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Limonene and linalool hydroperoxides review: pros and cons for routine patch testing
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Limonene and linalool are among the most common fragrance terpenes used in products of everyday life. They are pre-haptens forming hydroperoxides (Lim-OOHs, Lin-OOHs) upon oxidation inducing frequent positive patch test reactions in patients with dermatitis. Still, they

are not yet routinely tested in Europe. This review evaluates the patch testing experience with Lim-OOHs and Lin-OOHs by answering key questions such as whether hydroperoxide patch testing is warranted, understand difficulties or challenges related to the reading and interpretation of hydroperoxide patch test results with currently available material, assessing their relevance. Studies are increasingly pointing out to high percentages of positive reactions in patients consecutively patch tested with these oxidized products. An association between a positive clinical history and a strong patch test reaction has been described, but problems with doubtful/irritant reactions have also been reported. Considering the high frequencies of relevant positive reactions, the incorporation of Lim-OOHs 0.3% and Lin-OOHs 1% in the baseline series could be discussed and is maybe justified. Since exposure, sensitization and elicitation limits of Lim-OOHs and Lin-OOHs in the products still need to be better determined, an assessment of previous exposure, possible sensitizations and reactions may help to improve the clinical assessment.

Introduction

Allergic contact dermatitis (ACD) to fragrances is common, affecting 1.1% to 2.6% of the general population in Europe [START_REF] Thyssen | The prevalence and morbidity of sensitization to fragrance mix I in the general population[END_REF][START_REF] Uter | Categorization of fragrance contact allergens for prioritization of preventive measures: clinical and experimental data and consideration of structure-activity relationships[END_REF][START_REF] Diepgen | Prevalence of fragrance contact allergy in the general population of five European countries: a cross-sectional study[END_REF] . Moreover, some studies report a prevalence that could even reach 15% in patients with a history of dermatitis [START_REF] Marks | North American Contact Dermatitis Group patch test results for the detection of delayed-type hypersensitivity to topical allergens[END_REF][START_REF] Nardelli | Frequency of and trends in fragrance allergy over a 15-year period[END_REF] .

Many fragrance materials used today belong to the chemical group of terpenes [START_REF] De Groot | Essential Oils, Part III: Chemical Composition[END_REF] and, among them, limonene (citrus scent) and linalool (lavender scent) are frequently found in multiple household (hygienic and cosmetic products) and occupational products, essential oils, natural products and in aromatherapy [START_REF] Buckley | Fragrance ingredient labelling in products on sale in the U.K[END_REF][START_REF] Rastogi | Fragrance chemicals in domestic and occupational products[END_REF][START_REF] Rastogi | The composition of fine fragrances is changing[END_REF][START_REF] Bennike | Fragrance contact allergens in 5588 cosmetic products identified through a novel smartphone application[END_REF][START_REF] Yazar | Preservatives and fragrances in selected consumer-available cosmetics and detergents[END_REF][START_REF] Bråred Christensson | Positive patch test reactions to oxidized limonene: exposure and relevance[END_REF] which come into contact with the skin daily.

Limonene and linalool are known to be pre-haptens. They oxidize upon contact with air forming hydroperoxides as primary oxidation products and these have been recognized as important contact allergens [START_REF] Matura | Oxidized citrus oil (R-limonene): A frequent skin sensitizer in Europe[END_REF][START_REF] Sköld | Studies on the autoxidation and sensitizing capacity of the fragrance chemical linalool, identifying a linalool hydroperoxide[END_REF] . If the compounds limonene and linalool are patch tested with not deliberately oxidized ("pure") form, positive patch test reactions are rarely found (Table 1), whereas the hydroperoxides are frequent causes of positive patch test reactions in patients when using standardized patch test materials for oxidized limonene and linalool developed in the last decade (Tables 2 and3 and references therein).

However, oxidized limonene and linalool are not yet routinely tested in Europe. In recent years, there has been debate about the most useful patch test concentrations to obtain a reliable result when testing oxidized limonene and oxidized linalool. In addition, although limonene and linalool are found in many consumer products, it is often difficult to identify these oxidized terpenes as the culprit ingredients causing ACD. Moreover, it is not easy to confirm the clinical relevance of these hydroperoxides is not easy to specify as these products when patch tested "as is" often induce false-negative patch test reactions, and analyses hardly detect and allow quantification of hydroperoxides in commercial products. Therefore, exposure to oxidation products, such as limonene hydroperoxides (Lim-OOHs) and linalool hydroperoxides (Lin-OOHs), remains largely elusive. Nevertheless, it has also been shown in repeated open application test (ROAT) studies that both oxidized limonene and oxidized linalool can cause ACD in sensitized patients [START_REF] Björkman | Air-oxidized linalool elicits eczema in allergic patients -a repeated open application test study[END_REF][START_REF] Bennike | Allergic contact dermatitis caused by hydroperoxides of limonene and dose-response relationship-A repeated open application test (ROAT) study[END_REF] . One possible hypothesis of Lim-OOHs and Lin-OOHs sensitization is that there is repeated exposure to the respective allergen from many sources, and even low concentrations of oxidized terpenes in each product can induce cumulative exposure capable of generating ACD in previously sensitized individuals [START_REF] Björkman | Air-oxidized linalool elicits eczema in allergic patients -a repeated open application test study[END_REF] .

The objectives of this review are to identify and try to clarify doubts regarding the need to incorporate oxidized limonene (Lim-OOHs 0.3% pet.) and oxidized linalool (Lin-OOHs 1.0% pet.) in the baseline series for patch testing as it was proposed [START_REF] Wilkinson | The European baseline series: Criteria for allergen inclusion with reference to formaldehyde releasers[END_REF] .

