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Abstract

Background: Patch-testing is an important diagnostic tool fesEected allergic contact

dermatitis (ACD) in occupational settings.

Objective: Provide an overview of occupational skin diseas@@Pand analysis of occupational

ACD in North American patients undergoing patch#es2001-2016.

Methods: Patients with OSD were analyzed for frequency lefrgic reactions to a screening
series of allergens, occupational relevance, looaif skin disease, and exposure sources.

Demographic and occupation/industry information wexorded.

Results: Of 38,614 patients evaluated, 4471 (11.6%) had @®hom 3150 (70.5%) had
ACD. The most common occupationally related allasgcluded rubber accelerators,
preservatives and bisphenol A epoxy resin. Han8s806), arms (30.0%) and face (15.9%)
were common sites of dermatitis.. The most affectmmlipations were service workers and

machine operators.

Limitations: Our cohort may not reflect the general working gapan.

Conclusion: This study identified common occupational allergengosure sources, and

occupations/industries at risk. This informatioaynelp the clinician evaluate and manage

patients with occupational contact dermatitis.
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Capsule Summary

. This article provides an update on occupationata@ct dermatitis in North America from
2001-2016 including relevant allergens, exposutecas and associated occupations/ industries.
. Knowledge of common allergens, their exposurecas) and occupations/industries at
risk can help guide diagnostic evaluation and itaté prevention on an individual level and in

the workplace.
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126 Introduction

127  Occupational skin disease (OSD) accounts for al®@%i of all occupational illnessédt is the
128 second most common occupational illness in theedrfiitates, after musculoskeletal injufies.
129 Occupational contact dermatitis (OCD) makes up 99%l OSD, and includes allergic contact
130 dermatitis (ACD) and irritant contact dermatiti€).> Negative impacts of OCD include

131 reduced function, quality of life, work disrupticemnd economic effecfsinformation about OCD
132 comes from a variety of sources including governim@orkers compensation and insurance
133 agencies, registries of OSD, patch test databasekplace studies and case rep8iecent

134 retrospective studies which analyzed sizeable @ojomis include an examination of the Finnish
135 Register of Occupational Diseases (2005-2016) laadNbrth Eastern Italian patch test database
136 (1996 - 2016§:° The European Surveillance System on Contact AHEESSCA) network

137 examined their 2002-2010 datayt an occupational analysis of a large North Acaer patch

138 test population has not been conducted within g PO years®

139

140 The North American Contact Dermatitis Group (NACO&a group of dermatologists based in
141 Canada and the U.S who evaluate patients with stespeontact dermatitis by patch testing.
142 The NACDG uses a screening series that is re-etealend adjusted every two years The

143 purpose of this retrospective study is to desdtieecharacteristics and patch test results of

144  workers diagnosed with OSD in the NACDG databagenf2001-2016. Areas of inquiry include
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the frequency of occupational ACD, demographicaftdgcted individuals, major

occupations/industries, causative allergens, agid sources.

Methods

The NACDG began recording consecutive patch tedeajata in 1992 Since 2001, detailed
exposure source codes have been included. Betv#dn-2016 the NACDG completed eight
patch test cycles with a screening series of alesglnstitutional Review Board approval for
data collection is obtained by each member, spedftheir organization. Patch testing was
performed in accordance with NACDG standards thaetbeen previously describ&d® A

final determination of “allergic/positive” or “nallergic” was determined by each investigator
based on the temporal pattern, patch test appegrand known characteristics of that allergen.
The clinical relevance of positive patch test ress was determined using the patient's history
and clinical skin examination. Relevance was caedurrent (“definite”, “probable”, or
“possible”), past or unknowl.Patients were tested to supplemental allergedstasmined by
each individual physician, depending on the pasetiinical presentation and occupation. Up to
3 sites of dermatitis and 3 diagnoses could beatéateeach patient. The physician interpreted
whether positive reactions were related to theepéis occupation. A primary exposure source
for each occupationally-relevant screening allengas identified. An exposure source was also
classified for patients positive to supplementkdrgens; the names of these allergens were not

specifically recorded.

