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Summary

Background. R-Limonene is a common fragrance terpene found in domestic and
industrial products. R-Limonene autoxidizes on air exposure, and the oxidation products
can cause contact allergy. In a recent multicentre study, 5.2% (range 2.3—-12.1%) of 2900
patients showed a positive patch test reaction to oxidized R-limonene.

Objective. To study the exposure to limonene among consecutive dermatitis patients
reacting to oxidized R-limonene in an international setting, and to assess the relevance of
the exposure for the patients’ dermatitis.

Methods. Oxidized R-limonene 3.0% (containing limonene hydroperoxides at 0.33%)
in petrolatum was tested in 2900 consecutive dermatitis patients in Australia, Denmark,
the United Kingdom, Singapore, Spain, and Sweden. A questionnaire assessing exposure
to limonene-containing products was completed.

Results. Overall, exposure to products containing limonene was found and assessed
as being probably relevant for the patients” dermatitis in 36% of the limonene-allergic
patients. In Barcelona and Copenhagen, > 70% of the patients were judged to have had
an exposure to limonene assessed as relevant.

Conclusions. Oxidized R-limonene is a common fragrance allergen, and limonene was
frequently found in the labelling on the patients’ products, and assessed as relevant for
the patients’ dermatitis. A large number of domestic and occupational sources for contact
with R-limonene were identified.

Key words: allergic contact dermatitis; autoxidation; fragrance allergy;
hydroperoxide; limonene; oxidation products; patch test; relevance; terpenes.

R-Limonene is the main constituent (98%) of peel oil from
citrus fruits, and is widely used in cosmetic, household

and hygiene products, owing to its fresh citrus odour. In
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its pure form, R-limonene is not allergenic or is a very
weak allergen. However, R-limonene autoxidizes on air
exposure, and the oxidation products can cause contact
allergy (1-6).

Along with linalool, R-limonene is among the most
common fragrance ingredients according to several
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studies, and has been found in up to 80% of examined
products (7—9). Concentrations of fragrances in com-
mercial products are often not given, but up to 15-30%
of the total volume of a perfume is expected to consist of
fragrance material, and up to 0.1-2% of the volume of a
liquid detergent or toilet soap (10 and references therein).
In addition, R-limonene and its enantiomer S-limonene
are found in several different plant oils, including essen-
tial oils from rosemary, eucalyptus, lavender, caraway,
lemongrass, and peppermint, which are frequently added
to massage oils and aromatherapy products. In such
products, the concentrations can be high. Thus, exposure
from aromatherapy oils and so-called ‘natural prod-
ucts’, including home-made soaps and fragrances, must
also be considered. In addition, the concentration of
limonene in hand cleansers and degreasers used both
domestically and industrially, can be very high, reaching
10-100%.

Oxidized R-limonene has previously been patch tested
in two multicentre studies at 3.0% in petrolatum, giv-
ing 2—3% positive patch test reactions in consecutive
patients (4, 5). In our recent multicentre study (6), a
patch test preparation containing oxidized R-limonene
3.0% pet., with a specified and controlled content of
limonene hydroperoxides (Lim-OOHs) of 0.33%, was
tested in 2900 dermatitis patients in Australia, Denmark,
the United Kingdom, Singapore, Spain, and Sweden. The
results showed that overall, 5.2% (range 2.3-12.1%)
of the patients showed a positive patch test reaction to
oxidized limonene. Table 1 shows the overall results from
the study (6). It was concluded that oxidized limonene
3.0% pet. with a specified content of Lim-OOHs of 0.33%,
is a standardized and useful tool with which to detect
contact allergy in dermatitis patients.

Since 2005, an important step has been taken to enable
consumers to identify potential allergens in consumer
products. By EU legislation, limonene is included in a
group of 26 fragrance chemicals that must be labelled
on cosmetic products in the EU when used in concentra-
tions of > 10 ppm in leave-on products and of > 100 ppm
in rinse-off products, according to the Cosmetics Direc-
tive (11). In Australia, Singapore, and elsewhere, such
labelling is still not mandatory.