Methods

This document is based on a systematic search of all literature published from the first publication on the subject (1985) to 2021. The following bibliographical sources were used for the search: Pubmed, Embase. The literature searches were designed to cover the following items alone and/or combined: allergy, contact dermatitis, eczema, hydroperoxides limonene, hydroperoxides linalool, limonene, linalool, terpenes. The following MeSh terms were used: allergic contact dermatitis and (limonene or limonene-2-hydroperoxide or limonene -1hydroperoxide) and (linalool or linalool oxide) and patch tests. The manuscript was initially carried out by five recognized experts in chemistry and contact dermatitis due to oxidized terpenes. The primary document was assessed and reviewed by the European Environmental Contact Dermatitis Research Group (EECDRG) members. Then at least two rounds of discussion were performed before reaching consensus on the final document submitted.
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Current knowledge about the sensitizing capacity and the diagnostic system

Radical mechanisms possibly involved in contact sensitization to Lim-OOHs and

Lin-OOHs

Lin-7-OOH/Lin-6-OOH and Lim-1-OOH/Lim-2-OOH hydroperoxides have been identified

as the components in the oxidation mixtures which are responsible for the sensitization potential of autoxidized linalool and R-(+)-limonene, respectively (Figure 1). Cutaneous allergens (haptens) are low molecular weight compounds that are unable to stimulate an adaptive immune response, but which become immunogenic after reacting with proteins to form stable hapten-protein conjugates that are subsequently processed and presented to the immune system. The best-known mechanism for hapten-protein interaction is the formation of covalent bonds by two-electrons mechanisms. Indeed, very often the allergen is electrophile and reacts with nucleophilic side chains of amino acids from skin proteins, such as cysteine and lysine. However, organic hydroperoxides (R-OOHs) do not fit this model and one-electron radical-mediated mechanisms are suspected to be involved [START_REF] Lepoittevin | Molecular aspects in allergic and irritant contact dermatitis[END_REF] . Indeed, sensitizing R-OOHs such as Lin-OOHs and Lim-OOHs can react through radical mechanisms that begin with the cleavage of the O-O bond of weak dissociation energy (ca.

175 kJ mol -1 ). Such cleavage is an easy process that allows the initially formed unstable alkoxyl radicals (RO • ) to be efficiently converted into longer half-life carbon-centered radicals through different known rearrangement processes. An example is shown in Figure 2 for Lin-7-OOH [START_REF] Kao | Synthesis of allylic hydroperoxides and EPR Spin-Trapping studies on the formation of radicals in iron systems as potential initiators of the sensitizing pathway[END_REF] . All these radical intermediates could potentially be reactive toward amino acids in the skin.

To understand how R-OOHs can form immunogenic structures once they penetrate into the epidermis, reactivity studies have been performed with amino acids known to be involved in radical processes. These studies were performed in solution (buffer, semi-organic) and were followed by nuclear magnetic resonance (NMR) and liquid chromatography combined to mass spectrometry (LC-MS). It was shown that carbon-radicals emitted by R-OOHs could react with amino acids such as cysteine, histidine, and tryptophan when Fe(II)/Fe(III) redox systems were used to trigger radical initiation [START_REF] Kao | Synthesis of allylic hydroperoxides and EPR Spin-Trapping studies on the formation of radicals in iron systems as potential initiators of the sensitizing pathway[END_REF][START_REF] Kao | Mechanistic studies on the reactivity of sensitizing allylic hydroperoxides: investigation of the covalent modification of amino acids by carbon-radical intermediates[END_REF] . Importantly, during these studies it was also noted that oxide-reduction processes are promoted during the reactions inducing chemical modifications of amino acids, thus demonstrating the involvement of oxidative stress.

The above mentioned studies were performed in solution and, of course, a critical step in understanding skin sensitization to these hydroperoxides is to verify if these radicals are really formed in the skin. To achieve this goal, efforts are today focused on the use of electron (Figure 3) [START_REF] Kuresepi | Potential of EPR spin-trapping to investigate in situ free radicals generation from skin allergens in reconstructed human epidermis: cumene hydroperoxide as proof of concept[END_REF][START_REF] Sahli | Understanding the skin sensitization capacity of ascaridole: a combined study of chemical reactivity and activation of the innate immune system (dendritic cells) in the epidermal environment[END_REF] . EpiSkin TM RHE (Episkin, Lyon, France) consists of a normal multi-layered culture of keratinocytes, main cell type of the epidermis playing a key role in inflammatory reactions in the skin. EpiSkin TM RHE is a very good replica of human epidermis architecture.

It is used for irritation and penetration testing of cosmetic and chemical compounds in replacement of in vivo testing [START_REF]Vitro Skin Irritation: Reconstructed Human Epidermis Test Method[END_REF] . Several oxygen-and carbon-centered radicals were initially identified in this complex environment, using cumene hydroperoxide and ascaridole as proofs of concept. Further, basic triggers for the activation in the skin of hydroperoxides derived from the autoxidation of linalool and limonene were studied using this methodology [START_REF] Kuresepi | Mechanistic insights on skin sensitization to linalool hydroperoxides: EPR evidence on radical intermediates formation in reconstructed human epidermis and 13C NMR reactivity studies with thiol residues[END_REF][START_REF] Lichter | Skin sensitization to fragrance hydroperoxides: interplay between dendritic cells, keratinocytes and free radicals[END_REF] . Experiments were conducted based on a topical application procedure to estimate real-life sensitization. Skin samples were initially loaded with DEPMPO to ensure its presence at the site of radical generation prior to application of the target compounds. The RHE were thus pre-treated with DEPMPO allowing its penetration through the stratum corneum. Then, subsequent topical exposure of DEPMPO-pre-treated RHE to different concentrations of hydroperoxides demonstrated that DEPMPO was able to trap carboncentered radicals formed in this epidermal-like skin environment, together often with the hydroxyl radical and minor alkoxyl radicals. Last but not least, no Fe(II) was used for radical initiation when RHE was used to mimic real-life cutaneous allergy situations. Therefore, it could be hypothesized that the skin reaction of hydroperoxides in the presence of oneelectron donor agents (e.g., amino and thiol groups present in amino acids, metal complexes, enzymes) may initiate electron transfer processes under radical oxidation conditions and subsequent haptenation of skin proteins.

Major drawback of these studies is the impossibility of accurately assigning the carboncentered radicals formed in the RHE among the different options resulting from radical rearrangement processes (Figure 2). To overcome this, one possibility is to carry out spintrapping studies with target compounds site-specific labelled with [START_REF] Matura | Oxidized citrus oil (R-limonene): A frequent skin sensitizer in Europe[END_REF] C at positions precursors of potentially reactive radicals. Recent EPR-ST studies with cumene hydroperoxide [START_REF] Matura | Oxidized citrus oil (R-limonene): A frequent skin sensitizer in Europe[END_REF] Csubstituted at methyl positions confirmed the trapping of methyl radicals released by decomposition of the hydroperoxide in the RHE model [START_REF] Sahli | Formation of methyl radicals derived from cumene hydroperoxide in reconstructed human epidermis: an EPR spin trapping confirmation by using 13C-substitution[END_REF] .

As a conclusion to this section, radicals formed from hydroperoxides are key intermediates that could explain the reactivity with skin proteins and, therefore, their sensitizing potential.

Moreover, now we know that these intermediates are formed in a 3D model of epidermis, under conditions closer to what may occur in vivo.