Occupation and industry were coded for each pahigrn occupational expert using the US

2000 Census Bureau Codes based on answers tes s&5i standardized questidh$?
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All data were manually entered into a computeridathbase at a centralized location using
Access software (Access 2010; Microsoft Corporatiedmond, WA) and comparative
statistical analyses were performed using R ver4i0r2 (2020; R Core Team, Vienna, Austria).
Demographics, occupational relevance, exposuressand affected occupations/industries
were presented using descriptive analyses inclugl@rgencies, counts, and proportions. For
each of the top allergens, logistic regression ugzsl to analyze the trend in the proportion of
patients having an occupationally-relevant patshiteeach year. Year was modeled as a linear
covariate and the odds ratio for a one-year inereass reported?-values < 0.05 were
considered statistically significant. There werestatistical adjustments for multiple

comparisons.

Results

Patient Characteristics

Of 38,614 patients tested, 4471 (11.6%) had OSndgeaphics and disease characteristics of
these OSD patients are described using MOAHLFARgnmecupational, atopic, hand, leg,
face, age >40 years, proportion of positivity)dglines (Table ST More patients were male
(51.4%) and most patients were Caucasian (87.1%)>at0 years of age (55.3% - median 43
years). Atopic characteristics included hay few#.8%), eczema (19.3%) or asthma (14.5%).
The most common sites of dermatitis were hand8¢¢h.arms (30.0%), face (15.9%), and
scattered generalized (12.4%) (Table S2). Mosepttwere diagnosed with occupational ACD
(70.5%), and/or ICD (45.7%) and 10% had atopic @itra. All other diagnoses occurred in <

5% (Table S3).



189 Allergens

190 Within the cohort of individuals with occupation®CD, 81.7% had positive reactions to only
191 NACDG screening series allergens, 13.1% also rdactesupplemental allergen(s) and 5.2%
192 only had positive reactions to > 1 supplementarg#n(s).

193

194 The allergens with the greatest proportions anguieacy of occupationally related reactions are
195 shownin Table 1. The 10 most common occupatioatptest substances were carba mix
196 (9.7%), thiuram mix (9.6%), methylisothiazolinorMI] (9.3%) bisphenol A epoxy resin (5.6%),
197 diphenylguanidine (5.4%), formaldehyde (1% agd¥a), nickel sulfate hexahydrate (3.8%),
198 potassium dichromate (3.6%), 2-hydroxyethyl metijlate [HEMA] (3.4%) and cobalt chloride
199 hexahydrate (3.2%). Bisphenol A epoxy resin hachighest percentage of occupationally-
200 relevant reactions (90.6%) followed by glycerylatliycolate [GTG] (87.7%), thiuram mix

201 (87.6%), carba mix (87.0%) and mercapto mix (84.,9%Able 1).

202

203 Allergen Trends

204  Over the 16-year study period, there were stasiliyi significant increases in the odds ratios of
205 patients having an occupationally-relevant reactincarba mix [OR 1.034, CI 1.014-1.054; p
206 <0.001] and MCI/MI [OR 1.193, CI 1.147-1.244;9©.001] (Figure 1). 2-

207 mercaptobenzothiazole showed a significant downwrartt (Table S4).

208

209 Occupations and Industries

210 Major occupational groups included service worK2s3%), machine operators/assemblers/

211 inspectors (17.0%), precision production workeds %), mechanics/repairers (8.3%), and
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health professionals (7.4%) (Table 2). The mostrmomindustries were hospitals (13.5%),
transportation equipment (9.2%), personal ser\i@&96), construction (5.4%), and health
practitioners offices (5.0%) (Table 2). The mosneowonly affected occupations/industries

associated with the most frequently identified gational allergens are noted in Table 3.

Sources of Occupationally-Related Allergens

Gloves were the most common source of occupatib@® among screening allergens,
followed by hair dyes, cement/concrete/mortar, ates/glues/bonding agents and coatings.
The most common sources for each of the top I¢hpgast substances and the proportion of

OCD attributed to each source are shown in Table 4.

For patients tested to supplemental allergenssdoopces were adhesives/glues/ bonding agents,

hair dyes, gloves, coatings, moisturizers/lotioresms, and metalworking fluids.

