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ABSTRACT 

 

Skin contact or exposure to sensitizers often occurs as a consequence of occupational exposures (e.g. 

poison ivy in forestry), wearing jewelry (e.g. nickel), or use of cosmetics (e.g. fragrances). However, 

many of the known skin sensitizers or their chemical variants are also consumed orally through foods or 

other sources. Since oral exposure to antigenic substances can lead to tolerance, consumption of 

sensitizers may impact the development and potency of skin sensitization, especially if the sensitizer is 

consumed early in life, prior to the first skin contact. To address this issue, we have reviewed human 

clinical and epidemiological literature relevant to this subject and evaluate whether early oral exposures 

to relevant sensitizers, or their chemical variants, are associated with reduced prevalence of skin 

sensitization to three main allergic sensitizers – nickel, urushiols of poison ivy, and sesquiterpene 

lactones of chrysanthemum and other plants. 

 

Key words: allergic contact dermatitis; nickel; oral tolerance; sesquiterpene lactones; skin sensitization; 

urushiol; T cells 
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INTRODUCTION 

 

Allergic contact dermatitis (ACD) is a delayed type (type IV) hypersensitivity (DTH) reaction that develops 

after skin encounters chemicals called “sensitizers” 1,2. Skin sensitizers, also referred to as “allergens” 

(these two terms are used interchangeably), engage in molecular interactions contributing to formation 

of novel antigenic determinants that stimulate the immune system of the skin 3. Upon subsequent 

encounter(s) with the same compound, a reaction develops in the skin, characterized by migration of 

the primed T cells to the area of the skin in direct contact with the sensitizer. The resulting local immune 

response causes clinical symptoms of rash, blisters, wheals, urticaria, pruritis, and burning skin that 

usually develop 24-72 hours following re-exposure 1,2. Currently, more than 4000 chemicals able to 

induce ACD have been identified 4, and the list is growing 5. Contact dermatitis affects 72.3 million 

people and imposes a burden of US$2.191 billion in direct and indirect costs per year 6. In addition to 

the condition localized to the skin, systemic re-exposure to sensitizers (percutaneous, transmucosal, 

oral, intravenous, intramuscular, or inhalational) can result in rare cases of systemic contact dermatitis 

7,8.  

 

Individuals may become exposed to skin sensitizers through occupational activities. For example, 

agriculture and forestry professionals are often affected by poison ivy dermatitis 9. This form of 

dermatitis has the highest prevalence among all skin sensitizers, with as many as 50-75% of the US 

population sensitive to poison ivy or to other related plants, such as, including poison oak or poison 

sumac. Mango pickers 10,11 and cashew processing facility workers  12 are known to develop skin contact 

allergies to mango or cashew, respectively. Similarly, “bulb dermatitis” (sensitivity to tulips and its 

relative plants) is known to be a problem in the florist industry 13, allergic responses to onion and garlic 
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can be found in caterers 14, and sensitivity to lavender occurs mostly among massage and aromatherapy 

professionals 15. 

 

Other sources of sensitizers are objects people wear, such as clothes or jewelry. Allergies to clothing 

most frequently involve dyes [e.g. p-aminoazobenzene, p-phenylenediamine (PPD), or mostly dark 

(black or blue) varieties of disperse colors]16, rubber 17, and textile fibers such as wool and silk 18. Contact 

dermatitis to textiles is more associated with personal clothing items than with occupational wear 16, 

although the lines between the two may become blurred, as exemplified by recent reports of sensitivity 

reactions of American Airlines employees after introduction of their new uniforms 19. Another important 

“clothing” allergen is nickel. Interestingly, nickel allergy was initially (in the first half of the 20th century) 

observed mainly in plating industry workers 20. However, consumer-based sensitivity to nickel emerged 

in the second half of the century after reports of skin eruptions at the sites of stocking suspenders belt 

buckles, jeans buttons and zippers. With increasing popularity of ear piercing and the spread of nickel-

plated jewelry towards the end of the last century, nickel  became one of the most prominent allergen 

sensitizers 20. It was declared allergen of the year in 2008 by the American Contact Dermatitis Society. 

Other examples of clothing-related sensitizers have been described.  Chromium, which is used for 

tanning in leather production and is a recognized source of dermatologic allergies to wearing leather 

shoes 21.  

 

Sensitizers can also be found in personal care products, especially cosmetics, or topically applied 

medications. Use of sensitization-promoting compounds and botanical extracts in cosmetics production 

continues to grow 22-25. Topically applied medications, such as benzocaine and other anesthetics, 

corticosteroids, and neomycin, can also induce skin sensitization 26. Some topical agent sensitizers, such 
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as those found in ultraviolet filters,  may be classified as medications or cosmetics, depending on 

regulatory jurisdiction 23. 

 

Sensitizers that cause dermatitis through skin contact exposure can also be intentionally or 

inadvertently present in various foods, drugs, or other orally consumed substances. Some important 

foods that are sensitizers include mango, cashew, and garlic. However, possible oral exposure is less 

obvious for some other sensitizers. For example, metals such as nickel, are abundantly found in soil and 

can be taken up by growing vegetables. Thus, exposure to nickel may be widely represented in food, 

with higher levels reported in soybeans, nuts, cocoa, and chocolate 27. Furthermore, many fragrances 

and flavors have a botanical origin and thus, can be consumed by way of supplements or other dietary 

products. Perhaps the most common in this respect is cinnamic aldehyde extracted from the bark of 

cinnamon trees and used as a flavoring agent in foods and toothpastes 28. Many fragrance compounds 

found in tree-derived Balsam of Peru (eugenol, isoeugenol, cinnamic aldehyde, cinnamic alcohol, benzyl 

cinnamate, and vanillin) are used in a variety of foods and spices 29. In fact, of the 26 fragrance 

compounds designated by the European Directive as allergens, 18 are present in natural products that 

can be consumed orally 30. In addition, other allergens used in cosmetics production are natural extracts 

that are also consumed orally, including, but not limited to, lavender 31, chamomile 32, and 

chrysanthemum 33.  Chemical sensitizers in drugs or other oral agents don’t necessarily need to be 

applied dermally to cause adverse reactions to skin. Some agents taken orally or parenterally can cause 

various forms of systemic contact dermatitis 34, which is outside of the scope of the present review.  

 

Given that early oral exposure to antigenic substances often leads to immunological tolerance, a logical 

next question follows: “Can oral consumption of skin sensitizers impact the sensitization and/or 
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reactivity potential of these sensitizers through skin?” We will explore answers to this question by 

reviewing relevant research for three skin sensitizers: nickel, urushiol of poison ivy, and sesquiterpene 

lactones (SLs) of chrysanthemum and other plants. These examples were chosen since the relationship 

between dietary intake of these sensitizers and skin sensitization rates has been explored previously and 

reported in the literature, and because each differently illustrates how antigenic structural diversity and 

complexity may play a role in cross-sensitization and subsequent oral and developmental tolerance. This 

review will focus on human clinical and epidemiological research involving oral introduction of skin 

sensitizers as potential tolerogens. It excludes animal studies and human research using parenteral 

routes of antigen loading.  

 

ORAL TOLERANCE 

 

The immune system of the gut is thought to be a tolerogenic environment, in that antigens introduced 

orally are generally believed to induce tolerance 35. Everyday consumption of food constantly exposes 

hosts to innocuous antigens. Immunological reaction of these antigens would not only be a waste of 

energy for the immune system but could also lead to immune reactions to foods that would prevent 

further consumption. Physical properties of the gastrointestinal tract (low pH, peptidase activity) to a 

certain degree prevent immunization to foods by leading to antigen destruction. However, sufficient 

amounts of antigens retain their antigenic forms, and physiologic mechanisms exist that lead to 

tolerance induction36. The tolerogenic factors of the oral route are thought to include 1) IL-10 producing 

dendritic cells; 2) TGFβ-producing T cells; 3) presence of regulatory FoxP3+ T cells; and 4) presence of 

retinoic acid in the gut environment 35. Overall, an enormous body of literature supports the concept of 

oral tolerance as the “most common means by which the individual becomes immunologically tolerant” 
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37. In recent years, a form of oral tolerance, called sublingual immunotherapy, has gained attention in 

clinical settings as safe and effective approach of desensitization to food, hay fever and other allergens 

38-42.  

 

Intrinsic to the concept of oral tolerance is that introduction of antigens through the oral route by 

default leads to tolerance, while introduction through other entry points, e.g. skin, leads to 

immunization 35,43,44. Based on this, it is likely that oral application of skin sensitizers could lead to 

tolerance 45. Achieving tolerance, however, depends on multiple factors, many of which are still unclear 

but likely involve activation of the innate and adaptive immune systems. As a result, there may be 

exceptions where the end result of oral exposure is immunization rather than tolerance. A useful 

example is the development of food allergies. Since allergies to food occur only in a subset of 

individuals, it can be argued that food allergies represent a genetically transmitted failure of a 

mechanism that was designed to induce tolerance 43. Another example of immunization occurring after 

oral exposure is oral vaccination 46. The best known of these vaccines is the oral polio vaccine, which has 

been the pillar of global polio eradication 47. Oral vaccines are immunogenic because microorganisms 

found in these vaccines activate the innate immune system. This may also be true for chemical 

sensitizers which engage Toll Like Receptors (TLRs), NOD like receptors (NLRs), Keap1, TRP1, and the aryl 

hydrocarbon receptor 48-50. Immunization may also occur in humans following apparently innocuous 

consumption of food. This is exemplified by antibodies made in response to antigens of the ABO blood 

group when the immune system encounters the "missing" ABO blood group antigens in foods or in 

microorganisms. This happens at an early age because sugars identical, or very similar, to the ABO blood 

group antigens are found throughout nature. The most frequently cited example, but not the only one, 

is the role of intestinal flora E. Coli in promoting development of antibodies specific for blood group B 
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51,52. Furthermore, so-called “edible” vaccines are being developed, where plants are created to express 

molecules from infectious agents 53. The microbial molecules in the context of plant food are devoid of 

the usual microbial context (pathogen-associated molecular patterns) that stimulate the innate immune 

system. Nevertheless, the plant vaccination is expected to induce immune responses following plant 

consumption.  

