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Capsulesummary

» The association between atopic dermatitis (AD) aletgic contact dermatitis (ACD) is not well
understood.

» We found that AD was associated with contact hygesitivity to ingredients found in emollients
and topical medications, and with sensitivity toltiple allergens.

» Patch testing should be considered for patients AMD who do not improve with standard

measures.
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ABSTRACT

Background: Atopic dermatitis (AD) is associated with skin-bardisruption, immune
dysregulation, and application of emollients anaidal medications, which may predispose towards
developing allergic contact dermatitis (ACD).

Objective(s): To determine the predictors of ACD and relevardrgkns in AD.

Methods: A retrospective chart review was performed of 50dlts (age>18 years) who were
patch-tested to an expanded allergen series frd-2017.

Results: Overall, 108 (21.5%) had current AD and 109 (21.7#dJ past AD. Patients with vs.
without current AD had similar proportions of anysgiive (+/++/+++: 80 [74.1%] vs. 254 [64.5%];
Chi-square, P=0.06), stronger (++/+++: 34 [31.5%]102 [25.9%], P=0.25) and irritant (56
[51.9%)] vs. 188 [47.7%], P=0.45) patch test reaxtidAD patients had significantly higher rates of
positive reactions to ingredients in personal paoglucts and topical medications, including
fragrance mix Il (P=0.04), lanolin (P=0.03), baadin (P=0.04), cinnamal (P=0.02), budesonide
(P=0.01), tixocortol (P=0.02), and chlorhexidineQF001); relevance was established in >90% of
these reactions. Polysensitization occurred monenoonly in patients with vs. without AD (35
[32.4%] vs. 75 [19.0%], P=0.01).

Limitations: Study performed at a single center.

Conclusion: AD patients had more positive patch test reactionsgredients in personal care
products, topical steroids and antibiotics.
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INTRODUCTION:

AD is associated with skin-barrier disruption, &sed skin absorption of irritants and
contact allergerts, and application of topical emollients and medarat, many of which may
contain known contact sensitizers These may increase the risk of ACD in AD patiehiswever,
AD is also associated with T helper 2 inflammat@gponses and increased elicitation threshold to
potent allerger’s’, which decrease ACD risk.

Recent studies suggest that ACD is more commorDirpétients, with higher rates of
reactions to ingredients commonly found in persaaaé products and topical medicatifns
However, a recent systematic review and meta-aisdiysnd that AD was not associated with
higher odds of ACD overdfl. Interpretation of previous studies is complicatgdack of a
standardized definition of AD, no differentiatioativeen current or past history of AD, use of
limited patch testing series, and no differentiati@tween the strength of the patch test reactions.
We sought to examine the relationship between ADABD, while addressing these issues. Other
guestions remain about the relationship betweeraA@ACD, including the profile of relevant
allergens and rates of polysensitization. We hygsited that AD is associated with a distinct
profile of and higher rates of polysensitizatiorctmtact allergens. In this study, we examined the

complex relationship of AD and ACD.
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85 METHODS:
86  Sudy design
87 We performed a retrospective chart review of 502tadage>18 years), who were patch
88 tested at the Northwestern Medicine patch-testimicdrom 2014-2017. Patients routinely
89 completed a questionnaire that assessed demogsagiddistorical elements related to the
90 diagnosis of their AD. Patients also underwentdnisand physical examination by a dermatologist
91 (JS) prior to patch testing. Distribution of ské@sions was recorded for each patient. Patients were
92 patch-tested with the North American Contact DeitisaBroup (NACDG) standard and expanded
93 series. The expanded series contains supplemdetglems beyond what is included in the standard
94  series to allow for a more complete evaluationcleg were applied to patient’s upper back and
95 removed after 48 hours. Patches were initially @at&ld at 48 hours, and again at 72 hours where
96 final patch test results were recorded. Negatieetrens included weak or irritant responses.
97  Positive reactions were further classified as +,+++ per the International Contact Dermatitis
98 Research Group's scoring systéniRelevance was established by patient history kamwvn or
99 likely exposures, and/or improvement with allerg&oidance.
100 All data were stored in Research Data Capture So&#WREDCap). The institutional review
101  board of Northwestern University approved the stadg informed consent was waived.
102
103 AD
104 Current AD was diagnosed using the Hanifin and Rajiiterid®. Past AD was defined as
105  patient-reported past medical history of AD withewrent disease per history and physical exam.
106  Those without past or present AD were defined asAID controls.

107
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Satistical analysis

All statistical analyses were performed using SA&g&wn 9.4 (SAS Institute, Cary, NC).
Chi-square and Fisher exact tests were used toare#D and positive reactions to contact
allergens. A two-sided P-value <0.05 was takemddcate statistical significance. However, the
multiple dependent tests performed in this studyaase the risk of falsely rejecting the null
hypothesis. Therefore, P-values near 0.05 shouidtbgpreted with caution.

