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Risks of Allergic Contact Dermatitis Elicited by Nickel,
Chromium, and Organic Sensitizers: Quantitative Models
Based on Clinical Patch Test Data
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1. INTRODUCTION

Allergic contact dermatitis (ACD) is a mild to se-

Risks of allergic contact dermatitis (ACD) from consumer products intended for extended
(nonpiercing) dermal contact are regulated by E.U. Directive EN 1811 that limits released
Ni to a weekly equivalent dermal load of <0.5 pg/cm?. Similar approaches for thousands of
known organic sensitizers are hampered by inability to quantify respective ACD-elicitation
risk levels. To help address this gap, normalized values of cumulative risk for eliciting a pos-
itive (“=+") clinical patch test response reported in 12 studies for a total of n = 625 Ni-
sensitized patients were modeled in relation to observed ACD-eliciting Ni loads, yielding an
approximate lognormal (LN) distribution with a geometric mean and standard deviation of
GMy; = 15 pg/em? and GSDy; = 8.0, respectively. Such data for five sensitizers (including
formaldehyde and 2-hydroxyethyl methacrylate) were also ~LN distributed, but with a com-
mon GSD value equal to GSDy; and with heterogeneous sensitizer-specific GM values each
defining a respective ACD-eliciting potency GMy;/GM relative to Ni. Such potencies were
also estimated for nine (meth)acrylates by applying this general LN ACD-elicitation risk
model to respective sets of fewer data. ACD-elicitation risk patterns observed for Cr(VI)
(n=417) and Cr(IIT) (n = 78) were fit to mixed-LN models in which ~30% and ~40% of the
most sensitive responders, respectively, were estimated to exhibit a LN response also gov-
erned by GSDy;. The observed common LN-response shape parameter GSDy; may reflect a
common underlying ACD mechanism and suggests a common interim approach to quantita-
tive ACD-elicitation risk assessment based on available clinical data.

KEY WORDS: Dose response; electronic wearable consumer products; metals; organic chemicals; skin
sensitizers

to and covalently modify histocompatibility antigen
proteins presented by and thus activate epidermal

vere “Type IV” or delayed, T-cell-mediated allergic
skin reaction that follows (typically skin) exposure to
an allergen. ACD involves three steps: (1) initial al-
lergen contact that generates an asymptomatic sen-
sitization (or induction or primary) phase of ACD
in which dermal penetrated allergen molecules bind
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Langerhans cells (LCs); (2) those LCs migrate and
activate allergen-specific T cells to proliferate and
circulate systemically; and then (3) subsequent aller-
gen contact in which the latter T cells interact with
LCs newly activated by the same (or, in some cases,
a chemically similar) allergen generate an elicitation
(or secondary) phase of ACD involving cytokine-
mediated dermal inflammation within 18-72 hours.")
More than 4,450 ACD-eliciting organic chemical sen-
sitizers are currently identified.?>?) ACD accounts for
90-95% of all occupational diseases and has an esti-
mated ~0.1% average annual incidence rate among
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full-time workers, that is, approximately fivefold
greater among hairdressers and barbers and most
frequently involves sensitizers including some met-
als (e.g., nickel, chromium), some aromatic amines,
and certain chemicals in epoxy/resin (e.g., formalde-
hyde and some acrylates and methacrylates), rubber,
fragrances, cosmetics, and preservatives.¥ In gen-
eral populations of all age groups and all countries in
Western Europe and North America between 1966
and 2007 who were patch tested with a standard se-
ries of test allergens, the estimated median percent-
age (and range) of those who respond with >1 pos-
itive reaction is 21.8% (11.8-35.4%) among females
and 12% (6-18%) among males.®) For comparison,
roughly the same and an approximately three- to
five-fold lower general-population prevalence of Ni-
specific ACD (as may be associated with exposure to
jewelry from which Ni is released onto skin) occurred
among women and men, respectively, and there was
a ~2-6% prevalence of allergic sensitivity to cos-
metic or fragrance ingredients.®)

Originally adopted in 1994 as the “Nickel
Directive,” the European Commission (EC) EN
1811 standard®® for nickel-containing consumer
items applies a 168-hour (one-week) leach-testing
protocol and defines migration limits of 0.20 and
0.50 ug Ni/cm?/week for pierced-skin inserts and for
other jewelry products, respectively, intended for
direct and prolonged dermal contact. (To address
measurement uncertainty, noncompliance with these
limits was defined as of 2015 to occur only when mea-
sured Ni release is >0.35 or >088 ug Ni/cm?/week,
respectively.()) This nickel standard was subsumed
since 2009 by European REACH regulations. To
limit the risk of eliciting ACD in sensitized indi-
viduals handling cement and cement-containing
preparations made using chromium (Cr) VI, E.U.
regulations have since 2003 limited Cr(VI) concen-
trations in such products to <2 ppm of their total dry
weight.(!9 To limit ACD-elicitation risk (ACDER)
from Cr(VI)-containing leather consumer products
that contact skin, E.U. REACH Regulation 301/2014
restricted the Cr(VI) content of leather products to
<3 ppm by weight as of May 1, 2015.0D In 1999,
the EC Scientific Committee on Cosmetic Products
and Non-Food Products (SCCNFP) recommended
consumers be warned if any of 26 specified fragrance
allergens are present in cosmetic products; in 2003
the EC Scientific Committee on Cosmetic Products
(SCCP) recommended 200 ppm as an upper limit
of hydroxyisohexyl 3-cyclohexene carboxaldehyde
(HICC) in such products; in 2009 the EC Regulation
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1223 (Appendices II and III) banned a total of 1,370
substances and restricted 214 additional substances
in cosmetic products; and in 2012 the SCCP recom-
mended that among 82 established contact fragrance-
allergens (54 chemicals and 28 natural extracts),
dermal exposure via cosmetic products should not
exceed 0.8 pg/cm? (or a Specific Concentration Limit
of 0.01% per item), and that no level of the HICC,
chloroatranol, or atranol fragrance is safe in such
products.(>”14  Additionally, the E.U. Dangerous
Preparation Directive as amended classifies any con-
centration >1% of any skin sensitizer ingredient as a
skin-sensitizer hazard irrespective of potency and re-
quires that any such concentration =0.1% but <1%
must be declared on the product label even when the
preparation is not classified as sensitizing.(1>-19)

Besides the regulations cited above, there
currently are no regulations concerning exposures
governing ACDER due to chemical sensitizers
released onto skin from general consumer products,
including a growing number of wearable-technology
products. Complaints about allergic reactions at-
tributed either to released nickel or to released
residual methacrylate monomer from an adhesive
component recently caused a product recall of a
widely marketed electronic wearable product.(!”)
The wearable-technology industry, currently valued
at $30 billion, is expected to grow to $40 billion,
$100 billion, and $150 billion by the years 2018, 2023,
and 2026, respectively.(®)

With the primary exception of nickel as men-
tioned above, no widely accepted, validated methods
currently allow quantitative ACDER assessments
and comparisons that address all or most currently
identified human sensitizers using methods validated
against human patch test data, and this has been
an active area of scientific development.!'”) Guinea
pig tests (e.g., the guinea pig maximization test, the
occluded path test, and the open epicutaneous test),
the mouse local lymph node assay (LLNA), and
human volunteer patch testing can all contribute to
the assessment of relative sensitization potency, with
LLNA being the most accessible method to generate
in vivo experimental data for new chemicals of
interest?37) and the currently validated method
of choice for sensitizer hazard identification and
characterization.®>*33) For example, quantitative
log-log correlations (with R? values of ~0.75-0.80)
are observed between “sensitization potency” es-
timates obtained from LLNA results (as “EC3”
values representing concentration “thresholds” each
estimated to yield a three-fold elevation above
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measured background lymph-node proliferative
activity), and those obtained from human re-
peated insult patch test (HRIPT) and/or human
maximization test (HMT) results (as “threshold”
concentrations estimated to elicit a sensitization
reaction in 5% of tested individuals).(?>-26:29-31.33)
Although advantageous compared to other sensiti-
zation tests because the LLNA provides quantitative
end points, data characterizing dose-response re-
lationships, and a proposed basis for “potency”
prediction, applications of this assay remain focused
on qualitative assignment of different tested chem-
icals into categories of (e.g., weak vs. moderate vs.
strong vs. extreme) capacity to induce the sensiti-
zation phase of ACD.(6272931323%) Data from in
vitro assays can also be used to assess or classify
skin sensitizing potency, such as the direct peptide
reactivity assay of relative ability of chemicals to
react with or modify skin proteins; in vitro (e.g., the
human Cell Line Activation Test (h-CLAT)) assays
of dendritic cell (DC) or DC surrogate cell surface
marker induction; in vitro (e.g., Keratinosens™)
measures of oxidative stress-related Nrf2-mediated
antioxidant response element activation or related
keratinocyte or DC cytotoxicity or cytokine (e.g.,
IL-18) release; more recently developed Genomic
Allergen Rapid Detection (GARD), EpiSenseA,
SENS-IS assays of ACD-related gene expression,
as well as quantitative structure-activity relationship
(QSAR) modeling methods correlated with such in
vitro measures and/or with in vivo (e.g., HRIPT or
HMT) assays of sensitizing potency.(202832-34.36.37)

A fundamental limitation in applying such meth-
ods to quantitative ACEDR assessment is that they
have as yet largely been validated against LLNA
(and sometimes HRIPT or HMT) data pertaining
to sensitizing potency, rather than to data charac-
terizing potency to elicit ACD in already-sensitized
individuals. Dose-response relationships for sensi-
tization do not reliably predict allergen-specific or
aggregate sensitizer exposures that unacceptably
elevate risk of ACD elicitation per se,(1924323338-42)
which typically is the more sensitive end point
of clinical, industrial hygiene, and current/future
regulatory concern.?7324142) Epidemiological and
clinical data thus continue to represent critical inputs
to ACDER assessment and management.(®®)

In the case of nickel—one of the best-studied
contact allergens—a large amount of data gener-
ated in human patch test studies conducted over
many decades supports the general conclusion that
ACD elicited by Ni in Ni-sensitive patients has

a quasi-threshold, S-shaped (approximately logis-
tic or lognormal [LN]) type distribution of cumula-
tive sensitization likelihood as a function of Ni load
applied.®3*) Tt is thus likewise unknown whether
“threshold” concentrations estimated for sensitiza-
tion by LLNA or HRIPT tests or for ACD by patch
tests reflect any true slope discontinuity in low-dose
dose response or rather merely reflect practical lim-
itations on typical study size and power to discern
low-dose dose-response patterns.

