Contact Dermatitis 2006: 55: 160-166
Printed in Singapore. All rights reserved

Copyright © Blackwell Munksgaard 2006
CONTACT DERMATITIS

An evaluation of dose/unit area and time as key
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Methylchloroisothiazolinone and methylisothiazolinone (MCI/MI) contact allergy affects 1-3% of
patch-tested patients in European centres. The aim of the present study was to evaluate the impor-
tance of the factors — time and concentration (dose/per unit area) — in the elicitation capacity by
means of a repeated open application test (ROAT) experimental design. The study was designed as
a double-blind, placebo-controlled, dose-response ROAT preceded by a diagnostic patch testing. 25
subjects with confirmed MCI/MI allergy and 10 healthy, non-MCI/MI allergic control subjects were
exposed to 0.025 pg/cm? (2 p.p.m.) of MCI/MI/unit area of the skin for 4 weeks. After a wash-out
period of at least 4 weeks, the subjects were exposed to 0.094 pg/cm? (7.5 p.p.m.) of MCI/MI/unit
area of the skin for 4 weeks. The study showed the importance of both time and exposure in the
elicitation process. It demonstrated that the elicitation threshold for MCI/MI is expected to be in the
proximity of 0.025 pg/cm? although it was not possible to establish a definitive elicitation threshold
for MCI/MI in this study.
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Introduction

Methylchloroisothiazolinone and methylisothia-
zolinone (MCI/MI) are the active ingredients of
a preservative system that has broad-spectrum
antimicrobial activity against fungi, yeasts and
both Gram-positive and Gram-negative bacteria.
MCI/MI has been used extensively for more than
20 years as a preservative system for general con-
sumer products (e.g. carpet cleaners, fabric soft-
eners, dishwashing liquids), cosmetics (e.g.
shampoos, skin creams) and diverse ranges of
industrial product applications (e.g. inks, metal-
working fluids, industrial cooling towers, adhe-
sives). The usefulness of MCI/MI lies not only in
its broad-spectrum activity but also in its achieve-
ment of preservative efficacy at very low concen-
trations in product. MCI/MI is one of the most
important preservatives used in both cosmetic and
industrial products (1).

MCI/MI is provided as a active ingredients to
the cosmetic industry for use in cosmetic products
in the ratio of 3:1. This preservative system is
listed in Annex VI of the European Union Cos-
metics Directive as approved for use in cosmetic
products in Europe at up to 15 p.p.m. (2). How-
ever, the manufacturer of MCI/MI, trade-marked
as Kathon CG®, has recommended a maximum
concentration of 7.5 p.p.m. for use in leave-on
applications in line with the US Cosmetic, Toiletry,
Fragrance Association (US CTFA) Cosmetic
Ingredient Review Panel recommendations (1).

MCI/MI is a potent contact allergen as estab-
lished in preclinical studies (1). Studies on guinea
pigs have established MCI and MI as contact aller-
gens and elucidated their potency — the former being
a strong allergen and the latter a weak allergen (3).
More recently, the local lymph node assay has con-
firmed MCI/MI as a potent contact allergen (4).



Contact Dermatitis 2006: 55: 160—-166

ELICITATION CAPACITY OF MCI/MI IN MCI/MI-ALLERGIC PATIENTS 161

ROAT start
2 ppm

ROAT start

Patch test U

U 7.5 ppm

U <# MCI/MI 0.025 pglcm? k><# Wash out k><# MCI/MI 0.094 jig/cm? k>

-7d

ow 1w 4w

00 |

skin evaluation

Fig. 1. Overall study design.

Following the introduction of this preservative
in the early 1980s, a sharp increase in contact
allergy rates has been observed by the specialist
dermatology centres in Europe, with a prevalence
rate of 3-8% among the clinical population across
different countries (5, 6). It has been strongly
opined that these levels of contact allergy were
the result of the use of leave-on cosmetic products
formulated with levels of MCI/MI that were, for
the most part, well within the regulatory guideline/
limit in force at that time (30 p.p.m.) but which
were higher than those currently in effect. Many of
these cases of contact allergy were observed in
patients with pre-existing skin disease, such as
hand eczema, where there is known to be an
increased risk of contact allergy (5). More recent
data indicate that MCI/MI contact allergy has
reduced significantly, is stable and affects 1-3%
of patch-tested patients in European centres (7).

