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Abstract

Irritant contact dermatitis is the most common work-related skin disease, especially affecting
workers in “wet-work™ occupations. This study was conducted to investigate the association
between single nucleotide polymorphisms (SNPs) within the major histocompatibility complex
(MHC) and skin irritant response in a group of healthcare workers. 585 volunteer healthcare
workers were genotyped for MHC SNPs and patch tested with three different irritants: sodium
lauryl sulfate (SLS), sodium hydroxide (NaOH) and benzalkonium chloride (BKC). Genotyping
was performed using lllumina Goldengate MHC panels. A number of SNPs within the MHC Class
| (OR2B3, TRIM31, TRIM10, TRIM40 and IER3), Class Il (HLA-DPA1, HLA-DPB1) and Class
I11 (C2) genes were associated (p <0.001) with skin response to tested irritants in different genetic
models. Linkage disequilibrium patterns and functional annotations identified two SNPs in the
TRIMA40 (rs1573298) and HLA-DPB1 (rs9277554) genes, with a potential impact on gene
regulation. In addition, SNPs in PSMB9 (rs10046277 and /TPR3 (rs499384) were associated with
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hand dermatitis. The results are of interest as they demonstrate that genetic variations in
inflammation-related genes within the MHC can influence chemical-induced skin irritation and
may explain the connection between inflamed skin and propensity to subsequent allergic contact
sensitization.
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Introduction

Irritant contact dermatitis (ICD) is an innate immune reaction elicited most frequently by
wet/dry cycles, but also exacerbated by direct contact with the skin from detergents, oils,
strong acids and bases and volatile chemicals. It is the most common occupational skin
disease due to wet work in the setting of low ambient indoor humidity and responsible for
~80% of all cases of occupational contact dermatitis (Meding & Swanbeck 1987; Lushniak
1995). A high prevalence has been documented in specific industries such as healthcare,
metal-working, hairdressing, agriculture and food preparation (Tupker 2003; Jungbauer et al.
2004; NIOSH 2012). A 1-year prevalence of hand dermatitis was reported to be between
9.7% and 11.8% for the general population, whereas a higher prevalence (17-30%) was
reported for healthcare workers (Smit et al. 1993; Meding & Jarvholm 2002; Luk et al.
2011; Ibler et al. 2012).

ICD creates danger signal cytokines that predispose the same individual to allergic contact
dermatitis (ACD) (Matzinger 2002). Like ACD, a wide range of inter-individual variation
exists in the development and expression of ICD, independent of the atopic status (Basketter
et al. 1998; Magina et al. 2003). Mechanisms underlying these differences in susceptibility
are not fully understood although extrinsic (e.g. climate) as well as intrinsic factors (e.g.
reparative capacity of the skin, genetics) are thought to influence development and severity
(Tupker 2003). A strong role for genetics was first demonstrated in family studies which
indicated that differences in susceptibility can be inherited (Bryld et al. 2000). Given the role
of inflammation in the disease process, genetic polymorphisms in several cytokine genes,
including tumor necrosis factor-a (7NVFa), interleukin-1a (/L-1a), IL-18, IL-8, IL-10, have
been examined. Among those, only the 7A/Fa rs1800629 promoter SNP was found to be
associated with susceptibility to experimentally induced ICD (Allen et al. 2000; de Jongh et
al. 2008; Davis et al. 2010; Landeck et al. 2012). However, it should be noted that the
genetic susceptibility to ICD is largely unexplored.

The MHC spans nearly 4 Mb and encodes more than 180 highly polymorphic genes, many
of which influence immune regulation and susceptibility to complex diseases. HLA class |
molecules are important in the regulation of inflammatory responses, whereas HLA class 11
molecules play a role in the activation of the T cells recognizing the HLA—peptide complex.
Although the HLA complex is one of the most extensively studied regions in the human
genome, it has not yet been investigated with regard to ICD development. In addition to
genes in the HLA complex, several functionally important genes are located in this region,
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including the 7NVFa, TNFBand TAP (transporter associated with antigen processing) genes.
We previously showed that a low irritancy threshold to sodium lauryl sulfate (SLS), but not
to sodium hydroxide (NaOH) or benzalkonium chloride (BKC) — combined with frequent
hand washing and winter season — correlated with irritant hand dermatitis in the subset of
patients from one study site in this study cohort of healthcare workers exposed to water and
detergent hazards (Callahan et al. 2013). Previous literature also suggested that the immune
response varied with different irritants (Willis et al. 1993).

