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Background: Contact sensitization to fragrances is common both in clinical and in population samples.
The spectrum of allergens is broad and diverse, and to some extent covered by a set of screening agents.

Objectives: To examine the current frequency of contact sensitization to fragrance allergens in patients
routinely patch tested for suspected allergic contact dermatitis with the baseline series and special series.

Patients and methods: Between 2005 and 2008, 40 709 patients were patch tested in the departments of
the Information Network of Departments of Dermatology (http://www.ivdk.org). Results with selected
fragrances were analysed.

Results: Of all patients tested with the German baseline series, 15.1% reacted positively to fragrance
mix (FM) I (6.6% positive), FM 1I (4.6% positive) or Myroxylon pereirae resin (balsam of Peru, 6.8%
positive). Among the single constituents of FM 1, Evernia prunastri [oak moss absolute (abs.)] was the
leading allergen, and amyl cinnamal the least frequent allergen. Among fragrances not included in FM I
or FM 11, Evernia furfuracea (tree moss abs.) was the most common allergen.

Conclusions: For diagnostic purposes, it is necessary to combine several screening agents. The frequency
of contact sensitization differs greatly between single fragrances.
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From the background of a broad exposure to
fragrances (1), this diverse group of chemicals
is still a leading cause of contact sensitization
among patients patch tested for suspected allergic

contact dermatitis (2). Changes in the spectrum
of potentially sensitizing fragrances do occur (3)
and have led to the development of a second fra-
grance mix (FM), FM II (4). Moreover, exposure
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may change in terms of reduced use concentra-
tions of fragrance compounds, following regulation
or amended production standards, as in the case
of isoeugenol (codes and standards available at
www.ifraorg.org). Hence, the pattern of contact
sensitization observed in patch test patients needs
to be continually analysed, to evaluate the effects
of such interventions, and to identify new allergens
that may emerge.

In the present article, the frequency of contact
sensitization to fragrance allergens diagnosed in the
departments of the Information Network of Depart-
ments of Dermatology (IVDK) (www.ivdk.org) in
the past 4 years will be analysed (with the exception
of FM II and its single constituents reported on else-
where (5), and test results obtained with essential
oils presented and discussed in a separate article).
This period follows the study period of a previous
analysis assessing the prevalence of contact sensiti-
zation to 26 fragrances (6) that have to be labelled
according to EU regulations (7, 8).

Methods

The IVDK (www.ivdk.org), a contact allergy
surveillance network in Germany, Switzerland and
Austria, has been described elsewhere. Briefly,
results for all patients patch tested in the partic-
ipating departments are electronically recorded,
along with important demographic and clinical
data. The diagnostic procedure follows international
guidelines (9) that have been further refined by the
German Contact Dermatitis Research Group (10), of
which all IVDK participants are members. All data
are transmitted to the data centre in Gottingen in
an anonymous format twice yearly, where they are
checked and, if satisfying internal quality control
criteria (11), analysed according to international
guidelines (12) using sAs software (version 9.2;
SAS Institute, Cary, NC, USA).

For the present analysis, data of all patients
patch tested between January 2005 [July 2005
in the case of majantol, to avoid overlap with
a previous publication on this allergen (13)] and
December 2008 were included (n =40 709 in
the course of 41 656 consultations). In cases of
multiple consultations of one patient, the strongest
of the possible multiple test results was consid-
ered for analysis. Some fragrance compounds and
sorbitan sesquioleate (SSO) had been temporarily
patch tested in the ‘monitor series’ (14), that is
in consecutive patients, whereas before or after
they were tested in the context of special series, as
the remaining fragrance compounds. As the preva-
lence of (positive) reactions in consecutive patients
is not comparable to the prevalence when only
selected patients are tested (expected to be higher

in the latter case), and for better comparison with
a previous study based on consecutive patients,
results are presented separately. Allergens were
provided by Almirall-Hermal/Trolab, Reinbek,
Germany. As the composition of these series
changed, and for other reasons, such as the tem-
porary unavailability of allergens, the number of
patients actually tested with the allergens varies.
Weak (+) to strong (+-+-4) positive patch test
reactions on the third day after application of
the test or, if this was not read, after the fourth
day were aggregated as ‘positive’ outcomes and
contrasted with non-positive (non-allergic) reac-
tions, comprising negative, doubtful and irritant
reactions. For information on INCI nomencla-
ture and CAS numbers, the ‘Coslng’ database
(http://ec.europa.eu/enterprise/cosmetics/cosing/,
last accessed December 2009) and the list of fra-
grances that have to be labelled in the EU (7, 8)
were utilized.

