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Background: The widespread use of fragrance-containing products is probably the most important
reason for its high impact in allergic contact dermatitis.

Objectives: To describe the frequency of contact allergy to fragrance allergens as tested in the stand-
ard series, in relation to age, sex and lesion locations. To determine trends in frequency over the
years and to study the association between positive tests observed with the different fragrance-allergy
markers as well as between specific fragrance allergens and locations of the lesions.

Patients/Methods: 10 128 patients underwent patch testing between January 1990 and December
2005 at the Dermatology department in Leuven.

Results: 1463 (14.5%), that is, 380 (26%) males and 1083 (74%) females, reacted positively to at least
1 fragrance-allergy marker in the standard series: 9% to fragrance mix I, 6% toMyroxylon pereirae,
and 4.8% to colophonium (often in association), 2.1% to hydroxyisohexyl 3-cyclohexene carbox-
aldehyde and 2.1% to fragrance mix II, the latter 2 allergens having been introduced more recently.
Over the years, fragrance contact allergy has shown a fluctuating trend. Hands and face were the
most commonly affected body sites. Moreover, a significant association was found between specific
fragrance allergens and certain locations.

Conclusions: This study illustrates that fragrance contact allergy is common in patients suffering from
contact dermatitis.
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Introduction

Adverse reactions to fragrances in perfumes and
cosmetic products include allergic contact derma-
titis (ACD), irritant contact dermatitis, photosen-
sitivity, immediate reactions (contact urticaria),
pigmented contact dermatitis, and (worsening
of) respiratory problems (1).
Allergic contact dermatitis from fragrances

results from a combination of repeated environ-
mental exposure and age-related susceptibility
factors (2) and is commonly observed in patch-test
populations. Allergenic fragrance chemicals are
indeed ubiquitous in our environment, not only
in fine fragrances but also in a wide range of cos-
metic, household, and industrial products (3) and
even topical medicaments. Actually, together with

preservative agents, they are the most important
sensitizing culprits in cosmetic products (4, 5),
with a frequency that is estimated to be around
1.5% in the general population (Denmark, 1.1%
and Norway, 1.8%) (6, 7) and between 6–14% in
contact dermatitis patients (8).
The main tool for diagnosing contact allergy to

fragrances is the European standard patch-test
series. This standard series consists of (i) fragrance
mix I (FM I), a mixture of 1 natural compound,
oak moss absolute (Evernia prunastri), and the syn-
thetic fragrances isoeugenol, hydroxycitronellal,
cinnamal, cinnamic alcohol, eugenol, a-amyl cin-
namal, and geraniol, at a concentration of 1%each,
(ii) Myroxylon pereirae (MP or balsam of Peru),
and to a less extend also (iii) colophonium. New



screening substances have emerged from multi-
center studies in order to increase the ability to
diagnose fragrance allergy (9, 10). As a result of
this, since 2005, a mixture of 6 additional fra-
grance materials has been commercialized for
future introduction into the standard series, that
is, fragrance mix II (FM II) that contains hydrox-
yisohexyl 3-cyclohexene carboxaldehyde (HICC
or Lyral1), citral, farnesol, coumarin, citronellol,
and a-hexyl cinnamal.
The aims of this retrospective study were as

follows:

(1) To describe the frequency of contact allergy
to fragrance allergens as tested in the stand-
ard series.

(2) To determine trends in frequency over the
years.

(3) To characterize the age, sex, and lesion
location of the fragrance-allergic patients.

(4) To study the association between the posi-
tive tests observed with the different
fragrance-allergy markers.

(5) To study the association between specific
fragrance allergens and localization of the
dermatitis.