Experience from patch testing with Lim-OOHs and Lin-OOHs

Up to the present, a number of studies have been conducted to evaluate the prevalence of contact allergy to limonene and linalool, both in not deliberately oxidized and oxidized forms (Tables 1, 2 and3). In some studies, not deliberately oxidized limonene and/or linalool were tested concomitantly with the oxidized forms. Overall, very few patients reacted to not deliberately oxidized limonene or linalool (range 0%-0.88%) (Table 1 and Refs in Table 1).

Oxidized limonene has been tested in different concentrations (Table 2), especially at 3% (containing 0.3% Lim-OOHs), based on experience from a study published in 1997 [START_REF] Karlberg | Contact allergy to oxidized d-limonene among dermatitis patients[END_REF] . An early multicenter study with 2273 dermatitis patients using 3% oxidized limonene showed 2.8% positive patch test reactions [START_REF] Matura | Oxidized citrus oil (R-limonene): A frequent skin sensitizer in Europe[END_REF] .

The first multicenter study of patch testing with oxidized linalool 2% pet. (containing 0.33% Lin-OOHs) was published in 2005, showing 1.3% positive patch test reactions in 1511 patients [START_REF] Matura | Selected oxidized fragrance terpenes are common contact allergens[END_REF] . Subsequently, a dose-response study investigated whether a higher concentration of oxidized linalool could be useful to detect a higher number of allergic reactions, and a patch test concentration of oxidized linalool 6.0% (containing Lin-OOHs at 1.0%) was suggested [START_REF] Bråred Christensson | Linalool -a significant contact sensitizer after air exposure[END_REF] . Few irritant reactions were identified and there were no cases of active sensitization.

Several multicenter studies have since been conducted using oxidized limonene and oxidized linalool. In 2009, a total of 2900 consecutive dermatitis patients were evaluated in 9 centers dedicated to epicutaneous patch testing (Copenhagen, Malmo, Odense, Barcelona, London, Singapore, Melbourne, Seville and Gothenburg) [START_REF] Bråred Christensson | Air-oxidized linalool: a frequent cause of fragrance contact allergy[END_REF][START_REF] Bråred Christensson | An international multicentre study on the allergenic activity of air-oxidized R-limonene[END_REF] . The overall prevalence of positive reactions to oxidized limonene 3% pet. was 5.2% [START_REF] Bråred Christensson | An international multicentre study on the allergenic activity of air-oxidized R-limonene[END_REF] , ranging from 2.3% to 12.1% in the individual centers. There were notable differences between the northern and southern

European centers, with patch testing positive in 3.8% (Gothenburg, Malmo, London,

Copenhagen, and Odense) versus 5.5% (Seville and Barcelona). Twenty five percent of patients who had a positive patch test showed a strongly positive (++/+++) reaction and 91%

had their maximum reaction at D3-D4 readings. Concomitant reactions between R-limonene and other fragrances and/or colophonium from the baseline series were found in 42% of the oxidized limonene-positive cases and in 19.6% of the patients with doubtful (?+) reactions.

Finally, in patients negative to oxidized R-limonene, only 10.6% of patients had positive reactions to fragrances and/or colophonium.

For oxidized linalool 6% pet. (1.0% Lin-OOHs), 6.9% of 2900 tested patients showed positive patch test reactions [START_REF] Bråred Christensson | Air-oxidized linalool: a frequent cause of fragrance contact allergy[END_REF] , with frequencies ranging from 3.3% to 14.3% in the different centers [START_REF] Bråred Christensson | Air-oxidized linalool: a frequent cause of fragrance contact allergy[END_REF] . Of the patients with positive reactions, 28% were strongly positive (++/+++), 86% of them at D3-D4 readings, and 40% were also positive to other baseline series fragrances and/or colophonium, which is statistically significant different from patients with doubtful (?+) or negative reactions (19% and 10%, respectively). No delayed reactions or active sensitization was described.

These studies led to the development of standardized patch test materials of oxidized limonene 3%, with a standardized content of Lim-OOHs at 0.3% (hydroperoxides of Limonene 0.3% pet.®) and oxidized linalool 6%, with a standardized content of Lin-OOHs at 1.0% (hydroperoxides of Linalool 1.0% pet.®) which are manufactured by Chemotechnique Diagnostics AB, Vellinge, Sweden [START_REF] Bråred Christensson | Air-oxidized linalool: a frequent cause of fragrance contact allergy[END_REF][START_REF] Bråred Christensson | An international multicentre study on the allergenic activity of air-oxidized R-limonene[END_REF] . The stability of the patch test material was monitored repeatedly during the study and showed a stable content of hydroperoxides during use.

In subsequent multicenter and single-center studies, patch testing with Lim-OOHs 0.3% pet.

has shown positive patch test reactions in 1.2% to 9.4% of cases (Table 2 and references therein). Likewise, Lin-OOHs 1.0% pet. has been used in many studies, giving 3.9% to 20% positive patch test reactions (Table 3 and references therein). Interestingly, in multicenter studies, wide ranges in rates of positive reactions were found between the test centers [START_REF] Deza | Contact sensitization to limonene and linalool hydroperoxides in Spain: a GEIDAC* prospective study[END_REF][START_REF] Wlodek | Recommendation to test limonene hydroperoxides 0•3% and linalool hydroperoxides 1•0% in the British baseline patch test series[END_REF] , as further discussed below.

Patch test concentrations used in these studies have been further evaluated. In Spain, the GEIDAC group (Grupo Español de Investigación de Dermatitis de Contacto y Alergia

Cutánea) conducted a study with 22 Spanish centers and 3639 consecutive patients tested.

Overall, 5.1% of the patients showed positive patch test reactions to Lim-OOHs 0.3% pet.

with frequencies ranging between 0% and 24.8% at the different test centers [START_REF] Deza | Contact sensitization to limonene and linalool hydroperoxides in Spain: a GEIDAC* prospective study[END_REF] . Similarly, Lin-OOHs 1.0% pet. gave 4.9% positive patch test reactions overall, with a frequency ranging between 0% and 13.9% [START_REF] Deza | Contact sensitization to limonene and linalool hydroperoxides in Spain: a GEIDAC* prospective study[END_REF] . The GEIDAC study also compared three concentrations of Lim-OOHs at 0.1%, 0.2%, and 0.3% pet. giving 1.4%, 3.4% and 5.1% positive patch test reactions respectively (Table 2). Concomitantly, three concentrations of Lin-OOHs at 0.25%, 0.5%, and 1.0% pet. were tested giving 1.3%, 2.9% and 4.9% positive patch test reactions respectively [START_REF] Deza | Contact sensitization to limonene and linalool hydroperoxides in Spain: a GEIDAC* prospective study[END_REF] (Table 3). Overall, 8% of patients responded to one or both hydroperoxides.