Results

The distribution of important clinical and demo-
graphic variables in subgroups of patients reacting
positively to different screening agents is shown
in Table 1. Evidently, there are differences with
regard to a ‘typical’ patient profile; hydroxyiso-
hexyl 3-cyclohexene carboxaldehyde (HICC) is not
as much associated with older age and leg der-
matitis as is Myroxylon pereirae. The frequencies
of irritant or doubtful, weak positive and stronger
positive patch test reactions to the fragrance aller-
gens included in the baseline series are shown in
Table 2. The test preparations of FM I and the eight
single constituents all contain SSO as an emulsifier.
It is thus possible that, in cases of sensitization to
SSO (which is tested at 20% petrolatum as part of
the FM I breakdown test series), positive reactions
to the FM and its constituents, respectively, will be
caused by SSO, although its concentration in the
fragrance allergens is considerably lower. More-
over, irritant (false-positive) reactions to SSO itself
may occur and —less likely, owing to the lower
SSO concentration already mentioned — to fragrance
allergens containing SSO. Among the 8858 patients
tested with FM I and SSO, 1.1% + to +-++ reac-
tions to SSO were noted. Interestingly, 37% of these
93 positive SSO reactions were observed in patients
negative to FM I (containing 5% SSO). Unfortu-
nately, 1707 patients with a positive FM I reaction
(19.3%) were not further tested with the breakdown
test including SSO. However, all patients posi-
tive to SSO were excluded from further analyses
concerning FM I and its eight single constituents.
The results in the subgroup of 8765 patients tested
with at least SSO and FM I, and negative to the
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Table 1. Demographic and clinical characteristics of all patients tested in 2005-2008, and of patients reacting positively to the respective
fragrance screening allergens, as percentages with accompanying 95% confidence intervals (CIs) —if ClIs do not overlap, this is equivalent

to significantly (P < 0.05) differing prevalences of the factor

All patients FM I-positive (of FM I tested) MP-positive (of MP tested) HICC-positive (of HICC tested)

Number tested 40 709 36 961

36 919 37 271

Number positive

2695

2951

898

Male 38.3 33.5 (31.7-35.3)
Occupational dermatitis 15.0 13.4 (12.1-14.7)
Atopic dermatitis 18.8 18.3 (16.8-19.8)
Hand dermatitis 26.3 24.7 (23.1-26.4)
Leg dermatitis 10.4 14.8 (13.5-16.2)
Face dermatitis 14.1 14.7 (13.4-16.1)
Age >40 years 70.8 81.4 (79.9-82.9)

34.9 (33.2-36.6)
11.4 (10.3-12.6)
14.3 (13.1-15.7)
21.8 (20.3-23.3)
17.5 (16.2-18.9)
13.7 (12.5-15.0)
86.4 (85.1-87.6)

30.2 (27.2-33.3)
20.5 (17.9-23.3)
25.1 (22.3-28.0)
33.7 (30.7-36.9)
4.9 (3.6-6.5)
15.8 (13.5-18.4)
74.4 (71.4-77.2)

FM, fragrance mix; MP, Myroxylon pereirae; HICC, hydroxyisohexyl 3-cyclohexene carboxaldehyde.

Regarding FM 11, see (5).

Table 2. Results with fragrance allergens (in a broad sense) included in the German baseline series, 2005-2008

Allergen (CAS no.) % Number tested % (?/1R) % + % ++/+++ % pos. std. 95% CI

Myroxylon pereirae resin (8007-00-9)* 25 36 919 3.68 6.29 1.70 6.78 (6.52-7.04)
Fragrance mix I 8 36 961 2.33 4.73 2.56 6.58 (6.31-6.84)
Fragrance mix II 14 35738 2.76 3.66 1.23 4.56 (4.33-4.76)
HICC (31906-04-4 + 51414-25-6) 5 37 270 0.94 1.68 0.73 2.36 (2.19-2.53)
il of turpentine (8006-64-2)F 10 37 163 0.96 1.4 0.4 1.62 (1.49-1.76)
Colophonium (8050-09-7) 20 37011 1.2 2.57 1.76 4.18 (3.96-4.40)

CI, confidence interval; HICC, hydroxyisohexyl 3-cyclohexene carboxaldehyde; ?, doubtful reaction; IR, irritant reaction.

