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Abstract

The term contact dermatitis describes an inflammatory process of the skin that occurs in response to contact with exogenous sub-
stances and involves pruritic and erythematous patches. Approximately 80% of all contact dermatitis is primary irritant contact
dermatitis (ICD), whereas allergic contact dermatitis (ACD) makes up only 20% of contact dermatitis cases, the estimated preva-
lence of contact dermatitis in the United States being 1.4%. Among patch-tested patients, nickel has been identified as the most
common allergen. Cobalt is the second most common metal allergen and is found in various dental alloys, paints, and coloring
components of porcelain and glass. The average prevalence of dermatitis due to p-phenylenediamine (PPD) was found to be 4.3%
in Asia, 4.0% in Europe, and 6.2% in North America. Rubber gloves are a major cause of occupational ACD in healthcare workers.
Occupations involving frequent handwashing, between 20 and 4o times per day, have shown an increased incidence in cumula-
tive ICD. The prevalence of occupational hand dermatitis was 69.7% in workers that reported a handwashing frequency exceeding
35 times per shift. The use of alcohol-based sanitizers is much more prevalent among today’s healthcare workers than frequent

handwashing. Both allergic and ICD are worldwide problems.
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Introduction

The term contact dermatitis describes an inflammatory process of
the skin that occurs in response to contact with exogenous sub-
stances and involves pruritic and erythematous patches. Contact
dermatitis can occur in any region of the body; however, the face,
hands, and neck are most commonly involved (1). The clinical
manifestations of contact dermatitis depend on the exogenous
substance, which is classified as either an allergen or an irritant,
and the duration of exposure. Allergic contact dermatitis (ACD)
and irritant contact dermatitis (ICD), the two subtypes of contact
dermatitis, are classified according to the causative agent. ACD is
a delayed Type IV hypersensitivity reaction to exogenous contact
antigens that the person has previously been sensitized to, where-
as ICD is a nonspecific inflammatory response to direct chemical
damage to the skin (Fig. 1) (2). The two subtypes of contact derma-
titis are often present simultaneously (Fig. 2) (3).
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Figure 1 | Allergic contact dermatitis (38).
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Epidemiology

Approximately 80% of all contact dermatitis is ICD, whereas ACD
makes up only 20% of contact dermatitis cases. According to the
National Health and Nutrition Examination Survey (NHANES), the
estimated prevalence of contact dermatitis in the United States is
1.4%. A similar prevalence rate of 1.2% was found specifically for
ACD in a Dutch study (4). The incidence of occupational contact
dermatitis can vary from nine to 49 cases per 100,000 workers per
year (5).

Correlations have been observed between the prevalence of
contact dermatitis and both age and sex. The implications of age
on the prevalence of contact dermatitis involve the differential ex-
posure to allergens and irritants experienced by children versus
adults. Common causes of ACD in children include, but are not

Figure 2 | Patch testing with 30 standard haptens.
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limited to, footwear, due to rubber allergy; metal objects, due to
nickel content in earrings and various household items; plants,
specifically poison ivy; and various medications, which may also
cause ACD in adults. Diaper dermatitis is a well-observed form of
ICD in children and is thought to be due to colorants and dyes in
disposable diapers. Adults and elderly persons mainly experience
ACD as a result of topical medications (5). Occupational risk fac-
tors are frequently cited as a cause of both ACD and ICD in adults.
Occupations that particularly involve frequent handwashing and
repeated exposure of the skin to water showed an increased inci-
dence of contact dermatitis. The prevalence of occupational hand
dermatitis was 69.7% in workers that reported a handwashing
frequency exceeding 35 times per shift (6). High-risk populations
include sanitation workers, healthcare providers, food industry
workers, and hairdressers (7).

Similar to age, the influence of sex on the acquisition of con-
tact dermatitis primarily involves distinct exposure patterns of
men and women to various allergens and irritants. Women have
greater contact with jewelry compared to men and coincidentally
experience increased incidence of nickel sensitivity reactions (5).
The majority of ACD reactions occur after exposure to fragrances,
preservatives, and hair dye; this may also explain the increased
incidence of ACD in women (8). Contact dermatitis occurs twice as
frequently in women as in men; this correlation between sex and
incidence is thought to be due to increased exposure of women to
exogenous substances that induce contact dermatitis as opposed
to an inherent biological factor (5, 9). No racial predilection of
ACD or ICD has been detected. A similar incidence of each was
found in Caucasians and African Americans (7).

