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Introduction 

 

A substantial, divergent set of chemicals possess the intrinsic hazard of being able to 

induce the state of contact allergy in humans (summarised in Rietschel and Fowler, 

2008; Johansen et al, 2011).  Toxicologically, these chemicals are described as skin 

sensitizers and for decades have been identified by in vivo methods in the guinea pig or 

the mouse (Andersen and Maibach, 1985; Kimber and Basketter, 1992).  Once an 

individual has become sensitized, i.e. has developed contact allergy, then given further 

and sufficient exposure they are inevitably at risk of the expression of the clinical 

disease we recognise as allergic contact dermatitis (ACD).  The large majority of 

individuals who are exposed to skin sensitisers neither develop detectable contact 

allergy nor do they express allergic contact dermatitis (Krasteva et al., 2009; Basketter 

et al., 2011a).  However, with regard to fragrance ingredients, a recent epidemiological 

study indicates a prevalence of 0.9-4.1% of fragrance contact allergy in the European 

Union (Rossi et al., 2010; Naldi et al, 2014).  The frequency of positive diagnostic patch 

tests in dermatology clinics has remained elevated, with 1 in every 7 patients positive in 

a recent report (Mann et al, 2014).  Thus, dermal sensitization to fragrance ingredients 

remains a significant issue.  However, the material that follows relates to all chemical 

skin sensitisers and not specifically to fragrance substances. 

 

The processes associated with the risk assessment of skin sensitizing chemicals have 

evolved considerably in the last two decades.  In part this has arisen because of the 

appreciation of the large variation in the intrinsic induction potency of skin contact 

sensitizers, covering approximately 5 orders of magnitude (Gerberick et al, 2005; Kern 

et al, 2010).  In 2008, a proposal was made for the dermal sensitization Quantitative 

Risk Assessment (QRA) for fragrance ingredients (Api et al., 2008).  This has 

subsequently been used to establish industry guidelines, for risk assessment and as a 

basis for risk management of fragrance ingredients in cosmetics and household products 

(Api et al, 2013).  The existing QRA process defines an Acceptable Exposure Level 

(AEL) for daily consumer exposure, expressed in µg/cm
2
, which is based on a weight of 

evidence derived No Expected Sensitization Induction Level (NESIL), and to which 

various Sensitization Assessment Factors (SAFs) are applied.  The use of µg/cm
2
 is 
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based on the evidence that this measure represents the key metric governing the 

induction of skin sensitization (Kimber et al, 2008).  The NESIL represents an exposure 

level which, in a Human Repeat Insult Patch Test (HRIPT) should not induce skin 

sensitisation, and then uses this level as the point of departure for the risk assessment.  

The NESIL represents the highest dose that would not induce sensitization in 100 

subjects under the conditions of HRIPT exposure.  However, other limitations relating 

to the HRIPT have to be borne in mind: for example, even when it is actually carried 

out, there will often only be one dose tested, and the NESIL defined as this dose 

(assuming that the expected outcome, no evidence of skin sensitization, was observed).  

Thus the measured NESIL may well be lower than the actual threshold dose which just 

fails to induce skin sensitization.  It is understood that the number of subjects in a 

typical HRIPT offers limited resolving power, such that use of the HRIPT for more 

general prediction of human safety is inappropriate (Basketter, 2009; Gefeller et al, 

2013).  Human heterogeneity, the great diversity of the chemicals and wide range of 

uses to which they are put, introduces complexity which needs to be considered within 

the risk assessment of potential sensitising ingredients. For this reason, SAFs are 

applied to the NESIL to derive an AEL that is relevant for the whole population, and 

encompasses all allergens and exposure situations. 

 

The current approach to skin sensitization quantitative risk assessment (QRA) has been 

fully detailed elsewhere, including documentation of the underlying assumptions used 

in deriving the SAFs (Gerberick et al, 2001; Felter et al, 2002, 2003; Api et al, 2008).  

Since those publications, a significant new body of scientific, clinical and consumer use 

data has become available that permits verification and possible revision of parts of the 

assessment process proposed in 2008.  A number of reviews have appeared (e.g. 

Friedmann and Pickard, 2010; Thyssen et al, 2012) that provide more detail on some 

aspects that we touch on here.  However, the present paper endeavours to summarise 

available data in the context of sensitising fragrance ingredients used in consumer 

products, although the principles outlined hereafter could be extended assessing the risk 

of dermal sensitization due to other allergenic materials and in other exposure scenarios.  

Proposals made in this paper reflect the current state of knowledge, but are not 

represented as the ultimate definitive risk assessment procedure.  It can be anticipated 
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that further advances in knowledge will lead to additional improvements of this 

procedure.  It is also recognised that while the aim of QRA is the prevention of 

induction of allergy, it is probably impossible to achieve this in the whole population 

and in all feasible exposure scenarios. 

 

Finally, it is essential to be aware that this review does not address such aspects as the 

reliability of in vivo, in vitro or in silico predictions (e.g. as detailed in Thyssen et al, 

2012). Neither, since the goal is to avoid the induction of contact allergy, does it 

consider matters concerning the elicitation of allergic contact dermatitis, except where 

these specifically enlighten our understanding of the variables associated with the 

induction of contact allergy, thus facilitating the conduct of a thorough risk assessment. 
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Background and Definitions 

 

Skin sensitizer: a chemical which possesses the intrinsic toxicological property (i.e. 

hazard) that with sufficient skin exposure in humans it can cause the induction of skin 

sensitization/contact allergy. 

 

Contact allergy: the asymptomatic condition which an individual has when they are 

sensitized to a specific chemical, and which can be detected by a diagnostic patch test. 

 

Diagnostic patch test: a clinical procedure designed to reveal whether an individual has 

contact allergy and who is then susceptible to the development of allergic contact 

dermatitis upon subsequent exposure to the allergen. 

 

Allergic contact dermatitis (ACD): the eczema elicited following sufficient skin 

exposure in an individual who has contact allergy. 

 

Frequency/prevalence: these and related terms endeavour to follow their standard 

usage in epidemiology 

 

Irritant contact dermatitis: an eczema clinically very similar to ACD, but of non-

immunologic origin. 

 

Hazard identification/characterisation: these terms refer specifically and exclusively 

to the elucidation of the intrinsic skin sensitizing properties of chemicals. 

 

Risk assessment/characterisation: this term refers to the process by which skin 

sensitization hazard information is combined with exposure data to determine the 

likelihood of an exposure resulting in the induction of contact allergy and is thus the 

risk quotient of the induction of contact allergy and the exposure (both in µg/cm2). 
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Risk management: this refers to the actions taken to control exposure to a skin 

sensitizer where the risk assessment indicates that the development of contact allergy 

would otherwise be likely to occur. 

 

Atopic: a genetic disposition to develop an allergic reaction (allergic rhinitis, asthma, or 

atopic dermatitis) associated with elevated levels of IgE to an environmental antigen 

and especially one inhaled or ingested.  (Note that this allergy mechanism is wholly 

different from that associated with the development of contact allergy.) 

