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Abstract

Background: Pediatric allergic contact dermatitis (ACD) is increasingly prevalent.
Patch testing is the gold-standard diagnostic investigation. The aims of our study
were to describe the clinical profile of pediatric patients with ACD in a multi-ethnic
Asian population and identify the common contact allergens.

Methods: This was a retrospective study involving children and adolescents aged
16 years or younger with clinically suspected ACD who underwent patch testing be-
tween January 2007 and March 2020 at two institutions in Singapore. Information
pertaining to their demographics, atopy history, clinical presentation, and patch test
results was analyzed.

Results: A total of 252 patients were included. The mean age was 10.9 years (1.0-
16.7 years). The majority were Chinese (79.8%) and girls (57.5%). Many (66.3%) had
atopic dermatitis (AD), which was mild. The most common presentation was an acral
eczematous rash. The sensitization rate was 50.0%. The most frequent reactions were
to nickel sulfate (49.2%) and fragrance mix (19.1%). The overall rate of relevant posi-
tive patch tests was 72.5%. Patients with AD were less likely to have a reaction to
fragrance mix (p = .019) and more likely to have a reaction to disperse blue (p = .041).
Compared to younger children, adolescents were less likely to have a positive patch
test (p = .008). Indians were also less likely to have a positive reaction (p = .004).
Conclusion: Metals and fragrances were the most common allergens causing child-
hood ACD in Singapore. Patients with AD were less likely to be sensitized to fra-

grances and more likely to be sensitized to disperse blue dye.
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1 | INTRODUCTION

Allergic contact dermatitis (ACD) is an inflammatory skin disorder.
It is caused by a biphasic T cell-mediated delayed hypersensitivity
reaction.! In the sensitization phase, the hapten from the allergen
first comes in contact with epidermal Langerhans cells. These cells
then migrate to the regional lymph nodes where they interact with
naive T lymphocytes that become primed and undergo clonal expan-
sion into effector and memory cells. The elicitation phase resultsin a
cytotoxic T cell-mediated response when recurrent exposure to the
contact allergen is found.

Patch testing is the gold-standard diagnostic investigation for
ACD and can be safely done in children.? ACD is estimated to af-
fect 20% of children.? However, the true prevalence may be under-
estimated due to lack of recognition.2 Current literature suggests
that contact sensitization may occur in early childhood and varies
among geographical populations.>* Only a few studies have been
conducted in Asia.*® Furthermore, the relationship between ACD
and atopic dermatitis (AD) is unclear.®

The aims of our study were to describe the clinical profile of
pediatric patients with ACD in a multi-ethnic Asian population in
Singapore and identify the common contact allergens causing ACD.
We also explored whether there was any significant association be-
tween ACD and age, gender, race, and AD.

2 | METHODS

This was a retrospective study involving children and adolescents
aged 16 years old or younger with clinically suspected ACD in
Singapore. The patients were reviewed by dermatologists and
underwent patch testing between January 2007 and March
2020 at two local institutions—a specialized dermatologic center
(National Skin Centre, NSC) and a tertiary children's hospital (KK
Women's & Children's Hospital, KKH). Information pertaining
to their demographics, atopy history, clinical presentation, and
patch test results was retrospectively obtained from medical re-
cords and analyzed.

All patients included in the study had been tested with a stan-
dard series of contact allergens or other clinically relevant allergens
that were either part of a supplemental series of allergens or from
selected items belonging to the patient. On average, approximately
25 patches were applied on each child. The common contact aller-
gens tested in both centers were identified and analyzed. The stan-
dard series of contact allergens is detailed in Table A1l.

The allergens were applied on the patient's back over healthy
skin and removed after 48 h of occlusion. Results were interpreted
at 72 h, and reactions were assessed according to the International
Contact Dermatitis Research Group scoring system. All patients
from NSC were routinely reviewed on Day 7 for delayed reactions.
At KKH, patients were recalled for another reading between Days
5 and 7 if delayed reactions were suspected. Patients with posi-
tive reactions were considered sensitized. Further information on

relevance was available from one center, and those of present or
past relevance were considered relevant (Table A2).

Statistical analysis was performed using R version 3.5.3 soft-
ware.” Pearson's chi-square test was used to test the factors asso-
ciated with at least 1 positive patch test, with p-values considered
statistically significant if <.05. Multivariable Firth's logistic regres-
sion analysis was performed to examine the association between
ACD and age, gender, race, and AD. Adjusted odds ratio (OR) with
95% confidence interval (Cl) was reported. Ethics approval was ob-

tained for the study.