Materials and Methods

From January 1990 until December 2005, 10 128
consecutive patients presenting with eczematous
dermatitis were patch tested in the Contact
Allergy Unit of the Katholieke Universiteit
Leuven with a European Standard series (Hermal,
Reinbeck, Germany) and (when indicated) also
with other allergens.
The patch tests were administered with Van

Der Bend patch-test chambers (Van Der Bend,
Brielle, the Netherlands) applied on the back with
Micropore� (3MHealth Care, Borken, Germany)
and fixed with Fixomull1 (Beiersdorf, Germany)
and later on with Mefix1 (Mölnlycke Health
Care, Göteborg, Sweden) as adhesive tapes. The
patch-tested readings were performed according
to the international guidelines by the Inter-
national Contact Dermatitis Research Group (11)
after 2 days, 3 days (exceptionally) and 4 days
and sometimes later.
All data were retrieved from and evaluated with

a patient database developed in our department
(12, 13). The fragrance-related allergens present in
the standard series were studied in an explorative
way. In the study of associations between patch-
test results and the location of the lesions, the data
were presented in a 2 � 2 contingency table. As an
appropriate statistical measure to compute the
strength and the direction of the association, we

used the odds ratio (OR), expressing the occur-
rence of positive reactions in 1 group as compared
with another group, and/or the relative risk, and
their corresponding 95% confidence interval (CI).
If the CI is different from the value 1, there is
a significant association between the row and the
column variables. The statistical analysis in both
the male and the female populations was per-
formed by using the SAS SOFTWARE SYSTEM version
9.1 (SAS Institute Inc., Cary, NC, USA).

Results

Among the entire population of 10 128 patients
patch tested, 3491 were males (34.5%) and 6637
were females (65.5%). 5690 (56%) presented with
a contact-allergic reaction to at least 1 of the
substances tested, and 1463 (14.5%), that is, 380
(26%)males and 1083 (74%) females, reacted posi-
tively to at least 1 fragrance marker, making up
26% of those with contact allergy.

The OR for females is 0.19 (ORf ¼ 1083/
5554 ¼ 0.1950), expressing the probability to
have a positive reaction to be 0.19 higher than
the probability of having a negative reaction
to fragrance. The odds for males is only 0.12
(oddsm ¼ 380/3111 ¼ 0.1221). The OR is then
1.6 with a 95% CI (1.41–1.81) or the probability
of having a positive patch-test reaction in females
being 1.6 times larger than in males.

The mean age in fragrance-allergic patients was
45 for males and 44 for females (both with �17
SD), compared with 39 years both for males and
females (�17 SD) in the non-fragrance allergic
patients (n ¼ 8665). For a more convenient
handling of the data, the age of the patients was
divided into groups with a span of 20 years
(Fig. 1). The frequency of fragrance allergy grad-
ually increased from young to adult age, the high-
est peak between 20 and 40 years (40%) for
females and between 40 and 60 years (37.6%)
for males, to decrease gradually again later on.

In the whole group, there were 3626 atopic
patients (36%) (atopic dermatitis, asthma and/or
allergic rhinitis), 521 of whom (14.4%) presented
with a positive reaction to at least 1 fragrance-
allergy marker, compared with 942 (14.5%) in
the 6502 non-atopic patients (64%). Thus, posi-
tive reactions to a fragrance-allergy marker and
atopy were not significantly associated.

As regarding the fragrance-allergy markers, 9%
of the population tested (n ¼ 924) presented with
a positive reaction to FM I, 6% (n ¼ 617) to MP,
4.8% (n ¼ 489) to colophonium (Table 1), 2.1%
(n ¼ 62 in 2901 patients tested) to HICC, and
2.1% (n ¼ 7 in 335 patients tested) to FM II,
the latter allergens being introduced more
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recently, in 2002 and 2005, respectively. 30 pa-
tients out of 62 (48.4%) reacted both to FM I
and to HICC. The total number of positive reac-
tions observed is, of course, higher than the num-
ber of patients as many of them suffered from
multiple sensitivities. Among those reacting to
FM I, MP, or colophonium, females represented
72%, 74%, and 77% and the males 28%, 26%,
and 23%, respectively.
The results of the positive patch-test reactions

obtained with FM I, MP, and colophonium over
the years are given in Table 2, which is illustrated
in Fig. 2.
The associated positive tests observed with the

different fragrance-allergy markers are given in
Table 3 (multiple hypotheses testing for all the
different fragrance-allergy markers were taken
into account), showing a strong association for
all comparisons reported. When the associations
were significant, the OR was computed. As an
example, an OR of 11 (Table 3) means that the
odds of a positive reaction to colophonium is 11
times higher for patients with a positive reaction
to FM I than for non-FM I allergic patients.
The localization of the lesions in the fragrance