 

 

The primary aim of safety assessment must be to avoid the induction of contact allergy 

by skin sensitizers and it is to this end that the quantitative risk assessment approach 

discussed herein is directed.  In some cases, it may also be necessary to identify safe 

exposure levels for sensitized individuals and ensure the implementation of adequate 

risk management control.  This latter aspect falls outside the scope of this current 

review, which is directed wholly to that part of the risk assessment whose aim is to 

establish levels of exposure which are anticipated not to cause the primary induction of 

contact allergy.  More important has been the development of a risk assessment strategy 

whose aim is to predict maximum safe exposure levels (with respect to the induction of 

contact allergy) using a transparent quantitative approach (Api et al, 2008).  In the 

present material, a number of these key aspects are revisited and critically reviewed and, 

where appropriate, proposals are made for refinement of the QRA process.  As a note of 

caution, it nevertheless remains the case, as with risk assessment for other toxicological 

endpoints, that a considerable amount of expert judgement is required for the 

interpretation and practical application of the information. It is for that reason that three 

SAFs must be applied:  

 

1. The Inter-individual SAF is applied to account for biological variability between 

individuals in the population at risk. 

2. The Matrix SAF is applied to account for the influence of product formulation. 
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3. The Use SAF is applied to account for differences in normal use of the product, 

taking into account body areas of skin to which the product is applied and the 

frequency and duration of product use. 

Normally, no inter-species factor is required since the NESIL is predicated on 

confirmatory studies in humans, or is based on an extrapolation from an in vivo murine 

threshold which can directly be used to predict the human NESIL (Griem et al, 2003; 

Basketter et al, 2005; Api et al, 2008; Safford, 2008; Safford et al, 2011; Api et al, 

2014).  Where there is specific knowledge of an important difference between human 

susceptibility and that associated with the test system used to generate a NESIL, then 

this should be taken into account on a case by case basis. This aspect is not addressed in 

this document. 
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Rationale for the Scientific Review 

 

The aim of the QRA process, as with risk assessments for other toxicological endpoints, 

is to take data on the sensitisation potency of a chemical in an experimental situation 

and extrapolate this to consumer exposure in an in-use situation and thereby define a 

safe exposure level.  The QRA is founded on the principle that induction of skin 

sensitization is threshold based (Kimber et al, 1999, 2008; Boukhman and Maibach, 

2001; Basketter et al, 2002).  That is, there is a level of dermal exposure to a skin 

sensitizer at, or below which, sensitization induction will not occur in an individual.  

This is consistent with the principles used for assessing many other non-genotoxic 

endpoints.  Therefore, in a similar manner to other repeated dose toxicology endpoints, 

skin sensitisation risk assessment is conducted by applying uncertainty factors (SAFs) 

to the experimentally derived NESIL to account for areas of uncertainty and 

extrapolation from the experimental to real life conditions to derive an Acceptable 

Exposure Level (AEL) in the in use exposure situation.  In setting the values of the 

SAFs, it is necessary to consider those aspects which may influence the degree of 

sensitisation, and also to consider how these aspects differ between the experimental 

situation and consumer exposure. 

 

As previously mentioned, the NESIL is normally based on a weight of evidence 

decision, including a confirmatory HRIPT, thus no inter-species extrapolation is 

required.  Whilst it is recognised that QRAs may be conducted based on results from 

animal experiments alone, it is appropriate here to consider interspecies factors since the 

key animal data, the LLNA EC3 value, has been correlated directly with human 

experimental induction threshold data, which therefore has any interspecies variation 

implicitly built into it (Ryan et al, 2000; Griem et al, 2003; Basketter et al, 2005; 

Basketter and McFadden, 2012; Api et al, 2014).  This review is therefore concerned 

with other factors which may have an impact on skin sensitisation.  As a starting point, 

a comparison is made of the conditions of the HRIPT and in use exposure to allergens.  

This is shown in Table 1.  From this comparison a number of factors can be identified 

which are likely to be important in defining SAFs.  These are: 
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1. Inter-individual variability 

2. Site of exposure 

3. Skin condition at site of exposure 

4. Solvent/Matrix  

5. Occlusion 

6. Frequency and duration of exposure 

 

The reader is reminded that in the material above, the mention of exposure variables is 

solely done in the context of understanding how to accommodate differences between 

the HRIPT exposure scenario and consumer use in order to define SAFs.  Actual 

consumer use of products, and thus allergen exposure dose information expressed in 

µg/cm
2
 is taken up later in the risk assessment process.  
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Table 1 Experimental and in use exposures compared 

Experimental (HRIPT) In use exposure 

Studies are usually conducted in 100 

subjects selected from a healthy adult 

population (including both genders) 

Consumers may encompass the whole 

population, including a range of age, 

gender and ethnic origin 

Subjects are chosen to exclude any with 

skin disorders, compromised skin (at the 

patch site) or any other major illness 

Subjects include those with skin disorders, 

compromised/inflamed skin and other 

forms of illness that may affect skin 

sensitisation 

Patches are normally applied to the arm 

or back of individuals 

Products may be used all over the body, 

including areas of particular susceptibility 

The chemical is applied in a simple 

solvent system (e.g. diethyl 

phthalate/ethanol, petrolatum) 

The chemical is in a product matrix that 

may include ingredients that cause mild 

irritation/dryness or enhance skin 

penetration.  In addition the physical state 

of the products will vary (liquid, 

cream/lotion, solid) 

Exposure is under full occlusion 

 

Exposure may be non-occluded, or at 

worst semi-occluded (under clothing or 

underarms) 

Exposure is for 24/48 hours under 

occlusion three times per week.  

Exposure is generally intermittent, 

especially in the case of rinse-off products.  

More continuous exposure may occur with 

some leave-on products  

The exposure period is limited to 3 

weeks 

Exposure may be limited or occur over 

extended periods of time (months or years) 
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Review of evidence for defining inter-individual variability 

 

As with all physiological processes, there exists a large degree of variability in the 

sensitization induction thresholds within the general population.  So some individuals 

may develop contact allergy following exposure to relatively low levels of a sensitizer, 

whereas others tolerate much higher exposures without induction.  It is also possible 

that the sensitization threshold of an individual will change over time, perhaps linked to 

their physiological and/or health status.  In this respect, it is also pertinent to consider 

whether there exist particularly sensitive subpopulations which will require special 

consideration within any risk assessment and any subsequent risk management.  In the 

context of skin sensitization therefore, two specific questions have to be addressed: 

what is understood regarding the spectrum of susceptibility to the induction of contact 

allergy arising from exposure to skin sensitizing chemicals, and whether within this 

spectrum there is a particular subset of individuals who are especially at risk and how 

best to manage this risk. 