Age and sex standardization (pos. std.) according to (12).
All allergens in petrolatum.

*Only extracts and distillates used (15) —use of the resin in fragrances restricted according to Annex II to Directive 76/768/EEC, No. 1136.
"Restricted use of essential oils and isolates from Pinacea family (peroxide content <10 mmoles/l) in perfumery, according to the opinion
‘SCCNFP/0392/00, final’ (http://ec.europa.eu/health/ph_risk/committees/sccp/documents/out150_en.pdf, last accessed December 2009).

former, regarding the single FM I constituents are
presented in Table 3. For better comparison with
other studies testing either consecutive patients, or
using a special test series (e.g. breakdown after
positive reaction to FM I in the baseline series), the
results are stratified for this test context.

Detailed results regarding FM II and its single
constituents, including HICC, will be reported else-
where (5). Patch test results with other fragrance
compounds, tested in an aimed fashion as part of dif-
ferent special series, with the few exceptions noted,
are presented in Table 4. The number of patients
tested with the single compounds differs because of
changes in the composition of the DGK test series
in this period.

Addressing concomitant reactivity between FM I
and its single compounds in those 4167 patients
tested with FM I and all single constituents, includ-
ing SSO, and not reacting +, ++ or +++4 to SSO,
Table 5 illustrates a consistent relationship between
intensity of positive reactions to the screening mix
and the proportion of positive reactions to a single
compound. Evidently, sensitization to multiple sin-
gle compounds is not uncommon in patients with a
+++ reaction to FM 1. Moreover, only 6 of these
62 patients (9.7%) did not react to any of the eight

single compounds, as compared with 21.7% with
negative breakdown test results among patients with
a ++ reaction to FM I, and 52.3% among patients
with a + reaction to FM 1. Overall, the proportion
of patients with non-positive reactions to all sin-
gle constituents but a positive reaction to FM I was
38.8% in this analysis, excluding patients with pos-
itive reactions to SSO.

Cross-reactivity between cinnamal and cinnamyl
alcohol was marked [Cohen’s « = 0.58, 95% con-
fidence interval (CI) 0.49-0.67]. Regarding the
eight constituents of FM I, in three other pairs
of allergens, concomitant reactivity was at least
weak (eugenol versus isoeugenol, k = 0.29, 95% CI
0.20-0.37; hydroxycitronellal versus geraniol, k =
0.25, 95% CI 0.15-0.35; isoeugenol versus Evernia
prunastri, k = 0.21, 95% CI 0.15-0.27), whereas in
the other cases it was negligible (v < 0.2). More-
over, in the mere 534 patients tested with both
compounds, positive reactions to «-amyl cinnamal
(2 positive) and amyl cinnamyl alcohol (1 positive)
were (i) very rare and (ii) completely discordant in
this small subgroup.

Colophonium and oil of turpentine have been re-
garded as ‘fragrance-associated’ allergens, because
they contain terpenes and terpene oxides similar to
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Table 3. Results with single constituents of FM 1 (8765 patients tested with at least sorbitan sesquioleate (SSO) and FM I and not having

a 4+, ++ or +-++ reaction to SSO), stratified for test context:

