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Original article

Atopic dermatitis and allergic reactions to individual fragrance

chemicals

Background: Allergic contact dermatitis prevalence is reported as equal in atopic
and nonatopic dermatitis. Atopic dermatitis is under-represented in those with
allergic contact dermatitis to agents having cutaneous and dietary exposure. We
compared rates of atopic dermatitis between patients with allergic contact der-
matitis arising out of individual fragrance chemicals with known oral/cutaneous
exposure against exclusively cutaneous exposure.

Methods: Between 1982 and 2007, 37 065 dermatitis patients were tested with
Fragrance mix I. Those who were positive were tested for individual fragrance
allergy. Chemicals were categorized according to whether their exposure pattern
was solely cutaneous, oral or mixed. Current and past atopic dermatitis rates
were compared between the whole population and groups allergic to individual
fragrances. Age and gender were controlled.

Results: Cinnamic alcohol and cinnamal allergy groups had reduced rates of
both ‘current’ [24/266 (9.0%) P = 0.0008, 38/364 (10.4%) P = 0.0005] and
‘past’” atopic dermatitis [44/266 (16.5%) P = 0.009, 70/346 (19.2%) P = 0.037].
Atopic dermatitis rates in groups allergic to Evernia prunastri and hydroxyci-
tronellal (cutaneous exposure only) were not reduced [120/597 (20.1%) and 41/
153 (26.8%)]. Groups allergic to cinnamic alcohol (P < 0.0001, P < 0.0001)
and cinnamal (P < 0.0001, P < 0.004) had reductions in ‘current’ and ‘past’
atopic dermatitis, compared with Evernia prunastri.

Conclusions: Patients allergic to individual fragrances with dietary exposure have
reduced rates of atopic dermatitis. This suggests that patients with atopic der-
matitis have heightened oral tolerance to dietary haptens, in contrast to the
known close association of atopic dermatitis with food-protein allergy. Haptens
may interfere with food protein tolerance by binding to soluble protein to alter
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Allergic contact dermatitis to contact allergens in the
European baseline series has consistently been reported as
being equally prevalent in atopic and nonatopic derma-
titis patient groups (1, 2). We have also previously shown
that there is no significant difference in the frequency of
allergic contact dermatitis to Fragrance mix 1 (FM1)
(The ‘Larsen’ mix) between atopic and nonatopic derma-
titis patients (3). This mixture was originally devised in
the 1970s and contains eight individual fragrance chem-
icals, which commonly cause allergic contact dermatitis,
all at a concentration of 1%, with sorbitan sesquioleate
added as an emulsifier. Although all these allergens have
broadly similar skin exposure patterns from fragrance
and toiletries, with less allergenic chemicals such as
geraniol being used more frequently and at higher
concentration (4), they do differ in the amount of dietary
(gastrointestinal; GI) exposure. Cinammic alcohol, cinn-
amal, cugenol and alpha-amyl cinnamic aldehyde are

present in foods in significant amounts while geraniol and
isoeugenol are present in trace amounts only; Evernia
prunastri and the synthetic fragrance chemical hydrox-
ycitronellal are not known to be present in the diet (D.A.
Basketter, personal communication).

Although type I, or immediate, allergy to food proteins
is closely associated with atopy, it has been our experience
that this does not hold true for contact allergy to haptens,
which are also in the diet. Preliminary work by our group
has analysed a number of different subgroups to see
whether atopy rates are equal in subjects positive to
haptens with no gut exposure, compared with haptens
where there is both skin and gut. Cutaneous allergy to
haptens having GI exposure, as well as cutancous
exposure (skin+GI+), e.g. the garlic hapten diallyl
disulfide, is reduced in atopic dermatitis (5). This is in
contrast with type I allergy to dietary proteins, which is
usually seen in association with atopy (2).
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To investigate whether this is a consistent observation,
we have analysed the incidence of atopic dermatitis in
subjects allergic to the individual fragrance chemicals
which comprise FM1.