In working with contact allergic patients, it is impor-
tant to determine the exposures of the patient and, if possi-
ble, to assess the relevance of a positive patch test reaction
to the dermatitis. Few studies have systematically focused
on identifying culprit products that are expected to con-
tain the allergen to which the patient has reacted, thereby
evaluating the relevance of contact allergy to the der-
matitis. Judging relevance is especially challenging with
regard to fragrance chemicals, as fragranced products are
ubiquitous in our environment, and it is difficult for both
the doctor and the patient to suspect that a certain fra-
grance chemical is causing or worsening the dermatitis. A
thorough study was performed regarding the 26 specific
fragrance chemicals to be declared on cosmetic products
in accordance with the EU cosmetics directive, and high
figures for relevance, up to 76%, were found overall for
the patients with positive patch test reactions (12). In that
study, limonene and linalool in their non-oxidized forms
were used, and, consequently, low frequencies of positive
patch test reactions were observed. It should also be noted
that limonene is used not only as a fragrance ingredient
but also in occupational settings, primarily as a solvent. A
number of valuable case reports have been written, giving
useful indications of sources of limonene exposure in our
environment that can cause contact dermatitis (13—-17).

Table 1. Total number of patients from each respective test centre and the number and percentage of positive reactions, doubtful reactions and
irritant reactions to oxidized R-limonene 3.0% [limonene hydroperoxides (Lim-OOHs) 0.33%)] pet. Details are published in (6)

Oxidized R-limonene 3.0% (Lim-OOHs 0.33%) pet.

No. of positive

No. of doubtful No. of irritant

Total no. patch test patch test patch test

Test centre tested reactions (%) reactions (%) reactions (%)
Barcelona 299 3(4.3 0(0) 4(1.4)
Copenhagen 440 6(3.6 53(12.0) 17 (3.9)
Gothenburg 397 0(2.5 1(0.2) 0 (0)
London 271 8(2.9 9(3.3) 0(0)
Malmo 300 723 11 (3.7) 0(0)
Melbourne 289 8(6.2 11(3.8) 0 (0)
Odense 298 3(7. 7 73 (24.5) 3(1.0)
Seville 300 0 (6. 6 (2.0) 0(0)
Singapore 306 37 (12.1) 40 (13.1) 1(0.3)
Total 2900 152 (5.2) 204 (7.0) 25(0.9)
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The aim of the present study was to assess exposure
to limonene-containing products in patients with pos-
itive patch test reactions to oxidized R-limonene 3.0%
(Lim-OOHs 0.33%) in our multicentre study (6). By
characterizing the exposures to limonene, as declared in
the products used by the patients on dermatitis areas,
an assessment of the relevance of the exposure for the
patients’ dermatitis was made.

Materials and Methods

Details on chemicals and patch test materials are given in
reference (6).

Subjects, exposure, and evaluation

Consecutive patients undergoing patch testing because
of suspected allergic contact dermatitis at the nine test
centres (Barcelona, Copenhagen, Gothenburg, London,
Malmo, Melbourne, Odense, Seville, and Singapore)
were screened with patch test preparations of oxidized
R-limonene 3.0% pet. with a validated content of 0.33%
Lim-OOHs, in addition to undergoing regular patch
testing. Visual readings were scored according to Inter-
national Contact Dermatitis Research Group (ICDRG)
guidelines (18) on at least two occasions: D2, D3—-4
(mandatory), and/or D6—7. All patch test reactions not
fulfilling the criteria for being classified as allergic accord-
ing to ICDRG guidelines were differentiated with regard
to irritant and doubtful reactions. The day of readings
varied between the test centres. Three of nine test centres
read the patch tests on three occasions (D2, D3—4, and
D7), two of nine read them on D2 and D3 -4, and four of
nine read them on D3—-4 and D6-7.

A questionnaire about clinical data concerning local-
ization of eczema, history of atopic dermatitis and his-
tory of adverse reactions to fragrances was completed.
The patients’ histories of adverse reactions to fragrances
in the past were categorized according to the following
questions: (A) certain — has reacted with an itching der-
matitis to at least one fine perfume or aftershave and also
to other scented products; (B) probable — has reacted to
one or more scented products, but a certain perfume has
not been identified as the cause of a clinical reaction; (C)
questionable — has reacted to various cosmetics with or
without fragrances, and materials other than fragrance
constituents may be the cause of the reaction; and (D)
none — has never reacted to scented materials [modified
after Frosch etal. (19)]. For comparison of the patients’
histories of adverse reactions to fragranced products, as
a measurement of clinical relevance, calculations were
performed for the group of patients positive to oxidized
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limonene in total (n=152), patients positive to oxidized
limonene but not to any of the fragrance markers and/or
colophonium, and those with no reaction to any fra-
grance material [negative to oxidized limonene and all
fragrance markers in the baseline series, and/or colopho-
nium, also excluding test protocols showing doubtful and
irritant reactions to oxidized limonene and reactions to
oxidized linalool, tested in parallel for another study (20)]
(n=1737), at eight test centres (Barcelona, Copenhagen,
Gothenburg, London, Melbourne, Odense, Seville, and
Singapore). The negative protocols from Malmo were not
submitted, and were thus not included in the calculations.

