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Background: A fragrance mix consisting of eight separate fragrance ingredients (fragrance mix I

[FM I]) is present in most baseline patch test series. Patch testing with the TRUE Test technique

is considered to detect less contact allergy to FM I than testing with the Finn Chamber

technique.

Objective: To investigate the possible significance of batch and patch test method in esta-

blishing contact allergy to FM I.

Methods: Three thousand one hundred and nineteen individuals representing a sample of the

general population were patch tested with two batches of FM I with two patch test techniques

at six dermatology clinics in five European countries. The TRUE Test technique and the Finn

Chamber technique with pet. preparations were used. McNemar’s test was used for statistical

calculations.

Results: The contact allergy prevalences varied between 0.7% and 2.6%. The patch tests with

the mixes containing Evernia prunastri (oak moss) with a high content of chloratranol/atranol

resulted in substantially more positive reactions than the corresponding tests with the mixes

containing oak moss with a low content of chloratranol/atranol. The Finn Chamber technique

detected significantly more contact allergic reactions than the TRUE Test technique (P < 0.001).

Conclusion: The Finn Chamber technique detects more contact allergy to FM I than the TRUE

Test technique.
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1 | INTRODUCTION

Patch testing is the gold standard for the establishment of contact

allergy. The highest possible concentration, actually dose/cm2, of the

sensitizer should be used with due consideration of adverse reactions,

particularly patch test sensitization. Recently, a study on the preva-

lence of contact allergy and allergic contact dermatitis in the

European population was performed on the basis of a questionnaire

answered by 12 377 citizens in five European countries. A subsample

of 3119 individuals were patch tested with the European baseline

series with a few modifications 1–3 and with the separate fragrance

ingredients in fragrance mix I (FM I) and fragrance mix II (FM II).4,5 For

practical reasons, three TRUE Test panels were used supplemented

with three pet. preparations tested with the Finn Chamber
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technique.3 FM I is present in TRUE Test panel 1, but it detects less

contact allergy to FM I than the Finn Chamber technique.6–9 The Finn

Chamber technique was therefore also used to test FM I. Initially, FM

I testing was intended to be performed with two test preparations

based on the same batches of the eight fragrance ingredients, one

with the TRUE Test technique and the other with the Finn Chamber

technique. By misunderstanding, an oak moss (INCI: Evernia prunastri)

extract with a low content of atranol and chloratranol was delivered

to the Department of Occupational and Environmental Dermatology

in Malmö, and from there to the manufacturer of TRUE Test panels in

Denmark and the manufacturer of pet. preparations in Sweden. As

oak moss has the same CAS numbers (90028-68-5, 9000-50-4, and

68917-10-2) independently of quality, that is, whether it has a high or

low content of atranol and chloratranol, the mistake was not discov-

ered until the material safety data sheet and the certificate of analysis

belonging to the batch were scrutinized. Chemical analyses confirmed

the low content of atranol and chloratranol. In this situation, it was

decided to test FM I not only with two patch test techniques but also

with two batches. In this article, we therefore present the results of

patch testing with two batches of FM I tested with two patch test

methods.

2 | MATERIALS AND METHODS

2.1 | Volunteers

Information on the randomization process and demographic charac-

teristics of the 12 377 citizens answering the questionnaire and the

individuals who were patch tested has been published elsewhere.1–5

In total, 3119 individuals (1405 males and 1712 females) were patch

tested. The study was approved by the ethics committees of the six

participating centres.

2.2 | Test preparations

The eight fragrance substances included in FM I and listed in Table 1

were forwarded to Malmö to be used to produce TRUE Test panel

1 and Nixema at Mekos (Hilleröd, Denmark), and to Chemotechnique

Diagnostics (Vellinge, Sweden) for the production of pet. preparations.