Methods

Between 1982 and 2007, 37 065 dermatitis patients, both atopic and
nonatopic, attended the Department of Cutaneous Allergy at St
John’s Institute of Dermatology, London. In such of those patients
who were FM1 patch-test positive, it has been standard practice to
test subsequently for all the individual fragrances in FM1, all at 1%
pet (Trolab®; Hermal, Reinbek, Germany). Allergens were applied
to the skin on 8 mm Finn chambers® (Epitest Oy; Tuusula,
Finland) under Scanpor® tape (Beiersdorf, Hamburg, Germany).
Patch-test readings were performed at days 2/3 and 4/5, according
to standard ICDRG criteria (6). A positive (+, ++, +++)
patch-test reaction signified allergy. Wherever possible, patients
who were allergic (patch-test positive) to FM1 were then patch-
tested to the individual ingredients of the mix, all at 1% pet.

This was a retrospective, anonymized study of all patients testing
positive to one of the individual ingredients of the FMI series. A
comprehensive database recorded demographic data on all patients
tested. This includes age, gender, ‘current’ atopic dermatitis and a
history of (‘past’) atopic dermatitis. Past atopic dermatitis was
determined by clinicians taking a history of involvement of the
flexures in childhood with pruritus. These features have subse-
quently been adopted as national consensus criteria for the diag-
nosis of atopic dermatitis (7), although this decision was taken some
16 years after our database began. These criteria have a sensitivity
of 80%, specificity of 97% and positive predictive value of 80% for
a l-year prevalence. Current atopic dermatitis status was deter-
mined by clinical examination using the standard criteria of Hanifin
and Rajka (7).

Data entry limitations on our database mean that retrospective
discrimination between +, + + or + + + reactions and therefore
any analysis of the strength of patch reaction (or indeed differential
reactions between days 2/3 and 4/5) was not possible.

Individual fragrances were categorized according to their degree
of GI exposure; cinnamal, cinnamic alcohol and eugenol were
considered to have significant GI exposure (‘skin+ GI+"), isoeu-
genol and geraniol as having ‘trace amounts’ (‘skin + Gltrace’) and
Evernia prunastri and hydroxycitronellal are not known to be
present in the diet to any significant degree (skin + GI-).

In our patch-test population, there was a marked variation of
‘current’ and ‘past’ atopic dermatitis in relation to age and gender
(Figs 1 and 2). To control this, the frequency of observed ‘current’
atopic dermatitis or ‘past’ atopic dermatitis’ was categorized for the
entire patch-test population of 37 065 in relation to age (individual
year) and gender. Using this data, we were then able to calculate the
predicted frequency of current and past atopic dermatitis for each
group of subjects positive to an individual fragrance on the basis of
their age and gender profile, which could then be compared with the
observed frequency of current and past atopic dermatitis for that
group. Statistical analysis was performed with the chi-squared test
for observed and predicted values, the null hypothesis being that the
observed numbers from a population equate with the expected
frequencies [(O — E)?/E].

Positive reactions to alpha-amyl cinnamal were too few for
meaningful analysis, and were hence excluded from the results.

For comparison of atopic dermatitis, frequencies between
skin+GI+ (cinnamal, cinnamic alcohol, eugenol) and Evernia
prunastri (skin+ GI-), the frequency of current and past atopic
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Figure 1. The frequency of both current and past atopic der-
matitis decreases with age. There may be some recall bias at
higher ages when considering past atopic dermatitis. Variability
at higher ages is probably because of lower overall numbers.
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Figure 2. Data from female subjects is similar to that from
males; however, higher overall numbers at all ages reduces
variability and yields a smoother curve than that seen in males.

dermatitis for the population patch-test positive to Evernia pruna-
stri was categorized with regard to age (by year) and gender in the
same way as with the entire patch-test population. Subjects who
were allergic to both a ‘skin+GI+’ and ‘skin+ GI-" fragrance
chemical were excluded from this analysis.

Results

MOAHLFA (male occupation atopic dermatitis, hand,
leg, face involvement) (8) for all groups are given in
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Table 1 (see Tables 2 and 3). The association between
fragrance and hand dermatitis has previously been
described (9). Of the 37 065 subjects attending the clinic,
8320 (22.4%) had ‘current’ atopic dermatitis and 10 506
(28.3%) had ‘past’ atopic dermatitis.

