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Abstract: Background: Increasing trends of oxidized linalool contact allergy have been reported. However, the im-
pact of reactivity and dose in eliciting allergic contact dermatitis caused by linalool hydroperoxides is insufficiently
investigated.

Objectives: To perform repeated open application tests (ROATs) using the real-world concentrations of linalool hyd-
roperoxides in patients and control participants.

Materials and Methods: Patients who previously had a positive (patients) and a negative (controls) patch test reaction
to linalool hydroperoxides 1.0% in petrolatum were patch tested with a dilution series of linalool hydroperoxides
preparations and asked to perform ROAT twice daily with 3 concentrations of linalool hydroperoxides creams and a
negative control cream for 28 days. The creams contain 44, 140, and 440 PPM of linalool hydroperoxides, representing
real-world doses reported in consumer products.

Results: Of all 47 participants, 31 were linalool hydroperoxides contact allergy patients, and 16 were controls. One
patient had a positive ROAT reaction in the area where cream at the highest concentration of linalool hydroperoxides
was applied for 28 days.

Conclusions: Repeated exposure to creams containing linalool hydroperoxides at real-life concentrations could rarely
elicit an allergic reaction on intact skin after 4 weeks.

Capsule Summary

� Real-life doses of linalool hydroperoxides in creams could
rarely elicit a positive reaction when repeated open applica-
tion test was performed for 28 days.

� Oxidized linalool contact allergy patients might be able to use
products containing linalool on intact skin.

INTRODUCTION

Linalool (CAS no. 78-70-6) is a terpene alcohol found in many
different kinds of plants, such as lavender, rosewood, and

jasmine.1 It is one of the most commonly used fragrance ingre-
dients in products used in daily life, including cosmetics and
household products.1,2 Nonoxidized linalool is not regarded as a
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skin sensitizer,3 whereas oxidized linalool, containing mainly
hydroperoxides of linalool, was found to be a potential skin sen-
sitizer.4,5 The linalool hydroperoxides are formed by air expo-
sure,4,6 and are one of the common oxidized fragrance terpenes
causing contact allergy.7

The prevalence of positive patch test reactions to linalool
hydroperoxides (1% in petrolatum) in consecutive dermatitis
patients has increased for the past decade, reported in children
and adults up to >10% in consecutive dermatitis patients.8–10

However, it has been discussed whether routine patch testing with
linalool hydroperoxides in consecutive patients is advantageous
because the clinical relevance is still challenging to evaluate.

In Europe, linalool is one of the fragrance allergens that must be
declared in cosmetic products when the concentrations exceed
0.01% for rinse-off products and 0.001% for leave-on prod-
ucts.11,12 However, there is no indication if a product contains
linalool hydroperoxides specifically. Linalool hydroperoxides
were rarely detected and found to be contained in low concen-
trations when cosmetic products were chemically analyzed, even
though the products were aged and used by patients with contact
allergy to linalool hydroperoxides,13–15 suggesting skin exposure
to the linalool hydroperoxides from consumer products might be
minimal.

Moreover, only a few cases of linalool hydroperoxides contact
allergy with a possible clinical relevance based on demonstration
of linalool hydroperoxides in individuals’ own products have been
reported.16,17

A repeated open application test (ROAT) is performed to elicit
the contact skin reaction by repeatedly applying suspected sub-
stances, mainly allergens or personal products, on the skin to
provoke the rash reflecting the use of the substances in real life.18

A ROAT study with linalool hydroperoxides was conducted on
7 patients in 2014 and demonstrated that positive reactions could
be elicited by creams and fine fragrance preparations containing
oxidized linalool.19

However, the concentrations in the study were higher than
those reported in products and case reports in later years.13–17

Therefore, the impact of reactivity and dose in the elicitation of
allergic contact dermatitis caused by hydroperoxides of linalool is
insufficiently investigated. This study aimed to perform ROATs
using the real-world concentrations of linalool hydroperoxides in
patients with a history of linalool hydroperoxides contact allergy
compared with other dermatitis patients without a positive reac-
tion to linalool hydroperoxides. The results will help establish the
possible clinical relevance of contact allergy to linalool hydro-
peroxides in a real-life situation.

MATERIALS AND METHODS

Study Population and Participant Allocation

This double-blind and controlled prospective clinical study was
conducted at the Department of Occupational and Environmental

Dermatology, Malmö, Sweden, from March to May 2023. This
study was approved by the ethics committee, Lund University,
Sweden (2019-04327). Patients over 18 years who had been patch
tested with the baseline series and linalool hydroperoxides were
contacted to participate. Patients who had rashes on the arms
or back, could not avoid sun exposure on the tested areas, were
receiving systemic immunosuppressive medications or topical
medications on the tested areas, and were known as pregnant or
in the breastfeeding period were excluded.