Multivariable multinomial logistic regression wasrformed to determine the association
between polysensitization (defined=8&positive reactions) and AD. Adjusted odds raagSRs)
and 95% Cls were estimated. Sex (male/female),(wloiée/non-white), and age (younger than
40/40 and older) were included as covariables. dditnal sensitivity analysis was performed to
correct for cross-reactors, which were identifisthg the American Contact Dermatitis Society

(ACDS) Contact Allergens Management Program databas
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RESULTS:
Patient characteristics

Overall, 502 adults (ages 18-84 years) were indudéehe study, including 381 women
(77.0%) and 358 whites (71.3%) (Table 1). The meatandard deviation [SD] age at initial
encounter was 47.1+14.8 years. Current AD was osgphin 108 (21.5%) individuals, including 83
women (76.9%) and 65 whites (60.2%), with mean 8P at enroliment 44.4+15.2 years. Past AD
was diagnosed in 109 (34.3%) individuals, includ3gfemales (78.3%) and 80 whites (73.3%),
with mean + SD age at enrollment 44.4+14.5 yednerd@ were no significant differences in
demographics between adults with current vs. paste history of AD, except those with current
AD were more likely to be non-white and age <40rgeand those with past AD were more likely to

be age <40 years.

Contact allergen hypersensitivity

Similar proportions of any positive (+/++/+++: 8D4.1%] vs. 254 [64.5%]; Chi-square,
P=0.06), stronger (++/+++: 34 [31.5%)] vs. 102 [25]9P=0.25) and irritant (56 [51.9%] vs. 188
[47.7%)], P=0.45) reactions were found in those wghwithout current AD. Likewise, patients with
past vs. no AD had similar proportions of any peei{+/++/+++: 72 [65.1%] vs. 137 [65.6%];
P=0.94), stronger (++/+++: 28 [25.7%)] vs. 59 [28]2P&=0.63) and irritant (50 [45.9%)] vs. 102
[48.8%)], P=0.62) reactions.

Adults with vs. without current AD had higher ratdgositive patch test reactions (PPTR)
to ingredients in their personal care product®pical medications, including bacitracin (7.4% vs.
3.0%, P=0.04), fragrance mix Il (5.6% vs. 2.0%, 4), lanolin (4.6% vs. 1.3%, P=0.03), cinnamal

(3.7% vs. 0.8%, P=0.02), chlorhexidine (3.7% v&%.P=0.01), tixocortol pivalate (3.7% vs. 0.8%,
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P=0.02), and budesonide (1.8% vs. 0.0%, P=0.0Pp®mental Table 2). Adults with past vs. no
history of AD had significantly higher rates of FRT0 cinnamal (2.8% vs. 0%, P=0.04),
cyanoacrylate (2.8% vs 0%, P=0.04), quaternium218% vs 0%, P=0.04), and lanolin (3.7% vs
0.5%, P=0.04).

Relevance was established in >90% of patients pa#itive reactions to one of these
allergens, with exposures from emollients, cosrsgtoaps, shampoos and conditioners, topical
corticosteroids, and antibiotics. Of note, weakart reactions were observed for lanolin in cutren
(1.9%) and past AD patients (3.7%), and virtuallysach reactions were relevant. There were no
significant differences in irritant reactions fackel (current AD: 3.7% vs. 3.6%, P=0.94, past AD:
4.6% vs 3.8%, P=0.75), of for chromium (1.8% v8.70b, P=0.51) and cobalt (0.92% vs 0.96%,
P=0.97) in those witpast vs. no AD. However, there were significant difieces in irritant
reactions for chromium (3.7% vs. 1.0%, P=0.048) eotahlt (3.7% vs. 0.8%, P=0.02) in those with
vs. withoutcurrent AD.

Among females, PPTR to budesonide (2.4%, P=0.0@F chlorhexidine (4.8%, P=0.002)
were associated with current AD. Among whites, entr’'AD was significantly associated with
positive reactions to lanolin (4.6%, P=0.01), buaede (3.1%, P=0.003), and chlorhexidine (4.6%,
P=0.0002), while cinnamal (7.0%, P=0.04) was assediwith current AD in non-whites. In those
age=40 years, bacitracin (10.3%, P=0.03) and cinnafaPf, P=0.03) were associated with current
AD. However, among those <40 years, lanolin (6.B%).03) and budesonide (4.0%, P=0.02) were

associated with current AD.

Distribution of skin lesions
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165 The distribution of skin lesions differed betweakase with current vs. past vs. no history of
166  AD (Figure 1). Eyelids (39.4%) were the most comrsites of skin lesions in those without a

167  history of AD, whereas the arms (58.8%) were thetrsommonly affected sites in those with

168  current and past AD. Lesions on the arms were &gedowith having a PPTR among patients with
169  current (P=0.02) and past AD (P=0.02). Lesionshenblack were associated with a positive reaction
170  among those without current (P=0.04) and past AED(B2).

171

172  Polysensitization

173 Overall, polysensitizatior>@ PPTR) occurred in 110 (21.9%) adults. Polysezaitn

174  occurred more frequently in adults with vs. withoutrent AD (35 [32.4%] vs. 75 [19.0%]; Chi

175 square, P=0.01). In multivariable multinomial Idgigegression models, polysensitization was
176  associated with current AD (aOR [95% CI]: 2.13 [[£3848]), inversely associated with female sex
177  (0.58 [0.36-0.94]), but not associated with ag8270.83-2.11]) or non-white race/ethnicity (1.06
178 [0.66-1.71]). Rates of polysensitization did narsficantly differ in those with past vs. no hisgaf
179  AD (22 [21.1%] vs. 38 [18.2%)]; Chi square, P=0.H/)lysensitization remained significantly

180 associated with female sex (0.47 [0.25-0.90]),rmitwith past AD (1.15 [0.63-2.09]), age (1.03
181 [0.56-1.89]), or non-white race/ethnicity (1.1260-2.10]) in multivariable analyses.