In the case of a positive patch test reaction to oxi-
dized R-limonene 3.0% (Lim-OOHs 0.33%), a question
was asked regarding whether the patient was using prod-
ucts labelled as containing limonene, to the best of the
patch test evaluating physicians’ knowledge. In many
cases, patients brought in products to the test centre for
inspection. Alternatively, patients searched for the word
limonene on the labelling of their products after being
given information about the contact allergy, and subse-
quently reported their findings to the test centre.

The questionnaire also included a question regarding
whether the contact allergy to oxidized limonene was, in
the physician’s view, relevant for the patient’s dermatitis.
The relevance of the positive patch test reaction to the
individual patient’s dermatitis was classified by answer
alternatives ‘present’, ‘past’, and ‘uncertain’. ‘Present’
meant that a product used by the patient at the time of the
patch test on areas affected by dermatitis was identified
as containing limonene. ‘Past’ meant that such a product
had been in use at an earlier time. ‘Unknown’ meant that
no such product could be identified. In many cases, the
suspected product was given by brand name or product
type on the questionnaire.

Results

Table 1 shows the overall results from the study; details
are given in reference (6). Table 2 gives a description of
the 152 patients with positive patch test reactions to oxi-
dized R-limonene 3.0% (Lim-OOHs 0.33%) in the mul-
ticentre study with regard to age, atopic dermatitis, and
a history of adverse reactions to fragranced products.
Fifty-two males and 97 females (sex not given in three
patch test record sheets), with a mean age of 47.4 years,
were diagnosed with positive patch test reactions to oxi-
dized R-limonene. Test results from the individual patients
are shown in Table S1, along with the location of der-
matitis, the physician’s assessment of relevance, and a
listing of products in which limonene was found, mostly
by the physician reading the labelling, or by the patient
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Table 2. Description of patients showing positive patch test reactions to oxidized R-limonene 3.0% (limonene hydroperoxides 0.33%) pet. in
the multicentre study, regarding history of problems with fragranced products, atopic dermatitis, use of fragranced products, assessed relevance

of contact allergy to R-limonene for dermatitis, and exposure to limonene in products

Patients reacting History of

to oxidized problems with Atopic Using fragranced Relevancef/
limonene, number Gender? fragranced products? dermatitis products® exposure
vt
g 5 2
% 5 gy s g
o) ° ] c g c
& - v £ v £ 5 e 2 g E
© @ E=e S < £ = 2 3 & = =
5 ¢ & £ 8 %§ ¢ E 52 iz 8 g £
s = ¢ 8§ & 52 2 ¢ 2 52 ¢ 2 £ &5 2 3
Test centre

Barcelona 13 505 3 9 4 3 1 4 1 1 12 0 0 10 2 8 1 3 1 10
Copenhagen 16 53.1 12 3 1 4 0 10 1 2 14 0 0 15 1 0 0 4 2 13
Goteborg 10 509 2 7 1 0 1 6 2 3 5 1 1 6 0 3 0 4 3 4
London 8 507 1 7 0 0 0 1 7 3 5 0 O 7 1 o 1 5 2 0
Malmo 7 426 5 2 0 1 0 6 0 2 4 0 1 7 0 o o0 7 0 O
Melbourne 18 406 1 17 3 0 3 5 7 5 0 2 1 13 3 5 1 9 3 5
Odense 23 463 6 17 2 4 1 12 4 8 13 2 0 19 3 3 0 12 8 M
Seville 20 505 9 11 0 1 1 18 0 1 19 0 0 20 0 8 0 12 0 8
Singapore 37 416 13 24 1 4 3 24 5 13 22 1 1 13 22 2 1 21 13 5
Total 152 474 52 97 12 17 10 86 27 33 104 6 4 110 32 39 4 77 32 56

4In three cases, gender was not recorded in forms.

b A, Certain: has reacted with an itching dermatitis to at least one fine perfume or aftershave, and has reacted to other scented products.
¢B. Probable: has reacted to one or more scented products, but a certain perfume has not been identified by the patient as the cause of a clinical

reaction.

d¢. Questionable: has reacted to various cosmetics with and without fragrances; other materials than fragrance constituents may be the cause

of the reaction.
¢D. None: has never reacted to scented materials.