Nixema is a TRUE Test and a self-test; it is a medical plaster that

incorporates two allergen patches with nickel sulfate and fragrance

mix that was recently introduced onto the Swedish market for the

detection of contact allergy to nickel and fragrance allergy, respec-

tively.10,11 The oak moss with a low content of choratranol/atranol

was used for TRUE Test panel 1, and the oak moss with a high con-

tent of chloratranol/atranol12 was used for the Nixema test. Two pet.

preparations with the eight fragrance substances and the emulsifier

sorbitan sesquioleate (one with a low content of chloratranol/atranol

and one with a high content of chloratranol/atranol) were man-

ufactured by Chemotechnique Diagnostics, using the same batches as

Mekos. The concentration of the eight fragrance ingredients in the

respective pet. preparations was 1.0% wt/wt and thus 8.0% wt/wt for

the pet. mixes (Table 1). The concentrations of the fragrance ingredi-

ents were lower,13 but the same for FM I in TRUE Test panel 1 and

FM I in Nixema (Table 1). The low concentrations of the FM I fra-

grance ingredients in TRUE Test panel 1 and Nixema are attributable

to differences in bioavailability between FM I in pet. and the hydro-

philic dried-in preparation.13

2.3 | Patch testing and statistics

The patch testing took place in Coimbra (Portugal), Bergamo (Italy),

Groningen (The Netherlands), Jena (Germany), Heidelberg (Germany),

and Malmö (Sweden).3–5 The TRUE Test panel 1, the Nixema test and

the two pet. preparations, tested in Finn Chambers (Smart Practice,

Phoenix, Arizona) with a diameter of 8 mm and mounted on Scanpor

tape, were applied on the upper back. For the pet. preparations,

20 mg was applied onto the respective chamber.14 The tests were

held under occlusion for 48 hours, and read on day (D) 3 according to

ICDRG guidelines.15 The four test preparations with FM I are hence-

forth sometimes called Finn low, Finn high, TRUE low, and TRUE high.

Finn and TRUE refer to Finn Chamber and TRUE Test. Low and high

refer to the content of chloratranol/atranol.

McNemar’s test, two-sided, was used for the pairwise compari-

sons of the contact allergy rates between the four patch test prepara-

tions with FM I.

3 | RESULTS

The results of patch testing with the four tests for FM I are shown in

Table 2. The contact allergy prevalences varied between 0.7% and

2.6%. The patch tests with the mixes containing oak moss

(E. prunastri) with a high content of chloratranol/atranol resulted in

substantially more positive contact allergy reactions than the

corresponding tests containing oak moss with a low content of

chloratranol/atranol; 157% more for the TRUE Test technique, and

24% more for the Finn Chamber technique. When the patch test

results for the respective FM I preparations (low and high content of

chloratranol/atranol, respectively) were compared with the two

methods used, the Finn Chamber technique was more sensitive, with

200% and 44% more cases of contact allergy being detected with the

low-content and high-content oak moss, respectively. The pairwise

comparisons between contact allergy rates resulted in highly statisti-

cally significant differences for all comparisons except for those

between Finn low and Finn high (P = 0.040) and between TRUE high

and Finn low (P > 0.3).

Figure 1A shows how those reacting with a doubtful, + or ++

reaction to TRUE high reacted to TRUE low. Figure 1B,C shows the

same, but based on how those reacting with a doubtful, + or ++ reac-

tion to Finn high reacted to Finn low (Figure 1B) or to TRUE high

(Figure 1C).

4 | DISCUSSION

This study illustrates two important aspects of patch testing; namely,

the significance of the batch and the significance of the patch test

technique for the result.16 Contact sensitizers to be tested may
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represent chemically defined compounds, such as cinnamal and