3 | RESULTS
3.1 | Demographics

A total of 252 patients were included in our study. 107 boys (42.5%)
and 145 girls (57.5%) were present. The majority (201/252, 79.8%)
were Chinese. The mean age was 10.9 years (range 1.0-16.7 years,
SD 3.6 years). Patients were categorized into 3 age groups: pre-
school children aged 0-6 years, school-age children aged 7-12 years
and adolescents aged 13-16 years. Most were school-age chil-
dren (113/252, 44.8%), followed by adolescents (95/252, 37.7%).
Pre-school children accounted for 17.5% (44/252) of the study

population.

3.2 | Atopy history

Atopic dermatitis was present in 66.3% (167/252) of patients, while
9.9% (25/252) and 27.8% (70/252) had asthma and allergic rhinitis,
respectively. Of the patients with AD, most (157/167, 94.0%) had
mild AD involving less than 10% body surface area (BSA) and were
treated with topicals only. Meanwhile, 3.6% (6/167) had moderate
AD involving at least 10% BSA or requiring phototherapy, and 2.4%
(4/167) had severe AD requiring treatment with systemic immuno-
suppressants. The demographic information and atopy history of all

patients are summarized in Table 1.

3.3 | Clinical presentation

The most common sites of dermatitis were the hands (63/252, 25.0%)
and feet (52/252, 20.6%). Other sites involved were the head and
neck regions (49/252, 19.4%), upper limbs (44/252, 17.5%), lower
limbs (48/252, 19.1%), trunk (18/252, 7.1%), and perineum (13/252,
5.2%). 9 patients (3.8%) with generalized involvement were found.
Most patients (176/187, 94.1%) presented with an eczematous rash.
Other morphologies noted include pigmentary, urticarial, and nodular
lesions. Patients with at least one positive patch test were compared
with those without any positive test results, and no significant differ-
ence in clinical presentation between the two groups was found. The
clinical presentation of all patients is summarized in Table 2.
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TABLE 1 Summary of demographics and atopy history of all

patients (N = 252)

Characteristic

Gender
Male
Female
Race
Chinese
Malay
Indian
Other
Age (Mean: 10.9 years, SD 1.0-16.7 years)
Pre-school children (0-6 years old)
School-age children (7-12 years old)
Adolescents (13-16 years old)
Atopy history
Asthma
Allergic rhinitis
Atopic dermatitis (AD)
Mild AD
Moderate AD
Severe AD

Number

107
145

201
24
17
10

44
113

25

70

167
157/167
6/167
4/167

Percentage

42.5%
57.5%

79.8%
9.5%
6.7%
4.0%

17.5%
44.8%
37.7%

9.9%
27.8%
66.3%
94.0%

3.6%

2.4%

TABLE 2 Clinical presentation—site and morphology of rash

Site of rash

Hands

Feet

Head (scalp, face, eyes, lips, ears, neck)
Lower limbs (excluding feet)

Upper limbs (excluding hands)

Trunk (chest, abdomen, back)
Perineum (genitalia, groin, buttocks)

Generalized (involves all major categories)

Morphology of rash

Eczematous
Pigmentary
Urticarial

Nodular
Maculopapular
Acneiform/follicular

Other?

@Patients may present with rash at more than 1 site.

®Data were only available for 187 patients.

“One patient presented with 2 rash morphologies.

dpainful ulcers on oral mucosa.

All patients
(n=252)*
63 (25.0%)
52 (20.6%)
49 (19.4%)
48 (19.1%)
44 (17.5%)
18 (7.1%)
13 (5.2%)

9 (3.8%)
All patients
(n=187)°
17
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3.4 | Patch test results

A total of 126 patients (50.0%) had at least one positive patch test.
The most frequent positive reactions were to nickel sulfate (62/126,
49.2%), fragrance mix (24/126, 19.1%), potassium dichromate
(17/126, 13.5%), colophony (17/126, 13.5%), and balsam of Peru
(17/126, 13.5%). Relevance of positive results was assessed in 69 pa-
tients, with 72.5% (50/69) having at least one relevant positive patch
test, with relatively high rates for nickel sulfate and fragrance mix.
Table 3 provides details on the frequencies of positive patch tests
to individual contact allergens and compares the results of patients
with and without AD.