Efforts to limit ACDER posed by dermal ex-
posures to other metals and to semivolatile organic
sensitizers (such as acrylate adhesive components
of wearable products) are complicated in the ab-
sence of widely accepted, quantitative ACDER
assessment methods known to predict available
human ACDER data. To begin to address this gap,
published ACD patch test concentration-response
data for sensitized individuals were assembled, ana-
lyzed, and compared for three well-studied metallic
ACD sensitizers, nickel, and chromium (VI and I1I),
nine (meth)acrylate sensitizers (DIEGDMA, HEA,
HEMA, HPMA, PEA, TetEGDMA, TetHFA,
TriEGDMA, and TriMPTA), formaldehyde, two
fragrance-related chemicals (HICC, used exten-
sively in deodorants, and IG), and the preservative
MDBGN. (Chemical acronyms used here are defined
in Table I.) Data sufficient for dose-response mod-
eling (for Ni, Cr(VI), Cr(II1), PEA, formaldehyde,
HICC, IG, and MDBGN) were, as shown below,
all determined to have a similar (or in the case of
chromium, partly similar) LN shape in relation to
logarithmically scaled dermal load. Based on that
similar shape, values of relative ACD-elicitation
potency in relation to Ni were estimated for all
seven of the other ACDER-modeled sensitizers, and
analogous potencies were estimated using more lim-
ited data available for each of nine (meth)acrylates.
Based on these results, an interim general approach
to quantitative ACDER assessment is proposed and
discussed.

2. METHODS

2.1. Clinical Patch Test Data

Study-specific sets of patch test data were ob-
tained from the literature, each identifying minimally
effective exposures in patients examined clinically
after exhibiting ACD symptoms, initial patch test-
ing indicating sensitization, and/or symptoms or (e.g.,
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Table I. Metal and (Meth)Acrylate Data Sets and Relative Potency to Elicit ACD in Sensitized Individuals®

ACD
Potency
Average Number Relative
MW Number of Load, L  with >+ to Ni, ¢
Chemical Acronym CAS RN (g/mol)  Subjects, N (ug/cm?) Test, N, (Unitless) References
Metals
Nickel (ion) Ni 7440-02-0 58.933 625 - - 1 43,45-56
Chromium (VI) (ion) Cr(VI) 7440-47-3 51.996 417 - - 6.5(1.7) 43,47,57-71
Chromium (III) (ion) Cr(III) 7440-47-3 51.996 77 - - 6.5(2.5) 60,65
(Meth)acrylates
Diethyleneglycol DIEGDMA  2358-84-1 242.268 23 2,000 14 0.012 72
dimethacrylate
2-Hydroxyethyl HEA 818-61-1 116.13 485 36.8 45 0.033 73-76
acrylate
2-Hydroxyethyl HEMAY 868-77-9 130.142 1,400 778 182 0.0019 73,75-80,82-85
methacrylate 11b _ _ 1.0 81
2-Hydroxypropyl HPMA 923-26-2 144.168 531 750 103 0.0028 73,75,76,82.,83
methacrylate 27813-02-1.
2-Phenoxyethyl PEAC 48145-04-6 192.211 74 40 712 0.024 77,78,86
acrylate 43¢ 352 0.12¢ 87
Tetraethyleneglycol ~TetEGDMA 109-17-1 330.373 33 1,467 12 0.0047 88-90
dimethacrylate
Tetrahydrofurfuryl TetHFA 2399-48-6 156.179 2 80 2 >0.46 91
acrylate
Triethyleneglycol TriEGDMA 109-16-0 286.321 762 851 93 0.0016 ~ 72-75,77-80,86,92-97
dimethacrylate
Trimethylolpropyl TriMPTAY  15625-89-5 296.316 754 382 14 0.0051 73,75-78,83,84,98
triacrylate 47 80 5 0.0144 99
44 7.1 3 3.6¢ 100
Other sensitizing chemicals
Formaldehyde FA 50-00-0 30.03 72 - - 0.086 101-103
Hydroxyisohexyl HICC 31906-04-4 210.313 17 - - 0.79 104,105
3-cyclo-hexene car-
boxaldehyde
(Continued)

occupational) exposure history consistent with sub-
stantial risk of being sensitized to one or more dermal
contact allergens. An administered mass or concen-
tration of each tested chemical in aqueous concentra-
tion or mixed in petrolatum was extracted or derived
from reported patch test information and expressed
in corresponding units of minimal administered load
(in pg/em? of exposed forearm or back skin) de-
termined to elicit an ACD reaction at least weakly
positive in intensity using standard ACD-scoring cri-
teria, as summarized in Table 1. Patch tests done us-
ing Ni, Cr(VI), formaldehyde, HICC, IG, MDBGN,
and (for certain patient subsets considered) HEMA,
PEA, and TriMPTA all involved patients or study
participants known or very likely to be sensitive to
each respective agent based on previous test results
or documented substantial occupational exposures
(see Table I notes). Tests of Cr(III) were done on

those shown to have been sensitized to Cr(VI). All
other (meth)acrylate-specific patch tests were done
on patient groups reported to have been either occu-
pationally or therapeutically exposed or (from pre-
vious patch test results) sensitive to >1 other tested
(meth)acrylate (see Table I notes).

2.2. ACDER Models

Meta-analysis was used to combine and analyze
clinical patch test data reported for Ni and for each
of five organic sensitizers (formaldehyde, HEMA,
HICC, IG, and MDBGN) for which published data
were sufficient for dose-response assessment, as fol-
lows. For each sensitizer (X), combined data from
all available studies were represented as n sets of
the form {In(Lx;), n;} relating the natural log of
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Table I. Metal and (Meth)Acrylate Data Sets and Relative Potency to Elicit ACD in Sensitized Individuals®

ACD

Potency

Average Number Relative

MW Number of Load, L with >+ to Ni, ¢

Chemical Acronym CAS RN (g/mol) Subjects N (ug/em?) Test Ny (Unitless)  References
Isoeugenol 1G 97-54-1 164.201 19 - - 0.53 106,107
Methyldibromo MDBGN 35691-65-7 265.933 17 - - 2.8 108
glutaronitrile

aPatch tests done using Ni, Cr(VI), HICC, IG, and MDBGN listed here all involved patients sensitive to these agents, respectively, based
on previous test results; tests of Cr(III) were done on those sensitive to Cr(VI); all (meth)acrylate-specific tests were done on patients
known only to be sensitive to >1 (meth)acrylate, except as noted where chemical-specific sensitivity was known (see HEMA) or likely
(see TMPTA, PEA). “~” indicates that data covering a broad range of dermal loads were modeled quantitatively (see Table IT). Ni and
Cr patch test data pertain to patients who previously tested positive to Ni and to Cr(VI), respectively. Isobornyl acrylate (not listed) was
noted to elicit ACD in one case study but did not do so in any of a total of 153 patch tested patients and is not generally designated as a
sensitizer.(7377.7884) For each sensitizer X with a listed numeric load L, relative potency ¢x = GMn;i/GMx based on lognormal ACDER
model parameters listed in Table II. Parenthesized Cr-specific potencies were estimated using the conditional mixed-lognormal fits listed in
Table II for Cr(VI) and Cr(III); otherwise, ¢x was estimated for each data set listed using Equations (3) and (4) (see Section 2).

PPatch tests done on 11 patients sensitive to HEMA showed five positive reactions (i.e., a response rate of 5/11, or 45.5%) at a 0.02%
(6.3 ug/em?) HEMA level ) —significantly greater than the 158/1,236 (12.8%) rate observed in all patients sensitive or exposed to one or
more (meth)acrylates(7373-8082-85) excluding HEMA (p = 0.015, by Fisher’s exact test).

“Patch tests done on 43 patients who worked with a polymer containing 88% PEA indicated 26 and 12 positive reactions at 1% and 0.1%
(~352 and 35.2 ug/em?) PEA levels, respectively®?) —rates each significantly greater than the 7/74 (9.5%) response rate observed in patients
allergically sensitive to one or more (meth)acrylates other than PEA(77880) (p < 0.017 and < 1073, respectively, by Fisher’s exact tests).
dPatch tests done on four workers with “hand and face dermatitis after working with a floor coating containing as much as 3-5% TriMPTA”
indicated 4 of 4 and 3 of 4 tests showing positive ACD reactions at 0.1% and 0.03% (24 and 7.1 ug/cm?) TriMPTA levels, respectively(100) —
rates each significantly greater than the 14/754 (1.86%) response rate observed in patients exposed or allergically sensitive to one or more
(meth)acrylates other than TriMPTA(7375-78.83.84.98) (;, < 10 and < 10°°, respectively, by Fisher’s exact tests) and rates each significantly
greater than the 5/47 (10.6% ) response rate observed in workers exposed to TriMPTA in printing ink(® (p < 0.01 and < 0.001, respectively,
by Fisher’s exact tests).

investigated dermal loads Lx; (expressed as ug X
per cm? of exposed skin, as reported or inferred us-
ing other reported data) to corresponding total num-
bers n; of observed ACD responses, each scored as
exhibiting a severity characterized as at least “weak
positive” (i.e., as > “+47) in different patch tested pa-
tients each already sensitized to X. For a few stud-
ies that omitted load or vehicle-mass information or
references from which that information could be de-

probability model (see the Appendix) of ACDER in
relation to dermal load Ly:

Rx (Lx) = @ (In (Lx/GMy) /In (GSDx)), (1)

where GMx and GSDx denote a geometric mean
and geometric standard deviation estimated for sen-
sitizer X, and In denotes natural logarithm. Param-
eter estimates GM = —(a/b) and GSD = 1/b were
obtained by unweighted least-squares (LS) linear

rived, loads were inferred based on an assumed mass
of the reported vehicle (15 or 20 ug for petrolatum or
aqueous vehicles, respectively). Resulting sets were
sorted by ascending Lx ; value, after which values n;
in each sorted set were transformed to correspond-
ing normal (Van der Waerden) scores Z; = ®7!(p)),
where: ® = the cumulative standard normal distri-
bution function; p; = cumulative sample proportion
(! _ n)/(N+1),j=1,...,n,associated with a com-
bined total of N sensitized subjects tested from the
combined set of X-specific studies; ' = the inverse
of ®; and & !(p) = Z, for proportions 0 < p < 1.
Each set of combined X-specific data was fit to a LN

regression (LR) to fit corresponding linear models
Z = ax + bx In(Lx) using Mathematica 11.0.1%
software.(!"”) Resulting estimated slopes (bx), and
intercepts (ax) conditional on a common estimated
slope and corresponding GSD value (GSDx = GSD,
for all X), were assessed for homogeneity by corre-
sponding nested F-tests from analysis of covariance
for LR (ANOCOVAR), each yielding an Fu 4
statistic with dfl and df2 degrees of freedom.(!!)
An approximate standard error (SE) of each re-
ported GM and GSD estimate (EST) was estimated
as the corresponding average relative deviation EST
(RSE + 1/RSE)/2, where RSE = exp(SD) and SD



is the standard deviation of each In(EST) estimate
obtained from LS LR fits of the model In(Lx) =
In(GMx) + {In(GSDx)}Zx to sensitizer-specific sets
of transposed ACDER data {Zx, In(Lx)}, from
which it follows that RSE = {y + (y2+4)"?}/2 where
y = SE/Est. A few excluded LR outliers were identi-
fied by nested F-test (see Table I notes).