Contact allergy is not a disease, but a reaction pattern defined as
an immunologically acquired delayed hypersensitivity, which has
manifested as an allergic contact dermatitis in the patch test sit-
uation. Based on participants’ previous patch testing results, they
were initially categorized into 2 groups: the ‘‘contact allergy
group’’ and the ‘‘control group.’’ They were re-patch tested in
this study. The final ‘‘contact allergy group’’ comprised patients
who had a positive reaction to linalool hydroperoxides 1.0% in
petrolatum on baseline patch testing and/or patch testing in our
study. The ‘‘control group’’ were patients who had a negative
reaction to all allergens in the baseline series and linalool
hydroperoxides.

ROAT and Patch Test Materials

All test preparations containing linalool hydroperoxides for the
ROAT and patch test were prepared from the same batch of
linalool hydroperoxides 1.0% in petrolatum, purchased from
Chemotechnique MB Diagnostics AB, Vellinge, Sweden.

The ROAT creams were prepared in 15% w/w glyceryl stearate
(Glyceryl stearate SE; Alexmo Cosmetics, Stuhr, Germany) in
water. The contents of linalool hydroperoxides in the creams were
440, 140, and 44 PPM, which were selected based on the realistic
concentration range in consumer products.14–17 The 15% glyceryl
stearate cream was used as a negative control.

The creams were filled in 2-mL syringes. All ROAT creams
were analyzed by gas chromatography-mass spectrometry20 to
confirm the amount and stability of the creams twice: immediately
after preparation and after 6 weeks stored in the ROAT syringes at
+4�C. The ROAT syringes were labeled A, B, C, and D, ran-
domized using the Latin Square method before being provided.

For patch testing, serial concentrations of linalool hydroper-
oxides preparations were tested simultaneously with the ROAT
creams and 100% petrolatum (negative control). There were 1.0%
(original patch test syringes), 0.32%, 0.1%, 0.032%, 0.01%,
0.0032%, 0.001%, 0.00032%, and 0.0001% w/w in petrolatum
(diluted from the 1.0% patch test syringes). Figure 1 illustrates the
study design.

ROAT and Patch Test Procedures

The 4-week ROAT and patch test procedures were commenced
simultaneously on the first visit (D0). Participants received the
ROAT creams to apply on 2 areas of the flexural side of each
forearm (Fig. 2). They were instructed to apply a 7–8 mm long
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thread of cream corresponding to *2.0 mg/cm2 twice daily onto
the marked square areas (3 · 3 cm2).21,22 A dermatologist evalu-
ated ROAT reactions based on morphologies23 on D3 (or 4), 7, 14,
21, and 28 without recognizing the patch test results. ‘‘Positive
ROAT’’ indicates the presence of erythema and infiltration in the
same area and possibly papules and vesicles in the affected area,
covering at least 25% of the application area.24

The patch testing was performed and interpreted following
the International Contact Dermatitis Research Group and Euro-
pean Society of Contact Dermatitis guidelines.24,25 The 20 mg of
patch test preparations were applied in 8-mm Finn Chambers
Aqua (SmartPractice, Phoenix, AZ, USA) and placed on the upper
back for 48 hours. Patch test reactions were read on D3 or 4 and

D7 by dermatologists uninformed of the ROAT results. All results
were kept undisclosed until data analysis.

Statistical Analysis

The clinical data and percentage of positive reactions to repeated
open application and patch tests were analyzed using a descriptive
method. Pearson’s chi-square test or Fisher’s exact test was per-
formed with PASW Statistics for Windows (version 18.0; SPSS, Inc.,
Chicago, IL, USA) to analyze and compare the proportion of pati-
ents in the 2 groups: the ‘‘contact allergy’’ group and the ‘‘control’’
group. The mean ages of patients between groups were compared
using a t test. A P value of <0.05 was deemed statistically significant.

Figure 1. Study design and ROAT results. ROAT, repeated open application test.

Figure 2. ROAT procedure.
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RESULTS

Patch Testing and Patient Reallocation

Of the overall 48 participants, 1 was excluded because the patient
could not come for the first readings on D3/4 due to the patient’s
unavailability. Therefore, 47 participants completed the study, of
which 43 were females (91.5%). The mean age (standard devia-
tion) was 44.43 – 13.39 years.