 

There are potentially three sources of information which can contribute to our 

appreciation of the spectrum of susceptibility to the induction of contact allergy.  The 

first of these is formed by experimental studies carried out in naive subjects where there 

has been some investigation of induction dose response relationship.  In the original 

development of the human maximisation test (HMT) a small number of skin sensitizers 

was tested at different induction doses to assess the protocol.  The results, expressed as 

the % sensitized, showed that a 1000 fold span in concentration for several skin 

sensitizers was sufficient to cover the majority of the induction range – see Table 2 

(adapted from Kligman, 1966a and 1966b).  Note that the typical group size is 25 

individuals, whose skin had been subjected to a moderate inflammatory stimulus 24 

hours prior to treatment with contact allergen, which might produce a “frame shift”, but 

is unlikely to narrow the range of susceptibility.  As indicated, Penicillin G used 0.2% 

as the lowest test concentration and might be anticipated to be, just, positive also at 

0.1%; it is a moot point whether testing at 100% would have sensitised all individuals in 

the HMT protocol, but the shape of the curve suggests that would be the case (graph not 

shown).  A few weaker allergens tested produced only a modest degree of sensitization 
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induction, even at an induction concentration exceeding 25%, which means that they 

cannot make a clear contribution to the picture concerning human variability, and hence 

they have not been included in Table 2.  Nevertheless, at least in the context of the 

HMT protocol, it seems likely that the spectrum of induction susceptibility in healthy 

humans would be accommodated within a range of approximately 3 orders of 

magnitude.  When reviewing this data, it must be kept in mind that the extent to which 

the individuals in these studies had previously been exposed to these sensitizing 

chemicals is unknown.  Of course had they already been substantially sensitized prior to 

the study, then their early reaction during the experiment would have become evident, 

but no notes to this effect appear in the publication. 

 

Table 2 Induction dose response data from the HMT 

Substance 
Induction concentration (%) 

0.1 1.0 5.0 10 25 

Furacin 0%
1 

12% ND
2 

28% 62% 

Monobenzyl ether of 

hydroquinone 

12% 30% ND 64% 99% 

Neomycin ND 0% ND 16% 31%   

p-Phenylenediamine 21% 68% ND 100% 97% 

Penicillin G 9%
1
 18% 28% 44% 59% 

Streptomycin 4% 36% ND 78% 87% 

Technical Malathion 4% 32% ND 100% 100% 

Tetrachlorosalicylanilide 24% 68% 86% 98% ND
2 

Thephorin 9% 25% ND 44% 100% 

1
Induction concentration was actually 0.2% for this substance;  

2
ND = not done 

 

In a second, smaller, series of experimental studies, the HRIPT was deployed to 

investigate induction dose response relationships (Marzulli  and Maibach, 1974).  The 

results generally do not cover the majority of the induction dose response range, but the 

most useful information available is given in Table 3.  Only the results from p-

phenylenediamine are really informative, covering a good portion of the induction dose 

response curve; they are also reasonably consistent with the conclusion from the HMT, 
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that a 1000 fold concentration range for induction would be likely to cover the majority 

of induction variability in humans.  Other HRIPT dose response data have been 

published, but cover only a limited range of doses, used small test groups and generated 

very low levels of response, such that they cannot contribute meaningfully to the 

present analysis (e.g. Weaver, 1983). 

 

Table 3 Induction dose response data from the HRIPT 

 

Substance 

Induction concentration (%) 

0.01 0.1 1.0 2.0 5.0 10 20 

Benzocaine ND ND ND 0% ND 1% 6% 

Bronopol ND ND ND     0% 12% ND ND 

Formalin ND 0% 5% 6%
1 

ND 8% ND 

Glutaraldehyde ND 0% ND ND 23% ND ND 

p-Phenylenediamine 7% 11% 53% ND ND ND ND 

1
Induction concentration was actually 3% for this substance 

 

With respect to both Tables 2 and 3 above, it is worth noting that there is variability in 

human testing, particularly when the work is done with relatively small groups, such as 

in the HMT, where normally n = 25.  A series of HMTs on citral tested at 5% in 

petrolatum gave responses ranging from 32% to 64% of test subjects positive; overall 

61/124 (49%) were sensitized at this dose (Lalko and Api, 2008).  With a 4% citral 

induction dose, positive responses ranged from 12% to 36%; overall 29/150 (20%) were 

sensitized.  Single data points at 2% citral induction dose, where just 8% were 

sensitized and at 8% citral, where 33% were sensitized, completed the HMT dose 

response.  Also, one should be aware that in some of the human testing, the challenge 

(elicitation) dose used remained the same as that for induction, an important error since 

it means that the true number sensitized may have been greater.  Strictly speaking, the 

maximum non-irritant concentration should always be used for elicitation phase, at least 

for the first challenge, since the aim of the work was to examine the extent to which 

skin sensitization has been induced. 
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In addition to the above datasets, it is also appropriate to mention the work conducted 

by Friedmann and colleagues (reviewed in Friedmann, 2007).  Of particular note is that 

an experimental study of induction dose response relationships using 2,4-dinitrochloro-

benzene (DNCB).  The evidence here has the benefit that one can be confident that the 

individuals had not had prior exposure to the chemical and were therefore 

immunologically naïve at the start of the study. With that in mind, whereas a single 

induction dose of 62.5 µg/cm
2
 induced sensitization in only 8% of those exposed, an 

induction dose of 1000 µg/cm
2
 sensitized 100% of those exposed, suggesting, at least 

for this potent allergen, that the range of susceptibility might be a little more limited 

than that found with weaker sensitizers. Indeed, it might be reasonable to generalise 

from this that for weaker allergens, the range of inter-individual susceptibility to the 

induction of skin sensitization is potentially wider than for the strongest of allergens, 

although the HMT for citral mentioned above is not entirely consistent with such a 

concept.   

 

Another potential source of information concerning the spectrum of human 

susceptibility to the induction of contact allergy derives, in theory at least, from the 

more general clinical data associated with the investigation and diagnosis of allergic 

contact dermatitis.  However this information is almost always too complex to interpret, 

not least since most aspects of the exposure(s) responsible for the induction of allergic 

contact dermatitis is (are) at best poorly defined.  Consequently the data generally serve 

only to illustrate that humans are heterogeneous with respect to the induction of contact 

allergy.  To give just a couple of relatively simple examples, it is well known that hair 

dyes are a significant cause of allergic contact dermatitis, yet at the same time it is 

evident that the large majority of exposed individuals develop neither contact allergy 

nor do they express allergic contact dermatitis (Basketter et al., 2011; Krasteva et al., 

2011).  Similarly, it is evident in many occupational settings that it is often only a 

minority of the workers exposed to a variety of skin sensitizing chemicals (e.g. epoxy 

resins, acrylates, rubber chemicals etc.) that develop allergic skin disease, typically hand 

eczema (reviewed in Kanerva et al, 2000).  However, it is not possible from this 

information to place a quantitative figure on the individual differences, except to be 

aware that they exist.  It should be noted that examples also exist where, when exposure 
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was high and involved a potent occupational allergen, then a substantial proportion of 

workers have be shown to be sensitised (e.g. Rasmussen et al, 2005). 