The prevalence of positive patch tests increased with increasing patch test concentrations for both terpenes. In 30% of the cases of allergy to oxidized terpenes there was a concurrent contact allergy to other fragrance markers in the baseline series but in 70% of the allergic patients there was only a contact allergy to oxidized terpenes, indicating that the patients would have gone unnoticed if they had not been tested with the oxidized terpenes patch test.

In this study, only 25% of the positive cases were simultaneously positive for both hydroperoxides, supporting the specificity of the reaction.

A British multicenter study was conducted by Wlodek et al. in 2017 [START_REF] Wlodek | Recommendation to test limonene hydroperoxides 0•3% and linalool hydroperoxides 1•0% in the British baseline patch test series[END_REF] , in which 4563 consecutive patients were patch tested with Lim-OOHs at 0.1%, 0.2% and 0.3% pet. and with Lin-OOHs at 0.25%, 0.5% and 1.0% pet (Tables 2 and3), with 5.3% positive patch test reactions for Lim-OOHs 0.3% pet., and 7.7% for Lin-OOHs 1.0% pet. [START_REF] Wlodek | Recommendation to test limonene hydroperoxides 0•3% and linalool hydroperoxides 1•0% in the British baseline patch test series[END_REF] . Positive patch test reactions were considered clinically relevant in approximately 2/3 of the patients, as they had a clear current or previous history of fragrance allergy, or dermatitis from a product labelled to contain limonene or linalool, or dermatitis from a botanical oil with limonene or linalool, or a positive ROAT to such a product. Lim-OOHs at 0.3% pet. and Lin-OOHs at 1.0% pet. were recommended to be included in the British baseline patch test series [START_REF] Wlodek | Recommendation to test limonene hydroperoxides 0•3% and linalool hydroperoxides 1•0% in the British baseline patch test series[END_REF] .

In a recent analysis of 5773 patients tested 2013 to 2020, significantly increasing trends in contact allergy to Lim-OOHs at 0.3% pet. and Lin-OOHs at 1.0% pet. were observed, and the patients with contact allergy to Lim-OOHs and Lin-OOHs were significantly younger than those with contact allergy to other fragrances [START_REF] Sukakul | Contact allergy to oxidized linalool and oxidized limonene: Patch testing in consecutive patients with dermatitis[END_REF] . There was also a female predominance.

Nowadays, also due to the availability of the commercial test preparations, increasing numbers of cases of sensitization to Lim-OOHs and Lin-OOHs have been described when studying contact allergy to cosmetics, e.g. on the face [START_REF] Bruusgaard-Mouritsen | Facial contact dermatitis caused by cosmetic-relevant allergens[END_REF] . In addition, early and continuous exposure to Lim-OOHs and Lin-OOHs may have an impact on children. A Belgian study demonstrated that the most frequent sensitizations in 329 children patch tested from 2010 until 2019 were to nickel sulfate and Lin-OOHs (both 16%), Lim-OOHs (13.5%) and para-phenylenediamine (10.9%) 37

Doubtful and irritant patch test reactions. Are doubtful patch test reactions clinically relevant?

Doubtful and/or irritant reactions in studies on Lim-OOHs 0.3% pet. and Lin-OOHs 1.0% pet. have been a matter of debate. In general, in the multicenter studies, comparatively high rates of doubtful and/or irritant reactions have been recorded at some test sites, while other test sites have had low frequencies of such reactions.

For oxidized limonene and oxidized linalool, irritation studies have been conducted showing very low irritation in the range of tested concentrations of 3% pet. and 6% pet., respectively [START_REF] Bråred Christensson | Air oxidation increases skin irritation from fragrance terpenes[END_REF] .

However, doubtful reactions to Lin-OOHs 1.0% pet. ranged from 0% to 36% in the international multicenter study 31 , and from 0% to 19% in an UK multicenter study [START_REF] Wlodek | Recommendation to test limonene hydroperoxides 0•3% and linalool hydroperoxides 1•0% in the British baseline patch test series[END_REF] . The corresponding ranges for Lim-OOHs 0.3% pet. were 0% to 24% in the international multicenter study 32 and 0% to 17% in the UK multicenter study [START_REF] Wlodek | Recommendation to test limonene hydroperoxides 0•3% and linalool hydroperoxides 1•0% in the British baseline patch test series[END_REF] . Similar figures were shown in the Spanish multicenter study [START_REF] Deza | Contact sensitization to limonene and linalool hydroperoxides in Spain: a GEIDAC* prospective study[END_REF] , where the range of doubtful reactions for Lim-OOHs 0.3% pet. was 0% to 3.6% and for Lin-OOHs 1.0% pet. was 0% to 2.8%, while the range of irritant reactions for Lim-OOHs 0.3% pet. was 0% to 3.6% and for Lin-OOHs 1.0% pet. was 0% to 7.6% [START_REF] Deza | Contact sensitization to limonene and linalool hydroperoxides in Spain: a GEIDAC* prospective study[END_REF] . In all of these multicenter studies, when Lim-OOHs 0.3% pet. and Lin-OOHs 1.0% pet. were tested concomitantly, centers that showed high rates doubtful or irritant reactions recorded them for both test preparations, while most centers recorded very low frequencies of doubtful/irritant reactions. Then, readings may to some extent be the result of differences in the expert interpretation and recording of patch test results or a lack of standardized methodology (e.g., administered dose) [START_REF] Bråred Christensson | Air-oxidized linalool: a frequent cause of fragrance contact allergy[END_REF][START_REF] Bråred Christensson | An international multicentre study on the allergenic activity of air-oxidized R-limonene[END_REF][START_REF] Deza | Contact sensitization to limonene and linalool hydroperoxides in Spain: a GEIDAC* prospective study[END_REF][START_REF] Wlodek | Recommendation to test limonene hydroperoxides 0•3% and linalool hydroperoxides 1•0% in the British baseline patch test series[END_REF] . Furthermore, it has been shown in dose-response studies when different concentrations of oxidized limonene and/or oxidized linalool were tested, that a proportion of the doubtful reactions at the lower concentration showed a positive reaction at the next higher concentration. In the Swedish dose-response study to oxidized linalool, 25% of the patients who reacted with doubtful reactions to oxidized linalool 4% pet.