Etiology
Allergic contact dermatitis

ACD is a Type 1V, T-cell-mediated, delayed-type hypersensitiv-
ity reaction; it occurs subsequent to sensitization to a particular
hapten (8). The inflammatory response of ACD is divided into a
sensitization phase and an elicitation phase. The sensitization
phase, which typically takes 10 to 14 days, begins upon initial
contact with the hapten as it first encounters and infiltrates the
epidermal skin barrier (8). Thus, the integrity of the epidermal
barrier is heavily implicated in the onset of ACD reactions; bar-
rier disruption could result in increased permeability of irritants
or allergens, including but not limited to environmental contami-
nants and microbial organisms. The elicitation phase occurs upon
subsequent exposure to the same hapten; antigen-specific T-cells
are activated and recruited to the site of exposure (10). This re-
exposure of the skin to the hapten, or allergen, is central to the
development of ACD. Typically, the severity of the ACD reaction
increases with subsequent re-exposures, whereas the onset of
these symptoms becomes quicker (8).

Metals: In 2018, Rastogi et al. found that 38.9% of evaluated
patients were diagnosed with contact dermatitis; among these
patients, the most common allergens were nickel, mercury, and
palladium (11). Among patch-tested patients, nickel has been
identified as the most common allergen. Nickel allergy is more
prevalent in women, perhaps due to increased exposure to jew-
elry in those under age 18 (12). Because children frequently en-
counter nickel in everyday objects, they experience sensitization
quite early and thus are at an increased risk for nickel-induced
ACD upon re-exposure. Cell phones contain metals and are a po-
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tential source of exposure for both young children and adults (Fig.
3) (13). After nickel, cobalt is the second most common metal al-
lergen. It is found in various dental alloys, paints, and coloring
components of porcelain and glass. Following cobalt, chromium
ranks as the third most prevalent metal inducing ACD. Previously,
chromium-induced ACD was more widespread in men working
with cement; however, this chromium-containing cement is no
longer used. The resultant decreased incidence of occupation-
related chromium allergy has caused it to become more common
in women. Certain tanned leather clothing articles also contain
chromium and are a cause of ACD (14). Palladium, mercury, gold,
titanium, silver, tin, and zinc have also been shown to cause ACD.
A high prevalence of contact hypersensitivity to metals and pre-
servatives was recently documented in Chinese patients with at-
opic dermatitis (15).

Figure 3 | Contact dermatitis from cobalt after using a cell phone.

Rubber: Rubber gloves are a major cause of occupational ACD
in healthcare workers (16). Specifically, the presence of the chemi-
cals 1,3-diphenylguanidine (DPG) and cetylpyridinium chloride in
these gloves was shown to cause ACD among surgical personnel
(Fig. 4).

Figure 4 | Contact dermatitis to thiuram in gloves.

Hair dye and temporary tattoos: The chemical p-phenylen-
ediamine (PPD) is frequently used in permanent hair-coloring
agents and is also found in henna tattoos (17). PPD is used more
frequently in darker hair dyes and serves to increase the duration
of henna tattoos as well as quicken the drying time (17). Accord-
ing to Thyssen et al. (18), the average prevalence of dermatitis
due to PPD was 4.3% in Asia, 4.0% in Europe, and 6.2% in North
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Etiology of contact dermatitis

America.

Preservatives: Chemical preservatives are often added to
cosmetics, moisturizers, and topical medications and are a ma-
jor cause of ACD. Methylchloroisothiazolinone (MCI) and meth-
ylisothiazolinone (MI) are preservatives commonly employed in
industrial products (19). In 2005, the use of MI was permitted in
cosmetic products and, since then, a trend of increasing sensitiza-
tion has been observed. The prevalence of ACD due to MI is 1.5%.
Its increased use in industrial, cosmetic, and household products
suggests that an epidemic of MI-induced ACD is on the horizon
(Fig. 5) (19, 20).

Figure 5 | Allergic contact dermatitis after anti-perspirant use (38).

Fragrances: Linalool is a common organic compound that is
found in fragrances. It is not allergenic in pure form, but when
oxidized it is a common cause of ACD (21). The face and the eye-
lids in particular are the prototypical presentation site of cosmetic
contact dermatitis, with common sources including shampoo,
conditioner, facial cleansers, makeup remover, mascara, nail pol-
ish, acrylic nails, makeup sponges, eyelash curlers, and allergens
transferred from the hands (22).

