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Purpose of review

The following study reviews the recent literature pertaining to allergic contact dermatitis

(ACD) in the pediatric population. This study also provides an overview of the most

common allergens and discusses various therapeutic modalities.

Recent findings

The pathophysiology of ACD is intricate and multifaceted, resulting in a characteristic,

delayed inflammatory response. Although commonly recognized in adults, its existence

in the pediatric population was questioned. Recent literature suggests that pediatric

ACD exists and is more common than previously recognized. The diagnosis relies

on the clinical presentation combined with appropriate use and interpretation of a patch

test. Although many studies have investigated ACD in children, few have documented

the relevance of positive patch test reactions until recently. The most current prevalence

estimates of positive patch test reactions range from 14 to 70% of children patch

tested. Although that range is broad, these studies have demonstrated the relevance of

positive reactions and confirmed ACD as a disease entity in children.

Summary

ACD is a previously underrecognized disease process in the pediatric population that

can manifest as a serious dermatologic challenge for both patients and physicians. This

review will address the prevalence, diagnostic methods, frequent allergens and

treatment options in pediatric ACD.
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Introduction
Recently, reports of allergic contact dermatitis (ACD) in

children have been rising, possibly reflecting an increased

incidence, increased detection through more frequent

patch testing or both. Once correctly diagnosed and

avoidance strategies are implemented, many cases of

contact dermatitis are self-limited or more easily treated.

However, as the morbidity from contact dermatitis

depends on the ability to avoid repeated or continued

exposure, the patient may experience chronic or recur-

rent episodes of dermatitis if the source is not correctly

identified.
Epidemiology
Positive patch test rates in children have been reported

in a range between 14 and 70%, with a significant subset

demonstrating clinical relevance (contact allergy) [1–3,4�].

Two early reports on the United States-based data

suggested sensitization rates in asymptomatic children of

20.3–24.5%[5].Newevidencesuggeststhattheprevalence

ofcontactallergy(ACDwithaclinicallycorrelatingpositive
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patch test) in childhood is underestimated and either is

similar to or may exceed rates observed in the adult popu-

lation [4�,6,7��]. Heine et al. [8] demonstrated, in a large

multicenter study of 75 971 patients, almost equivalent

rates of sensitization in children and adolescents as com-

pared with adults, although the most common allergens

identified differed between age groups. The North

American Contact Dermatitis Group (NACDG) confirmed

this in their United States pediatric population [9��].
Clinical presentation
As ACD may be difficult to distinguish clinically and

histopathologically from other eczemas, a high index of

suspicion is necessary to make the diagnosis. The classic

presentation is a pruritic, eczematous plaque localized to

the site of allergen exposure. Geometric or linear patterns

or involvement of unusual focal skin areas, such as the

earlobes, or the weight-bearing areas of the feet may also

suggest a contact as a cause (Table 1) [10].

The chronicity of the dermatitis may also affect the

presentation. For example, acute ACD (i.e. poison ivy
orized reproduction of this article is prohibited.
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Table 1 Location clues for diagnosis

Distribution of eruption Suggested allergen source

Hairline, tops and behind ears Hair products: dyes; shampoo; conditioners; styling products
Eyelids Aerosolized, applied or transferred products: cosmetics; nail products:

hardeners, polish; fragrances; hair dyes; lotion applied to hands;
metal particles from objects handled

Earlobes, necklace line Metal jewellery, fragrances
Axillary vault Deodorants
Axilla – sparing the vault Clothing/textile dyes
Peri/infraumbilical Metal snaps in pants, belt buckles
Linear streaks on extremities Poison ivy, poison oak, phytophoto
Feet – dorsum Products used to make shoe uppers: leather, rubber, dyes
Feet – weight-bearing surfaces Products used to make insoles/soles
and poison oak) may be edematous, erythematous, inten-

sely pruritic and can become vesicular with crusts or

serous drainage – usually in the linear distribution of

where the plant was in contact with the skin. However, if

the plant was burned and the allergen aerosolized, the

clinical picture would be a more generalized dermatitis.

Chronic ACD (i.e. nickel and fragrances) can be insidious

and present as localized lichenification or with more

generalized reactions. Occasionally, generalized eczema-

tous responses (auto-eczematization) develop and can

cause diagnostic confusion. These auto-eczematization

reactions have been reported in up to 50% of nickel ACD

[11] and are thought to represent increased stimulation

from circulating activated T-cells [12]. Given this vari-

able presentation, ACD should remain in the differential

diagnosis of chronic dermatitis cases that do not respond

to standard treatments.
Patch testing in children
Positive patch test (sensitization) rates in children have

been reported as high as 67% [13�]. However, a positive

patch test is not equivalent to the incidence or prevalence

of ACD, as not all positive tests have clinical relevance.

Patch testing remains the gold standard and a valuable

testing tool in the diagnosis of ACD in children. That

being said, however, there is no Food and Drug Admin-

istration-approved commercially available patch test tool

designated for patients less than 18 years of age. There

are also some specific challenges to testing in the

pediatric age group, such as their limited back size and

potentially decreased willingness to participate or poten-

tial for increased susceptibility to irritant reactions in the

very young [14��]. Insightful clues that heighten the

index of suspicion for ACD and fulfill the criteria for

pediatric series investigation are further discussed by

Jacob et al. [15��].