Figure 3 demonstrates patient allocation concerning the pre-
vious and this study’s patch-testing results. The median (range)
time from previous patch tests to retesting was 28 (4–87) months.
One patient was allocated from the ‘‘control’’ group to the ‘‘contact
allergy’’ group (no. 31, Supplementary Table S1). In contrast, 13
patients with a history of contact allergy to linalool hydroperox-
ides showed nonpositive patch test reactions in retesting (nos. 11
and 19–30, Supplementary Table S1). Finally, there were 31 in the
contact allergy group and 16 in the control group.

When comparing the results of the previous patch test and the
test in the study, the patients with a previous weak positive (+)
reaction showed a significantly higher proportion of negative (-)
reactions when retesting than patients with a previous strong to
extreme positive (++, +++) reaction [(12/20 patients from + to -)
vs (1/10 patients from ++, +++ to -); P value = 0.009].

Repeated Open Application Test

Table 1 compares the number of participants between 2 groups
on demographics and ROAT results, whereas the details of each

individual are shown in Supplementary Table S1. The demo-
graphics of both groups were not statistically different. There were
no reactions in the ROAT until D21. Two males in the ‘‘contact
allergy’’ group (nos. 2 and 18, Supplementary Table S1) developed
a few papules with erythema <25% on the tested area of the
highest concentration (440 ppm) on D21. These reactions were
considered negative according to the criteria for assessment of
ROAT reactions.

On D28, only one of the aforementioned participants (no. 18,
Supplementary Table S1) reacted positively to the ROAT in the
application area of linalool hydroperoxides at 440 ppm. Apart
from erythema and infiltration, there were some papules, a few
minute vesicles and petechiae in the area. A few papules were
observed on the area of 140 ppm linalool hydroperoxides
(medium concentration), but no erythema was noted. On both
occasions, he reacted weak-positively to patch testing with 1%
linalool hydroperoxides. The other individual with erythema
upon D21 of the ROAT results remained negative since there was
no progression of the erythema in the areas (no. 2, Supplementary
Table S1). Figure 1 summarizes ROAT reactions.

DISCUSSION

Linalool hydroperoxides patch test reading is challenging.
Recently published studies (performed 2018–2021) showed that
doubtful reactions were commonly reported when the readings
were performed primarily only on D2-4.26,27 One study revealed
that 1.4% of the doubtful reactions on D3/4 became positive on

Figure 3. Patch test reactions* and patient allocation. *Reaction with the highest intensity to 1% linalool hydroperoxides in petrolatum on
either day 3/4 or 7. Patch test reaction: neg, negative reaction; ?, doubtful reaction; +, weak positive reaction; ++, strong positive reaction;
+++, extreme positive reaction.
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D7, whereas most turned out to be negative.8 According to the
results of re-patch testing in this study, even readings on D3/4 and
D7 on different occasions of patch testing could be problematic,
with inconsistent results in some patients.

The reproducibility of positive patch test reactions can be
varied when retested. In patients with a history of having a pos-
itive patch test reaction(s), a nonreproducible positive reaction(s)
upon retesting does not necessarily prove an absence of contact
allergy.28 This study demonstrates that if the reactions of the
previous testing and retesting were different, patch test intensities
usually varied between adjacent intensities, that is, patients who
have had a weak positive reaction reacted negatively at retest.
Patch testing the patients with higher concentrations of the sub-
stances might reproduce positive patch test reactions.29

One possibility is that there might be variability of allergen
exposure before and after the first patch test. Allergen avoidance
might lower the chance of elicitation in re-patch testing. A follow-
up study on patch testing after 8 years demonstrated that overall
contact allergy persisted in 70% of the patients and was higher in
patients with nickel contact allergy (79%).30 It is not easy to know
whether the results would be similar to linalool hydroperoxides
since there has been no study regarding this allergen. Alterations
of patch test intensity and positivity or negativity to retesting
could arise, as shown in many ROAT studies.21,23,31–34

A ROAT study of linalool hydroperoxides had previously been
performed by Björkman et al in 2012.19 Glyceryl stearate 15% had
also been used in that study as a negative control and cream base.

However, there were no control patients; thus, the previous study
was not blinded. Since there had been no reports on the con-
centration of linalool hydroperoxides in consumer products
before that time, the decided concentrations of linalool hydro-
peroxides in the glyceryl stearate creams were high (5600, 1900,
and 560 ppm). The results from that study showed that repeated
exposure to oxidized linalool could elicit dermatitis in all 6 pati-
ents with the highest dose and 2 with the lowest dose of the cream
preparations.