It is well recognized that the ability of a contact
allergen to induce contact allergy and lead to the
manifestation of a clinically relevant allergic con-
tact dermatitis (ACD) is dependent on several fac-
tors. Potency and ability to penetrate into the
viable epidermis are examples of such factors
(8). However, one of the most important factors
is exposure (5, 9, 10). A recent update on the risk
assessment for the use of MCI/MI in rinse-off
products demonstrated very effectively the impor-
tance of understanding exposure as a part of the
risk-assessment process for safe use of contact
allergens (5). From an understanding of the con-
sumer exposure to MCI/MI in rinse-off products,
under normal-use conditions, it was concluded
that the risk of primary sensitization from such
exposure in rinse-off products is negligible and
that elicitation of ACD in MCI/MI-allergic indi-
viduals is rare.

An important step in the risk-assessment pro-
cess is to determine the dose of MCI/MI/unit area
of skin that is relevant for the induction of contact
allergy in naive individuals (5, 8-13). Also impor-
tant for risk management is an understanding of
the exposure (dose/unit area) that can elicit ACD
in already sensitized individuals. In several studies
on human volunteers, it has been demonstrated
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that approximately 50% of the exposed, presensi-
tized individuals will react with clinically relevant
skin reactions in 1 week to twice-daily application
of a leave-on product containing between 10 and
15 p.p.m. MCI/MI (14-16). Experimental elicita-
tion studies at exposures levels of 1-2 p.p.m. MCI/
MI or studies lasting longer than 1 week have not
previously been reported.

The aim of this study was to investigate, using
the repeated open application test (ROAT) (17),
two key parameters of exposure —allergen concen-
tration and time — in terms of the elicitation capac-
ity of MCI/MI in MCI/MI-sensitized individuals
and to explore the interrelationship between these
two key factors.

The results of this study may be useful in risk
management for the use of MCI/MI in cosmetic
and other products.

Materials and Methods
Test subjects

29 eczema patients (male and female), 18 years of
age or older, who on a prior occasion had experi-
enced at least a positive reaction to the standard
MCI/MI patch-test concentration of 100 p.p.m. aq.

Fig. 2. Application technique for the delivery of methyl-
chloroisothiazolinone/methylisothiazolinone solutions and
the vehicle control in repeated open application test 1 and 2.
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Table 1. Calculation of dose/unit area for concentrations of methylchloroisothiazolinone/methylisothiazolinone (MCI/MI) used in

repeated open application test (ROAT) 1 and 2

Volume MCI/MI Dose/unit area Total dose/
Number of applied concentration Patch size per application unit area
ROAT Size of a drop (g) drops applied (ul) (p.p-m.) (cm?) (ng/em?) per day (ug/cm?)
ROAT 1 0.02834 [coefficient 2 0.05668 2 9 0.0125 0.025
of variation (CV) of 4.4%]
ROAT 2 0.02834 (CV of 4.4%) 2 0.05668 7.5 9 0.047 0.094

were enrolled into the study. Each subject was
patch tested with 100 p.p.m. aq. MCI/MI prior
to the study to confirm his/her pre-existing allergy
to MCI/MI. 10 healthy volunteers who tested
negative to 100 p.p.m. aq. MCI/MI were recruited
as control subjects. Pregnant or lactating women
and subjects who had a current acute or chronic
widespread eczema at any site were excluded from
the study. The local ethics committees approved
the study, and all participants were included after
informed consent was obtained from them. The
study was performed in accordance with Good
Clinical Practice Guidelines (18).

Diagnostic patch testing

Diagnostic patch testing (DPT) to MCI/MI was
performed at a dose/unit area of 3.0 pg/cm’
MCI/MI (15 pl of 100 p.p.m. MCI/MI on a 0.5
cm? patch). The subjects were also patch tested
with the vehicle control (deionized water with
10% ethanol) used in the subsequent ROAT.
Patches were applied for 2D to the upper back,
using Finn Chambers® (Epitest OY, Helsinki,
Finland) and Scanpor® tape (Norges plaster
A/S, Oslo, Norway). Readings of skin responses
were recorded at D2, D34 and D7. Interna-
tional Contact Dermatitis Research Group recom-
mendations for grading of skin responses were
followed (19).