Plant species: Chinese hibiscus (Hibiscus rosa-sinensis) is a
unique flower that has been shown to cause ACD. A unique case
of ACD resulting from exposure to H. rosa-sinensis was document-
ed in a Hindu priest that used H. rosa-sinensis flowers as part of
monthly rituals. The patient presented with recurrent dermatitis
and painful cracks in the fingers of his right hand, which was the
hand used to perform rituals. H. rosa-sinensis has been shown to
cause skin irritation, dermatitis, and immediate hypersensitivity
reactions. It can be seen in gardeners as well, but overall it is quite
rare. The leaves and stems of H. rosa-sinensis contain -sitosterol,
stigma, sterol, taraxeryl acetate, and 3-cyclopropane compounds.
The flowers of the plant, however, contain cyanidin diglucoside
and flavonoids (22).

Acrylates: Acrylates and methacrylates are the most common
resin monomers used in cosmetics, production of artificial nails,
and dental materials. These monomers cause sensitizations of the
skin and contact dermatitis. At various times patients are found
with contact allergies to methacrylates and other acrylate mono-
mers. Very often contact dermatitis caused by acrylates can be as-
signed to occupational dermatitis (Fig. 6) (23). Various wearable
devices used in type 1 diabetes mellitus, such as insulin pumps,
flash glucose monitoring (FGM), and continuous glucose moni-
toring (CGM) devices, are increasingly reported to cause ACD. Al-
though epoxy resin was the first reported contact allergen in these

devices, today in newer technologies these are most often acryls:
ethyl cyanoacrylate, cyanoacrylate, and isobornyl acrylate (24).

Figure 6 | Positive patch test reaction to formaldehyde.

Drugs: Various topical drugs can cause ACD, including antibi-
otics, local anesthetics, corticosteroids, and antifungals. In par-
ticular, an allergic reaction to neomycin is commonly noted due to
its use as treatment of chronic stasis dermatitis and venous ulcers.
Such ACD is less prevalent when neomycin is used as a topical
antibiotic for cuts and scrapes in children (25). Systemic drugs
are also known to cause ACD. Antihistamines often contain aller-
gens that a person may be sensitized to, and, upon ingestion, can
precipitate systemic contact dermatitis. In particular, bromphe-
niramine and doxepin preparations contain allergenic substanc-
es, whereas fexofenadine has been shown to be free of them (26).

Irritant contact dermatitis

Unlike ACD, ICD is a non-immunologic inflammatory reaction that
does not require previous sensitization and occurs in response to
a wide range of irritants, which can be of a physical, chemical,
or mechanical nature (8). Multiple factors are considered to be
involved in the pathophysiology of ICD, including disruption of
the skin barrier, damage to epidermal cells, keratinocyte release
of proinflammatory cytokines, and involvement of the innate im-
mune system (27). For ICD to ensue, exposure to a specific irritant
must result in disruption of the epidermal barrier, specifically the
stratum corneum. The epidermal damage created by this irritant
will then facilitate transepidermal water loss due to increased
skin permeability (8). Along with increased skin permeability,
the irritant-induced insult will cause release of proinflammatory
cytokines such as interleukin (IL)-1alpha, [L-1beta, IL-6, and tu-
mor necrosis factor (TNF)-alpha from keratinocytes (28-31). The
presence of these cytokines at the site of exposure facilitates fur-
ther release of proinflammatory cytokines, which act as a signal
for the migration of mononuclear and polymorphonuclear cells to
the site of irritant exposure (32).

Dry air and temperature variation: An increase in tempera-
ture by more than 20 °C increases the cutaneous effect of an ir-
ritant (33).

Cumulative ICD: Occupations involving frequent handwash-
ing, between 20 and 40 times per day, have shown an increased
incidence in cumulative ICD. The use of alcohol-based sanitiz-
ers is prevalent among today’s healthcare workers and has been
shown to cause less irritation than frequent handwashing. These
alcohol-based sanitizers may also be useful in decreasing irrita-
tion that could result from handwashing because they aid in elim-
inating the detergent (34).
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Mechanical trauma: Irritation such as sweating and friction
from clothing can contribute to the irritancy of contact dermatitis.
In a retrospective analysis of eight children 9 to 16 years old that
wore protective shin guards during soccer and presented with re-
current dermatitis, it was determined, after evaluating their nega-
tive patch test results to over 50 standard allergens and shin guard
components, that ICD was the cause of their dermatitis (35).