(0.66% Lin-OOHs) had a positive reaction to 6% pet. (1.0% Lin-OOHs) [START_REF] Bråred Christensson | Linalool -a significant contact sensitizer after air exposure[END_REF] . Similarly, it was shown in the Spanish multicenter study that 33% and 39% of the doubtful reactions to Lim-OOHs 0.2% pet. and Lin-OOHs 0.5% pet. respectively, were interpreted as positive reactions at the next higher test concentration of the respective test material. A weak allergic reaction at a low concentration became positive at an increased dose. Therefore, it is important to differentiate between irritant and doubtful. The irritant reaction will not change nature but will of course become stronger. Thus, some of the doubtful reactions may, in fact, be weak positive reactions. This is supported by a ROAT study with oxidized limonene, where 2/13 (15%) subjects with doubtful patch test reactions to Lim-OOHs had positive ROAT reactions to Lim-OOHs applied in realistic doses [START_REF] Bennike | Allergic contact dermatitis caused by hydroperoxides of limonene and dose-response relationship-A repeated open application test (ROAT) study[END_REF] .

There has been discussion regarding the specificity of positive reactions to oxidized patch test materials, due to the overall high rates of reactions to these substances. Many studies have confirmed that positive reactions to the separate oxidation mixtures as well as to their major allergens are specific. In these studies, when oxidized limonene and oxidized linalool are tested concomitantly, in the entire group of positive patients, about 25% will react to both Lim-OOHs 0.3% pet. and Lin-OOHs 1.0% pet., while the rest (75%) will react to one or to the other [START_REF] Bråred Christensson | Oxidized limonene and oxidized linalool -concomitant contact allergy to common fragrance terpenes[END_REF][START_REF] Audrain | Allergy to oxidized limonene and linalool is frequent in the U[END_REF] . These concomitant reactions are in accordance with the frequency of exposure to both fragrances in everyday products, and with the documented common tandem exposure of limonene and linalool in products [START_REF] Buckley | Fragrance ingredient labelling in products on sale in the U.K[END_REF][START_REF] Rastogi | Fragrance chemicals in domestic and occupational products[END_REF][START_REF] Bennike | Fragrance contact allergens in 5588 cosmetic products identified through a novel smartphone application[END_REF][START_REF] Yazar | Preservatives and fragrances in selected consumer-available cosmetics and detergents[END_REF][START_REF] Uter | Coupled exposure to ingredients of cosmetic products: I. Fragrances[END_REF] . Considering the total number of tested patients, the majority do not react to either test material, again opposing that the reactions for hydroperoxides are unspecific. Also, for the main oxidized limonene allergens, Lim-1-OOH and Lim-2-OOH (Figure 1), it has been shown that there is specificity for reactions between these two structurally similar hydroperoxides [START_REF] Bråred Christensson | Limonene hydroperoxide analogues differ in allergenic activity[END_REF] . The statistically significant difference in concomitant contact allergy to other fragrance markers between the groups showing positive, doubtful, or negative patch test reactions to the oxidized terpenes as described above, also support that the patch test materials for oxidized limonene and linalool are detecting true fragrance allergy.

The clinical relevance of a positive contact allergen can be assessed in many ways, and a common method is to interview the patient and search for exposure that can be expected to contribute to the patient´s dermatitis. The relevance assessment can be difficult when interpreting positive patch test to Lim-OOH and Lin-OOH because the suspected culprits, the terpene hydroperoxides, are not labelled or identified as such in the products, which is in fact a limitation. Nevertheless, it is very difficult to find a product that does not contain terpenes that potentially could be oxidized. In about 35-70% of patients with positive reactions to Lim-OOHs 0.3% pet., an exposure to products containing listed limonene has been assessed to be relevant for the dermatitis [START_REF] Bråred Christensson | Positive patch test reactions to oxidized limonene: exposure and relevance[END_REF][START_REF] Audrain | Allergy to oxidized limonene and linalool is frequent in the U[END_REF] . For Lin-OOHs 1.0% pet., similar assessments have been made and similar estimates of relevance have been reported [START_REF] Bråred Christensson | Air-oxidized linalool: a frequent cause of fragrance contact allergy[END_REF][START_REF] Audrain | Allergy to oxidized limonene and linalool is frequent in the U[END_REF][START_REF] Dittmar | Contact sensitization to hydroperoxides of limonene and linalool: Results of consecutive patch testing and clinical relevance[END_REF] .

The GEIDAC study [START_REF] Deza | Contact sensitization to limonene and linalool hydroperoxides in Spain: a GEIDAC* prospective study[END_REF] reported that at least 50% of the reactions were relevant. The difficulty of assessing the relevance would benefit from an in vitro or in vivo test that would be able to detect the responsible hydroperoxide in the specific product.

Sources of exposure and thresholds of elicitation

Commercial notification of the presence of fragrances is optional in some countries (such as Australia and Singapore), so their presence, both qualitative and quantitative, is unknown. In Europe, since 2005, the Cosmetics Directive determines that 26 fragrances must be declared in cosmetic products when their concentration exceeds 10 ppm in leave-on and 100 ppm in rinse-off cosmetics, respectively 44 . This mandatory declaration of content is not applicable in other parts of the world.

Limonene and linalool have been identified in up to 80% of common products (mainly personal hygiene products, cosmetics, and cleaning household products) either by their labelling or by chemical analyses [START_REF] Buckley | Fragrance ingredient labelling in products on sale in the U.K[END_REF][START_REF] Rastogi | Fragrance chemicals in domestic and occupational products[END_REF][START_REF] Bennike | Fragrance contact allergens in 5588 cosmetic products identified through a novel smartphone application[END_REF] , with limonene also being present e.g., in industrial soaps and citrus-based solvents [START_REF] Bennike | Non-mix fragrances are top sensitizers in consecutive dermatitis patients - a cross-sectional study of the 26 EU-labelled fragrance allergens[END_REF] and adhesives [START_REF] Dendooven | Concomitant positive patch test reactions in FreeStyle-allergic patients sensitized to isobornyl acrylate[END_REF][START_REF] Mowitz | Patch Testing with Isobornyl Acrylate in 16 Swedish Patients with Contact Dermatitis from Glucose Sensors and/or Insulin Pumps[END_REF][START_REF] Thomas | Limonene[END_REF] . Linalool has been found to be the fragrance with the highest exposure, based on daily cumulative exposure from many sources [START_REF] Marks | North American Contact Dermatitis Group patch test results for the detection of delayed-type hypersensitivity to topical allergens[END_REF] . Limonene and linalool were also found to be the most common tandem exposure and are frequently used together in fragranced/scented products [START_REF] Yazar | Preservatives and fragrances in selected consumer-available cosmetics and detergents[END_REF][START_REF] Uter | Coupled exposure to ingredients of cosmetic products: I. Fragrances[END_REF][START_REF] Nanyan | Fragrance Allergens in Hair Removal Cosmetic Products[END_REF] . Both are also common components of essential oils, and they are found in aromatherapy and natural products.