182 A sensitivity analysis was performed using a medifdefinition that corrected for cross-
183  reactors. The frequency of patients meeting thimitien of polysensitization decreased to 88

184  (17.5%), overall, with significantly higher ratadlobserved in those with vs. without current AD
185 (31 [28.7%] vs. 57 [14.5%], P=0.002), but similates seen between those with past vs. no history
186  of AD (17 [15.6%] vs. 28 [13.4%] P=0.84). Multivakile multinomial logistic regression models

187  showed that polysensitization remained associatédonrrent AD (aOR [95% CI]: 2.56 [1.52-
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4.31)), inversely associated with female sex (§(b34-0.96]), but not associated with age (1.51
[0.90-2.54]) or non-white race/ethnicity (1.08 [0-2.54]). Polysensitization was not associated with
female sex (0.51 [0.25-1.05]), past AD (1.16 [0529]), age (1.39 [0.68-2.82]), or non-white

race/ethnicity (1.11 [0.55-2.27]) in multivariableodels after correcting for cross-reactors.
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DISCUSSI ON:

This study found a complex relationship betweenakid ACD. Overall, there were no
differences in PPTR between those with current, Ipigsory or no AD. These results are consistent
with a meta-analysis of 56 studies with a basedtreening series that found no statistical diffeeen
of contact sensitization between persons with whaut AD overalt'. However, there was an
association between AD and contact sensitizatigpooied analysis of 5 studies from the general
population, albeit with a modest effect-siz& ogether, AD patients do not appear to have highe
rates of contact sensitization compared with ogfagients who were patch tested in the clinical
setting. Future population-based studies are netedeshfirm the association and identify the risk
factors for an association between AD and contatsiization.

Adults with current and past AD had significarttigher rates of positive and relevant patch
test reactions to ingredients in their personat gaioducts and topical medications. Similarly,
analysis of a registry of patch testing resultsnfrbl42 children across the US found that children
with AD had more positive reactions to cocamidoptdyetaine, lanolin, and tixocortol pivalate
Another study patch tested 641 French children #iihto their current emollient and six common
topical treatments PPTR were observed in 6.2%, most commonly tw #meollient and
chlorhexidine. Risk factors associated with consaetsitization to their AD treatment, included AD
onset before 6 years of aggE-mediated sensitizatibrand moderate to severe AE. We found
higher rates of PPTR to chlorhexidine and bacitraticurrent AD and neomycin in past AD. All
three of these agents are available over-the-coimtbe US, and are still commonly used as
adjunctive AD treatments (unpublished data) despitebeing recommend¥d Given previously
found increased risk of anti-biotic resistaticand higher rates of PPTR, routine use of togiodt

biotics should be discouraged. We also found m&ERPto fragrances, which are present in myriad
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215 personal care products. AD patients may benefihfppoactive avoidance of fragrances to reduce
216  sensitization risk.

217 Current AD was associated with allergen polysezgditon, even after correcting for cross-
218 reactors. Polysensitization was not increased & AB patients, suggesting that ongoing disease is
219 arisk factor for polysensitization. While we exadbal weak reactions due to irritancy, it is possible
220 that patients with active AD have exuberant irfitanfalse-positive reactions. Though, we did not
221 find any significant difference of actual irritargtactions between those with or without AD. A

222  previous questionnaire-based case-control stuégdfpolysensitized>@ PPTR) and 1124

223 mono/double-sensitized individuals found that 45\$00only 31% reported having AD,

224  respectively’.

225 Female sex was inversely associated with polyseasdn in multivariable regression

226  models. This result differs from previous studiest reported female sex as a risk factor for ACD
227  and polysensitizatidfi. One explanation for these differences is thatarrolled for AD history,
228 which is associated with polysensitization. Futstiglies examining the associations of ACD and
229  polysensitization should consider multivariable misdhat control for potential confounding

230 variables. Despite the inverse association betie®ale sex and polysensitization, we found that
231 AD was associated with a distinct profile of PPERy. chlorhexidine and budesonide. We also
232 found racial/ethnic and age differences for PPTRgmAD patients. Previous studies from the
233  NACDG found differences in the PPTR allergen peofily racé" ?>and ag&’. Observed racial and
234  age differences among AD patients may reflect beoddferences in allergen profiles by socio-

235 demographics and other risk factors.
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236 The only lesional distribution significantly assated with allergen hypersensitivity was the
237  presence of lesions on the arms. However, thislmeaglated to arms having been the most

238 common site of eczematous lesions among AD pat@rerall.

