints and
related chemical products (37)(Chapter 5). Animal and experimental
data, together with the still ongoing clinical investigations in humans,
will without doubt in the near future close the net around the still existing uncertainties with regard to the cross-reactivity issue of isothiazolinone derivatives.
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As a final note, recent investigations have also stressed the potential occurrence of polysensitization (i.e. a patient reacting to 3 or more
contact allergens) in MI-sensitized individuals (115). Although formaldehyde and its releasers (such as 2-bromo-2-nitropropane-1,3-diol), as
well as fragrances, have been highlighted (116, 117), the current thesisproject did not focus on this particular objective.

7.6. The relevance of OIT as a leather contact allergen
Although chromium is still the most well-known leather-associated
sensitizer, recently also other components (e.g. cobalt) have been identified as potential culprits. Within the frame of this thesis, the role of
OIT as an important contact allergen in leather goods (shoes, belts,
watch straps, and even sofas) has been documented (Chapter 6). The
most relevant observations for the daily clinical practice are:
(i) isothiazolinone derivatives in general, and OIT in particular, are being
used in the textile-and leather industry (for a brief review, see 47);
(ii) exposure to OIT from leather may occur, and may be due to its incorporation during the production process; the concentrations of OIT found
in finished leather items may be > 250 ppm, that is, higher than the
optimal patch test concentration once recommended (106);
(iii) to show sensitization c.q. cross-reactivity to OIT in MI-sensitized patients, a patch test concentration > 250 ppm should be used; this is in
accordance with the animal data from Schwensen et al. (62), and with
the recent clinical observations made by Holden et al. (105)
(iv) cross-reactivity between isothiazolinone derivatives, such as between
MI and OIT, may indicate contact allergy, but does not necessarily lead
to contact dermatitis.
Meanwhile, the importance of OIT as a contact allergen in leather
has been confirmed independently by two researchers in France, both
describing a generalized allergic contact dermatitis from OIT contained
in leather sofas (“sofa dermatitis”) (118, and e-mail communication by
Dr. Nadia Raison-Peyron, dermatologist, Montpellier, France; 21 Octo-
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ber 2016).

7.7. Recent developments and legislation:
has there been any change?
Regulatory action is usually a slow process, unfortunately, and it
may take several years before a new legislation (e.g. with regard to the
establishment of maximum allowed concentrations) is implemented.
Similar to what happened with the preservative methyldibromo glutaronitrille in the past (54), the MI-saga has not been an exception in
this regard (19, 119-121). Recommendations from the SCCS have initially led the cosmetics’ industry to phase out MI in leave-on cosmetics,
nowadays already resulting in a slight decrease in MI-sensitization (data
on file; 122, 123). Besides increased awareness of MI contact allergy
among the general public, the cosmetics industry had also started reformulating leave-on cosmetic products without MI. Since 01 January
2017 an official ban on the use of MI in leave-on cosmetics has been enforced; however, leave-on cosmetics containing MI may still have been
produced up to then. Furthermore, from April 2016 onwards, the EU
had already banned the mixture MCI/MI from leave-on cosmetics, in
which it was still occasionally present; nowadays MCI/MI is only permitted in rinse-off cosmetics at a maximum of 15 ppm.
Also rinse-off cosmetics (including hair-care products), household
detergents, and occupational products (e.g. paints) continue to be important sources of MI (Chapter 4). Prospective data on MI-sensitization
from 10 European dermatology departments, presented by Schwensen
et al. at the ESCD meeting in Manchester 2016, and recently published
(123), still showed a fairly high sensitization rate to MI of ~ 6.1% (range
2.6% - 13.0%), most often resulting from exposure to domestic products, including cosmetics (most frequently rinse-off products), household detergents, and paints.
Following the aforementioned SCCS Opinion, MI in rinse-off cosmetics might become limited to 15 ppm in the near future, although the
cosmetic industry might question whether such low concentration is
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feasible with regard to the preservation of cosmetics. No data exist either whether such low concentration might still elicit allergic contact
dermatitis in previously (sometimes strongly) MI-sensitized individuals.
The continued use of a maximum concentration of 100 ppm in rinse-off
cosmetics (including hair care products), as requested by the industry,
is in any case not defendable, based on the data reported by Yazar et
al. (41), as well as on the knowledge that most patients use several
MI-containing rinse-off cosmetics at the same time (cumulative effect)
(123).
Interestingly, with regard to cosmetics, Lundov et al. showed that
by combining different preservatives, for example MI with phenoxyethanol, effective (synergistic) preservation can be achieved whilst
using lower concentrations of these preservatives (124). Indeed, the
minimum effective concentration of a preservative, or a preservative
system (i.e. a combination of several, low concentrated preservatives
which act synergistically) is often not thoroughly investigated because
this is expensive and time-consuming (54).
With regard to occupational exposure, and as detailed in Chapter 5,
MI was previously not officially classified by the EU as a sensitizer, let
alone as an occupational sensitizer, leaving the industry to rely on rules
of ‘self-classification’, which led to the use of (sometimes very high) MIconcentrations in numerous industrial products. However, on 11 March
2016 ECHA concluded that MI should be classified as a skin sensitizer
class 1A (H317), with a specific concentration limit of 15 ppm (0.0015%)
(125). This means that products containing 0.0015% (15 ppm) or more
have to carry a warning concerning the sensitization risk (either on the
product or in the MSDS). Furthermore, this classification also implies
that MI should be mentioned as an ingredient if present ≥ 1.5 ppm. Although some authors have suggested to completely abandon the use of
MI as a preservative in paints (69), the industry does not consider this
feasible (see above), although some companies (e.g. Akzonobel®) have
implemented lower levels with regard to the recently proposed CLPregulation (e.g. MI 1 ppm). In the future, not only adequate labelling,
but also the actual use concentrations of MI, and of related isothiazolinones, in industries other than the paint industry (e.g. the use of OIT
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in the leather industry), and in household detergents, may need to be
revised as well. Bearing in mind the so-called ‘Dillarstone’ effect, that is,
the regular development of new preservative allergies (126), we must
also remain vigilant towards new allergens which might be introduced
to replace MI in the near future.

7.8. Patch testing isothiazolinone derivatives anno 2017:
a brief summary for the clinician
7.8.1. Up-to-date observations useful for dermatologists
performing patch tests with these chemicals
(i) Epidemiology: very recently, MCI/MI and MI sensitization seems to be
declining in Belgium (data on file) and also in other EU countries (123).
(ii) Clinical and histological presentation: with regard to MI, clinicians
should bear in mind that: (a) photo-aggravation may occur (b) airborne
allergic contact dermatitis may be caused by paints, but also by detergents, (c) rhino-conjunctivitis and respiratory symptoms may be a
part of the clinical picture, and (d) a variety of clinical and histological
presentations have been described, most notably lymphomatoid skin
lesions.
(iii) Patch test concentrations and vehicles: in order to show sensitization
to MCI and MI, sufficiently high patch test concentrations should be
used, that is, 200 ppm for MCI/MI and 2000 ppm for MI (both aqueous solutions), respectively, using a micropipette. There is an interest
to patch test MCI (150 ppm aq.) alone, as solitary sensitization to this
derivative does occur (data on file); this might also be interesting for
the clinical study of potential cross-reactivity between MCI and MI. For
BIT and OIT, optimal patch test concentrations and vehicles should be
determined in the future, but for current daily practice 1000 ppm pet.
seems feasible and justified for both allergens.
(iv) Cosmetic allergen sources: isothiazolinone derivatives, MCI/MI and MI
in particular, are still in use by the cosmetic industry; however, they are
now forbidden in leave-on cosmetics, whereas the use concentration of
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MCI/MI in rinse-off cosmetics is (still) restricted to 15 ppm. A maximum
use concentration for MI in rinse-off cosmetics of 100 ppm is still in use,
although a lowering to 15 ppm has been proposed by the SCCS, but not
yet agreed upon. Non-human cosmetics (e.g. dog shampoo), and cosmetics from outside the EU (e.g. from Russia), may not necessarily adhere to the EU Cosmetic Regulation, and vigilance is required towards
the possible existence of excessive use concentrations of MI in these
products. Unusual cosmetic allergen sources have been described and
mislabelling of cosmetics occurred. In the EU, BIT and OIT are officially
forbidden in cosmetics, but the former one may be used in cosmetics
originating from outside the EU (e.g. from the US). Very exceptionally,
BIT and OIT may be illegally present in cosmetics.
(v) Non-cosmetic allergen sources: MCI/MI and MI can be present in high
concentrations (e.g. MI > 100 ppm) in non-cosmetic products (e.g.
paints, household detergents); ECHA imposes the labelling of chemical (industrial) products with a treshhold of 15 ppm for MCI/MI, and
recently also for MI. Regulations for BIT and OIT would be desirable as
well. Some consumer products may be contaminated by (or even penetrated by, as in the case of gloves) isothiazolinone derivatives that are
present in cosmetics and/or detergents and/or other sources; last but
not least, mislabelling of various non-cosmetic products (e.g. household detergents) has also been observed.
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Future perspectives

T

he recent regulatory action will undoubtly have a further effect
on the already declining sensitization rate to MI, both in consumers and in those occupationally exposed to MI. However,
close monitoring of MI- and MCI/MI-sensitization, also in Bel-

gium, remains desirable; this will be realized in a follow-up doctoral thesis
by Dr. A. Herman (Université Catholique de Louvain, Brussels).
Furthermore, future studies might focus on:

- exclusive sensitization to the chlorinated derivative alone (MCI), and the
implications of MI-exposure in this particular subset of patients;
- the (clinical) existence of cross-reactions between different isothiazolinone derivatives, and the patch test concentrations required to demonstrate such reactions;
- the broadening of the spectrum of unusual clinical manifestations caused
by these derivatives, and their intriguing potential to penetrate through,
and reside in, solid materials;
- a better delineation of the exact nature of respiratory complaints caused
by isothiazolinone derivatives;
- the contribution of nanoparticles, such as titanium dioxide (nano-TiO2), on
the induction and elicitation of contact allergy by MI;
- the concept of MI as a mucosal sensitizer, contributing to cases of genital
(vulvar, penile) allergic contact dermatitis;
- the use and sensitization potential of less-known (less studied) isothiazolinone derivatives, such as butyl-benzisothiazolinone (BBIT) or dichlorooctylisothiazolinone (DCOIT);
- the optimal patch test concentrations and vehicles for BIT and OIT, which,
in comparison to MCI/MI and MI, have not been fully established;
- strategies to prevent elicitation of allergic contact dermatitis in isothiazolinone-sensitized individuals:
- the development and validation of rapid chemical analysis tools (‘spottests’) to verify the presence of isothiazolinone derivatives in (consumer)
products;
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I

sothiazolinone derivatives are synthetic preservatives that, because
of their very efficient bactericide, fungicide and algaecide properties, have been widely used for more than 30 years in water-based
products (for example, in household detergents, paints and glues,

and in industrial biocides). The most important derivatives concern the
following: the mixture of methylchloroisothiazolinone and methylisothiazolinone (MCI/MI, in a fixed ratio of 3:1), MI alone, benzisothiazolinone
(BIT), and octylisothiazolinone (OIT). The derivative MCI is never used on
its own, but always together with MI. All these derivatives can be present
in chemical (industrial) products, and the former two also in cosmetics.
The relative extent of their use is usually depicted as: MCI/MI > MI > BIT
> OIT.
Unfortunately, all these chemicals, particularly MCI/MI and MI, may
cause a delayed (type IV, T-cell mediated) hypersensitivity reaction (‘contact allergy’), which subsequently may give rise to allergic contact dermatitis and/or mucosal lesions, which, by means of specific skin tests (‘patch
tests or ‘epicutaneous tests’), can be diagnosed. The inherent sensitization potential of isothiazolinone derivatives is sometimes represented as:
MCI/MI > MI > BIT > OIT, in line with their relative extent of use, although,
taking into account the EC3-values in the Local Lymph Node Assay (LLNA),
OIT > BIT is more correct.
When in 2000 the EU allowed MI (without MCI) as a stand-alone preservative in industrial applications (without any restriction on its use concentration), and in 2005 in cosmetics (with a maximum concentration of
100 ppm or 0.01%), problems started to occur: initially occupational dermatitis in laborers exposed to highly concentrated MI-containing biocides
(for example, used during the production of paints and glues), shortly followed by the first cases of consumers, both adults and children, presenting
with allergic contact dermatitis caused by the presence of MI in (mainly)
leave-on cosmetics, but also rinse-off cosmetics, household detergents,

paints, glues, and numerous other products at home or at the workplace.