Study design

This study was designed as a double-blind, placebo-
controlled, dose-response ROAT preceded by
a DPT. The overall study design is detailed in

Fig. 1. All subjects, in accordance with a random-
ization schedule, were instructed to apply 2 drops
of test material twice a day for 4 weeks on an area
measuring 3 X 3 cm on the volar part of either
the left or right forearm (Fig. 2). The test mate-
rial and vehicle control were supplied in small
plastic bottles in a blinded manner. Test material
and vehicle control were spread evenly over the
application site and allowed to dry before being
covered with clothing. The dose metric used to
define exposure to the MCI/MI solutions in
ROATSs 1 and 2 (and in the pre-ROAT DPT to
confirm MCI/MI sensitivity) is dose/unit area
expressed as pg/cm?”. In earlier studies, exposure
to a material in both the clinical setting and
through normal consumer use of products has
been expressed as weight/volume (%) dose irre-
spective of the surface area over which the mate-
rial was applied. This led to the assumption that
across different patch/use test and consumer
exposure scenarios the same per cent of material
would result in equal exposure. However, as is well
established at present, the expression of exposure
across, for example, patch test systems as dose/unit
area demonstrates significantly different levels of
exposure although the per cent dose of a test mate-
rial remains constant (9). It is therefore important
to express exposure using the dose metric of dose/
unit area (pug/cm?) to enable direct comparison of
exposure to the same contact allergen in different
scenarios. Per cent dose can be converted to
a dose/unit area if, in addition to the per cent
dose (converted to pg/g), the volume applied
(ul) and surface area (cm”) over which the material
is spread are known. The data required to calcu-
late the dose/unit area/day exposure to MCI/MI

Table 2. Repeated open application test skin grading scale: morphology and strength of skin responses (20)

Overall clinical impression Negative Doubtful Weakly positive Moderately positive Strongly positive

Involved area of application 0% (0) 1-24% (1) 25-49% (2) 50-89% (3) 90-100% (4)

Erythema

Involvement None (0) Spotty (1) Homogeneous (2)

Strength Weak (1) Medium 2) Strong (3)

Papules/infiltration None (0) Few: <10 (1) Some: 10-15 (2) Many: >25(3) Homogeneous
infiltration (4)

Vesicles None (0) Few: <10(1) Some: 10-25 (2) Many: >25(3) Confluent (4)

Total score
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Table 3. Results of the 29 patients diagnostically patch tested to
methylchloroisothiazolinone/methylisothiazolinone (MCI/MI)

[3 pg/em? aq. (100 p.p.m.)]
MCI/MI (3 pg/em?) (aq.) (100 p.p.m)

Patch test results

+++ 1
e 8
+ 16

Negative or doubtful 4

in this study are detailed in Table 1. The MCI/MI
exposures expressed in ROATs 1 and 2 as pg/cm’
are per diem values.

In the first ROAT period (ROAT 1), test mate-
rial containing 0.025 pg/cm® MCI/MI and the
vehicle control was applied to the designated skin
sites. This test period of up to 4 weeks was fol-
lowed by a wash-out period of 4 weeks when no
test material or vehicle control was applied. The
wash-out period was followed by application of
0.094 pg/cm? MCI/MI test material and the vehi-
cle control to the designated skin sites under the
same exposure conditions employed in ROAT 1
for a period of up to 4 weeks (ROAT 2). The
development of a positive skin response at any
time during the ROAT precluded further partici-
pation by the patient in the ROAT.

ROAT skin grading

Readings of the skin responses at the designated
test area were made according to a grading scale as
given in Table 2 (20). The strength of the overall
positive reactions was judged, as weak, moderate
or strong, based on the clinical signs — erythema,
papules and vesicles. A positive response was
defined as eczema in the test area. Skin response
sites were photographed for documentation. Skin
responses in the ROATSs were evaluated: prior to
the start of each ROAT; at the end of week 1 and
at the end of week 4. In case of any signs of pos-
itive reaction in the test area, study participants
were instructed to contact the dermatology
department for an unscheduled visit and skin eval-
uation. The test bottles were weighed before and
after use. The applied dose of MCI/MI in the test
material was expressed in pg/cm?® of skin.