Allergen (CAS no.) % Test context Number tested % (”IR) % + % ++/+++ % pos. std.  (95% CI)
FM 1 8 B 8765 3.03 6.92 4.23 10.12 (9.44-10.8)
Evernia prunastri (Oak moss absolute) 1 B 1213 1.90 1.24 0.99 1.81 (1.07-2.56)
(90028-68-5) Sp 4482 1.49 3.30 3.24 5.59 (4.90-6.27)
Isoeugenol (97-54-1) 1 B 1214 1.24 1.48 0.33 1.62 (0.87-2.38)
Sp 5747 1.25 2.04 1.51 3.41 (2.90-3.92)
Hydroxycitronellal (107-75-5) 1 B 1214 0.66 0.99 0.16 1.17 (0.48-1.85)
Sp 4359 0.89 2.82 0.48 2.95 (2.43-3.47)
Cinnamal (104-55-2) 1 B 1214 1.98 1.40 0 1.43 (0.67-2.18)
Sp 4527 1.46 1.90 1.06 2.64 (2.16-3.13)
Cinnamyl alcohol (104-54-1) 1 B 1214 1.73 0.66 0 0.73 (0.17-1.30)
Sp 4502 0.80 1.62 1.00 2.36 (1.89-2.83)
Eugenol (97-53-0) 1 B 1214 1.65 0.41 0.08 0.44 (0.04-0.84)
Sp 4801 1.19 1.15 0.46 1.57 (1.19-1.95)
Geraniol (106-24-1) 1 B 1214 1.89 0.49 0.08 0.39 (0.10-0.69)
Sp 5695 1.26 0.83 0.23 0.87 (0.63-1.10)
a-Amyl cinnamal (122-40-7) 1 B 1214 1.15 0.25 0 0.26 (0-0.60)
Sp 4375 0.53 0.55 0.07 0.61 (0.36-0.86)

B, baseline attachment (monitor series); CI, confidence interval; FM, fragrance mix; Sp, special breakdown series of FM I; ?, doubtful

reaction; IR, irritant reaction.
Age and sex standardization (pos. std.) according to (12).

those found in some fragrance compounds. Hence,
the association of positive reactions to FM I with
positive reactions to these two allergens, and to
FM II for comparison, was examined. Quantified
as odds ratios (ORs), bivariate analyses identify
a marked association—see Table 6, column ‘a’.
Adjustment for age and sex in a logistic regression
model for each of the three allergens does not alter
the OR estimates much (Table 6, column ‘b’). In
contrast, the inclusion of the first two allergens
(Table 6, column ‘c’), and then finally all three
allergens (Table 6, column ‘d’), into one model,
along with age and sex, yields strong evidence
of mutual confounding of the association of oil
of turpentine and colophony, respectively, with
FM 1, and also confounding by FM II. In contrast,
the much stronger association between FM I and
FM II remains entirely unaffected whether or not
colophonium or oil of turpentine is considered.

Discussion

The present analysis of patch test data from a clini-
cal surveillance network provides a current perspec-
tive on the frequency of sensitization to different
screening and single fragrance allergens, thus sup-
plementing previous reports from this group (6, 16,
17). For the first time, the new screening aller-
gen FM II has been included [detailed results with
FM II and its single constituents will be reported
elsewhere (5)]. As compared with FM I and M.
pereirae, the demographic and clinical profile of
sensitized patients seems to be different, with leg
dermatitis under-represented and hand dermatitis
over-represented in the HICC-positive patients. The