3.5 | Multivariate analysis

No significant association between AD and having at least one
positive patch test, adjusting for age, gender and race was found.
However, patients with AD were less likely to have a reaction to fra-
grance mix (p = .019; adjusted OR 0.3; 95% CI 0.1-0.8) and more
likely to have a reaction to disperse blue (p = .041; adjusted OR 8.7;
95% Cl 1.1-1105.2). In terms of race, with Chinese as the reference
group, Indians were less likely to have at least one positive patch test
(p = .004; adjusted OR 0.2; 95% CI 0.1-0.6). In terms of age, with

At least 1 positive patch test No positive patch test
(n=126) (n=126) p-value
38(30.2%) 25(19.8%) .081
26 (20.6%) 26 (20.6%) 1.00
24 (19.1%) 25(19.8%) 1.00
23 (18.3%) 25 (19.8%) .872
21 (16.7%) 23(18.3%) .868
8 (6.4%) 10 (7.9%) .808
8 (6.4%) 5(4.0%) 571
5(3.9%) 4(3.2%) 1.00
At least 1 positive patch test No positive patch test
(n=92) (n=95)¢ p-value
84 (91.3%) 92(96.8%) 129
3(3.3%) 3(3.2%) 1.00
2(2.2%) 1(1.1%) 617
1(1.1%) 0 492
1(1.1%) 0 492
0 0 NA
1(1.1%) 0 492
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FIGURE 1 Comparison of patch test
results among children and adolescents in
Singapore over time. fPatients included
were 20 years old and younger. *Most
common allergens were nickel, thimerosal,
colophony, lanolin, cobalt, fragrance mix,
and neomycin. ’Not in standard series;

2 patients were patch tested and both
were negative. 11Adjusted for removal

of thimerosal in November 1998

Nickel

Fragrance mix

Colophony

Potassium dichromate

Balsam of Peru

Neomycin

Lanolin

Thimerosalq]

0%

pre-school children as the reference group, adolescents were less
likely to have at least one positive patch test (p = .008; adjusted OR
0.4; 95% Cl 0.2-0.8). No significant association between gender and
positive patch tests was seen.

4 | DISCUSSION

Pediatric ACD is increasing in prevalence. A meta-analysis done
found that studies published after 1995 have reported higher rates
of positive patch tests.2? In recent years, unique patch test series
have been developed to facilitate diagnosis and management of ACD
in children.®° Our rates of sensitization and relevant positive patch
tests are similar to other studies published in the past decade 81112

The profile of contact allergy in Singapore has evolved over time.
A review by Goon et al in 2006 found that the most common allergens
were nickel sulfate (40%), thimerosal (15%), and colophony (9%).> Our
results suggest an increased prevalence in contact allergy to nickel
sulfate and fragrance mix compared to this previous study (Figure 1).
One reason for the high percentage of positive patch tests to nickel is
the lack of measures to limit nickel concentrations in nickel containing
products in Asian countries.*® The high pre-test probability among
our pediatric patients may also be a contributing factor.®

Few studies on pediatric ACD have been conducted in Asia.*®
Variations in contact sensitization patterns due to cultural differ-
ences have been highlighted.14 In addition, Asians may have in-
creased genetic predisposition for AD.}® Jacob et al reported that
Asian American children who underwent patch testing were almost
twice as likely to have concomitant AD compared to Caucasian
Americans.’® Further studies on contact allergy in Asian populations
will be valuable.

The relationship between AD and ACD is often debated.’ It
was hypothesized that AD patients were less likely to have ACD due
to the Th2-skewed immune response.’®!” However, some studies

||
||

Cobalt chloride§ —
————

12007-2020 cohort (this study)
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demonstrated that children with AD had higher sensitization rates
due to impaired skin barrier and increased exposure to topical treat-
ments.}”*® Our study showed that overall, no statistically significant
association was found. However, most of our patients had mild AD
and thus less skin barrier impairment, although studies have demon-
strated conflicting results on the relationship between severity of
AD and contact sensitization.*¢18

Several studies have reported that children with AD may have
differing sensitization rates to specific allergens.'>''? Our study
showed that patients with AD had a significantly increased fre-
quency of reactions to disperse blue and reduced frequency of reac-
tions to fragrance mix. A study involving over 2000 Italian children
also demonstrated an increased frequency of positive patch test
reactions to disperse blue in those with AD.?° We hypothesize that
the skin barrier dysfunction in AD could have resulted in increased
sensitization to disperse blue dye on clothing.

Fragrance is a common sensitizer, and several studies have re-
ported increased reactions in patients with AD.2**” However, a ret-
rospective review by Clemmensen et al found that patients with AD
had significantly less positive patch test reactions to fragrances.21 In
the systematic review by Simonsen et al, the authors demonstrated
that fragrance allergy was less common in children with AD who
did not have aggravating skin symptoms. They hypothesized that
this could be due to use of fragrance-free topicals from early child-
hood.* This likely explains the relatively lower rates of fragrance
sensitization among our patients with AD.

Our study demonstrated that contact sensitization was less
likely to occur in adolescents compared to pre-school children. This
isin contrast to studies that reported increased contact sensitization
with age, which is believed to be due to accumulation of environ-
mental exposures.”?? Younger children are perceived to have less
exposure and reduced responsiveness to contact allergens due to an
immature immune system. However, the prevalence in younger chil-

dren may be under-reported as they are less often patch tested.??
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A few studies have shown increased rates of contact allergy among
younger children.?®?* Toys were identified as sources of hapten ex-
posure.22 Furthermore, infants may be at higher risk of sensitization
due to thinner skin and a larger surface area to body weight ratio.?”
The high pre-test probability in this age group may also be a contrib-
uting factor.