Discussion

In this analysis of 38,614 patch-tested patiert% had OSD, and 8.2% had allergic OCD.
These represent proportions of OSD and ACD in NAQiatch-tested patients and not in the
North American general population. Several grougpgehexamined patch test results over at least
an eight-year interval. The ESSCA analyzed data fpatients diagnosed with OCD across 11
countries (2002 - 2010) and reported a higher peeca of OCD (24.0%)In contrast, analysis

of 18,859 ltalian patients (1996 - 2016) found %0 with OCD® The German Contact

Dermatitis Group) (2010-2012) diagnosed 16.2% tcipgested patients with occupationally-

10
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related diseas€ The NACDG examined its results from 1998-2000 fanohd 19% to be
occupationally-relatefiOne of the challenges in making comparisons isénetion in the
outcome of interest: some report all OSD while ithreport OCD or specifically occupational
ACD Others restrict the age range, exclude thenph@yed, or vary in the inclusion of clinics

specializing in OCD.

It is frequently reported that ICD is a more comnesoupational skin disease than A&H.
Here , the proportion of ACD among patients withfD@as 70.5% vs 45.7% for ICD. This may
be due to selection bias; patients suspected ® AGD (vs. ICD) would be more frequently

referred for patch testing.

Industries
Hospitals had the greatest number of cases of @ED. and ICD are common diagnoses within
the healthcare sectdt?’ Sources of occupational ACD include nickel, congrus of

disinfectants, and rubber accelerators in latenimigloves?2°

Occupations

The most common occupation was service occupatiocisiding personal service workers

( hairdressers/cosmetologists), cleaning/buildenyise occupations (janitors/cleaners), and
food service workers (cooks/kitchen workers/wajterBhe ESSCA found the greatest risk of
OCD in personal service workers (hairdressersiheale professionals, and metal workérs).
The ltalian data identified hairdressers/barbeesibieians as the most affected followed by

cooks, metal workers, chemical industry and corsitn workers® The Finnish Register on

11
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Occupational ACD highlighted farmers, hairdresskes|thcare workers, cooks, cleaners, and
metal workers. The 1998-2000 NACDG analysis found high rate®6D in
assemblers/machinists, hairdressers, and ntifiesse results are largely consistent with our
data which are derived from patch tested workets ®CD, not the general population as a

whole.

ACD in hairdressers/cosmetologists is well-docuraéntommon allergens include p-
phenylenediamine, GTG, HEMA, quaternium-15, nickadl thiurams found in hair dyes, other
cosmetic products, instruments and personal piveeetuipment®?° Cleaners and janitors
often work with disinfectants and rubber containatigrgens such as formaldehyde, MlI, and
thiurams, contributing to their high prevalenced@D*° ICD among restaurant workers is

commonly reported, due to extensive wet work, amtact with oils, detergents, and fodds.

Machine operators/assemblers/inspectors were ttmmdenost common group. Machinists are
at elevated risk due to exposure to metalworkingl§*?3* Contact allergy to MCI/MI, other
biocides, and corrosion inhibitors is often diagrb® machinists®> A Swedish study diagnosed
22/163 (13.5%) metalworkers with OCD to neat ailgfing fluids, or biocides, with ACD in 10
and ICD in 12 A large-scale study from Germany found formaidighand formaldehyde

releasers to be common occupational allergens talmerkers®’

Allergens and their Sources

The most common occupational allergens/mixes ifledtin this study were carba mix (CM)

(includes the rubber accelerators zinc dibutylditarbamate, zinc diethyldithiocarbamate and

12



280 the chemically unrelated diphenylguanidine (DP@&jiyram mix (TM), Ml, bisphenol A epoxy
281 resin , formaldehyde and nickel. The 1998-2000 NA&C&udy produced similar finding$.The
282 ESSCA also reported their most prevalent occupatialtergens included thiurams, epoxy resin,
283 and formaldehyde in addition to MCI/MI and methjidimoglutaronitrile. CM showed the

284 sharpest increase in prevalence across our stuthdd®©R 1.034 CI 1.014-1.054;99.00)), a

285 trend confirmed by other groups. A study from th&[1996-2012) on rubber contact allergy
286 showed a significant rise in the frequency of oatigmal cases attributable to CM, with a 10.1%
287 averageannual increas® The same trend wasported in a multicentre European study where
288 occupational ACD to CM was found in 9450f 1854patients testetf

289

290 In order to decrease exposure to natural rubbex latgloves, the proportions of accelerators
291 used in synthetic rubber gloves have changed. Tatiyyocarbamates are the main accelerators
292 accounting for their increasing contribution taopational ACD in groups such as healthcare
293  workers and food processdfst® In our study, gloves were by far the most commsmurce of

294  occupational ACD.