With children, the frequency of positive results and the

most common allergens may differ as well. The differ-

ences in the frequency of positive reactions for a given

allergen among different age groups likely reflect differ-

ences in the age of exposure and the frequency, type and
opyright © Lippincott Williams & Wilkins. Unautho
length of exposure required to induce sensitization to

specific chemicals [5]. In addition, cultural practices and

regional variation may have an impact. For example, in one

study, Buckley et al. [16] found that, in a UK population,

positive patch tests to fragrance were infrequent in the

first few decades of life and increased gradually after

20 years of age to peak in the seventh decade of life in

women and the eighth decade of life in men. They

hypothesized that fragrance sensitivity resulted from

repeated environmental exposure and age-related sus-

ceptibility factors in their tested population.
Most important contact allergens in
childhood
As has been described in adults, children are most fre-

quently sensitized to those allergens that are ubiquitous

to their environments and thus incur numerous repeated

contacts, such as nickel and fragrances. The top 10

allergens found in internationally reported pediatric

patch test data are listed in Table 2 [1,7��,17–25].

Nickel is by far the most common allergen in patch-

tested patients of all ages [2,3,4�,26]. Classically, it can

present as an eruption on the earlobes or periumbilical

areas (common areas for exposure to nickel-containing

jewellery or pants snaps and belt buckles) [27,28]; how-

ever, facial dermatitis has been reported to musical

instruments and cell phones due to nickel [29–32]. Of

interest, in 1994, the European Union passed legislation

restricting the allowable release of nickel from products

with prolonged skin contact to be less than 0.5 mg/cm2

per week. This was revised in 2004 for body-piercing

postassemblies to less than 0.2 mg/cm2 per week, which

resulted in statistically significant reduced rates of sen-

sitization to nickel on a par with those noted in Denmark.

To date, regulation mandates are not in effect in the USA

[33,34��].

Neomycin sulfate has remained second place in the most

common culprits in ACD for close to 25 years [35]. It is a

topical antibiotic with multiple clinical indications,

including use for superficial wounds or burns, and can
rized reproduction of this article is prohibited.
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Table 2 Top 10 allergens in children

Allergen Description Source Frequent distribution

Nickel Metal Jewellery, buckles and snaps,
eyeglasses, orthodontics,
cell phones, keys, coins

Face/eyelids, earlobes, neck, wrists

Neomycin Topical antibiotic Antibiotic ointments, combinations
with corticosteroids

Face/eyelids

‘Balsam of Peru’/fragrance mix Fragrance Perfumes and cosmetics, flavoring
agent, toothpaste, lozenges and
naturally cross-reacts with tomato
and cinnamon

Eyelids/face, neck, mouth/lips

Thimerosal Preservative Vaccinations, creams, lotions, mascara Body/torso
Cobalt Metal Jewellery, buttons/snaps, ceramics,

cement, vitamin B12
Earlobes, neckline, umbilical area, hands

Chromate Metal Tanned leather, matches, cement,
paints, green felt

Hands, umbilical area

Thiuram Rubber accelerant Elastic waistbands, socks, swimsuits,
shoes (soles or insoles), gloves,
pesticides

Waistline, feet, hands

Lanolin Emollient Emollients, rust-preventive waxes,
soaps, lip balms

Hands, any body area with emollient use

Formaldehyde/formaldehyde-
releasing products

Preservative Shampoos, lotions, cosmetics,
newsprints, cosmetics,
clothing – wrinkle-resistant

Face, ears, hands, trunk

Paraphenylenediamine Oxidative chemical Hair dye, printer inks, black henna tattoos Hairline, ears, hands, tattoo sites

Adapted from [2,7��,17–25].
be found in many over-the-counter products in the

United States [36]. Notably, it is also formulated in

combination with other antibiotics, antifungals or corti-

costeroids, which may lead to observed coreactivity of

these chemically unrelated substances [37].

A particularly challenging allergen category to avoid is

fragrances. The Myroxylon pereirae tree extract (aka

Balsam of Peru) is used as a screen for fragrance allergy,

due to its wide usage and natural cross-reactivity with

other frequently encountered fragrances. Fragrance

allergy is common in the pediatric population and

emerges with the typical involvement areas as seen in

adults – face, neck and axillae, in addition to full systemic

contact dermatitis [38]. However, it is also one of the most

frequently implicated allergens in isolated hand eczema

[39]. In addition to cosmetic products such as lotions,

make up or sunscreens, M. pereirae or chemicals with a

natural cross-reactivity can be used as flavorants in tooth-

pastes and mouthwashes, causing a contact stomatitis or

cheilitis that is not the usual presentation for fragrance

ACD [40,41]. These allergens (or chemically similar

ones) are also used in soft drinks and artificial flavoring

such as cinnamon, cloves, curry and vanilla. Although

dietary intervention remains controversial, there is evi-

dence that it may help those with significant disease that

is not resolving with more typical fragrance avoidance

[42].

Thimerosal is a mercury-derived preservative found in

multiple products. The most common exposures include

otic and ophthalmic (contact lens) solutions, antiseptics

and cosmetics, and the reaction is mainly periorbital

dermatitis. Low clinical relevance along with high sen-
opyright © Lippincott Williams & Wilkins. Unauth
sitization rates is thought to be related to its presence in

vaccines [43–45]. Because the majority of thimerosal

positive patch tests have been shown to be clinically

irrelevant, the NACDG and other notable patch test

experts have removed thimerosal from their standard

testing trays [46–48]. The rates of sensitization are also

expected to decline as many vaccine manufacturers have

removed thimerosal from their preparation [46].

Cobalt is a metal often added to other metals to increase

the strength of the composite. It is naturally found in

metal ore with nickel and can have nickel contamination

in its sources [49,50]. As with nickel, a majority of

sensitization exposures result from contact with jewel-

lery, clothing snaps, buttons and metal objects. Further-

more, it can also be found in cosmetic products, joint

replacements, ceramics, paints, cement and multivita-

mins (cobalt is incorporated into the vitamin B12) [51].