Based on the role of MHC genes in the regulation of immune and inflammatory responses,
this study sought to investigate the role of genetic variation within this region in skin
irritation response to various types of irritants.

Materials and methods

Study population

Genotyping

The study population consisted of 585 healthcare workers (nurses, physicians and
technicians) from the two participating University Hospitals (Case Medical Center and West
Virginia University Hospitals). Volunteers with no history of psoriasis and or inflammatory
skin disease requiring medical attention and capable of giving informed consent were
recruited for the study. A history of or current mild irritant hand dermatitis or intermittent
chapped hands were not an exclusion criterion. Subjects who were pregnant, using
immunosuppressive, immunomodulatory or anti-inflammatory medications, receiving
ultraviolet therapy or tanning salon usage were excluded. The volunteers’ current skin
condition was classified at each study visit by a dermatologist based on objective skin
symptoms as mild, moderate or severe hand dermatitis. Moderate or severe dermatitis is
characterized by erythema, papules, vesicles, fissures, exhibiting a clear eczematous picture.
Mild dermatitis is exhibited as erythema, slight chapping and scaling of the skin.
Information on participants’ health status (e.g. asthma, dermatitis/eczema, seasonal allergies
and family history of dermatitis) and skin exposure history (e.g. the number of daily hand
washing and use of soap or hand cleanser) were collected by questionnaire. Among
participants, 22.9% had hand dermatitis at any study visit; however, none of them was
severe. Blood samples were collected for genetic analysis. All study procedures were
approved by the Institutional Review Boards of the participating institutions.

Whole blood samples were collected for genetic analysis and genomic DNA was extracted
using the QlAamp blood kit (QIAGEN Inc., Chatsworth, CA). Genotyping was performed
according to the standard protocol provided by Illumina using the MHC Panel Set and
Golden Gate protocol (Illumina Inc., San Diego, CA). Three MHC oligonucleotide pools,
MHC Mapping Panel, MHC Exon-Centric Panel and MHC Panel combining both mapping
and exon-centric panels, were used. Each panel covered 1228, 1293 and 2400 SNPs,
respectively. Independent loci covered in the MHC panels are spaced at an average of 2.08
kb (range: 0.005-71.05 kb). Genotyping was performed in a 16-well format using universal
BeadChips (lllumina Inc., San Diego, CA). A total of 250 ng to 1 1 DNA was used for each
assay depending on the source. Genotypes were auto called and manually revised using

J Immunotoxicol. Author manuscript; available in PMC 2017 February 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yucesoy et al. Page 4

GenomeStudio software (Illumina Inc., San Diego, CA). The genotype confidence score of
the assay was set to 0.25 in GenomeStudio Genotyping module.

Irritants, patch testing and transepidermal water loss

SLS (99% pure), NaOH and BKC (all from Sigma, St. Louis, MO) were employed as model
irritants. Aqueous solutions of SLS at concentrations of 0.1, 0.25, 0.5, 1.0, 2.5, 5.0, 10 and
20%, NaOH at 0.1, 0.25, 0.5, 1.0, 2.5 and 5.0%, and BKC at 0.1, 0.5, 1.0 and 2.5% were
applied in 0.2 ml volumes to 5 mm Finn Chambers (Allerderm, Petaluma, CA) and affixed
to the intact non-inflamed skin of the back with Scanpor tape. Distilled water served as a
negative control. Twenty percent SLS, the minimum level classified as irritant (R38) by
European Commission criteria, served as a positive control. Subjects wore the taped patches
for 24 h and reactions were graded by visual assessment of the patch sites using a three-
point grading scale of increasing irritation (“0” no reaction; “+” weakly positive reaction
characterized by mild erythema across most of the treatment site; “++” strong positive
reaction characterized by spreading erythema with edema) (Basketter et al. 1997).

The transepidermal water loss (TEWL), an indicator of the skin barrier integrity, was
measured using an evaporimeter (VapoMeter SWL4, Delfin Technologies, Kuopio, Finland).
Three readings (grams per hour-meter squared, g/m2h) at each site were taken from the
upper inner arm, from the back and from the side of forefinger and the means were
calculated.

