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Abstract

Background Fragrances are a group of substances present in many cosmetic products,
which are one of the most common sources of allergic contact dermatitis (ACD) in Europe.
Their widespread distribution, the presence of these substances as combinations, their
ability to transform into more reactive substances, and the relatively recent regulations
regarding these products are the main reasons for this high prevalence. In the last few
years, advances on knowledge about haptens in fragrances have made possible to discover
new allergens, to state that current fragrance markers are not enough to detect most of
fragrance ACD cases and to know the products that should be patched and their concen-
trations. In this review, we revise the mechanisms of sensitization to allergens that are not
represented in baseline series and the concentrations at which they should be used, which
should be included in specific series and the usefulness of baseline and fragrance specific
series.
Purpose of review To revise the most recent advances in knowledge about fragrance contact
dermatitis, especially about sensitization mechanisms and effectivity of fragrance markers
in baseline series and fragrances in essential oils.
Recent findings Fragrance allergic contact dermatitis (ACD) is one of the most common
sources of ACD only preceded by nickel sulfate. Many studies have shown that fragrance
mix (FM)I, FMII, and colophonium, fragrance markers in baseline series, are not enough to
screen for cases of ACD to fragrances. Some fragrances use limonene and linalool hydro-
peroxides, which have shown a high prevalence of sensitization and have been proposed
as new allergens to include in the European Baseline Series, while other fragrances like
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Evernia furfuracea, which have also shown a high prevalence of sensitization, will not be
included. Essential oils are obtained by distillation process and are widely used. In some
cases, their allergenic components are not known. Co-sensitization to other fragrance
components is frequent and they should be patch tested if allergic contact dermatitis to
fragrances or cosmetics is suspected.
Summary A more extensive group of fragrance markers should be included in the European
Baseline Series, with at least limonene and linalool hydroperoxides and Evernia furfuracea.
The use of products containing fragrances is very common and people sensitized to one of
these substances should be suspected of multiple co-sensitizations.

Introduction

Fragrances are a group of more than 2500 substances
present in many cosmetic products, most frequently
deodorants, scented lotions, fine fragrances, shampoos
and soaps [1]. These substances are one of the most
common sources of allergic contact dermatitis (ACD),
reaching a prevalence of almost 4% in general European
population [2] and becoming the second most frequent
cause of contact allergy after nickel sulfate [3], before
others [4].

The causes of this high prevalence are repeated expo-
sure due to their widespread distribution, the presence
of these substances as combinations, which favors
chemical interactions between them and irritating skin
reactions, their ability to transform into more reactive
substances through oxidation processes, and the

relatively recent regulations regarding these products,
so that several still appear at unknown concentrations
under “perfumes” label [5–8].

In the last few years, changes in cosmetic products
legislation and advances on knowledge about haptens
in fragrances have made possible to discover new aller-
gens, to state that current fragrance markers are not
enough to detect most of fragrance ACD cases, and to
know the products that should be patched and their
concentrations. In this review, we revise themechanisms
of sensitization, allergens that are not represented in
baseline series and the concentrations at which they
should be used, which ones should be included in spe-
cific series and the usefulness of baseline and fragrance
specific series.

Sensitization mechanisms

Fragrances have been described as moderate sensitizers according to
in vitro tests [9]. ACD to fragrances, as to other substances, consists of a
type IV delayed-type hypersensitivity response to these antigens [10].
These are usually small molecules that need to attach to a carrier protein
in order to be able to trigger an immune response. Depending on their
ability to attach to proteins, fragrances are categorized as haptens,
prehaptens, or prohaptens.