 

The above examples suggest that oral antigenic exposure does not exclusively lead to tolerance and 

under certain conditions may induce immune responses. One important factor contributing to the 

outcome of oral antigen exposure is the state of specific immunity before the antigen is introduced. It is 

easier to induce tolerance in naïve than in allergic individuals, and this statement applies  to oral as well 

as parenteral, attempts to induce hyposensitization 54. Another factor influencing the induction of oral 

tolerance is the age of the individual. The older the individual, the more difficult it is to induce tolerance 

36. Overall, the mechanisms of immunity versus tolerance induction following oral antigenic exposure 

are complex and not very easy to predict and/or control. However, exceptions to the tolerogenic role of 

the gut-associated immune system may explain certain conflicting results in the literature. 

 

DEVELOPMENTAL TOLERANCE 

 

Neonates, infants, and children up to five years of age respond to a variety of antigens less efficiently 

than adults 55-59. The lower immune responsiveness is partly due to incompletely developed mechanisms of 

immune defense and inflammatory responses 59-64, and to active mechanisms of tolerance induction, (e.g. 

clonal deletion/inactivation and the development of regulatory mechanisms) 65-68. Besides self-tissues, the 
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same mechanisms appear to operate to induce tolerance to commensal microflora 69-71 that colonize skin and 

mucosa immediately after birth 72.  

 

The concept of tolerance induction following antigen introduction before the immune system is fully 

developed was first suggested by Burnet and Fenner 73, and subsequently  confirmed through experiments by 

Billingham, Brent, and Medawar 74. They found that mice and chickens failed to raise immune responses 

as adults to antigens that were first introduced during their fetal life. The transition of the immune 

system from an immature, non-responsive state to a mature, responsive state is gradual. Incrementally 

increasing levels of responsiveness were observed in late fetal, neonatal, and early post-neonatal life 

stages  of animals 75. Many subsequent experimental approaches focused on models of introducing tissue 

antigens during the embryonic or neonatal periods 76 or models of neonatal thymectomy, which induces a 

variety of autoimmune conditions, due to prevention of regulatory T cell development that otherwise occurs 

several days after birth 77. Consequently, the literature is replete with references to neonatal tolerance. 

However, the term “neonatal” has also been used for animals beyond the neonatal age 78. Because of that, as 

well as the fact that tolerance can be established beyond the neonatal period, the term “developmental” may 

better describe this tolerance process. 

 

The concept that exposure early in life could lead to lifelong immunological tolerance to specific foreign 

antigens has spurred interest in exploring the potential of developmental tolerance for therapeutic 

purposes. Perhaps the best known and most developed example is the recent recommendation to 

introduce peanut diet early in childhood, based on experimental observations of lower incidence of 

peanut allergies in high-risk children exposed to peanuts early in life versus those exposed later 79-81. 

Although allergy to peanuts develops mostly due to type I hypersensitivity (IgE-mediated) response, 

which differs from the type IV hypersensitivity (cell-mediated) responses seen with skin sensitizers, the 
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concept of developmental tolerance applies to many distinct types of effector immune responses, 

including immunoglobulin G responses in treatment of hemophilia 82, cellular immune responses in graft 

rejection 83, or type IV responses in autoimmunity 84.  

 

Neonatal and/or infantile exposure to antigen does not always lead to tolerance but can induce 

immunity 85, as exemplified by vaccination of newborns and small infants as immune protection against 

severe infections. However, vaccines are acknowledged to be less efficient in neonates than in adults, 

and vaccine formulations adapted for the immature neonatal immune system are actively being 

explored 86,87. This would suggest that early life exposure to antigens may preferentially lead to 

tolerance rather than immunity. The question, then, is whether the same concept holds for very early 

exposure to skin sensitizers, due to the fact that they are not necessarily antigens but participate in 

antigen formation in a more or less indirect manner3. To address this question, we explored the 

literature for publications in which dietary exposure to skin sensitizers (or their variants) was 

documented in early childhood and compared to prevalence of sensitization. 

 

NICKEL  

 

Sources. Nickel is a ubiquitous metal found in soil, water, and air. Nickel is used worldwide in the 

manufacture of steel because of its strength and resistance to oxidation, as well as part of multimetal 

alloys (with cobalt, palladium, iron, titanium, vanadium, and magnesium). These alloys are used for 

manufacturing of everyday items, such as jewelry, eyeglass frames, watchbands, belt buckles, snaps, and 

coins 88. The alloys are also used in production of medical and orthodontics devices, such as replacement 
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surgery implants, dentures, orthodontic wires, braces, bridges, or crowns 89. Nickel is commonly present 

in foods and beverages, and consequently is consumed daily. Some foods are richer in nickel content 

than others; for example, fruits and vegetables on average contain four times the levels found in meats 

and other foods of animal origin 90. Estimates of daily intake of nickel can be made from Total Diet Study 

(Market Basket), Duplicate Portion Technique, Dietary Records, and these estimates range from 128 to 

388 µg per day (Table 1).  
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Table 1. Summary of daily dietary nickel intake, levels of nickel in urine, and nickel allergy rates in the general populations of some countries. 

 

Country Dietary nickel intake (µµµµg/day) Biomonitoring of nickel in urine (µµµµg/L) Nickel allergy in general population  

 Year Study 

populatio

n (n)a 

Geographic 

region 

Average 

nickel 

intake 

Year Study 

population 

(n) a 

Geographic 

region 

Average 

urinary 

Ni 

Year Study 

population 

(n) a 

Geographic 

region 

Prevalence 

(%) 

Norway n/a n/a n/a n/a 1994-

1995 

1204 Northern 

Norway 

1.2   91,92 1994-

1995 

1767 Northern 

Norway 

18.4% 93,94 

Italy 1996 b; 

2004  

432-1978  Northern 

Italy 

388 95,96 1990 878 Northern Italy 0.9  97,98 2008; 

2011 

546 Bergamo 

(northern 

Italy) 

16.4%     99 

Germany 1990; 

1997 

56-294 Northeast, 

East-central 

135 100,101 1989a 123 Not reported 

(Erlangen/ 

Southeast) 

0.9       102 2008; 

2011 

1024 Central, 

Southwest 

13.9%     99 

Denmark 1982; 

2003 

1837-4433 Nationwide 168      103-

106 

1997 118 Southwest of 

Copenhagen 

1.1  97,107 1990; 

1998 

469-567 Copenhagen 

(county) 

8.8%  108,109 
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(MONICA) 

Russia n/a n/a n/a n/a 1994-

1995 

1029 Western 

Russia 

3.6     92 1994-

1995 

873 Northwest 

Russia 

5.9%       110 

USA 1978; 

1984 

Not 

reported 

Nationwide  140 

27,100,111 

1972; 

1986 

34-50 Connecticut 2.1 112,113 1978 1158 California 5.8%       114 

Finland 1975; 

1981 

Not 

reported 

Not 

reported 

128 100,115 1987 299 Not reported 

(Helsinki) 

4.8 116 1976-

1977 

980 Turku 

(Southwest) 

4.5%       117 

France 1998; 

2009 

1474-1918 Paris-Lyon, 

Nationwide 

135 103,118-

120 

2008-

2010 

1910 Northern 

France 

2.7 121 1985a 3207 Not reported 

(Northern 

France?) 

4.2%       122 

 

a The two numbers, when present, refer to the lowest and the highest number of study participants in multiple studies. 

b Year when this study was performed was not specifically disclosed in the publication. Year of publication is provided instead. 
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Contact dermatitis induction. Nickel is one of the most common causes of ACD, which 

disproportionately affects women; estimates of nickel allergy prevalence among patch-tested patients in 

Western Europe and North America range between 17% and 25% in women and 3% to 8% in men 

20,88,123. Higher rates found in females are usually explained by higher exposure, as adult females are 

more likely to wear jewelry or undergo ear piercing 124,125. Additional support for this notion is the fact 

that sex differences in prevalence are not seen in children who do not commonly wear jewelry 126. 

Sensitization to nickel has been reported from use of orthodontic and/or medical devices (e.g. hip 

replacement, intraarterial shunts, and others), and can present additional health issues in individuals 

with already compromised health 89,127,128. Other consumer-related nickel allergies may develop due to 

use of cosmetics, clothing, household products, music instruments (e.g. trumpet and violin), and, more 

recently, cellular phones 89. Although more prevalent in the early 20th century, nickel allergies originating 

from occupational activities today represent a minority of sensitization cases, amounting to 20-30% of 

total nickel allergies 129,130.  

 

With regard to the mechanism of sensitization, nickel binds human Toll Like Receptor 4 (TLR4) 131, an 

innate immune receptor that promotes proinflammatory responses. Nevertheless, not all humans 

develop nickel sensitization, which depends on formation of highly defined coordinated complexes with 

various proteins, including peptide/HLA complexes 132,133. Interestingly, nickel can relatively easily 

transfer between different protein carriers, suggesting that likely more than one “antigen” is involved in 

promoting sensitization to nickel. 