Although somewhat more complex ACDER
response patterns were observed for Cr(VI) and
Cr(III), those patterns appeared to reflect a mixture
of response characteristics including, for relatively
sensitive sensitizer-specific subsets of individuals, an
LN shape (GSD = GSD,) common to the LN model
fit (as discussed above) by ANOCOVAR to ACDER
data for Ni and five organic sensitizers. To test this
hypothesis, ACDER data for X = Cr(VI) were mod-
eled by iteratively reweighted LS nonlinear regres-
sion to fit a mixed LN (MLN) distribution:

Rx (Lx) = P® (In(Lx/GM) /In (GSD,))
+(1= P)F(In(Lx/GM,) /In (GSDy)) ~ (2)

using weights defined (to achieve slightly closer tail-
specific fits) as 1 + Abs(Z.) at each load L exam-
ined where Z, = ®'(Rx(Lx)) using Equation (2).
The much smaller set of ACDER data available for
Cr(III) was modeled by fitting a constrained version
of the MLN model defined by Equation (2) condi-
tional on parameters GM and GSD, estimated for
Cr(VI) (i.e., only two parameters P and GM, were
fit to Cr(I1T) data). Goodness of fit by each estimated
LN or MLN model was characterized heuristically by
the corresponding explained fraction of total normal-
ized response variance (R?), in relation to a perfect fit
indicated by R? = 1.

2.3. ACDER Potency Relative to Ni

Sensitizer-X-specific estimated parameters GMx
associated with corresponding LN Rx(Lx) model fits
obtained by ANOCOVAR as described above were
(in view of observed slope homogeneity for Ni, five
organic sensitizers, and to some extent Cr(VI) and
Cr(III)—see Section 3) used to calculate values of
relative ACD-elicitation potency ¢x defined as:

ox = GMni/GMx 3)

for each of five organic sensitizer sensitizers in rela-
tion to Ni. It follows that for all of these LN-modeled
sensitizers, the following generalization:

Rx(Lx) = Rni(¢pxLx) 4)
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of the LN ACDER model defined by Equation
(1) may be applied, in which potency-scaled load
(¢x Lx) represents a Ni-equivalent dermal load of
sensitizer X. For comparison, alternative estimates
of relative potency ¢ = Ln;*/R™!(p*) were calculated
for Cr(III) and Cr(VI) based instead on correspond-
ing estimated MLN risk models (see Equation (2)),
where the implied Cr(VI) load R™'(p*) was solved
numerically, and where p* = R(Lx;*) denotes the
ACDER level predicted for an EN 1811 limiting
Ni load Lyi* = 0.5 pg/em? by the Ni-specific LN
ACDER model estimated as described above.

For nine (meth)acrylates patch tested at only a
single reported load Lx , at which a number N, of
“>4" responders was reported among a total of N
of patch tested individuals who had been sensitized
as described in Table I, this information was used to
estimate a corresponding responsive sample propor-
tion p = N./(N+1) from which a corresponding rela-
tive potency was estimated as:

ox = (Lx,pGMNi)GSDZn. 5)

Equation (5) is implied by the generalized LN
R(¢x Lx) model defined by Equation (4) under the
hypothesis that this model also pertains to each sen-
sitizer X, the plausibility of which is suggested by re-
sults obtained in this study (see Sections 3 and 4). All
calculations and plots were done using Mathematica
11.0.1" software.(10%

3. RESULTS

Table II summarizes estimated LN model fits ob-
tained for Ni, for five modeled organic sensitizers
(based on ANOCOVAR), and for Ni and the five
organic sensitizers using combined potency-scaled
ACDER data, as well as estimated MLN model fits
obtained for Cr(VI) and Cr(III). Using chemical-
specific subject totals from Table I, Table II summa-
rizes fits to patch test data reported for a total of
1,255 sensitized individuals. The LN model fit to Ni
ACDER data is shown in Fig. 1. The LN fit to com-
bined potency-scaled ACDER data for Ni and five
organic sensitizers is shown in Fig. 2. Fig. 3 shows
the estimated constrained MLN model fit to Cr(VI)
ACDER data, conditioned on the ANOCOVAR-
based GSD, estimate obtained for Ni and five
organic sensitizers. Fig. 4 shows the constrained
MLN model for Cr(III), fit conditional on the lat-
ter GSD, estimate and two additional parameters es-
timated for Cr(VI). All the estimated models sum-
marized in Table II fit the respective modeled sets
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Table II. Fits Obtained to Modeled ACD-Response Data
Estimated Lognormal-Type Model Parameter Values (+1 SE)?

Sensitizer (X) n P GMP (pg/cm?) GSDP (Unitless) GM, (ug/cm?) GSD; (Unitless) R?

Cr(VI) 64 0.307 & 0.0645 2.29 + 0.588 [8.0] 17.2 £1.50 3.69 £ 0.277 0.993
Cr(III) 13° 0.417 &+ 0.0058 [2.29] [8.0] 807 £+ 63.2 [3.69] 0.988
Ni 78¢ - 14.9 + 0.486 7.99 +0.193 - - 0.988
Formaldehyde 6 - 180. £+ 30.3 7.99 £ 0.193 - - 0.957
HEMA 4 - 149 + 217 7.99 +0.193 - - 0.986
HICC 10¢ - 189 £+ 1.76 7.99 £ 0.193 - - 0.975
1G 8 - 28.0 + 3.12 7.99 +0.193 - - 0.948
MDBGN 8¢ - 5.31 £+ 0.541 7.99 £0.193 - - 0.982
Combined? 114 - 14.9 £+ 0.404 7.98 £ 0.194 - - 0.985

4SE = standard error; n = number of {log(L), Z} data points fit. See Table I for corresponding combined study population size (N) values;
see Section 2 for model definitions.

" ANOCOVAR-based estimates of sensitizer-specific GM together with a common GSD are listed for each of six (noncombined) non-Cr
sensitizers listed. GSD = GSD,, = 8.0 value listed in brackets for Cr(VI) and Cr(III) was assumed based on the ANOCOVAR-derived com-
mon GSD estimate listed for all other sensitizers; GM and GSD values listed in brackets for Cr(IIT) were assumed based on corresponding
estimates listed for Cr(VI). Using subject totals listed in Table I, the Cr(VI) and Cr(III) fits were based on patch test data reported for a
total of 494 sensitized individuals.

°The fit to Cr(VI) data excluded petrolatum (but not aqueous) vehicle data collected by Skog and Wahlberg®® and K,CrOy4 (but not
K,Cr,07) data collected by Zelger and Wachter.(”}) The fit to Cr(IIl) data did not consider one quite disparate data set(®® (see text).
Concerning the Ni data fit: geometric means of petrolatum and aqueous vehicle loads used by Emmett er al.*® were used; numbers of
positive reactions observed by Hindsén*> and Hindsén et al.0?) among the same patients examined in each of four different seasons were
averaged; similar averaging was done for similar response patterns observed by Wahlberg and Skog®® using aqueous and petrolatum
vehicles; and data from 5 Ni patch tests (involving 2 data points) were excluded as outliers (p < 107°).%5) Data from one test each for
HICC104.105 and MDBGNU%) were excluded as outliers (p < 1074).

dData used for this analysis (not involving Cr(VI) or Cr(IIl)) were combined after adjusting sensitizer-specific loads Lx to corresponding
values (¢x Lx) each scaled by a corresponding value of relative potency ¢x = GMn;/GMx calculated using GM values listed above, yielding
¢x values listed in Table I. Using subject totals listed in Table I, the combined fit was based on patch test data reported for a total of 761
sensitized individuals.
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Fig. 2. Dose response for combined ACDER data on Ni and five
organic sensitizers (open points) using sensitizer-specific values of
dermal load all scaled by corresponding ACD-eliciting potency (¢)
relative to Ni (n = # of points fit, N = total # patients studied)
compared to a common lognormal (LN) ACDER model fit (solid
line) obtained by ANOCOVAR with estimated parameters listed
in Table II. Solid point indicates the EN 1811 reference dermal
load of 0.5 j1g/cm?.

Fig. 1. Dose response for Ni-elicited ACD responses scored as
weak positive (“+7) or greater measured in patch tests of N =
635 Ni-sensitive patients (yielding n = 78 cumulative response-
likelihood points) fit to a lognormal (LN) model (solid line)
with estimated parameters listed in Table II. Different point
styles/colors signify data obtained from each of 12 different stud-
ies. Solid point indicates a reference dermal load of 0.5 pg/cm?
(corresponding to the EN 1811 standard).