Summary

Sometimes respiratory problems could also be observed. In Europe and
beyond an epidemic was born (Gonçalo M, Goossens A. Whilst Rome
burns : the epidemic of contact allergy to methylisothiazolinone (Editorial), Contact Dermatitis 2013: 68: 257-8).
In Chapter 1 the different isothiazoline derivatives MCI, MI, OIT and
BIT are briefly described: the frequency of their use in cosmetic and
non-cosmetic products, their use concentrations, and their mechanism
of action. A short, historical overview of allergic contact dermatitis
caused by these chemicals, and by MCI/MI and MI, in particular, is provided.
In Chapter 2 we describe the first case of a young child (new finding), sensitized to MI present in wet wipes, who subsequently showed
an airborne and systemic dermatitis due to the presence of this biocide
in a water-based paint, which had been used to renovate the child’s
bedroom. This case, with its remarkable characteristics (the very young
age, the sensitization caused by a cosmetic product, the airborne elicitation by paint, the systemic dermatitis by inhalation, and contact dermatitis as a mimicker of atopic dermatitis) served as an inspiration to
develop this research project.
In Chapter 3 the research objectives are outlined: (i) to determine
the sensitization rate to MI in Belgium, (ii) to describe the (atypical)
clinical characteristics of allergic contact dermatitis caused by MI, (iii)
to describe the most important allergen sources containing MI, (iv) to
show, based on clinical clues, the existence of cross-reactivity between
different isothiazolinone derivatives, (v) to verify the use concentrations
of isothiazolinone derivatives in cosmetics, detergents, and paints, and
the labelling of these products, (vi) to describe OIT as a relevant contact
allergen in leather goods for consumers, and the implications this may
have for the study of cross-reactivity between MI and OIT.
In Chapter 4 we demonstrate that the sensitization rate to MI in Belgium showed a dramatic increase, up to 7.2% of all patch-tested patients in 2013, in line with other European studies. The profile of the
patients and the clinical aspects of dermatitis caused by MI are deline-
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ated: mostly middle-aged women with hand and/or facial dermatitis
are affected, in accordance with other European reports, and unusual
clinical manifestations of MI-dermatitis are highlighted (new finding).
The most important allergen sources are leave-on cosmetics, as reported by other research groups, but also water-based paints and household detergents, the latter mainly as a cause of hand dermatitis (new
finding). Cross-reactivity between MI and OIT is suggested to occur
(new finding), and OIT might be a potentially important contact allergen for consumers, as opposed to only being an occupational allergen
for painters. Benzisothiazolinone (BIT) appears to be only a rare contact
allergen in Belgium, and it is used in paints, inks and detergents and
occasionally also (illegally) in hand soap, causing hand dermatitis (new
finding). Finally, photo-aggravated allergic contact dermatitis, caused
by MCI/MI and/or MI, is coined for the first time (new finding).
In Chapter 5 we show that some leave-on cosmetics may contain too
high concentrations of MI (~ 200 ppm) and, apart from their leave-on
character, this may contribute to the induction of contact allergy (new
finding). Detergents, for which no maximum limit for MI is imposed by
law, may also contain high concentrations of MI (~ 200 ppm), possibly
leading to the induction and elicitation of contact allergy. In a separate
case report we showed that evaporation of MI from in-house surfaces
cleaned with an MI-containing detergent (similar to what occurs with
walls painted with MI-containing paint) may give rise to an airborne
allergic contact dermatitis (new finding). Penetration of MI, present
in a detergent erroneously used to clean a dental prosthesis, could be
held responsible for a flare-up of oral lichen planus (new finding), as
was also reported separately. Mislabelling of cosmetics and detergents
is confirmed. Moreover, water-based paints may contain high (~ 300
ppm) concentrations of MI, in line with the existing literature.
In Chapter 6 we demonstrate that OIT is a relevant contact allergen
in leather goods, responsible for allergic contact dermatitis in 6 patients who came in contact with various leather articles (new finding).
This derivative is thus not only an occupational contact allergen present
in paints. Moreover, we describe that commercial patch tests contain-
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ing OIT 0.025% (250 ppm) in petrolatum may result in false-negative
reactions, and ideally a higher concentration of 0.1% (1000 ppm) in petrolatum should be used (new finding). Furthermore, patients primarily
sensitized to OIT may show a (non-relevant) cross-reaction to MI, thus
supporting previous observations concerning potential cross-reactivity
between OIT and MI (Chapter 4). Numerous (even “hypo-allergenic”)
leather goods may contain OIT in high concentrations (350-500 ppm),
used as a fungicide during the tanning process (new finding). This may
constitute a problem within the leather industry, bearing a risk of sensitization for laborers, but also for consumers who come in contact with
finished leather goods. An analytical method, based on HPLC-UV, for
the detection of isothiazolinones in leather goods was developed (Elien
Romaen, Dr. H. Meert, Prof. S. Apers; new finding).
In Chapter 7 we discuss the (new) findings of the research conducted within the light of other related and relevant studies. We highlight
the similarities and differences, and we point towards the implications
for daily practice. Briefly this concerns:(i) the epidemiology of MI-sensitization worldwide, (ii) the (isothiazolinone-concentrations in) various allergen sources, (iii) the (atypical) clinical manifestations , (iv) the
optimal patch test concentrations, particularly of MCI/MI and MI, (v)
simultaneous reactions between different isothiazolinone derivatives,
and (vi) the importance of OIT as a relevant leather-associated contact
allergen. Finally, a brief overview is given of the most recent developments concerning the legislation of isothiazolinone derivatives, and of
MCI/MI and MI in particular, in various products.
In Chapter 8 we mention some possible, future research topics.
Finally, in the Appendix, five studies concerning allergic contact dermatitis from isothiazolinone derivatives, already briefly discussed in
Chapter 7, are fully included.
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I

sothiazolinone-derivaten zijn synthetische bewaarmiddelen die,
omwille van hun zeer efficiënte bactericide, fungicide en algicide
eigenschappen, reeds meer dan 30 jaar bijzonder vaak toepassing vinden in tal van watergebaseerde producten (bijvoorbeeld, in

huishoudelijke reinigingsmiddelen, verven en lijmen, en in industriële
biocides). Het betreft in hoofdzaak de volgende chemicaliën: het mengsel van methylchloroisothiazolinone en methylisothiazolinone (MCI/MI, in
een vaste verhouding van 3:1), MI alleen, benzisothiazolinone (BIT) en octylisothiazolinone (OIT). Daarbij dient opgemerkt te worden dat MCI niet
afzonderlijk wordt gebruikt, maar steeds in combinatie met MI. Alle isothiazolinone-derivaten kunnen voorkomen in de voormelde chemische (industriële) producten, en MCI/MI of MI bovendien ook in cosmetica. Voor
wat betreft hun globale voorkomen, en de frequentie van hun relatieve
gebruik, hanteert men doorgaans de volgende rangorde: MCI/MI > MI >
BIT > OIT.
Echter, al deze derivaten, vooral MCI/MI en recenter ook MI, kunnen
een laattijdige (type IV, of T-cel-gemedieerde) overgevoeligheidsreactie
(“contactallergie”) veroorzaken, dewelke zich dan uit onder de vorm van
eczeem (“allergische contact dermatitis”) ter hoogte van de huid (en/
of letsels op de slijmvliezen), die door middel van specifieke huidtesten
(“patchtests” of “epicutane testen”) kan gediagnosticeerd worden. Het
inherente risico op huidsensibilisatie van elk derivaat afzonderlijk wordt
soms weergegeven als MCI > MI > BIT > OIT, in lijn met hun relatieve voorkomen en gebruik, hoewel, afgaande op hun EC3-waarden in de lokale
lymfeknoop test (LLNA), OIT > BIT correcter is.
Sinds Europa in 2000 MI (zonder MCI) toeliet voor industriële toepassingen (zonder maximale gebruiksconcentratie) en in 2005 voor cosmetica
(aan een maximale gebruiksconcentratie van 100 ppm of 0.01%), is het
hek van de dam: initieel werden vooral beroepsdermatosen gerapporteerd, t.t.z. allergische contact dermatitis bij arbeiders in contact met hoog
geconcentreerde MI-bevattende biocides (bijvoorbeeld bij de productie
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van verven en lijmen); nadien echter ook tal van huidproblemen bij
consumenten, zowel volwassenen als kinderen, die blootgesteld werden aan MI aanwezig in (hoofdzakelijk) leave-on huidverzorgingsproducten, maar ook in rinse-off cosmetica, huishoudelijke detergenten,
verven, lijmen, en tal van andere producten die terug te vinden zijn in
de huis-, tuin- en keukenomgeving, of op de werkvloer. Ook respiratoire
problemen werden soms geobserveerd. In Europa, en ondertussen ook
ver daarbuiten, nam de MI-sensibilisatie epidemische proporties aan
(Gonçalo M, Goossens A. Whilst Rome Burns: the epidemic of contact
allergy to methylisothiazolinone (Editorial), Contact Dermatitis 2013:
68: 257-8).
In Hoofdstuk 1 worden de verschillende isothiazolinone-derivaten
MCI, MI, OIT en BIT bondig beschreven: hun voorkomen en gebruik in
cosmetische en niet-cosmetische producten, hun gangbare gebruiksconcentraties, alsook hun werkingsmechanisme. Bovendien wordt een
kort, historisch overzicht gegeven van allergische contact dermatitis
veroorzaakt door deze derivaten, in het bijzonder door MCI/MI en MI.
In Hoofdstuk 2 wordt de eerste casus beschreven van een jong kind
(nieuwe bevinding), gesensibiliseerd door MI aanwezig in vochtige
doekjes, met nadien uitlokking van een aërogene en systemische allergische contact dermatitis door de aanwezigheid van dit biocide in een
watergebaseerde verf die gebruikt werd om de kinderkamer te schilderen. Deze casus, met opvallende karakteristieken (zeer jonge leeftijd,
sensibilisatie door een cosmetisch product, aërogene uitlokking door
verf, systemische dermatitis via inhalatie, contact dermatitis als nabootser van atopische dermatitis) diende als inspiratiebron voor het
opzetten van dit onderzoeksproject.
In Hoofdstuk 3 worden kort de onderzoeksobjectieven weergegeven: (i) het bepalen van de sensibilisatiegraad van MI in België, (ii) de
beschrijving van de (atypische) klinische karakteristieken van allergische contact dermatitis veroorzaakt door MI, (iii) de voornaamste sensibilisatiebronnen die MI bevatten, (iv) het, afgaande op klinische data,
al of niet bestaan van kruisreactiviteit tussen de verschillende isothi-
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azolinone-derivaten, (v) de gebruiksconcentraties van isothiazolinonederivaten in cosmetica, detergenten en verven, en hun etikettering,
(vi) het beschrijven van OIT als relevant contactallergeen in lederwaren
voor consumenten, en de implicaties die deze observatie heeft voor de
studie van kruisreactiviteit tussen MI en OIT.
In Hoofdstuk 4 wordt aangetoond dat de sensibilisatiegraad van MI
in België de voorbije jaren zeer fors toenam, met als uitschieter 7.2%
van alle geteste patiënten in 2013, vergelijkbaar met andere Europese
studies. Het patiëntenprofiel en de klinische aspecten van MI-dermatitis worden afgelijnd: vrouwen van middelbare leeftijd met hand-en/of
gelaatsdermatosen, eveneens in lijn met andere Europese rapporten,
en ongewone presentatievormen van MI-dermatitis werden benadrukt
(nieuwe bevinding). De sensibilisatiebronnen blijken vooral leave-on
cosmetische producten, zoals ook door andere onderzoeksgroepen
reeds werd gerapporteerd, naast water-gebaseerde verven (eveneens reeds gekend uit de literatuur), en ook – opvallend - detergenten, vooral in relatie tot hand dermatitis (nieuwe bevinding). Er wordt
kruisreactiviteit vermoed tussen MI en OIT (nieuwe bevinding) dat
in beeld komt als potentieel allergeen voor consumenten, i.t.t. louter
professioneel allergeen (in hoofdzaak gerapporteerd bij schilders, door
de aanwezigheid ervan in verven)(nieuwe bevinding). Benzisothiazolinone (BIT) blijkt in België vooralsnog een eerder zeldzaam allergeen
te zijn, ondermeer voorkomend in verven, inkten en detergenten en
(éénmaal) illegaal in handzeep, verantwoordelijk voor hand dermatitis
(nieuwe bevinding). Tenslotte wordt, voor de eerste keer, foto-aggravatie bij contactallergie door MCI/MI en/of MI gesuggereerd (nieuwe
bevinding).
In Hoofdstuk 5 wordt aangetoond dat sommige leave-on cosmetische
producten te hoge concentraties MI kunnen bevatten (~ 200 ppm) en
dit draagt, los van hun leave-on karakter, mogelijk ook bij tot de inductie van contactallergie door MI (nieuwe bevinding). Detergenten, waar
geen maximum limiet voor MI geldt, bevatten ook vaak hoge concentraties aan MI (~ 200 ppm) waardoor ook zij inductie en elicitatie van
contactallergie kunnen veroorzaken. In een aparte gevalsbeschrijving
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werd aangetoond dat verdamping van MI vanaf oppervlakten behandeld met detergenten (net als muren geverfd met water-gebaseerde
verven) aanleiding kan geven tot aërogene contact dermatitis (nieuwe
bevinding). Penetratie van MI, aanwezig in een detergent, doorheen
een tandprothese, verantwoordelijk voor een opstoot van orale lichen
planus, werd in een andere gevalsbeschrijving aangetoond (nieuwe bevinding). Verkeerde etikettering van cosmetica en detergenten werd
bevestigd. Ook watergedragen verven bevatten uiteenlopende en soms
hoge (~ 300 ppm) concentraties aan MI, hetgeen in lijn is met de bestaande literatuur.
In Hoofdstuk 6 wordt aangetoond dat OIT een relevant contactallergeen is in lederwaren, verantwoordelijk voor allergische contact
dermatitis bij 6 patiënten die met verschillende lederwaren in contact
kwamen (nieuwe bevinding). Dit derivaat is dus niet alleen een louter professioneel contactallergeen in verven. Er wordt bovendien beschreven dat commerciële patchtests met OIT 0.025% (250 ppm) in
vaseline soms vals negatief blijven, en dat patchtests idealiter dienen
te gebeuren met OIT 0.1% (1000 ppm) in vaseline (nieuwe bevinding).
Er wordt daarenboven aangetoond dat patiënten, primair gesensibiliseerd voor OIT, soms (niet-relevante) kruisreacties vertonen voor MI
(nieuwe bevinding), hetgeen eerdere bevindingen omtrent mogelijke
kruisreacties tussen OIT en MI (Hoofdstuk 4) lijkt te ondersteunen. Diverse (en zelfs “hypoallergene”) lederwaren kunnen OIT bevatten, hetgeen gebruikt wordt als fungicide tijdens het leerlooien, en dit soms in
vrij hoge concentraties (350-500 ppm) (nieuwe bevinding). Dit kan een
probleem vormen binnen de lederindustrie (risico op sensibilisatie van
arbeiders), maar ook voor consumenten die in contact komen met de
afgewerkte lederwaren. Een analytische methode o.b.v. HPLC-UV, voor
de detectie van isothiazolinones in lederwaren, werd op punt gesteld
(Elien Romaen, Dr. H. Meert, Prof. S. Apers; nieuwe bevinding).
In Hoofdstuk 7 worden de (nieuwe) bevindingen van de uitgevoerde
studies bediscussieerd in het licht van andere, gerelateerde publicaties,
waarbij de voornaamste overeenkomsten, maar ook verschilpunten
en implicaties voor de dagelijkse praktijk, worden geduid. Bondig be-
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treft dit: (i) de epidemiologie van MI-sensibilisatie wereldwijd, (ii) de
(isothiazolinone-concentaties in) allergeenbronnen, (iii) de (atypische)
klinische presentatievormen, (iv) de optimale patchtest condities, (v)
de simultane reacties tussen verschillende isothiazolinone-derivaten,
en (vi) het belang van OIT als relevant lederallergeen. Tenslotte wordt
een kort overzicht gegeven van de recente ontwikkelingen aangaande
de wetgeving omtrent isothiazolinone-derivaten, en omtrent MCI/MI
en MI in het bijzonder.
In Hoofdstuk 8 worden enkele mogelijke, toekomstige onderzoeksonderwerpen weergegeven.
Tenslotte worden in de Appendix vijf overige studies aangaande allergische contact dermatitis door isothiazolinone-derivaten, reeds kort
aangehaald in Hoofdstuk 7, integraal opgenomen.
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Appendix 1
Contact allergy caused by
methylisothiazolinone:
the Belgian-French experience
Abstract
The chemical Kathon CG®, a mixture of the preservatives methylchloroisothiazolinone (MCI) and methylisothiazolinone (MI), was the
leading cause of a worldwide epidemic of contact-allergic reactions
in the eighties. From 2000 on, MI alone became allowed in industrial products and in 2005 authorities gave a green light for its use
in leave-on and rinse-off cosmetics up to a maximum concentration
of 100 ppm (0.01%). Following initial occupational cases, a continuously increasing number of consumers sensitized to MI have been
reported and both Belgian and French allergy groups decided to
routinely test MI in their baseline series from 2010 onwards. Two
multicenter studies, comprising 8,680 and 7,874 patients in Belgium
and France respectively, both clearly show the rise in contact allergy
caused by MI, with a spectacular sensitization rate of ∼ 6.0% in 2012,
even increasing to 7.0% in 2013. Mostly middle-aged women, presenting with facial-and/or hand dermatitis, were affected, although
very young children were reported as well. Furthermore, the data
confirmed that sensitization is primarily caused by cosmetics (mostly
leave-on, but also rinse-off), household detergents and water-based
paint. This unprecedented outbreak of contact sensitization to a
preservative agent in Europe, and beyond, should have alerted the
authorities much sooner and meanwhile the need for safer use concentrations of MI in cosmetics, detergents and industrial products is
becoming more urgent every day.
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Introduction