 

Immunological cross-sensitivity. Contact dermatitis to several metals, such as cobalt 134-136, copper 136-139, 

and palladium 136,140,141, frequently occurs concurrently with sensitivity to nickel. Interestingly, palladium 
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and cobalt, in addition to nickel, can bind to TLR4 and activate the innate immune system 142. Copper, 

too, can activate innate immunity, albeit to a lesser degree and apparently not through TLR4.  

 

Alloys used in the manufacture of various products contain the metals listed above, and it is still unclear 

whether sensitization to these other metals is a consequence of cross-reactivity of nickel-specific T cells 

or represents concomitant immunization to different antigens (e.g. nickel-modified and cobalt-modified 

antigens). Cross-sensitization and/or reactivity between metals may be inferred by observations of new 

flares or reactions at skin sites previously challenged with palladium after oral challenge with nickel 140. T 

cell clones isolated from patients with allergies to various metals have been studied 143,144. Because T cell 

clones are derived from a single cell precursor, their potential reactivity to more than one antigen 

strongly suggests cross-reactivity. These studies have revealed four types of clones: 1) reactive to nickel 

alone; 2) reactive to nickel and copper; 3) reactive to nickel and palladium; and 4) reactive to nickel, 

copper, and palladium. Thus, cross-reactivity appears to occur between nickel and copper and/or 

palladium, but not cobalt. 

 

Developmental (oral) tolerance to nickel. If oral exposure to nickel from an early age or before skin 

sensitization occurs has potential to cause tolerance induction, then one might predict an inverse 

correlation between levels of nickel dietary intake and nickel sensitization rates. Because of observed 

differences in nickel dietary intake between certain countries, comparison of intake numbers with 

sensitization rates in those countries were reviewed and compared (Table 1). However, there are 

limitations with this approach. First, nickel levels in food can vary significantly, depending on the levels 

in soil and water, climate, and season 90. Second, there are also individual variations in gastrointestinal 

absorption and metabolism of nickel 145. Consequently, calculations of daily nickel intake may not 
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accurately predict the actual levels of nickel in the human body. To circumvent this problem, we 

searched for human biomonitoring data performed in various countries. Nickel levels measured in urine 

of healthy individuals were found more frequently than levels measured in blood. Comparison of dietary 

nickel intake and urinary nickel levels did not directly correlate (p=0.1; data not shown), suggesting 

potential involvement of the above-mentioned variations.  

 

Another limitation is that sensitization rates are usually reported relative to the total patch-tested 

patient population, which is sometimes confined to a single or several medical centers. The population 

tested, therefore, may be skewed based on the spectrum of contact sensitivity in the locality, 

accessibility to health centers that 

perform patch-testing, local 

differences in occupational hazards, 

and other factors. Exact sensitization 

rates among general populations are 

not frequently reported; however, 

these studies have been conducted in 

some countries, and comparisons of 

urinary nickel levels to sensitization 

rates in the general populations of 

these countries, where both sets of 

data are available, are shown in Table 

1.  

Figure 1. Correlation between urinary nickel levels and 

sensitization rates in the general populations of indicated 

countries. The data used for this analysis was taken from  

Table 1. Pearson correlation coefficient (r) of -0.75 (p = 0.03) 

suggests a statistically significant correlation between the 

two parameters.                               
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Based on the aforementioned sets of data, there is an apparent inverse correlation between the mean 

nickel levels in urine and the nickel sensitization rates in the general population by country (Fig. 1). This 

correlation (r = -0.75) is statistically significant (p = 0.03). Although this finding suggests that higher 

levels of nickel present in human bodies may lead to reduced susceptibility to sensitization, some 

caveats are associated with this type of analysis that need to be considered. Biomonitoring and patch-

tests may not be perfectly matched with respect to time and/or place of performance. Also, there may 

be alternate, non-oral routes of exposure that may positively or negatively impact prevalence of nickel 

sensitization. For example, increased concentrations of nickel in ambient air have been reported to be 

associated with increased levels of urinary nickel concentrations and higher prevalence of nickel 

sensitization 146-148. In contrast, parenteral introduction of nickel through repeated patch-testing appears 

to reduce nickel sensitization rates 149.  

 

Another set of observations linking possible tolerance from oral nickel exposure and decreased 

sensitization rates to nickel is related to the effects of wearing nickel-containing orthodontic braces on 

nickel sensitization. Some studies, summarized in Table 2, indicated that wearing nickel-releasing dental 

braces is associated with reduced prevalence of nickel sensitization, provided that braces were worn 

before the occurrence of a sensitizing event (e.g. ear piercing). Even though nickel intake by this route is 

not a part of the intended diet, released nickel from the braces is likely swallowed and, hence, 

contributes to the diet. Daily intake of nickel due to release from braces is about five- to ten-fold lower 

than through food and drink 150-152. Thus, the lower levels of ingested nickel due to release from braces 

may have a more potent tolerizing effect. One possible explanation is that braces release nickel at a 
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relatively constant rate, while the amounts of nickel ingested through food may fluctuate. The immune 

system responds more readily to changes in antigenic load 153, whereas constant release of antigen 

preferentially promotes regulatory T cell development 154. Another explanation is that nickel may be 

absorbed from the gastrointestinal tract better on an empty stomach (27% of ingested nickel) than after 

a meal (0.7%)155, suggesting that more nickel may reach the host’s immune system from braces than 

from the dietary intake. Finally, it is theoretically possible that anatomic sites (oral versus 

gastrointestinal mucosa) of nickel absorption may play a role, although evidence of the presence of 

immunosuppressive milieu throughout the gastrointestinal tract 35 and the induction of oral tolerance in 

experimental animals when oral mucosa is bypassed 156 argue against this possibility. It remains to be 

seen whether any of these possibilities can explain the effect of braces-derived nickel on nickel skin 

sensitization rates. 

 

Table 2: Effects of orthodontic braces worn by females before or after ear piercing on rates of contact 

allergy to nickel.a 

Neither 

braces nor 

piercing 

Braces 

without 

piercing 

Braces before 

piercing 

Piercing without 

braces 

Piercing before 

braces 

Country/Reference 

3/41 (7.3%) 1/6 (16.7%) 9/36 (25.0%) NAb 13/36c (36.1%) Northern Ireland 

157 

NAb NAb 0/17 (0%) NAb 50/143 (35.0%) Finlandd 158 

3/66 (4.5%) 1/46 (2.2%) 1/48 (2.1%) 45/308 (14.6%) 31/138 (22.5%) Denmark 159 

3/56 (5.4%) 1/28 (3.6%) 27/108 (25%) 203/517 (39.3%) 32/73 (43.8%) Severale 160 
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aData are shown as the number of patients with positive patch test for nickel versus the total number of 

patients (percentage included in the parenthesis). 

bNA: Data not available. 

cThere is an apparent typo in the paper. Reported patient numbers were 13 (positive patch test) and 26 

(total) which gives a 50% rate. Nevertheless, indicated rate was 36%. Given that the rate of 36% was 

used throughout the manuscript, we assumed that total number of patients was 36 (which gives rate of 

36%), and not 26. 

dData shown only for females wearing fixed appliances. 

eStudy was performed in nine dermatology clinics located in Amsterdam, Barcelona, Belfast, Hellerup, 

High Wycombe, Leuven, London, Oulu, and Roskilde. 

 

Lastly, support for tolerance induction by nickel oral exposure emerged as an accidental occurrence that 

developed in the region where Norway borders Russia. Nickel refineries in two Russian cities of Nikel 

and Zapolyarny created extensive local nickel pollution which did not spread to the neighboring 

Norwegian region of Sør-Varanger. Levels of nickel in tap water studied in 1994 and 1995 in Zapolyarny 

and Nikel were respectively 34-fold and 68-fold higher than in Sør-Varanger 92. The higher levels of 

nickel in drinking water also resulted in 3-to-6-fold higher levels of nickel found in urine of residents of 

these two Russian cities compared to Sør-Varanger 92. Because factories were built in 1940 162, great 

24/912 (2.6%) 17/692 (2.5%) 28/353 (7.9%) 185/1382 

(13.4%) 

156/875 (17.8%) Sweden 161 
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majority of the study subjects (18-69 years old) were either exposed to high nickel levels from birth or 

from early childhood. Subsequent comparison of nickel sensitization by patch-testing revealed 

significantly lower rates of nickel sensitization in females living in Nikel/Zapolyarny (7.2%) relative to 

those living in Sør-Varanger (27.5%). These sensitization rates were different despite similar (~85%) 

sensitizing exposure by ear piercing 110. 

 

Conclusions. Review of available evidence from human data suggests that early oral exposure to 

relatively high or persistent amounts of nickel in the environment may lead to immunological tolerance, 

thus reducing the prevalence of nickel sensitization. The strength of evidence is based mostly on indirect 

observational data. Controlled oral nickel challenge studies are still needed to account for potential 

confounding factors, such as non-oral nickel exposures, geographic differences in nickel availability, 

variations in concentrations of nickel in products, and other factors. Although evidence of 

immunological cross-reactivity between nickel and some other metals such as copper/palladium is 

available, studies examining cross-tolerance between these metals are currently not available. 