Haptens have the property to interact with proteins without any modifica-
tion in their structure as they have electrophilic functional groups in their
structures, which allow them to react and bind to nucleophilic groups present in
proteins. Usually, fragrances do not present these electrophilic groups and they
need a previous reaction in order to be able to interact with proteins [8]. These
reactions transform these moderate sensitizers into more powerful ones.
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On one hand, these can be oxidation processes with environmental air or
solar radiation. Air oxidation consists of the process of the loss of a hydrogen
atom and the addition of oxygen, forming a peroxyl radical. These peroxyl
radicals are usually formed on allylic position, places of the molecule where
stable radicals can be formed. Once the molecule has formed a hydroperoxide,
it can further add oxygen to its structure, forming aldehydes and epoxides, as
secondary oxidation products. Substances that need a previous air oxidation
process, before reaching the ability to interact with proteins, are called
prehaptens. All hydroperoxides, aldehydes, and epoxides represent a much
more reactive form of the original molecule, and they can interact with carrier
proteins, being able to trigger an immunologic response [11]. Geraniol,
cinnamyl alcohol, and !-terpinene are fragrances whose main sensitizers are
aldehydes and epoxides [12–14] while main sensitizers of limonene, linalool,
and linalyl acetate are their hydroperoxides, which have a sensitizing potency
fivefold to tenfold times higher [7]. Some attempts to prevent these air oxida-
tion reactions have been made, like introducing antioxidant substances as
butylated hydroxytoluene in products with fragrances. Nevertheless, it implies
the risk of sensitization and ACD episodes to these substances [15].

On the other hand, fragrances can transform in haptens through enzymatic
transformation. These substances receive the name of prohaptens. Reactions
can be classified into two groups: phase I reactions, which consist of introducing
hydrophilic groups into the molecule, and phase II reactions, where the mole-
cules are conjugated to make them water-soluble. Different phase I (cyto-
chrome P450, monoamine oxidase, hydrolytic enzymes) and phase II
(sulfotransferases, acyltransferases) enzymes can be found in the skin [16],
which transform fragrances that act as prohaptens: !-terpinene [17], cinnamyl
alcohol [18], eugenol, isoeugenol [19], and geraniol [14].

As can be noted, several of these substances can acquire their sensitizing
ability through both of the mechanisms described like !-terpinene, geraniol,
and cinnamyl alcohol. Special care must be taken with patients sensitized to
these fragrances as crossed reactions between aldehydes and alcohols have been
described [20].

Allergens not represented in baseline series
Fragrances of mandatory labeling according to the EU Cosmetics Directive

According to the EU Cosmetics Directive, 26 specific fragrance ingredi-
ents (Table 1), which are the causes of allergic contact dermatitis, must
be declared on the ingredient list of cosmetic products sold on the
European market if the concentrations exceed 10 ppm in leave-on
products or 100 ppm in rinse-off products. Other fragrances must appear
as “aroma,” fragrance,” or “perfume” [21].

Some of the fragrances shown in Table 1 constitute the screening
markers fragrance mixes I and II, which form part of the European
Baseline. Nonetheless, other fragrances such as Evernia furfuracea, limo-
nene, and linalool have clinical relevance, even though they are not
routinely tested.
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Evernia furfuracea (tree moss) is a moss that grows on pine and fir trees. Its
extract is used in the fragrance industry, mainly in personal care products, men’s
cosmetics, fine fragrances, and deodorants, and has been identified as a contact
allergen [7, 22]. E. furfuracea extract is usually patch tested in 1% pet. Studies
consistently report a prevalence of 9 1% and place E. furfuracea extract as one of
the most important individual fragrance allergens found on testing the 26
individual fragrances named in ingredient labeling [1, 23–27]. The majority of
the cases of contact allergy to E. furfuracea are not detected by screening with
either fragrance mix I and/or colophonium [28]. For this reason, the European
Society of Contact Dermatitis has proposed to patch test all patients with
E. furfuracea during 1 year to study its potential inclusion in the baseline series.