reasons for this, such as different exposure or sus-
ceptibility factors, warrant further investigation. The
frequencies of contact sensitization to fragrance
allergy screening allergens (Table 2) are similar to
current results from other areas, namely, with more
positive reactions to M. pereirae than to FM L.
Regarding FM I, the percentage of positive reac-
tions has been calculated on the basis of all patients
tested in a first step (Table 2), for comparability with
other published results. However, as SSO is added to
FM I and its single constituents, ‘positive’ reactions
may result from sensitization to SSO, which is why
it has been recommended to always test SSO along
with FM [ in the baseline series (18). Unfortunately,
this recommendation has not been taken up broadly
[for instance, the current European baseline series
does not include SSO (19)]. The German Contact
Dermatitis Research Group has included SSO in
the breakdown test series of single FM I ingredi-
ents. If this series was to be applied to patients
with a previous positive reaction to FM I on a regu-
lar basis, a putative false-positive reaction resulting
from SSO sensitization could be recognized. Unfor-
tunately, often for organizational or logistic reasons,
which presumably apply elsewhere too, breakdown
testing is not applied regularly. Conversely, the
breakdown test is sometimes applied without a prior
positive patch test reaction to FM I, merely on the
basis of the patient’s history, previous tests or other
reasons. All in all, the proportion of patients pos-
itive to FM I is higher in the subgroup of 8765
patients tested with SSO than in all 36 961 patients
tested with FM L. In this article, we have taken a
conservative approach by restricting further analyses
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Table 4. Results with other fragrance allergens, mostly labelled (*) according to EU regulations (7), with confidence intervals (Cls)
Allergen (CAS no.) % Number tested % (”IR) % + % ++/+++ % pos. std. 95% CI
Evernia furfuracea (Tree moss absolute)* (90028-67-4) 1 1947 1.9 3.8 2.82 6.02 (4.90-7.14)
Majantol” (103694-68-4) 5 2189 0.69 0.37 0.09 0.36 (0.12-0.60)
Majantol (103694-68-4) 5 4974 0.62 0.56 0.16 0.76 (0.49-1.03)
Salicylaldehyde (90-02-8) 2 2729 0.62 0.44 0.07 0.48 (0.18-0.79)
Butylphenyl methylpropional* (80-54-6) 10 1003 1 0.4 0.2 0.62 (0.04-1.21)
Amyl cinnamyl alcohol* (101-85-9) 1 5650 0.81 0.71 0.09 0.79 (0.54-1.04)
Menthol [1490-04-6 (isomer not specified)] 1 1147 0.87 0.09 0 0.06 (0-0.18)
Linalool (stabilised)* (78-70-6) 10 985 0.81 0.1 0.1 0.16 (0-0.38)
Benzyl alcohol* (100-51-6) 1 1059 1.04 0 0.09 0.06 (0-0.18)
Benzyl alcohol** (100-51-6) 1 23257 0.53 0.21 0.03 0.22 (0.16-0.28)
D,L-limonene (dipentene)* (5989-27-5) 2 1241 0.64 0.24 0.08 0.28 (0-0.57)
Vanillin (121-33-5) 10 4377 0.53 0.16 0.07 0.19 (0.07-0.32)
Benzaldehyde (100-52-7) 5 2820 0.67 0.21 0 0.16 (0.03-0.29)
Benzyl cinnamate™ (103-41-3) 5 2872 0.63 0.14 0 0.12 (0-0.25)
Methyl 2-octynoate* (111-12-6) 1 988 0.81 0.1 0 0.07 (0-0.20)
Benzyl salicylate® (118-58-1) 1 3775 0.56 0.05 0 0.04 (0-0 0.09)
Anisyl alcohol* (105-13-5) 1 986 0.91 0.1 0 0.09 (0-0.27)
Benzyl benzoate* (120-51-4) 1 1062 1.32 0 0 0 —
a-Isomethyl ionone* (127-51-5) 1 986 0.51 0 0 0
Age and sex standardization (pos. std.) according to (12). ?, doubtful reaction; IR, irritant reaction.
fTested in the ‘monitor series’, that is, in consecutive patients.
*Tested as antioxidant in series ‘antiseptics in cosmetics and topicals’.
Table 5. Percentage positive reactions (+ to +++) to single constituents in different subgroups of patients with different reactivity to
FM 1. 4167 patients tested with FM I and all single constituents, including sorbitan sesquioleate (SSO)

Reaction to FM 1
% + to +-++ reactions to Negative, ?, IR + ++ +++ + to +++
single constituents: n=3512 n =390 n =203 n=062 n = 655
Evernia prunastri 0.7 20.0 39.9 58.1 29.8
Isoeugenol 0.6 11.0 23.2 45.2 18.0
Hydroxycitronellal 0.4 9.7 13.8 29.0 12.8
Cinnamal 0.4 7.7 15.3 24.2 11.6
Cinnamy! alcohol 0.4 5.1 15.3 19.4 9.6
Eugenol 0.09 3.3 6.4 29.0 6.7
Geraniol 0.3 2.6 6.4 12.9 4.7
o-Amyl cinnamal 0.06 1.8 3.9 4.8 2.8

FM, fragrance mix. ?, doubtful reaction; IR, irritant reaction.
Patients with a 4+, ++ or +++ reaction to SSO excluded.

regarding FM I (constituents) to those patients who
were tested with SSO and by excluding those with
positive reactions to SSO, which limited the number
of evaluable patients (Tables 3 and 5).