Another important metal and frequent cause of ACD is

chromate. Leather products (e.g. shoes and belts) are a

significant exposure source for both children and adults

[52,53]. Vegetable-tanned footwear can be used as an

alternative [54]. In addition, other sources include multi-

vitamins, paints and antirust products [55]. Matches also

contain chromates and can release it while lit or charred

[50].

Thiuram and carbamate function as rubber accelerants

(chemicals promoting the transformation of rubber from a

liquid to a solid state) and are typically present as addi-

tives in many rubber products, from elastic waistbands,

socks and swimwear to toys, pacifiers, shoes (insoles and

soles), cosmetic applicators and adhesives [56].
orized reproduction of this article is prohibited.
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Table 3 Top allergens (honorable mentions)

Allergen Description Source Frequent distribution

Disperse dyes Chemical dye Clothing, diapers Axilla, sleeves, trunk, diaper area
Cocamidopropyl betaine Surfactant Shampoos, bath gels, soaps Eyelid, face, neck, scalp
Corticosteroids Medication Over-the-counter or prescription

anti-inflammatory preparations
(topical, oral, i.m. and i.v.)

Site of application or systemic contact dermatitis

i.m., intramuscular; i.v., intravenous. Adapted from [2,7��,17–24,57].
Lanolin (aka wool wax alcohols) is derived from the

sebaceous excretions of sheep, extracted from wool

and used as an emollient for skin barrier protection

and repair. It is often added to skin ointments, moistur-

izers and lip balms and may be a source of allergy through

cosmetic and personal hygiene products [57,58].

Formaldehyde and/or the formaldehyde-releasing

preservatives [quaternium-15, bromonitropropanediol

(Bronopol; Xingning Fine Chemicals Factory Co., Ltd.,

Guangdong, China), diazolidinyl urea (Germall II; Wuhu

Huahai Biology Engineering Co., Ltd., Anhui, China),

1,3-dimethylol-5,5-dimethylhydantoin (DMDM) hydan-

toin (Glydant; Qingzhou Ailitong Chemicals Technical

Co., Ltd., Shandong, China), imidazolidinyl urea

(Germall), tris (hydroxymethyl) nitromethane (Tris nitro)

and sodium hydroxymethylglycinate] are commonly

added to personal hygiene products as antimicrobials

to maintain their shelf life (e.g. make-up, shampoos,

deodorants and baby wipes). Furthermore, they are found

in paper products and clothing labeled wrinkle-resistant

[51,60]. Of the various textiles, rayon, corduroy, silk and

blended cottons have the highest concentrations of

formaldehyde, whereas 100% polyester is believed to

have the least [60]. Systemic exposure through cigarette

smoke inhalation and the ingestion of certain foods that

metabolize into formaldehyde (e.g. aspartame-containing

foods, shiitake mushrooms, smoked ham and maple syrup)

can result in persistent dermatitis, and some patients have

improved their symptoms through dietary avoidance,

although this remains controversial [62–64,65�,66,67].

Para-phenylenediamine (PPD) is commonly used as a

permanent hair dye, and related compounds may be

found in printer ink and photography products. More

recently, it has gained notoriety for its use in adulterating

natural henna to make ‘black henna’, a substance increas-

ingly being used to make temporary tattoos [67–69].

Although many parents and consumers believe these

tattoos to be temporary, adverse events to them (scarring

and sensitization) can be permanent. PPD is the most

commonly used ‘permanent hair dye,’ but has been

detected in concentrations up to 15.7% in henna tattoo

preparations, far exceeding the limit permissible for hair

dyes (<6%) [70]. Notably, 25% of those allergic to PPD

can also be reactive to semi-permanent dyes found in
opyright © Lippincott Williams & Wilkins. Unautho
dark synthetic clothing [71,72]. One concern with PPD

is the potential for lifelong sensitization, and reported

systemic contact dermatitis evoked with exposure to

cross-reactors such as benzocaine, diuretics (hydrochloro-

thiazide) and sulfonamide medications [73,74]. Children

with a history of localized reactions to black henna tattoos

have been reported to have had severe generalized

reactions requiring hospitalization and ICU stays after

subsequent exposure to hair dye [74,75].

With advances in the recognition and understanding of

ACD, new allergens are constantly being identified and a

few others deserve honorable mention for their impact

(Table 3) [2,7��,17–24,57].

Textile dermatitis is often a result of the dyes used to

color clothing or the resins that lend a ‘wrinkle resistant’

quality as mentioned earlier. In children, the aniline dyes

found in clothes, undergarments, seatbelts, diapers and

glasses frames have been frequently reported to cause

ACD [76–79]. Because of their sensitization potential,

disperse blue dyes 106 and 124 are often selected for

screening in pediatric patch testing [80]. It is important to

note that many individual colors can make up a hue, and

the direct application of the patient’s suspected garment

may be applied as a component of the patch test [80].

Cocamidopropyl betaine (CAPB) is derived from coconut

oil and is a commonly used surfactant in foaming cleans-

ers, appearing in many no tears shampoos, bath foams and

soaps [81]. Recently, there is evidence that impurities

from the CAPB preparation, such as amidoamine [82,83]

and 3-dimethylaminopropylamine (DMAPA) [84,85], may

be the true sensitizers. With improved (less contaminated)

manufacturing, sensitization to products containing this

ingredient may be reduced in the near future [86].