Table 1. The 26 individual fragrance ingredients of mandatory labelling according to EU Cosmetic Directive

Evernia furfuracea

Evernia prunastria

Cinnamala

Isoeugenola

Cinnamyl alcohola

Hydroxycitronellala

Eugenola

Amyl cinnamala

Geraniola

Hydroxyisohexyl 3-cyclohexene carboxaldehyde (HICC)b

Hexyl cinnamalb

Farnesolb

Citralb

Coumarinb

Citronellolb

Butylphenyl methylpropional

Benzyl salicylate

Benzyl alcohol

Anise alcohol

Benzyl cinnamate

Amylcinnamyl alcohol

Linalool

Limonene

Alpha-isomethyl ionone

Benzyl benzoate

Methyl 2-octynoate

aFragrance ingredients constituting fragrance mix I
bFragrance ingredients constituting fragrance mix II
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Limonene and linalool are common fragrance terpenes widely used in
cosmetics such as creams and deodorants and hygiene and household prod-
ucts. In addition, they are also constituents of some essential oils. After air
exposure, they oxidize and become hydroperoxides, which have an important
sensitizing potential [7, 29, 30].

The prevalence of sensitization to limonene and linalool hydroper-
oxides has been estimated around 5–6% in some multicentric studies
[31, 32]. Some patients are co-sensitized to both hydroperoxides, as well
as to other fragrances and preservatives present in hygiene products and
cosmetics. This would suggest simultaneous exposure to different fra-
grances in products of frequent use [33].

The European Environmental Contact Dermatitis Research Group has
recently recommended adding limonene and linalool hydroperoxides to
the European Baseline Series. They recommend testing linalool hydro-
peroxide 1% and 0.5% pet. and limonene hydroperoxide 0.3% and
0.2% pet. to aid in the interpretation of frequent irritant and doubtful
patch test reactions [34].

Methyl 2-octynoate has been reported to produce active sensitization
in various subjects during patch testing [1, 35]. Therefore, we believe
patch testing with this compound should be considered only in selected
patients when suspicion is high.

In conclusion, the single fragrances most often causing contact allergy
are the natural extract E. furfuracea and the hydroperoxides of limonene
and linalool. Only 30–50% of the sensitized patients are detected when
patch tested with fragrance mixes I and II [36].

The mandatory labeling of the 26 individual fragrance ingredients on
cosmetic products has been of great importance to determine the clinical
relevance of a positive patch test reaction and to assist patient avoidance
of the sensitizer. We believe that this directive should also apply to
household products, as they also contain many of these allergens.

Essential oils
Essential oils are complex substances usually obtained by steam distillation of
plantmaterials. These compounds are widely used in the flavor, food, fragrance,
cosmetic, and pharmaceutical industries in many applications. Pure oils are
usually applied to the skin for alleged therapeutic actions.

Most reactions are caused by the application of pure oils or high-
concentration products. Nearly 80 essential oils have been reported to cause
contact allergy. Cosmetics, toothpaste, and topical pharmaceutical preparations
containing essential oils have been reported to cause allergic contact dermatitis
[37–39]. Occupational contact dermatitis may occur frequently in professionals
performing massages or aromatherapists.

Essential oils should be patch tested in any patient suspected of contact
allergy to these oils because of their history and clinical features, such as hand
dermatitis in aromatherapists, in masseurs or workers of the fragrance industry,
and in patients that have applied essential oils to their skin. Patch testing with
essential oils should also be suggested when there are positive reactions to
fragrance mixes,Myroxylon pereirae, or patient’s products that contain them. It is
preferable to patch test the patient’s product itself, as the compositionmay vary
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strongly. Testing 2 to 5% in petrolatum is adequate for most essential oils.
Proper assessment of the relevance is of great importance. It is common to
observe co-reaction to other essential oils, FMI, FMII, Myroxylon pereirae, and
individual or combined fragrance chemicals [40]. Laurel, turpentine, orange, tea
tree, citronella, ylang-ylang, sandalwood, clove, and costus root showed greater
than 2% positive patch test reactions [40].

