W) Check for updates

Warshaw Erin (Orcid ID: 0000-0001-6177-0656)
Shaver Rob (Orcid ID: 0000-0003-0726-8758)
Silverberg Jonathan (Orcid ID: 0000-0003-3686-7805)
Sasseville Denis (Orcid ID: 0000-0001-9104-2342)

Patients with Patch Test Reactions Associated with Eye Care Products: Retrospective Analysis of North American Contact
Dermatitis Group Data, 2001-2018

Erin M. Warshaw, MD, MS*%; Rob L. Shaver, BS'*#: Joel G. DeKoven, MD MHSc®; James S. Taylor, MD®; Kathryn A. Zug, MD’;
Melanie D. Pratt, MD8, Amber R. Atwater, MD®; Marie-Claude Houle MDCM??; Howard 1. Maibach, MD*; Donald V. Belsito,
MD?2; Jonathan I. Silverberg, MD PhD*3; Cory A. Dunnick, MD*; Margo J. Reeder, MD?*®; Denis Sasseville, MD*®; Joseph F.

Fowler, Jr, MDY": and Vincent A. DeLeo, MD?*8

1. Department of Dermatology, Park Nicollet Health Services, Minneapolis, MN

2. Department of Dermatology, University of Minnesota, Minneapolis, MN

3. Department of Dermatology, Minneapolis Veterans Affairs Medical Center, Minneapolis, MN

4. University of Minnesota Medical School, Minneapolis, MN

5. Division of Dermatology, Sunnybrook Health Sciences Centre, University of Toronto, Ontario, Canada
6. Department of Dermatology, Cleveland Clinic, Cleveland, OH

7.  Department of Dermatology, Dartmouth-Hitchcock Medical Center, Lebanon, NH

8. Division of Dermatology, University of Ottawa, Ontario, Canada

9. Department of Dermatology, Duke University Medical Center, Durham, NC

This article has been accepted for publication and undergone full peer review but has not been through the copyediting, typesetting,
pagination and proofreading process which may lead to differences between this version and the Version of Record. Please cite this
article as doi: 10.1111/cod.13950

This article is protected by copyright. All rights reserved.


http://orcid.org/0000-0001-6177-0656
http://orcid.org/0000-0003-0726-8758
http://orcid.org/0000-0003-3686-7805
http://orcid.org/0000-0001-9104-2342
http://dx.doi.org/10.1111/cod.13950
http://dx.doi.org/10.1111/cod.13950
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fcod.13950&domain=pdf&date_stamp=2021-07-27

10. Division of Dermatology, CHU de Québec, Laval University, Québec, Canada 11. Department of Dermatology, University of
California San Francisco, San Francisco, CA

12. Department of Dermatology, Columbia University Irving Medical School, New York, NY 13. Department of Dermatology, The
George Washington University School of Medicine and Health Sciences, Washington, DC

14. Department of Dermatology, University of Colorado, CO

15. Department of Dermatology, University of Wisconsin School of Medicine and Public Health, Madison, WI

16. Division of Dermatology, Montreal General Hospital, McGill University, Montreal, Quebec, Canada

17. Division of Dermatology, University of Louisville, Louisville, KY

18. Department of Dermatology, Keck School of Medicine, Los Angeles, CA

Correspondence:

Rob Shaver

Park Nicollet Contact Dermatitis Clinic
7550 34™ Ave S, Suite #101
Minneapolis, MN 55450

shav0049@umn.edu

p: 952-993-3260


mailto:shav0049@umn.edu

f: 952-883-9746

Keywords: allergic contact dermatitis; contact allergy; patch tests; eye care products

Disclosures: Dr. Atwater received a Pfizer Independent Grant for Learning & Change and has consulted for Henkel.

Dr. Taylor owns non-controlling common shares of stock in Astra Zeneca, Cigna, Merck, Johnson & Johnson, and Opko Health. He
has consulted for Kao Brands and Monsanto (Bayer), is a member of the Cosmetic Ingredient Review Steering Committee, and has a
non-dependent child employed by Pfizer.

Dr. Warshaw has received an investigator-initiated grant from and served as a consultant for Wen by Chaz Dean. She has also served
as a consultant to Noven Pharmaceuticals.

Dr. Sasseville receives royalties from UpToDate (Wolters Kluwer Health)

Funding: This study was supported by resources and use of facilities at the Minneapolis Veterans Affairs Medical Center. The

contents do not represent the views of the U.S. Department of Veterans Affairs or the U.S. Government.