'f positive reaction to oxidized limonene: is contact allergy relevant for the patient’s dermatitis (physician's assessment)?
gExposure: is the patient using products that contain limonene (citrus fragrance)?
Responses A—D (history of problems with fragranced products) are modified after Frosh et al. (19).

searching for the word limonene on the labelling of the
products after being given information about the contact
allergy.

For the question regarding a history of adverse reac-
tion to fragranced products, patch test record sheets
were completed for 125 of the 152 (82.2%) positive
patients. The results are shown in Tables 2 and 3. When
calculating together the ‘certain’ and ‘probable’ patient
histories (responses A and B), the test centres found val-
ues ranging between 0% (London) and 58% (Barcelona).
Thirty-three per cent of patients in Copenhagen, 32% of
patients in Odense and 2 7% of patients in Melbourne with
positive reactions to oxidized limonene were recorded as
alternatives A or B. In Gothenburg, Malmo, Seville, and
Singapore, between 5% and 20% of the allergic patients
were recorded as alternatives A or B. Overall, 23.2% had
responses A or B. Also, the results of responses A—D for
the subgroup of patients reacting to oxidized limonene
but with no reactions to any fragrance markers [Fra-
grance Mix I (FM I), Fragrance Mix IT (FM II), Myroxylon
pereirae, colophonium in the baseline series, or oxidized

linalool], as well as for the patients with negative test
results for all fragrance materials tested, are given in
Table 3. The number of patients answering with alterna-
tive A or B among those not reacting to oxidized limonene
or any fragrance marker was statistically significantly
smaller than the number of patients answering with
alternative A or B among those with positive reactions
to oxidized limonene but with no other reactions to
fragrance markers (p < 0.01).

A question regarding the use of fragranced products
was asked, and the responses are given in Table 2. Here,
110 patients of 142 (10 of 152 not given) (77.5%) were
using fragranced products, and 32 of 142 (22.5%) were
not using fragranced products.

An assessment of the probable relevance of the diag-
nosed contact allergy to oxidized limonene in relation to
the patient’s dermatitis (as history of exposure), including
the identification of actual products containing limonene
among those used by the patient, is also given in Table 2;
details are given in Table S1. In 39 of the 120 (32.5%)
cases for which the patch test record sheet was completed

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Table 3. Comparison between the frequency of responses (A—D) (19) between the patients with positive patch test reactions to oxidized
R-limonene and those with no reactions to any fragrance markers in the baseline series [fragrance mix I (FM I), fragrance mix II (FM II),

Myroxylon pereirae, and colophonium] or to oxidized linalool

Response
A BP ce Dd
No. of patients Used for
(not given) calculation No % No % No % No %

Positive for oxidized R-limonene (all) 152 (27) 125 12 9.6 17 13.6 10 8.0 86 68.8
Positive for oxidized R-limonene, 66 (15) 51 7 13.7 9 17.6 5 9.8 30 58.8

positive for any fragrance marker
Positive for oxidized R-limonene but 86 (12) 74 5¢ 6.7 8e 10.8 5e 6.7 56¢ 75.7

no reactions to fragrance markers
Negative for oxidized R-limonene, 1737 (150) 1587 51¢ 3.2 79¢ 5.0 148¢ 9.3 1309¢ 82.5

fragrance markers, and oxidized
linalool

4Certain: has reacted with an itching dermatitis to at least one fine perfume or aftershave, and has reacted to other scented products.
bprobable: has reacted to one or more scented products, but a certain perfume has not been identified by the patient as the cause of a clinical

reaction.

¢Questionable: has reacted to various cosmetics with and without fragrances; materials other than fragrance constituents may be the cause of

the reaction.
dNone: has never reacted to scented materials.