A breakdown of results to the individual components
of FMI is shown in Fig. 2. In comparison with the total
patch-test population (Table 3), subjects patch-test posi-
tive to the ‘skin+ GI+’ chemicals cinnamic alcohol and
cinnamal had reduced frequencies of current atopic
dermatitis (24/266 9.0% P = 0.0008, 38/364 10.4%

Fragrance allergy and the hapten—atopy hypothesis

P = 0.0005), but the reduced frequency observed in
eugenol patch-test positive subjects did not reach statis-
tical significance. There was no significant difference in
frequency rates of current atopic dermatitis between the
total patch-test population and the ‘skin + GI-’ fragrance
chemicals Evernia prunastri and hydroxycitronellal (120/
597 20.1% P = NS, 41/153 26.8% P = NS).

With respect to the frequency of ‘past’ atopic derma-
titis, there were again significantly reduced levels in
subjects allergic to cinnamic alcohol and cinnamal (44/
266, or 16.5%, P = 0.009, 70/364, or 19.2%, P = 0.037)

Table 1. Population patterns of patch-test positive (cutaneous allergy) to single fragrance chemicals

Total patch-test Cinnamal Cinnamic alcohol Eugenol Isoeugenol Evernia prunastri Hydroxycitronellal Geraniol
pop. (%) PT+ (%) PT+ (%) PT+ (%) PT+ (%) PT+ (%) PT+ (%) PT+ (%)
Exposure pattern Skin+Gl+ Skin+Gl+ Skin+Gl+ Skin+Gltrace Skin+Gl— Skin+Gl— Skin+Gltrace
Number 37 065 364 266 225 357 597 153 89
Male 14711 (39.7) 128 (35.2) 88 (33.08) 103 (45.8) 109 (30.53) 199 (33.3) 38 (24.8) 36 (40.45)
Occupational case? 52 (14.3) 49 (18.42) 36 (16.0) 54 (15.13) 91 (15.2) 20 (13.07) 13 (14.61)
AD current 8320 (22.4) 38 (10.4) 24 (9.02) 30 (13.3) 77 (21.58) 120 (20.1) 41 (26.80) 15 (16.85)
AD past 10 506 (28.3) 67 (19.2) 44 (16.54) 53 (23.4) 106 (29.69) 165 (27.6) 49 (32.03) 22 (24.72)
Hand 10 087 (27.2) 121 (33.2) 88 (33.08) 82 (36.4) 105 (29.41) 136 (22.8) 38 (24.84) 22 (24.72)
Leg 1482 (4.0) 12 (3.3) 8 (3.00) 8 (3.6) 14 (3.92) 22 (3.7) 5(3.27) 8 (8.99)
Face 7756 (20.9) 88 (24.2) 59 (22.18) 43 (19.1) 73 (20.45) 139 (23.3) 31 (20.26) 16 (17.98)
Age > 40 years 15 692 (42.3) 206 (56.6) 149 (56.02) 127 (56.4) 161 (45.10) 333 (55.8) 58 (37.91) 51 (57.30)

Population characteristics of all eczema patients attending the Department of Cutaneous Allergy, St John’s Institute are given in first column. ‘Hand” ‘leg” ‘face’ refer to

involvement patterns of eczema patients.

Gl+, significant exposure through gastrointestinal tract; ‘Gltrace’, only low-level exposure; ‘Gl—, negative or minimal exposure; AD, atopic dermatitis.

*Estimate of occupational cases only.

Table 2. Frequency of ‘current’” and ‘past’ atopic dermatitis in subjects allergic to individual fragrance chemicals

Atopic dermatitis  Atopic dermatitis Atopic Atopic

Patch-test Exposure current current P-value dermatitis past  dermatitis past P-value
Fragrance +ve, n pattern observed (%) expected (%) (95% Cl) observed (%) expected (%) (95% Cl)
Cinnamic alcohol 266 Skin+Gl+ 24 (9.0 444 (16.7) 0.0008 (0.06-0.13) 44 (16.5) 61.9 (23.3) 0.009 (0.13-0.21)
Cinnamal 364 Skin+Gl+ 38 (10.4) 64.1 (17.9) 0.0005 (0.07-0.14) 70 (19.2) 87 (23.9) 0.037 (0.16-0.24)
Eugenol 225 Skin+Gl+ 30 (13.3) 403 (17.9) 0.073 NS 53 (23.5) 53 (23.5) NS
Isoeugenol 357 Skin+Gltrace 77 (21.6) 76.9 (21.5) NS 106 (29.7) 96.9 (27.2) NS
Geraniol 89 Skin+Gltrace 15 (16.9) 14.9 (16.7) NS 22 (24.7) 21.5(24.2) NS
Hydroxycitronellal 153 Skin+Gl— 41 (26.8) 33.7 (22.0) NS 49 (32.0) 42.1(27.5) NS
Evernia prunastri 597 Skin+Gl— 120 (20.1) 104.0 (17.4) NS 165 (27.6) 143.9 (24.12) Raised!