 

A corollary to inter-individual variation in the susceptibility to the induction of contact 

allergy in humans is whether there exist specific sensitive subpopulations.  In general 

terms, there is little evidence that basic factors, such as age, gender and ethnic origin 

play a significant role (reviewed in Rietschel and Fowler, 2008).  Frequently, apparent 

differences, are attributable to variations in exposure patterns, e.g. use of hair dye in 

different groups, specific product use patterns in children versus adults and so on.  A 

key difficulty lies in the reality that only a little controlled experimental data exists: 

studies using the HMT and 5 different allergens induced allergy in 62% of the 

Caucasian panel compared to 45% of the African American panel, a modest difference 

(Kligman, 1966b).  In reality, the most important factor in the acquisition of contact 

allergy and the expression of ACD is the degree of exposure to the skin sensitizing 

chemical (Modjtahedi et al, 2004; Bryld et al, 2004; Schnuch et al, 2011). However, 

where the immune system is not yet fully functional, e.g. during the first months of life, 

it is much harder to induce contact allergy (Epstein, 1961; Cassimos et al, 1980).  Also, 

in later life, there is some evidence that induction may become easier (recently reviewed 

in McFadden et al, 2013).  However, this remains controversial. Studies using DNCB 

show that responsiveness does not diminish until after about 80 years of age (Friedmann 

and Pickard, 2010).  It seems then that age, as with ethnicity and gender, is not an 

important source of variability. 

 

Some experimental evidence has also suggested females are a little more susceptible 

than males (Rees et al, 1989), whereas in another study, a greater susceptibility in males 

was detected (Morrissey et al., 2008).  Although data on the elicitation of previously 

acquired allergies is confounded by other factors such as exposure, it is interesting to 

note that in an extensive study on sensitivity to Peru balsam in patients there was only a 

small increase in the prevalence ratio to females (1.13 (95%CI: 1.06-1.20)
 
(Uter et al., 

2002).  All in all, the weight of evidence supports the view that females and males react 

similarly to contact allergens (Robinson, 1999; Felter et al., 2002). 
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The aspects covered in the material previously detailed concerning inter-individual 

variability (age, gender, skin site/condition, the presence of inflammation etc) do not 

really address what is meant by specifically sensitive subpopulations, which will be 

tackled in the material that follows.  Notably, studies designed to investigate whether 

there are any genotypes associated with contact allergy have failed to identify more than 

a few modest indicators of susceptibility (reviewed in Schnuch et al, 2011; Friedmann 

et al, 2015).  In addition, studies on the susceptibility of individuals with atopic eczema 

to the development of contact allergy generally suggest that this population does not 

overexpress ACD; some work shows that atopics are less susceptible (Rees et al, 1990), 

other analysis indicates a slightly elevated susceptibility (Thyssen et al, 2012).  Atopics 

and non-atopics have been shown to possess an almost identical frequency of contact 

allergy to fragrances (Buckley et al, 2008).  In terms of the prevalence in patients who 

are allergic to Peru balsam, the preponderance of those who had present or past atopy is 

only at an odds ratio of 1.02 (95%CI: 0.95-1.10 (Uter et al., 2002).  Generally, there is a 

body of conflicting data, suggesting that the effect of an atopic diathesis on the 

induction of contact allergy is unremarkable.  A similar, but less well investigated, 

picture could be demonstrated for psoriatics, who may in fact be less susceptible (Barile 

et al, 1996; Bangsgaard et al, 2009).  Indeed, generally speaking, it is evident that 

patients with autoimmune disease are less susceptible to sensitization (Bangsgaard et al, 

2011).  

 

Active sensitization induction experiments in humans that already have multiple contact 

allergies (and are therefore assumed to represent the more sensitive sub-population) 

have produced inconsistent data, but which, taken overall, indicate that multi-sensitized 

individuals appear to be somewhat more susceptible, to an extent that could be 

accommodated by a 3-fold safety factor (Friedmann, 1985; Bangsgaard et al, 2010).  

Notably, these results from this work also suggest that those with multiple unrelated 

sensitisations become more sensitised and so have a lower elicitation threshold.  Such 

observations are consistent with the unreported clinical experience that it is generally 

only those with multiple sensitisations that are likely to be positive to the weakest 

contact allergens in diagnostic patch test (Klaus Andersen, personal communication). 
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Lastly, one other indicator that is positively associated with the development of contact 

allergy is an individual’s susceptibility to irritant induced inflammation (Smith et al, 

2000; Nagtegaal et al, 2012).  Unfortunately, these studies do not quantify the effect, 

but are consistent with it being less than an order of magnitude. 

 

There may be an enhanced predisposition to sensitisation caused by lesions to which 

fragranced medication will be applied. The classic case involves medicaments applied 

directly to stasis leg ulcers (e.g. Fraki et al, 1979). Rather than include such unusual 

cases as examples of inter-individual variability, a more appropriate approach might be 

to consider such products in a unique category to which are applied appropriately 

increased assessment factors to account for this highly specific situation. 

 

Previously, the European Commission’s Scientific Committee on Consumer Safety 

stated “Very little is known about susceptible groups of the population…” (SCCS, 

2012).  In contrast, notwithstanding the need to recognise that the information available 

is not altogether definitive, it does nevertheless point to a range of human susceptibility 

to the induction of contact allergy which spans at least 3, and more probably closer to 4, 

orders of magnitude.  What cannot be done, however, is to identify for a specific contact 

allergen who the most susceptible individuals might be, and the evidence suggests that 

this population may well differ from allergen to allergen.  Furthermore, it is important 

to understand that the inter-individual SAF is not intended to represent the total 

variability of sensitization threshold values for the entire population.  As noted above, 

there will be extremes, such as stasis ulcer skin sites.  The distribution of sensitization 

threshold values higher than the NESIL will have little, if any, influence on the QRA.  If 

it were possible to conduct an HRIPT on the entire population, then the NESIL would 

represent a true lowest threshold value.  However, since the studies are predicated on a 

small sample of the population, it is necessary to consider the likelihood that there are 

subjects in the population who have a threshold lower than the most sensitive subjects 

in the HRIPT.  An appropriate inter-individual SAF must therefore be applied to 

extrapolate from the experimental situation to the wider population. 
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Overall, the information available suggests that, at least for practical purposes, a 

specific and especially sensitive subpopulation cannot be identified that exists outside of 

the framework of inter-individual variability already accommodated in the QRA 

discussions above.  Hypothetically, it could be argued from a very recent study that 

women over the age of 34 suffering from atopic eczema and who have a history of 

foot/axillary dermatitis are likely to be at somewhat greater risk than the general 

population (Schwitulla et al, 2013).  However, it is not clear whether this observation 

represents a true (patho)physiological difference in this gender/age group with an 

underlying genetic basis, or whether the result is confounded by increased opportunities 

for exposures and (self-)selection bias.  Again, it is emphasised that these do not really 

represent what is meant by specifically sensitive subpopulations and that this type of 

susceptibility is incorporated routinely into all general consumer risk assessments for 

skin sensitization via the QRA SAFs.  