A comparison of test results in patients who were
tested routinely, along with the baseline series, and
in those patients who were tested in a more aimed
fashion confirms the notion that the yield of posi-
tive reactions is always (much) higher in the latter
setting (Table 3). In this study, however, the gen-
eral effect is enhanced by the fact that a-fairly
limited — proportion of patients was tested with the
single constituents, prompted by a positive screening
test with FM I, and not only guided by, for example,
a history suggestive of perfume intolerance. The
results in consecutively tested patients (context ‘B’)
are largely similar to those of a previous analysis (6)
and to those of a recent report from Groningen, The

Netherlands (20) —the somewhat higher sensitiza-
tion prevalences noted in the latter study presumably
result from a slightly more targeted application of
the allergens.

In a recent experimental study, protein—cinnamal
adducts were detected in skin homogenates treated
with cinnamal and cinnamyl alcohol but not in those
treated with o-amyl cinnamal. This suggests that
there is a common hapten involved in cinnamal
and cinnamyl alcohol sensitization, in line with our
observation of a marked concordance upon patch
testing and previous results of Buckley et al. (21)
(k =0.44, 95% CI 0.37-0.51, recalculated), and
that metabolic activation (to cinnamal) is involved
in the latter. Conversely, there does not appear
to be a common hapten for cinnamal and o-amyl
cinnamal (22), again in line with the observations
in the present clinical study.
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Table 6. Results of a bivariate analysis [crude odds ratio (OR)] and adjusted logistic regression analyses (adjusted ORs) addressing the
association between contact sensitivity to FM I (+ to ++-+ versus non-positive) as outcome and oil of turpentine and colophony (and
FM 1L, in the final model), respectively, as ‘explanatory factors’ in the 8452 patients tested with all four allergens and sorbitan

sesquioleate and not reacting positively to the latter

(b) Adjusted for

(c) Adjusted for age,
sex and the respective

(d) Adjusted for age,
sex and the respective

OR (95% CI) (a) Crude age and sex other allergen other two allergens
Colophonium 2.7 (2.0-3.4) 2.6 (2.0-3.3) 1.9 (1.5-2.5) 1.5 (1.1-2.1)
Oil of turpentine 5.8 (4.2-8.0) 5.5 (4.0-7.6) 4.2 (3.0-5.9) 3.0 (2.0-4.5)
FM 11 11.8 (9.6-14.4) 11.7 (9.5-14.3) - 11.7 (8.7-13.1)

CI, confidence interval; FM, fragrance mix.
(a) Bivariate analysis, that is, not adjusted for any other factor.

(b) Little change (<10%) from crude OR; that is, there is no confounding by age or sex of the relationship between FM I and the three

other allergens.

(c) Mutual adjustment of colophony and oil of turpentine reduces the strength of association with FM I in both cases; that is, mutual

confounding exists. FM 1II not considered.

(d) Further adjustment for reactivity to FM II slightly reduces the association between colophony and FM I, but markedly reduces the
association between oil of turpentine and FM I; that is, there is considerable confounding (>50% change in estimate) of the latter

association by FM II.

Regarding the other ‘annex’ fragrance aller-
gens (8) (except for the ingredients of FM II, see
above), a comparison with previous data is difficult,
as they have previously been applied in consecutive
patients (6). The few allergens yielding a sensi-
tization prevalence >0.5% in the present study,
namely Evernia furfuracea (tree moss absolute),
butylphenyl methylpropional and amyl cinnamyl
alcohol, were at least slightly more common aller-
gens than previously found in consecutive patients.
In the remainder, some non-systematic variation
of the altogether low sensitization prevalence is
noted. Again, benzyl benzoate did not cause any
positive reaction, like w«-isomethyl ionone in the
present study (previously 1 case in 2004 consecu-
tive patients) (6). Majantol, which is not one of the
‘annex’ allergens, was found to elicit positive patch
test reactions in 0.5% of consecutive patients (13),
which is close to the 0.36% presently observed with
majantol tested in the ‘monitor series’. Among those
allergens not listed in (8), salicylaldehyde stands
out, in that it caused 12 + and two +-+ reactions,
whereas in previous studies on a larger number of
patients, only single cases were observed (23, 24).
In contrast, menthol, vanillin and benzaldehyde
appear to be quite rare allergens.