Alkali: Endogenous factors, such as moisture of the skin,
anatomical site, age, sweat, and sebum production, as well as
exogenous factors including detergents and cosmetic products,
influence the skin’s naturally acidic pH. These changes from
physiological pH are associated with pathogenesis and onset of

References

1. Purnamawati S, Indrastuti N, Danarti R, Saefudin M. The role of moisturizers in
addressing various kinds of dermatitis: a review. Clin Med Res. 2017;15:75-7.

2. Litchman G, Nair PA, Atwater AR, Beenish SB. Contact dermatitis. [Internet].
Treasure Island, FL: StatPearls Publishing; 2020. Available from: https://www.
ncbi.nlm.nih.gov/books/NBK459230/.

3. Gola M, D’Erme AM, Rocken M. European handbook of dermatological treat-
ments. 3rd ed. Heidelberg: Springer; 2015. Chapter 16, Contact dermatitis; p.
159-70.

4. Green CM, Holden CR, Gawkrodger D). Contact allergy to topical medicaments
becomes more common with advancing age: an age-stratified study. Contact
Dermatitis. 2007;56:229-31.

5. Aalto-Korte K, Koskela K, Pesonen M. 12-year data on skin diseases in the Finn-
ish Register of Occupational Diseases Il: risk occupations with special reference
to allergic contact dermatitis. Contact Dermatitis. 2020;82:343-9.

6. Forrester BG, Roth VS. Hand dermatitis in intensive care units. ] Occup Environ
Med. 1998;40:881-5.

7. Deleo VA, Alexis A, Warshaw EM, Sasseville D, Maibach HI, DeKoven J, et al. The
association of race/ethnicity and patch test results: North American Contact
Dermatitis Group, 1998-2006. Dermatitis. 2016;27:288-92.

8. TanCH, RasoolS, Johnston GA. Contact dermatitis: allergic and irritant. Clin Der-
matol. 2014;32:116-24.

9. Thyssen JP, Uter W, McFadden J, Menné T, Spiewak R, Vigan M, et al. The epi-
demiology of contact allergy in the general population—prevalence and main
findings. Contact Dermatitis. 2007;57:287-99.

10. Saint-Mezard P, Krasteva M, Chavagnac C, Bosset S, Akiba H, Kehren J, et al.
Afferent and efferent phases of allergic contact dermatitis (ACD) can be induced
after a single skin contact with haptens: evidence using a mouse model of pri-
mary ACD. | Invest Dermatol. 2003;120:641-7.

11. Rastogi S, Patel K, Singam V, Lee H, Silverberg ). Associations of nickel co-reac-
tions and metal polysensitization in adults. Dermatitis. 2018;29:316-20.

12. Lu LK, Warshaw EM, Dunnick CA. Prevention of nickel allergy: the case for regu-
lation? Dermatol Clin. 2009; 27:155-61.

13. Moennich JN, Zirwas M, Jacob SE. Nickel-induced facial dermatitis: adolescents
beware of the cell phone. Cutis. 2009;84:199-200.

14. HedbergYS, Liden C. Chromium(lll) and chromium(VI) release from leather dur-
ing 8 months of simulated use. Contact Dermatitis. 2016;75:82-8.

15. Peng F, Schwartz RA, Chen Z, Zhang JZ. High prevalence of contact hypersen-
sitivity to metals and preservatives in Chinese patients with atopic dermatitis.
Chin Med ) (Engl). 2019;132:2881-2.

16. Ponten A, Hamnerius N, Bruze M, Hansson C, Persson C, Svedman C, et al. Oc-
cupational allergic contact dermatitis caused by sterile non-latex protective
gloves: clinical investigation and chemical analyses. Contact Dermatitis. 2013;
68:103-10.

17. Jacob SE, Lehé CL, Hasegawa H, Elliott GR, Das PK. P-phenylenediamine in black
henna tattoos: a practice in need of policy in children. Arch Pediatr Adolesc
Med. 2008;162:790-2.

18. Thyssen JP, White JM. Epidemiological data on consumer allergy to p-phenylen-
ediamine. Contact Dermatitis. 2008;59:327-43.

19. Lundov MD, Krongaard T, Menné TL, Johansen JD. Methylisothiazolinone contact
allergy: a review. Br ] Dermatol. 2011;165:1178-82.