Statistics

All tests were performed at the 5% significance
level. The proportion of subjects showing a pos-
itive reaction in the MCI/MI-allergic group was
compared with the proportion in the control
group using Fisher’s exact test (21). When com-
paring the proportion of positive reactions in
the MCI/MI allergy group in ROAT 1 and
ROAT 2, logistic regression was used, taking
the subject effects into account. Simple sum-
mary statistics were also applied to look at aver-
age time to positive reaction and the amount of
MCI/MI used.

The rate of positive reaction over time was
assessed using Kaplan—Meier survival estimates.
It should be noted that this is an approximate
technique to apply here as the two sets of data
being compared are nonindependents — they are
linked by subject.

Results
Patch testing

29 subjects with a previously determined MCI/MI
allergy were patch tested. In 25 subjects, the pos-
itive MCI/MI patch test could be reproduced
(86%). The 4 subjects whose reactions were nega-
tive or doubtful on DPT were not recruited into
the study. The results for the patch test are given
in Table 3.

ROAT results

As shown in Table 4, the average amount of MCI/
MI used expressed as pg/day was comparable in
the patients who reacted and the patients who did
not react in ROAT 1 and ROAT 2 as well as the
nonallergic control subjects. The amount of con-
trol material used was comparable between
groups and comparable to the amount of test
material used (data not shown).

Figure 3 shows the representative examples of
positive reactions from ROATSs 1 and 2. All posi-
tive reactions started with a follicular reaction.
Significant adverse reactions were not observed
during the course of the study. Patient drop-out

Table 4. The average amount of methylchloroisothiazolinone/methylisothiazolinone (MCI/MI) used (png/day) for subjects either
reacting or not reacting in repeated open application test (ROAT) 1 and ROAT 2 as well as the non-allergic control persons

Average amount of MCI/MI applied per day (ng/day)

MCI/MI-allergic individuals

Control subjects

Skin response ROAT 1 (0.025 pg/cm?)

ROAT 2 (0.094 pg/cm?)

ROAT 1 (0.025 pg/em?)  ROAT 2 (0.094 pg/cm?)

Positive reaction
Negative reaction

0.29 (£0.16)
0.27 (+0.08)

1.01 (£0.38)
1.14 (+0.43)

0.27 (£0.09) 0.99 (£0.31)
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Fig. 3. Representative examples of positive reactions from repeated open application test 1 and 2. a A weak follicular reaction
after repeated open application test (ROAT) application of 0.025 pg/cm? methylchloro1soth1azohnone/methyl1soth1azohnone
(MCI/MI) in ROAT 1. b A moderate eczematous reaction after ROAT apphcatlon 0f 0.025 pg/em> MCI/MI in ROAT 1. ¢ A
weak follicular reaction after ROAT apphcatlon of 0.094 pg/cm? MCI/MI in ROAT 2. d A moderate eczematous reaction after

ROAT application of 0.094 pg/cm> MCI/MI in ROAT 2.

rate was zero, and only three patients experienced
minor worsening in their hand eczema.

The overall results of ROAT 1 with 0.025 ugé
cm® MCI/MI and ROAT 2 with 0.094 pg/cm
MCI/MI are given in Table 5. The ROAT results,
expressed as days to a positive skin reaction
dependent on MCI/MI concentration and time,
are shown as a Kaplan—Meier plot in Fig. 4. None
of the 10 nonallergic control subJects showed any
positive reaction to 0. 025 pg/em? MCI/MI in
ROAT 1 or to 0.094 pg/cm> MCI/MI in ROAT 2.