I

n the eighties, the preservative agent Kathon CG®, a mixture of
methylchloro-isothiazolinone (MCI) and methylisothiazolinone
(MI) in a 3:1 ratio, was the cause of a worldwide epidemic of
contact-allergic reactions, with approximately 5% of the patients

tested with the baseline series reacting to it. Following European legislation, which limited its use concentration in cosmetic products to a
maximum of 15 ppm (0.0015%) instead of the former 30 ppm, the number of cases of contact allergy dropped significantly [1]. From 2000 on,
MI alone was allowed for use in industrial products, with no maximum
limit set as it has weaker antimicrobial properties and was considered
a weaker sensitizer. However, shortly after, the first occupational cases
caused by MI in paints and glues started to appear in the literature [2].
Still convinced that MI was indeed less sensitizing than its chlorinated counterpart, the EU allowed its use up to a maximum of 100 ppm
in both leave-on (e.g. day cream) and rinse-off cosmetics (e.g. shampoo) in 2005 [3]. However, the first cosmetic cases of contact allergy
appeared in 2010 [4] and since then, European alert systems (such as
REVIDAL [Réseau de Vigilance en Dermato-Allergologie] in France) have
highlighted an increasing number of sensitized patients. Meanwhile,
dramatic sensitization rates were reported throughout Europe and the
rest of the world, the highest so far coming from Finland (13.2%) [5]. MI
was even elected “Allergen of the Year” by the North-American Contact
Dermatitis Society in 2013 [6]. Unfortunately, the European legislator
was not in a rush to undertake the necessary regulatory action [7], although in December 2013 the Scientific Committee on Consumer Safety (SCCS), who advises the European Commission regarding cosmetic
ingredients, released an Opinion stating that MI should be abandoned
in leave-on cosmetics and that its use concentration in rinse-off cosmetics should be lowered to 15 ppm (0.0015%) [8]. Cosmetics Europe,
representing the industry, gave similar advice to its members, but only
with regard to the proposal of banning MI in leave-on products [9].
The French group GERDA (Groupe d’Etudes et de Recherche en Dermato-Allergologie) and the Belgian BCEDG (Belgian Contact and Envi-
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ronmental Dermatitis Group) decided to collect and share their data
on MI-sensitization by means of two nationwide multicenter studies
[10, 11].

The Belgian experience
Frequency of allergic reactions to the mixture of MCI/MI
and to MI alone
In the Belgian multicenter study, in which 6 university patch-test clinics and 3 private dermatologists collaborated, the patch test results of
8,680 patients, tested with MCI/MI and MI between the beginning of
January 2010 and the end of December 2013, were retrospectively analyzed. Additionally, the files of 6,599 patients tested in the first 3 years
were analyzed in detail [11]. The study showed that in 2013 the number of patients allergic to MCI/MI already reached over 5% and that
the sensitization rate of MI even reached 7.2% (Table A1.1). A German
study had already indicated that the higher number of allergic reactions
to MCI/MI could in fact be explained by sensitization to MI [12].

Products causing the allergic reactions
Both leave-on and rinse-off cosmetics were the main allergen sources and the relevance of the positive reactions to MI was considered
very high (for example in 2012, approximately 80% of the reactions
caused by MI were considered of “certain” or “probable” relevance,
i.e. explaining the dermatitis for which the patients consulted). When
analyzing the different cosmetics, some products received special atTable A1.1. Percentage of patients allergic to MCI/MI and MI in Belgium.
2010

2011

2012

2013

MCI/MI

3.6%

3.7%

4.5%

5.3%

MI

3.1%

3.2%

6.0%

7.2%

MCI/MI: methylchloroisothiazolinone/methylisothiazolinone
MI: methylisothiazolinone
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tention: wet wipes (causing hand eczema as well as anogenital and
perioral dermatitis), although their relative importance seemed lower
in comparison with other studies; deodorants, accounting for axillary
dermatitis; eye care cosmetics (e.g. hydrating creams, even when “dermatologically tested” or “for sensitive skin”), but also many rinse-off
products. In certain occupations, e.g. cleaners, who may have intense
skin contact with “rinse-off” products (e.g. detergents) being repeatedly in contact with the skin – hence behaving as “leave-on” products
– contact dermatitis can easily be elicited and even induced [13], especially given the fact that the use concentrations of MI contained in
some detergents may be rather high i.e. >100 ppm [14].
In the Belgian study, the number of occupational cases was rather
limited and in almost half of them the main allergen source was still a
cosmetic which the patient contacted at work (e.g. hand eczema caused
by a shampoo in a hairdresser or a hand soap used at work). Sofa seats
[15], towels and even a water bed mattress [16], contaminated by MI
present in cleansing products, were also described as culprit allergen
sources.
Household detergents (e.g. dish washing liquids) were pinpointed as
the second major allergen source. It was found that some of them are
incorrectly labeled [17], which creates a specific problem for both consumers and in the occupational environment; this was even recently
reported for a medical device, i.e. an ultrasound gel [18]. Moreover,
we could demonstrate that, unlike (thick) nitrile gloves, natural rubber
(latex) gloves do not prevent skin penetration by MI, hence explaining persistent hand dermatitis despite the use of so-called “protective”
gloves [19]. Indeed, isothiazolinones such as MI, but also the related
octylisothiazolinone (OIT), seem to exhibit the potential of penetrating
various types of materials, an observation which should be taken into
account when evaluating their sensitizing potential [14]. Water-based
paint used by painters but also by consumers (e. g. during renovation
works at home or at the work place) may cause skin problems, usually
presenting as airborne contact dermatitis, with inhalation even causing systemic contact dermatitis affecting the main body folds [20]. In
strongly sensitized patients, minute concentrations of MI may already
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elicit symptoms, such as in the case of a male patient with airborne dermatitis affecting his upper eyelids, face and neck, which was caused by
MI in paint used by the patients’ neighbor (contact dermatitis by proxy)
[21]. Usually the patients were previously sensitized to MI through the
use of cosmetic products, but primary airborne sensitization could often not be excluded [22]. Water-based paint, often containing several
isothiazolinone derivatives, with MI in concentrations up to 300 ppm
[1], constitutes a specific health hazard because of the long-lasting
evaporation (weeks, if not months), which not only causes skin problems but also respiratory complaints [23, 24]. As isothiazolinone free
paint seems to be rarely available, proper ventilation of all painted
rooms is highly recommended in order to speed up the evaporation
process. Neutralization by adding sodium metabisulfite has also been
proposed [23], but caution is warranted since sulfites may also cause
both immediate and/or delayed allergy [25].

Clinical presentation
In our study, MI-allergy was mainly observed in women with a median age of 49 years old (women are generally overrepresented in contact
allergy studies, especially when focusing on cosmetic allergy). Recently,
even very young children have been reported [20]. The same observations were made in the French study, with a majority of middle-aged
women being affected, and the youngest patient being only 1 year old,
the latter being a troublesome feature indicating the strong sensitizing
potential of MI. Indeed, alarming sensitization rates to MI in the pediatric population have started to appear in the literature [26].
The skin localizations most often reported were the face, including
the eyelids (sometimes with conjunctivitis), and the hands, often with
extension to the forearms, while anogenital eczema, at least in Belgium, seemed less frequent than before. Interestingly, the patients often presented with very sudden and generalized dermatitis [27], probably due to a cumulative effect caused by the use of multiple (cosmetic
and other) products containing MI.
Between 2010 and 2012 almost 1 out of 10 patients suffered from
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airborne contact dermatitis, almost always caused by MI in waterbased paint. No respiratory complaints were observed, although reported [28]. Of note, isothiazolinones can cause unusual clinical manifestations such as lupus-like skin lesions [29], urticaria [30], or even
mimic cutaneous T-cell lymphoma [31]. Interestingly, MI can also act as
a relevant sensitizer at the mucosal level, for example in the anogenital
region, due to the use of sexual lubricants or wet wipes [11], and also
at the oral mucosa [14].
In 3 of our patients, the clinical and histological examination suggested a drug eruption, but in fact MI contact allergy was the correct final
diagnosis. Another patient, a painter, consulted for a photo-aggravated
dermatosis following airborne contact with MI-containing paint [11],
an observation which was recently confirmed by French dermatologists
(Dr. Brigitte Milpied-Homsi, personal communication, REVIDAL meeting, 13 January 2013, Paris).