(n ¼ 1463) and non-fragrance (n ¼ 8665) allergic
patients are visualized in Fig. 3. Hands (31.2%),
face (27.2%), lower legs (16.6%), and feet (15.3%)
were the most commonly affected body sites in

fragrance-sensitive individuals, particularly in
females. Significant associations were found for
arms (relative risk, 1.24; 95% CI, 1.09–1.41), lower
legs (relative risk, 1.71; 95% CI, 1.51–1.93) and
upper legs (relative risk, 10.82; 95% CI, 8.56–
13.68), and axillae (relative risk, 1.51; 95% CI,
1.21–1.90). For hands (relative risk, 0.8; 95% CI
0.76–0.93), there is a negative correlation with
fragrance allergy though.
Table 4 shows the results of the association

between localization and specific fragrance aller-
gens. Of 40 combinations of localization by
marker, 9 were significantly associated either for
males or for females, or both. As this was an
explorative study, a correction for multiple com-
parisons was not used.

Discussion

It is well known that after nickel, contact allergy
to fragrance components is the most common
finding among contact-allergy patients (14, 15).
This was also true in our female population
studied and, since 1995 to 2006, FM I and p-
phenylenediamine (data not shown) were, in alter-
nation, the 2 most frequent allergens in our male
population. The majority of patients with fra-
grance sensitivity were women (16–18), which
reflects a greater exposure to fragranced cosmetics
in this population. However, in view of an increas-
ing usage also in men, the sex difference may
become less prominent in the future.
Buckley et al. argued that ACD from fragrances

has an age-related susceptibility (2) and observed
a peak in the 60s for females and in the 70s for
males (2). The highest peak observed between the
ages 20 and 40 in our female population could
be explained by the greater personal use of

Fig. 1. Distribution of age of fragrance-
(right panel) and non-fragrance allergic
patients (left panel).

Table 1. Positive reactions observed to FM I, MP and C

Markers
Total
(n ¼ 10 128), n (%)

Male
(n ¼ 1463)

Female
(n ¼ 6637)

FM I 924 (9.12) 258 666
MP 617 (6.09) 162 455
C 489 (4.83) 113 376

C, colophonium; FM I, fragrancemix I;MP,Myroxylon pereirae.

Table 2. Percentage of positive patch-test results obtained with fragrance mix I, Myroxylon pereirae and colophonium over the years

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

FM I 7.2 7.3 6.6 5.6 13.1 9.6 10.1 8.1 11.9 13.9 12.5 9.7 8.4 8.3 9.3 7.7
MP 6.5 6.8 5.2 4.8 4.8 6.5 6.7 5.6 6.1 6.8 7.7 6.9 6.6 6.3 7.9 5.0
C 5.5 5.5 3.7 3.8 6.1 4.8 4.7 3.7 6.3 5.7 5.6 5.4 4.6 4.3 5.3 4.3
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fragranced products in young women in particu-
lar. In males, the highest peak was observed
between the ages 40 and 60. This could perhaps
be explained by a different patient selection or
a different consumer exposure in both centres.
With regard to the fragrance-allergy markers,

FM I has been regarded as an adequate screening
test for fragrance sensitivity, although it has been
reported that as much as 33% of fragrance sensi-
tivity may be missed (19), if it is used as the only
test substance. This percentage is probably too
low and depends on which fragrance chemicals
or products the subjects are tested with. Indeed,
the more fragrance allergens tested, the more posi-
tive reactions can be observed. In most epidemi-
ological studies, as well in the current study, the
patch-test result of patients reacting to their own
perfume and deodorant, for example, or to any

other fragrance allergen, have not been consid-
ered. Besides FM I, our results also take into con-
sideration MP and colophonium, for which, in
agreement with other studies, including a recent
report from Austria (20), positive reactions are
significantly associated in both sexes. Indeed, this
can be explained by the fact that these products
share similar components.