Corticosteroids are synthetic analogues of hormones used

for their anti-inflammatory properties. Emerging studies

[87,88] have identified them as causes of ACD in 0.2–6%

of patients. There are five classes of corticosteroids (A, B,

C, D1 and D2) designated based on their differing

chemical structures (most notably involving carbon 6/9

and carbon 16/17 substitutions) [89,90]. Due to over-the-

counter usage of class A steroids, their sensitization

potential and ACD prevalence exceed all the other
rized reproduction of this article is prohibited.
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Table 4 Topical corticosteroids

Structural class Class A Class D2 Class B Class D1 Class C

Cross-reactions Cross-reaction between A and D2
Cross-reaction between D2 and budesonide (B)

Allergenic potential. [88] þþþþþ þþ þþþþ þþþ þ
Examples Low potency Mid-potency Potent Ultra-potent Potent

Hydrocortisone Hydrocortisone valerate Budesonide Clobetasol propionate Desoximetasone
Tixocortol pivalate

Systemic
Lower mid-potency

Hydrocortisone butyrate
Fluocinonide

Upper mid-potency
Betamethasone

dipropionate
Potent

Mid-potency
Clocortolone

pivalate
Methylprednisolone Prednicarbate Triamcinolone 0.1% Betamethasone valerate

Mid-potency Upper mid-potency
Halcinonide Fluticasone proprionate

Lower mid-potency Mometasone furoate
Desonide
Fluocinolone

Adapted from [26,89–102].
structural classes – A (5.72%), B (4.80%), D1 (3.54%), D2

(2.13%) and finally C (1.10%) [91].
Treatment
The central tenets of ACD management are to accurately

identify the causative allergen and to implement avoid-

ance measures. If patch testing fails to detect the causa-

tive allergen and the diagnosis of ACD is still strongly

considered, a detailed diary of the patient’s daily activi-

ties may help discover patterns of exposure. When the

appropriate allergen is identified, the patient must be

educated on potential sources of exposure and cross-

reacting chemicals, as well as offered suggestions for

avoidance [103�]. This may be especially difficult in

households with small children affected, as the products

that are used by the parents and siblings may also need to

be considered as sources for allergen exposures.

For cases in which avoidance alone has not improved

the ACD, topical or systemic therapies are available.

Emollients can be added after a bath in an effort to retain

hydration and restore the barrier function of the skin.

Barrier repair also decreases pruritus and reduces visible

scaling and dryness [104]. Physical barrier creams may

be useful in cases in which the allergen exposure cannot

be avoided, and there is a defined time of exposure;

patients may apply the creams before and during the

exposure in an effort to decrease absorption.

In regards to medication options, topical corticosteroids

are the first-line treatment modality for ACD, but they

are not without risk and can cause multiple cutaneous

side effects with extensive and long-term use [90]. When

selecting a corticosteroid for treatment, it is important to

choose one that the patient is not allergic to in terms

of the active ingredient (the steroid component) and

inactive ingredients in the vehicle [105]. Table 4 lists

examples from each class and highlights the potential

cross-reactions [92–101].
opyright © Lippincott Williams & Wilkins. Unauth
Topical calcineurin inhibitors (TCIs) are another thera-

peutic option and should be considered when steroid-

sparing agents are required. These agents can be used for

certain areas, such as the face, axilla and groin, which are

more susceptible to steroid-induced atrophy. The cur-

rently available TCIs are tacrolimus ointment, pimecro-

limus cream and cyclosporine ophthalmic emulsion; the

first two have both shown efficacy in the treatment of

ACD when compared with vehicle controls [106,107],

and notably both have been implicated as causal agents in

ACD [108].

When the dermatitis is particularly severe (e.g. bullae),

widespread, involving the mucous membranes or con-

tinuing to progress despite topical therapy, systemic

agents may be considered. Oral H1-antihistamines are

an adjuvant therapy that may relieve pruritus and also

cause drowsiness that may help with sleep disturbances

from pruritus. Systemic corticosteroids may be employed

and are generally started at 1 mg/kg per day [109]. For

those requiring multiple courses of systemic steroids,

other ‘steroid-sparing’ systemic immunosuppressive

agents can be considered to allow for lower oral cortico-

steroid doses; these include cyclosporine, methotrexate

and azathioprine, which all require laboratory monitoring

and close follow up.
Conclusion
ACD is a multifaceted and complex disease with many

diagnostic and therapeutic challenges. Until recently,

the practice of patch testing in North American children

was largely undiscovered for several reasons: lack of a

Food and Drug Administration indicated commercially

available patch test tool for pediatric populations, lack

of a published pediatric standard screening series, no

published studies from the United States sites on patch

testing-affected children and lack of a review in a United

States-based journal of the international pediatric

patch test data. Hopefully, these recent additions to
orized reproduction of this article is prohibited.
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the literature, taken as a whole, might result in a para-

digm shift.

References and recommended reading
Papers of particular interest, published within the annual period of review, have
been highlighted as:
� of special interest
�� of outstanding interest

Additional references related to this topic can also be found in the Current
World Literature section in this issue (pp. 000–000).

1 Brasch J. Contact allergy in children [in German]. Hautarzt 2009; 60:194–
196, 198–199.

2 Roul S, Ducombs G, Taieb A. Usefulness of the European standard series for
patch testing in children. A 3-year single-centre study of 337 patients.
Contact Dermatitis 1999; 40:232–235.

3 Pevny I, Brennenstuhl M, Razinskas G. Patch testing in children. (I) Collective
test results: skin testability in children. Contact Dermatitis 1984; 11:201–
206.

4

�
Hogeling M, Pratt M. Allergic contact dermatitis in children: the Ottawa
hospital patch-testing clinic experience, 1996 to 2006. Dermatitis 2008;
19:86–89.