How to test correctly for MCI/MI- and MI-contact allergy
Both the Belgian and French studies showed that patch testing with
MCI/MI at 100 ppm (0.01) aqueous solution, as formerly present in the
European baseline series, is insufficient to detect contact allergy to MI,
and that a higher concentration is absolutely necessary. Indeed, it was
calculated that 36.2% of patients in Belgium (i.e. more than 1 out of 3)
would otherwise not have been correctly diagnosed. Recently, the European Society for Contact Dermatitis (ESCD) has recommended the inclusion of MI 2000 ppm (0.2%) aq. in the European baseline series [32].
Likewise, MCI/MI should be tested at 200 ppm (0.02%) aq., as recently
recommended as well [33], to avoid missing allergy to the chlorinated
derivative. However, it should be mentioned that these higher test concentrations should be applied using a micropipette (15 μL for a Finn
Chamber or 20 μL for a Chemotechnique Chamber) in order to prevent
active sensitization. If not available, it is safer to use MCI/MI 100 ppm
(0.01%) and MI 500 ppm (0.05%), bearing in mind that false-negative
reactions might occur.
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And what about the other isothiazolinones?
Cross-reactivity between the different isothiazolinone derivatives
has been poorly studied (e.g. [34]). OIT, the chemically most related
substance to MI (Figure A1.1), gained attention in the Belgian study:
approximately 40% of the patients positive to OIT, and for whom no
relevant OIT-containing allergen source could be found, were primarily sensitized to cosmetics containing MI and hence showed a possible (partial) cross-reaction to OIT. On the contrary, benzisothiazolinone
(BIT) did not seem to cross-react with MI. Finally, it was also reported
that some cosmetic products might “illegally” contain OIT or BIT [35].

Figure A1.1. Chemical structure of methylisothiazolinone (MI) and octylisothiazolinone (OIT).

The French experience
The main objective of this study [10] was to describe the evolution of
the sensitization rate to MI in patients tested for suspected contact dermatitis in France between 2010 and 2012. This was a multicenter, retrospective, report-based study of all cases observed from January 2010
to December 2012 and reported by French private or hospital-based
dermatologists, all members of the Revidal-Gerda group. During this
period, patch tests with MI were systematically performed and all cases
of MI-sensitization were collected, thereby specifying age, sex, clinical
relevance and concomitant sensitization to MCI/MI for each positive
test result. If possible, the product(s) responsible for inducing the allergic contact dermatitis and the patient’s occupation were specified.
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Results
The data from 16 French centers, comprising 7,874 patients patch
tested with MI alone in the aforementioned period, were analyzed. In
most cases, the test concentration of MI was 200 ppm aq. (69-72% of
cases) or 500 ppm aq. (21-29%), while only one center used 2000 ppm
aq. in 2011 and 2012. The mixture of MCI/MI was always tested at 100
ppm aq. Patch-test results showed that the proportion of MI-positive
tests more than tripled in 3 years, rising from 1.50% (95% CI 0.93-1.92)
to 3.26% (95% CI 2.62-4.05%) and even further to 5.56% (95% CI 4.509.49%) in 2010, 2011 and 2012, respectively. Positive tests were found
to be relevant in 87.5%, 80.2% and 90.3% of cases in 2010, 2011 and
2012, respectively.
The analysis of the study population showed that women accounted
for most cases of MI-sensitization (75%, 69.8% and 77.8% of MI-positive patients in 2010, 2011 and 2012, respectively) whereas the median
age was between 39 and 43 years with a range of 1 to 88 years.
Among the MI-positive patients, MCI/MI remained negative in
29.2%, 32.6% and 33.5% of cases in 2010, 2011 and 2012, respectively,
which corresponds to approximately a third of false-negative results
with the MCI/MI test among patients allergic to MI.
Over the three years, information about the culprit MI-containing
products was available for 83.7% (247/295) of the positively-reacting
patients. Among these, at least one product was held responsible
for the allergic contact dermatitis in the majority of cases, i.e. 83.4%
(206/247), although in some patients up to 4 MI-containing products
were found as the cause of their allergic contact dermatitis. Overall,
a total of 245 products were involved. Cosmetic products accounted
for 73.1% (179/245) and among these most were rinse-off products,
mainly soaps (particularly industrial soaps), other cleansing and haircare products. Household products represented 16.7% (41/245) with
most of them being dishwashing liquids. Finally, industrial products represented 6.5% (16/245), mainly cutting oils followed by paint.
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A generalized epidemic throughout Europe
The French study also showed that the proportion of positive tests
to MI had increased significantly from 2010 to 2012 and that, among
the patients tested for suspected allergic contact dermatitis, 5.6% were
sensitized to MI. Similar observations were made in other European
studies in which MI was systematically tested (Table A1.2). Thus, in
Germany, the IVDK (Information Network of Departments of Dermatology for the surveillance and scientific evaluation of contact allergies)
reported an increase in the proportion of MI-positive tests (with MI
tested at 500 ppm aq.) from 1.9% to 4.4% between 2009 and 2011 and
reaching 6.0% in 2012 [13]. In the United Kingdom, the study by Mc
Fadden et al. [36] found 5.7% of MI-sensitized patients in 2012 versus
0.5% in 2010 with a 500 ppm aq. test concentration.
In Sweden, Isaksson reported that the contact allergy rate for MI increased from 2.9% in 2010 to 6.5% in 2012 [37]. In his study in Denmark, Madsen reported 6.5% of MI sensitized patients in 2013 versus
4.8% in 2011 [38]. In Portugal, Gameiro et al. observed a significant
increase in isothiazolinone-sensitization (MI tested at 500 ppm aq. and
MCI/MI at 100 ppm aq.) with a rate of 5.15% in 2012 that more than
doubled to 10.9% in 2013 [39].

Table A1.2. Current prevalence and increase of the sensitization rate to MI in 8
European countries.
Country

France
Belgium Germany
(10)
(11)
(13)
Prevalence in % (year)
5.6%
7.2%
6%
(2012)
(2012)
(2012)
Increase of sensitization rate (period)
+ 4.8
+ 4.1
+ 4.1
(2010(2010(20092012)
2012)
2012)
MI-test concentration (ppm)
200-500 200-500
500
(1000 KU
Leuven)

Sweden
(37)

Denmark Portugal
(38)
(39)

British
Isles (40)

Finland
(5)

6.5%
(2012)

6.5%
(2013)

10.9%
(2013)

11.1%
(2013)

13.2%
(2013)

+ 3.6
(20102012)

+1.7
(20112013)

+5.8
(20122013)

+ 9.4
(20102013)

+2.3
(20122013

2000

2000

500

200-2000

500
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According to the report of the British Society for Cutaneous Allergy
(BCSA), published by Johnson [40], in the British Isles, 11.1% of patients
had a positive patch test reaction to MI in 2013 versus 1.7% in 2010.
Finally, Finland holds the European record with 13.2% of MI-sensitized patients in 2013 versus 10.3% in 2012 according to the study by
Lammintausta et al. [5]. Some epidemiological methods have been used
to assess the prevalence of contact allergy in the general population
by extrapolating from clinical data called CE-DUR (Clinical Epidemiology and Drug Utilisation Research) data [41]. This tool estimates that a
prevalence of contact allergy to an allergen of 6% in centers specialized
in contact allergy corresponds to a prevalence of over 1% in the general
population and could thus be categorized as a “generalized” epidemic.
Thus, at this time we can definitely state that there is a real epidemic
of MI contact allergy in Europe.

Conclusions
Although our studies have their limitations, in part due to their multicenter and retrospective design, they both clearly show the rise in
contact allergy caused by MI in Belgium and France, with a spectacular
sensitization rate of ∼ 6,0% in 2012; in 2013 up to 7.0% in Belgium and
even 10% or more in some other European countries [5, 39, 40].
Furthermore, the present studies have even underestimated the
true MI-epidemic given the fact that patch tests were not always performed with the most optimal patch-test concentrations. Our data also
confirm that sensitization is primarily caused by cosmetic products, in
particular by wet wipes, deodorants and skin care products, but also
by rinse-off cosmetics such as shampoos and soaps. Household detergents constitute the second most important allergen source, followed
by water-based paint, the latter causing airborne and sometimes systemic dermatitis.
In order to correctly diagnose contact allergy caused by MCI and MI
it is of utmost importance to include MCI/MI 200 ppm aq. (instead of
100 ppm aq.) and MI 500 ppm aq., preferably even 2000 ppm aq., if a
micropipette is available, in the European baseline series.
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European authorities should urgently regulate safer use concentrations of MI, not only by banning its use in leave-on cosmetics, but also
by lowering the maximum permitted concentration in rinse-off cosmetics, household and industrial products.
Although the cosmetic industry has already advised its members to
phase out the use of MI in leave-on products, the future will tell how
fast this will happen and how this will affect the devastating sensitization rates that are currently still being reported. Likewise, one might
consider further lowering the presently allowed use concentration of
the mixture of MCI/MI (i.e. 15 ppm), which is nowadays still used in a
large variety of rinse-off (and even leave-on) cosmetics! However, its
presence in leave-on cosmetics will be prohibited from 16/04/2016 onwards as regulated by the EU [42].
Last but not least, future studies still need to be carried out and might
focus on (i) cross-reactions between the different isothiazolinones, (ii)
unusual clinical manifestations, including respiratory complaints, which
probably remained underestimated in our studies, and (iii) the real use
concentrations of isothiazolinones in cosmetic products, since some
studies suggest that these may not always be correct [35, 43].
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Contact allergy caused by
isothiazolinone derivatives: an overview of
non-cosmetic and unusual cosmetic sources
Abstract
The isothiazolinone derivatives, methylchloroisothiazolinone (MCI),
methylisothiazolinone (MI), benzisothiazolinone (BIT), and octylisothiazolinone (OIT), owing to their strong bactericide, fungicide
and algicide properties, are widely used in non-cosmetic products,
such as chemical (industrial) products, household detergents, and
water-based paints, and the former two derivatives are also used
in cosmetic products. However, given their inherent sensitization
potential (with MCI > MI > BIT > OIT), allergic contact dermatitis is
frequently observed, both in consumers as well as workers in various
industries. In this review, we provide an update on the use of MCI/
MI and MI in cosmetics, highlighting certain aspects of MI; the use
of excessive concentrations, the presence in some less familiar cosmetic products, and the association with unusual clinical manifestations. Furthermore, the use of isothiazolinones in dish-washing and
washing-machine liquids, cleaning agents for dental care, and their
general presence in multi-purpose household detergents, which may
elicit (airborne) allergic contact dermatitis, is discussed. Finally, we
provide a brief overview of the use of isothiazolinone derivatives in
the paint and textile industry, and of OIT in the leather industry in
particular.
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Introduction

I

sothiazolinone derivatives, such as methylisothiazolinone (MI),
methylchloroisothiazolinone (MCI), benzisothiazolinone (BIT),
and octylisothiazolinone (OIT), are used extensively as preservatives in a wide range of products [1]. However, for both consum-

ers and workers in numerous industries, these chemicals represent potentially important health hazards, as evidenced by the MI pandemic
which, anno 2016, still has not completely subsided [2, 3]. At present,
up to 9% of all patients referred for patch tests, about equal to ~1%
of the general population, are affected by allergic contact dermatitis
due to MI, which is highly reminiscent of (and even surpassing) the epidemic caused by MCI/MI in the 80s.
In the literature, cases of allergic contact dermatitis from unusual

cosmetic sources and non-cosmetic applications (primarily household
detergents and water-based paints) are increasingly being reported [2].
Most published reports deal with MCI/MI, and recently with MI alone,
while cases concerning BIT and OIT are usually described in smaller case
reports or series. For example, the database CDREF (a web application
developed at the KU Leuven comprising a collection of references since
1967) holds 84 references for MCI, 79 for MI, 39 for BIT, and 12 for OIT
(last accessed 24/05/2016) [4].
The whole MI saga also led to an increased awareness among consumers who actively display, through both classic and social media,
their interest in (and concerns about) contact allergy caused by MI (e.g.
https://www.facebook.com/pages/Allergy-to-Isothiazolinone-Methylisothiazolinone-and-Chloroisothiazolinone/307128722674171).
Interestingly, the first cases of contact allergy due to isothiazolinones
occurred in occupational settings with exposure to higher concentrations, for which legislation (unlike that for cosmetics) is still lacking [4].
Methyltrimethylene-isothiazolinone (MTMIT), butyl-benzisothiazolinone (BBIT), dichloro-octylisothiazolinone (DCOIT), and dichloromethylisothiazolinone (DCMIT) are all less well known (and less used)
isothiazolinone derivatives which are beyond the scope of this review.
The relative risk of sensitization associated with those derivatives
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that are more frequently used, is sometimes represented as MCI > MI >
BIT > OIT [5], consistent with their extent of use (Tables A2.1-3).
Table A2.1. Concentrations of isothiazolinones used in products available in the EU*.
Cosmetics°

MCI/MI <15 ppm*
MI <100 ppm**
BIT: forbidden***
OIT: forbidden****
Paints§, glues§, detergents° MCI/MI <15 ppm
MI <300 ppm
BIT <360 ppm
OIT: insufficient data
Industrially used biocides§ MCI, MI, BIT: potentially high concentrations (e.g. >5000 ppm)
OIT: insufficient data
* based on reference [60];
° labelling is legally required;
§ no labelling required;
* From April 2016 onwards:
forbidden in leave-on cosmetics;

** Recommendation to phase out its use in leave-on cosmetics; expected to
be officially banned in leave-on cosmetics from 01 January 2017 onwards.
*** Exceptionally (illegally) present in cosmetics in the EU market;
allowed in cosmetics in the US and Canada;
**** Exceptionally (illegally) present in cosmetics in the EU market.