295 There are a few caveats to the inclusion of CM ssreening patch test preparation. A study
296 from Sweden of patients with known ACD to rubbecelerators, found that patch-test

297 positivity to individual dithiocarbamates was cllysassociated with positivity to the equivalent
298 thiuram compound? A Finnish investigation reported that in 34 dittacbamate positive

299 patients, there were no independent reactiongucatis, obviating the need for screening with
300 carba mix*° Separate NACDG analyses have discussed the liomgof CM including its

301 potential for causing irritant (false positive) gratest reaction®*’ However, in 947 patients

302 with strong positive reactions (++, +++) to CM &vdTM. 31.4% (297/947) with strong

13



303 reactions to CM would have been missed by testiicaTone?® Similar results have been
304 reported from Denmar® Supplemental testing to individual rubber accetesamay be

305 required in some cases.

306 Here, Ml was one of the most common allergenspalgh it has only been on the screening
307 series since 2013. This is reflected in the sigaiit increase in occupational ACD to MCI/MI
308 2001-2016 (OR 1.034 CI 1.014-1.054@.001). The results of other pooled databases have
309 shown similar trends. Personal care productster@timary source of Ml, but substantial

310 occupational risk exists for hair/beauty industryrikers, cleaners, healthcare workers, and
311 machinists due to its presence in shampoos andiofgparoducts, and workplace hand

312 cleansers/lotion§>*In our study, 52.5% of positive reactions to Mirereonsidered

313 occupationally-relevant. Liquid lotions/bar soapes#osers, waterless hand soaps and

314 shampoos/conditioners were the top three sourcespafsure. Occupational ACD to MI

315 increased significantly in the U.K. (2008-2012)tasuse in industrial and personal care products
316 increased; healthcare workers, painters, hairdrgssid manufacturing professions were

317 highlighted®® The Finnish Institute of Occupational Health folB&l1745 patients with positive
318 reactions to MCI/MI and/or MI attributed to occuioatal exposure, especially liquid soaps and
319 industrial hand cleanset$An Australian case series reported similar souasesell as paints
320 and industrial biocide¥

321

322 Our data showed bisphenol A epoxy resin was anati@ortant occupational allergen affecting
323 5.6% (250/4471) of patients with OSD. It ranked bemone for test positives attributed to an
324  occupational source 83.9% (250/298), consisterit thi¢ 1998-2000 NACDG analy$ighis is

325 not surprising given that epoxy resins are ondefrajor causes of occupational AED.

14
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Common sources in the current study include adbeseAjlues/bonding agents and coatings like
paint and lacquer. Similarly, the ESSCA reportpdxg resin allergy in 3.1% of 9969 tested
patients with OCD; most common exposures occurredorkers who used epoxy glues and
paints’ Reports of contact allergy to epoxy resins may uestenate its full extent - a screening
series of allergens is not enough to detect sorsesoaf occupational ACD to epoxy.
Comprehensive evaluation requires testing to sapgieal allergens and worksite epoxy-related

compounds, appropriately dilutéd.

Nickel is the most frequent cause of contact ajlevgridwide; consumer sources including
jewellery and metal in clothing are more commomyartec?® In our population, 3.8% had
occupationally-related nickel reactions. Only 21Ppasitive reactions were deemed
occupationally-relevant. Common sources includedist equipment and instruments.
Previously, the NACDG described occupationallyval& patch test reactions to nickel (1998-
2016). Primary sources were instruments/equipnvetiicles/machinery, tools, and jewelry.
Occupations at greatest risk were hairdressersktodngists, machine operators, and healthcare
workers®’ Other reports include tools, keys, electrical poments, coins, sewing needles,

dental tools/alloys, and crochet hodRs.

Our study, spanning a 16-year period, is the langgmrted analysis from North America to
examine OSD. Among patients with occupationallgvaht patch test reactions, 18.3% had a
positive test to a non-screening allergen, and 8% had >1 positive patch test to

supplemental allergen(s) and/or workplace materiatsly the screening series had been used,

15
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the source would have remained unknown, with inaplons for diagnosis, management and

prognosis.