An interesting retrospective analysis of 100 Canadian children patch tested using
the NACDG standard series and supplementary series if indicated. The study
identifies the top allergens among Canadian children.

5 Bruckner AL, Weston WL, Morelli JG. Does sensitization to contact allergens
begin in infancy? Pediatrics 2000; 105:e3.

6 Wantke F, Hemmer W, Jarisch R, Gotz M. Patch test reactions in children,
adults and the elderly. A comparative study in patients with suspected
allergic contact dermatitis. Contact Dermatitis 1996; 34:316–319.

7

��
Jacob SE, Brod BA, Crawford GH. Clinically relevant patch test reactions
in children: a United States based study. Pediatr Dermatol 2008; 25:520–
527.

A very important study and review of literature presenting a United States-based
study regarding the clinical relevance of positive patch tests in children. Authors
further discuss the helpfulness of patch testing in evaluating children with potential
ACD after performing their series analysis on 65 children.

8 Heine G, Schnuch A, Uter W, Worm M. Frequency of contact allergy in
German children and adolescents patch tested between 1995 and 2002:
results from the Information Network of Departments of Dermatology and the
German Contact Dermatitis Research Group. Contact Dermatitis 2004;
51:111–117.

9

��
Zug KA, McGinley-Smith D, Warshaw EM, et al. Contact allergy in children
referred for patch testing: North American Contact Dermatitis Group data,
2001–2004. Arch Dermatol 2008; 144:1329–1336.

A retrospective analysis of the NACDG data through 4 years and from 13 NACDG
members. The frequency of positive patch test reactions and number of relevant
ones are measured and tabulated in accordance with specific allergens. It is a very
important source update for dermatologists.

10 Kutting B, Brehler R, Traupe H. Allergic contact dermatitis in children:
strategies of prevention and risk management. Eur J Dermatol 2004;
14:80–85.

11 Silverberg NB, Licht J, Friedler S, et al. Nickel contact hypersensitivity in
children. Pediatr Dermatol 2002; 19:110–113.

12 Kasteler JS, Petersen MJ, Vance JE, Zone JJ. Circulating activated T lym-
phocytes in autoeczematization. Arch Dermatol 1992; 128:795–798.

13

�
de Waard-van der Spek FB, Oranje AP. Patch tests in children with
suspected allergic contact dermatitis: a prospective study and review of
literature. Dermatology 2009; 218:119–125.

The authors present results of patch testing in 79 children in the Netherlands.

14

��
Jacob SE, Steele T, Brod B, Crawford GH. Dispelling the myths behind
pediatric patch testing: experience from our tertiary care patch testing
centers. Pediatr Dermatol 2008; 25:296–300.

An important study highlighting challenges specific to patch testing in the pediatric
population and the differences from testing in adults.

15

��
Jacob SE, Burk CJ, Connely EA. Patch testing: another steroid-sparing agent
to consider in children. Pediatr Dermatol 2008; 25:81–87.

The authors present a number of cases tested using their standard series. The
authors demonstrate that, in pediatric patients with moderate-to-severe dermatitis,
the correct use of patch testing can allow cessation of systemic immunosuppres-
sant therapies and ultimately be steroid-sparing.

16 Buckley DA, Rycroft RJG, White IR, McFadden JP. The frequency of
fragrance allergy in patch-tested patients increases with their age. Br J
Dermatol 2003; 149:986–989.
opyright © Lippincott Williams & Wilkins. Unautho
17 Fernandez Vozmediano JM, Armario Hita JC. Allergic contact dermatitis in
children. J Eur Acad Dermatol Venereol 2005; 19:42–46.

18 Romaguera C, Vilaplana J. Contact dermatitis in children: 6 years experience
(1992–1997). Contact Dermatitis 1998; 39:277–280.

19 Lewis VJ, Statham BN, Chowdhury MMU. Allergic contact dermatitis in 191
consecutively patch tested children. Contact Dermatitis 2004; 51:155–
156.

20 Seidenari S, Giusti F, Pepe P, Mantovani L. Contact sensitization in 1094
children undergoing patch testing over a 7-year period. Pediatr Dermatol
2005; 22:1–5.

21 Duarte I, Lazzarini R, Kobata CM. Contact dermatitis in adolescents. Am J
Contact Dermatitis 2003; 14:200–204.

22 Giordano-Labadie F, Rance F, Pellegrin F, et al. Frequency of contact allergy
in children with atopic dermatitis: results of a prospective study of 137 cases.
Contact Dermatitis 1999; 40:192–195.

23 Wohrl S, Hemmer W, Focke M, et al. Patch testing in children, adults, and the
elderly: influence of age and sex on sensitization patterns. Pediatr Dermatol
2003; 20:119–123.

24 Kohl L, Blondeel A, Song M. Allergic contact dermatitis from cosmetics.
Dermatology 2002; 204:334–337.

25 Beattie PE, Green C, Lowe G, Lewis-Jones MS. Which children should we
patch test? Clin Exp Dermatol 2006; 32:6–11.

26 Pratt MD, Belsito DV, DeLeo VA, et al. North American Contact Dermatitis
Group patch-test results, 2001–2002 study period. Dermatitis 2004; 15:
176–183.

27 Dotterud LK, Falk ES. Metal allergy in north Norwegian school children and its
relationship with ear piercing and atopy. Contact Dermatitis 1994; 31:308–
313.

28 Nakamura M, Arima Y, Nobuhara S, Miyachi Y. Nickel allergy in a trumpet
player. Contact Dermatitis 1999; 40:219–220.

29 Freeman S, Stephens R. Cheilitis: analysis of 75 cases referred to a contact
dermatitis clinic. Am J Contact Dermat 1999; 10:198–200.