Study design

The study was conducted in a cross-sectional study design in two phases. Phase | was
designed to determine an effective concentration range for each irritant (using concentration
ranges given above) that would be used for the second phase. Forty healthcare workers were
assessed in this phase. Individual differences in skin response were noted starting at
concentrations of 2.5% SLS, 1% NaOH and 0.5% BKC. Based on this, the concentration
range for Phase Il was set as: 2.5, 5.0 and 20% SLS; 1, 2.5 and 5.0% NaOH; and 0.5, 1.0
and 2.5% BKC.

Statistical analyses

SNP-specific deviations from the Hardy—Weinberg Equilibrium were tested using chi-
squared goodness-of-fit tests. Responsiveness to three concentrations of each irritant was
coded as low, medium (moderate) and high. These variables were turned into binary
variables by calling no and low responders as controls and moderate and high responders as
cases and included in the logistic regression analysis. Alleles that were not called in a
sample were coded as missing in the analysis. A threshold of 2% was used for missing rates
per individual and per SNP. For each dataset, SNPs were called and filtered separately and
then merged using PLINK version 1.07 (http://pngu.mgh.harvard.edu/purcell/plink) (Purcell
et al. 2007). The final dataset contained 2131 SNPs for 585 subjects. The total genotype rate
for the merged dataset was 0.75.

Statistical analysis was performed using PLINK. As underlying genetic models are unknown
a priori, several different models were tested and overall significance of test results
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confirmed by exploring functional elements in linkage disequilibrium with our interesting
findings. As such, we used a conservative discovery-based threshold for p values
corresponding to a = 0.001, without any multiple testing correction, as this study is meant to
be exploratory and hypothesis generating. Association between each SNP and irritant
response was analyzed using three genetic models, including: a dominant model (comparing
homozygous wild-type vs. variant allele-carrying genotypes), a recessive model (comparing
wild-type allele-carrying vs. homozygous variant genotypes) and an additive model
(cumulative effect of each additional variant allele). Logistic regression model, with
adjustments for potential cofounders was used to test for differences between irritancy
thresholds according to genotypes. Potential confounders were separately selected for each
irritant from a larger set of measured variables using group comparison of the means
between cases and controls. Any variable that had a significant difference in the means was
then used in stepwise regression model to eliminate any potential confounder that did not
have any influence on the outcome variable. Based on this, skin response to SLS was
adjusted for gender, population (represents different recruitment sites), season (coded binary
as cold vs. warm) and indoor humidity when patch test was interpreted. Skin response to
NaOH was adjusted for gender, population and indoor humidity, whereas response to BKC
was adjusted only for gender and population. Although age did not appear to be a significant
confounder in stepwise regression model, we repeated analysis with additional adjustment
for age and compared the results with those obtained by the final model.

To test the association of SNPs with the development of ICD, subjects were assigned to the
case or control group based on the development of hand dermatitis during the study period.
As ICD from wet work, as in our cohort of healthcare workers, usually occurs during cold
months (October to March), only subjects examined during these months were included in
this analysis (Callahan et al. 2013). The measured variables were individually tested for
association with hand dermatitis and stepwise regression model was used to eliminate any
confounder that did not have any influence on outcome. Based on this, the results were
adjusted for hand washing frequency and TEWL measurement on the forefinger.

Linkage disequilibrium (LD) and haplotype blocks were assessed using default parameters
in Haploview (Broad Institute, Boston, MA) (Barrett et al. 2005). Pairwise LD was
calculated only for SNPs within 200 kb. RegulomeDB (http://regulome.stanford.edu) was
used to annotate any SNP with known and predicted regulatory elements (Johnson et al.
2008). SNAP (Broad Institute, Boston, MA) tools were used to update annotations of
interesting SNPs according to dobSNP135 and to find proxy SNPs within 500 kb based on
LD and physical distance (Boyle et al. 2012).