¢The number of patients answering A or B was statistically significantly smaller in the group not reacting to any fragrance marker, oxidized
R-limonene or oxidized linalool than in those reacting to oxidized R-limonene but no other fragrance marker; p < 0.01, Fisher’s exact test,

two-tailed.

for this question, a present exposure to one or several
products containing limonene, used on the dermati-
tis area, was documented, supporting relevance of the
contact allergy to oxidized limonene to the patient's
dermatitis. In an additional 4 cases, a past relevance was
found. Thus, overall, the evaluating physicians found a
present or past relevance for the contact allergy to oxi-
dized limonene with regard to the patient’s dermatitis in
35.8% (43 of the 120 patients showing positive patch test
reactions to oxidized R-limonene and for whom patch test
record sheets were completed) in this multicentre study.
In some test centres (Barcelona and Copenhagen), > 70%
of the patients were judged to have a relevant exposure
to limonene [75% (9 of 12 patients) and 71% (10 of 14
patients), respectively] (Table 2). Of the non-EU test cen-
tres, Melbourne reported 40% present or past relevance
(6 of 15 marked protocols) and Singapore 12.5% (3 of 24
marked protocols). Thirty-two (23.0%) of the 152 patch
test record sheets were not completed for this question.
Among the 152 patients with positive patch test reac-
tions to oxidized limonene, 56 (36.8%) were found to
be using products containing limonene or in other ways
coming into contact with limonene (Tables 2 and S1). Ten
of 13 patients (76.9%) in Barcelona with positive patch
test reactions to oxidized R-limonene were found to be
using limonene-containing products, 13 of 16 (81.2%)
in Copenhagen, 11 of 23 (47.8%) in Odense, and 4 of
10 (40%) in Gothenburg. In the non-EU test centres,
Melbourne found limonene in products in 5 of 18 cases
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(27.8%), and Singapore found limonene in products in 5
of 37 cases (13.5%).

No patients were, to the best of our knowledge, sen-
sitized during this study, as no reports of late-appearing
reactions (>D7), indicating active sensitization, were
reported to the test centres.

Discussion

In this multicentre study, some test centres found up to
70-80% of the patients with positive patch test reactions
to oxidized R-limonene to be, or to have been, exposed to
limonene-containing products judged to be probably rel-
evant for their dermatitis. At these test centres, limonene
was found to be present in the patients’ products in
75-80% of the cases, thus showing the ubiquity of this
fragrance terpene in common products. Overall, the con-
tact allergy to oxidized limonene was assessed as being
likely to be relevant for the patients’ dermatitis in 36%
of the limonene-allergic patients. On a similar note, in
our parallel study on oxidized linalool, the individual test
centres found relevance for the contact allergy to oxidized
linalool in 20—80% of the cases, with four of nine centres
recording relevant exposures in > 50% of the cases (20).
Limonene, like linalool, is a ubiquitous fragrance
chemical that is expected to be found in 60-80% of
domestic, cleansing, cosmetic and occupational products
(7-9). In the patch test record forms of the patients
reacting to oxidized limonene in this study, products
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such as perfumes, shampoos, soaps, body creams and
domestic cleaners were frequently listed as sources of
limonene judged to be relevant for the patients’ dermati-
tis. Similar products were implicated in an earlier study
on relevant cosmetic exposures to fragrance allergens
(12). However, creams for massage, sunscreens and anti-
septic tea tree oil-based products were also implicated. In
occupational settings, detergents and domestic cleaners
were implicated (Table S1). Among the patients showing
positive patch test reactions, a laboratory technician
using limonene occupationally, and several masseurs,
were identified. These listings show the breadth of use of
limonene in the patients’ environments, and the chal-
lenge in giving information to the patient on where
to expect to be exposed to limonene. The frequency of
limonene in everyday products adds to the risk of being
sensitized, as well as having problems with elicitation at
low concentrations, as a person will be potentially in con-
tact with oxidized limonene from many sources in a day.
Arriving at a diagnosis of allergic contact dermatitis is
a three-step procedure (21). The first step is establishing
contact allergy; the second is demonstration of present
exposure to the sensitizer or possibly cross-reacting
substances; and the final step is assessment of clinical
relevance, which means that the demonstrated exposure
should explain and/or contribute to the dermatitis under
investigation with regard to the exposure and localization,
type and course of the dermatitis. Contact allergy to oxi-
dation products of limonene is common, but, at present,
as discussed below, there is insufficient knowledge on
the presence, qualitatively and quantitatively, of these
oxidation products in consumer products. In this study,
exposure to limonene has been considered as an approx-
imation of exposure to oxidation products of limonene.
Although the information on present exposure to the
actual oxidation products of limonene is insufficient,
the study design enables other ways to assess clinical
relevance. The use of a questionnaire with questions on
exposure and skin problems answered by all patients
before either the patients or the test-reading dermatol-
ogists know whether there is any contact allergy will
provide unbiased answers on factors of significance
for the assessment of clinical relevance (22). In this
study, a questionnaire with questions on fragrance
exposure and itching dermatitis was responded to by
all tested patients before the testing. Expectedly, and in
agreement with previous studies on fragrance allergy
(23-25), a high number of those with contact allergy to
oxidation products of limonene [29/125 (27 not given);
23%] reported a certain or probable history of adverse
reactions to fragranced products (responses A or B).
Among these patients, there is no statistically significant