Word count: 587/600

Figure count: 0



Table count: 2/2

Reference count: 14/10

Eye care products (ECP) may cause allergic contact dermatitis (ACD).

Methods

This ethics-approved study employed standard North American Contact Dermatitis Group (NACDG) methodology.! ECPs were
defined as over-the-counter (OTC) eye drops/ointments, lid care products, and contact lens solutions. Patients tested by the NACDG
(2001-2018) with =1 positive patch test reaction associated with an ECP comprised the ECP-positive group. Irritant contact dermatitis

(ICD) to ECPs was considered separately.

Results

154/43,722 patients (0.4%) had >1 positive patch test reaction attributed to an ECP. ECP-positive patients had significantly
greater odds of female sex, age >40 years old, or history of hay fever (Table 1). When up to 3 anatomic sites were considered, all
ECP-positive patients had facial involvement (Table 2).

53.9% of ECP-positive patients (83/154) had 99 total reactions to NACDG screening allergens; the remainder (n=71) had

reactions to allergens/substances not on the screening series. The top NACDG screening allergens present in ECPs were thimerosal



(47.8%, 45.5% current relevance [CR]), benzalkonium chloride (BAC) (26.1%, 100% CR); oleamidopropyl dimethylamine
(7.7% ,100% CR), propylene glycol (7.1%, 100% CR), ethylenediamine dihydrochloride (4.8%, 100% CR), and lanolin (4.6%, 100%
CR). There were no occupationally relevant ECP-associated reactions.

64 patients had ICD due to ECPs; 5 of these had both ICD and ACD due to ECPs.

Discussion

From 2001-2018, 0.4% of 43,722 patients had a positive patch test attributed to an ECP. ECP-positive patients had greater
odds of female sex, age >40 years, and/or had a history of hay fever. This correlates with the findings that two-thirds of contact lens
wearers are female,? dry eye prevalence increases with age and female gender,® and seasonal allergic conjunctivitis is commonly
treated with OTC antihistamine-containing ECPs. As expected, ECP-positive patients commonly had primary involvement of eyelid
(46.1%) or conjunctiva/eye (7.1%), similar to frequencies of a German study (n=118) of 64.4% and 6.8%, respectively.*

Here, 64 patients had ICD due to ECPs, 59 of those without co-existing ACD. A Belgian study found that 7.6% (9/118) of
patients with positive patch test reactions to ingredients in OTC/prescription ophthalmic medications also had ICD.®

Specific allergens associated with ECPs are limited in this dataset. The two most common preservatives (BAC and thimerosal)
were only tested in the screening series for 2/18 years; there were only 9 reactions associated with ECPs from 2015-2018. BAC is the
most commonly used preservative in eye drops.® In Europe, positivity to BAC associated with eye drops is estimated to be 1.1%.°> A

recent ingredient analysis of US products found that roughly one-third of top selling OTC eye lubricants contained BAC; other



common allergens were propylene glycol, sorbic acid, amidoamine and sorbitan sequioleate.” Reactions to benzalkonium chloride
should be interpreted carefully due to its propensity to cause irritation when patch tested.® Prior to the 1980s, thimerosal was an
important ophthalmic preservative.® Now in the U.S, it is less commonly used — no contact lens or topical ECPs contain thimerosal in
the ACDS CAMP database.?

Additional allergens included oleamidopropyl dimethylamine (7.7%), propylene glycol (7.1%), and lanolin (4.6%), all of
which may cause ACD.11?

46.1% of ECP-positive patients had >1 positive patch test reaction to a supplemental allergen/substance associated with an
ECP source. Names of supplemental allergens are not recorded but our recollection is that the vast majority were due to BAC after it
was removed from the screening series, as the frequency of patients with ECP-related supplemental reactions increased significantly
after the 2001-2002 cycle (4.2% vs. 12.0%).

In summary, 0.4% of NACDG patients had ECP allergy. Benzalkonium chloride was both common and clinically relevant.