30 Wohrl S, Jandl T, Stingl G, Kinaciyan T. Mobile telephone as new source for
nickel dermatitis. Contact Dermatitis 2007; 56:113.

31 Livideanu C, Giordano-Labadie F, Paul C. Cellular phone addiction and
allergic contact dermatitis to nickel. Contact Dermatitis 2007; 57:130–
131.

32 European Parliament and Council Directive 94/27/EC. Annex ‘28 Nickel
CAS No. 7440-0-20 Einecs No. 2311114 and its compounds. http://
eurex.europa.eu/smartapi/cgi/sga_doc?smartapi!celexapi!prod!CELEXnum
doc&numdoc=31994L0027&model=guichett&lg=en. [Accessed 31 July
2008]

33 Jacob SE, Moennich JN, McKean BA, et al. Nickel allergy in the United
States: a public health issue in need of a ‘nickel directive’. J Am Acad
Dermatol 2009. [Epub ahead of print] doi: 10.1016/j.jaad.2008.11.893.

34

��
Nguyen SH, Dang TP, MacPherson C, et al. Prevalence of patch test results
from 1970 to 2002 in a multicentre population in North America (NACDG).
Contact Dermatitis 2008; 58:101–106.

This study reports the trends in prevalence patch test positivity of allergens by
pooling data collected by the NACDG between 1970 and 2002. Patients were
tested with the screening series of allergens using a standardized technique. Data
from these patients were recorded on a standard computer entry form and
analyzed. More than 100 allergens were tested on over 34 000 patients during
several patch studies during the period. The study represents an important guide
for commonest allergens and uses a large population scale.

35 Spann CT, Tutrone WD, Weinberg JM, et al. Topical antibacterial agents for
wound care: a primer. Dermatol Surg 2003; 29:620–626.

36 Menezes de Padua CA, Schnuch A, Lessmann H, et al. Contact allergy to
neomycin sulfate: results of a multifactorial analysis. Pharmacoepidemiol
Drug Saf 2005; 14:725–733.

37 Tomar J, Jain VK, Aggarwal K, et al. Contact allergies to cosmetics: testing
with 52 cosmetic ingredients and personal products. J Dermatol 2005;
32:951–955.

38 Lerbaek A, Kyvik KO, Menne T, Agner T. Retesting with the TRUE Test in a
population-based twin cohort with hand eczema: allergies and persistence in
an 8-year follow up study. Contact Dermatitis 2007; 57:248–252.

39 Magnusson B, Wilkinson DS. Cinnamic aldehyde in toothpaste. 1. Clinical
aspects and patch tests. Contact Dermatitis 1975; 1:70–76.

40 Strauss RM, Orton DI. Allergic contact cheilitis in the United Kingdom: a
retrospective study. Am J Contact Dermat 2003; 14:75–77.

41 Salam TN, Fowler JF Jr. Balsam-related systemic contact dermatitis. J Am
Acad Dermatol 2001; 45:377–381.
rized reproduction of this article is prohibited.

http://eurex.europa.eu/smartapi/cgi/sga_doc?smartapi!celexapi!prod!CELEXnumdoc%26numdoc=31994L0027%26model=guichett%26lg=en
http://eurex.europa.eu/smartapi/cgi/sga_doc?smartapi!celexapi!prod!CELEXnumdoc%26numdoc=31994L0027%26model=guichett%26lg=en
http://eurex.europa.eu/smartapi/cgi/sga_doc?smartapi!celexapi!prod!CELEXnumdoc%26numdoc=31994L0027%26model=guichett%26lg=en


C

CE: Bhavana; MOP/478; Total nos of Pages: 8;

MOP 478

Allergic contact dermatitis in children Lee et al. 7
42 Audicana MT, Munoz D, del Pozo MD, et al. Allergic contact dermatitis from
mercury antiseptics and derivatives: study protocol of tolerance to intramus-
cular injections of thimerosal. Am J Contact Dermat 2002; 13:3–9.

43 Schafer T, Enders F, Przybilla B. Sensitization to thimerosal and previous
vaccination. Contact Dermatitis 1995; 32:114–116.

44 Osawa J, Kitamura K, Ikezawa Z, Nakajima H. A probable role for vaccines
containing thimerosal in thimerosal hypersensitivity. Contact Dermatitis
1991; 24:178–182.

45 Breithaup A, Jacob SE. Thimerosal and the relevance of patch-test reactions
in children. Dermatitis 2008; 19:275–277.

46 Marks JG Jr, Belsito DV, DeLeo VA, et al. North American Contact Dermatitis
Group patch-test results, 1998 to 2000. Am J Contact Dermat 2003;
14:59–62.

47 Freiman A, Al-Layali A, Sasseville D. Patch testing with thimerosal in a
Canadian center: an 11-year experience. Am J Contact Dermat 2003; 14:
138–143.

48 Brant WT, editor. The metallic alloys: a practical guide for the manufacture of
all kinds of alloys, amalgams, and solders, used by metal-workers: together
with their chemical and physical properties and their application in the arts
and the industries. London: Henry Cary Baird & Co.; 1896.

49 Argonne National Laboratory EVS. Cobalt. Human Health Fact Sheet.
Argonne, August 2005. http://www.ead.anl.gov/pub/doc/cobalt.pdf.
[Accessed 1 August 2008]

50 Marks JG Jr, Elsner P, DeLeo VA. Standard allergens and contact occupa-
tional dermatology. 3rd ed. Philadelphia: Mosby; 2002. pp. 65–139.

51 Holden CR, Gawkrodger DJ. 10 years’ experience of patch testing with
a shoe series in 230 patients: which allergens are important? Contact
Dermatitis 2005; 53:37–39.