isoeugenol, or chemicals such as oak moss (INCI: E. prunastri), which

consists of an unknown number of compounds, many of which are

unidentified. Both the synthesis of these compounds and the

extraction processes may vary with the manufacturer; therefore,

the test compound should be obtained from one manufacturer, to

minimize the possibility of variation in numbers, types and concen-

trations of “contaminants” (undesired compounds).16 Furthermore,

although the sensitizer is manufactured by one company, there

might still be batch-dependent variation17 with possible signifi-

cance for the patch test result, as shown in the current study, with

157% and 24% more contact allergy cases being detected with FM

I containing oak moss with a high content of chloratranol/atranol

than with FM I containing oak moss with a low content when test-

ing was performed with the TRUE Test technique and the Finn

Chamber technique, respectively. To the best of our knowledge,

FM I containing oak moss with a high and a low content of

chloratranol/atranol, respectively, from the same manufacturer has

not been patch tested before, but oak moss itself has. Substantially

more contact allergy is detected with oak moss with a high content

of chloratranol/atranol.12,18–20

In this multicentre patch test study, there was a high level of stan-

dardization of the patch test methodology. An expert in the technique

of patch testing visited each of the six sites to monitor the patch test-

ing and to ensure that it was conducted in a uniform manner and

according to the protocol used, based on consideration of 16 factors

of possible significance for the patch test result in multicentre patch

test studies.16 Besides listing the 16 factors, a scoring system is also

suggested, with various scores based on the relative importance of

each factor for the quality of the multicentre patch test study. In the

current study, in which different batches and patch test techniques

were used intentionally, the highest scores were obtained for all fac-

tors except for lack of control of occlusion after 48 hours and only

one test reading on D3. In spite of this, the total score allows this

study to be classified as a multicentre patch test study with excellent

quality.16

As expected, patch testing with FM I with the Finn Chamber tech-

nique resulted in significantly more contact allergy than testing with

TABLE 1 Manufacturers/suppliers and concentrations of the fragrance mix I (FM I) ingredients in four test preparations

Finn Chamber TRUE Test

FM I low FM I high FM I low FM I high

Ingredient Manufacturer/supplier
Concentration
(% wt/wt)

Concentration
(mg/cm2)

Concentration
(% wt/wt)

Concentration
(mg/cm2)

Concentration
(μg/cm2)

Concentration
(μg/cm2)

Cinnamic alcohol Bedoukian Danbury,
Connecticut

1.0 0.4 1.0 0.4 78 78

Cinnamal Bedoukian Danbury 1.0 0.4 1.0 0.4 49 49

Hydroxycitronellal Firmenich, Plainsboro, New
Jersey

1.0 0.4 1.0 0.4 78 78

α-Amyl cinnamal International flavors and
fragrances, Union Beach,
New Jersey

1.0 0.4 1.0 0.4 21 21

Geraniol International flavors and
fragrances

1.0 0.4 1.0 0.4 100 100

Eugenol Firmenich 1.0 0.4 1.0 0.4 49 49

Isoeugenol International flavors and
fragrances

1.0 0.4 1.0 0.4 21 21

Evernia prunastri
(oak moss)

Robertet, Grasse, France 1.0 0.4 1.0 0.4 100 100

Sorbitan
sesquioleate

Chemotechnique diagnostics,
Vellinge, Sweden

5.0 2.0 5.0 2.0 0 0

With the Finn Chamber (diameter, 8 mm) technique, 20 mg of a pet. preparation was applied. FM I low indicates the mix containing oak moss with a low
content of atranol and chloratranol. FM I high indicates the mix containing oak moss with a high content of atranol and chloratranol.

TABLE 2 Rates of contact allergy to fragrance mix I (FM I) when tested with two batches (one with a low content of atranol and chloratranol,

and one with a high content) with two test methods (TRUE Test and Finn Chamber technique), as well as pairwise comparisons made by the use
of McNemar’s test, two-sided

P-values

True Test Finn Chamber

Test method and batch Number of individuals tested Number (%) of positive reactors FM I low FM I high FM I low FM I high

TRUE Test

FM I low 3119 23 (0.7) <0.001 <0.001 <0.001

FM I high 2741 50 (1.8) <0.001 >0.3 <0.001

Finn Chamber

FM I low 3119 65 (2.1) <0.001 >0.3 0.040

FM I high 3108 81 (2.6) <0.001 <0.001 0.040
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(A)

(B)

(C)

FIGURE 1 (A), Patch testing with fragrance mix I (FM I) with the TRUE Test technique (TRUE Test and Nixema); reaction pattern for FM I

containing oak moss (Evernia prunastri) with a low content of chloratranol/atranol (TRUE Test) in those with doubtful (?+) reactions, weak (+)
positive reactions and strong (++) positive reactions to FM I containing oak moss with a high content of chloratranol/atranol (Nixema). (B), Patch
testing with FM I containing oak moss with a low content of chloratranol/atranol with the TRUE Test technique and the Finn Chamber technique;
reaction pattern in TRUE Test for those reacting with doubtful (?+) reactions, weak (+) positive reactions and strong (++) positive reactions when
tested with the Finn Chamber technique. (C), Patch testing with FM I containing oak moss with a high content of chloratranol/atranol with the
TRUE Test technique and the Finn Chamber technique; reaction pattern in TRUE Test (Nixema) for those reacting with doubtful (?+) reactions,
weak (+) positive reactions and strong (++) positive reactions when tested with the Finn Chamber technique. IRR, irritant reaction
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the TRUE Test technique, independently of whether the oak moss