 

 

Review of evidence on the influence of skin site  

 

One important question is whether certain skin sites have an intrinsically lower or 

higher capacity for the induction of sensitization.  It has been reported that the skin of 

the soles of the feet and the palms of the hands have a reduced number of dendritic cells 

(Horton et al, 1984).  This observation correlates with the clinical impression that these 

areas are less prone to sensitization, or at least to the expression thereof (Kligman, 

1966b). Interestingly, this at first sight appears to contrast with the clinical experience 

suggesting foot dermatitis as a risk factor (Schwitulla et al, 2013), but of course the sole 

of the foot is only rarely involved in the clinical expression of ACD.  The limited data 

that exists from guinea pig studies also indicates that skin site per se does not have a 

dramatic effect on the induction of allergic reactions (Magnusson and Kligman, 1970). 

 

There is certainly evidence that the frequency of ACD varies from site to site.  Fifty 

years ago, Kligman noted that ACD was rare on the palms, soles and scalp and most 

common in the eyelids, axillae and scrotum.  However, this may not be an indication of 

susceptibility in these particular sites, but rather a reflection of the locations to which 
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allergens are applied.  Reports of site differences for elicitation/ACD include 

publications citing the axillae (Johansen, et al., 1997, Nardelli et al., 2008), mucosæ 

(Farage et al., 2003), face (Johansen et al., 1998) and hands (Heydorn et al., 2003, 

2003a).  Also in relation to elicitation, the upper arm has been found to be more 

sensitive than the forehead and lower arm in use tests (Hannuksela, 1991).  

Furthermore, an extensive study on patients sensitive to Peru balsam gave the following 

prevalence ratios compared to the trunk: hands or arms: 1.03 (95% CI: 0.94-1.12), foot 

or leg: 1.76 (95% CI: 1.61-1.92), head or neck: 0.94 (95% CI: 0.86-1.03) and “other” 

sites (including face): 0.72 (95% CI: 0.64-0.81) (Uter et al., 2002).  This would seem to 

indicate that even for elicitation, there is not a clear and consistent difference. 

 

Taken together, the available information suggests that skin sites may vary somewhat in 

terms of susceptibility for induction, but quantitative data is largely absent. 

 

 

Review of evidence on the influence of skin condition  

 

A further potential source of variation in skin sensitisation susceptibility could be the 

matter of a compromised skin barrier and/or the presence of dermal inflammation.  

However, these aspects have not to our knowledge been the subject of substantive 

induction dose response investigations, i.e. in pharmacological terms, measuring how 

much the dose response is shifted to the left.  Indeed the material that exists is generally 

in the form of a single dose with an assessment of the impact on induction.  The largest 

study in humans again is that of Kligman (1966a).  The (rather surprising) results 

showed that tape stripping of skin to the glistening layer to produce a fully 

compromised skin barrier, or UV induced inflammation, had only a minor positive 

effect on induction of sensitization (8% sensitised versus 2%).  In contrast, skin freezing 

or pre-treatment with either 5% sodium lauryl sulphate (SLS) or undiluted 

dimethylsulphoxide for 24 hours under occlusion produced a distinctly heightened 

response to all of the 4 contact allergens tested (39% versus 2%).  Data from the guinea 

pig also suggests that physical skin damage was much less important than the presence 
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of irritation/inflammation as a means to enhance sensitization induction (Magnusson 

and Kligman, 1970).   

 

In addition to the above, it is interesting to note that intradermal injection of skin 

sensitizing chemicals in humans appeared to be a particularly ineffective route to the 

induction of contact allergy (Kligman, 1966a), again suggesting that at least for low 

molecular weight substances, it is easy to overestimate the importance of barrier 

function, and perhaps to confound it with the influence of the often concomitant 

inflammation and/or disease state, which may also have a modulatory effect on 

sensitization induction. 

 

Indirect information on the importance of irritant inflammation can be taken from 

studies on the elicitation of ACD.  Studies in nickel sensitive individuals would be 

consistent with an order of magnitude shift lower in the elicitation dose response profile 

(Allenby and Basketter, 1993; Menné and Calvin, 1993).  This occurs in the absence of 

an impact on barrier function (Agner et al, 2002).  A little less than an order of 

magnitude shift in response to concomitant irritancy was noted in ACD elicitation 

studies completed with the preservative methyldibromo glutaronitrile (Pedersen et al, 

2004). 

 

Taken together, the data suggest that the effect of quite distinct skin inflammation, 

though hard to predict, might reasonably be accommodated within a 10 fold increase in 

susceptibility, but it has to be recognised that this is very much a matter of judgement. 

 

 

Review of evidence on the influence of solvent/matrix 

 

Another factor that must be considered in toxicological risk assessment, including 

QRA, is how the vehicle matrix in which human exposure occurs might impact the 

expression of the intrinsic hazard, in this case skin sensitization, of the substance under 

consideration.  For skin sensitizing chemicals, the investigation of their properties 

especially their potency, is likely to have been conducted in a relatively uncomplicated 
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vehicle.  The physicochemical properties of this vehicle and hence the delivery of the 

substance into the skin may differ markedly from real life human exposure to the 

substance in complex product formulations.  Other substances that may be present in the 

matrix of cosmetics or other consumer products are known to affect the penetration of 

other chemicals through the stratum corneum (Schaefer and Redelmeier, 1996, 

Scheuplein and Ross, 1970, Cumberbatch et al., 1993, Heydorn et al., 2003, Hachem et 

al., 2006).  Consequently, the consideration of matrix effects encompasses extrapolation 

from the vehicle used to determine the induction threshold in the experimental situation 

to the product formulation containing the ingredient to which the consumer is exposed. 

The larger the difference between the experimental situation and real life exposure, the 

greater the SAF might need to be.  Accordingly, it is necessary in the risk assessment to 

take account of such differences.  As originally set forth in the QRA approach for skin 

sensitization, it was possible to apply an uncertainty factor which ranged from 1 to 10 to 

account for matrix differences.  However it is worth re-examining the information on 

which this is based to come to a judgement of whether in reality this accounts 

appropriately for the degree of uncertainty. 