0.045 (0.24-0.31)

Table 3. Comparison of frequency of atopic dermatitis in subjects allergic to individual skin+Gl— fragrance chemical (Evernia prunastri) vs skin+Gl+ (cinnamic alcohol, cinnamal

and eugenol) fragrance chemicals

Patch-test Exposure Atopic dermatitis Atopic dermatitis Atopic dermatitis Atopic dermatitis
Fragrance +ve, n pattern current observed (%) current expected (%) P-value past observed (%) past expected (%) P-value
Evernia prunastri 501 Skin+Gl— 107 (21.4) 141 (28.2)
Cinnamic alcohol 231 Skin+Gl+ 18 (7.8) 48.4 (21.0) < 0.0001 34 (14.7) 65.2 (28.2) <0.0001
Cinnamal 317 Skin+Gl+ 31(9.8) 69.9 (22.1) < 0.0001 60 (18.9) 88.1 (27.8) <0.004
Eugenol 181 Skin+Gl+ 23 (12.7) 41.9 (23.2) 0.0008 41 (22.7) 51.3 (28.3) 0.088 NS

Individuals allergic to both skin+Gl+ and skin+Gl— fragrance chemical excluded from analysis.

AD, atopic dermatitis.
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but no significant reduction was seen with eugenol. With
hydroxycitronellal, there was no significant difference in
the frequency of rates of ‘past’ atopic dermatitis com-
pared with the whole patch-test population; the rates for
Evernia prunastri were moderately raised in comparison
with expected values (165/597 (27.6%) P = 0.045).

A direct comparison of frequency of atopic derma-
titis between the group patch-test positive to Evernia
prunastri (‘skin+ GI-") and groups allergic to ‘skin+
GI+’ fragrance chemicals, cinnamic alcohol, cinnamal
and eugenol showed reduced frequencies of ‘current’
atopic dermatitis to a highly significant degree (18/231,
or 7.8%, P < 0.0001, 31/317, or 9.8%, P < 0.0001,
23/181, or 12.7%, P = 0.0008, respectively). With
respect to frequency of ‘past’ atopic dermatitis, cin-
namic alcohol and cinnamal allergic groups again
showed reduced frequencies to a highly significant
degree (34/231, or 14.7%, P < 0.0001, 60/317, or
18.9%, P < 0.004, respectively). The reduced frequency
of ‘past’ atopic dermatitis observed in the ecugenol
allergic group did not reach significance (41/181, or
22.7%, P = 0.088).

Discussion

Contact allergens are low molecular weight haptens,
which must form stable associations with proteins in
order to be able to trigger cutaneous immune responses
and therefore sensitization. Contact allergens embrace a
wide range of chemistry and include metals, fragrances,
preservatives, plant products, medicaments and resins.

Cinnamal and cinnamic alcohol are used as flavoring
agents as well as in perfumes. They are present in some
beverages, cakes, chewing gum, mouth wash and tooth-
pastes. Eugenol is contained in spices and cloves, and is
used in some toothpastes. Geraniol can be found in trace
amounts in some fruits such as in lemon peel (10) and
candy. Isoeugenol is present in foods at smaller amounts
as compared with eugenol, though it is contained in
nutmeg oil (11). Neither Evernia prunastri nor hydrox-
ycitronellal are usually present in foods.