contained a high or a low content of atranol and chloratranol

(Table 2). The results of this study are in agreement with previous

studies showing that both the Finn Chamber technique and the IQ

chamber system detect more cases of contact allergy to FM I than the

TRUE Test technique.6–9

It has sometimes been argued that a lower prevalence of contact

allergy to FM I, as observed with the TRUE Test technique, is not

invalid, as the other patch test techniques more often cause irritant

reactions that are misinterpreted as allergic reactions, and are thus

false-positive reactions. In this study, the fragrance ingredients used

to produce panel 1 and the Nixema test (TRUE low and TRUE high,

respectively) with the TRUE Test technique and for the production of

the pet. preparations (Finn low and Finn high, respectively) originate

from the same batches (Table 1). Within the respective test systems,

the TRUE Test technique and the Finn Chamber technique with pet.

preparations, the concentrations are almost the same (Table 1), as the

only difference is a few hundreds of ppm of chloratranol/atranol in

FM I between the oak moss preparations with a low and a high con-

tent of chloratranol/atranol. As chloratranol and atranol are the major

sensitizers in oak moss,21,22 a lower rate of contact allergy detection

is expected, as found for oak moss with a low content of

chloratranol/atranol (Table 2). Figure 1A shows the difference in sen-

sitivity when three types of reaction to TRUE high are examined. For

doubtful, + and ++ reactions, the simultaneous reactions to TRUE low

could either be reactions with the same reactivity or reactions with

higher or lower reactivity. The difference in sensitivity is obvious, as

there is a tendency for there to be a higher proportion of reactions

with lower reactivity for all three types of reaction shown in

Figure 1A.

The distribution of reactions to FM I tested with the TRUE Test

technique, independently of whether it is FM I containing oak moss

with a low content of chloratranol/atranol or FM I containing oak

moss with a high content of chloratranol/atranol, in those with doubt-

ful, + or ++ reactions to the corresponding pet. preparations tested

with the Finn Chamber technique (Figure 1B,C) is the same as the dis-

tribution in Figure 1A, which strongly indicates that the higher contact

allergy frequency with the Finn Chamber technique is explained by

higher sensitivity of the Finn Chamber technique. For the types of

reaction to the pet. preparations tested with the Finn Chamber tech-

nique shown in Figure 1B,C, the reactions to the corresponding test

with the TRUE Test technique clearly show that the proportion of

TRUE Test reactions with a lower degree of reactivity exceeds the

proportion of reactions with a higher degree of reactivity for all reac-

tion types, supporting the interpretation that the Finn Chamber tech-

nique is more sensitive, or, alternatively, that there is a quantitative

difference in sensitivity.

However, there might also be a qualitative difference in sensitiv-

ity between the TRUE Test technique and the Finn Chamber tech-

nique with pet. preparations. The TRUE Test technique may, in

another situation, be more sensitive than the Finn Chamber tech-

nique; for example, if the distribution of contact allergy to the eight

fragrance ingredients in FM I in the tested population is different from

the distribution today, and that the respective FM I, TRUE Test tech-

nique and pet. preparation with the Finn Chamber technique, differ in

their capacity to test positively depending on which fragrance ingredi-

ent the contact allergy is directed. The concentration of fragrance

ingredient in the pet. preparation is 1.0% for all ingredients, but differs

by a factor of 5 for the same eight fragrance ingredients in the TRUE

Test (Table 1).

Currently, there are “two major types” of oak moss available,

one with a low content of atranol and chloratranol, and another with

a high content of atranol and chloratranol. As patch testing is a

means to establish contact allergy rather than allergic contact derma-

titis, the highest possible concentration, actually dose/cm2, of the

sensitizer should be used with due consideration of adverse reac-

tions, particularly patch test sensitization.23 Thus, the oak moss in

FM I in the European baseline series should continue to be a chemi-

cal with a high content of atranol and chloratranol.24 Furthermore,

whenever prospective multicentre patch test studies are performed,

the same batches of the sensitizers should be used unless the study

is aimed at investigating the significance of batch for the patch test

result.
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