Limonene is a component of citrus peel oil (genus Citrus, family Rutaceae) as well as eucalyptus essential oils (leaf of Eucalyptus, family Myrtaceae), whereas linalool is a major component of lavender oil (distillate of LavandulaAngustifoli), which consists of approximately 50% linalool [START_REF] Hagvall | Lavender oil lacks natural protection against autoxidation, forming strong contact allergens on air exposure[END_REF] . It has been shown that lavender oil of natural origin will autoxidize similarly to synthetic lavender oil (made by blending the three main components linalool, linalyl acetate, and caryophyllene), and in turn, in a similar way to its separate components [START_REF] Sköld | Studies on the autoxidation and sensitizing capacity of the fragrance chemical linalool, identifying a linalool hydroperoxide[END_REF][START_REF] Hagvall | Lavender oil lacks natural protection against autoxidation, forming strong contact allergens on air exposure[END_REF][START_REF] Sköld | Autoxidation of linalyl acetate, the main component of lavender oil, creates potent contact allergens[END_REF] .

With this scenario, to establish the relevance of Lim-OOHs and Lin-OOHs positive patch tests, it would be ideal to assess the minimal levels of the oxidized forms capable of sensitizing individuals as well as eliciting contact dermatitis in sensitized individuals. To study elicitation levels, ROATs have been performed for oxidized linalool and limonene. In these studies, the daily use of a product ("cream" or "perfume") is simulated by repeated skin applications of the products containing the allergen(s) in low concentrations. In the case of oxidized linalool, individuals who earlier had been shown to be allergic in patch testing, reacted in the ROAT to a concentration as low as 0.3% oxidized linalool, which contained 560 μg/g Lin-OOHs both in perfume and cream base [START_REF] Björkman | Air-oxidized linalool elicits eczema in allergic patients -a repeated open application test study[END_REF] . In the case of oxidized limonene, allergic individuals reacted to as low as 140 μg/g in the ROAT, while three allergic patients reacted to concentrations as low as 24 μg/g Lim-OOHs in a series of patch test dilutions [START_REF] Bennike | Allergic contact dermatitis caused by hydroperoxides of limonene and dose-response relationship-A repeated open application test (ROAT) study[END_REF] .

These studies demonstrate that allergic individuals react to very low concentrations of hydroperoxides.

Isolated cases of contact dermatitis to Lim-OOHs have been reported. Some were due to occupational exposure, with a histology technician that developed a recalcitrant hand eczema after being in contact with a limonene-based solvent agent [START_REF] Foti | Occupational contact dermatitis to a limonene-based solvent in a histopathology technician[END_REF] . The patient turned out negative to patch test with limonene and the solvent agent at the appropriate concentrations, while positive to patch test with Lim-OOHs. Chemical analysis failed to detect Lim-OOHs in the solvent agent used by the patient, so the authors suggested that oxidation of limonene may occur during the handling of the product, especially in presence of oxidant stains (frequently used in histological laboratories.

Another case showed a lymphomatoid contact dermatitis due to hygiene products demonstrated by patch and provocation tests [START_REF] Gatica-Ortega | Lymphomatoid contact dermatitis caused by limonene hydroperoxides confirmed by an exposure provocation test with the involved personal hygiene products[END_REF] . Two cases of dermatitis in patients allergic to oxidized linalool (Lin-OOHs 1.0% pet.) in which the culprit products were analyzed have been reported [START_REF] Elliott | Severe intractable eyelid dermatitis probably caused by exposure to hydroperoxides of linalool in a heavily fragranced shampoo[END_REF][START_REF] Isaksson | Allergic contact dermatitis caused by oxidized linalool in a deodorant[END_REF] .

Quantification of hydroperoxides in products

Hydroperoxides are very difficult to quantify and at present, no consensual detection limit values in products have not been agreed A study from 2019 56 evaluated 104 samples of consumer products that patients suspected could trigger their symptoms, as well as products containing essential oils, including old and new samples of the same brand. Using GS-MS screening analysis, four samples (3.8%) contained >50 μg/g of at least one of the hydroperoxides. However, specifically analysis by liquid chromatography-mass spectrometry (LC-MS) methods, of the samples recovered from patch test positive patients showed levels <50 μg/g of the different hydroperoxides. In a previous study, a geometric mean of 30 μg/g was determined in 22/39 (56%) samples investigated by LC-MS analysis [START_REF] Kern | Detection of potentially skin sensitizing hydroperoxides of linalool in fragranced products[END_REF] .

New and improved methods (e.g different matrices) could help to assess even lower amounts of such hydroperoxides and elucidate the clinical relevance of positive patch tests [START_REF] Ramzi | A two-dimensional non-comprehensive reversed/normal phase high-performance liquid chromatography/tandem mass spectrometry system for determination of limonene and linalool hydroperoxides[END_REF] .

Using a two-dimensional LC-MS method, a content of 8.4 μg/g Lin-6-OOH and 5.6 μg/g Lin-7-OOH was demonstrated in the deodorant that caused eczema in the axilla of a female patient with a solitary reaction to oxidized linalool (Lin-OOHs 1.0% pet.). The use test showed clear clinical relevance [START_REF] Isaksson | Allergic contact dermatitis caused by oxidized linalool in a deodorant[END_REF][START_REF] Ramzi | A two-dimensional non-comprehensive reversed/normal phase high-performance liquid chromatography/tandem mass spectrometry system for determination of limonene and linalool hydroperoxides[END_REF] . In another case, a content of 0.2 μg/g Lin-OOHs was detected in a shampoo that caused eyelid dermatitis in a child [START_REF] Elliott | Severe intractable eyelid dermatitis probably caused by exposure to hydroperoxides of linalool in a heavily fragranced shampoo[END_REF] . A cumulative exposure could be the reason for sensitization to Lim-OOHs and Lin-OOHs.

Taken together, the results obtained so far from chemical analyses of limonene and linalool hydroperoxides in scented products indicate that the content of these hydroperoxides may cause elicitation in sensitized individuals. About 4% of the products analyzed by Natsch et al. [START_REF] Natsch | Exposure source for skin sensitizing hydroperoxides of limonene and linalool remains elusive: An analytical market surveillance[END_REF] contained >50 μg/g of either hydroperoxide. Considering the widespread use of products containing limonene and linalool, there are many opportunities to reach amounts of hydroperoxides capable of eliciting ACD in daily exposures. The ROAT, as well as previous case reports, support that very low amounts of hydroperoxides can elicit ACD.