Characteristics of the study subjects

The demographics variables of the participants that were included in the analysis are
described in Table 1. The main study population consisted of 585 subjects from among a
larger sample of 654 healthcare workers. A total of 69 samples were excluded from the
analyses due to ineligibility or incomplete information. The mean age of the population was
37 years and 478 of them were female. While 15.2% of the study population had a family
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history of dermatitis or eczema, 22.9% of them had hand dermatitis at any time during the
study. History of hand dermatitis requiring medical attention was an exclusion criterion for
study entry to mitigate the risk of enrolling a study subject with allergic contact hand
dermatitis; none of the subjects had or developed severe hand dermatitis during the study.

between SNP, irritancy threshold and ICD

The MHC panel allowed examination of 2131 SNPs in 158 genes within the MHC region.
All genotype frequencies were in Hardy—\Weinberg Equilibrium. After adjusting for
confounders, a number of SNPs in Olfactory Receptor, Family 2, Subfamily B, Member 3
(OR2B3), Complement Component 2 (C2), Tripartite Motif (TRIM) (TRIM40, TRIM31,
TRIM10), Immediate Early Response 3 (/ER3) and, Major Histocompatibility Complex,
Class I, DP Beta (HLA-DPA1 and HLA-DPBI) genes were associated with skin irritation
response. We reported any SNP that reached a discovery threshold level p<0.001. Table 2
summarizes the associations found in three genetic models; p values that reached the same
significance level after additional adjustment for age are marked in bold. The ORZB3
(rs2050231) and C2(rs9332739) SNPs showed an association with responses to 5% and
20% SLS, respectively. The /ER3 (rs8512) SNP was associated with response to 2.5%
NaOH, whereas TRIMA40 (rs1573298), TRIM10(rs1557608) and 7R/M31 (rs1264701)
SNPs were associated with response to 5% NaOH under different genetic models. The HLA-
DPB1 (rs9277554, rs3117228 and rs3130188) SNPs were associated with responses to 1%
BKC, whereas the HLA-DPA1 (rs406477) SNPs were associated with responses to both 1%
and 2.5% BKC. None of the other polymorphisms that were examined showed any
interesting association with the irritancy response.

After adjusting for confounders, SNP (rs10046277 and rs499384) in PSMB9J (proteasome
subunit beta type 9) and /7PR3 (Inositol 1,4,5-Trisphosphate Receptor, Type 3) genes,
respectively were associated with hand dermatitis (p <0.001) (Table 3). While the TEWL
measurements from the back and upper inner arm did not show any association with skin
irritant response, TEWL/forefinger was associated with hand dermatitis and included in the
final model as a covariate. Additional adjustment for age did not change the o values
presented in Table 3.

between irritancy response and haplotypes

A number of interesting associations were identified between inferred haplotypes and
response to irritants. Table 4 shows haplotype frequencies and associations that passed the
discovery threshold. Variation in response to irritants was significantly associated with seven
haplotypes. Haplotypes constructed by the SNPs that were mapped to the A/F1, BATZ,
HLA-DQAZand DAXX genes were related to the response to 5% and 20% SLS. Haplotype
correlated with response to 5% NaOH was composed of SNPs that mapped to the HLA-G
gene. While haplotypes constructed by SNPs within the RPS18, B3GALT4, Céorfll, HKEZ,
RGL2and TAPBP genes were associated with responses to 0.5% BKC, haplotypes
composed of SNPs mapped to the HLA-DQBZ2, HLA-DOB, HLA-DOA and HLA-DPA1
genes were associated with a response to 1% BKC. Only one of these haplotypes (GGGA)
contained a SNP (rs406477) that was identified in the logistic regression analysis. Both
haplotype and single SNP were associated with response to BKC.
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Regulatory information for “interesting” associations

The 10 unique SNPs identified from the initial analyses were imported to the SNP
Annotation and Proxy Search (SNAP) tool (Johnson et al. 2008) to find additional SNPs in
complete linkage disequilibrium (using an /2 = 1). This led to the identification of additional
correlated SNPs using data from the International HapMap Project (International HapMap
Consortium et al. 2010). The total set of SNPs was then used as input to the RegulomeDB
(Boyle et al. 2012) web resource that integrates data from the ENCODE projects and other
data sources regarding various types of functional assays including DNasel-seq, ChIP-seq,
RNAseq and eQTL analyses. SNPs with RegulomeDB scores between 1 and 3 (inclusive,
where scoring refers to available data types supporting a functional role for the variant) and
related genes are listed in Table 5. Functional annotations showed that SNP 159277554,
associated with skin response to BKC, affects expression of its own gene (HLA-DPBI).
Linkage disequilibrium pattern revealed that 7TR/M40 rs1573298 SNP, associated with skin
response to NaOH, was strongly correlated with other functional SNPs. These SNPs were
found to regulate the expression of HCG4, HLA-A, HLA-G, HLA-H, KIT, NDUFS1 and
TFG genes. Regarding association with ICD, functional annotations showed that ITPR3/
rs499384 SNP (RegulomeDB score =2b) affected binding of GATAL (GATA binding protein
1). RegulomeDB gave “no data” score for the rs10046277 SNP.