52 Warshaw EM, Schram SE, Belsito DV, et al. Shoe allergens: retrospective
analysis of cross-sectional data from the north american contact dermatitis
group, 2001–2004. Dermatitis 2007; 18:191–202.

53 Scheman A, Jacob S, Zirwas M, et al. Contact allergy: alternatives for the
2007 North American contact dermatitis group (NACDG) Standard Screen-
ing Tray. Dis Mon 2008; 54:7–156.

54 Hamann CP, Rodgers PA, Sullivan K. Allergic contact dermatitis in dental
professionals: effective diagnosis and treatment. J Am Dent Assoc 2003;
134:185–194.

55 Bruckner AL, Weston WL. Allergic contact dermatitis in children: a practical
approach to management. Skin Therapy Lett 2002; 7:3–5.

56 Hasan T, Rantanen T, Alanko K, et al. Patch test reactions to cosmetic
allergens in 1995–1997 and 2000–2002 in Finland: a multicentre study.
Contact Dermatitis 2005; 53:40–45.

57 Wakelin SH, Smith H, White IR, et al. A retrospective analysis of contact
allergy to lanolin. Br J Dermatol 2001; 145:28–31.

58 Feinman SE. Formaldehyde. In: Guin JD, editor. Practical contact dermatitis.
Philadelphia: McGraw-Hill; 1995. pp. 195–210.

59 Rao S, Shenoy SD, Davis S, Nayak S. Detection of formaldehyde in textiles by
chromotropic acid method. Indian J Dermatol Venereol Leprol 2004;
70:342–344.

60 Bardana EJ Jr, Montanaro A. Formaldehyde: an analysis of its respira-
tory, cutaneous, and immunologic effects. Ann Allergy 1991; 66:441–
452.

61 Restani P, Campagner P, Fiecchi A, et al. Identification of spinacine as the
principal reaction product of gamma-casein with formaldehyde in cheese.
Food Chem Toxicol 1988; 26:441–446.

62 Food Standards Agency. Analysis of formaldehyde in shiitake mushrooms
(2004). http://www.food.gov.uk/science/research/researchinfo/foodcompo
nentsresearch/phytoestrogensresearch/t05-t06programme/t05t06project
list/t05027project/. [Accessed 3 August 2008]

63 Food and environmental hygiene department. The Government of Hong
Kong special administration region. http://www.fehd.gov.hk/safefood/report/
formaldehyde/formaldehyde.html. [Accessed 3 August 2008]

64 Hill AM, Belsito DV. Systemic contact dermatitis of the eyelids caused by
formaldehyde derived from aspartame? Contact Dermatitis 2003; 49:258–
259.

65

�
Jacob SE, Stechschulte S. Formaldehyde, aspartame and migraines: a
possible connection. Dermatitis 2008; 19:E10–E11.

An interesting first report stating that aspartame is a widely used artificial sweet-
ener that has been linked to pediatric and adolescent migraines. Upon ingestion,
aspartame is broken, converted and oxidized into formaldehyde in various tissues.
Jacob and Stechschulte [64] present the first case series of aspartame-associated
migraines related to clinically relevant positive reactions to formaldehyde on patch
testing.
opyright © Lippincott Williams & Wilkins. Unauth
66 Militello G, Jacob SE, Crawford GH. Allergic contact dermatitis in children.
Curr Opin Pediatr 2006; 18:385–390.

67 Neri I, Guareschi E, Savoia F, Patrizi A. Childhood allergic contact dermatitis
from henna tattoo. Pediatr Dermatol 2002; 19:503–505.

68 Chung WH, Chang YC, Yang LJ, et al. Clinicopathologic features of
skin reactions to temporary tattoos and analysis of possible causes. Arch
Dermatol 2002; 138:88–92.

69 Brancaccio RR, Brown LH, Chang YT, et al. Identification and quantification
of para-phenylenediamine in a temporary black henna tattoo. Am J Contact
Dermat 2002; 13:15–18.

70 Jacob SE, Zapolanski T, Chayavichitsilp P, et al. p-phenylenediamine in black
henna tattoos: a practice in need of policy in children. Arch Pediatr Adolesc
Med 2008; 162:790–792.

71 Leysat SD, Boone M, Blondeel A, Song M. Two cases of cross-sensitivity in
subjects allergic to paraphenylenediamine following ingestion of polaronil.
Dermatology 2003; 206:379–380.

72 Arroyo MP. Black henna tattoo reaction in a person with sulfonamide and
benzocaine allergy. J Am Acad Dermatol 2003; 48:301–302.

73 Sosted H, Johansen JD, Andersen KE, Menne T. Severe allergic hair dye
reactions in 8 children. Contact Dermatitis 2006; 54:87–91.

74 Giusti F, Massone F, Bertoni L, et al. Contact sensitization to disperse dyes in
children. Pediatr Dermatol 2003; 20:393–397.

75 Guin JD. Seat-belt dermatitis from disperse blue dyes. Contact Dermatitis
2001; 44:263.

76 Alberta L, Sweeney SM, Wiss K. Diaper dye dermatitis. Pediatrics 2005;
116:e450–e452.

77 Batchelor RJ, Wilkinson SM. Contact allergy to disperse dyes in plastic
spectacle frames. Contact Dermatitis 2006; 54:66–67.

78 Pratt M, Taraska V. Disperse blue dyes 106 and 124 are common causes of
textile dermatitis and should serve as screening allergens for this condition.
Am J Contact Dermat 2000; 11:30–41.

79 de Groot AC, van der Walle HB, Weyland JW. Contact allergy to cocami-
dopropyl betaine. Contact Dermatitis 1995; 33:419–422.