 

Firstly, it is necessary to recognise that the effect of vehicles on the skin penetration of 

substances may not be a useful, or even misleading, indicator of the impact on skin 

sensitization, since the former measures what goes through the skin whereas the latter 

depends on what remains (and reacts) within the skin.  For example, barrier disruption 

was demonstrated to have a profound effect on the skin penetration of salicylic acid 

(>100 fold enhancement) (Benfeldt et al, 1999).  However, as had already been 

demonstrated, even removal of the stratum corneum down to the glistening layer 

generated only a very small increase in the frequency of the induction of contact allergy 

(Kligman, 1966b).  The impact on the nickel allergy elicitation dose response occurred 

in the absence of an effect on the barrier (Agner et al, 2002).  What is critical here is the 

evidence of the impact on the induction of contact allergy.  As far as the authors of this 

paper are aware, the most substantial investigations have been carried out using the 

local lymph node assay (LLNA), a tool which permits a quantitative assessment of 

relative potency.  Reviews of the impact of a range of vehicles on expressed potency of 

a variety of skin sensitizing chemicals using the LLNA suggest little more than 10 fold 
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impact on EC3 values, the estimated concentration required to induce a threshold 

positive response in the LLNA, which serves as a measure of relative sensitizing 

potency (Lalko et al, 2004; Jowsey et al, 2008b).  One key conclusion of relevance for 

risk assessment is that with the range of 15 different vehicles and 18 substances that 

were studied in the LLNA, it proved impossible to find general trends which would 

permit an accurate prediction of the effect of the exposure matrix on the expressed 

potency of a skin sensitizer, although it was noted that predominantly aqueous vehicles 

led to an underestimation.  Such a conclusion was supported also by the earlier work in 

the guinea pig: “...no vehicle is optimal...” (Magnusson and Kligman, 1970). 

 

Human data on the impact of vehicles on skin sensitizers, particularly quantitative data, 

are scarce and limited in scope, but are consistent with the above conclusion.  For 

example, the vehicles petrolatum and 95% ethanol differed by a factor of about 3, with 

the latter the more effective, in their ability to elicit reactions in subjects sensitized 

either to cinnamal or costus oil (Marzulli and Maibach, 1976) (see Table 4).  In contrast, 

Kligman had reported that across a range of 11 skin sensitizers and 6 vehicles, on 

balance petrolatum was the most effective for the induction of contact allergy (Kligman, 

1966a).  However, the vehicle differences were not particularly marked, such that the 3-

4 fold range of concentrations tested was able to compensate for the impact of vehicle 

on the induction of sensitization. 

 

Table 4 Impact of vehicle on the induction of skin sensitization 

Allergen Response rate 

 Petrolatum 95% ethanol 

Cinnamal 0% 2% 

Costus oil 8% 25% 

 

As indicated above, the tests used to determine or confirm the NESIL are carried out on 

simple binary matrices of test material and vehicle which are far from the complexity of 

most cosmetics and consumer products.  These may in fact contain numerous 

potentially allergenic substances.  It is not known if indeed mixtures of allergenic 

substances will have an “auto-adjuvant” effect of enhancing induction of allergy to one 
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or more of these. The data we have all relate to elicitation.  For instance patch testing of 

the standard fragrance mixes of several allergenic materials produces more positive 

reactions than tests carried out on their individual constituents (Schnuch et al., 2002, 

Frosch et al., 2005).  A recent review provides further evidence for the enhancement of 

elicitation by mixtures of allergens (Martin, 2012).  This may simply due to the 

elicitation-specific need to recruit sufficient numbers of T-cells to trigger the 

inflammatory response and may be a phenomenon that is not mirrored in the process of 

induction (Friedmann and Pickard, 2010).  Similarly, irritants are known to enhance the 

elicitation of previously acquired allergies (Smith et al., 2000, 2002, Grabbe et al., 

1996, McLelland et al., 1991), but in this case as indicated above, irritants such as SLS 

appear to immunologically enhance the process of sensitization induction
 
(Kligman, 

1966a; Cumberbatch et al., 1993).  On the other hand, specific in vivo studies of 

synergistic effects of allergens applied in combination in the LLNA demonstrated that 

although induction of sensitisation tended to be more than additive, the effect was not 

substantially enhanced (Jowsey et al, 2008a). 

 

In summary, it is suggested that the factor taking account of the impact of the exposure 

matrix should be adapted to allow for the reality that it may reduce as well as enhance 

expressed skin sensitization potency, when compared to the experimental vehicles used 

to define intrinsic potency of a skin sensitizer. This would properly accommodate the 

range of variation observed in the experimental mouse studies. 

 

 

Review of evidence on the influence of occlusion 

 

A further consideration here also is the extent to which the presence or absence of 

(semi-)occlusion can impact the induction of contact allergy.  Occlusion of the skin 

increases the hydration of the stratum corneum, skin temperature, microbial count, pH, 

and can enhance dermal irritation; all of which may influence dermal penetration (Zhai 

and Maibach, 2001), but does it enhance sensitisation?  The published works of 

Kligman and of Maibach associated with the development of predictive human skin 

sensitization tests generally did not examine the impact of open versus (semi-)occlusive 
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exposure on the induction of contact allergy.  Studies in the guinea pig however 

demonstrated that full occlusion and even partial occlusion were generally more 

effective modes for the induction of contact allergy – see the Table 5 below (adapted 

from Magnusson and Kligman, 1970): 

 

Table 5 Impact of occlusion on the induction of skin sensitization 

Allergen Response rate 

 Non-occlusive Semi-occlusive Occlusive 

0.01% DNCB 17% 48% 60% 

0.01% NDMA ND
1 

36% 72% 

0.1% NDMA 84% ND 100% 

0.05% PPD 30% 68% 92% 

1
ND = not done 

 

The results in the above table for the induction of skin sensitization to DNCB in human 

volunteers are entirely consistent with expectations, as are those for PPD.  However, 

those for the now less commonly used skin sensitizer para-nitrosodimethylaniline 

(NDMA) show no effect of full occlusion, perhaps due to the deployment of a dose 

level (0.1%) close the plateau of the dose response curve, which thereby produces a 

substantial effect also in the non-occlusive test group.  Overall, it is probably reasonable 

to conclude that there is at least a 3 fold effect of occlusion on the induction of contact 

allergy. 

 

Other information can be gleaned from clinical studies on the elicitation of allergic 

contact dermatitis.  For example, a detailed examination of the relationship between the 

patch test dose response threshold and the repeated open application test (ROAT) was 

conducted in a group of 27 subjects with contact allergy to isoeugenol (Andersen et al, 

2001).  Individuals with patch test thresholds from approximately 1.0% down to 

0.0005% isoeugenol all failed to respond to a single open application of 0.2% 

isoeugenol.  The mean time to reaction in the ROAT (with twice daily applications) was 

7 days.  In this context, also it has to be recognised that, at least for some contact 
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allergens, repeated open exposures may have a lower threshold than single occlusive 

patch tests (Lundov et al, 2011). 

 

In summary, the available data indicated that the presence or absence of (semi-) 

occlusion and the location of the skin site, of themselves, have a relatively modest 

impact on the induction skin sensitization.  Certainly, the presence of inflammation 

and/or barrier damage at the skin site is likely to enhance susceptibility to induction. In 

combination, this set of variables may still contribute to differences in susceptibility to 

the induction of skin sensitization. 

 

 

Review of evidence on the influence of duration and frequency of exposure 

 

There is little scientific evidence that can be used to determine the impact of differing 

patterns of duration and frequency of exposure to allergens on the induction of skin 

sensitisation.  However, valuable insights also can be gleaned from studies on the 

elicitation of ACD. 