Results from ANOCOVAR using six sensitizer-
X-specific ACDER data subsets (for X = Ni,
formaldehyde, HEMA, HICC, IG, and MDGBN)

of ACDER data reasonably well (R?> = ~0.95-0.99,
Figs. 1-4).
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Fig. 3. Mixed lognormal (MLN) ACDER model fit (solid curve)
to Cr(VI) patch test data from 14 studies cited in Table I, shown
using different point styles/colors (n = # of points fit, N = total
# patients studied). Also shown are the lognormal (LN) model fit
for Ni from Fig. 1 (dashed line) and the MLN model for Cr(VI)
conditioned on p = 1 so as to represent the LN ACDER model
(LN*, dotted line) predicted by the Cr(VI)-MLN model to pertain
to the most sensitive ~30% of all Cr-sensitized individuals.
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Fig. 4. Mixed lognormal (MLN) ACDER model fit (solid curve)
to patch test data from three studies cited in Table I shown us-
ing different point styles (n = # of points fit, N = total # pa-
tients studied). Also shown are the lognormal (LN) fit for Ni from
Fig. 1 (dashed line), the MLN model fit for Cr(VI) from Fig. 3
(dot-dashed curve), and the MLN model for Cr(III) conditioned
on p =1 so as to represent the LN ACDER model (LN*, dotted
line) predicted by the Cr(II1)-MLN model to pertain to the most
sensitive ~42% of Cr-sensitized individuals.

indicated approximate equality of six corresponding
estimated X-specific slopes (bx) (Fs102 = 0.90, p =
0.48), but indicated significant inequality of corre-
sponding X-specific intercepts (ax) conditional on
a common estimated slope (b) (Fs5107 = 111.5, p =
~0). Table II lists corresponding ANOCOVAR-
based estimates of the X-specific LN parameters
GMx and the common parameter GSD, = ~8.0 gov-
erning LN-distribution shape, calculated as described
in Section 2. Table I lists corresponding estimated
relative potencies (¢x) for these six sensitizers cal-
culated using Equation (3). In relation to Ni load
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Ly, a corresponding estimated ANOCOV AR-based
ACDER model for Ni is given approximately by:

R(Lni) = @ (In (Lxi/15) /In (8.0)). (6)

This model implies that the EN 1811 reference
limit of Lxi* = 0.5 ug/cm? on dermal Ni load is as-
sociated with an estimated ACDER level of p* =
R(Lni*) = ~0.051, that is, with an approximate 5%
level of elicitation risk. In relation to the refer-
ence limit for Ni, Ly;*, a corresponding estimated
ANOCOVAR-based ACDER model for sensitizer
X, is given approximately by:

R(Lx) = ®(In(¢x Lx/15)/In (8.0)).  (7)

Fig. 2 shows how this more general model
is consistent with the combined set of potency-
scaled ACDER data for all six ACDER-modeled
sensitizers.

Under the hypothesis that this common model
pertains to (meth)acrylate sensitizers generally,
Equation (5) was applied to single, sensitizer-specific
ACDER data points each associated with more lim-
ited data (as listed in Table I) to estimate rela-
tive potencies for all nine listed (methy)acrylates.
As expected, in the case of each of the three
(meth)acrylates (HEMA, PEA, and TriMPTA) for
which estimated potencies were calculated for dif-
ferent data subsets associated either with patients
known or likely to have been sensitized to those spe-
cific sensitizers, or who instead were known only to
have been sensitized or occupationally exposed to
one or more (meth)acrylates, potencies estimated for
the former group (all within ~10-fold that of Ni)
were substantially greater than those estimated for
the latter group (Table I).

A single relative potency value, ¢x = 6.5, was
calculated using Equation (3) for both Cr(VI) and
Cr(IIT) based on (1) a GM parameter fit only to
Cr(VI) data, and (2) an assumption (supported by
good Cr-related fits conditional on this assumption
noted in Table II) that the LN shape parameter
GSD, = ~8.0 mentioned above also pertains to both
Cr(VI) and Cr(IIT). However, the estimated MLN-
model fits obtained for Cr(VI) and Cr(III) indicate
(via corresponding estimated values of MLN param-
eter P) that the estimated common relative potency
of 6.5 pertains only to relatively sensitive subsets
consisting of ~31% and ~42%, respectively, of all
tested Cr(VI)-sensitized patients (Table II). Some-
what smaller values of relative potency for Cr(VI)
and Cr(III) that are also listed (in parentheses) in
Table I were estimated directly from the complete
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MLN fits obtained for these sensitizers, and thus per-
tain to all tested Cr(VI)-sensitized patients.

4. DISCUSSION

An LN model with a common shape parameter
(GDS, = ~8.0) was found adequate to characterize
ACDER not only for Ni-sensitized patients exposed
dermally to Ni, but also (in the potency-scaled form
represented by Equation (4)) for patients sensitized
to five different organic sensitizers for which suffi-
cient data were available to characterize ACDER
distributions quantitatively (Table II, Figs. 1 and 2).
Using ¢ni = 1, this model predicts a 5.1% ACD re-
sponse rate (p*) among Ni-sensitized individuals to a
Ni load equal to the EN 1811 reference limit (Ln;*)
of 0.5 ng/cm? for nonpiercing consumer products in-
tended to have prolonged skin contact. This esti-
mated rate is similar to the 5% response rate that
was previously estimated to pertain to a Ni load of
0.44 ng/cm? based on an average of logistic response
models fit to data from eight studies of Ni-induced
ACD.* Good fits were also obtained to Cr(VI)-
and Cr(III)-specific sets of ACDER data using MLN
models, each positing that for a relatively sensitive
subpopulation ACDER is LN-distributed also with
GDS, = ~8.0 and with a single GM parameter that
was fit only to Cr(VI)-specific data (Table II, Figs. 3
and 4).

Thus, a total of eight modeled sets of sensitizer-
specific ACDER data from clinical patch tests done
on sensitized individuals were each found to be fit
reasonably well by LN response models, which in the
case of chromium pertain to an estimated ~30-40%
of relatively sensitive individuals. The fact that all
of these models include a common estimated LN
shape parameter (GSD, = 8.0) suggests that quan-
titative ACDER characterization for all metallic
and organic sensitizers could be performed using
the general LN ACDER model given by Equa-
tion (7), at least in the absence of conflicting data
and on an interim basis until more accurate meth-
ods become available. Such a model could be ap-
plied, for example, to set interim exposure limits as
part of an overall regulatory or product-stewardship
ACDER-management strategy implementing a con-
sistent maximum-allowed ACDER response rate
(p*) for each sensitizer to which already sensitized
individuals may be exposed, such as the ~5% rate
implied by the EN 1811 standard for Ni, or some
other ACDER rate(s) that may address the (typically
small) prevalence of current sensitization among

occupationally or generally exposed populations,
likelihoods of cross-reactions among sensitizers, and
perhaps also cumulative-ACDER concerns. To facil-
itate such a strategy, note that the proposed model
can be reexpressed to estimate cumulative ACDER
to individuals exposed to n loads Lx, = {Lx,, Lx,, ---»
Lx,} of n respective sensitizers X; (i =1, ..., n), to
each one of which each individual has already been
sensitized, as:

R(Lx.) = ®(In([Z7; ¢x; Lx;]/15)/In(8.0)). (8)

The estimated MLN Cr(VI) model contrasts
with a less intuitive truncated-LN model used pre-
viously to characterize several individual ACDER
data sets.'') The difference between MLN-type
ACDER models estimated for the complete Cr(VI)
and Cr(III) data sets examined, compared to simpler
and (shape-wise) similar LN models estimated for Ni
and five organic sensitizers, may in part be at-
tributable to inclusion of irritation responses
together with ACD responses, particularly in the
higher-load portion of the Cr(VI)- and Cr(III)-
specific data sets modeled, in view of difficulty
in distinguishing these two types of patch test
reaction particularly in the case of Cr-associated
ACD.(7862-6466.111-114) Thjs hypothesis is supported
by the fact that the MLN models estimated for
Cr(VI) and Cr(III) incorporate: (1) identical GSD,
shape parameters, which under this hypothesis
characterize the distribution of Cr-specific irritation
responses observed at relatively higher Cr loads;
and (2) the same GSD, shape parameter estimated
for Ni and five organic sensitizers, which under
this hypothesis characterizes the distribution of
Cr-elicited ACD responses.

Using more limited ACDER observations for
nine (meth)acrylates, this proposed approach was
illustrated by applying it, via Equation (5), to es-
timate corresponding values of ACD-eliciting po-
tency relative to Ni, allowing corresponding in-
terim quantitative ACDER estimates to be made for
these sensitizers using Equation (6). The latter ap-
proach could also be applied using similarly limited
sets of ACDER data available for some additional
sensitizers.(!'>  Alternatively, ACDER could be
characterized more crudely by applying Equation (6)
in which relative potency ¢x is estimated as
the ratio of Ni-to-X-specific response levels from
available HRIPT or HMT results at which 5% of
those tested are estimated to be sensitized, or from
LLNA test “EC3 threshold” results at which a three-
fold sensitization-associated increase is estimated to
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occur over background levels of lymphocyte prolif-
eration. This cruder approach requires assuming that
relative potencies for ACD elicitation are meaning-
fully estimated from corresponding relative poten-
cies for sensitization, which could be tested by com-
paring potency estimates obtained by this method to
corresponding estimates of elicitation potency listed
in Table I. For example, such HRIPT/HMT esti-
mates obtained for Ni, formaldehyde, and IG were
recently estimated®") to have geometric mean (GM)
values of 27, 191, and 1,016 ug/cmz, respectively, im-
plying (via the HRIPT/HMT method) that ¢ = 0.14
for formaldehyde and ¢ = 0.027 for IG. While the
HRIPT/HMT-based potency estimate for formalde-
hyde is ~64% greater than the corresponding esti-
mate ¢ = 0.086 listed in Table I based on applying
the proposed LN ACDER model, the HRIPT/HMT-
based estimate for IG is ~20-fold less than the cor-
responding estimate ¢ = 0.53 listed in Table I. Note
that the estimated 27-ug/cm? GM value of Ni load as-
sociated with a 5% positive HRIPT/HMT-measured
sensitization-response likelihood exceeds by >50-
fold the corresponding load (Lni* = 0.5 ug/cm?)
noted above to be associated with approximately
the same ACDER-response likelihood, illustrating
quantitatively the well-recognized fact that sensitiza-
tion typically requires far greater dermal loads to in-
duce than do those required to elicit ACD.
Alternatively, ¢x can be estimated (albeit again
crudely) as the Ni-to-X ratio of (e.g., minimum or
median) test concentrations that are commonly rec-
ommended or commercially distributed to dermatol-
ogists to conduct clinical ACD patch tests, as listed
for many hundreds of contact allergens in derma-
tology reference databases.>!'%) For example, this
“concentration method” of estimating ¢x can be il-
lustrated using the following sensitizer-specific mini-
mum recommended or distributed concentrations (as
% by weight, typically prepared in petrolatum):(110)
Ni (2.5%), Cr(IIT) (0.5%), HEMA (1%), TMPTA
(0.1%), formaldehyde (1%), HICC (5%), IG (1%),
and MDBGN (0.2%). By this method, these patch
test concentrations imply the following respective
¢x estimates, here each followed by the magnitude
(rounded to two digits) of the relative difference be-
tween this estimate and the maximum corresponding
estimate listed in Table I based on analysis of patch
test data in individuals sensitized to the tested chemi-
cal: Cr(III) (5.0, 1.3), HEMA (2.5, 2.5), TMPTA (25,
6.9), formaldehyde (2.5, 29), HICC (0.5, 1.6), IG (2.5,
4.7), and MDBGN (12.5, 4.5). Thus, the “concentra-
tion method” of potency estimation here yielded six
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of seven potency estimates that agree within seven-
fold of the LN-regression-based estimates listed in
Table I, but also yielded a formaldehyde potency es-
timate that is ~30-fold greater than the correspond-
ing estimate derived by analyzing patch test data ob-
tained for formaldehyde-sensitized individuals.