Limitations

Our cohort represents a referral population. Nigbatients who may have contact dermatitis are
tested, so the data may not reflect the actuakepéage of OCD in the general population. There
can be significant barriers to testing, such ak tdthealth insurance, inability to take time off
work, and concerns for job loss if allergic. The GIBG does not collect data on supplemental

allergens other than presence and source.

Conclusions

OSD was found in 11.6% of patients patch testetheyNACDG from 2001-2016. Most

(70.5%) had occupational ACD. 20% of patients witisupationally-relevant ACD would have
been inadequately assessed if only tested witbdfeening series. Important occupational
allergens included rubber accelerators, bisphengpdxy resin, Ml, formaldehyde and nickel.
Knowledge of common occupational allergens, sountexposure and occupations/industries at

risk is important to facilitate prevention and treant.
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Table 1. Most Common Occupational Allergens

Occupationally Relevant Positive Reactions
No. of Occupational Occupational
pts with | Total Positives/ Positives/

OSD | Positive Number of | Patients Rank | Total Rank
Allergens/Allergen mixes Tested | Reactions | patients Tested (%) order | Positives (%) | order
Carba mix (3% pet) 4454 549 434 9.7% 1 79.1% 3
Thiuram mix (1% pet) 4460 536 429 9.6% 2 80.0% 2
Methylisothiazolinone (0.29
aqg)* 1025 200 95 9.3% 3 47.5% 22
Bisphenol A Epoxy Resi
(1% pet) 4471 298 250 5.6% 4 83.9% 1
Diphenylguanidine (19
pet)* 1025 80 55 5.4% 5 68.8% 11
Formaldehyde (2% aqg)** 1028 116 40 3.9% 6 34.5% 34
Formaldehyde (1% aq) 4470 433 174 3.9% 7 40.2% 24
Nickel sulfate hexahydra
(2.5% pet) 4438 809 170 3.8% 8 21.0% 44
Potassium dichroma
(0.25% pet) 445§ 260 161 3.6% 9 61.9% 13
2-hydroxyethyl methacrylat
(2% pet)* 2461 113 83 3.4% 10 73.5% 5
Cobalt (ii) chloride
hexahydrate (1% pet) 4442 449 144 3.2% 11 32.1% 36
4-phenylenediamine (1¢
pet) 4452 280 140 3.1% 12 50.0% 20
Methylchloroisothiazolinon
methylisothiazolinone (0.1%
aq) 4455 281 133 3.0% 13 47.3% 23
Glutaraldehyde (1% pet)t 3899 131 92 2.4% 14 70.2% 9
Quaternium-15 (2% pet) 44585 427 105 2.4% 15 24.6% 40
Glyceryl thioglycolate (1%
pet)tT 3026 92 64 2.1% 16 69.6% 10
2-mercaptobenzothiazo
(1% pet) 4466 110 78 1.7% 17 70.9% 8
Fragrance mix | (8% pet) 4431 376 70 1.6% 18 18.6% 46
Ammonium persulfate (2.5¢
pet) 572 25 9 1.6% 19 36.0% 33
Bipshenol F epoxy resin (1
pet)ttt 18264 37 28 1.5% 20 75.7% 4

*  Only included in 2013-16 screening series
** Only included in 2015-16 screening series
T Removed after 2013-14; 11 Removed after 2009-10; 111 Removed after 2007-08.
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612 Table 2.0Occupations and Industries of Patients with Ocdapat Skin Disease

613

614
615
616
617
618
619
620

621
622
623
624
625
626
627

628

Occupation (N=4140) n (%)
Service occupations* 840 (20.3%)
Machine operators/assemblers/inspectors 702 (17.0%)
Other Precision production occupatidons 455 (11.0%)
Mechanics/repairers 344 (8.3%)
Health assessment/ treating occupations 306 (7.4%)

Construction trades

194 (4.7%)

Handlers/equipment cleaners/helpers/laborers

1854

Health technologists/technicians

169 (4.1%)

Health diagnosing occupations

130 (3.1%)

Executive/administrative/managerial occupations

@5%)

Industry (N=4143)

n (%)

Hospitals

559 (13.5%)

Transportation equipment

382 (9.2%)

Personal services **

356 (8.6%)

Construction

224 (5.4%)

Offices of health practitioners

205 (5.0%)

Metal Industries

165 (4.0%)

Health services, N.E.C.