 

In one study, three separate doses of 10 μg/cm
2
 DNCB applied to the same site at 

weekly intervals had the same effect as a single dose of 60 μg/cm
2
 (Paramasivan  et al, 

2010). In another, weekly exposure for 5 minutes to PPD over six months sensitized 

7.2% of subjects.  When exposure was 30-40 minutes, but only once a month, this was 

reduced to 1.3% (Basketter et al., 2002).  Furthermore, sensitization rates in humans in 

another study augmented as the number of inductions increased through 3, 5, 10 to 15 

times (Kligman, 1966a, 1966b).  In animals the same effect is seen.  A prolonged LLNA 

(13 open applications over 57 days) was found to be more effective than 3 applications 

over 3 days producing an average of a 2.65-fold increase in stimulation indices in 8 

separate studies (De Jong et al., 2007).  Note that the exposure regime of the HRIPT 

(nine 24-hour occlusive applications over 19 days (Politano and Api, 2008) is 

intermediate in the time and frequency to the two extremes used in this LLNA study.  
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There has been some suggestion that there can be bioaccumulation in which some of the 

applied dose is trapped in the stratum corneum (e.g. Basketter et al, 2006; White et al, 

2007).  While this may prolong exposure, it is hard to see how this would increase it 

particularly as there is turnover of the stratum corneum every 3-4 weeks due to 

desquamation.  Alternatively repeat exposure (as we see in the ROAT) may be priming 

the immunological response. Also, data from the ROAT (e.g. Lundov et al, 2002) shows 

that, at least on some occasions, prolonged repeated exposure (1-2 times daily, up to 3 

weeks)  can be more effective than a single occlusive dose, but it seems reasonable to 

speculate that similarly frequent occlusive exposures would be much more likely to 

induce contact allergy.  Finally, how the fact that epidermal Langerhans cells (and 

presumably other relevant dendritic cells) have a half-life in skin of approximately only 

2 weeks (Holt et al, 1994) impacts upon these considerations remains an unknown. 

 

Taken together, even working from first principles, it is obvious that greater overall 

exposure (at a given dose per unit area) will enhance the likelihood of the induction of 

contact allergy.  However, whether the dose accumulates upon repeated exposure to 

achieve a steady state level is likely to depend upon the allergen as well as the interval 

between exposures.  Accordingly, the pragmatic approach of daily accounting (unless 

there is evidence to the contrary for a specific skin sensitiser) seems most appropriate. 

 

 

Conclusions of the scientific review with respect to defining SAF values 

 

From the considerations above, a number of conclusions can be drawn that allow 

appropriate SAF values to be determined for use in the QRA process, including specific 

application to fragrance ingredients. In setting these values it is recognised that, given 

the uncertainty in the supporting data, exact values cannot be derived, and a certain 

amount of expert judgment is required.  Reflecting this, the values are restricted to 1, 

3.16 (the half log of 10; for practical purposes the number 3 is used) and 10. 

 

 

Inter-individual variability SAF 
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There exists in the population a considerable amount of variability in individual 

sensitivity to skin sensitisation.  This variability is evident from the dose response 

curves obtained in experimental human studies described above, suggesting 3-4 orders 

of magnitude variability even in the small populations used in such studies.  It is 

important in conducting a QRA to account for this variability when deriving an AEL. 

However, it is recognised that, since the NESIL is defined as a dose not inducing 

sensitisation in an HRIPT, much of this variability is already taken into account. As has 

already been stated, human variability at doses above the NESIL has no impact on the 

QRA process.  It is necessary then to determine a SAF value that extrapolates from the 

most sensitive test subjects in the experimental population to the most sensitive subjects 

in the general population of consumers.   

 

Assessment factors for inter-individual variability are of course used for estimating the 

risk presented by other thresholded adverse effects such as systemic, developmental and 

reproductive toxicity. In this area of toxicology, a 10-fold “safety factor” has been used 

based on a consideration of toxicokinetic and toxicodynamic factors (Renwick and 

Lazarus, 1998).  A more recent re-examination of these has led to a proposal to reduce 

the safety factor to 5 for the general population and 3 for professional users (ECETOC, 

2003, 2010). ECHA continues to recommend a 10-fold factor for the general 

population, reduced to 5-fold for professionals (ECHA, 2010).  It maintains this also for 

local effects, although no particular justification is provided.  There is however, no 

reason to suppose, a priori, that the immunological processes involved in the acquisition 

of contact allergy would necessarily demand different safety factors, except that the 

available human evidence suggests otherwise. 

 

Since the available data are limited to studies involving small number of subjects, and 

since there are no data to indicate the real variability in the population beyond the extent 

that is already implicit in the human experimental studies, then it is proposed that a SAF 

value of 10 be used to account for inter-individual variability.   

 

 



 

 28 

Skin site SAF 

 

There is little evidence from the scientific literature that particular skin areas of the 

body are more prone to the induction of skin sensitisation than others.  The incidence of 

ACD observed in clinics may occur to a greater extent on some skin sites compared to 

others, but these reflect the elicitation of skin sensitisation reactions, and may be due to 

the pattern of exposure to the allergen, or linked to the presence of irritant contact 

dermatitis (ICD). 

 

Given the lack of evidence for significant differences in the susceptibility of different 

skin sites to the induction of skin sensitisation it is proposed that no SAF is required to 

account for this. 

 

 

Skin condition SAF 

 

One key parameter for lowering the threshold for the induction of skin sensitisation is 

that of compromised/inflamed skin.  The HRIPT is conducted on uninflamed and intact 

skin, whilst consumers in the population at large may have compromised/inflamed skin 

due to a number of factors. There is little evidence to suggest that subjects with diseased 

skin (e.g. atopic eczema, psoriasis) are more sensitive to skin sensitisers.  In addition, 

there is little evidence that compromising the skin barrier by physical or chemical 

means increases the potential for the induction of sensitisation.  However, the 

generation of inflammation in skin, particularly from contact with irritant chemicals 

(such as SLS), may increase sensitivity to skin sensitisers.   

 

In determining a SAF to account for skin condition, skin sites that are more prone to 

inflammation due to a chemical stimulus (Irritant Contact Dermatitis) or by shaving are 

considered to be more susceptible to the induction of skin sensitisation.  The available 

data do not suggest that the magnitude of this increased susceptibility is 10-fold, and it 

is therefore proposed to include a SAF value of 3 to account for this.  These sites 
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include hands, underarms, any shaved area, under a diaper, peri-anal and peri-ocular 

regions. For other skin sites a SAF value of 1 is proposed. 