One question raised concerns the timing of terpene oxidation. Between ordering and receiving essential oils, oxidation had already occurred at the time of delivery [START_REF] Rudbäck | Essential oils can contain allergenic hydroperoxides at eliciting levels, regardless of handling and storage[END_REF] . Moreover, essential oils oxidize in any environment (stored in the dark, in the refrigerator, etc.) [START_REF] Rudbäck | Essential oils can contain allergenic hydroperoxides at eliciting levels, regardless of handling and storage[END_REF] . Thus, oxidation of a product can occur both before formulation of the product (during production or transport from the fragrance producer), during formulation, during transport of the consumer product (e.g., shampoo or cream), during storage, and during use. The presence of antioxidants is considered a protective factor for chemical degradation, but their usefulness has been shown to last for a limited time period. In the case of limonene, it has been demonstrated that the antioxidant butylated hydroxytoluene (BHT) will prevent degradation during a certain period, but will be consumed, after which the oxidation of the terpene will occur [START_REF] Karlberg | Influence of an anti-oxidant on the formation of allergenic compounds during auto-oxidation of d-limonene[END_REF] .

Challenges in Lim-OOHs and Lin-OOHs path testing

Patch testing with standardized patch test material of oxidized limonene 3% (standardized content of Lim-OOHs at 0.3%; hydroperoxides of limonene 0.3% pet.®) and oxidized linalool 6% (standardized content of Lin-OOHs at 1.0%; hydroperoxides of linalool 1.0% pet.®) (Chemotechnique Diagnostics AB, Vellinge, Sweden [START_REF] Bråred Christensson | Air-oxidized linalool: a frequent cause of fragrance contact allergy[END_REF][START_REF] Bråred Christensson | An international multicentre study on the allergenic activity of air-oxidized R-limonene[END_REF] ) has now been performed in most large studies, showing consistent and stable results. Both selected Lim-OOH and Lin-OOH concentrations allow to better identify doubtful and irritant reactions than lower concentrations. [START_REF] Deza | Contact sensitization to limonene and linalool hydroperoxides in Spain: a GEIDAC* prospective study[END_REF] A large part of the positive reactions has been judged relevant by the clinicians.

A great number of patients with positive patch test reactions to Lim-OOHs 0.3% pet. and Lin-OOHs 1.0% pet. show no concomitant reactions to other fragrances or related substances.

If Lim-OOHs 0.3% pet. and Lin-OOHs 1.0% pet. are not used for routine patch test, especially in patients without other fragrance allergies, a large part of the fragrance-allergic patients will not be informed of fragrance allergy, exposing them to the risk of a relapsing episodes of clinical ACD, without the possibility of secondary prevention strategies.

Therefore, Lim-OOHs 0.3% pet. and Lin-OOHs 1.0% pet. should routinely be tested in patients suspected of having fragrance allergy.

At present it seems that positive patch test reactions to Lim -OOHs and Lin-OOHs still do not fulfill the necessary criteria to justify their inclusion in the European baseline series, although some countries already use them in their national baseline series [START_REF] Wilkinson | The European baseline series: Criteria for allergen inclusion with reference to formaldehyde releasers[END_REF] . One challenge when performing Lim-OOHs and Lin-OOHs patch tests is the misinterpretation of positive reactions due to the considerable percentage of doubtful and irritant reactions. In cases of weak patch test reactions, it is important to rule out a false positive, irritant reaction. A ROAT may then help to distinguish true contact allergies from irritant reactions [START_REF] Bråred Christensson | Positive patch test reactions to oxidized limonene: exposure and relevance[END_REF][START_REF] Bennike | Allergic contact dermatitis caused by hydroperoxides of limonene and dose-response relationship-A repeated open application test (ROAT) study[END_REF][START_REF] Johansen | Quantitative aspects of isoeugenol contact allergy assessed by use and patch tests[END_REF] .

How to reliably assess Lim-OOHs and Lin-OOHs exposure is still difficult, and sensitization and elicitation limits of Lim-OOHs and Lin-OOHs in products remain unknown.

Finally, further patch test materials for assessing fragrance allergy need to be developed to be up to date with current exposures to fragrances. Many other fragrance terpenes are known to be pre-or prohaptens (e.g., geraniol, citronellol, linalyl acetate, eugenol) and are known to be altered by air oxidation and/or skin metabolism and patch test materials need to be adjusted for this [START_REF] Karlberg | Activation of non-sensitizing or lowsensitizing fragrance substances into potent sensitizers -prehaptens and prohaptens[END_REF] .

Conclusions

We currently recommend that Lim-OOHs 0.3% pet. and Lin-OOHs 1.0% pet. should be patch tested in all patients with suspected fragrance allergy. Additionally, it might be considered to include them in the baseline series [START_REF] Deza | Contact sensitization to limonene and linalool hydroperoxides in Spain: a GEIDAC* prospective study[END_REF][START_REF] Wlodek | Recommendation to test limonene hydroperoxides 0•3% and linalool hydroperoxides 1•0% in the British baseline patch test series[END_REF] , as positive reactions are frequently relevant as such allowing the detection of additional cases of fragrance allergy. However, the routine patch test conditions of these materials, as well as their sources of exposure should be better clarified before definitely "allowing" them in a "reference series" that should be practical/usable by "all" dermatologists, also the less experienced ones. Testing Moreover, more work should be done to develop stable and reliable methods for detection of hydroperoxides in complex consumer products to identify and confirm the actual exposure sources causing sensitization and elicitation of ACD.

It should be kept in mind that the discussion on the general interest about when and how patch testing for some common skin contact allergens should be performed transcends the boundaries of our daily practice and has a direct impact on the health of our patients and on all preventive measures designed to avoid a public and multidisciplinary problem.
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  paramagnetic resonance (EPR) spectroscopy, committed to the study of reactive free radical species, in combination with the spin trapping (ST) technique. EPR-ST is nowadays the best method to identify transient radicals in chemical and biological systems 21 . Hydroperoxidederived radicals are generally very short-lived or are formed at a too low concentration to be directly detected by EPR. Then, the EPR-ST methodology is employed. EPR-ST is based on the reaction of a spin-trap with a transient radical to form a longer half-life radical adduct detectable by EPR. For many years, EPR-ST experiments were carried out in solution by activating hydroperoxides with Fe(II) to induce radical initiation. The use of spin-traps such as 5-diethoxyphosphoryl-5-methyl-1-pyrroline N-oxide (DEPMPO) and 5,5-dimethyl-1pyrroline N-oxide (DMPO) allowed the identification of different oxygen-and carboncentered free radicals derived from the target compounds 22 . These studies revealed that several intermediate reactive radicals could be possible depending on the hydroperoxide chemical structure, suggesting that different chemical modifications of immunogenic proteins could lead to sensitization. However, these in-solution studies are far from mimicking real-life scenarios. With the aim to produce the in vivo model, a new EPR-ST methodology has been developed to investigate in situ the formation and behaviour of hydroperoxide-derived free radicals in a 3D model of reconstructed human epidermis (RHE)

  simultaneously lower concentrations, such as Lim-OOHs 0.2% and Lin-OOHs 0.5%, may help in interpretation of patch test results, discovering contact allergies. Moreover, weak (+) reactions should always be interpreted with caution as they may still, in fact, represent irritant reaction. Relevance assessment should include an in-depth evaluation of exposure to limonene and linalool in different types of products and thus a comprehensive exposure history. Therefore, the development of patient questionnaires in which exposure and skin problems are assessed prior to testing may allow for better evaluation of clinical relevance[START_REF] Bråred Christensson | Positive patch test reactions to oxidized limonene: exposure and relevance[END_REF] .
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 1 Figure 1. Chemical structures of linalool, R-(+)-limonene and corresponding sensitizing hydroperoxides.
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 2 Figure 2. Radical decomposition of Lin-7-OOH.