184

ICD, as well as atopic dermatitis and acne (36).
Conclusions

Both ACD and ICD are worldwide problems. Almost any exoge-
nous substance can precipitate contact dermatitis if the exposure
is prolonged or the concentration is high. Confounding factors
may be a consideration too, as with phytophotodermatitis, a non-
ACD from a photosensitizing chemical followed by exposure to
solar or artificial ultraviolet light (37). Although the pathogenesis
of ACD and ICD are distinct, the presentations of each subtype of
contact dermatitis are highly similar.

20. Urwin R, Wilkinson M. Methylchloroisothiazolinone and methylisothiazolinone
contact allergy: a new “epidemic.” Contact Dermatitis. 2013;68: 253-5.

21, Christensson JB, Andersen KE, Bruze M, Johansen |D, Garcia-Bravo B, Gimenez
Arnau A, et al. Air-oxidized linalool: a frequent cause of fragrance contact al-
lergy. Contact Dermatitis. 2012;67:247-59.

22. Zirwas MJ. Contact dermatitis to cosmetics. Clin Rev Allergy Immunol. 2019;56:
119-28.

23. Mestach L, Huygens S, Goossens A, Gilissen L. Allergic contact dermatitis
caused by acrylic-based medical dressings and adhesives. Contact Dermatitis.
2018;79:81-4.

24. Herman A, de Montjoye L, Tromme |, Goossens A, Baeck M. Allergic contact
dermatitis caused by medical devices for diabetes patients: a review. Contact
Dermatitis. 2018;79:331-5.

25. Guin JD, Phillips D. Erythroderma from systemic contact dermatitis: a complica-
tion of systemic gentamicin in a patient with contact allergy to neomycin. Cutis.
1989;43:564-7.

26. McEnery-Stonelake M, Silvestri DL. Contact allergens in oral antihistamines.
Dermatitis. 2014;25:83-8.

27. Smith HR, Basketter DA, McFadden JP. Irritant dermatitis, irritancy and its role in
allergic contact dermatitis. Clin Exp Dermatol. 2002;27:138-46.

28. Fluhr JW, Darlenski R, Angelova-Fischer I, Tsankov N, Basketter D. Skin irrita-
tion and sensitization: mechanisms and new approaches for risk assessment. 1.
Skin irritation. Skin Pharmacol Physiol. 2008;21:124-35.

29. Spiekstra SW, Toebak M), Sampat-Sardjoepersad S, van Beek PJ, Boorsma DM,
Stoof T), et al. Induction of cytokine (interleukin-1alpha and tumor necrosis
factor-alpha) and chemokine (CCL20, CCL27, and CXCL8) alarm signals after al-
lergen and irritant exposure. Exp Dermatol. 2005;14:109-16.

30. Wood LC, Elias PM, Calhoun C, Tsai JC, Grunfeld C, Feingold KR. Barrier disrup-
tion stimulates interleukin-1 alpha expression and release from a pre-formed
pool in murine epidermis. ) Invest Dermatol. 1996;106:397-403.

31. Wilmer JL, Burleson FG, Kayama F, Kanno ], Luster MI. Cytokine induction in
human epidermal keratinocytes exposed to contact irritants and its relation to
chemical-induced inflammation in mouse skin. ) Invest Dermatol. 1994;102:915—
22.

32. DeJongh CM, Khrenova L, Verberk MM, Calkoen F, Van Dijk F], Voss H, et al. Stra-
tum corneum cytokines and skin irritation response to sodium lauryl sulfate.
Contact Dermatitis. 2006;54:325-33.

33. Kartono F, Maibach HI. Irritants in combination with a synergistic or additive
effect on the skin response: an overview of tandem irritation studies. Contact
Dermatitis. 2006;54:303-12.

34. Loffler H, Kampf G, Schmermund D, Maibach HI. How irritant is alcohol? Br ) Der-
matol. 2007;157:74-81.

35. Weston WL, Morelli JG. Dermatitis under soccer shin guards: allergy or contact
irritant reaction? Pediatr Dermatol. 2006;23:19-20.

36. Schmid-Wendtner MH, Korting HC. The pH of the skin surface and its impact on
the barrier function. Skin Pharmacol Physiol. 2006;19:296-302.

37. Janusz SC, Schwartz RA. Phytophotodermatitis: an occupational and recreation-
al dermatosis in the limelight. Cutis (in press).

38. Rubins A. [Allergic dermatitis]. In: Dermatovenerologija. Riga: Latvijas Dermato-
venerologijas asociacija; 2020. p. 179-81. Latvian.