 

URUSHIOL 

 

Sources and chemical composition. Urushiol is a sensitizer responsible for inducing poison ivy 

(Toxicodendron radicans) dermatitis. Although the name Rhus radicans has also been used to describe 

poison ivy in the literature, it has been suggested that this name is not correct because poison ivy and its 

relatives (genus Toxicodendron) represent distinct developmental lineage from the genus Rhus 163. The 

word urushiol is Japanese in origin and means the sap of the lacquer tree 164. The Japanese lacquer tree 
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(Toxicodendron vernicifluum) is in the same family (Anacardiaceae) with poison ivy (Toxicodendron 

radicans), as well as with a number of other plants that produce urushiol. These include poison oak 

(Toxicodendron pubescens or Toxicodendron toxicarium - eastern version; Toxicodendron diversilobum- 

western version), poison sumac (Toxicodendron vernix), mango (Mangifera indica) and cashew nuts 

(Anacardium occidentale) 9,164,165. Urushiol from each of these plants is chemically distinct yet very 

similar in structure, consisting of a mixture of various alk(en)yl catechols and/or alk(en)yl resorcinols 

and/or alk(en)yl phenols (Table 3). These compounds are composed of 

catechol (benzene ring with hydroxyl groups at positions 1 and 2), 

resorcinol (benzene ring with hydroxyl groups at positions 1 and 3) or 

phenol (benzene ring with hydroxyl group at position 1) ring and an 

aliphatic side chain of various lengths linked at catechol/phenol position 

3 or resorcinol position 5 (Fig. 2). 

 

Poison ivy urushiol consists of pentadecyl catechol, pentadecenyl catechol, pentadecadienyl catechol 

and pentadecatrienyl catechol 166,167. In addition to these compounds with 15 carbon side chains, smaller 

amounts of several 17 carbon side chain compounds have been identified 168. Major components of the 

lacquer tree urushiol include two chemicals found in the poison ivy urushiol (pentadecyl catechol and 

pentadecenyl catechol), as well as some other alkenyl catechol species that differ only in the number 

and position of unsaturated bonds from the other two major compounds of poison ivy urushiol 169. 

Poison oak urushiol consists of three components with longer (17 carbons) side chains 170, while poison 

Figure 2. Chemical 

structures of various 

components of urushiols. 

The R fatty acid side chain 

can vary in length and 

number of unsaturated 

bonds. 
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sumac urushiol is more similar to that of poison ivy 171. Major components of mango urushiol are 

heptadecenyl resorcinol, heptadecadienyl resorcinol and pentadecyl resorcinol 172. Urushiol components 

of cashew nuts are for the most part slight chemical modifications of the structures described so far. 

Thus, besides pentadecyl resorcinol (also called cardol), methylated cardol, cardanol (different from 

cardol by having only one hydroxyl group at the benzene ring- in effect phenol), and anacardic acid 

(carboxylated cardanol) are found 173. It should be pointed out that chemical mixtures described in this 

paragraph are referred to as urushiols in some 9,164, but not all literature. In other publications chemical 

mixtures containing resorcinols are usually referred to as alk(en)yl resorcinols 165,172,174,175, while an 

attempt has been noted of calling the mango-derived mixture “mangol” 176. The name “urushiol” in 

these publications is reserved only for products of the Toxicodendron genus.  

 

Contact dermatitis induction. Plants from Toxicodendron, Mangifera and Anacardium genera can induce 

contact dermatitis 177. The disease may develop from occupational and recreational activity but also 

from food consumption as well. Occupational skin-associated disease development is most frequently 

associated with poison ivy dermatitis that occurs amongst forest or agriculture professionals 9. 

Sensitization to mango and cashew nuts is much rarer 178,179. For cashew nuts,  contact dermatitis occurs 

more frequently among workers in docks and cashew processing facilities 12. Consuming cashew nuts 

induces dermatitis less frequently because urushiol is concentrated in the oily nutshell liquid which is 

usually removed before consumption 180; however, dermatitis can be triggered by contaminating 

nutshell pieces and cashew shell oil extract stains 181, or shell oil contamination of cashew nut butter 182. 

In contrast to cashews, mango dermatitis occurs more frequently due to fruit consumption 179 and rarely 

due to occupational activity, such as among mango pickers 10,11. Dermatitis may develop after consuming 
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the skin as well as the pulp (flesh) 183-185. The mango skin was found to contain about ten-fold more 

alk(en)yl resorcinols than the flesh 172, and is the primary cause of sensitization178,179. 



24 

 

Table 3. Plant species specific urushiol composition.. 

 

Plant name Plant family/ 

genus 

Urushiol composition
a Ring structure 

(catechol-C, 

resorcinol-R, or 

phenol-P) 

Aliphatic 

side 

chain 

length
b
 

Unsaturated 

bonds in 

aliphatic side 

chain
c
 

Reference 

Poison ivy 

(Toxicodendron 

radicans)  

Anacardiaceae/ 

Toxicodendron 

pentadecyl catechol (3%) C 15 0 166,167 

pentadecenyl catechol (15%) C 15 1 

pentadecadienyl catechol (60%) C 15 2 

pentadecatrienyl catechol (22%) C 15 3 

heptadecadienyl catechol d C 17 2 168 

heptadecatrienyl catechol d C 17 3 

heptadecatetraenyl catechol d C 17 4 

Japanese 

lacquer tree 

(Toxicodendron 

vernicifluum) 

Anacardiaceae/ 

Toxicodendron 

pentadecyl catechol (4.5%) C 15 0 169 

pentadecenyl catechol (15%) C 15 1 

pentadecadienyl catechol (10.9%) C 15 2 

pentadecatrienyl catechol (64.7%) C 15 3 

heptadecenyl catechol (1.5%) C 17 1 
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heptadecadienyl catechol (1.8) C 17 2 

Poison oak 

(Toxicodendron 

pubescens) 

Anacardiaceae/ 

Toxicodendron 

pentadecyl catechol (3-22%) C 15 0 171 

pentadecenyl catechol (1-8%) C 15 1 

pentadecadienyl catechol (0-3%) C 15 2 

pentadecatrienyl catechol (0-1%) C 15 3 

heptadecyl catechol (0-2%) C 17 0 

heptadicenyl catechol (6-11%) C 17 1 

heptadecadienyl catechol (19-25%) C 17 2 

heptadecatrienyl catechol (35-63%) C 17 3 

heptadecatetraenyl catechol (0-1%) C 17 4 

Poison sumac 

(Toxicodendron 

vernix) 

Anacardiaceae/ 

Toxicodendron 

pentadecyl catechol (15%) C 15 0 171 

pentadecenyl catechol (41%) C 15 1 

pentadecadienyl catechol (33%) C 15 2 

pentadecatrienyl catechol (11%) C 15 3 

Mango 

(Mangifera 

indica) 

Anacardiaceae/ 

Mangifera 

pentadecyl resorcinol (6%) R 15 0 172,176 

pentadecenyl resorcinol (2%) R 15 1 

heptadecyl resorcinol (1%) R 17 0 

heptadecenyl resorcinol (53%) R 17 1 
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heptadecadienyl resorcinol (33%) R 17 2 

heptadecatrienyl resorcinol (2%) R 17 3 

nonadecadecenyl resorcinol (2%) R 19 1 

nonadecadienyl resorcinol (1%) R 19 2 

Cashew 

(Anacardium 

occidentale) 

Anacardiaceae/ 

Anacardium 

pentadec((di/tri)en)yl resorcinol (aka 

cardol) (15-20%) 

R 15 0-3d 173 

2-methyl cardol (1.7-2.6%) methylated R 15 0-3d 

pentadecyl phenol (aka cardanol) (1-9%) P 15 0-3d 

anacardic acid (74-77%) carboxylated P 15 0-3d 

Ginkgo (Ginkgo 

biloba) 

Ginkgoaceae/ 

Ginkgo 

anacardic acid: 6-[tridecanyl] salicylic 

acid (7.5%) 

carboxylated P 13 0 186 

anacardic acid: 6-[8’(Z)-pentadecenyl] 

salicylic acid (43.2%) 

carboxylated P 15 1 

anacardic acid: 6-[10’(Z)-heptadecenyl] 

salicylic acid (10.2%) 

carboxylated P 17 1 

bilobol (5-pentadecenylresorcinol) 

(9.8%) 

R 15 1 

Cardanol: 3-[pentadecenyl] phenol P 15 1 
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(1.4%) 

Cardanol: 3-[heptadecenyl] phenol 

(<1%) 

P 17 1 

(Philodendron 

scandens) 

Araceae/ 

Philodendron 

heptadecadienyl resorcinol (50%) R 17 2 165 

heneicosatetraenyl resorcinol (25%) R 21 4 

tricosatetraenyl resorcinol (15%) R 23 4 

pentacosatetraenyl resorcinol (10%) R 25 4 

(Grevillea 

banksia) 

Proteaceae/ 

Grevillea 

undecyl resorcinol (3%) R 11 0 187 

tridecyl resorcinol (30%) R 13 0 

pentadecyl resorcinol (7%) R 15 0 

pentadecenyl resorcinol (60%) R 15 1 

a The percentage indicated in parenthesis represents fraction of the particular compound found in the urushiol of the species. 

b The length of the aliphatic side chain may be important for immunologic cross-reactivity 188. 

c The number of unsaturated bonds is provided to account for different names of compounds with same aromatic ring and same carbon atom numbers in the 

aliphatic chain. 

d The exact content of specific chemicals with indicated numbers of unsaturated bonds was not determined. 
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Immunological cross-sensitivity. Longstanding epidemiological and clinical observations have suggested 

a certain degree of immune cross-reactivity among urushiols 189,190. Thus, subjects with mango 

dermatitis may display positive patch-test reactions to poison ivy urushiols, and vice versa 176. In a 

similar manner, subjects sensitive to cashew shell oil extract may display sensitivity to poison ivy 181. 