Figure

  Figure3. EPR-ST methodology developed in RHE EpiSkin TM and applied here to Lin-OOHs using DEPMPO as spin-trap. Experimental EPR spectra are analyzed by means of computer simulation using labmade scripts based on Easyspin toolbox under Matlab (Mathworks) environment. It is shown the EPR experimental spectrum (Exp) of Lin-OOHs (10mM)/DEPMPO (250 mM) in RHE, together with computer simulation (Sim) and deconvolution affording spectra of adducts representing trapping of hydroxy, carbon and alkoxy radicals formed in the epidermis[START_REF] Kuresepi | Mechanistic insights on skin sensitization to linalool hydroperoxides: EPR evidence on radical intermediates formation in reconstructed human epidermis and 13C NMR reactivity studies with thiol residues[END_REF] .
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Table 1 .

 1 3. EPR-ST methodology developed in RHE EpiSkinTM and applied here to Lin-OOHs using DEPMPO as spin-trap. Experimental EPR spectra are analyzed by means of computer simulation using labmade scripts based on Easyspin toolbox under Matlab (Mathworks) environment. It is shown the EPR experimental spectrum (Exp) of Lin-OOHs (10mM)/DEPMPO (250 mM) in RHE, together with computer simulation (Sim) and deconvolution affording spectra of adducts representing trapping of hydroxy, carbon and alkoxy radicals formed in the epidermis[START_REF] Kuresepi | Mechanistic insights on skin sensitization to linalool hydroperoxides: EPR evidence on radical intermediates formation in reconstructed human epidermis and 13C NMR reactivity studies with thiol residues[END_REF] . Prevalence of positive reactions to linalool and limonene ("pure" or not intentionally oxidized / not deliberately oxidized) when patch tested at different concentrations in various studies

		Test	Number	Positive	Study
		Concentration	tested	cases (%)	
		(%)			
	Limonene	10	4731	0.2	Audrain et al. (2014) 40
		2	2396	0.1	Schnuch et al. (2007) 63
		2	320	0	van Oosten et al. (2009) 64
		2	1241	0.88	Uter et al. (2010) 65
		2	1200	0	Santucci et al. (1987) 66
	Linalool	30	179	0	de Groot et al. (1985) 67
		20	1825	0.2	de Groot et al. (2000) 68
		10	320	0.6	van Oosten et al. (2009) 64
		10	985	0.16	Uter et al. (2010) 65
		10	2401	0.2	Schnuch et al. (2007) 63
		10	4731	0.3	Audrain et al. (2014) 40

Table 2 .

 2 Prevalence of positive reactions to oxidized R-limonene/Lim-OOHs when patch tested at different concentrations in various studies.

	Test	Number	Positive	Doubtful	Irritative	Study
	Concentra	tested	cases %	cases %	cases %	
	tion of					
	Lim-					
	OOHs (%)					
	0.1*	3639	1.4	0.7	0.3	Deza et al. (2017) 33
		4563	1.3	1.2	0.6	Wlodek et al. (2017) 34
	0.2**	3639	3.4	0.6	0.8	Deza et al. (2017) 33
		4563	3.2	2.1	0.9	Wlodek et al. (2017) 34
	0.3***	5773	5.1	7.9	0.1	Sukakul et al. (2021) 35
		821	9.4	17.2	0.9	Dittmar & Schuttelaar
						(2019) 43
		2084	4.3	1.4	1.4	Ung et al. (2018) 69
		103	8	--	--	Nath et al. (2017) 70
		3639	5.1	0.4	1.5	Deza et al. (2017) 33
		4563	5.3	2.4	2	Wlodek et al. (2017) 34
		6004 63	2.5	13.7	5.8	Bennike et al. (2016,
		3843 64				2017) 45,71
		1292	5	4.3	9.8	Sabroe et al. (2016) 72

Table 3 .

 3 Prevalence of positive reactions to oxidized linalool/Lin-OOHs when patch tested at different concentrations in various studies.

	Test	Number	Positi	Doubtf	Irritativ	Study
	Concentra-	tested	ve	ul cases	e cases	
	tion of Lin-		cases	(%)	(%)	
	OOHs (%)		(%)			
	0.25*	3639	1.3	0.9	0.2	Deza et al. (2017) 33
		4563	2.5	2.9	1.1	Wlodek et al. (2017) 34
	0.33% **	1693	0.83	1.9	0	Christensson et al. (2010) 30
	0.33%**	1511	1.3	--	--	Matura et al. (2005) 29
	0.5***	3639	2.9	0.8	1.2	Deza et al. (2017) 33
		4563	5.1	3.4	2	Wlodek et al. (2017) 34
	0.66%****	2075	3.2	5.1	0.34	Christensson et al. (2010) 30
	1.0% *****	5773	7.0	10.1	0.2	Sukakul et al. (2021) 35
		821	11.7	21.9	1.9	Dittmar & Schuttelaar (2019) 43
		2084	7.4	1.5	1.5	Ung et al. (2018) 69
		3639	4.9	0.5	1.9	Deza et al. (2017) 33
		4563	7.7	2.9	3.9	Wlodek et al. (2017) 34
		103	20	--	--	Nath et al. (2017) 70
		6004	3.9	20.9	7.2	Bennike et al. (2016, 2017) 45,71
		4731	5.9	--	5.9	Audrain et al. (2014) 40
		2900	6.9	9.2	1.3	Christensson et al. (2012) 31
		1725	5.3	3.4	0.23	Christensson et al. (2010) 30
		1292	9.8	6.6	13.6	Sabroe et al. (2016) 72
	1.8%*****	1004	7.2	7.3	0.7	Christensson et al. (2010) 30
	*					
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