239 There is a complex relationship between currentad ACD, with potentially overlapping
240  mechanisms, symptoms, lesional morphology andiloligion. A recent multi-disciplinary consensus
241 guidelines recommended patch testing in AD patiefitts dermatitis that worsens or fails to

242 improve with topical therapy, has an atypical carffing distribution, adult- or adolescent-onset
243 AD, or severe dermatitis prior to starting systeimmunosuppressanits Presence of nummular
244  eczematous lesions is also a consideration fohpasting in AD patients. There is currently

245  insufficient evidence to support the use of a patéir screening panel. However, it has been

246  suggested to use an expanded screening seriesastivh ACDS core or NACDG standard series,
247  since many of the relevant allergens in AD patiemésnot present in the T.R.U.E f8sAD patients
248 may experience additional benefit from routineitesto chlorhexidine. Finally, caution should be
249 taken when interpreting patch test results in ADepas. Previous reports suggested that AD

250 patients more frequently have irritant reactionsitiel, cobalt, chromate, and lanolin, which can
251 result in false positivé& We did not find a significant difference in igitt reactions in past vs. no
252  AD patients, but did find patients with current Ai2re more likely to have irritant reactions to
253  cobalt and chromates, in particular. Lanolin wakeed associated with higher rates of weak/irritant
254  reactions, and was almost always relevant. Patwititssevere or uncontrolled AD may also have
255  diminished contact sensitivity leading to false atages .

256 This study has several strengths, including usestndardized AD definition, expanded

257  patch test series, sensitivity analyses by thagtheof patch test reactions, and evaluation of
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polysensitization. However, all patch testing wagigrmed at a single academic center and results
may not be generalizable to all adults with AD.

In conclusion, current and past AD patients hatidérigates of ACD to multiple ingredients
in their personal care products and topical meuinat Future studies are underway to determine the

impact of contact allergen avoidance on the clintcarrse and severity of AD.
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FigureLegends.

Figure 1. Distribution of skin lesionsamong patientswith (A) current, (B) past and (C) no
history of AD. Frequency (%) of skin lesions are presented fon &éady part. Statistically
significant associations with having a positivecpatest reaction are indicated in bold face.
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Table 1. Subject characteristics.
Variable Atopic der matitis
No history Past history Current history
Frequency (%)  Frequency (%) Frequency (%)
Age (years)
Younger than 40 67 (32.4%) 48 (44.9%) 50 (46.3%)
40 and Older 140 (67.6%) 59 (55.1%) 58 (53.7%
Sex
Female 166 (80.2%) 83 (78.3%) 83 (76.9%)
Male 41 (19.8%) 23 (21.7%) 25 (23.1%)
Race/ethnicity
White 151 (72.3%) 80 (73.4%) 60 (61.9%)
Non-white 58 (27.7%) 29 (26.6%) 37 (38.1%)
Birthplace
Born in US 164 (80.0%) 92 (86.8%) 79 (86.8%)
Born outside US 41 (20.0%) 14 (13.2%) 12 (13.2%)

355  <1% of patient data missing for age and sex, <3f&piadata missing for birthplace
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Supplemental Table 1. Association of current and past atopic der matitis with contact

hyper sensitivity.

Current atopic der matitis

Past atopic dermatitis

Allergen No Yes No Yes
9 (n=394) (n=108) | P* (n=209) (n=109) | P*
Freq (%) Freg (%) Freq (%) Freg (%)

Benzocaine, 5.0% pet

Negative 392 (99.5% | 107 (99.1% 052 208 (99.5% | 109 (100% 0.99

Positive 2 (0.5% 1 (0.9% ' 1 (0.5% 0 (0% '
2-Mer captobenzothiazole, 1.0% pet

Negative 391 (99.2% | 108 (100% 0.99 207 (99.0% | 108 (99.1% 0.99

Positive 3 (0.8% 0 (0%’ ' 2 (1.0% 1 (0.9% '
Colophonium, (Rosin) 20.0% pet

Negative 393 (99.8% | 107 (99.1% 208 (99.5% | 109 (100% 9

Positive 102% | 109% |28 105% 0% | >0
4-Phenylenediamine base, 1.0% pet

Negative 377 (95.7% | 107 (99.1% 0.14 202 (96.7% | 103 (94.5% 0.36

Positive 17 (4.3% 1 (0.9% ' 7 (3.3% 6 (5.5% '
Dimethylaminopropylamine, (DM APA) 1.0% aq

Negative 387 (98.2% | 108 (100% 0.36 205 (98.19% | 106 (97.3% 0.69

Positive 7 (1.8% 0 (0%’ ' 4 (1.9% 3 (2.7% '
Fragrance Mix |1, 14.0% pet

Negative 386 (98.0% | 102 (94.4% 0.04 204 (97.6% | 106 (97.3% 0.99

Positive 8 (2.0% 6 (5.6% ' 5 (2.4% 3(2.7%) '
L anolin alcohol (Amerchol L 101), 50% pet