Discussion

The present study demonstrates that genetic variations within the MHC region can influence
chemical-induced skin irritation. Keratinocytes play the major role in the immunological
response to irritants by releasing cytokines and upregulating MHC Class 1l (HLA-DR) and
cell adhesion molecules, upon skin barrier damage. The MHC region represents plausible
candidate for studying the genetic basis of skin irritant response as it harbors multiple genes
involved in immune regulation within the skin during an inflammatory reaction.

The genetic basis of irritant susceptibility has been largely understudied. In an earlier study,
HLA-A, HLA-B, HLA-DRA and HLA-DRB genetic patterns were determined in metal
worker trainees with and without ICD and no association was found between HLA alleles
and ICD (lliev et al. 2001). This study analyzed three frequently used skin irritants [SLS (an
anionic surfactant), NaOH (a strong base) and BKC (cationic surfactant)]. SLS and NaOH
are non-sensitizers whereas BKC can cause allergic sensitization. Increased susceptibility to
one irritant was not always indicative of an increased susceptibility to other irritants that
could be related to the dose and different penetration capabilities or the nature of the
chemicals. Alternatively, there may be genetic differences in irritant susceptibility.

In our analysis, these model irritants produced different association patterns. Among three
irritants, only BKC might have a potential for inducing contact sensitization. Although some
have considered allergic patch test responses misclassified irritant responses (Basketter et al.
2004), we do recognize that sensitization to BKC occurs. Allergic sensitization usually leads
to more severe skin symptoms than irritant dermatitis. Severe hand dermatitis was an
exclusion criteria in subject recruitment; none of the volunteers had or developed severe
hand dermatitis during the study period. In addition, the incidence of BKC is low in patients
evaluated for allergic contact dermatitis from the same geographic region as these volunteer
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subjects (Dao et al. 2012). In this population without severe dermatitis, it is unlikely that
many, if any, of the current irritant patch test results were also the result of an allergic
response. However, as most sensitizers are also irritants, this would not alter our results even
if some of our subjects had both irritant and allergic responses.

This study also found that the HLA-DPA1 (rs406477) and DPBI1 (rs9277554, rs3117228,
rs3130188) SNPs were associated with response to moderate and high levels of BKC in both
the additive and dominant models. Allergic contact dermatitis requires “danger signals”
from innate immune response that can occur via hon-HLA mechanisms such as IER3. An
irritant chemical can cause inflammation that then predisposes individuals to sensitization
from other chemical substances. These findings suggested that HLA-DP variations might
influence sensitization from substances that are both irritant and allergenic. As it is possible
that associated SNPs are associated with nearby functional SNPs due to extensive patterns of
LD, we previously identified highly correlated SNPs within 500 kb and assessed their
regulatory potential (Montgomery et al. 2010). Functional annotation of SNPs showed that
three SNPs in the HLA-DPB1 genes were correlated and regulated the expression level of
their own gene. Thus, it is biologically plausible that gene variants within the HLA-DPB
gene can influence immunoregulatory mechanisms in the skin during irritant-induced
inflammation, and in turn, contribute to the variability in response to chemical irritants in
susceptible subjects.

Three SNPs in the TRIMA40 (rs1573298), TRIM10(rs1557608) and 7R/M31 (rs1264701)
genes were associated with response to high concentration (5%) NaOH in dominant and
additive models. TRIM 10, 31 and 40 are members of the TRIM multigene family that
encodes as many as 100 genes in humans. Although the majority of TRIM genes remain
largely uncharacterized, several of them have been implicated in innate immunity and
antiviral defense (Ozato et al. 2008; Kawai & Akira 2011; McNab et al. 2011).