Cross-sensitization could be a consequence of an identical chemical sensitizer being present in different 

plants, or due to similarity in chemical structures of sensitizers in different plants 191. In this case, the use 

of pure chemicals with different plant origin for patch-testing helps define immune response 

specificities 192. Another caveat of these studies is that one cannot exclude the possibility that “cross-

reactivity” is actually due to sensitization from encounters to both plants, of which only one encounter is 

remembered by subjects. An example is the development of mango dermatitis in American teenagers, 

with a known sensitivity to poison ivy but no history of mango sensitivity, who developed a mango 

contact dermatitis from  picking mangos in Israel 11. Furthermore, observations using experimental 

animals where history of antigen encounter can be controlled with more certainty argue for significant 

cross reactivity between compounds with similar chain lengths (1-3 carbons) 188. Given that major 

phenolic compounds in poison ivy/oak, cashew nuts and mango differ by three carbons in side chains 

(15 for poison ivy/oak and cashew nuts; 17 for mango), it can be concluded that data obtained with 

experimental animals support immunological cross-reactivity of these compounds.  

 

Urushiol variations can be found in plants outside of Anacardiaceae family 165,174, including Gingko 193,194, 

Philodendron 165 and Grevillea 195: these plants can promote skin sensitization. While some studies have 

shown cross-reactivity between these plants and Toxicodendron plants 194,195, patch-testing results of 

patients with contact history to only Toxicodendron or only Philodendron did not support such cross 

reactivity, even though the most prominent phenolic compound in Philodendron extracts was 
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heptadecadienyl resorcinol with 17 carbons side chain 165 (Table 3). An apparent reason for this 

discrepancy, however, may be explained by use of different Philodendron extracts for patch-testing. 

Philodendron-sensitive subjects did not seem to react to an extract that contained exclusively 

heptadecadienyl resorcinol but reacted to a mixture that contained heptadecadienyl resorcinol plus 

other three alk(en)yl resorcinols with longer side chains (21, 23 and 25 carbons). Thus, although less 

abundant (25%, 15% and 10% for 21, 23 and 25 carbons long side chains, respectively, compared to 50% 

for the 17 carbons long side chain) these longer side chain containing alk(en)yl resorcinols appear to be 

more immunogenic. This is in agreement with the impact of side chain length on immunogenicity of 

alk(en)yl catechols 188. Given that cross-reactivity is limited to compounds of similar side chain length 188, 

this can explain the absence of cross-reactivity between Philodendron and Toxicodendron. 

 

Developmental (oral) tolerance and cross-tolerance. Evidence to suggest possible oral tolerogenic 

effects of urushiols has been reported for two centuries. The best-known examples are anecdotal 

reports of Native Americans displaying lower sensitivity to poison ivy because they had the habit of 

chewing poison ivy leaves. Actual references of some of these reports are no longer available, but 

indirectly referenced in more recent papers; a list of original references that considered the effects of 

oral poison ivy consumption and their sources are provided in Table 4. Despite the widely held belief of 

lower poison ivy sensitization in Native Americans, more recent studies using objective measurements 

of sensitization rates have not supported these impressions. A study of patch-testing rates to poison ivy 

between Native Americans and Caucasians found rates to be indistinguishable 196. Possible reasons for 

this finding were not discussed and could include: 1) oral consumption of poison ivy did not start early in 

childhood; 2) the habit of oral consumption was abandoned by the tribes examined; 3) tribal differences 

in consuming poison ivy; and 4) relying on erroneous self-reporting in the past.   
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Table 4. Historic references to oral consumption of poison ivy by American natives. 

Historic reference 

author 

Historic reference 

publication year 

Reference where 

quoted 

Dakin 1829 54,197 

Lindley 1908 198 

Lain 1913 196 

Alderson 1921, 1925 199 

 

Other suggestions of possible oral tolerance derive from studies using oral application of antigenic 

urushiol preparations to induce hyposensitization in individuals sensitized to poison ivy. One of the 

earliest studies reported successful hyposensitization, although objective measures of sensitization were 

not stated 200. A number of subsequent studies have demonstrated measurable effects of 

hyposensitization with oral administration of antigen, but patients went through a phase characterized 

by symptom eruption induced by the oral preparation 197,199,201. Because of these side effects and 

because of difficulties in quality control of botanical preparations (and consequent reproducibility 

issues) the interest in pursuing hyposensitization studies has waned. It is of interest that the possibility 

of applying the same regimen as prevention in individuals before the sensitization to poison ivy 

developed has not been prominently discussed in the literature. Although hyposensitization does not 

represent a form of developmental tolerance (because sensitization preceded tolerance induction 

attempts), these studies contribute to the notion that oral exposure to urushiols can lead to tolerance. 
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Evidence suggesting tolerance to sensitizing effects of Anacardiaceae has been observed in populations 

that regularly consume Anacardiaceae fruits during early childhood. For example, reduced rates of 

sensitization to mango in Hawaii 202, South America 178 and the Caribbean 203 have been attributed to 

tolerance developed by early contacts with mango in these populations. Mango is noted to be very 

popular amongst children in these locations and it is consumed in a specific way by sucking the juice 

through a hole followed by eating the remaining pulp 178. 

 

A number of epidemiological observations supporting cross-tolerance between distinct Anacardiaceae 

species have been reported. Examples include adult subjects with patch-test-proven poison ivy or 

poison oak reactivity developing hyposensitization after working in the cashew nut processing facility 204, 

or after oral consumption of cashew nut oil 205. Also, early consumption of mango was proposed to be 

responsible for reduced rates of poison ivy sensitization in Japanese, Chinese, Filipinos and Hawaiians 

born in their respective countries, relative to the same populations born in the US 198. These 

observations suggest that cross-tolerance may exist between cashew nut or mango phenolic compounds 

and poison ivy urushiol, but more data are needed to establish this association. 

 

Conclusions. Review of available evidence from human subject data suggests that oral exposure to 

various urushiol-containing plants or foods in certain populations may lead to immunological tolerance, 

thus preventing or reducing development of urushiol sensitization. The strength of evidence is based on 

both direct and indirect observational data.  The best direct evidence for oral tolerogenic effect has 

been shown by oral application of poison ivy antigenic preparations. However, these studies have only 

shown a possible hyposensitization effect and it is still unclear if early (before skin contact sensitization 

occurs) or continued oral exposure to these preparations in sensitized individuals would lead to 
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complete tolerance. Moreover, using these preparations clinically for preventing poison ivy sensitization 

may not be feasible due to side effects and other quality control issues. There are multiple indirect 

observations from defined geographic areas in which consumption of Anacardiaceae (as extracts or 

fresh fruit), such as mango, early in life appears to protect against development of skin sensitization to 

mango later in life. Prospective studies of mango and other Anacardiaceae (as extracts or fresh fruit), 

ideally in diverse geographic populations, are still needed to establish a more causal association 

between oral exposure and reduced sensitization. Furthermore, in light of antigenic similarities between 

urushiols, such as of alk(en)yl catechols (present in poison ivy) and alk(en)yl resorcinols (present in 

mango), some evidence of immunological cross-tolerance between Anacardiaceae fruits and poison ivy 

has been observed with early consumption of mango providing protection against development of 

sensitization to poison ivy in certain populations. However, additional controlled studies in wider 

populations and to various Anacardiaceae are needed to confirm these observations. 

 

SESQUITERPENE LACTONES  

 

Sources and chemical composition. SLs are the main allergens in the plants of Compositae (also known 

as Asteraceae) family 206. Compositae family plants are widely used as food, spices, valued medicinal 

plants, cosmetic ingredients as well as indoor or outdoor landscape plants 207,208. Compositae family has 

thus become a very important allergenic plant family for research purposes 207. Plants other than 

Compositae, such as magnolia (Magnoliaceae), bay leaf (Lauraceae) and liverworts (Jubulaceae), may 

also harbor SLs 209. These and some of the plants belonging to the Compositae family and their 

respective SLs are listed in Table 5. 
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Table 5. Sesquiterpene lactones (SLs) in select Compositae and non-Compositae plants. 