Negative 389 (98.7% | 103 (95.4% 0.03 208 (99.5% | 105 (96.3% 0.04

Positive 5 (1.3% 5 (4.6% ' 1 (0.5% 4 (3.7% '
CarbaMix, 3.0% pet

Negative 380 (96.5% | 106 (98.2% 054 201 (96.2% | 104 (95.4% 0.75

Positive 14 (3.5% 2 (1.8% ' 8 (3.8% 5 (4.6% '
Neomycin Sulfate, 20.0% pet

Negative 388 (98.5% | 103 (95.4% 0.05 208 (99.5% | 105 (96.3% 0.04

Positive 6 (1.5% 5 (4.6% ' 1 (0.5% 4 (3.7% '
Thiuram Mix, 1.0% pet

Negative 389 (98.7% | 10€ (98.2% 0.65 207 (99.0% | 107 (98.2% 061

Positive 5 (1.3% 2 (1.8% ' 2 (1.0% 2 (1.8% '
Formaldehyde, 1.0% aqg

Negative 373 (94.7% | 105 (97.2% 0.44 202 (96.7% | 100 (91.7% 0.06

Positive 21 (5.3% 2 (2.8% ' 7 (3.3% 9 (8.3% '
Ethylenediamine Dihydrochloride, 1.0% pet

Negative 390 (99.0% | 107 (99.1% 0.99 208 (99.5% | 109 (100% 0.99

Positive 4 (1.0% 1 (0.9% ' 1 (0.5% 0 (0% '
Bisphenol A epoxyn resin, 1.0% pet

Negative | 391 (99.2% | 108 (100% | 0.9¢ [ 206 (98.6% | 109 (100% | 0.5%
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Positive | 3(07% | o00O% | 3 (1.4% 0 (0%
Quaternium-15, 2.0% pet

Negative 390 (99.0% | 104 (96.3% 0.07 209 (100% | 106 (97.3% 0.04

Positive 4 (1.0% 4(3.7% ' 0 (0%’ 3 (2.7% '
Ethylhexylglycarin, 5% pet

Negative 394 (100% | 108 (100% N/A 20€ (100% | 109 (100% N/A

Positive 0 (0% 0 (0% 0 (0% 0 (0%
Black Rubber Mix, 0.6% pet

Negative 391 (99.2% | 106 (98.2% 0.29 208 (99.5% | 109 (100% 0.99

Positive 3 (0.8% 2 (1.8% ' 1 (0.5% 0 (0% ]
Potassium Dichromate, 0.25% pet

Negative 383 (97.2% | 102 (94.4% 0.16 200 (95.7% | 107 (98.2% 0.34

Positive 11 (2.8% 6 (5.6% ' 9 (4.3% 2 (1.8% '
Myroxylon Pareirae Resin (Balsam of Peru), 25.0% pet

Negative 346 (87.8% | 98 (90.7% 0.4 183 (87.6% | 97 (89.0% 0.71

Positive 48 (12.2% 10(9.3% ' 26 (12.4% | 12 (11.0% '
Nickel Sulfate Hexahydrate, 25% pet

Negative 328 (83.3% | 95 (88.0% 0.23 173 (82.8% | 92 (84.4% 071

Positive 66 (16.7% 13 (12.0% ' 36 (17.2% | 17 (15.6% '
Diazolidinyl Urea (Germall 11), 1.0% pet

Negative 393(99.8% | 107 (99.1% 0.38 209 (100% | 108 (99.1% 0.34

Positive 1 (0.2% 1 (0.9% ' 0 (0% 1(0.9% '
DM DM Hydantoin (Germall 115) 1.0% pet

Negative 391 (99.2% | 108 (100% 0.99 208 (99.5% | 107 (98.2% 0.27

Positive 3 (0.8% 0 (0% ' 1 (0.5% 2 (1.8% ]
Imidazolldinyl Urea 2.0% pet

Negative 390 (99.2% | 107 (99.1% 0.99 206 (99.0% | 108 (99.1% 0.99

Positive 3 (0.8% 1 (0.9% ' 2 (1.0% 1 (0.9% '
Bacitracin, 20.0% pet

Negative 382 (97.0% | 100 (92.6% 0.04 203 (97.1% | 107 (98.2% 0.72

Positive 12 (3.0% 8 (7.4% ' 6 (2.9% 2 (1.8% '
Mixed Dialkyl Thioureas, 1.0% pet

Negative 389 (98.7% | 108 (100% 06 205 (98.19% | 108 (99.1% 0.66

Positive 5 (1.3% 0 (0%’ ' 4 (1.9% 1 (0.9% '
M ethylchlor oisothiasolinone/methylisothiasolinone, 0.01%

Negative 375 (95.2% | 101 (93.5% 0.49 198 (94.7% | 106 (97.3% 0.40

Positive 19 (4.8% 7 (6.5% ' 11 (5.3% 3(2.7% '
Paraben Mix, 12.0% pet

Negative 393 (99.8% | 108 (100% 0.99 208 (99.5% | 109 (100% 0.99

Positive 1 (0.2% 0 (0% ' 1 (0.5% 0 (0% ]
Cinnamal (Cinnamic Aldehyde) 1.0% pet

Negative 391 (99.2% | 104 (96.3% 0.04 209 (100% | 106 (97.3% 0.04

Positive 3 (0.8% 3 (3.7% ' 0 (0%’ 3(2.7% '
Fragrance Mix | 8.0% pet

Negative 363 (92.1% | 101 (93.5% | 0.62 | 191 (91.4% | 99 (90.8% | 0.87
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Positive | 31(7.9% | 765% | 18 (8.6% 10 (9.2%
Amidoamine (Stearamidopropyl Dimethylamine), 0.1% aq