In the 1999 Scientific Committee on Cosmetic
Products and Non-Food Products opinion, benzyl
alcohol is classified as an allergen frequently caus-
ing allergic reactions, having been found to cause
allergic reactions in 1.2—-15% of patients with
eczema resulting from cosmetic products (8). The
current International Fragrance Association (IFRA)
standard recommends a limit ranging from 0.2%
in deodorants, to 1.4% in hand creams, and 5% in
rinse-off hair conditioners (http://www.ifraorg.org,
last accessed December 2009). The German
‘Rote Liste’ (http://www.rote-liste.de, last accessed

November 2009) lists 205 drug specialties
(products) containing benzyl alcohol as an excipient,
pointing to topical medications as a possible source
of exposure, in addition to (perfumed) cosmetics.

The relative importance of the eight single con-
stituents of FM I (Table 5) is very similar to the
ranking, and also the proportions, found in a pre-
vious similar analysis (17), except for eugenol and
cinnamyl alcohol swapping their rank. This ‘inter-
nal’ stability is particularly remarkable consider-
ing the overall drop in sensitization prevalence of
FM I (17).

The IFRA recommended in 1992 that the use
of unmodified colophonium in perfumes should be
abandoned; however, it is unknown whether mod-
ified forms of colophonium are used in perfumes.
Irrespective of this, colophonium and oil of turpen-
tine are regarded as markers of contact allergy to
those fragrances that contain similar terpenes and
terpene oxides, such as essential oils from Pinaceae,
even though their maximum level of peroxides has
been restricted to 10 mmol/l (25). Still, the role of
colophonium in the detection of fragrance contact
allergy is considered to be minor in comparison
with M. pereirae, FM I and FM II (24, 26). In a
number of previous studies, significant relationships
were found between colophonium and FM I (27)
and between FM I and oil of turpentine (17, 27),
respectively. Our present results regarding the asso-
ciation with FM I as a main marker of fragrance
contact allergy seem to indicate the following:

(1) Considerable overlap between colophonium
and oil of turpentine exists (note the change
of association estimate from column ‘b’ to ‘c’
in terms of mutual confounding) with regard
to representing perfume-associated terpene
(oxide) contact allergy.
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Fig. 1. Pattern of positive reactions to the three main screening
agents in the 35 361 patients tested with all three allergens;
84.9% did not react to any of the three allergens. FM, fragrance
mix; MPR, Myroxylon pereirae.

(2) The additional consideration of FM II when
‘explaining’ contact sensitization to FM I
massively reduces the observed association,
particularly regarding oil of turpentine (note
change of association estimate from column
‘¢’ to ‘d’).

In view of the chemically different constituents
of all these (natural) mixes, exposure coupling,
that is, simultaneous or immunologically indepen-
dent sensitization to all of these screening allergens,
seems the most likely explanation for this com-
plex relationship —as for the considerable overlap
noted between the ‘established’ screening allergens
FM I, FM Il and M. pereirae (Fig. 1). Moreover,
it should be noted that some degree of —even sig-
nificant — association exists even between entirely
unrelated allergens (27), possibly as the clinical cor-
relate of a ‘polysenzitisation’ phenotype (28).

Conclusion

Substances used as fragrances are manifold and very
heterogeneous. Chemically, they range from clearly
defined molecules to complex natural mixtures with
potentially varying composition. Exposure to these
substances is broad. In some cases, uses beyond
perfuming or masking do occur, as in the case of
benzyl alcohol, which is widely used as a preser-
vative. For diagnostic purposes, it is necessary to
combine several screening agents (Fig. 1). More-
over, own materials brought in by the patient should
be tested (29) to close a potential diagnostic gap. If
followed by a breakdown test with the ingredients
of the product(s) that has caused a positive patch
test reaction, this joint effort of dermatologist and
patient can provide important insights into (new)

allergens, even though the added value for the
patient is limited, in view of the as yet very partial
declaration of fragrance ingredients in consumer
products.
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