Tea tree oil is the volatile oil obtained by distillation from the leaves and
terminal branchlets of tea treeMelaleuca alternifolia, a tree native to Australia. It
has been perceived as an effective remedy for many skin conditions, such as
eczema, acne, wounds, burns, herpes simplex, or molluscum contagiosum.
Contact dermatitis caused by tea tree oil has been frequently described, in-
cluding cases of occupational contact dermatitis. Co-reactivity with turpentine
oil, fragrance mix I, Myroxylon pereirae, and colophonium has been observed
[41].

Sandalwood oil has three different variants that originate from East India,
Australia, andNewCaledonia, is obtained by distillation of the stem and stump
wood and roots, and is used in the production of soaps powder and creams, as
well as for medicinal purposes. There have been cases of pigmented cosmetic
dermatitis in Asian women and cases of photocontact allergy [42]. In patients
suspected of contact dermatitis, there is a prevalence of positivity to sandal-
wood oil among 0.1 to 2.4% [24, 43, 44].

Ylang-Ylang oil is the essential oil from the flowers of the homony-
mous tree (Cananga odorata), native to Malaysia and Indonesia. It is
obtained by fractional distillation and is used for the production of fine
fragrances, but also soap, skin lotions, and detergents, as well as
flavoring. In folk medicine, it has been used for infections and skin
diseases. It is a frequent sensitizer in Japan and has been related to
pigmented cosmetic dermatitis [42]. In groups of patients suspected of
contact dermatitis, a prevalence of 0.7 to 2.6% positive patch tests have
been reported [44]. Co-reactivity to benzyl salicylate and geraniol has
been observed [42].

Patch test series and fragrances
Fragrance mix II and hydroxyisohexyl 3-cyclohexene carboxaldehyde in baseline series

Before 2005, the only fragrancemarker included in the European Baseline Series
was fragrance mix I (FMI), which consists of a mix of Evernia prunastri,
isoeugenol, cinnamal, cinnamyl alcohol, hydroxycitronellal, eugenol, geraniol,
and !-amylcinnamal. Some authors also includedMyroxylon pereirae (25% pet.)
and colophonium (20% pet.) as fragrance markers, despite the fact that in a
strict way, they are not [45•]. In 2005, it was stated that between 33 and 43% of
ACD episodes caused by fragrances were not being detected by patchingMFI [4,
46], and a suggestion of including a new mixture and marker was emitted. The
newmixture was fragrancemix II (FMII), which contains six of the 14 fragrances
causing most of the ACD to these substances: hydroxyisohexyl 3-cyclohexene
carboxaldehyde (HICC or Lyral®), citral, farnesol, coumarin, citronellol, and !-
hexyl cinnamal [47]. Due to its wide presence in household products [48], a
recommendation to include HICC, as a fragrance marker, at double concen-
tration than in FMII was also emitted [47]. Finally, in 2008, FMII and HICC
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were included in European Baseline Series [49]. In the last 10 years, only 14
fragrances from the 26 that are required to be labeled if present at a concen-
tration of ≥ 10 ppm in leave-on cosmetics or ≥ 100 ppm in rinse-off cosmetics
have been represented in European Baseline Series [50]. Recently, the European
Baseline Series have been updated, recommending to include linalool hydro-
peroxide 0.5% and 1% pet. and limonene hydroperoxide 0.2% and 0.3% pet.
But still, some of the most common fragrance sensitizers like Evernia furfuracea
or Evernia prunastri are not included in baseline series or fragrance mixes [25,
34], while other ACD tests, such as TrueTest®, still only include only FMI as a
fragrance marker.

FMII is the second fragrance marker more frequently found positive in patch
testing (4.5%), after FMI (6.0%), and followed by M. pereirae (2.8%), HICC
(2.4%), and colophonium (2.1%) [4]. The most common sensitizers from
fragrance mix II are HICC (2.5% pet.) followed by citral or farnesol [20, 51]. It
has been estimated that almost 3% of the patients who are patched with FMI
and FMII present a positive response only to the second one [52]. More than
70% of the positive results of FMII have been categorized as clinically relevant,
and it has been described that FMII contributes to detecting up to 26% of
patients with fragrance contact allergy, which would not have been detected
only with FMI, colophonium, and M. pereirae [4].