In fact, Hjorth has already reported in 1961 that
gums and resins such as MP and benzoin are
strong sensitizers, associated with fragrance
allergy (21). He showed that the most important
allergen of MP is formed by the polymerization
of a ‘protoresin’ (monomer or low polymer),
which is an ester of benzoic acid or cinnamic acid
and coniferyl alcohol; however, many other aller-
genic components are present such as benzyl
cinnamate, eugenol, methyl cinnamate, benzyl
benzoate, vanillin, cinnamic acid, cinnamic alco-
hol, cinnamal, and benzyl salicylate (22), all pres-
ent in or related to other allergenic fragrance
materials. The crude MP, as such, has not been
used in perfumery since 1982, when the Inter-
national Fragrance Association banned its use in
fragrances. Since 1995 (23, 24), MP has been
incorporated in fragrances as an extract or distil-
late, but could be, according to a recent study, as
allergenic as the crude product (M. Bruze, Malmö
University Hospital, Lund University, Malmö,
Sweden, personal communication).

Colophonium, originating from pine trees (25),
often co-reacts with fragrance allergens; their
major constituents are resin acids, that is, abietic
acid and dehydroabietic acid, of which the oxi-
dized derivatives are responsible for contact
allergy (26). The same allergens have also been
identified in the FM I component ‘Evernia prunas-
tri’ or ‘oak moss’, either as contaminants or as
ingredients of ‘Evernia furfuracea’ or ‘tree moss’,
also derived from pine trees and often used by the
perfume industry as a cheaper substitute for oak
moss (27, 28). Besides oxidized terpenes, however,
oak moss contains a large number of other ingre-
dients, including atranalol and chloroatranalol,
which are perhaps among the most allergenic
substances ever identified (27), that is, still at

Fig. 2. Evolution of the relative frequency over the years of
positive reactions to fragrance-allergy markers. C, Colopho-
nium; FM I, fragrance mix I; MP, Myroxylon pereirae.

Table 3. Odds ratios and corresponding 95%CIs for the different
fragrance-allergy markers

Allergens
Males Females
OR (95% CI) OR (95% CI)

FM I and C 11.14 (7.48–16.59) 5.11 (4.05–6.46)
FM I and MP 35.74 (24.98–51.15) 18.96 (15.35–23.42)
FM I and HICC 25.63 (6.37–103.10) 17.50 (10.09–30.34)
C and MP 5.95 (3.65–9.70) 5.35 (4.14–6.92)

C, colophonium; CI, confidence interval; FM I, fragrance mix I;
HICC, hydroxyl-isohexyl cyclohexene carboxaldehyde;
MP, Myroxylon pereirae; OR, odds ratio.

Fig. 3. Visualization of localization
of the lesions in fragrance-allergic
(n ¼ 1463) (right panel) and non-
fragrance allergic patients (n ¼ 8665) (left
panel).
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0.1 p.p.m. (the individual components of FM I
will be discussed separately in a further study).
Besides FM I, MP, and colophonium, positive

reactions to FM II, in which HICC is the most
common sensitizer (9, 10), and HICC itself were
also considered, although tested in a minority of
the patients. The percentage of positive reactions
found for HICC (2.1%) is in agreement with the
prevalence found in other European studies, that
is, 1.5–3% (9, 29–32). This is in contrast to North
America where the prevalence was found to be
only 0.4% (33), the difference being attributed to
the presence of HICC in high concentrations in
deodorants in the EU, likely to induce sensitiza-
tion in occluded areas. Contact allergy to a fra-
grance would have been missed in 32 out of 62
(52%) patients if we had only tested with FM I
and not with HICC. This is much higher than
what has been reported by Frosch et al., that is,
in 7.2% of the patients (29, 30). Because of the low
number of patient tested and reacting to FM II,
we are not able to formulate any conclusion about
missed reactions to this mixture. Frosch et al. pre-
viously reported that 1/3 of the patients reacting
to FM II were negative to FM I (10). Geier et al. in
a large German study reported that 535 out of
6968 (7.7%) patients reacted to FM I, while 321
of 6968 (4.6%) were positive to FM II. 151 of
them reacted to both allergens, representing 28%
of those with contact allergy to FM I and 47% of
those allergic to FM II. FM II has thus acceptable
diagnostic qualities and is helpful as an additional
tool in detecting fragrance allergy (34).
Concerning the trends in the fragrance sensitiv-