80 Fowler JF, Fowler LM, Hunter JE. Allergy to cocamidopropyl betaine may be
due to amidoamine: a patch test and product use test study. Contact
Dermatitis 1997; 37:276–281.

81 Fowler JF Jr, Zug KM, Taylor JS, et al. Allergy to cocamidopropyl betaine and
amidoamine in North America. Dermatitis 2004; 15:5–6.

82 Foti C, Bonamonte D, Mascolo G, et al. The role of 3-dimethylaminopropyl-
amine and amidoamine in contact allergy to cocamidopropylbetaine. Contact
Dermatitis 2003; 48:194–198.

83 Angelini G, Foti C, Rigano L, Vena GA. 3-dimethylaminopropylamine: a key
substance in contact allergy to cocamidopropylbetaine? Contact Dermatitis
1995; 32:96–99.

84 Hunter JE, Fowler JF. Safety to human skin of cocamidopropyl betaine: a mild
surfactant for personal-care products. J Surf Det 1998; 1:235–239.

85 Cohen DE, Brancaccio R. What is new in clinical research in contact
dermatitis? Dermatol Clin 1997; 15:137–148.

86 Boffa MJ, Wilkinson SM, Beck HM. Screening for corticosteroid contact
hypersensitivity. Contact Dermatitis 1995; 33:149–151.

87 Coopman S, Degreef H, Dooms-Goossens A. Identification of cross-reaction
patterns in allergic contact dermatitis from topical corticosteroids. Br J
Dermatol 1989; 121:27–34.

88 Wilkinson SM. Corticosteroid cross-reactions: an alternative view. Contact
Dermatitis 2000; 42:59–63.

89 Davis MD, el-Azhary RA, Farmer SA. Results of patch testing to a cortico-
steroid series: a retrospective review of 1188 patients during 6 years at Mayo
Clinic. J Am Acad Dermatol 2007; 56:921–927.

90 Jacob SE, Castanedo-Tardan MP. Pharmacotherapy for allergic contact
dermatitis. Expert Opin Pharmacother 2007; 8:2757–2774.

91 Jacob SE, Steele T. Corticosteroid classes: a quick reference guide including
patch test substances and cross-reactivity. J Am Acad Dermatol 2006;
54:723–727.

92 Scheuer E, Warshaw E. Allergy to corticosteroids: update and review of
epidemiology, clinical characteristics, and structural cross-reactivity. Am J
Contact Dermat 2003; 14:179–187.

93 Marlene I, Magnus B. Contact allergen of the year: corticosteroids. Dermatitis
2005; 16:3–5.

94 Isaksson M. Corticosteroids. Dermatol Ther 2004; 17:314–320.

95 Isaksson M, Bruze M. Corticosteroids. Dermatitis 2005; 16:3–5.
orized reproduction of this article is prohibited.

http://www.ead.anl.gov/pub/doc/cobalt.pdf
http://www.food.gov.uk/science/research/researchinfo/foodcomponentsresearch/phytoestrogensresearch/t05-t06programme/t05t06projectlist/t05027project
http://www.food.gov.uk/science/research/researchinfo/foodcomponentsresearch/phytoestrogensresearch/t05-t06programme/t05t06projectlist/t05027project
http://www.food.gov.uk/science/research/researchinfo/foodcomponentsresearch/phytoestrogensresearch/t05-t06programme/t05t06projectlist/t05027project
http://www.fehd.gov.hk/safefood/report/formaldehyde/formaldehyde.html
http://www.fehd.gov.hk/safefood/report/formaldehyde/formaldehyde.html


C

CE: Bhavana; MOP/478; Total nos of Pages: 8;

MOP 478

8 Dermatology
96 Lepoittevin JP, Drieghe J, Dooms-Goossens A. Studies in patients with
corticosteroid contact allergy: understanding cross-reactivity among differ-
ent steroids. Arch Dermatol 1995; 131:31–37.

97 Matura M, Goossens A. Contact allergy to corticosteroids. Allergy 2000;
55:698–704.

98 Ohi T. Contact dermatitis due to topical steroids with conceivable cross
reactions between topical steroid preparations. J Dermatol 1996; 23:200–
208.

99 Rietschel RL. Patch testing for corticosteroid allergy in the United States.
Arch Dermatol 1995; 131:91–92.

100 Rietschel RL, Fowler JF, Fisher AA, editors. Fisher’s contact dermatitis. 4th
ed. Baltimore: Lippincott Williams & Wilkins; 1995.

101 Caperton C, Jacob SE. Improving postpatch-test education with the contact
allergen replacement database. Dermatitis 2007; 18:101–102.

102 Rietschel RL, Fowler JF, editors. Fisher’s contact dermatitis. 5th ed. Phila-
delphia: Lippincott Williams & Wilkins; 2001. pp. 715–721.
opyright © Lippincott Williams & Wilkins. Unautho
103

�
Coloe J, Zirwas MJ. Allergens in corticosteroid vehicles. Dermatitis 2008;
19:38–42.

A guidance tool for dermatologists to be aware of potential allergenicity of
vehicle ingredients in corticosteroids and to consider that while making a
prescription.

104 Belsito D, Wilson DC, Warshaw E, et al. A prospective randomized clinical
trial of 0.1% tacrolimus ointment in a model of chronic allergic contact
dermatitis. J Am Acad Dermatol 2006; 55:40–46.

105 Wahn U, Bos JD, Goodfield M, et al. Efficacy and safety of pimecrolimus
cream in the long-term management of atopic dermatitis in children. Pedia-
trics 2002; 110:e2.
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