Plant name Plant family 

Representative 

individual SLs 

SL typec Reference 

����,β-unsaturated 

cyclopentenone/ 

cyclohexenoned 

����-

methylene-

����-lactonesd 

Epoxide/ 

peroxide 

bridgee 

German 

chamomilea,b 

(Matricaria recutita) 

Compositae 

Matricarin 

Guaianolides 210 

Yes No No 

Achillin Yes No No 

Acetoxyachillin Yes No No 

Leucodin Yes No No 

Roman chamomile 

(Chamaemelum 

nobile) 

Compositae Nobilin Germacranolides 207 No Yes No 

Yarrowa,b 

(Achillea millefolium) 

Compositae 

α-

peroxyachifolid 

Guaianolides 207 No Yes Yes 

Cushion bush 

(Lucophyta brownii) 

Compositae 

Calocephalin Guaianolides 

208 

No Yes Yes 

Leucophytalin A Guaianolides No Yes No 

Pseudoivalin Guaianolides No Yes No 
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Pseudoivalin 

acetate 

Guaianolides No Yes No 

Tomentosin Other No Yes No 

4α-hydroxy-5αH, 

10αH-1,11(13)-

guaidien-8β, 12-

olide 

Guaianolides No Yes No 

4α-hydroxy-

1α2α-epoxy-

5αH, 10αH-

1,11(13)-

guaidien-8β, 12-

olide 

Guaianolides No Yes Yes 

Arnicaa 

(Arnica montana) 

Compositae 

Xanthalongin Other 
207 

No Yes No 

Helenalin Pseudoguaianolides Yes Yes No 

Elecampane 

(Inula helenium) 

Compositae 

Alantolactone  

Eudesmanolides 207 

No Yes No 

isoalantolactone No Yes No 
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Sticky elecampane 

(Inula viscosa) 

Compositae 

2-desacetoxy-

xanthinin 

Other 
207 

No Yes No 

Inuviscolide Guaianolides No Yes No 

Costus 

(Saussurea lappa) 

Compositae 

Dehydrocostus 

lactone 

Guaianolides 
207 

No Yes No 

Costunolide Germacranolides  No Yes No 

Feverfewb 

(Tanacetum 

parthenium) 

Compositae Parthenolide Germacranolides 207 No Yes Yes 

Dandelionb 

(Taraxacum 

officinale) 

Compositae 

Glucopyranoside 

of taraxinic acid 

Germacranolides 211 No Yes No 

Lettuceb 

(Lactuca sativa L) 

Compositae 

Lactucopicrin 

Guaianolides 211 

Yes Yes No 

Lactucin Yes Yes No 

Chrysanthemuma,b 

(Dendrathema 

cultivars) 

Compositae 

Arteglasin A Guaianolides 

206,212,213 

No Yes Yes 

Pyrethrosin Germacranolides No Yes Yes 

Alantolactone Eudesmanolides No Yes No 
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Tansyb 

(Tanacetum Vulgare 

L) 

Compositae 

Arbusculin A  Eudesmanolides 

211 

No Yes No 

Tanacetin Eudesmanolides No Yes No 

Parthenolide Germacranolides  No Yes Yes 

Rag weedsb 

(Ambrosia spp.) 

Compositae 

Artemisifolin 

Germacranolides 211 

No Yes No 

Isabelin No Yes No 

Sunflower 

(Helianthus annuus) 

Compositae Argophyllin Germacranolides 214 No Yes Yes 

Mugwort (Artemisia 

Vulgaris)a 

Compositae 

Artemisinin Other 

206,215,216 

No No Yes 

Yomogin Eudesmanolides Yes Yes No 

Arteglasin A Guaianolides No Yes Yes 

Stinkwortb 

(Inula graveolans) 

Compositae 

2α-hydroxy-2R-

xanthalongin 

Other 

217 

No Yes No 

4-epi-

isoinuviscolide 

Guaianolides No Yes No 

8-epi-helenalin Pseudoguaianolides Yes Yes No 

bigelovin Pseudoguaianolides Yes Yes No 

Dogweedb (Cassinia Compositae Eupatolide Germacranolides 218 No Yes No 
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aculeate) Epitulipinolide No Yes No 

Capeweedb 

(Arctotheca 

calendula) 

Compositae 

Dehydro-

brachylaenolide 

Eudesmanolides 219 

Yes Yes No 

Isosantonin Yes Yes No 

4,5-Dihydro-α-

santonin 

Yes Yes No 

Tuberiferin Yes Yes No 

Wormwoodb 

(Artemisia 

absinthium) 

Compositae 

Anabsin Guaianolides 

220 

No No No 

Absinthin Guaianolides No No No 

Anabsinthin Guaianolides No No No 

3’-hydroxy-

anabsinthin 

Guaianolides No No No 

Ketopelenolide b Germacranolides No No No 

Marigolda,b (Tagetes 

patula) 

Compositae Unknown N/A 207 N/A N/A N/A 

Magnolia 

(Magnolia 

Magnoliaceae Parthenolide Germacranolides 211 No Yes Yes 
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grandiflora) 

Liverwort (Frullania) Jubulaceae Frullanolide 1 Eudesmanolides 221 No Yes No 

Bayleaf 

(Laurus nobilis) 

Lauraceae 

Dehydrocostus 

lactone 

Guaianolides 
222 

No Yes No 

Costunolide Germacranolides  No Yes No 

 

aGrows in India 223 

bGrows in Australia 224,225 

cRefer to Fig. 3 for SL type structures 

dThese functional groups are potential immunochemical requisites of causing ACD  226-228. 

eThis functional group is related to biological activities such as antitumor and antimalarial properties 215,229.
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Chemically, SLs are fifteen carbon compounds formed by condensation of three isoprene units, followed 

by cyclization and oxidative transformation to make a cis or trans-fused lactone 215. The γ-lactone ring, 

usually with an α-methyl group, is a significant characteristic of SLs. The number of distinct SL structures 

identified is growing rapidly- from more than 1600 reported in the year 2000 230 to more than 6000 

reported in 2017 231. The composition of sesquiterpene lactones from each of these plants differs, but all 

the components are very similar in structure. SLs belong to more than 40 structural types of which four 

are the most widespread, which are eudesmanolides, germacranolides, guaianolides and 

pseudoguaianolides 231 (Fig. 3). One plant species usually produces one type of sesquiterpene lactones 

215, although some exceptions have been noted 

232-238. 

 

Contact dermatitis induction. The frequency of 

sensitization with SLs ranges from 0.7 to 1.9% in 

Europe and North America 239,240. Occupational exposure appears to be the primary source of 

sensitization for Compositae in general 239, although tea consumption may be an important sensitization 

source for some plants, e.g. German Chamomile 207,241. In addition to the classical form of ACD, 

Compositae cause a form of airborne photodermatitis that carries different names in distinct geographic 

locations, mostly with warm climate 242. Ragweed dermatitis is described in some areas of the US 243, 

bush dermatitis in Australia 224,244, and parthenium dermatitis in India 211,245-247. 

Figure 3.  General chemical structures of the four 

most widespread classes of sesquiterpene lactones. 

Lactones can be formed in different orientations 

depending on the position of the hydroxyl group for 

intramolecular esterification. Two typical examples 

are given on the left and right side for each class. 
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As mentioned earlier, SLs are main allergens for Compositeae plants, although other allergens have 

been reported, such as bisabolol (sesquiterpene alcohol) from German chamomile (Chamomilla recutita) 

and Roman chamomile (Chamomilla nobile), butenylbithiophene and α-terthienyl (thiopene) from 

French marigold (Tagetes patula), herniarin (coumarin) from German chamomile, β-caryophyllene 

(terpene) from Achillea, Artemisia, Helichrysum and Eupatorium as well as flavonoids from German 

chamomile  207,248,249. Sensitivity to SLs is tested using a mixture of three SLs in equimolar concentrations: 

alantolactone (eudesmanolide class), costunolide (germacranolide class) and dehydrocostus lactone 

(guaianolide class), with a total concentration of 0.1% in petrolatum 250 (Fig. 4). This SL mix is included in 

European standard series. When testing with individual constituents of SL mix, costunolide 

(germacranolide class) is the most prevalent sensitizer and elicits positive reactions in 90% of SL- 

sensitized subjects, while dehydrocostus lactone (guaianolide class) and alantolactone (eudesmanolide 

class) respectively elicit 66% and 42% of positive reactions 230. However, the SL mix confirms sensitivity 

to Compositae in less than 50% of cases.  Better sensitivity is achieved by the use of five Compositae 

plant extracts 251-253 but the use of plant extracts for patch-testing is impractical from a standardized 

manufacturing protocol point of view. Hence, attempts have been made to expand the list of SLs used in 

standard testing by adding parthenolide 254 or three other structurally dissimilar SLs 255. It appears that 

immunological specificities for parthenolide largely overlaps with specificities for the standard SLs mix 

254, while the contributions of the three structurally dissimilar SLs remains 

Figure 4. Chemical 

structures (cis and 

trans forms 

included) of 

individual 

sesquiterpene 

lactones used for 

patch-test. 



41 

 

unclear. 

 

Immunological cross-sensitivity. There is reported evidence that people are more likely to experience 

allergic reactions to chamomile if they are allergic to related plants such as chrysanthemum, feverfew, 

yarrow or tansy 256-259. This “co-morbidity” could be due to coexisting separate immune responses, or to 

cross-reactive responses to chemically related (or in some cases identical) compounds. Distinguishing 

between these possibilities is difficult given the rising number of identified SLs 230,231 and the fact that 

plants frequently harbor more than a single SL (Table 5). Some cases of “co-morbidity” can be explained 

by the presence of the same SL in different plants, even those not belonging to the Compositae family. 

For example, feverfew, chrysanthemum, tansy, ragweed, and magnolia share parthenolide 260 

(germacranolide class). Also, clinical cross-reactivity between non-Compositae plants that harbor SLs 

(magnolia, bay leaf and liverwort) and Compositae species has been noted 209,221,261. Sensitization to 

sunflower is frequently observed among individuals sensitized to chrysanthemum 214, which can be 

explained by presence of distinct germacranolides (Table 5). Cross-reactivity was also suggested by a 

study where high prevalence of positive patch-tests to feverfew (95%), tansy (89%) and chamomile 

(78%) extracts were found in patients sensitized with chrysanthemum 259, even though no common SL is 

known for these four plants (Table 5). Finally, patients from Tenerife have been observed to be 

sensitized and have immediate hypersensitivity reactions to extracts of Matricaria Chamomile, even 

though this plant does not grow on the island 262. This observation suggests that these individuals may 

have developed this sensitization from previous exposure to another Compositae plant, Artemisia 

vulgaris, that is typically found on the island. While Artemisia and German Chamomile do not share an 

identical SL, they both produce guaianolides (Table 5). Thus, despite demonstrating immune effector 
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responses reflective of immediate rather than delayed type hypersensitivity, the study findings support 

possible immune cross-reactivity between distinct Compositae plants. 