Table A2.2. Overview of the most important non-cosmetic sources of isothiazolinones*.
Water-based paints and varnishes
Glues (e.g. wallpaper glue, shoe glue) and glue removers; also used during the manufacturing of
adhesives and plasters.
Detergents (household and industrial cleaning products, including wet wipes, dish-washing and
machine-washing liquids, fabric softeners); maintenance products for clothes (e.g. textile sprays to
mask odours, or to make garments wrinkle-free).
Fillers (e.g. for plastering or floor tiling); pottery
Gloss and polish products (e.g. maintenance products for cars, boats, etc.)
Metal-work fluids (cooling fluids and oils)
Textile, leather (shoes) and fur industry; including aqueous pigment liquids, also used during the
manufacturing of carpets and mattresses and (occasionally) gloves.
Printing inks and toners
Rubber industry (latex emulsions)
Plastics industry (polymer solutions); also used during the manufacturing of plastic materials (e.g.
chopping boards, rubbish bags)
Paper and cardboard industry (e.g. as a biocide in paper pulp, in aqueous pigment liquids)
Wood cleaning and maintenance products
Pesticides
As a bactericide, fungicide and algicide in various industries (e.g. in the production of water softeners, air fresheners, milk and water industry, etc.) and laboratories
*including methylisothiazolinone (MI), methylchloroisothiazolinone/methylisothiazolinone (MCI/MI), benzisothiazolinone (BIT), and octylisothiazolinone (OIT); non-exhaustive list, based on: contactallergy.uzleuven.be, http://
www.cdeskpro.be/files/cdref_n.htm, and derived from articles published in the journal Contact Dermatitis during
2014-2015.
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Table A2.3. Examples of less frequently reported, exceptional, or remarkable cosmetic
and non-cosmetic sources of MCI/MI (Kathon CG®) and MI*.
Human cosmetics, such as solid soap cubes, hand barrier creams, liquid makeup products.
Animal cosmetics (e.g. dog shampoo)
Mouth washes, maintenance products for dental prostheses.
Sexual lubricants
Ironing water products
Toilet fresheners
Medical devices to lose weight (e.g. “waist reduction belt”)
Medical devices (wet wipes for skin care, products to decontaminate MRSA, ultrasound gels, etc.)
Antibacterial insoles for shoes
(Gel) mattresses and water beds
Articles, objects and textiles “contaminated” with isothiazolinones, e.g. due to a detergent (sofas,
toilet seats, towels, garments, etc.).
Products for gardening, do-it-yourself products.
Antifungal coatings for car tyres and car seats.
Radiographic materials
Fuels (gasoline, diesel)
Medium density fibreboard (MDF)
*MI: methylisothiazolinone; MCI: methylchloroisothiazolinone; non-exhaustive list, based on: http://www.cdeskpro.be/files/cdref_n.htm (web application KU Leuven), and derived from articles published in the journal Contact
Dermatitis 2014-2015, and on personal observations of the authors.

Update on usage in cosmetics
Use of excessive concentrations of MI in some cosmetics
Several studies have shown that leave-on cosmetics are the main
culprit products causing contact allergy to MI [2, 3]. However, rinse-off
products may also elicit allergic contact dermatitis [6], and, by repetitive or cumulative use, are even capable of inducing sensitization [7].
Recently, 30 cosmetic products available on the Belgian market were
analysed for the presence of MI, MCI, OIT, and BIT at the laboratory
NatuRA of Antwerp University (the use of the latter two in cosmetic
products is presently against EU law). These analyses showed that MI
was often (in 80% of the cases) present at excessive concentrations (i.e.
>100 ppm) in leave-on products, however, the sample size was small,
and a selection bias (some of the products were used by MI-allergic
patients) cannot be excluded [8]. Moreover, mislabelling of cosmetics
and detergents does occur, as recently also reported by others [9, 10].
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Leave-on cosmetics, not only due to their leave-on character but also
(excessively) high MI concentrations, are thus the main driving force
behind the contact-allergy epidemic, and, when incorrectly labelled,
may be unavoidable for sensitized patients. The use of high concentrations may also explain why patients sometimes present with very
strong patch-test reactions to their own cosmetic products, and to
higher test concentrations of MI (500 or 2,000 ppm), but much weaker
reactions of MCI/MI 100 or 200 ppm (containing only 25 and 50 ppm
MI, respectively). The actual reason why some cosmetics contain such
high concentrations remains elusive; perhaps the total amount of MI
in a given product is raised because this preservative is also present
in separate cosmetic ingredients (which the manufacturer might not
always be aware of). Similar findings have been reported in the paint
industry where, at present, there is no maximum level [8, 11, 12].

Unusual cosmetic products
Solid, extra greasy soap cubes may contain MCI/MI (personal communication Dr. A. Pons-Guiraud, REVIDAL [Réseau de Vigilance en Dermato-Allergologie], Paris, 10/01/2014) and MI may also be present in
liquid make-up, such as mascara and eye pencils, usually brought in by
patients without the packaging that contains the (legally required) content information. Some authors suggested that sun protectors containing MI are low-risk products [13], while others reported the opposite
[14]; even potential photo-aggravation by MCI/MI or MI should be kept
in mind [2, 15]. Some cosmetic companies have explicitly labelled their
products as “methylisothiazolinone-free” (e.g. Ombra® sunscreen, Emil
Kiessling GmbH, Georgensgmünd, Germany). Unfortunately, a manufacturer from the US included MI in a mouth wash (Colgate Total® Lasting WhiteTM, Colgate-Palmolive), and at least one female consumer reported throat swelling, resembling food allergy, following its use [16].
Also, cosmetics for pets (e.g. dog shampoo) may contain isothiazolinones, which are products that do not have to adhere to the Cosmetics
Regulation. A similar observation has been made for methyl-dibromo
glutaronitrile (personal communication: M. Isaksson, European Society
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of Contact Dermatitis [ESCD], Malmö, 13-16 June 2012). Moreover, European legislation, although not always so timely enacted upon, does
not apply to cosmetics bought outside the EU, e.g. BIT-containing sunscreen products from the US or Canada.

Unusual clinical presentations
It has become clear that contact allergy caused by isothiazolinones,
and by MCI/MI and MI in particular, may manifest with unusual clinical
and/or histological presentations [2, 17]. Prominent facial swelling and
remarkable (sometimes solitary) eyelid oedema, caused by cosmetics,
have been observed and may lead the clinician to (erroneously) suspect
the occurrence of an immediate (IgE-mediated), instead of a delayed
(T cell-mediated), type of allergy. As far as we know, no immediate reactions upon patch testing with MI, nor positive prick tests performed
with this preservative or with cosmetics containing it, have been reported. On the contrary, in the abovementioned clinical scenarios, patients always patch tested positively, although sometimes only with the
highest test concentration of MI (i.e. 2000 ppm aq.).
Reminiscent of the angioedema-like clinical picture often provoked
by paraphenylene diamine (PPD), the observed reactions to MI are another example of a delayed type of hypersensitivity, showing a rapid
onset and course; urticaria-like reactions and mixed urticarial-eczematous skin lesions have been reported [2, 18]. It was recently stressed
that MI-allergic patients might also show a higher risk of poly-sensitization [19].

Hospital cosmetics and medical devices
Methylisothiazolinone-related occupational hand dermatitis may
occur in medical personnel (e.g. nurses) [2, 3]. Despite the currently
well-known sensitizing potential of MI, some products within the medical sector still contain this preservative. For example, in the University
Hospitals of Antwerp and Leuven, as well as in the Cliniques Universitaires St. Luc in Brussels (personal communication: Prof. D. Tennstedt,
REVIDAL, Paris, 28/06/2013), wet wipes, bath creams, and MRSA-de-
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contamination bonnets, all used in the daily skin care of patients, have
been reported as MI allergen sources, respectively. It may be debated
whether such products should still be considered cosmetics, or rather
medical devices, given the fact that their main function is antisepsis
of the skin. Medical devices, which do not have to comply with the
Cosmetics Regulation, may indeed contain MI, and may even be mislabelled. Madsen et al. described a female nurse with hand dermatitis caused by the use of an MI-containing ultrasound gel. The material
safety data sheets (MSDS), sometimes not always reliable [20], did not
mention its presence, although the manufacturer confirmed its use at
a concentration of <0.5% [21]. Interestingly, the use of gloves (type not
specified) had only provided partial protection. In many professions,
MI-containing cosmetics (e.g. liquid hand soaps) may account for recalcitrant occupational hand dermatitis [2, 3].

Household detergents:
important sources of isothiazolinone derivatives
(Airborne) allergic contact dermatitis caused by detergents
Household detergents may contain several types of isothiazolinones, sometimes at high (legally unrestricted) concentrations; e.g. MI
200 ppm. Due to repetitive skin contact, they may also elicit, or even
induce, occupational hand dermatitis in cleaners, cooks, and workers in
food catering, cafés or restaurants [2, 7]. However, these products, like
water-based paints, may not only cause (hand) dermatitis by direct skin
contact, but may also lead to airborne lesions, for instance by using detergent sprays or applying such products onto large in-house surfaces,
or at the work place.
Van Steenkiste et al. reported a patient with a longstanding and therapy-resistant dermatitis of the face and neck caused by MI in a floor
detergent (with floor heating even facilitating its airborne distribution)
[22]. Interestingly, photo-aggravation of the dermatitis was also noted in this case, and an atypical clinical presentation (i.e. lymphomatoid dermatitis) occurred. Moreover, only the patch test with MI 0.2%
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(2000 ppm) aq. led to a correct diagnosis. A similar case of an airborne,
periorbital allergic contact dermatitis was reported in a laboratory
technician exposed at work (by proxy) to a detergent, and who reacted
to OIT 250 ppm (0.025%) pet. [23]. A particular point of interest is the
penetration capacity of isothiazolinones, for example through rubber
and plastic materials, such as protective gloves, which was shown to
occur for MCI/MI, MI and OIT [24-26]. This may well be an important
feature when evaluating their induction c.q. elicitation capacities. In
daily practice, neither natural rubber latex nor polyvinylchloride (PVC)
gloves may offer the right protection, and preferably thick (re-usable)
nitrile gloves should be advised [25].
With regard to BIT, a recent analysis of patch-test data from the
University Hospitals of Antwerp and Leuven revealed that, at least in
Belgium, this derivative appears to be only a rare contact allergen; targeted, and partially routine, patch testing during the period of January
1990 to December 2014 showed only 16 positive cases, and the majority of (occupational) hand dermatitis cases was due to its presence in
detergents (unpublished data). Although BIT, like MI, is widely used in
water-based paints [27], and thus considered an important cause of
(also airborne and systemic) allergic contact dermatitis from paints,
such patients were not present in our series.