The distribution of ACDER-response like-
lihoods is thought to reflect a combination of
immunologically preserved memory of the intensity
of an initial sensitizing exposure, and genetically
driven interindividual variability in immunological
sensitivity or predisposition toward subsequent trig-
gers of T-cell-mediated ACD elicitation.(!'7-1?2) The
remarkable similarity of ACDER distribution shapes
observed for Ni and five organic sensitizers, and to at
least some extent for Cr(VI) and Cr(III), may reflect
a prior sensitizing exposure-magnitude/exposure-
frequency scenario and a common requirement for
transduction and integration of information from
perhaps just a few activated receptors to elicit an
ultimate ACD-elicitation response. For example, if
ACD elicitation were to require the joint occurr-
ence of just three such events each typically
characterized by ~LN-distributed interindividual
variability, two with GSD = 3 and one with GSD =4,
then ACDER would have an expected ~LN dis-
tribution with GSD = exp({2 In(3)?> + In(4)*}'?) =
~8.02 = GSD,. The approximate lognormality of the
modeled ACDER data sets observed in this study
(in the case of chromium, pertaining to estimated
relatively sensitive patient subsets) appears to chal-
lenge the traditional assumption that “thresholds”
exist for ACD-elicitation response relationships, and
is consistent with previous observations that such
thresholds often fail to be evident when analyzing
sets of concentration-series patch test data large
enough to measure relatively low rates of positive
response to relatively small dermal loads.*?

5. CONCLUSION

Clinical patch test data characterizing ACD elic-
itation after controlled dermal exposure to specific
dermal loads (in units of applied mass per unit skin
area) of a well-studied sensitizer (nickel, chromium
VI, chromium III, or one of the five organic sensi-
tizers: formaldehyde, HEMA, HICC, isoeugenol, or
MDBGN), were collected from previously published
concentration series studies involving a total 1,255
sensitized individuals. It was discovered that the re-
lationship between the likelihood of ACD elicitation
after exposure to nickel, to each of the five organic
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sensitizers, and to either species of chromium at least
for a substantial fraction of (comprising the most
sensitive) exposed individuals, is approximately log-
normally distributed in relation to dermal load. No-
tably, although the fitted LN distributions of ACD
elicitation response each have sensitizer-specific
values of estimated “potency” (or geometric mean
dermal load), all the estimated response distributions
have approximately equal values of the parameter
governing LN shape (i.e., geometric standard devi-
ation). This means that, at least for these relatively
well-studied sensitizers, ACD elicitation risk after
exposure to any (patch-test-equivalent) dermal load
of a specific sensitizer can be estimated directly from
the value of its “potency” parameter (or from its
value relative to that of any selected index sensitizer
such as nickel). This also implies that aggregate
elicitation risk following concurrent dermally local-
ized exposure to multiple sensitizers can easily be
calculated by evaluating the unified LN risk model in
relation to a sum of potency-weighted dermal loads.

Whether the LN model of ACD elicitation risk
in relation to dermal load identified here for eight of
the most well-studied sensitizers examined via clini-
cal patch testing to date pertains to any, most, or all
of the thousands of human skin sensitizers identified
to date remains unknown. This is due to absence or
lack of sufficient data reported from clinical studies
involving a sufficient series of patch test concentra-
tions performed on sufficient numbers of sensitized
patients for the vast majority of these sensitizers.
However, the common risk model found to apply to
all eight of the well-studied skin sensitizers examined
here suggests that this model may serve as a reason-
able default assumption to apply generally for all hu-
man skin sensitizers, pending development of one or
more accurate approaches to predict ACD elicitation
risks. Advantages offered by this approach include:
its basis derived exclusively from clinical patch test
data; its focus on quantitative characterization of
risk associated with the most sensitive, symptomatic
phase of ACD (elicitation) among already sensitized
individuals, rather than on characterizing capacity
to trigger the less sensitive initial asymptomatic
(sensitization or induction) phase of ACD; its ability
to infer aggregate risk associated with joint localized
exposure to multiple sensitizers; and its ability to
derive at least a crude estimate of ACD elicitation
potency and exposure-specific risk for any sensitizer
with only very limited available patch test data (e.g.,
involving only a single value of dermal load applied
to at least several individuals). The latter advantage

1

was illustrated in this study by applying the risk
model to estimate values of elicitation potency (rela-
tive to that of nickel) for each of nine (meth)acrylates
using patch test data obtained for more than 4,000
patients who exhibited sensitivity to one or more
(meth)acrylates.
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APPENDIX: NORMAL AND LOGNORMAL
PROBABILITY MODELS

The bell-shaped, standardized symmetrical
Gaussian or “normal” probability model plays a key
role in probability and statistical analysis. This is
because the Central Limit Theorem shows that this
specific bell-shaped curve represents the probabil-
ity (denoted Prob(Z = z)) that a sample average
value X = Y"_, Xi/n of n independent random
samples or measures X; (i = 1,..., n) of an iden-
tically distributed random variable X, reexpressed
as a standardized deviation Z = (X-u)/o from
the expected value u and variance o2 of X (equal
to the expected value p and variance no? of X),
equals a particular deviation magnitude z in the limit
asymptotically as n becomes infinitely large, and
approximately so even if n is moderately large.(!>?)
Thus, any normally distributed variable X can be
reexpressed as a similarly standardized variable Z =
(X-p)/o in relation to the expected value p and
variance o> of X. The corresponding bell-shaped
normal probability Prob(Z = z) has a peak prob-
ability (or maximum-likelihood) value when X =
w. The corresponding S-shaped cumulative standard
normal probability function, Prob(Z < z) = ®(z),
sums the area (i.e., values of probability p) under the
bell-shaped Prob(Z = z) curve, increasing from p =
0to 0.5 to 1 as the standardized deviation z increases
from —co to 0 to oo, respectively. Values of the
distribution function ®(z), and of its inverse ®~'(p),
are tabulated in relation to z and p in statistical
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reference books, and can be calculated using statis-
tical software (e.g., by evaluating NORM.S.DIST(z,
True) and NORM.S.INV(p), respectively, in Mi-
crosoft Excel”). If X is a normally distributed
random variable and Y = log(X), then the proba-
bility model for Y and log(X), called a lognormal
distribution, is governed by parameters p and o de-
scribed above, but that in this case can be expressed
alternatively as a geometric mean (GM) exp(n) =
e and geometric standard deviation exp(c) =
e?, respectively, where Euler’s constant e denotes
the base of the natural logarithm. The lognormal
probability model is applied to describe variability
and/or uncertainty associated with positive-valued
measurements pertaining to a wide variety of natural
physical, meteorological, astronomical, chemical,
and biological phenomena.(12+12%)

Ordered (i.e., sorted least-to-greatest) sample
values X; (i =1,..., n) of a normally distributed ran-
dom variable X can be used to construct an empir-
ical cumulative distribution function connecting the
points {Z;, X;}, each of which involves a Van der
Waerden score Z; = & '(p;) defined as a function
of a corresponding cumulative sample proportion (or
“fractile”) p; = i/(n + 1); LR of X; on Z; then yields
a O-intercept and slope that robustly estimate the pa-
rameters i and o, respectively, of the normal distri-
bution that models random variation in realized mea-
sures of X.(173129)

REFERENCES

1. Johansen JD, Frosch PJ, Lepoittevin J (eds). Contact Der-
matitis, 5th ed. Berlin/Heidelberg, Germany: Springer Ver-
lag, 2011.

2. De Groot AC. Patch Testing. Test Concentrations and
Vehicles for 4350 Chemicals, 3rd ed. Wapserveen, The
Netherlands: Acdegroot Publishing, 2008. Available at:
http://www.patchtesting.info, Accessed January 5, 2017.

3. De Groot AC. Patch Testing, 3rd ed.: Update 2008-2012.
Wapserveen, The Netherlands: Acdegroot Publishing, 2012.
Available at: http://www.escd.org/education/Patch_testing_
update_2008-2012.pdf, Accessed January 5, 2017.

4. Coenraads P-J, Uter W, Diepgen T. Epidemiology. Pp. 193—
211 in Johansen JD, Frosch PJ, Lepoittevin J-P (eds). Contact
Dermatitis, 5th ed. Berlin/Heidelberg, Germany: Springer
Verlag, 2011.

5. Thyssen JP, Linneberg A, Menné T, Johansen JD. The epi-
demiology of contact allergy in the general population—
Prevalence and main findings. Contact Dermatitis, 2007;
57(5):287-299.

6. European Commission. Parliament and Council. European
Union Directive 94/27/EC of 30 June 1994. European Com-
mission. Official Journal of the European Communities,
1994; L188:1-2.

7. European Commission. Directive 2004/96/EC of 27, Septem-
ber 2004. European Union. European Commission. Official
Journal of the European Communities, 2004; L301:51-52.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Bogen and Garry

. National Standards Authority of Ireland. Irish Standard I.S.

EN 1811:2011, Reference test method for release of nickel
from all post assemblies which are inserted into pierced parts
of the human body and articles intended to come into direct
and prolonged contact with the skin. Dublin, Ireland: NSAI,
2012.

. European Committee for Standardization. European Stan-

dard/Norm EN 1811:2011+A1. Reference test method for re-
lease of nickel from all post assemblies which are inserted
into pierced parts of the human body and articles intended
to come into direct and prolonged contact with the skin.
Approved June 20, 2015; Supersedes EN 1811:2011. Brus-
sels, Belgium: Comité Européen de Normalisation (CEN),
2015.

European Commission Directive 2003/53/EC of the Euro-
pean Parliament and Council of 18 June 2003 amending for
the 26th time Council Directive 76/769/EEC relating to re-
strictions on the marketing and use of certain dangerous
substances and preparations (nonylphenol, nonylphenol
ethoxylate and cement). Official Journal of the European
Communities, 1994; 1.178:24-27.

European Commission Regulation (EU) No 301/2014, 25
March 2014, amending Annex XVII [Entry 47] to Regula-
tion (EC) No 1907/2006 of the European Parliament and of
the Council on the Registration, Evaluation, Authorisation
and Restriction of Chemicals (REACH). Official Journal of
the European Communities, 2014; 90:1-3.