 

While co-sensitization to different classes of SLs has been described 208,226, cross-reactivity between 

distinct classes of SLs remains to be confirmed. In fact, it has been argued that even SL subtypes (e.g. 

guaian-8,12-olides vs. guaian-6,12-olides) may be sufficiently structurally divergent to preclude cross-

reactivity 263. Skin sensitization experiments in guinea pigs have suggested that cross-reactivity is 

dependent largely on configuration (cis or trans) of α-methylene group in the γ-butyrolactone ring 227 

and is limited to compounds with similar number of carbon atoms 228. Patch-testing in SL-sensitive 

patients also confirmed the importance of α-methylene group for sensitization 206,213. It should be noted 

that reactivity to different plants can sometimes be explained by reactivity to non-SL common 

compounds. This is evidenced by positive patch-test reactions to the Compositae plant extracts in the 

absence of reactivity to SL mix 264. Cross-reactivity in this case was likely caused by terpene or other 

terpenoid allergens present in Compositae mix while in a few patients exhibiting cross-sensitization to 

Compositae and Narcissus extracts cross-reactivity was likely due to other chemicals 264. 

 

Developmental (oral) tolerance and cross-tolerance. In a study of sensitization frequencies to 25 

allergens of the European standard series, which comprised patch-test results from 26,210 patients 

from 10 centers across 8 European countries from 1996-2000 265, the prevalence of positive reactions to 

SLs in Portugal was significantly lower than in other countries (0.1% versus 0.7-1.9%; Table 6). This 

relatively low prevalence rate does not appear to be an anomaly of testing, as an independent study 

conducted in neighboring Spain (that was not part of the eight country study) also revealed a rate 

(0.49%) lower than in the rest of the Europe 266. Possible explanations for these lower rates are either 



43 

 

paucity of antigen (and hence absence of exposure to plants from the Compositae family) or some form 

of tolerance induction. Absence of exposure to sensitizer(s) as a hypothesis appears unlikely. It is well  

 

Table 6. Percentage of positive reactions to sesquiterpene lactone mix 0.1% (shown in Fig. 4) by centers 

in Europe 1996–2000 265. 

Centers Patients (n) Positive reactions (%) 

Oulu, Finland 2542 1.2 

Malmo, Sweden 3301 0.9 

Odense, Denmark 2372 1.9 

Copenhagen, Denmark 4180 1.4 

Amersham, UK 3067 0.9 

Leuven, Belgium 3286 0.7 

Amsterdam, the Netherlands 2915 1.1 

Dortmund, Germany 1956 0.8 

Erlangen, Germany 2041 1.7 

Almada (Lisbon), Portugal 550 0.1 

 

known that Achillea plants are relatively abundant in Portugal and that these plants contain guaianolides 

267. Furthermore, ACD caused by Frullania is relatively common in Portugal 268. Although it is a member 

of the Jubulaceae family, and not Compositae, Frullania contains SLs 221,226. Thus, absent or reduced 

exposure to Compositae antigens in Portugal appears to be an unlikely explanation. With regards to the 

tolerance induction, there is no direct evidence to support this hypothesis. However, it is interesting to 
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note that because of growing concerns for botulism Portugal’s food and economic safety body (ASAE) 

warned its citizens in 2013 against the use of chamomile tea in young children for treatment of 

toothaches or baby colic 269. The need for this public warning implies that the use of chamomile tea by 

small children in Portugal was relatively frequent. By association, therefore, this early chamomile 

introduction in young children may have contributed to tolerance induction and lower prevalence of 

allergies to SL in Portugal. This hypothesis, however, remains to be tested prospectively. 

 

In another study inspired by previous reports of lower prevalence of allergies to SL in Singapore than in 

Europe, Mak et al. compared SL mix patch-testing results from hospitals in Singapore and London 33. 

They reported that the sensitization rate to SL mix 0.1% in petrolatum differed significantly between the 

two centers, with 1.37% of patients positive in the London cohort and only 0.34% positive in the 

Singaporean cohort. Combined with the fact that Compositae skin allergies (ACD) are also rarely seen in 

other Asian countries such as Japan 270, where chrysanthemum is commonly used as food ingredient 271, 

the study authors postulated that the consumption of chrysanthemum tea induced oral tolerance to SLs 

in Singapore leading to reduced SL sensitization rates 33. 

 

The concept of tolerance induction is also supported by unusually high rates of sensitization to SLs when 

plants are introduced in a new geographic area. Feverfew (Parthenium hysterophorus) is a Compositae 

member that was accidentally introduced to India in 1956 in cereal and grass seed shipments from USA 

245. Over the course of 35 years the plant has spread almost all over the subcontinent except some 

minor pockets 272. With the appearance of this plant came a true epidemic of Parthenium dermatitis 246, 

with sensitization rates to SLs as high as 23.3% 273. Given that the SL standard patch test was developed 

only in 1990 250, it is impossible to know what the sensitization rates were before feverfew was 
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introduced to India, and what was the resulting change in prevalence. Nevertheless, these rates are 

more than two-fold higher than the rates of skin sensitization to nickel in India. This is in contrast to 

other parts of the world where allergies to nickel are much more prevalent than ACD to SLs 240,265. In 

direct comparison to SL sensitization rates in other parts of the world (0.7-1.9%), sensitization in India is 

about 10-20-fold higher. Interestingly, the same feverfew species has been introduced to Australia at 

roughly the same time and in a similar manner as in India 274. Due to its invasive character, feverfew also 

spread quickly over the continent 275. However, the rates of SL sensitization in Australia are no different 

than to those in Europe and US 276,277. What could then explain this difference in parthenolide 

sensitization between Australian and Indian populations? One possible explanation is tolerance 

induction in the Australian population. A potential source of tolerance in the Australian population is 

exposure to calocephalin from cushion bush 224,244, through cross reactivity of calocephalin with 

parthenolide. A survey of major Compositae species in Australia and India (see Table 5), and their main 

SLs, found a preponderance of germacranolide-producing plants in Australia while India harbors mostly 

guaianolide producers. Thus, prior exposure of Australians to germacranolides may have induced 

tolerance to parthenolide (another germacranolide). The difference in exposure to germacranolides can 

be also inferred from different rates of cross-reactivity of Compositae-sensitive patients to 

chrysanthemum in India versus Australia. In Australia 69.2% (9/13) patients reacted to chrysanthemum, 

while in India this rate ranged between 22.8% (13/57) 278 and 41.7% (25/60) 279. Relatively low rates of 

reactivity to chrysanthemum in India (indicative of reactivity to germacranolide arteglasin-A) compared 

to high sensitization rates to another germacranolide (parthenolide) suggest lower overall exposure to 

germacranolides in India, albeit confirmatory studies with larger numbers of subjects are needed. While 

there are no indications that Australians become exposed to Compositae via the oral route, 

consumption of chrysanthemum flowers and leaves as food is common in Japan 271 and in China 280 and 

may explain the low rates of Parthenium sensitization in these countries, despite evidence that the plant 
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grows invasively in Japan and China as well 275. Taken together, these observations suggest alternate 

paths of tolerance induced by prior exposures in Australia and Japan, but not India. 

 

Conclusions. Review of human data from studies of certain geographic areas suggests that oral 

consumption of Compositae (chamomile tea; chrysanthemum flowers, leaves, and tea) starting in early 

life may be a source of antigenic exposure leading to immunological tolerance, thus leading to reduced 

rates of sensitization to SLs. However, direct evidence is not available, and additional controlled studies 

are needed to confirm that SLs can induce developmental tolerance. 

 

OVERALL CONCLUSIONS AND FUTURE DIRECTIONS 

 

Early exposure to antigenic substances through the oral route may lead to oral tolerance and prevention 

of subsequent sensitization to these substances. Given this concept and examples of allergic skin 

sensitizers that can be encountered from both oral and dermal exposures, it is important to understand 

whether oral consumption of skin sensitizing chemicals may impact the sensitization and/or reactivity 

potential of these sensitizers when exposed via the skin. Finding ways or strategies to minimize the 

prevalence of skin sensitization would be beneficial to public health because sensitization and clinical 

reactivity to skin sensitizers appears to be increasing and becoming a more pronounced health care 

burden 6,281. Recent therapeutic strategies have shown that oral peanut immunotherapy may effectively 

desensitize a large percentage of peanut allergic patients to high dose peanut oral challenge and achieve 

sustained tolerance in some of these patients 282-284. While the case of peanut immunotherapy did not 

achieve sustained tolerance in all patients and focused on an allergy mainly of the oral route, involving 
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immediate IgE-mediated hypersensitivity, these data support the concept of oral antigenic intervention 

as an immunological approach to prevent allergic sensitization and reactivity possibly from other 

exposure routes, as well.  As such, the effects of early consumption of foods containing nickel, alk(en)yl 

phenolic compounds (e.g. mango), and SLs, for example, could lead to reduced sensitization rates to 

nickel, poison ivy, and Compositae plants, respectively, in Western countries. 