Negative 393 (99.8% | 106 (98.2% 012 209 (100% | 108 (99.1% 034

Positive 1(0.2% 2(1.8% ' 0 (0% 1 (0.9% '
2-Bromo-2-Nitropr opane-1,3-diol (Bronopol), 0.5% pet

Negative 390 (99.0% | 106 (98.2% 0.62 207 (99.0% | 108 (99.1% 0.99

Positive 4 (1.0% 2(1.8% ' 2 (1.0% 1(0.9% '
Sesquiter penelactone Mix, 0.1% pet

Negative 394 (100% | 108 (100% N/A 209 (100% | 109 (100% N/A

Positive 0 (0%) 0 (0% 0 (0% 0 (0%
2-Hydroxyethyl M ethacrylate, 2.0% pet

Negative 388 (98.5% | 106 (98.2% 0.68 209 (100% | 108 (99.1% 0.66

Positive 6 (1.5% 2 (1.8% ' 0 (0%’ 1 (0.9% '
Propylene Glycol, 30.0% aq

Negative 387 (98.2% | 103 (95.4% 0.09 203 (97.1% | 108 (99.1% 0.43

Positive 7 (1.8% 5 (4.6% ' 6 (2.9% 1(0.9% '
Benzophenone-3 (Oxybenzone or 2-hydroxy-4-M ethoxy-

Negative 394 (100% | 108 (100% N/A 209 (100% | 109 (100% N/A

Positive 0 (0% 0 (0% 0 (0% 0 (0%)
Chloroxylenol (4-Chloro-3.5-xyleno), 1.0% pet

Negative 391 (99.2% | 106 (98.2% 0.29 208 (99.5% | 109 (100% 0.99

Positive 3 (0.8% 2(1.8% ' 1 (0.5% 0 (0% '
Parthenolide, 0.1% pet

Negative 392 (99.5% | 108 (100% 0.99 207 (99.0% | 109(100% 0.99

Positive 2 (0.5% 0 (0% ' 2 (1.0% 0 (0% ]
M ethylisothiazolinone, 0.2% aq

Negative 359 (91.1% | 101 (93.5% 0.42 190 (90.9% | 101 (92.7% 0.60

Positive 35 (8.9% 7 (6.5% ' 19 (9.1% 8 (7.3% '
Desoximetasone, 1.0% pet

Negative 392(99.5% | 107 (99.1% 0.52 207 (99.0% | 109 (100% 0.55

Positive 2 (0.5% 1 (0.9% ' 2 (1.0% 0 (0% '
M ethyldibromo Glutar onitrile/Phenoxyethanol,

Negative 382 (97.0% | 104 (96.3% 0.76 203 (97.19% | 105 (96.3% 0.74

Positive 12 (3.0% 4 (3.7% ' 6 (2.9% 4 (3.7% '
Diphenylguanidine, 1% pet

Negative 381 (96.7% | 103 (95.4% 051 203 (97.1% | 106 (97.3% 0.99

Positive 13 (3.3% 5 (4.6% ' 6 (2.9% 3(2.7% '
Tocopherol (DL -o0- Tochopheral), 100.0%

Negative 392(99.5% | 108 (100% 0.99 207 (99.0% | 109 (100% 0.55

Positive 2 (0.5% 0 (0% ' 2 (1.0% 0 (0% ]
I odopropynyl Butylcarbamate, 0.5% pet

Negative 372 (94.4% | 102 (94.4% 0.99 197 (94.3% | 103 (94.5% 0.93

Positive 22 (5.6% 6 (5.6% ' 12 (5.7% 6 (5.5% '
Ethyl Acrylate, 0.1% pet

Negative | 391 (99.2% | 106 (98.2% | 0.9¢ [ 208 (99.5% | 107 (98.2% | 0.27
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Positive | 3(08% | 2@18% | 1 (0.5% 2 (1.8%
Benzophenone-4 (Suliasobenzone), 10% pet

Negative 388 (98.5% | 107 (99.1% 0.99 205 (98.1% | 107 (98.2% 0.99

Positive 6 (1.5% 1 (0.9% ' 4 (1.9% 2 (1.8% '
Tosylamide/ Formaldehyderesin, 10.0% pet

Negative 392 (99.5% | 108 (100% 0.99 208 (99.5% | 108 (99.1% 0.99

Positive 2 (0.5% 0 (0% ' 1 (0.5% 1(0.9% '
Methyl metacrylate, 2.0% pet

Negative 392 (99.5% | 107 (99.1% 052 207 (99.0% | 109 (100% 0.55

Positive 2 (0.5% 1 (0.95% ' 2 (1.0% 0 (0% '
Cobalt (11) Chloride Hexahydrate, 1.0% pet