European Commission Regulation (EC) No 1223/2009 of the
European Parliament and of the Council of 30 November
2009 on cosmetic products. Official Journal of the European
Union, 2009; 1.342:59-209.

European Commission Scientific Committee on Consumer
Safety Opinion on fragrance allergens in cosmetic products.
SCCS/1459/11, adopted at the 15th SCCS plenary meeting,
26-27 June 2012. EC Health and Consumers Directorate,
SCCS, Brussels, France, 2011. https://doi.org/10.2772/77628.
Swedish Chemicals Agency. Proposal for harmonised classi-
fication and labelling based on regulation (EC) No 1272/2008
(CLP Regulation), Annex VI, Part 2; Substance Name:
Hydroxyisohexyl 3-cyclohexene carboxaldehyde (HICC). 5
June 2013. Sundbyberg, Sweden: SCA, 2013.

European Union. Commission Directive 1999/45/EC of the
European Parliament and of the Council of 31 May 1999 con-
cerning the approximation of the laws, regulations and ad-
ministrative provisions of the Member States relating to the
classification, packaging and labelling of dangerous prepara-
tions: (Repealing 88/379/EEC), 1999.

European Union. Regulation (EC) No 1907/2006 of the
European Parliament and of the Council of 18 Decem-
ber 2006 concerning the Registration, Evaluation, Autho-
risation and Restriction of Chemicals (REACH), estab-
lishing a European Chemicals Agency, amending Directive
1999/45/EC and repealing Council Regulation (EEC) No
793/93 and Commission Regulation (EC) No 1488/94 as well
as Council Directive 76/769/EEC and Commission Direc-
tives 91/155/EEC, 93/67/EEC, 93/105/EC and 2000/21/EC,
2006.

Abrams R. Fitbit says it will make changes to address com-
plaints about allergic reactions. New York Times, 2014; Oc-
tober 18:B2.

Haward J, Chansin G, Zervos H. Wearable technology 2016~
2026: Markets, players, and 10-year forecasts. IDTechEx,
2016. Available at: http:/www.idtechex.com/research/
reports/wearable-technology-2016-2026-000483.asp,
Accessed February 28, 2017.

International Programme on Chemical Safety. Skin Sensiti-
zation in Chemical Risk Assessment. Harmonization Project
Document No. 5. Geneva, Switzerland: World Health Orga-
nization, IPCS, 2008.


http://www.patchtesting.info
http://www.escd.org/education/Patch_testing_update_2008-2012.pdf
http://www.escd.org/education/Patch_testing_update_2008-2012.pdf
https://doi.org/10.2772/77628
http://www.idtechex.com/research/reports/wearable-technology-2016-2026-000483.asp
http://www.idtechex.com/research/reports/wearable-technology-2016-2026-000483.asp

Risks of Allergic Contact Dermatitis

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Bull JE, Parker D, Turk JL. Predictive value of assessment of
lymph node weight and T-lymphocyte proliferation in con-
tact sensitivity in acrylates. Journal of Investigative Derma-
tology, 1985; 85(5):403-406.

Kimber I, Basketter DA, Berthold K, Butler M, Garrigue JL,
Lea L, Newsome C, Roggeband R, Steiling W, Stropp G, Wa-
terman S, Wiemann C. Skin sensitization testing in potency
and risk assessment. Toxicological Sciences, 2001; 59(2):198-
208.

Griem P, Goebel C, Scheffler H. Proposal for a risk assess-
ment methodology for skin sensitization based on sensitiza-
tion potency data. Regulatory Toxicology and Pharmacol-
ogy, 2003; 38(3):269-290.

Basketter DA, Clapp C, Jefferies D, Safford B, Ryan CA,
Gerberick F, Dearman RJ, Kimber I. Predictive identifica-
tion of human skin sensitization thresholds. Contact Der-
matitis, 2005; 53(5):260-267.

Basketter DA, Andersen KE, Liden C, Van Loveren
H, Boman A, Kimber I, Alanko K, Berggren E. Eval-
uation of the skin sensitizing potency of chemicals by
using the existing methods and considerations of rele-
vance for elicitation. Contact Dermatitis, 2005; 52(1):39-
43.

Gerberick GF, Ryan CA, Kern PS, Schlatter H, Dearman
RJ, Kimber I, Patlewicz GY, Basketter DA. Compilation of
historical local lymph node data for evaluation of skin sen-
sitization alternative methods. Dermatitis, 2005; 16(4):157—
202. Available at: ftp:/ftp.cdc.gov/pub/Documents/OEL/
06.%20Dotson/References/Gerberick_2005.pdf,  Accessed
December 1, 2016.

Gerberick GF, Vassallo JD, Foertsch LM, Price BB, Chaney
JG, Lepoittevin J-P. Quantification of chemical peptide re-
activity for screening contact allergens: A classification tree
model approach. Toxicological Sciences, 2007; 97(2):417-
427.

Anderson SE, Siegel PD, Meade BJ. The LLNA: A brief re-
view of recent advances and limitations. Journal of Allergy,
2011; 2011:424203. https://doi.org/10.1155/2011/424203.
Troutman JA, Foertsch LM, Kern PS, Dai HJ, Quijano M,
Dobson RL, Lalko JF, Lepoittevin JP, Gerberick GF. The
incorporation of lysine into the peroxidase peptide reactivity
assay for skin sensitization assessments. Toxicological Sci-
ences, 2011; 122(2):422-436.

European Centre for Ecotoxicology and Toxicology of
Chemicals. Potency Values from the Local Lymph Node
Assay: Application to Classification, Labelling and Risk
Assessment. Document No. 46, December 2008. Brus-
sels, Belgium: ECETOC, 2008. Available at: http://www.
ecetoc.org/wp-content/uploads/2014/08/DOC-0461.pdf, Ac-
cessed February 28, 2017.

OECD. Test No. 429: Skin Sensitisation. OECD Guide-
lines for the Testing of Chemicals, Section 4: Health
Effects. Adopted 22 July, 2010. Paris, France: Organ-
isation for Economic Co-operation and Development,
2010. Available at: http://iccvam.niehs.nih.gov/SuppDocs/
FedDocs/OECD/OECD-TG429-2010.pdf, Accessed April
10, 2017.

National Toxicology Program. ICCVAM Test Method
Evaluation Report: Usefulness and Limitations of the
Murine Local Lymph Node Assay for Potency Catego-
rization of Chemicals Causing Allergic Contact Dermatitis
in Humans. NIH Publication 11-7709. U.S. National
Institutes of Health, NTP, Interagency Coordinating
Committee on the Validation of Alternative Meth-
ods, Research Triangle Park, NC, 2011. Available at:
https://ntp.niehs.nih.gov/iccvam/docs/immunotox_docs/lIna-
pot/tmer.pdf, Accessed February 28, 2017.

International Programme on Chemical Safety. Guidance for
Immunotoxicity Risk Assessment for Chemicals. Harmo-

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

13

nization Project Document No. 10. Geneva, Switzerland:
World Health Organization, IPCS, 2012.

Peiser M, Tralau T, Heidler J, Api AM, Arts JH, Basketter
DA, English J, Diepgen TL, Fuhlbrigge RC, Gaspari AA, Jo-
hansen JD, Karlberg AT, Kimber I, Lepoittevin JP, Liebsch
M, Maibach HI, Martin SF, Merk HF, Platzek T, Rustemeyer
T, Schnuch A, Vandebriel RJ, White IR, Luch A. Allergic
contact dermatitis: Epidemiology, molecular mechanisms, in
vitro methods and regulatory aspects. Current knowledge as-
sembled at an international workshop at BfR, Germany. Cel-
lular and Molecular Life Sciences, 2012; 69(5):763-781.
Selgrade MK, Sullivan KS, Boyles RR, Dederick E, Serex
TL, Loveless SE. Decision trees for evaluating skin and res-
piratory sensitizing potential of chemicals in accordance with
European regulations. Regulatory Toxicology and Pharma-
cology, 2012; 63(3):371-380.

Boverhof DR, Ladics G, Luebke B, Botham J, Corsini E,
Evans E, Germolec D, Holsapple M, Loveless SE, Lu H, van
der Laan JW, White KL, Jr., Yang Y. Approaches and con-
siderations for the assessment of immunotoxicity for environ-
mental chemicals: A workshop summary. Regulatory Toxi-
cology and Pharmacology, 2014; 68(1):96-107.

Alves VM, Muratov E, Fourches D, Strickland J, Klein-
streuer N, Andrade CH, Tropsha A. Predicting chemically-
induced skin reactions. Part I: QSAR models of skin sensiti-
zation and their application to identify potentially hazardous
compounds. Toxicology and Applied Pharmacology, 2015;
284(2):262-272.

Corsini E, Roggen EL, Galbiati V, Sue Gibbs S. Alter-
native approach for potency assessment: [n vitro meth-
ods. Cosmetics, 2016; 3(1):7. Available at: http://www.mdpi.
com/2079-9284/3/1/7/htm (Accessed January 5, 2017).

Scott AE, Kashon ML, Yucesoy B, Luster MI, Tinkle SS. In-
sights into the quantitative relationship between sensitization
and challenge for allergic contact dermatitis reactions. Toxi-
cology and Applied Pharmacology, 2002; 183(1):66-70.
Basketter DA, Jefferies D, Safford BJ, Gilmour NJ, Jowsey
IR, McFadden J, Chansinghakul W, Duangdeeden I, Kulla-
vanijaya P. The impact of exposure variables on the induction
of skin sensitization. Contact Dermatitis, 2006; 55(3):178-
185.

White JM, Basketter DA, Pease CK, Sanders DA, McFad-
den JP. Intermittent exposure to low-concentration para-
phenylenediamine can be equivalent to single, higher-dose
exposure. Contact Dermatitis, 2007; 56(5):262-265.
Ezendam J, Vermeulen JP, de Klerk A, de Jong WH, van
Loveren H. A quantitative approach to assess the potency
of skin sensitizers in the elicitation phase. Toxicology, 2012;
299(1):20-24.

Arts JH, Mommers C, de Heer C. Dose-response relation-
ships and threshold levels in skin and respiratory allergy.
Critical Reviews in Toxicology, 2006; 36(3):219-251.
Hindsén M. Clinical and experimental studies in nickel al-
lergy. Acta Dermato-Veneriologica, 1999; 79(Suppl. 204):
1-22.