 

We chose to study data on three distinct skin sensitizers that are prevalent causes of contact dermatitis 

and differ chemically and in distribution. Nickel is a heavy metal ubiquitously present in food, air, and 

water, and consequently may be regularly ingested by humans. Nickel may also be released into the oral 

cavity from orthodontic appliances. While no prospective study data are available, there is a correlation 

between exposure to nickel and rates of nickel sensitization in defined populations that may be used to 

evaluate the potential of oral nickel exposure to induce tolerance. Urushiols and SLs, on the other hand, 

are chemically more complex compounds present in plants and, therefore, not continuously ingested by 

humans. However, some retrospective data are available in which exposure to or consumption of 

certain plants containing urushiols and SLs may occur in certain geographic areas. Studying sensitization 

differences in these geographical areas can help to assess questions such as whether consumption of 

certain sensitizer-associated compounds early in life may protect against development of sensitization 

by closely related chemicals (e.g. alkenyl resorcinol in mango protecting against poison ivy dermatitis, or 

SLs in chrysanthemum or chamomile tea protecting against Parthenium dermatitis). Table 7 summarizes 

our review of data suggestive of developmental (oral) tolerance from human studies involving the three 

distinct skin sensitizers. There is little evidence of a direct or prospective association between oral 

consumption of skin sensitizer compounds and tolerance to skin sensitization based on controlled 

studies, such as double-blinded clinical studies, where carefully controlled quantities of food or other 
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oral substances with known chemical content are introduced at predefined developmental stages of 

human development, to provide definitive support for tolerance. More studies of this magnitude are 

clearly needed. However, our review of the literature on mostly retrospective human clinical and  

 

Table 7. Summary of reviewed data suggesting developmental (oral) tolerance to nickel (Ni), urushiols, 

and sesquiterpene lactone (SLs). 

Chemical 

compound 

Data supporting developmental (oral) tolerance Possibility 

of cross-

tolerization 

Reference 

Ni Correlation of Ni levels in urine of general population and Ni 

sensitization rates in different countries 

No Fig. 1; Table 

1 

 Effects of wearing dental braces on Ni sensitization rates No Table 2 

 Correlation of Ni levels in drinking water on Ni sensitization 

rates in adjacent regions of Russia and Norway 

No 92,110 

Urushiols Hyposensitization using oral preparations of urushiols No 197,199,201 

 Correlation of sensitization rates to mango in the US vs. 

Hawaii, South America, and the Caribbean  

No 178,202,203 

 Hyposensitization to poison ivy following exposure to cashew 

nuts or oils 

Yes 204,205 

 Correlation of sensitization rates to poison ivy in Japanese, 

Chinese, Filipinos, or Hawaiians born in the US or in their 

respective countries where mango is consumed early in life 

Yes 198 
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SLs Correlation of reduced sensitization rates to SLs with early 

life consumption of chamomile or chrysanthemum 

Yes/No 33,265 

 High rates of Parthenium dermatitis in India where exposure 

to germacranolide SL-producing plants is lower 

Yes 273,276,277 and 

Table 5 

 

epidemiological studies finds credible evidence of clinical observations that suggest potential cross-

tolerance between early oral exposure to substances related to important skin sensitizers and reduced 

sensitization rates or reactivity to these skin sensitizers. While we observed a potentially novel finding of 

an inverse correlation between the mean nickel levels in urine and the nickel sensitization rates in 

general population (Table 1), we found too many confounding variables to link the high urinary nickel 

levels with oral nickel exposure alone. More compelling evidence of an oral exposure effect is described 

for poison ivy and SLs. This conclusion is based primarily on geographic differences in sensitization rates 

to skin sensitizers and presence of other related chemicals that may be orally consumed and unique to 

those respective geographic areas. Noted examples include hyposensitization to poison ivy following 

exposure to cashew nuts or oils; correlation of sensitization rates to poison ivy in Japanese, Chinese, 

Filipinos, or Hawaiians born in the US or in their respective countries where mango is consumed early in 

life; correlation of reduced sensitization rates to SLs with early life consumption of chamomile or 

chrysanthemum; and high rates of parthenium dermatitis in India where exposure to germacranolide 

SLs producing plants is lower. It should be noted that experimental animal studies also support the same 

conclusion 285-287.  

 

While there are over 4000 different skin sensitizers, we found compelling evidence for only three 

chemicals that support the possibility of oral developmental tolerance. This highlights the degree to 
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which developmental tolerance to skin sensitizers is understudied. Therefore, examination of additional 

chemicals for evidence of oral developmental tolerance would be beneficial. It would be important to 

investigate the degree of cross reactivities between different chemicals, as this information could lead 

to identification of foods or other oral substances that could promote tolerance induction (e.g. use of 

mango rather than poison ivy itself) and prevent sensitization.  

 

Another important avenue of further study is the quantitative aspect of tolerance induction to examine 

whether developmental tolerance can be induced without causing harm. There are no reports on nickel 

toxicity in countries with higher levels of nickel in urine, and consumption of mango or cashews early in 

life in South America, Hawaii, East Asia, and the Caribbean is not associated with adverse effects. The 

greatest impact of introducing germacranolide SLs (e.g. chrysanthemum, chamomile) early in life would 

be in areas with high incidence of Parthenium dermatitis (e.g. India). However, beneficial effects in some 

western countries should not be discounted, judging from the lower rates of sensitization to SLs in 

Portugal and East Asia.  

 

Is there a broader impact of developmental tolerance beyond the three groups of antigens considered in 

this review? What could be the relationship between diet and allergies to certain cosmetic ingredients? 

As mentioned earlier, compounds used as fragrances in the cosmetics industry are present as flavors in 

various foods, most frequently in fruits, vegetables, and spices 28-30 . An important question in that 

respect is whether humans already consume tolerance-promoting produce early in life, in which case 

the rates of sensitization seen are already reduced.   However, a recent report from the Centers for 

Disease Control and Prevention suggests that only 10% of adult Americans consume recommended 

amounts of fruits and vegetables 288. Although children were not included in this study, consumption of 
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fruits and especially vegetables by children is also below recommended levels 289. Therefore, future 

studies could explore the potential to further impact public health by promoting greater intake of 

tolerance-promoting produce and assessing the sensitization rates for decreases over time.  Examples of 

some foods with potential impact on public health through the process of developmental tolerance 

induction are listed in Table 8. Obvious examples of possible future studies come from the topics 

reviewed in this manuscript: Controlled early life introduction of nickel, alk(en)yl fenolic compounds of 

mango, and germacranolides of chamomile or chrysanthemum and their impact on sensitization rates to 

nickel, poison ivy and SLs, respectively (Fig. 5). Further, association studies for other ingredients might 

be considered. For example, effects of early consumption of jasmine tea on sensitization rates to 

fragrance ingredient farnesol, or early citrus fruit consumption on sensitization rates to citronellol or 

limonene. These are only few examples of possible studies that can be derived from Table 8. 

 

Table 8. Examples of potential impact of developmental tolerance induction by early consumption of 

certain foods on public health. 

 

Food category Food Contact sensitizer Health condition affected 

Fruits Nuts Nickel Sensitization to nickel 

Mango Alk(en)yl fenolic compounds Poison ivy/oak dermatitis 

Cashew Alk(en)yl fenolic compounds Poison ivy/oak dermatitis 

Citrus fruits Cinnamates, limonene, citral, 

citronellol, geraniol 

Fragrance allergies 

Teas/oils Chamomile Germacranolide SLs Parthenium dermatitis 
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Chrysanthemum Germacranolide SLs Parthenium dermatitis 

Lavander Linalool Fragrance allergies 

Jasmine Farnesol, benzyl alcohol Fragrance allergies 

Rose Farnesol, linalool, citronellol, 

geraniol 

Fragrance allergies 

Spices Cinnamon spice Cinnamic aldehyde, eugenol Fragrance allergies 

Vanilla Vanillin, anisyl alcohol Fragrance allergies 

Dill Eugenol, isoeugenol Fragrance allergies 

Allspice Eugenol Fragrance allergies 

Nutmeg and mace Eugenol, isoeugenol Fragrance allergies 

Anise Eugenol, cinnamates, anisyl 

alcohol 

Fragrance allergies 

Bay leaves Eugenol, cinnamates Fragrance allergies 

Basil Eugenol, isoeugenol, 

cinnamates, linalool, 

citronellol 

Fragrance allergies 

Curry Eugenol, cinnamates, vanillin Fragrance allergies 

Vegetables Tomato Eugenol, cinnamates Fragrance allergies 

Soybeans Nickel Sensitization to nickel 

Coco Nickel Sensitization to nickel 

Asparagus Vanillin Fragrance allergies 

Pickles Eugenol, cinnamates, vanillin Fragrance allergies 

Cloves Eugenol, isoeugenol, vanillin  Fragrance allergies 
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Fig. 5. Summary of the most important 

points of this review. A change in 

recommendations with regards to the 

peanut allergy based on the 

association and controlled studies of 

allergen-specific oral tolerance 

induction is depicted in the top green 

outlined boxes (taken from references 

79,80). The existing association studies 

for nickel, urushiols and SLs (as 

referenced in Table 7) is depicted in 

blue outlined boxes, as well as an 

indication that controlled studies are 

needed for all three sensitizers are 

depicted in blue “clouds”. The red dash 

outlined boxes are indicating the gap in 

knowledge and the need for controlled 

studies for all three sensitizers. 
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Highlights 

• Many skin sensitizers are consumed orally through foods or other sources 

• Specific antigen tolerance can be induced through early oral exposure to antigen 

• Developmental tolerance to nickel, urushiol and sesquiterpene lactones was explored 

• Associations are established between early exposure and reduced sensitization rates 

• Controlled studies with specific sensitizer early life exposure are needed 
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