Unusual applications of isothiazolinone-containing detergents
Unusual applications of detergents may also harbour risks; for example, a female patient was reported to experience a dramatic flare-up
of a longstanding (>15 years), but quiescent, oral lichen planus following the (erroneous) use of an MI-containing household detergent (as
advised by her dentist) to clean her dental prosthesis [28]. The patient
suffered from intra-oral vesicles, aphtous lesions, a dry mouth, and
taste disturbances, related to the wearing of the prosthesis which she
used to soak, several times a week, in a small amount of water to which
she added variable amounts of the detergent. Patch tests showed a
clear sensitization to MCI/MI and MI and high-performance liquid chromatography with UV-detection (HPLC-UV) showed the presence of MI
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in the detergent at a rather high concentration (~135 ppm). The filmforming capacities of the detergent, inadequate rinsing, and the porosity of the (acrylate) prosthesis may all have led to accumulation of
MI, causing sensitization and subsequent koebnerisation, accounting
for the flare-up of the lichen planus. This case teaches us that MI, apart
from being a skin sensitizer, also acts as a mucosal sensitizer, and that
its presence in products designated to be used on mucosal surfaces,
such as, for example, sexual or medical lubricants [2], may also constitute a health risk.

What about liquids used for textile washing?
Although often suspected by patients as contributing to their skin
problems, the relative significance of isothiazolinone derivatives in
washing-machine liquids and fabric softeners is at present unclear, and
studies are lacking. It does not seem illogical to suspect that residual
amounts of MCI and MI in wet clothing, upon drying, may still provoke
(discrete) skin lesions, or an intractable itch, especially in highly-sensitized individuals. From a practical point of view, the following recommendations may be helpful: (1) do not use excessive amounts of washing-machine liquid (or the equivalent powder form), (2) use extra rinsing
cycles, and (3) do not use fabric softeners containing isothiazolinones
(used during the final stage of washing, which potentially reside in the
fabrics). Alternatively, one might use isothiazolinone-free detergents,
for example, those with the label “AC (Allergènes Contrôlés) premium”,
issued by the French ARCAA (l’Association de Recherche Clinique en Allergologie et en Asthmologie), a panel of experts in allergology, as mentioned by M. Vigan (“Lessives sans isothiazolinones”, REVIDAL meeting,
Paris, 10/01/2014). The eco-brand “Arbre Vert” (www.arbrevert.fr, and
soon also www.arbrevert.be), among others, distributes a large number of such products. Of note, the induction of sensitization, due to
residual amounts in washed clothing, is considered highly unlikely.
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The textile industry
Antimicrobials, including isothiazolinones [29], are highly appreciated in the textile industry, because they serve: (1) to protect the textiles
(during production and transport, e.g. to prevent discolouration), and
(2) to protect the consumer from being affected by micro-organisms
(e.g. malodor, infection). Valsecchi et al. reported three patients, employed in the spinning department of a nylon-producing company, who
developed hand eczema caused by MCI/MI present in a preservation oil
administered onto the yarn [30]. Aalto-Korte et al. reported on several
patients occupationally sensitized to OIT, including a woman with vesicular hand dermatitis who had been working with mattresses containing
(relatively low amounts of) OIT [31]. Later on, the same author showed
BIT to be a contact allergen in non-powdered polyvinylchloride (PVC)
gloves, responsible for hand dermatitis in (para)medical professionals
[32]. Fukunaga et al. published a report on a consumer suffering from
allergic contact dermatitis caused by OIT present in a mattress used
at home; this preservative was present in an inner gel and penetrated
through a middle polyethylene layer to the textile surface that came
into contact with the patient’s skin [26]. A similar case was reported
of a male patient who presented with a widespread, therapy-resistant
nummular dermatitis, caused by MCI/MI present in a preservative fluid
added to the water reservoir of a waterbed mattress [33]; accidental
leakage, contaminating the surface of the bed (with an estimated MCI/
MI concentration ranging between 19 and 92 ppm), induced contact
allergy. Mose et al. also highlighted one textile worker, presenting with
hand dermatitis, who was found to have a relevant contact allergy to OIT
used during the processing of textiles [5]. Despite the fact that only few
reports have been published, it appears that the use of isothiazolinone
derivatives by the textile industry, during processing and applied to the
final products, might be more widespread than has been acknowledged
hitherto, indicating that vigilance is warranted when considering the
potential implications, both in an occupational and non-occupational
context. During a recent REVIDAL meeting in Paris (09/01/2015), the
French “Institut Français du Textile et de l’Habillement” acknowledged
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that these derivatives are indeed used by the industry, but that their
true extent of use within the sector remains elusive. In fact, an entire
(online) market exists of so-called “treated textiles”, i.e. materials (e.g.
mattresses) and garments (e.g. sports clothing), to which isothiazolinones such as BIT, butyl-BIT, and OIT are added to avoid bacterial and
fungal contamination (e.g. Sanitized®; www.sanitized.com).
In Antwerp, a female patient, working in a clothing boutique, recently presented with new-onset hand dermatitis strongly related to
textiles from a Chinese manufacturer. Patch tests read at Day 4, i.e. 96
hours following contact, showed, except for weak reactions to several
disperse dyes, a remarkable sensitization (++) to MCI/MI for which initially no clear relevance could be found. However, chemical analysis
of several garments confirmed the presence of low amounts of MCI,
the most sensitizing isothiazolinone derivative, which may thus have
contributed to her hand dermatitis (unpublished data). Other examples
of antimicrobials used by the textile industry include: (1) triclosan, (2)
quaternary ammonium salts, (3) zinc pyrithione, (4) (nano) silver particles, (5) chitosan, and (6) biguanides [34]. Several reports have been
recently published concerning the latter group of preservatives, which
can induce both immediate and delayed types of hypersensitivities,
when present in cosmetics (e.g. make-up removers, wet wipes), lens
solutions, and medical devices (e.g. wound cleansers) [35-37].

The leather industry
In 1984, Foussereau et al. published the case of a female worker with
occupational hand dermatitis, employed in a leather shoe factory, who
was found to be sensitized to OIT and MCI/MI, both present as biocides
in a preservative fluid that had been used to treat the leather [38]. Isothiazolinones are used mainly for their strong fungicide properties, during several stages of leather processing (before, during, and after tanning) [39]. In 1992, Oleaga et al. confirmed that OIT is a contact allergen
in leather shoes, which can provoke foot dermatitis in consumers [40].
For several years, OIT has been included in commercialised shoe series
for patch testing, often only at a concentration of 250 ppm (0.025%)
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pet. (Trolab®, SmartPractice Europe GmbH, Barsbuettel, Duitsland and
AllergEaze®, SmartPractice Canada, Calgary, Canada), and more rarely
at a higher concentration of 1000 ppm (0.1%) pet. (Chemotechnique®,
Chemotechnique Diagnostics, Vellinge, Sweden). In 2003, Rani et al. reported four consumers from Pakistan with foot dermatitis caused by
OIT in leather shoes [41], and more recently Febriana et al. published
a case series of patients from Indonesia suffering from shoe dermatitis owing to the use of these biocides during leather processing [42].
This report concerned four patients who were contact-allergic to MCI/
MI, two to OIT, and another two to thiocyanomethyl-thiobenzothiazole
(TCMBT; patch tested at 0.2% pet.), an allergen which the authors concluded might serve as a screening allergen in a shoe series. Some of
their patients also showed positive skin reactions to pieces of their own
shoes, or to extracts made from them, but chemical analyses were not
performed. The same authors had previously reported on two labourers, involved in the processing of leather in two tanning factories in
Indonesia, of whom one was sensitized to MCI/MI and the other to
OIT, which were both used on animal hides, before the actual tanning
process [43]. The leather industry communicated in 2008 that OIT, and
to a lesser extent BIT, but mainly TCMBT (largest market share), are
used [39]. In the abovementioned review by Mose et al. [5], four patients with non-occupational foot dermatitis were also reported, with
a possible link to OIT in (leather) shoes for two of them. At the KU Leuven and Antwerp department, six similar patients (four and two patients, respectively) with relevant OIT sensitization from leather goods
(mainly shoes, but also a belt, a sofa, and leather watch straps) were
observed. These clinical cases, and their extensive work-up including
a newly developed HPLC-UV method to analyse the presence of several isothiazolinone derivatives in leatherwear, have been described
in detail elsewhere [44, 45]. Furthermore, it is interesting to highlight
that maintenance products for leather may also contain these biocides,
which, through contamination (and/or potential penetration), may reside on (or in) the leatherwear and, as such, cause (sometimes longlasting) contact dermatitis. A recent publication described the case of
a male patient suffering from chronic, recalcitrant dermatitis in whom
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patch tests showed a strong positive reaction (+++) to MI, found to be
present in two leather care products (a detergent and a balm), used for
the cleaning and maintenance of a leather sofa [46]. The patient also
reacted to OIT (++), which was believed to be a possible cross-reaction
to MI, although in the light of the above discussion, its presence in the
leather might also have been an alternative explanation. Interestingly,
patients sensitized to OIT from leather may not always exhibit clearcut strong dermatitis lesions, but may also present with rather subtle,
discrete eczema and a chief complaint of intractable itch [44]. BIT has
been held responsible for the occurrence of occupational hand dermatitis (pulpitis) in a patient working with shoe glue containing this preservative [47].

The paint industry
Water-based paints, often containing MI and BIT [12], represent a
specific occupational health hazard, but also for consumers at home or
at work, or even in public places, where painting is being undertaken.
Airborne sensitization and elicitation of allergic contact dermatitis,
caused by the continuous evaporation of isothiazolinones at low concentrations over several weeks to months, constitutes an important
health risk [11]. This risk of airborne sensitization has been confirmed
by researchers studying their emission from 19 different water-based
paints, all potentially containing MI, MCI, and/or BIT [11]. First, chemical
analysis, by means of liquid chromatography in association with mass
spectrometry (LC-MS), was used to verify their presence and concentrations; MI was found in all 19 paints (concentration range: 10-300 ppm),
BIT in 16 paints (concentration range: 1.5-360 ppm), and MCI was only
present in four paints at low concentrations (range: 2-14 ppm). Subsequently, emission studies in a laboratory chamber were performed
using painted plaster walls (two layers). This confirmed the continuous
emission of MI from the paints during a long period (up to 42 days),
while, for BIT, only emission of weak concentrations (close to the detection limit) were noted. Finally, to further confirm the risk of airborne
sensitization to MI from paints, emission studies were performed in a
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two-storey, painted, 111-m² apartment, with paint containing MI (44
ppm) and BIT (1.5 ppm); after seven days the airborne concentrations
were measured. During the first few days, MI emission was measured
with a magnitude of 20 μg.m-3, and subsequently 3μg.m-3 over several weeks. Recently, we were also able to confirm that paints on the
Belgian market mainly contain MI and BIT, the latter clearly at lower
concentrations (range: 23-41 ppm) when compared to those present in
the Scandinavian market [8]. Some paint manufacturers use MCI/MI together with MI (and/or BIT), a practice that is forbidden in the cosmetic industry. Moreover, a paint product may consist of a basic paint to
which other substances (e.g. colour pastes, sometimes also containing
MI) may be added, hence augmenting the total MI content. Although
Thormann in 1982 [48], and more recently Mose et al. [5], reported OIT
to be a potentially important contact allergen in paints, its use in paint
may be rather limited.
Allergic contact dermatitis caused by water-based paints often has
a chronic character and may display atypical clinical features (e.g. dermatomyositis-like; unpublished data). Moreover, mucosal complaints,
including rhinitis, conjunctivitis, and respiratory (asthmatic) complaints,
and even (through inhalation) systemic contact dermatitis, may occur
[49, 50]. Devos et al. showed that in skin-sensitized mice, when looking
at airway reactivity and the type of pulmonary inflammation involved,
MI following intranasal application mainly acts as an irritant to the mucosal surfaces, and not as an allergen (asthmogen) [51]. Whether this
is also the case in humans by airborne sensitization, remains to be elucidated.
Another important element is the addition of so-called nanoparticles to paint (e.g. to provide self-cleaning properties). Researchers from
the KU Leuven reported that, in an experimental mouse model, nanotitaniumdioxide (nano-TiO2) strongly enhanced the induction of contact allergy by the well-known sensitizer, dinitrochlorobenzene (DNCB)
[51]. This observation raises questions as to whether the simultaneous presence of such nanoparticles and isothiazolinone derivatives in
water-based paints, but also in cosmetics (e.g. sunscreens), might influence their sensitization induction and elicitation capacities. To illustrate
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a doom scenario, the presence of MI in sunscreens, sometimes applied
onto damaged (i.e. sunburned and more easily penetrable) skin, together with the (theoretical) contact-allergy facilitating effects of nanoTiO2, and the knowledge that contact dermatitis by MI might become
photo-aggravated, may give rise to a potentially dangerous cocktail.
Some paint manufacturers have spontaneously started to label their
products with “contains methylisothiazolinone, may cause an allergic
reaction”, while others have restricted the use of MCI/MI to a maximum
of 15 ppm. However, in daily practice, we are now confronted with a
number of patients already sensitized to MI, and this is very problematic because MI, even at low concentrations (e.g. 53 ppm), may elicit skin
lesions and other symptoms [49], and the individual level for elicitation,
as in the case of cosmetics [53], may even be much lower (<10 ppm).
This is also evidenced by case reports in which MI-based paints used in
public places were shown to elicit skin symptoms [54]. Possible solutions, besides good ventilation and temporary (or even definitive) relocation [55], include: (1) the addition of sulphites to water-based paints
[56] (although they may act as allergens themselves, inducing both skin
lesions and/or bronchospasms); (2) alkalinization of such paints (which
may also pose health risks, e.g. skin burns [57]); and (3) the use of isothiazolinone-free water-based paints (Table A2.4). The latter are sometimes hard to find, may be less practical, more expensive, and offer less
creative options (e.g. fewer colour shades). Examples of possibly safer
water-based paints can be found in Table A2.4. Recently, Isaksson et al.
reported the use of a compounded cream containing the anti-oxidant
glutathion 2%, a peptide capable of breaking the N-S bond of the ring
structure of MI, thereby destroying the allergenic (and also antimicrobial) character. This creative solution helped a patient with relapsing airborne allergic contact dermatitis due to work-related MI vapours [58].
Safer concentrations of use and adequate labelling of isothiazolinones
in paints are urgently needed. In this regard, it should be mentioned
that so-called “eco-labels” may be misleading, as the concentrations
can be as high as those found in regular paints [12].