We conducted a comparison of the doses used in Björkman’s
study and our study (see Supplementary Table S2). The lowest
cream concentration in that previous study was even higher than
the highest cream concentration in our study. The amounts of
creams applied were also higher in that previous study. According
to the fingertip-unit dose, *2 mg/cm2 of the creams should be
applied.22 The dose in our study corresponded with previous
ROAT studies.21,35,36 Overall, the dose differences (mg/cm2)
between that study and our study are significant (at least 5.8 times
higher when comparing the lowest dose of that previous study and
the highest dose of our study).

This may explain why 2 of 6 patients reacted positively to the
ROATs with the cream with the lowest concentration in that
previous study, whereas the highest dose in our study could elicit
only 1 positive ROAT reaction. Furthermore, no participants in
that previous study responded to a fine fragrance (hydroalcoholic
solution) test preparation containing linalool hydroperoxides at a
concentration of 190 ppm.19 Thus, the results from this study and
the previous study support the finding that in patients with intact
skin, contact allergy to linalool hydroperoxides could rarely be
elicited when performing a ROAT using real-world doses of lin-
alool hydroperoxides for 4 weeks.

Since there might be a positive dose–response relationship
between the intensity of the patch test and the ROAT reactions, as
reported in a study performed with another oxidized terpene
fragrance allergen,32 patients with a history of having both a weak
reaction and a strong to extreme reactions were included in this
study. This study could not demonstrate that patients with
stronger reactions had a higher tendency to develop a reaction in
the ROAT areas.

This ROAT study was attentively designed. The concentrations
of linalool hydroperoxides in the ROAT creams and the amount
applied were realistic. ROAT was performed and evaluated as pre-
viously described and standardized. Therefore, the results of ROAT
were highly reliable. The clinical relevance of a positive patch test
reaction could not be established by repeated exposure to consumer
products assumably containing linalool hydroperoxides.

Observing the only positive ROAT patient in this study, the
weak positive ROAT was considered to be an allergic reaction
because there were no reactions in control participants. The pati-
ent used to have clinically eczematous dermatitis on the wrists
and hands. One possible explanation could be that the skin on his
forearms might have some degree of barrier defect or modest
inflammation, which could not be seen clinically. The creams

TABLE 1. Comparisons of Demographics and
Repeated Open Application Test Results Between
‘‘Contact Allergy’’ and ‘‘Control’’ Groups

Patient Group

Total
(n = 47)

Contact
Allergy
(n = 31)

Controls
(n = 16)

n (%) n (%) n (%) P

Age, years; mean
(standard deviation)

44.4 – 13.4 45.0 – 13.3 43.4 – 14.0 0.70

Gender 0.48
Male 4 (8.5) 2 (6.5) 2 (12.5)
Female 43 (91.5) 29 (93.5) 14 (87.5)

Having a history of
atopic dermatitis

17 (36.2) 11 (35.5) 6 (37.5) 0.89

Primary lesion site 0.51
Face 17 (36.1) 12 (38.7) 5 (31.3)
Hands and fingers 10 (21.3) 5 (16.1) 5 (31.3)
Others 10 (21.3) 7 (22.6) 3 (18.7)
Unknown lesion

site*
10 (21.3) 7 (22.6) 3 (18.7)

ROAT to the highest concentration cream on day 28
Positive 1 (2.1) 1 (3.2) 0 (0) >0.99
Negative 46 (97.9) 30 (96.8) 16 (100)

*Not included in the statistical calculation for P value.
ROAT, repeated open application test.

Sukakul et al - Linalool Hydroperoxides: A Repeated Open Application Test Study 377

Copyright ª 2024 American Contact Dermatitis Society. Unauthorized reproduction of this article is prohibited.

D
ow

nl
oa

de
d 

by
 S

oc
ie

ty
 -

 A
ct

iv
e 

- 
T

he
 A

m
er

ic
an

 C
on

ta
ct

 D
er

m
at

iti
s 

So
ci

et
y 

(A
C

D
S)

 f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
2/

14
/2

5.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



might penetrate and elicit a reaction on damaged skin more
easily than on completely intact skin. Linalool hydroperoxides
contact allergy patients might have existing dermatitis from
other causes, such as allergic contact dermatitis to other fra-
grances because simultaneous contact allergies to other fra-
grances are common.8,37

Limitation

There were no specific objective techniques used to measure
adherence to the application of cream as set out in the study
protocol.

CONCLUSIONS

Creams containing linalool hydroperoxides in the range of con-
centrations found in consumer products could barely elicit
allergic contact reactions when performing ROATs in the present
experimental design. This calls into question the clinical relevance
of positive patch test reactions to hydroperoxides of linalool in
clinical practice, at least concerning nondamaged skin.

SUPPLEMENTARY MATERIAL

Supplementary Table S1
Supplementary Table S2
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