difference between the number of individuals with allergy
to oxidized R-limonene with a certain or probable history
(responses A or B) among those without simultaneous
contact allergy to other fragrance markers (13/74) and
the number of individuals with simultaneous allergy
to the other fragrance markers (16/51). However, on
comparison of those 13 of 74 (responding with alterna-
tives A or B with contact allergy to oxidation products of
limonene but without simultaneous allergy to the other
fragrance markers) with those 130 of 1587 (responding
with alternatives A or B, all with negative test results
to both oxidized R-limonene and the other fragrance
markers, including oxidized linalool), there are signifi-
cantly more individuals with contact allergy to oxidized
R-limonene who have a certain or probable history of
adverse reactions to scented products than individuals
without allergy who have this history (13/74 versus
130/1587; p<0.01, Fisher’s exact test, two-sided). This
strongly indicates the clinical relevance of contact allergy
to oxidation products of limonene.

The reaction profiles, expressed as the strength of
reaction to oxidized R-limonene, differed between
the test centres. Associations were found between
stronger (++/+++) reactions and ‘certain’ relevance
(i. e. Barcelona and Copenhagen) and weaker (+) reac-
tions and uncertain relevance. This association between
positive history and greater reaction strength has been
found in earlier studies (26). In the search for relevance,
a strong reaction may increase the motivation of both
the patient and the testing physician or nurse to look for
exposure. Another aspect is that a strong reaction may
be the result of a strong and recently triggered allergy,
and may thus be a sign of more current exposure. In our
experience, many patients with + reactions tell us that
their dermatitis has cleared or improved after avoidance
of products containing the implicated fragrance.

In earlier studies, stronger reactions have been more
often confirmed by a positive repeated open application
test (ROAT) result, whereas weaker, doubtful reactions
have been less often confirmed or supported by the ROAT
(27). This may imply that weaker reactions are less reli-
able, and could be false positive. In this study, no doubtful
reactions were included in the analysis for relevance. In
our recent ROAT for oxidized linalool, patients with earlier
reactions (at patch testing 2—3 years earlier) of strengths
+ and +++ were included. In 3 weeks of repeated open
application testing, no clear difference in reaction in
the ROAT or at the confirmatory patch test was found
between those with + or +++ reactions in the original
patch test (28).

In clinical studies on oxidized fragrance terpenes,
there are often the questions of how the patients have
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been exposed to the oxidation products causing sensitiza-
tion and whether the oxidation products can be expected
to be formed in consumer products. Showing the presence
of hydroperoxides and quantifying them in formulated
products has been difficult for technical reasons, as
hydroperoxides are labile compounds, and will disinte-
grate if heated, for example, for gas chromatographic
analyses. Recently, with the use of new methodology
which has proven to be effective, Lim-OOHs have been
shown to be present in natural sweet orange oil (29).
Lim-OOHs were shown to be already present in the sweet
orange oil on delivery from the producer, and further oxi-
dation, with increasing amounts of hydroperoxides, was
observed after storage and handling (29). Linalyl acetate
hydroperoxides and linalool hydroperoxides were likewise
identified in petigrain oil (29). We have previously shown
that both linalool and linalyl acetate will oxidize and
form hydroperoxides in lavender oil of both natural and
synthetic origin (30). We have also recently published
the results of a ROAT in which low concentrations of
oxidized linalool cvaused eczema in allergic patients,
providing more evidence for the clinical relevance of the
positive patch test reactions (28). Thus, although they
are not intended to be present by the producer, oxidation
products can most likely be found in formulated products.
The oxidation could have taken place before the fragrance
components were added to the product [as in the sweet
orange oil (29)], or at a later time, during storage and
handling. Addition of an antioxidant will prevent the
degradation of components, but it has been shown that
this may be efficient only for a certain time, after which
the antioxidant will have been consumed, as has been
shown for limonene and butylated hydroxytoluene (31).