Negative 379 (96.2% | 104 (96.3% 0.99 201 (96.2% | 105 (96.3% 0.99

Positive 15 (3.8% 4 (3.7% ' 8 (3.8% 4 (3.7% )
Tixocortol-21-pivalate, 1.0% pet

Negative 391 (99.2% | 104 (96.3% 0.04 207 (99.0% | 108 (99.1% 0.99

Positive 3 (0.8% 4 (3.7% ' 2 (1.0% 1(0.9% '
Budesonide, 0.1% pet

Negative 394 (100% | 106 (98.2% 0.04 209 (100% | 109 (100% N/A

Positive 0 (0% 2(1.8% ) 0 (0% 0 (0%
Hydrocortisone-17-butyrate, 1% pet

Negative 394 (100% | 107 (99.1% 0.06 209 (100% | 109 (100% N/A

Positive 0 (0% 1 (0.9% ' 0 (0% 0 (0%
Disperse blue mix 124/106, 1.0% pet

Negative 392 (99.5% | 107 (99.1% 052 209 (100% | 108 (99.1% 0.34

Positive 2 (0.5% 1 (0.9% ' 0 (0% 1(0.9% '
Propolis, 10.0% pet

Negative 386 (97.8% | 105 (97.2% 0.71 205 (98.1% | 107 (98.2% 0.99

Positive 8 (2.2% 3(2.8% ' 4 (1.9% 2 (1.8% )
Lidocaine-HCI, 15.0% pet

Negative 393 (99.8% | 108 (100% 0.99 208 (99.5% | 109 (100% 0.99

Positive 1(0.2% 0 (0% ' 1 (0.5% 0 (0% '
Propylene glycol, 100% aq

Negative 387 (98.2% | 103 (95.4% 0.09 204 (97.6% | 107 (98.2% 0.99

Positive 7 (1.8% 5 (4.6% ' 5 (2.4% 2 (1.8% '
Clobetasol-17-propionate, 1.0% pet

Negative 394 (100% | 108 (100% N/A 209 (100% | 109 (100% N/A

Positive 0 (0% 0 (0% 0 (0% 0 (0%
Cocamidopropyl betaine, 1.0 aq

Negative 392 (99.5% | 106 (98.2% 0.2 208 (99.5% | 109 (100% 0.99

Positive 2 (0.5% 2 (1.8% ' 1 (0.5% 0 (0% '
Oleamidopropyl dimethylamine 0.1% aq

Negative 382 (97.0% | 108 (100% 0.08 202 (96.6% | 106 (97.3% 0.99

Positive 12 (3.0% 0 (0% ' 7 (3.4% 3(2.7% )
Ethyl 2-cyanoacrylate, 10.0% pet

Negative | 391(99.2% | 106 (98.2% | 0.2¢ | 209 (100% | 106 (97.3% | 0.04
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Positive | 3(08% | 2@18% | 0 (0% 3(2.7%
Cocamide DEA (Coconut diethanolamide) 0.5% pet
Negative 388 (98.5% | 107 (99.1% 0.99 204 (97.6% | 109 (100% 0.17
Positive 6 (1.5% 1 (0.9% ' 5 (2.4% 0 (0% '
Compositae mix, 6.0% pet
Negative 391 (99.2% | 108 (100% 0.99 208 (99.5% | 108 (99.1% 0.99
Positive 3 (0.8% 0 (0% ' 1 (0.5% 1(0.9% '
Glutaral, 1.0% pet
Negative 389 (98.7% | 107 (99.1% 0.99 206 (98.6% | 108 (99.1% 0.99
Positive 5(1.3% 1 (0.9% ' 3 (1.4% 1 (0.9% ]
Melaleuca Altemifolla, (tea treeleaf oil), oxidized, 5.0% pet
Negative 393 (99.8% | 108 (100% 0.99 209 (100% | 109 (100% N/A
Positive 1 (0.2% 0 (0%’ ' 0 (0%’ 0 (0%’
Cananga Odor ata Flower oil (yiang-yiang ail), 2.0% pet
Negative 392 (99.5% | 108 (100% 0.99 207 (99.0% | 109 (100% 0.55
Positive 2 (0.5% 0 (0% ' 2 (1.0% 0 (0% '
Carvone, 5.0% pet
Negative 394 (100% | 108 (100% N/A 209 (100% | 109 (100% N/A
Positive 0 (0% 0 (0% 0 (0% 0 (0%
L avandula Angustifolla oil. (lavander oil) 2.0% pet
Negative 394 (100% | 108 (100% N/A 209 (100% | 109 (100% N/A
Positive 0 (0% 0 (0% 0 (0% 0 (0%
Decyl glucoside, 5.0% pet
Negative 391 (99.2% | 105 (97.2% 012 207 (99.0% | 108 (99.1% 0.99
Positive 3 (0.8% 2 (2.8% ' 2 (1.0% 1 (0.9% ]
Jasminum Officinale oil (jasminum grandiflorum), 2.0%
Negative 394 (100% | 108 (100% N/A 209 (100% | 109 (100% N/A
Positive 0 (0% 0 (0%’ 0 (0% 0 (0%’
M antha Piperita oil (pepper mint oil), 2.0% pet
Negative 393 (99.8% | 108 (100% 0.99 208 (99.5% | 109 (100% 0.99
Positive 1(0.2% 0 (0% ' 1 (0.5% 0 (0% '
Benzoyl Peroxide, 1% pet
Negative 381 (96.7% | 105 (97.2% 0.99 200 (95.7% | 105 (96.3% 0.99