There was no statistically significant difference
in the number of positive reactions, when compar-
1ng the number of positive reactions to 0.025 pg/
cm? MCI/MI in ROAT 1 with the vehicle control
(P = 0.0835). A statistically significant result was
observed for the number of positive reactions to
0.094 pg/cm® MCI/MI in ROAT 2 with vehicle
control (P = 0.0022). There was also a statistically

significant difference (P < 0.0001) observed when
comparing the number of positive reactions in
ROAT 1 (28%) and ROAT 2 (56%). All 7 sub-
jects who reacted with a positive skin response in

Table 5. Repeated open application test (ROAT) outcome in
methylchlor01soth1azolmone/methyhsothlazohnone (MCI/MI)-
allergic 1nd1v1duals exposed to 0.025 pg/em® (ROAT 1) and
0.094 pg/cm® MCI/MI (ROAT 2)

ROAT 1 ROAT 2
Number of individuals included 25 25
Number of positive reactions 7 14
Average time to positive 16.5 days 12.1 days
reaction
Number of weak reactions 5 (5-9)* 7 (4-7)*
Number of moderate reactions 2 (8-9)* 6 (8-12)*
Number of strong reactions 0 1(1D)*
Average skin grading 7.1 7.8

for the ROAT

*Range of results from the ROAT readings.
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Fig. 4. Kaplan—Meier survival plot of time to positive skin
response for methylchloroisothiazolinone/methylisothiazoli-
none-allergic individuals in repeated open application test 1
and 2.

ROAT 1 (0.025 pg/cm? MCI/MI) also reacted
with a posmve skin response in ROAT 2 (0.094
pg/em> MCI/MI). 5 of these 7 patients reacted
during the first week in ROAT 2 (Fig. 5).

The overall clinical impression of ROAT 1 and
ROAT 2 is shown in Fig. 6. All subjects reacting
to 0.025 pg/cm* MCI/MI in ROAT 1 had either
a similar strength of skin response (4/7) or worse
(3/7) when exposed to the 1ncreased concentration
of MCI/MI (0.094 pg/cm?) in ROAT 2.

Discussion

The current study shows that elicitation of exper-
imental ACD with MCI/MI depends on time and
dose per unit area. This confirms the earlier
studies conducted with the existing time response
elicitation studies on isoeugenol (22) and suggests
that allergens could be expected to behave simi-
larly in these respects. While it was not possible to
establish a definitive elicitation threshold for
MCI/MI in this study, the data indicate that
the ehc1tat10n threshold is in the proximity of
0.025 pg/cm?.

In addition, these ROAT data strongly support
the conclusions of Fewings and Menné (5) that the

Patients reacting at

0.025 ug/cm? @

1 st. week

Patients reacting at
0.094 pg/cm?

2.-4. th. week

Fig. 5. Prediction of time to a positive skin response 1n
repeated open application test (ROAT) 2 to 0.094 pg/cm?
methylchloroisothiazolinone/methylisothiazolinone (MCI/
MI) for patients already reacting in ROAT 1 to 0.025 ng/
cm?> MCI/ML1.
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Fig. 6. The overall clinical p1cture of repeated open apphcatlon
test (ROAT 1) (0.025 pg/em?) and ROAT 2 (0.094 pg/cm?
methylchloroisothiazolinone/methylisothiazolinone), with the
number of positive reactions identified for different levels of
skin response. Arrows connect the results of the individual test
subjects.

use of MCI/MI in consumer rinse-off products
involves negligible risk for the induction of con-
tact allergy and that elicitation response to the use
of such products is rare.

It is clear that in addition to potency, exposure
is also a key determinant as to whether an allergen
will elicit reactions in presensitized individuals. It
is equally clear that other factors may also be
expected to significantly influence the ability to
manifest an elicitation response. As more studies
become available, the relative importance of the
factors such as potency, concentration (dose/unit
area), time, influence of induction regimen, patch-
test sensitivity and skin barrier integrity for the
elicitation of ACD will be further understood
(23, 24). As reported in the recent literature (25)
that there is an increasing evidence that elicitation
thresholds depend on factors that are additional
to the inherent allergenic potency of the material,
such studies will greatly add to our overall under-
standing of the elicitation of contact allergy.

However, it is already clear that the use of
any ingredient, known to be a skin sensitizer in
consumer products must be based on state-of-
the-science risk assessment to ensure adequate
consumer protection through the use of consumer
products.
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