As in the earlier publication on this multicentre
study on oxidized limonene, concomitant reactions to
other fragrance markers (FM I, FM II, and M. pereirae)
and/or colophonium in the baseline patch test series
were commonly (in 42%) found in the positive patients
(6). However, almost 60% of the patients showing pos-
itive patch test reactions to oxidized R-limonene would
not have been informed of any fragrance allergy if this
specific test had not been performed. This would lead to
the patients continuing to use fragranced products, and
thus still being potentially exposed to fragrance materials
that could cause or worsen their dermatitis. For oxidized
R-limonene and oxidized linalool, controlled patch test
material has recently been made available for patch
testing. The development of new and relevant patch test
materials for common allergens is important work that
needs to be continued.

Asssingle fragrance ingredients, oxidized limonene and
oxidized linalool gave, respectively, 5.2% and almost 7%
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(6.9% of 2900 patients) positive patch test reactions in
the tested patients (6, 20). A recent study showed that oxi-
dized geraniol 6.0% pet. gave positive patch test reactions
in 2.3% of the tested patients (32). A thorough analysis
of 14 patients reacting to oxidized and/or pure geraniol
supported the relevance of the finding of the fragrance
allergy, as 11 of 14 cases were judged to have relevant
exposure to geraniol-containing products in a domestic
or occupational setting (33). A number of other common
fragrance chemicals, namely linalyl acetate, a-terpineol,
and cinnamyl alcohol, have been shown to be prehaptens;
that is, they are prone to be transformed by air oxidation
into more allergenic compounds (34—37). Considering
the number of fragrance additives on the market that may
be prehaptens and that are not covered in their oxidized
form by traditional test materials, fragrance allergy may
be a widely underestimated problem among dermatitis
patients, owing to a lack of diagnostic tools.

This study supports the importance of considering air
oxidation when discussing contact allergy to fragrance
compounds. The pure compound might not be the actual
sensitizer. This is the case for limonene, as patch testing
with pure limonene has shown no (4, 5) or very few (38,
39) positive patch test reactions. Within the EU regula-
tory work on the classification and labelling of danger-
ous substances (led by the European Chemicals Bureau),
R-limonene and S-limonene, and the racemic form dipen-
tene, are classified as skin sensitizers, effectively on the
basis of the formation of skin sensitizers resulting from air
exposure of limonene.

Overall, finding limonene or linalool in patients’
products, and assessing the relevance to the allergic
individual, are demanding tasks. In an ideal situation,
products should be brought for inspection, or the name
of the culprit fragrance should be given to the patient,
who should search for it, using information given by the
clinic. The overall figures for exposure judged as being
potentially relevant for the patients’ dermatitis for both
limonene and linalool (36% and 38%, respectively) (20)
are most likely low estimates. In the non-EU test centres
in Australia and Singapore, relevance is even more diffi-
cult to assess, as labelling of individual fragrances is not
mandatory. The importance of assessing relevance in clin-
ical practice is thus supported, not least to aid the patients
to identify exposures that may worsen their dermatitis.

Conclusions

In this multicentre study, limonene was frequently found
in the labelling on the patients’ products and the contact
allergy to oxidized R-limonene was frequently judged to
be relevant for the patients’ dermatitis. A large number
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of sources of contact with limonene, such as cosmetic,
cleansing and occupational exposures, were identified.
At some test centres, up to 80% of the patients with
contact allergy to oxidized limonene were using products
containing limonene on areas of skin affected by dermati-
tis. The continued widespread use of the easily oxidized
fragrance terpene limonene in domestic and occupa-
tional products suggests that further sensitizations and
widespread elicitation of allergic contact dermatitis in
allergic individuals can be expected. With ubiquitous
allergens, assessing exposure is an important step. As a
result, better information can be given on avoiding the
allergen, which will help to prevent allergic dermatitis in
contact allergic patients. Further studies, such as ROATSs
aimed at investigating thresholds for the elicitation of
allergic contact dermatitis, need to be performed.
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