181

Appendix 2

Table A2.4. Examples of paint manufacturers producing paints without (or with low
amounts of) isothiazolinones*.
www.afmsafecoat.com
www.aurosa.com
www.ecowise.com
www.murphywallproducts.com
www.milkpaint.com (powder paint)
www.realmilkpaint.com (powder paint)
www.lime.org.uk (powder paint)
www.unearthedpaints.com
www.organicnaturalpaint.co.uk
www.nutshell.co.uk (contains MCI/MI, max. 15 ppm)
www.boss.be (contains MCI/MI, max. 15 ppm)
www.springcolor.it (without any isothiazolinones)**
*Based on: http://www.scribd.com/doc/235153767/Paint-Products-Without-Methylisothiazolinone by Christine
Marie Schroeder, March 2015; as a precaution the exact product details should be verified with the manufacturer.
**Based on: Dr. Michèle Debons, Nantes, France; REVIDAL-GERDA mailing list, e-mail communication
15/03/2016.

Conclusion
The widespread use of isothiazolinone derivatives is striking, with
household detergents and water-based paints constituting the most
important non-cosmetic allergen sources, however, other applications
and various industries are also widely represented. Our ever-growing
knowledge on the risk of sensitization to these chemicals, together with
some of their remarkable properties (e.g. the penetration of seemingly
solid materials), lead us to realise that adequate legislation and control
of their adherence are more than ever necessary.
The European authorities recently decided to no longer allow the
use of MCI/MI in leave-on cosmetics (from April 2016 onwards); hopefully in the future, the use of MI alone in such products will also be
prohibited. With regards to non-cosmetics, such as paints and related
chemical (industrial) products, we urge for more thorough regulations,
correct labelling, and reliable and complete information on the Material Safety Data sheets (MSDS), ideally mentioning the presence of all
isothiazolinones, regardless of their concentration. The very high concentrations in industrial biocides, with the risk of contracting chemical burns and active sensitization [59], necessitate adequate protective
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measurements (e.g. closed systems and sufficient ventilation), but also
correct education of employees (e.g. risk management in case of spillage, leakage, etc.).
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A sudden flare-up of
a quiescent oral lichen planus:
methylisothiazolinone as the prime suspect?
Case Report

A

61-year-old woman with a history of asymptomatic oral lichen planus, proven by mucosal biopsy 15 years previously,
was referred to us with oral complaints that had occurred in
September 2013, shortly after the placement of a new upper

dental prosthesis (consisting of a metal framemade of a Vitallium® alloy,
containing cobalt, chromium, and molybdenum, and acrylate tooth material made of polymerized methyl methacrylate (PMMA); Figure A3.1). The

prosthesis was used by the patient without any fixative.After a fewweeks,
the wearing of the prosthesis had resulted in intraoral swelling, vesicles,
and small, painful, aphthous ulcers, accompanied by a metallic taste and a
dry mouth. Whenever she removed the prosthesis, the complaints settled
after several hours, only to recur when she wore the prosthesis again. At
the time of presentation, 6 months later, clinical examination showed an
inflammatory and lichenoid aspect of the buccal mucosa (Figure A3.1),
particularly those parts in contact with the prosthesis, that is, the lateral
borders of the tongue, the gingiva, and the upper palate. Because of the
suspicion of a contact allergy, patch tests were performed with the Belgian
baseline series [including both methylisothiazolinone (MI) 500 ppm aq.
and methylchloroisothiazolinone (MCI)/MI 100 ppm aq., and supplemented with MI 2000 ppm aq., MCI/MI 200 ppm aq., benzisothiazolinone (BIT)
500 ppm pet., and octylisothiazolinone (OIT) 1000 ppm pet.], a dental series, an acrylate series (stored refrigerated), and a bakery series, all from
Chemotechnique Diagnostics (Vellinge, Sweden), and (ingredients of) her
personal dental hygiene products. Readings were performed according
to ICDRG guidelines, and showed no reactions at D2, but 1+ reactions at
D4 to MCI/MI 100 and 200 ppm aq., and to MI 500 and 2000 ppm aq.
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Figure A3.1. A dental prosthesis containing cobalt, chromium,
molybdenum and polymerized methyl methacrylate producing
lichenoid lesions of the palate, gingiva, and lateral borders of
the tongue.

Figure A3.2. Methylchloroisothiazolinone/methylisothiazolinone
100 and 200 ppm aqua producing 1+ reactions at D4.

Figure A3.3. Methylisothiazolinone 500 and 2000 ppm aq. producing 1+ reactions at D4.
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(Figures A3.2 and 3). There were no reactions to BIT or to OIT, and no
late reactions (≥D7) were observed. Interestingly, the patient had never
experienced any dermatitis resulting from skin contact with cosmetics,
household detergents, paints, or glues. However, she informed us that
she had taken the advice of her dentist to clean her prosthesis twice
weekly by soaking it, usually for 15-30 min, but sometimes for up to 1
hr, in a jar filled with water to which a highly concentrated dishwashing
liquid [Dreft®; Procter & Gamble, Strombeek-Bever, Belgium] had been
added. The label of the detergent mentioned the presence of MI, and
to verify this a chemical analysis was performed at the Research Group
Natural Products and Food – Research and Analysis of Antwerp University. Briefly, 1 g of the detergent was dissolved in 6ml of methanol and
placed for 30min in an ultrasonic bath. The solution was then quantitatively transferred to a 10.0-ml volumetric flask, and adjusted to volume
with methanol. Prior to analysis, the solution was filtered (0.45 μm).
The solution obtained was then analysed by high-performance liquid
chromatography (HPLC) with an ultraviolet (UV) detector. The column
used was a GraceSmart RP C18-column (5 μm; 4.6 × 250mm2) (Grace™
Alletech™,Deerfield, IL, USA), the mobile phase consisted of 0.1% (vol/
vol) formic acid in water as mobile phase A and 0.1% (vol/vol) formic
acid in acetonitrile as mobile phase B (using gradient elution), the flow
rate was 1 ml/min, the injected volume was 20 μl, and the wavelength
used for the detection of MI was 274 nm. Comparison with a standard
solution of MI (obtained from Santa Cruz Biotechnology®, Santa Cruz,
CA, USA) showed that the detergent contained MI, which could be
quantified at ∼ 135 ppm (mean of two independent results). No MCI,
BIT or OIT was found. A spike experiment (adding known amounts of
MI, MCI, BIT and OIT to the sample) confirmed the suitability of the applied method for this sample, resulting in recovery of between 97.3%
and 103.1% for the four isothiazolinones. The patient was instructed
to stop the cleansing procedure and to thoroughly clean her prosthesis by soaking it in plain water and rinsing it several times before using it again. Also, her dentist recommended the use of an alternative
prosthesis-friendly cleaning method (Dentipur® gel; Helago-Pharma
GmbH, Erftstadt, Germany). Additionally, the remaining active lichen-

189

Appendix 3

oid lesions, which showed a waxing and waning course, were treated
with a topical betamethasone dipropionate 0.05% mouth paste. When
the patient was contacted again after 2 weeks, she had cleaned the
prosthesis three times,which had already enabled her to wear it for
a longer period of time during the day, and at a second follow-up at 6
weeks she was again wearing the prosthesis continuously during the
day. Besides inadequate rinsing, possible penetration of MI into the acrylate component of the prosthesis was considered as a possible explanation. In order to verify this hypothesis, the following experiment was
performed. Three small pieces of PMMA (∼ 1 cm2) were delivered by
the dental technical laboratory that had manufactured the prosthesis:
(i) one piece was soaked for 1 hr in 15 ml of water to which two drops
(∼ 0.1 ml) of the MI-containing household detergent were added twice
weekly for 4 weeks, and after each procedure it was thoroughly rinsed
for 2 min; (ii) one piece was treated in the same way, but with MI 500
ppm aq. (Chemotechnique Diagnostics®); and (iii) one piece was treated with only water and served as a control. The patient agreed to be
tested with all three pieces of PMMA placed on the upper armfor 48 hr.
Readings at D2 and D4, however, remained negative. An additional effort to show the penetration of MI was undertaken by soaking a similar
PMMA-based prosthesis in a jar containing 150 ml of water to which
two drops of the same detergent were added. After 2 days, it was thoroughly rinsed and cleaned in fresh water by use of an ultrasonic bath
for 5 min. The residual water, concentrated after evaporation, was then
analysed with the aforementioned HPLC method, but no MI was found.
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Discussion and Conclusion
Dental prostheses can be responsible for oral contact allergy caused
by metals or, more rarely, the acrylates used to manufacture them (1).
In our case, MI was considered to be the cause of a sudden flare-up of
a latent oral lichen planus, owing to its presence in a household detergent that was used to clean a prosthesis. Besides cosmetics and paints,
household detergents have been pointed out as important allergen
sources of MI, the latter mainly in relation to hand dermatitis (2). As the
labelling of household detergents is mandatory, but not always correct
(3), and because we did not have any information on the range of use
concentrations of MI in the particular dishwashing liquid, we verified
its presence and concentration by means of HPLC with UV detection,
which actually showed a high content of MI (∼ 135 ppm). Although the
use of a household detergent to clean a dental prosthesis might seem
erroneous, some dentists advise this, as can also be seen when some
commercial dental care websites are consulted (4).
We hypothesize that inadequate rinsing of the prosthesis, with some
of the film-forming detergent and MI present therein remaining, might
have triggered the reaction in our patient. Alternatively, MI might have
penetrated the porous structure of the acrylate component of the
prosthesis, possibly even accumulating in it with repeated soaking, as
the acrylate part of such dental prostheses, which is usually made of
PMMA, is not a solid material, but a porous one, with the degree of porosity depending on several factors (e.g. the amount of residual monomers), which might lead to microorganisms (e.g. Candida albicans) being harboured, and also the retention of fluids (5). Interestingly, it was
recently reported that MI might penetrate through natural rubber latex
gloves (6), and a similar observation was reported by Fukunaga et al.,
who described a case in which OIT, the isothiazolinone that is structurally most related to MI, penetrated from the inner gel layer of a mattress, through a middle polyethylene layer, to the outer textile layer,
causing contact dermatitis (7). Our attempts to show such penetration
of MI into the dental acrylate material were unsuccessful, and several
reasons might explain this: (i) we could only test small pieces of acrylate
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material (∼ 1 cm2), with the absolute MI content being possibly too low
to elicit reactions when tested ‘as is’ on the skin; and (ii) a similar, but
not identical, PMMA-based prosthesis was used for the experiment,
and there might have been differences with regard to polymerization
status and the amount of residual monomers, influencing the degree
of porosity of the prosthesis. Further, the duration of soaking of this
prosthesis in the MI-based solution of only 2 days might have been too
short for enough accumulation of MI inside the prosthesis for the described HPLC method to detect its presence.
Our patient never experienced any hand eczema or other dermatitis after the use of MI-containing or MCI/MI-containing cosmetics or
detergents, which, after careful examination of her personal care and
household products, consisted only of rinse-off products. Moreover,
the patch test reactions in our patient were all of a mild 1+ intensity,
and rinse-off cosmetics or detergents containing MI might not, therefore, necessarily produce clinical symptoms in such low-grade sensitized patients, as has also been described for MCI/MI-containing rinseoff products in MCI/MI-allergic patients (8). Alternatively, our patient
might represent a case of contact allergy to MI with clinical relevance
only at the mucosal level, without contact dermatitis of the skin. It is
of note that MI can also be present in sexual lubricants that are used
on the anogenital mucosa and cause MI-related genital dermatitis (2).
In conclusion, we report a case in which MI, present in a household
detergent used to clean a dental prosthesis, might have caused primary
mucosal sensitization, resulting in koebnerization and thus leading to a
flare-up of a long-lasting, but hitherto inactive, oral lichen planus. Apart
from its toxicity, its allergenic potential makes it clear that the use of
MI at the mucosal level should be avoided. In the future, one might focus on the potential of the isothiazolinones to penetrate solid materials
such as rubbers, plastics and, possibly, even acrylates, although the last
of these remains to be proven.
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Appendix 4
Airborne-induced
lymphomatoid contact dermatitis
caused by methylisothiazolinone

M

ethylisothiazolinone (MI) is, in Belgium (1) and elsewhere, now an extremely frequent cause of allergic contact dermatitis (ACD), owing to its presence in cosmetics
and paints, in particular, but also in detergents. Allergic

contact reactions are primarily eczematous skin reactions, but occasionally may present as non-eczematous eruptions (2), such as erythema multiforme-like, lichen planus-like or lymphomatoid reactions; this may lead
to a delay in reaching the correct diagnosis. Here, we present the case of
a woman who had experienced face and neck dermatitis for several years,
and who presented with a lymphomatoid eruption for which MI was determined to be the contact allergen that was primarily responsible.