Positive 13 (3.3% 3(2.8% ' 9 (4.3% 4 (3.7% '
Diamino Diphenyl methane, 2.0% pet
Negative 389 (98.7% | 107 (99.1% 0.99 207 (99.0% | 108 (99.1% 0.99
Positive 5(1.3% 1 (0.9% ' 2 (1.0% 1 (0.9% '
Chlorhexidine Digluconate, 0.5% aq
Negative 393 (99.8% | 104 (96.3% 0.01 209(100% | 108 (99.1% 034
Positive 1 (0.2% 3 (3.7% ' 0 (0% 1 (0.9% ]
Benzalkonium Chloride
Negative 390 (99.0% | 106 (98.2% 061 209 (100% | 107 (98.2% 0.12
Positive 4 (1.0% 2 (1.8% ' 0 (0%’ 2 (1.8% '
Eugenol, 1% pet
Negative | 393 (99.8% | 10€(100% | 0.9¢ [ 209 (100% | 108 (99.1% | 0.34
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Positive | 102% | o00O% | 0 (0% 1 (0.9%
Gold Sodium thiosulfate
Negative 364 (94.5% | 97 (93.3% 0.62 189 (93.1% | 101 (95.3% 0.45
Positive 21 (5.5% 7(6.7% ' 14 (6.9% 5(4.7% '
Octyl M ethoxycinnamate, 7.5% pet
Negative 392 (99.5% | 107 (99.1% 052 209 (100% | 108 (99.1% 034
Positive 2 (0.5% 1 (0.9% ' 0 (0% 1(0.9% '
Ur ea For maldehyde
Negative 390 (99.0% | 107 (99.1% 0.99 207 (99.0% | 107 (98.2% 061
Positive 4 (1.0% 1 (0.9% ' 2 (1.0% 2 (1.8% '
Dust Mite
Negative 253 (64.2% | 75 (69.4% 0.36 125 (59.8% | 81 (74.3% 0.0L
Positive 141 (35.8% | 33 (30.6% ' 84 (40.2% | 28 (25.7% )
Dimethylaminopr opylamine, 1% pet
Negative 384 (97.5% | 107 (99.1% 0.47 205 (98.1% | 106 (97.3% 0.69
Positive 10 (2.5% 1 (0.9% ' 4 (1.9% 3(2.7% '
M ethylene-Gamma Butyro L actone (Peruvian Lily), 0.01%
Negative 392 (99.5% | 108 (100% 0.99 208 (99.5% | 108 (99.1% 0.99
Positive 2 (0.5% 0 (0% ' 1 (0.5%( 1(0.9% '
Sodium L auryl Sulfate
Negative 387 (98.2% | 104 (96.3% 0.26 202 (96.7% | 109 (100% 0.10
Positive 7 (1.8% 4 (3.7% ' 7 (3.3% 0 (0% '
M elamine For maldehyde, 7% pet
Negative 390 (99.0% | 106 (98.2% 061 208 (99.5% | 108 (99.1% 0.99
Positive 4 (1.0% 2 (1.8% ' 1 (0.5% 1(0.9% '
Ethylene Urea, 1%
Negative 393 (99.8% | 108 (100% 0.99 208 (99.5% | 109 (100% 0.99
Positive 1(0.2% 0 (0% ' 1 (0.5% 0 (0% )
Propyl Gallate, 0.5% pet
Negative 391 (99.2% | 106 (98.2% 0.29 208 (99.5% | 108 (99.1% 0.99
Positive 3(0.8% 2(1.8% ' 1 (0.5% 1(0.9% '
Octyl Gallate, 0.25% pet
Negative 390 (99.0% | 108 (100% 058 207 (99.0% | 108 (99.1% 0.99
Positive 4 (1.0% 0 (0% ' 2 (1.0% 1(0.9% '
Primin, 0.1% pet.
Negative 393 (99.8% | 107 (99.1% 0.38 208 (99.5% | 109(100% 0.99
Positive 1(0.2% 1 (0.9% ' 1 (0.5% 0 (0% '
Palladium Chloride, 1% pet
Negative 371 (94.2% | 104 (96.3% 0.48 198 (94.7% | 103 (94.5% 0.93
Positive 23 (5.8% 4 (3.7% ' 11 (5.3% 6 (5.5% '
Triclosan
Negative 394 (100% | 108 (100% N/A 209 (100% | 109 (100% N/A
Positive 0 (0% 0 (0% 0 (0% 0 (0%
Disperse Red 17, 1% pet
Negative | 393 (99.8% | 108 (100% | 0.9¢ [ 208 (99.5% | 109 (100% | 0.9¢
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Positive | 102% | o00O% | 1 (0.5% 0 (0%
Gentamycin

Negative 387 (98.2% | 107(99.1% 0.99 206 (98.6% | 108 (99.1% 0.99

Positive 7 (1.8% 1 (0.9% ' 3(1.4% 1 (0.9% '
Thimerosal

Negative 361 (91.6% | 95 (88.0% 0.24 195 (93.3% | 95 (87.2% 0.07

Positive 33 (8.4% 13 (12.0% ' 14 (6.7% 14 (12.8% '
Tobramycin

Negative 393(99.8% | 107 (99.1% 0.38 208 (99.5% | 109 (100% 0.99

Positive 1(0.2% 1 (0.9% ' 1 (0.5% 0 (0% '

Chi-square of Fisher exact tests of associationpaoimg current AD and standard/supplemental

allergens.
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