Over 46% of patients would have had >1 positive patch test reaction missed if only tested to the NACDG screening series.
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ECP+ ECP-
No. (%) No. (%)
(N=154)t | (N=43509)T | OR (959% CI), P value
MOAHFLA
0.46 (0.31-0.77
Male 28(18.2) | 14085 (32.4) (931-9.77)
0.25 (0.11-0.60)
Occupationally related 532) 5046 (11.6) 0.0004
Atopy
1.57 (1.13-2.15
Hay fever 62 (40.3) 13037 (30.0) 6'0080 )
0.96 (0.66-1.10
Eczema 37 (24.0) 10720 (24.6) 6.9255 )
0.81 (0.51-1.28)
Asthma 20 (13.0) 6725 (15.5) 0.4360
0.26 (0.14-0.48)
Hand (primary) 11(7.1) 9875 (22.7) <0.0001
0.15 (0.02-0.87)
Leg (primary)** 1(0.6) 1783 (4.1) 0.0230
9.53 (6.41-14.11)
Face (primary)* ** 123 (79.9) | 12774 (29.4) <0.0001
1.74 (1.20-2.56
Age, 40 >y 120 (77.9) | 24428 (56.1) é'om ; )

*Face includes face (generalized), nose, lips, eyes, eyelids, and face (not otherwise specified)

** As primary site

t Available data varied slightly for demographic variables (eye care product negative: sex, 25 missing; age, 54 missing; hay fever,
154 missing, atopic dermatitis, 199 missing; asthma, 158 missing; primary anatomic sites, 64 missing; occupational relevance,
158 missing)



Table 2. Anatomic Site(s)

Primary Site Primary and Non-Primary Sites*
ECP ECP OR (95% ECP ECP o
Positive Negative Ch Positive Negative OR (35% CI)
No. (%) No. (%) P value No. (%) No. (%) P value
N =154 N = 43509 N =154 N = 43509
193 (79.9 9.53 >100
Face, total (79.9) 12774 (29.4)  (6.41-14.11) 167 (1.08) 17514 (40.3)  (71.81to >100)
<0.0001 <0.0001
8.99 11.26
Eyelids 71 (46.1) 3774 (8.7) (6<'goéégi33) 89 (57.8) 4711 (10.8) (8;2(? 5105(5?0)
. . 1.78 1 52é-12192)
Face, not otherwise specified 38 (24.7) 6765 (15.5) (1.22-2.57) 57 (37.0) 9462 (21.7) <'0 0061
0.0019 '
16.4 9.31
(9.00-30.02) (5.12-16.80)
Eyes 11 (7.1) 203(05) 5 0001 11 (7.1) 356 (0.8) 00001
. 0.35 0.94
Lips 2 (1.3) 1580 (36) (4 g-1 24 7(4.5) 2088 (4.8) (0.44-1.97)




Ears

Nose

Hand

Scattered generalized

Scalp

Other Sites t

Trunk

Leg

Anal/genital

1(0.6)

0 (0.0)

11 (7.1)

10 (6.5)

4 (2.6)

2 (1.3)

1 (0.6)

1(0.6)

1(0.6)

430 (1.0)

22 (0.05)

9875 (22.7)

7957 (18.3)

1485 (3.4)

2014 (4.6)

2413 (5.5)

1783 (4.1)

908 (2.0)

0.1214

0.65

(0.06-3.63)

0.6699
0.00

0.7800

0.26
(0.14-0.48)
<0.0001

0.31
(0.16-0.57)
<0.0001

0.75
(0.30-1.90)
0.8225
0.27
(0.07-1.00)
0.0513

0.11
(0.01-0.65)
0.0038

0.15
(0.02-0.87)

0.0230

0.31
(0.03-1.69)

0.3858

00-44.18)

2 (1.3)

1(0.6)

17 (11.0)

23 (14.9)

8 (5.2)

4 (2.6)

10 (6.5)

7 (4.5)

3(1.9)

839 (1.9)

58 (0.1)

11622 (26.7)

9847 (22.6)

2396 (5.5)

2500 (5.7)

5362 (12.3)

4655 (10.7)

1269 (2.9)

0.8800

0.67
(0.16-2.38)
0.5689

4.89
(0.48-26.41)
0.0822

0.34
(0.21-0.55)
<0.0001

0.60
(0.38-0.93)
0.0205

0.94
(0.45-1.84)
>0.99

0.45
(0.17-1.12)
0.1153

0.49
(0.29-0.93)
0.0263

0.40
(0.19-0.82)

0.0122

0.66
(0.22-1.92)

0.6337



0.35
Neck 1(0.6) 788 (1.8) (0.04-28.42) 16 (10.4)
0.5346

0.0
Arm 0(0.0) 2114 (4.9) (0.0-0.44) 5(3.2)
0.0010

*percentages for all sites >100% because up to 3 sites could be recorded

**Available data varied slightly ([eye care product negative primary anatomic sites, 64 missing])
’p value calculated using Fisher’s exact test

t includes most exposed areas, only under clothing, foot, ears, erythroderma and Other, NOS

3844 (8.8)

6546 (15.0)

1.19
(0.70-1.99)

0.4769

0.22
(0.10-0.49)
<0.0001
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