This study shows a significant reduction in the rate of
‘current’ atopic dermatitis in the group of patients allergic
to skin+ GI+ contact allergens/haptens when compared
with the group allergic to skin+ GI- contact allergens/
haptens. As suggested in a FM1/atopy paper recently
accepted for publication by Contact Dermatitis, to
interpret the data better, the ‘opposite way round’
analysis might be preferable; in other words look at all
atopics patch tested between 1982 and 2007 vs all
nonatopics patch tested during the same period, to
evaluate the rate of allergy to, for example, cinnamal in
atopics vs nonatopics and compare that with, say,
Evernia prunastri in atopics and nonatopics; in that
event, we could categorically say that atopics in our
patch-test population are less likely to be allergic to

cinnamal and a little more likely to be allergic to Evernia
prunastri. There is also a smaller, significant reduction in
the rate of ‘past’ atopic dermatitis. The findings here are
also consistent with our recent study showing a negative
association between contact allergy to the garlic hapten
diallyl disulfide, in caterers and home cooks, and atopic
dermatitis (5).This negative association of atopic derma-
titis with allergy to haptens with GI exposure is in direct
contrast to the strong association between food-protein
hypersensitivity and atopic dermatitis (2). In a retrospec-
tive study, one must always consider confounding factors,
such as differences in the use of skin care products by
subjects with chronic skin disease (as in atopic dermati-
tis). However, in comparing individual fragrances, it is
difficult to explain these highly significant differences as
being caused by behavioral differences. If atopics were
avoiding fragrances, they would probably avoid both
skin+ GI+ and skin+ GI- fragrances. The most likely
explanation, therefore, is that atopic dermatitis patients
more effectively tolerise haptens through GI exposure
than nonatopic dermatitis patients. This is in complete
contrast to food glycoproteins, where allergy is strongly
associated with atopy. This heightened tolerance to GI
haptens could be a secondary manifestation of the atopic
state. An alternative explanation is that oral tolerance of
haptens is contributing to the atopic state (the hapten-
atopy hypothesis).

Of all the body surfaces interacting with the environ-
ment, the GI tract has the largest amount of associated
lymphoid tissue and also the biggest surface area (12).
Interactions with foreign proteins/haptens in the GI tract
have a tolerogenic influence on interaction elsewhere such
as in the skin (13, 14). Whilst most food protein allergens
are water-soluble glycoproteins ranging from 10-17 kDa
in size (15), haptens are much smaller, being <800 Da.
Oral tolerance to food proteins and haptens have
similarities, such as the use of T-regulatory cells (16,
17), though not necessarily the same subsets, and
involvement of cytokines such as TGF-f (18). There are
some data to suggest that Peyer’s patches are required for
oral tolerance to food proteins, but not for haptens (19).
It is therefore feasible (but not proven) that oral tolerance
to food proteins and haptens may be either antagonistic
or competitive. However, haptens, by their very nature,
possess the ability to alter configuration and immuno-
genic profile of proteins and peptides. Therefore, dietary
hapten may bind to soluble food protein and alter the
protein’s immunogenicity. On the one hand, the presence
of these haptens renders the food proteins more allergenic
by binding to them; on the other hand, the same haptens
may induce self-tolerance. There is emerging evidence
that fragrance haptens do bind to milk protein, thus
changing the chemical properties of the fragrance ingre-
dient (20). It may also be that, conversely, the hapten—
protein complexes alter recognition of proteins by the
immune system, altering the balance between allergy and
tolerance.
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Over the last 50 years, there has been a marked
increase in atopic disease. This increase has coincided
with use of processed food and milk in the Western diet
and use of oral antibiotics. Processed food has artificial
chemical/hapten content with preservatives, antioxidants,
flavorings and colorants. A recent survey found, on
average, 10 haptens contained in formula milk (21).
Immune recognition of antibiotics is generally thought to
be through their haptenic properties (22, 23). Oral
antibiotics may therefore increase the chemical/hapten
load recognized by the GI immune system. There has also
been artificial cutaneous exposure to haptens/contact

Fragrance allergy and the hapten—atopy hypothesis

allergens in skin care products. It is of interest to note
that animal models of atopic dermatitis are based on
repeated cutaneous hapten exposure (24, 25).

We speculate that hapten exposure through the GI
tract in the form of formula milk, antibiotics and food
additives, through the skin in the form of skin care
products and through respiratory tract in the form of
airborne chemicals, has the potential to interfere with any
epithelial tolerance mechanisms to self-proteins and
peptides, which may predispose to atopy/protein allergy
while at the same time the haptens may induce
self-tolerance.
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