ity rate (Table 2 and Fig. 2), a fluctuating trend,
either increasing or decreasing, was observed.
For FM I, the frequency was highest from 1998
to 2000 and has then decreased in recent years.
In 2006 (data not shown), the frequency was the
same as in 2001, that is, 9.65. In the past decade,

the prevalence of fragrance sensitivity, evaluated
by testing only with FM I, varied considerably. A
percentage between 7 and 10 was observed among
patch-tested patients in Europe (5, 35–39). In
Denmark, it rose from 4.1% in 1985–1986 to
9.9% in 1997–1998 (40), and a similar rising ten-
dency was reported in Slovenia as well (41). How-
ever, a recent decrease in FM I sensitivity has been
reported in several studies (5, 19, 20, 35, 36), for
example, according to a recent European multi-
centre survey, the fragrance sensitivity rate has
decreased significantly from 13.1% in 1999 to
7.8% in 2002 (42). This was also observed in the
USA, where the fragrance sensitivity rate dimin-
ished from 14% to 11.4% in the late 1990s (8, 43)
and, according to a more recent study, even down
to 5.9% (33). In the future, perhaps a further
decrease in positive reactions to FM I allergens
may be expected. Indeed, because of the labelling
of 26 fragrance components by EU legislation
(44), including those of FM I, as well as the out-
come of recent dermatological studies on fra-
grance allergy and subsequent legal requirements
[for example, reducing the concentration of isoeu-
genol (45)], the policy of some fragrance compa-
nies has changed. For instance, it has been shown
that the new prestige perfumes contain less often
or lesser amounts of fragrance chemicals included
in FM I, compared with the older perfumes (46).
Moreover, deodorants and domestic and occupa-
tional products quite often contain fragrance
chemicals different from those present in FM I,
such as limonene (47, 48). This underlines the use-
fulness of new screening substances for the
purpose of increasing the ability to diagnose fra-
grance allergy (9, 10). In 2005, Hasan et al. have
shown that in contrast to FM I, there is a signifi-
cant increase in the sensitivity rate toMP in recent
years (38), whereas the sensitivity rate to MP has
been rather stable over the years in our study.
As to the lesion localization, according to our

study, hands, face, lower legs, and feet are the
most commonly affected body sites. Although fra-
grance allergy is not significantly associated with
hand dermatitis, the hands are the most frequently
involved sites in fragrance-allergic women (in
men, hand dermatitis is more often because of
other, more occupation-related allergens). This is
not surprising (49–51) as many contactants do
indeed contain fragrances: household products,
cleaners, waxes, polishes, textile softeners, etc.,
and, of course, nearly all cosmetics (and many
topical medications) are applied by the hands,
sometimes also on the skin of other family mem-
bers or pets (52). Moreover, patients may suffer
first from irritant or atopic hand dermatitis, which
may later be complicated by contact allergy to

Table 4. Odds ratios andcorresponding95%CI for theassociation
between localizations and the fragrance allergens

Allergens
Males Females
OR (95% CI) OR (95% CI)

Axillae and FM I 2.32 (1.29–4.16) 2.22 (1.54–3.20)
Axillae and HICC 4.65NS (0.57–37.63)NS 7.28 (3.62–14.62)
Trunk and HICC 1.20NS (0.15–9.64)NS 2.02 (1.01–4.02)
Upper leg and C 1.17NS (0.60–2.26)NS 1.48 (1.01–2.16)
Upper leg and MP 1.23NS (0.71–2.13)NS 1.50 (1.06–2.12)
Lower leg and FM I 2.17 (1.58–2.99) 1.94 (1.55–2.43)
Lower leg and MP 2.07 (1.39–3.06) 2.20 (1.71–2.84)
Lower leg and C 1.96 (1.22–3.13) 2.10 (1.59–2.77)
Feet and C 2.14 (1.40–3.25) 2.62 (2.03–3.39)