Fischer LA, Menné T, Johansen JD. Experimental nickel
elicitation thresholds—A review focusing on occluded nickel
exposure. Contact Dermatitis, 2005; 52(2):57-64.

Allenby CF, Goodwin BFJ. Influence of detergent wash-
ing powder on minimal eliciting patch test concentrations
of nickel and chromium. Contact Dermatitis, 1983; 9(6):491-
499.

Andersen KE, Lindén C, Hansen J, Vglund A. Dose-
response testing with nickel sulphate using the TRUE
test” in nickel-sensitive individuals. Multiple nickel sulphate
patch-test reactions do not cause an “angry back.” British
Journal of Dermatology, 1993; 129(1):50-56.

Dickel H, Kamphowe J, Geier J, Altmeyer P, Kuss O.
Strip patch test vs. conventional patch test: investigation of


ftp://ftp.cdc.gov/pub/Documents/OEL/06.%20Dotson/References/Gerberick_2005.pdf
ftp://ftp.cdc.gov/pub/Documents/OEL/06.%20Dotson/References/Gerberick_2005.pdf
https://doi.org/10.1155/2011/424203
http://www.ecetoc.org/wp-content/uploads/2014/08/DOC-0461.pdf
http://www.ecetoc.org/wp-content/uploads/2014/08/DOC-0461.pdf
http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/OECD/OECD-TG429-2010.pdf
http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/OECD/OECD-TG429-2010.pdf
https://ntp.niehs.nih.gov/iccvam/docs/immunotox_docs/llna-pot/tmer.pdf
https://ntp.niehs.nih.gov/iccvam/docs/immunotox_docs/llna-pot/tmer.pdf
http://www.mdpi.com/2079-9284/3/1/7/htm
http://www.mdpi.com/2079-9284/3/1/7/htm

14

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.
66.

dose-dependent test sensitivities in nickel- and chromium-
sensitive subjects. Journal of the European Academy of Der-
matology and Venereology, 2009; 23(9):1018-1025.

Emmett EA, Risby TH, Jiang L, Ng SK, Feinman S. Allergic
contact dermatitis on nickel: Bioavailability from consumer
products and provocation threshold. Journal of the American
Academy of Dermatology, 1988; 19(2 Pt. 1):314-322.
Gawkrodger DJ, McLeod CW, Dobson K. Nickel skin lev-
els in different occupations and an estimate of the thresh-
old for reacting to a single open application of nickel
in nickel-allergic subjects. British Journal of Dermatology,
2012; 166(1):82-87.

Hindsén M, Bruze B. The significance of previous contact
dermatitis for elicitation of contact allergy to nickel. Acta
Dermato-Veneriologica, 1998; 78(5):367-370.

Hindsén M, Bruze M, Christensen OB. The significance
of previous allergic contact dermatitis for elicitation of de-
layed hypersensitivity to nickel. Contact Dermatitis, 1997;
37(3):101-106.

Hindsén M, Bruze M, Christensen OB. Individual variation
in nickel patch test reactivity. American Journal of Contact
Dermatitis, 1999; 10(2):62-67.

Nielsen NH, Menné T, Kristiansen J, Christensen JM, Borg
L, Poulsen LK. Effects of repeated skin exposure to low
nickel concentrations: A model for allergic contact dermatitis
to nickel on the hands. British Journal of Dermatology, 1999;
141(4):676-682.

Rystedt I, Fischer T. Relationship between nickel and cobalt
sensitization in hard metal workers. Contact Dermatitis,
1983; 9(3):195-200.

Uter W, Fuchs T, Hiausser M, Ippen H. Patch test results with
serial dilutions of nickel sulfate (with and without detergent),
palladium chloride, and nickel and palladium metal plates.
Contact Dermatitis, 1995; 32(3):135-142.

Wahlberg JE, Skog E. Nickel allergy and atopy. Threshold
of nickel sensitivity and immunoglobulin E determinations.
British Journal of Dermatology, 1971; 85(2):97-104.
Basketter D, Horev L, Slodovnik D, Merimes S, Trattner A,
Ingber A. Investigation of the threshold for allergic reactivity
to chromium. Contact Dermatis, 2001; 44(2):70-74.

Burrows D, Calnan CD. Cement dermatitis. II. Clinical as-
pects. Transactions of the St. John’s Hospital Dermatological
Society, 1965; 51(1):27-39.

Geiser JD, Jeanneret JP, Delacretaz J. Eczéma au ciment
et sensibilisation au cobalt. Dermatologica, 1960; 121(1-3):
1-7.

Hansen MB, Johansen JD, Menné T. Chromium allergy: Sig-
nificance of both Cr(III) and Cr(VI). Contact Dermatitis,
2003; 49(4):206-212.

Hansen MB, Menné T, Johansen JD. Cr(III) reactivity and
foot dermatitis in Cr(VI) positive patients. Contact Dermati-
tis, 2006; 54(3):140-144.

Kosann MK, Brancaccio RR, Shupack JL, Franks AG, Jr.,
Cohen DE. Six-hour versus 48-hour patch testing with vary-
ing concentrations of potassium dichromate. American Jour-
nal of Contact Dermatitis, 1998; 9(2):92-95.

Finley BL, Proctor DM, Harris M, Fowler J. Patch testing for
chromium sensitivity. American Journal of Contact Dermati-
tis, 2000; 11(2):121-125.

Hansen MB, Rydin S, Menné T, Duus Johansen J. Quantita-
tive aspects of contact allergy to chromium and exposure to
chrome-tanned leather. Contact Dermatitis, 2002; 47(3):127-
134.

Mali JW, Malten K, Van Neer FCJ. Allergy to chromium.
Archives of Dermatology, 1966; 93:41-44.

Nethercott J, Paustenbach D, Adams R, Fowler J, Marks
J, Morton C, Taylor J, Horowitz S, Finley B. A study of
chromium induced allergic contact dermatitis with 54 volun-

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

Bogen and Garry

teers: Implications for environmental risk assessment. Occu-
pational and Environmental Medicine, 1994; 51(6):371-380.
Pirild V. On the role of chrome and other trace elements
in cement eczema. Acta Dermato-Veneriologica, 1954; 34(1-
2):136-143.

Rudzki E, Rebandel P, Karas Z. Patch testing with lower con-
centrations of chromate and nickel. Contact Dermatitis, 1997;
37:46.

Skog E, Wahlberg JE. Patch testing with potassium dichro-
mate in different vehicles. Archives of Dermatology, 1969;
99(6):697-700.

Zelger J. Zur Klinik und Pathogenese des Chromatekzems
[On the clinical aspects and pathogenesis of chromate
eczema]. Archiv fiir Klinische und Experimental Dermatolo-
gie, 1964; 218:499-542. [As summarized by Polak L, Turk
JL, Frey JR. Studies on contact hypersensitivity to chromium
compounds. Progress in Allergy, 1973; 17:145-226.]

Zelger J, Wachter H. Uber die Bezichungen zwischen Chro-
matund Dichromat-Allergie: Ein Beitrag zur Analyse der
Chrom(VI)-Allergie [On the relationships between chro-
mate and dichromate allergy: A contribution to the anal-
ysis of Chromium(VI) allergy]. Dermatologica, 1966; 132:
45-50.

Koppula SV, Fellman JH, Storrs FJ. Screening allergens for
acrylate dermatitis associated with artificial nails. American
Journal of Contact Dermatitis, 1995; 6(2):78-85.

Christoffers WA, Coenraads P-J, Marie-Louise A. Schut-
telaar MLA. Two decades of occupational (meth)acrylate
patch test results and focus on isobornyl acrylate. Contact
Dermatitis, 2013; 69(2):86-92.

Kanerva L. Cross-reactions of multifunctional methacry-
lates and acrylates. Acta Odontologica Scandanavica, 2001;
59(5):320-329.

Kanerva L, Jolanki R, Estlander T. 10 years of patch test-
ing with the (meth)acrylate series. Contact Dermatitis, 1997,
37(6):255-258.

Kiec-Swierczynska M. Occupational allergic contact der-
matitis due to acrylates in Lodz. Contact Dermatitis, 1996;
34(6):419-422.

Aalto-Korte K, Alanko K, Kuuliala O, Jolanki R. Occupa-
tional methacrylate and acrylate allergy from glues. Contact
Dermatitis, 2008; 58(6):340-346.

Aalto-Korte K, Henriks-Eckerman ML, Alanko K, Kuu-
liala O, Jolanki R. Occupational methacrylate and acrylate
allergy—Cross-reactions and possible screening allergens.
Contact Dermatitis, 2010; 63(6):301-312.

Goon AT-J, Isaksson M, Zimerson E, Goh CL, Bruze M.
Contact allergy to (meth)acrylates in the dental series in
southern Sweden: Simultaneous positive patch test reaction
patterns and possible screening allergens. Contact Dermati-
tis, 2006; 55(4):219-226.

Goon AT-J, Bruze M, Zimerson E, Goh CL, Isaksson M.
Contact allergy to acrylates/ methacrylates in the acrylate and
nail acrylics series in southern Sweden: Simultaneous positive
patch test reaction patterns and possible screening allergens.
Contact Dermatitis, 2007; 57(1):21-27.

Isaksson M, Lindberg M, Sundberg K, Hallander A, Bruze
M. The development and course of patch-test reactions to
2-hydroxyethyl methacrylate and ethyleneglycol dimethacry-
late. Contact Dermatitis, 2005; 53(5):292-297.

Kanerva L, Turjanmaa K, Estlander T, Jolanki R. Occupa-
tional allergic contact dermatitis caused by 2-hydroxyethyl
methacrylate (2-HEMA) in a new dentin adhesive. Ameri-
can Journal of Contact Dermatitis, 1991; 2(1):24-30.
Kanerva L, Estlander T, Jolanki R, Tarvainen K. Statistics on
allergic patch test reactions caused by acrylate compounds,
including data on ethyl methylacrylate. American Journal of
Contact Dermatitis, 1995; 6(2):75-77.



Risks of Allergic Contact Dermatitis

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Kiec-Swierczynska M, Krecisz B, Swierczynska-Machura D,
Zaremba J. An epidemic of occupational contact dermati-
tis from an acrylic glue. Contact Dermatitis, 2005; 52(3):121-
12s.

Wrangsjo K, Swartling C, Meding B. Occupational dermatitis
in dental personnel: Contact dermatitis with special reference
to (meth)acrylates in 174 patients. Contact Dermatitis, 2001;
45(3):158-163.

Aalto-Korte K, Alanko K, Kuuliala O, Jolanki R. Methacry-
late and acrylate allergy in dental personnel. Contact Der-
matitis, 2007; 57(5):324-330.