The /ER3rs8512 SNP was found to be associated with response to 2.5% NaOH in a
recessive genetic model. /ER3is a member of MHC Class | genes whose role in immune
response (e.g. elimination of pathogens, restoration of epithelial barrier functions) and
inflammation was elucidated by Arlt and Schafer (2011). IER3 was shown to be expressed
in the skin (Feldmann et al. 2001). A role of IER3 deficiency in enhanced inflammatory
responses was shown for Lefshmania infections in IER3 knockout mice (Akilov et al. 2009);
the lack of IER3 resulted in increased susceptibility to leishmaniosis and skin inflammatory
response. IER3 has also been associated with psoriasis, an inflammatory skin disease
worsened by irritation (Koebnerization) (Zhu et al. 2011). The association of IER3 with
NaOH, the most alkaline irritant examined, may reflect genetic susceptibility to degradation
of skin barrier by the elevated pH under the patch test with subsequent innate immune
response.

The roles of OR2B3, C2, IER3 and TRIMA40 genes have not been characterized in the
context of skin irritation response and we were unable to find information pertaining to the
possible functional role for the SNP within these genes. However, as irritant response is
considered to involve innate immunity and inflammation, it is plausible to expect that
genetic variability within TRIM and IER3 genes might influence skin irritation response.
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Most SNPs within the haplotype blocks mapped to genes with unidentified immune
functions (e.g. A/F1, BATZ, DAXX, HLA-G, RPS18, B3GALT4, C6orfll, HKEZ2, RGL2
and TAPBP). Only one haplotype (GGGA) included a SNP (rs406477) that was identified in
the logistic regression analysis (Table 3). The rest of the SNP identified in logistic regression
analysis were not included in associated haplotypes because either haplotypes that include
these SNPs did not reach our discovery threshold (p <0.001) or some of these SNPs were not
associated with any haplotypes.

Functional annotations showed that the HLA-DPB1 rs9277554 variant affects expression of
its own gene, supporting a regulatory role for this SNP. On the other hand, TRIM40
rs1573298 SNP correlated with other functional SNPs that regulate the expression of several
genes (HCG4, HLA-A, HLA-G, HLA-H, KIT, NDUFS1 and TFG) involved in the
regulation of inflammatory reaction.

The PSMBIrs10046277 and /TPR3rs499384 SNPs were associated with hand dermatitis
after adjusting for confounders. The PSMB9 gene is involved in the degradation of proteins
into peptides, for subsequent antigen presentation by MHC Class | molecules (Ghannam et
al. 2014). No information was found regarding the possible functional role of the
rs10046277 SNP. /TPR3is known to play an important role in the regulation of the hair
cycle in the skin (Sato-Miyaoka et al. 2012). The /7PR3rs499384 SNP effects binding of
GATAL1, a transcription factor needed for cell development and maturation. However, the
exact role of PSMB9and /TPR3 genes/SNPs in the ICD process remains unknown.

The pvalue results in this study were not corrected for multiple comparisons because our
analysis was based on the well-defined role of the MHC in immune responses and we were
interested in generating leads for further study rather than being the definitive study of
genetic associations in this region. Herein, we reported all tests that reached a discovery
threshold of p<0.001 and highlighted the functional relevance of associated SNP to
determine which might be interesting results to follow-up on.

To our knowledge, this is the first report implicating specific MHC SNP in irritant
susceptibility in a high-risk occupational population. Although the exact mechanism
underlying enhanced susceptibility remains to be determined, MHC SNPs seem to contribute
to chemical irritancy threshold. That is, different MHC variants are associated with different
chemical irritants. Strong allergic sensitizers are also irritants and this property is thought to
contribute to their potency. The contribution of the MHC to irritant response may tie to
subsequent allergic sensitization by the same or different antigens. These results offer new
avenues for future studies of genes contributing to an increased irritant response.
Confirmatory studies are warranted to validate the results reported herein and identify
causative alleles behind these associations using high-resolution mapping.
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Table 1
Demographics of study groups.

Demographics N =585

Age (years; median, range) 37,1810 70

Gender (F/M/missing) 478/88/19

Ethnicity (non-Hispanic whites/others/missing) ~ 523/37/25

Season (warm vs. cold)? 356/229

Population (WVU vs. CWU)D 500/85

Family history of dermatitis or eczema (%) 15.2

Hand Dermatitis (%) during any research visit ~ 22.9

TEWL
Arm (median, range) 9.78, -5.8 t0 65.53
Back (median, range) 9.53, 7.67 to 173.5
Forefinger (median, range) 21.48, -6.53 to 139.33

aSeason variable was coded according to time of patch testing: warm — April through September; cold — October through March.

Population variable represents the location of subject recruitment (WVU: West Virginia University; CWU: Case Western Reserve University).
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