 

 

Matrix SAF 

 

Experimental evidence suggests that the matrix in which the sensitiser is presented to 

the skin may influence the degree of induction of skin sensitisation.  A 10-fold 

difference in induction between vehicles has been shown in studies using the LLNA, 

although the studies did not provide data that allow a reliable prediction of the effect of 

a particular exposure matrix on the expressed potency of a skin sensitizer.  That said, it 

is clear in the study that aqueous vehicles led to an underestimation, and this has also 

been noted in OECD guideline 429 (OECD, 2010).   

 

In humans, a 4-fold difference in the induction of skin sensitisation was apparent 

between matrices tested, with ethanol or petrolatum providing the greater degree of 

sensitisation depending on the study. 

 

In considering the appropriate Matrix SAF, it must be remembered that the most 

common solvents used in the HRIPTs for fragrance ingredients are DEP/ethanol or 

petrolatum.  These solvents are considered to be optimal for the induction of 

sensitisation in an experimental situation.  Thus, for products based on these or similar 

solvents, a factor of 1 is considered appropriate to account for the matrix.  Although it is 

possible that sensitisation potential will be reduced in aqueous based products based on 

observations in the LLNA, it is proposed to maintain a factor of 1 for these products 

since they are rarely purely aqueous, and will contain other ingredients such as 

surfactants which help the product wet the skin.  

 

Although no data exist on the effects of applying sensitisers in a solid matrix such as 

talc or residues on clothing, it is considered likely that this would reduce the likelihood 

of sensitisation. It can be considered that the allergen itself would migrate from the solid 

substrate to sweat and sebum on the skin, which would then be the matrix from which 
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skin penetration would occur. Given the oily nature of sebum it is proposed to use a 

factor of 1 for such exposures. The controlling factor in the induction of sensitisation is 

the rate at which the allergen migrates into the sweat/sebum. This should be 

appropriately factored into the exposure calculation. 

 

Further consideration should also be given to products that contain penetration 

enhancing ingredients.  There is little evidence to suggest that the enhancement of skin 

bioavailability may promote the induction of skin sensitisation.  However, it may be 

prudent to include a factor of 3 for products that included penetration enhancing 

ingredients.  This would need to be assessed on a case by case basis. 

 

In considering the effect that the product matrix may have on skin sensitisation it is also 

important to consider the irritation potential of the product.  It has already been 

mentioned under skin condition that inflammation of the skin may increase 

susceptibility to skin sensitisation. A SAF of 3 is already proposed for areas of skin that 

may be prone to irritation from product use, and therefore a further SAF is not 

considered necessary.  

 

Occlusion SAF 

 

From the experimental data it appears that occlusion can enhance skin sensitisation, 

with a 3-fold difference shown in guinea pigs between non-occlusion and full-

occlusion. Consumer use of products may involve a degree of occlusion such as in the 

axillae and under clothing, and products used under nappies may even be under full 

occlusion. Also, certain products containing emollients (e.g. oil-in-water or water-in-oil 

emulsions such as moisturising creams and lotions) may also lead to a degree of 

occlusion. However, it must be remembered that the HRIPT is conducted under full 

occlusion, and is therefore an extreme exposure compared with product use. A SAF 

value of >1 is therefore not appropriate to account for occlusion, and it is proposed that 

this value remains at 1 for all products and body sites since at some time all body parts 

could be occluded. 
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Frequency/duration of product use 

 

With regard to the period/frequency of exposure, it is likely that many products will be 

used on a daily basis over extended periods of time (months, years).  The experimental 

data from an HRIPT involves nine 24 hour exposures over a three week period, and 

therefore does not account for longer term use. There is limited experimental evidence 

to show that the induction of skin sensitisation may be increased when the normal 

dosing regimens of predictive tests are extended over longer times. This may be due to a 

“reservoir effect” or some immunological mechanism.  Although the available data are 

limited, they do not suggest that a 10-fold increase will occur with repeated long term 

product use.  Accordingly, a frequency/duration SAF value of 3 is proposed to account 

for products used routinely over extended periods of time.  For some products that are 

used intermittently or over a limited time period, a factor of 1 should be considered.   

 

 

Application of SAFs in the QRA 

 

Based on all of the above considerations it is proposed to include five SAFs in the QRA 

process. The values and considerations for their use are given in Table 6 below.  

 

  

Factor Consideration Influence 
New proposed 

SAFs 

Comments (comparison of the 

experimental condition with the 

product use condition) 

Inter-Individual 

There can be large inter-

individual differences in 

response to a chemical 

exposure due to several 

different parameters 

Increase of induction 

susceptibility 
10 

The inter-individual variability not 

accommodated in the NESIL is 

reflected by a SAF of 10. 

Product Role of vehicle/matrix Delivery 0.3 or 1 or 3
* 

The predicted effect of product 

formulation versus the experimental 

conditions; 

 

0.3 (inert objects with no direct 

contact, e.g. candles or detergent pods 

or no vehicle/matrix) or 

 

1 (most products) or 
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3 (penetration enhancers greater than 

anticipated from the experimental 

condition) 

 

Frequency / 

duration of 

product use 

Products may be used 

over extended periods 

resulting in bio-

accumulation 

Increase of induction 

susceptibility 
1 or 3

* 

Products may be used frequently over 

extended periods of time resulting in 

accumulation (chemical or biological 

accumulation) or reservoir effect 

Occlusion 

 

Some areas of skin are 

semi-occluded by 

clothing. Products with 

moisturising agents may 

lead to semi-occlusion.  

Includes occlusion by 

body part, clothing or 

product. 

Increase of induction 

susceptibility 
1 

To assure consistency, it was 

concluded that the occlusion factor 

should be 1 for all consumer products 

since at some time all body parts 

could be covered by clothing. 

Skin condition/ site 

Pre-existing 

inflammation, potential 

inflammation from 

product 

Increase of induction 

susceptibility 
1 or 3

* 

Pre-existing inflammation for body 

site: body areas that are specifically 

prone to increased level of 

inflammation – hands, underarms, 

any shaved area, under a diaper, peri-

anal and peri-ocular regions 
*Note:  for practical purposes the number 3 is the representation of 3.16 (half log of 10) 

 

With the exception of inter-individual variability, the SAFs are applied according to the 

product type (formulation and intended\reasonably foreseeable use). The proposed 

values are considered to be default values, and applied where other data are lacking. 

Thus for individual products consideration needs to be given for the formulation and the 

impact this may have on the induction of sensitisation (to include the potential to induce 

irritant contact dermatitis, influence on skin penetration and occlusive properties), and 

the use patterns of the product (to include the skin site of contact, likely use frequency 

and duration).  The default values can be refined where additional data are available. 
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Summary 

 

The fact that contact allergy to fragrances was perceived as too high prompted a change 

to risk assessment procedures used by the industry (Api et al, 2008).  The absence of a 

significant impact in the first few years post this change has led to a re-evaluation of the 

science underpinning the risk assessment.  The proposals contained herein are intended 

to assist further evolution of the assessment process, but should be seen in the context of 

improvements to exposure assessment (key ref), as well as requiring a pro-active 

monitoring of the prevalence of contact allergy to fragrances in the affected population. 
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