AT&T. Initial Submission: Summary Results of Patch Tests
on 2-Phenoxyethyl Acrylate. Final Report with Cover Letter
Dated March 31, 1992, to Document Processing Center (TS-
790), Office of Pollution Prevention and Toxics, U.S. Envi-
ronmental Protection Agency, by Wightman CG, Microfiche
Number OTS0537113. Basking Ridge, NJ: AT&T, 1992.
Koppula SV, Fellman JH, Storrs FJ. Screening allergens for
acrylate dermatitis associated with artificial nails. American
Journal of Contact Dermatitis, 1995; 6(2):78-85.

Malten KE, Bende W1J. 2-Hydroxy- ethyl-methacrylate and
di- and tetraethylene glycol dimethacrylate: Contact sensitiz-
ers in a photoprepolymer printing plate procedure. Contact
Dermatitis, 1979; 5(4):214-220.

Sajjachareonpong P, Cahill J, Keegel T, Saunders H, Nixon
R. Persistent post-occupational dermatitis. Contact Dermati-
tis, 2004; 51(5-6):278-283.

Moffitt DL, Sansom JE. Occupational allergic contact der-
matitis from tetrahydrofurfuryl acrylate in a medical-device
adhesive. Contact Dermatitis, 2001; 45(1):54.

Constandt L, Hecke EV, Naeyaert JM, Goossens A. Screen-
ing for contact allergy to artificial nails. Contact Dermatitis,
2005; 52(2):73-77.

Freeman S, Lee MS, Gudmundsen K. Adverse contact reac-
tions to sculptured acrylic nails: 4 case reports and a literature
review. Contact Dermatitis, 1995; 33(6):381-385.

Goon AT, Bruze M, Zimerson E, Goh CL, Soo-Quee Koh
D, Isaksson M. Screening for acrylate/methacrylate allergy in
the baseline series: Our experience in Sweden and Singapore.
Contact Dermatitis, 2008; 59(5):307-313.

Kanerva L, Estlander T, Jolanki R. Sensitization to patch test
acrylates. Contact Dermatitis, 1988; 18(1):10-15.

Kanerva L, Lauerma A, Estlander T, Alanko K, Henriks-
Eckerman ML, Jolanki R. Occupational allergic contact der-
matitis caused by photobonded sculptured nails and a review
of (meth) acrylates in nail cosmetics. American Journal of
Contact Dermatitis, 1996; 7(2):109-115.

Lazarov A. Sensitization to acrylates is a common adverse
reaction to artificial fingernails. Journal of the European
Academy of Dermatology and Venereology, 2007;21(2):169-
174.

Nethercott JR, Jakubovic HR, Pilger C, Smith JW. Aller-
gic contact dermatitis due to urethane acrylate in ultravio-
let cured inks. British Journal of Industrial Medicine, 1983;
40(3):241-250.

National Institute of Occupational Safety and Health.
Tropicana Products, Bradenton, Florida. Hazard Evalua-
tion and Technical Assistance Report No. HETA-83-458-
1800. Cincinnati, OH: NIOSH, Hazard Evaluations and
Technical Assistance Branch, 1987. Available at: http://
www.cdc.gov/niosh/nioshtic-2/00173097.html, Accessed Jan-
uary 5, 2017.

Dahlquist I, Fregert S, Trulson L. Contact allergy to
trimethylolpropane triacrylate (TMPTA) in an aziridine
plastic hardener. Contact Dermatitis, 1983; 9(2):122-124.

de Groot AC, van Joost T, Bos JD, van der Meeren HLM,
Weyland JW. Patch test reactivity to DMDM hydantoin: Re-
lationship to formaldehyde allergy. Contact Dermatitis, 1988;
18(4):197-201.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

15

Flyvholm MA, Hall BM, Agner T, Tiedemann E, Greenbhill
P, Vanderveken W, Freeberg FE, Menné T. Threshold for
occluded formaldehyde patch test in formaldehyde-sensitive
patients. Relationship to repeated open application test with
a product containing formaldehyde releaser. Contact Der-
matitis, 1997; 36(1):26-33.

Fowler JF Jr, Skinner SM, Belsito DV. Allergic contact der-
matitis from formaldehyde resins in permanent press cloth-
ing: An underdiagnosed cause of generalized dermatitis.
Journal of the American Academy of Dermatology, 1992;
27(6 Pt 1):962-968.

Fischer LA, Menné T, Avnstorp C, Kasting GB, Johansen
JD. Hydroxyisohexyl 3-cyclohexene carboxaldehyde allergy-
relationship between patch test and repeated open applica-
tion test thresholds. British Journal of Dermatology, 2009;
161(3):560-567.

Fischer LA, Voelund A, Andersen KE, Menné T, Johansen
JD. The dose-response relationship between the patch test
and ROAT and the potential use for regulatory purposes.
Contact Dermatitis, 2009; 61(4):201-208.

Johansen JD, Andersen KE, Menné T. Quantitative aspects
of isoeugenol contact allergy assessed by use and patch tests.
Contact Dermatitis, 1996; 34(6):414-418.

Andersen KE, Johansen JD, Bruze M, Frosch PJ, Goossens
A, Lepoittevin JP, Rastogi S, White I, Menné T. The time-
dose-response relationship for elicitation of contact dermati-
tis in isoeugenol allergic individuals. Toxicology and Applied
Pharmacology, 2001; 170(3):166-171.

Fischer LA, Johansen JD, Menné T. Methyldibromo glu-
taronitrile allergy-relationship between patch test and re-
peated open application test thresholds. British Journal of
Dermatology, 2008; 159(5):1138-1143.

Wolfram Research. Wolfram Language and System Docu-
mentation Center. Champaign, IL: Wolfram Research, Inc.
(www.wolfram.com), 2015. Available at: http:/reference.
wolfram.com/language/, Accessed January 5, 2017.

Selvin S. 1995. Practical Biostatistical Methods. Belmont,
CA: Duxbury Press — Wadsworth Publishing Co., 1995.

Scott PK, Proctor DM. Evaluation of 10% minimum elicita-
tion threshold for Cr(VI)-induced allergic contact dermatitis
using benchmark dose methods. Journal of Soil Contamina-
tion, 1997; 6(6):707-731.

Andersson FE. Cement and oil dermatitis: The part played
by chrome sensitivity. British Journal of Dermatology, 1960;
72(3):108-117.

Stern AH, Bagdon RE, Hazen RE, Marzulli FN. Risk as-
sessment of the allergic dermatitis potential of environmen-
tal exposure to hexavalent chromium. Journal of Toxicology
and Environmental Health, 1993; 40(4):613-641. Available
at: https://doi.org/10.1080/15287399309531822.

Shelnutt SR, Goad P, Belsito DV. Dermatological toxicity of
hexavalent chromium. Critical Reviews in Toxicology, 2007;
37(5):375-387.

Jerschow E, Hostynek JJ, Maibach HI. Allergic contact
dermatitis elicitation thresholds of potent allergens in hu-
mans. Food and Chemical Toxicology, 2001; 39(1):1095-
1108.

De Groot AC, Frosch PJ. Patch test concentrations and vehi-
cles for testing contact allergens. Pp. 1071-1102 in Johansen
JD, Frosch PJ, Lepoittevin J-P (eds). Contact Dermatitis, Sth
ed. Heidelberg/Berlin, Germany: Springer Verlag, 2011.
Sinagalia F. The molecular basis of metal recognition
by T cells. Journal of Investigative Dermatology, 1994;
102(4):398-401.

Weltzie HU, Dotze A, Gamerdinger K, Hellwig S, Herman-
Josef T. Molecular recognition of haptens by T-cells: More
than one way to tickle the receptor. Pp. 14-27 in Cavani A,
Girolomoni G (eds). Immune Mechanisms in Allergic Con-
tact Dermatitis. Georgetown, TX: Landes Bioscience, 2004.


http://www.cdc.gov/niosh/nioshtic-2/00173097.html
http://www.cdc.gov/niosh/nioshtic-2/00173097.html
https://www.wolfram.com
http://reference.wolfram.com/language/
http://reference.wolfram.com/language/
https://doi.org/10.1080/15287399309531822

16

119.

120.

121.

122.

Chipinda I, Hettick JM, Siegel PD. Haptenation: Chemi-
cal reactivity and protein binding. Journal of Allergy, 2011;
2011:839682. https://doi.org/10.1155/2011/839682.

Martin SF, Esser PR, Weber FC, Jakob T, Freudenberg
MA, Schmidt M, Goebeler M. Mechanisms of chemical-
induced innate immunity in allergic contact dermatitis. Eu-
ropean Journal of Allergy and Clinical Immunology, 2011;
66(9):1152-1163.

Minang JT, Arestrom I, Troye-Blomberg M, Lundeberg L,
Ahlborg N. Nickel, cobalt, chromium, palladium and gold in-
duce a mixed Thl- and Th2-type cytokine response in vitro
in subjects with contact allergy to the respective metals.
Clinical and Experimental Immunology, 2006; 146(3):417—
426.

Lepoittevin JP. Molecular aspects in allergic and irritant
contact dermatitis. Pp. 91-110 in Johansen JD, Frosch PJ,
Lepoittevin J-P (eds). Contact Dermatitis, 5Sth ed. Heidel-
berg/Berlin, Germany: Springer Verlag, 2011.

123.

124.

125.

126.

127.

128.

129.

Bogen and Garry

Feller W. An Introduction to Probability Theory and its Ap-
plications, Vol. 1, 3rd ed. New York, NY: John Wiley & Sons,
1970.

Finney DJ. On the distribution of a variate whose logarithm
is normally distributed. Journal of the Royal Statistical Soci-
ety 1941; 7(2):155-161.

Aitchison J, Brown JAC. The Lognormal Distribution. Cam-
bridge, UK: Cambridge University Press, 1966.

Bury KV. Statistical Models in Applied Science. New York,
NY: John Wiley & Sons, 1975.

Ang A H-S, Tang WH. Probability Concepts in Engineer-
ing Planning and Design, Vol. [—Basic Principles. New York,
NY: John Wiley & Sons, 1975.

Leidel NA, Busch KA, Lynch JR. Occupational Exposure
Sampling Strategy Manual. Cincinnati, OH: National Insti-
tute for Occupational Safety and Health, 1977.

Conover WIJ. Practical Nonparameteric Statistics, 3rd ed.
New York, NY: John Wiley & Sons, 1999.


https://doi.org/10.1155/2011/839682