Case Report
A 58-year-old non-atopic woman presented to our clinic in Leuven in
June 2013 with an eruption on the face and neck that had started a few
years earlier with erythematous patches around her eyes. Multiple treatments had been administered, that is, several corticosteroid creams, and
topical and systemic antibiotics. She had also applied several cosmetic
products, and noticed exacerbation when she was exposed to sunlight or
when she applied sunscreens. A diagnosis of peri-ocular dermatitis, caused
by the repeated application of different topical corticosteroids, had been
suggested, for which she had been prescribed several bland moisturizers.
The rash, however, had progressively spread to the rest of her face, retroauricular area, and neck, and a few weeks before she consulted us, the
dermatitis had also involved the forehead and hairline at the temples.
Patch tests had been performed elsewhere, presumably only with the
European baseline series, and reported as negative. When she was first
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seen by us, examination showed erythematous and urticarial patches
on her forehead and neck, with some desquamation (Figure A4.1). Differential diagnoses included eczema, ACD, Jessner’s lymphocytic infil-

A

B

Figure A4.1. Airborne ‘lymphomatoid’ contact dermatitis
on the face (A) and the neck (B) caused by a methylisothiazolinone-containing floor detergent.
trate, lupus erythematosus, granuloma annulare,mycosis fungoides,
lymphoma, and erythema annulare centrifugum. A skin biopsy showed
discrete spongiosis and parakeratosis, and a limited lymphocytic and
plasmocytic perivascular infiltrate in the upper dermis; this was interpreted as chronic eczema.We prescribed a topical corticosteroid, and
the patient was advised to use a moisturizing cream and shampoo free
of important allergens, including isothiazolinones.
Patch testing was again performed, with IQ Ultra® chambers (Chemotechnique Diagnostics, Vellinge, Sweden) covered with Mefix® (Mölnlycke Health Care, Göteborg, Sweden), with readings at D2 and D4, with
the European baseline series (including benzisothiazolinone 0.05% pet.
and octylisothiazolinone 0.1 pet., both from Chemotechnique Diagnostics), a cosmetic series, and her own products, along with the ingredients. Positive reactions were observed to MI 2000 ppm aq. only, whereas MI 500 ppm aq. and methylchloroisothiazolinone (MCI)/MI 100 ppm
aq. gave negative results; the patients also reacted to alkyl glucosides,

196

Airborne-induced lymphomatoid contact dermatitis

panthenol, and several cosmetic products that she had brought with
her (Table A4.1).
At the time of consultation, MI was identified in only one of the
Table A4.1. Positive patch test reactions.
European baseline series
Methylisothiazolinone 2000 ppm*
Cosmetic series
Decyl glucoside 5% pet.†
Lauryl glucoside 3% pet.‡
Panthenol 5% pet.§
Own cosmetics (tested ‘as is’)
SVR® Topialyse Palpebral
Kneipp® body lotion
Roc® Soleil protection haute SPF 50
Roc® Calmance soothing moisturizer
Roc® Calmance intolerance repairing

D2

D4

−

+

+?
−
+?

+
+
+

+
+
−
−
−

+
+
+
+
+

*Obtained from Malmö Hospital, Department of Occupational Dermatology, Malmö, Sweden
† Allergeaze™, Brial Allergen GmbH, Greven, Germany
‡ Chemotechnique Diagnostics, Vellinge, Sweden
§ Trolab™, Almirall Hermal, Reinbek, Germany

products that the patient had previously used, that is, Topialyse Palpebral® (SVR, Le Plessis-Pâté, France), from which MI has recently been
removed; however, she mentioned having applied numerous other
cosmetic products with unknown composition to which she had been
intolerant and that she had discarded.
Decyl glucoside was found in the sunscreen product (Roc® Soleil
protection), and panthenol was a constituent of Roc® Calmance intolerance repairing cream and soothing moisturizer (Johnson & Johnson
Consumer France S.A.S., Issy-les-Moulineaux, France), and of Kneipp®
body lotion (Kneipp-Werke, Würzburg, Germany); all produced positive
patch test reactions when tested ‘as is’.
Notwithstanding discontinuation of the suspect cosmetic products,
the eczematous lesions persisted in the face and neck, and deteriorated each time that the floors of her house had been cleaned with a
particular detergent. Analysis at the Antwerp laboratory with high-performance liquid chromatography with an ultraviolet detector showed
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the presence of MI and benzisothiazolinone (BIT) in the detergent at
concentrations of 181.3 and 4.6 ppm (mean of three independent results), respectively. A spike experiment confirmed the suitability of the
applied method for this sample, resulting in recovery rates of 96.9%
and 97.5% for MI and BIT, respectively. Her dermatitis was now considered to be airborne-induced, possibly favoured by the underfloor
heating system. Since avoiding this cleaning agent, she has remained
completely free of symptoms.

Discussion
Skin exposure to high concentrations of both MCI/MI and MI can
cause severe chemical burns (3, 4), which may be followed by primary
sensitization (4). Contact allergy to MI usually presents as eczematous
lesions, very often on the face, with frequent involvement of the eyelids,
and is often accompanied by complaints of burning and severe swelling, a mixed eczematous-urticarial skin eruption (1), or on the hands,
where it can present as chronic eczema. It may also mimic other eczematous reactions, such as seborrhoeic, asteatotic (1), photo-allergic
(5) and atopic dermatitis, particularly in widespread reactions such as
in cases of airborne exposure (1, 5, 6). The lesions may also be lichenified and infiltrated, with follicular accentuation, or present as sharply
delineated plaques, and can even be photo-aggravated (1). Moreover,
contact-allergic reactions to isothiazolinones can be non-eczematous
and may mimic, both clinically and histologically, subacute or chronic
discoid lupus erythematosus, or lymphocytic infiltration, as was previously described for MCI/MI by Morren et al. in 1992 (5) and Mendese
et al. in 2010 (7), and just recently also by Knackstedt and Zug (8).
MI allergy may also be mistaken for a drug eruption (1). Moreover,
Gebhardt et al. described a case of generalized (airborne) urticaria following exposure to wall paints (9), and, recently, a case of genital dermatitis causing relapsing episodes of bacterial cellulitis (1) and a contact dermatitis masquerading as folliculitis decalvans induced by a hair
gel have also been reported (10).
Unusual presentations of contact allergy have been described for

198

Airborne-induced lymphomatoid contact dermatitis

other allergens as well, for example an erythema multiforme-like eruption caused by primula (11), and erythema multiforme-like contact dermatitis and pigmented and purpuric contact dermatitis caused by textile dyes (12). Also, p-phenylenediamine has been held responsible for
inducing atypical allergic contact reactions, even resembling Sweet’s
syndrome (13), whereas repeated biopsies showed lymphomatoid dermatitis. Sometimes, dense lymphocytic infiltrates may cause the dermatologist to erroneously consider the patient as having cutaneous
T-cell lymphoma (mycosis fungoides), as has been reported for strong
allergens such as dimethyl fumarate (14).
Finally, respiratory symptoms induced by isothiazolinones may also
occur (15–17).

Conclusion
In cases with an unusual clinical presentation, an allergic contact reaction may not always be suspected, and the possibility of ACD may
then only be considered during follow-up, when patients do not respond to treatment initiated for an erroneous diagnosis. This underlines the importance of performing a skin biopsy and, importantly, the
correct interpretation of it. In our case, the patient presented with
longstanding erythematous, infiltrated and urticarial patches, along
with scaling, on her forehead and neck that proved to be resistant to
therapy. On the basis of the clinical presentation,we initially discussed
a broad scope of differential diagnoses, including ACD, and considered
it to be the most likely diagnosis when interpretation of the skin biopsy
was compatible with chronic eczema showing, however, marked lymphocytic infiltrates. The diagnosis of ACD was then finally confirmed
when patch tests showed the relevant allergens, although it should be
mentioned that the underlying contact allergy to MI was not shown
by the previous patch tests, but could only be detected with the 2000
ppm patch test concentration, as now recommended (18); however,
for MCI/MI, 200 ppm has been recommended (19). Adequate test concentrations in patch testing might prevent patients from suffering from
skin disease for several years, as in this case.
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Appendix 5
Pearls & Zebras:
Contact dermatitis masquerading as folliculitis
decalvans: methylisothiazolinone strikes again!
Precís
Methylisothiazolinone (MI) is currently a leading cause of contact dermatitis (1-3), and can present with unusual clinical manifestations (4).

Discussion
An atopic male patient in his 40s had been experiencing an itchy and
burning dermatosis on his scalp for nearly 1 year presenting follicular
pustules and crusts, tufted hairs, and subtle areas of cicatrization (Figure
A5.1A). Bacterial swabs had repeatedly shown the growth of Staphylococcus aureus, and because of a clinical suspicion of folliculitis decalvans, he
had received treatments with topical corticosteroids and oral antibiotics,
all with only partial and temporary relief. Upon referral, clinical examination showed weeping erythematosquamous lesions with a sharp demarcation on the scalp along with infiltrated red lesions unevenly distributed
over the face (Figure A5.1B). Interestingly, the dermatosis would burst out

Figure A5.1. Follicular crusts, tufting, and cicatrization on the
scalp (A) along with red, infiltrated lesions on the face (B).

Appendix 5

in flares, thereby occasionally extending to both arms and, sometimes,
even producing a burning sensation of his mouth and nose mucosa. A
skin biopsy taken from the scalp, to differentiate between folliculitis
decalvans and a superinfected (contact) dermatitis, was in favor of the
latter demonstrating, however, a normal epidermis and a remarkable
dermal lymphocytic infiltrate accompanied by eosinophils. Patch tests
were performed on the upper back with the Belgian baseline series
and a cosmetic series, both from Chemotechnique (Chemotechnique
Diagnostics, Vellinge, Sweden), and with an additional series of allergens composed by the Belgian Contact and Environmental Dermatitis
Group. The tests were occluded for 2 days, and results were read at
days 2 and 4 according to International Contact Dermatitis Research
Group guidelines. At day 4, a strong reaction (2+) was observed to MI
of 500 and 2000 ppm, both in aqueous solution. The mixture of methylchloroisothiazolinone/MI 100 ppm aqueous solution showed only a
1+ reaction. A doubtful reaction (+?) was recorded for the preservative
octylisothiazolinone (OIT) of 1000 ppm pet. No reaction was observed
to benzisothiazolinone. After careful examination of the patient’s own
personal care products, MI was present in a hair gel (Taft hair gel;
Schwarzkopf, Henkel, Düsseldorf, Germany) that the patient confirmed
he had been using regularly during the past year. After stopping its use,
his skin problems gradually subsided and did not recur.
We are actually confronted with an escalating MI epidemic, which
mainly causes facial and eyelid dermatitis attributable to leave-on cosmetics (3). We here describe a case of contact allergy caused by MI
in a hair gel with a clinical picture mimicking folliculitis decalvans, the
subtle cicatrization probably being the result of extensive scratching.
The flares of the dermatitis, its sharp demarcation, the spreading to
the face and arms, and the dermal lymphocytic infiltrate, the latter also
being reported (4), all point toward contact dermatitis. Mucosal complaints, as present in this case, might be underestimated features of
isothiazolinone allergy. Possible cross-reactivity to OIT, structurally the
isothiazolinone most related to MI, has been observed (3), although,
in the present case, the used test concentration for OIT only showed a
doubtful reaction.
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Zebra
Atypical scalp dermatitis with dermal lymphocytic infiltrates should
alert the physician to the possibility of allergy to isothiazolinones in cosmetics.
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