C, Colophonium; CI, confidence interval; FM I, fragrance mix I;
HICC, hydroxyl-isohexyl cyclohexene carboxaldehyde; MP,
Myroxylon pereirae; NS, non-significant values; OR, odds
ratio.
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products used for treatment (fragranced topical
drugs) or prevention (hand creams and lotions)
or to other contacted perfumed products. Last
but not least, dyshidrotic eruptions have been
ascribed to ingestion of spices (53), which may
contain fragrance chemicals or may cross-react
with them (54).
As to the face, the sensitive facial skin and the

eyelids in particular are susceptible to develop
ACD from fragranced skin-care products, decora-
tive cosmetics, and cleansing preparations and
sometimes even from airborne exposure (55, 56).
Moreover, microtraumata from shaving facilitate
(photo) contact allergy to aftershave fragrances
(57), but also other skin diseases such as atopic
dermatitis and even facial psoriasis may be
induced or aggravated by ACD from fragrances
(58). In our population, although the face was
a common localization, the association with fra-
grance allergy was not significant. Indeed, preser-
vative agents, in particular, and, to a lower extend,
emulsifiers are also important cosmetic allergens
causing ACD on the face.
Significant associations between the neck, skin

behind the ear or décolleté that are other usual
sites of fragrance contact dermatitis were not
observed. In these areas, nickel and cobalt present
in cheap metal jewels are common allergens as
well. The latter body sites as well as the axillae,
notwithstanding its significant association with
‘fragrance’ allergy (Table 4), are certainly under-
represented in our study. Indeed, in general, the
relation with the causal product being obvious (59,
60), patients consult because of dermatitis located
elsewhere (which is indicated in our patient file as
being the first site affected), and, after identifica-
tion of fragrance allergy, they then often recall
having previously suffered from skin reactions to
toilet waters or deodorants, respectively. Reac-
tions to FM I and to HICC (in females) were sig-
nificantly associated with locations in the axillae,
as has been reported earlier (61).
Contact allergy to FM I, colophonium, and

also MP is often found in patients, especially
females suffering from leg ulcers, who are exposed
to fragrance-containing medications, adhesive
tapes, etc. This will be investigated separately in
a further study on iatrogenic dermatitis caused by
fragrances. As to the feet, colophonium is cer-
tainly the main culprit in shoe dermatitis, not as
a fragrance allergen, of course, but because it is
used as a tackifier (32).
Significant, but perhaps unexpected associa-

tions between fragrance allergy and locations such
as the trunk, arms, and also upper legs were found
in females, although not with a specific fragrance
chemical. This most probably reflects the use of

fragrance-containing body creams and lotions and
perhaps skin-cleansing products, in which, besides
preservative agents, fragrances are the most
important allergens. Furthermore, other existing
eczematous conditions such as those located in the
perianal or vulvar area (62) may also be compli-
cated by fragrance allergy.

Conclusions

This study illustrates that also in our department,
fragrance contact allergy is commonly observed in
patients suffering from contact dermatitis, both in
males and in females, and has shown a fluctuating
trend over the years. Positive patch tests to the
fragrance-allergy markers, that is, FM, M. per-
eirae (balsam of Peru), and colophonium in the
standard series are frequently associated. The
hands and face were the most commonly affected
body sites, and significant associations were found
for legs, arms, and axillae. Some fragrance aller-
gens are specifically related to certain lesion local-
izations. Moreover, although HICC and FM II
were only more recently introduced in the stan-
dard series, a significant association was found
between HICC and axillae (in females).

However, not only the fragrance-allergymarkers
present or those being introduced in the standard
series need to be taken into account, but also the
products used by the patients, essential oils and
other individual fragrance allergens as this cer-
tainly increases the detection of fragrance allergy
(data to be published).

Special attention to safety assessments must be
made for fragranced products and, particularly,
for those intended for use on potentially trauma-
tized skin, that is, hands, beard region, shaved
legs, occluded areas or areas of high absorption,
that is, eyelids, axillae, and genitals, or in chronic
dermatitis, that is, stasis dermatitis/leg ulcer
patients.
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Katholieke Universiteit Leuven
Kapucijnenvoer 33
B-3000 Leuven
Belgium
Tel: þ32 1633 7860
Fax: þ 32 1633 7012
e-mail: an.goossens@uz.kuleuven.ac.be

Contact Dermatitis 2008: 58: 134–141 FRAGRANCE ALLERGY 141