Due to its widespread distribution and false-negative responses to the
concentration included in FMII, HICC 5% pet. has been also included in the
European Baseline Series [51]. Nevertheless, further studies reported that only
between 10 and 13% of patients with ACD to HICC are not detected with the
concentration included in baseline series and conclude that this may be a
difference that does not justify the inclusion ofHICC at double concentration in
the baseline series and recommend to patch it only in order to confirm positive
responses to FMII [53]. The high prevalence of positive responses to HICC can
be explained by its common use in household products, where it can be found
in up to 30% of them [22], and in cosmetics, where this percentage rises up to
72% [54]. As a result, several European and international agencies have rec-
ommended limiting the concentration of HICC in all of these products, but
legislation changes have still not been made.

Specific fragrance series
In order to confirm ACD to fragrances, some specific series have been
developed (Chemotechnique®, Vellinge, Sweden; MartiTor, Barcelona,
Spain). There has been debated in the last years about the moment to
patch these series. While some groups supported doing it after a detailed
anamnesis, only in patients with a high-degree suspicion, in order to
avoid false-positive results that would miscarry the management of these
patients, others sustain that the sensitivity of anamnesis to detect these
cases is way too low due to the high prevalence of fragrance sensitizing
and that specific series should be systematically patched [55•].

Retrospective and prospective investigations about the sensitivity of FMI and
FMII to predict fragrance allergy show that between 18 and 31%of patients with
a positive result to any allergen in the fragrance series did not react to any of the
fragrance mixes [26, 27]. By including other fragrance markers from baseline
series, as colophonium and HICC, between 16 and 34% of patients with ACD

98 Contact Dermatitis (A Giménez-Arnau, Section Editor)



to fragrances would not be detected [1, 26]. A conclusion that can be extracted
from the available bibliography is that patching only baseline series fragrance
markers (FMI, FMII, M. pereirae, and colophonium) may not be enough. This
hypothesis has recently been sustained by another group who found that
sensitivity to detect fragrance allergy was 25.7% through anamnesis and 40.8%
for European Baseline Series fragrance markers [55•]. In order to increase the
sensitivity of fragrance patches, it should be taken into account that these
patches should not be prepared in advance, as they are volatile allergens [56].

Recent data published from a multicenter study from Spain shows that only
65% of patients with a positive reaction to one of the fragrance markers from
baselines series are patched with specific fragrance series. As co-sensitization to
multiple fragrances is usually found in these patients, specific fragrance series
usually detect sensitization to fragrances which are not present in fragrance
markers. This study also concludes that fragrances in FMI should be present at
double concentration in a specific series, in order to avoid a high rate of false-
negative results [57].

Different attempts have been made in order to try to increase the sensitivity
of fragrance patches. Some authors propose patching all 26 individual fra-
grances for which labeling is mandatory in the European Union as allergens in
baseline series [26]. Others suggest patching, at least, those more commonly
related to positive results: oxidized terpenes, limonene, linalool, and essential
oils [29, 58]. Thus, our group agrees that fragrance screening still needs to be
improved, by including other representative fragrances and essential oils, like
Evernia furfuracea, oils of Melaleuca alternifolia, and Santalum album [59•].
Nonetheless, due to the ubiquitous distribution of these substances, and the
problems that can be caused by the recommendation of avoiding one of them,
we still think that fragrance patching should be guided by a proper anamnesis.

Conclusion

Allergy to fragrances has become one of the most frequent causes of ACD.
Available tools to detect these cases have proven to be insufficient, as many
fragrances have shown a higher sensitization prevalence than other substances
represented in European Baseline Series. Recently, it has been recommended to
include limonene and linalool hydroperoxides in baseline series. Experience
with them could be decisive to include other fragrances or essential oils in the
future. Co-sensitization must be taken into account in patients sensitized to
fragrances and they should be patch tested with specific series if allergic contact
dermatitis to fragrances or cosmetics is suspected.
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