Our results did not demonstrate any significant association with
gender. This finding has been reflected in other studies.?* However,
increased rates of ACD among girls have been reported, especially
to nickel sulfate, a common material found in jewelry.%?? Therefore,
this association needs to be clarified in future studies. Finally, our
study demonstrated that Indians were less likely to have a positive
patch test reaction. A local study conducted more than 30 years ago
involving mostly adults demonstrated no significant difference in
prevalence of contact allergy among racial groups.25 Otherwise, this
association has not been explored, possibly due to the limited num-
ber of publications on childhood ACD in Asia.

The main strength of our study is that it is a multi-center study
involving Asian children with ACD, a population that is uncommonly
described. By reviewing patch test data over the past decade, we ob-
tained updated information on the common contact allergens caus-
ing pediatric ACD in Singapore. Our study has its limitations. Firstly,
as it was a retrospective review, data were limited to the information
available. Another limitation was the small number of positive reac-
tions to individual contact allergens; thus, results were less precise.
We attempted to increase our study population size by involving
patients from two institutions. Finally, when interpreting patch test
reactions at 72 h, there is a possibility of missing delayed positive
reactions, or erroneously reading initial irritant reactions as positive.
While it is ideal to perform patch test readings at 48 h, 96 h, and on

Day 7 for everyone, it will likely undermine compliance.

5 | CONCLUSION

Metals and fragrances were the most common allergens causing
childhood ACD in Singapore. Patients with AD were less likely to be
sensitized to fragrances and more likely to be sensitized to disperse
blue dye. Patch testing should be considered in patients with per-
sistent dermatitis despite treatment, especially since it is difficult to
distinguish patients with ACD from those without based on clinical
presentation alone.
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APPENDIX

TABLE A1 List of contact allergens used for patch testing®

VW W N OV A WN R, Z
o

W WWWRNRNNNRNNRNNRNNRNNDN DR B B B B B s |l
® N B O 0V ® N O O B WN P O VO NO OB M W N P, O

34

Allergen

Balsam of Peru

Colophony

Budesonide

Neomycin Sulfate

Nickel Sulfate

Paraben mix
Paraphenylenediamine (PPD)
Potassium dichromate
Mercapto mix

Quinoline mix

Lanolin Alcohol

Thiuram mix

Epoxy Resin

Fragrance Mix 1

Fragrance Mix 2
Betamethasone-17-valerate

Tixocortol-21-pivalate

Methylchloroisothiazolinone and methylisothiazolinone (MCI/MI)

Methyldibromoglutaronitrile
Quaternium 15

Formaldehyde

Propylene glycolb

Disperse Blue 106°

Disperse Blue 124°
2-Mercaptobenzothiazole (M BT)®
4-tert-Butylphenolformaldehyde Resin (PTBP)®
Disperse orange 3¢

Aluminum®

Propolisd

4-Chloro-3-cresol

Flavined

Sesquiterpene Lactone Mix?
LyraId

Cobalt Chloride

Goh CL. Epidemiology of contact allergy in Singapore. Int J
Dermatol. 1988;27(5):308-311.
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Pediatric patch testing in a multi-ethnic Asian population:
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Concentration Vehicle
25.00% Pet
20.00% Pet
0.01% Pet
20.00% Pet
5.00% Pet
16.00% Pet
1.00% Pet
0.50% Pet
2.00% Pet
6.00% Pet
30.00% Pet
1.00% Pet
1.00% Pet
8.00% Pet
14.00% Pet
1.00% Pet
0.10% Pet
0.01% Aq
0.50% Pet
1.00% Pet
1.00% Aq
5.00% Pet
1.00% Pet
1.00% Pet
2.00% Pet
1.00% Pet
1.00% Pet
2.00% Pet
10.00% Pet
1.00% Pet
0.50% Pet
0.10% Pet
5.00% Pet
1.00% Pet

2Allergens included in standard series used in both centers unless otherwise specified.

PAllergen included in standard series in 1 center and supplemental series in the other center.

“Allergen included in supplemental series in both centers.

dAllergen included in standard series or supplemental series in 1 center only.
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lLWl LEY‘E%?ﬁgrtlglogy T
TABLE A2 Classification used to assess relevance of positive patch tests
Present The allergen is causing the current dermatitis
Past The allergen had caused dermatitis in the past, but did not cause the current dermatitis
Exposed The allergen had been encountered before by the patient, but the patient did not develop dermatitis at that time
Unknown No known exposure to the allergen
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