160 (3.9%)

Repair services

151 (3.6%)

Chemicals and allied products

149 (3.6%)

Eating and drinking places

138 (3.3%)

* Includes e.g. cleanergjanitorial, hairdressers, cooks, waiters

Excludes protective/household: police, firefighting/private household cleaners, housekeepers and childcare

workers,

T Includes e.g. sheet metal workers, metal engravers, €ectronic equipment assemblers, cabinet makers

** Except private households/lodging
N.E.C.: Not elsewhere classified
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629

630
631

632

Table 3.0Occupational Allergens:

Top Sources*

Allergen/Allergen mixes Source % of OccupationallyrRelevant
Reactions to the Allergen

Gloves 85.5%
Carba mix (3% pet) Safety equipmenmiscellaneous (e. 2.7%

masks, respirators)

Vehicles (air, rail, road, wate 2.3%

Gloves 88.1%
Thiuram mix (1% pet) Safety equipment, miscellaneous (¢ 3.0%

masks, respirators)

Vehicles (air, rail, road, wate 1.4%

Adhesives, glues, bonding age 24.8%
Bisphenol A epoxy resin (1% pef)Coatings (paint, lacquer, shell: 16.4%

varnish, stains)

Epoxy resins (raw materi: 8.4%

Metalworking fluid, cutting oil 3.4%
Formaldehyde (1% aq) Liquid, lotion and bar soaps, clear 2.9%

Tools 15.9%
Nickel sulfate hexahydrate (2.5%Equipment, instruments, miscellanet 11.8%
pet) supplies

Jeweln 10.6%

Cement, concrete, mor 35.4%
Potassium dichromate (0.25% | Gloves 15.5%
pet) Coatings (paint, lacquer, shell: 6.2%

varnish, stains)

Cement, concrete, mor 13.9%
Cobalt (ii) chloride hexahydrate | Metallic elements, dusts, powde 11.8%
(1% pet) fumes

Tools 8.3%

Hair dye: 82.3%
4-phenylenediamine (1% pet) | Shoes, boots, sandals, slipy 2.9%
Methylchloroisothiazolinone/ Liquid, lotion and bar soaps, clear 19.5%
methylisothiazolinone (100 ppm| Waterless hand soz 18.8%
aq) Shampoos, conditione 14.3%

Moisturizers, lotions, crear 17.1%
Quaternium-15 (2% pet) Cosmetics, beauty preparations, < 12.4%

and healthcare products

Liquid, lotion and bar soaps, clear 11.4%

* Top allergenstested across the entire study period 2001-2016
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637

638
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640

641
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645
646

Table 4.Top Industries/Occupations and Most Common Allesgen

# of # of
Allergen Top industries cases| Top Occupations cases
Service occupations, except
Carba mix (3% pet) | Hospitals 159 protective and household 109
Offices of health Machine operators, assemblefs,
practitioners 66 and inspectors 106
Service occupations, except
Thiuram mix (1% Hospitals 164 protective and household 141
pet) Offices of health Machine operators, assemblefs,
practitioners 73 and inspectors 95
Machine operators, assemblefs,
Bisphenol A epoxy | Transportation equipment 67/and inspectors 113
resin (1% pet) Electrical machinery, Precision production
equipment, and supplies S&ccupations 93
Service occupations, except
Formaldehyde (1% | Hospitals 72 protective and household 123
aq) Personal services, except Machine operators, assemblefs,
private households 5B3and inspectors 99
Nickel sulfate Service occupations, except
hexahydrate (2.5% | Hospitals 159 protective and household 276
pet) Personal services, excep Machine operators, assemblefs,
private households r 11j8and inspectors 16P
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Figure 1. Occupational Allergic Contact Dermatitis: Relevant Reaction Trends 2001-2016
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» Thisarticle provides an update on occupational contact dermatitisin North Americafrom
2001-2016 including relevant allergens, exposure sources and associated occupations/
industries.

» Knowledge of common allergens, their exposure sources, and occupations/industries at
risk can help guide diagnostic evaluation and facilitate prevention on an individual level
and in the workplace.
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