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Background: The coronavirus infectious disease 2019 pandemic has resulted in health care workers donning personal

protective equipment (PPE) for extended periods.

Objectives: The aims of the study were to review facial PPE (surgical masks and N95 respirators) ingredients, to identify
facial PPE resterilization techniques, and to recommend strategies for prevention and management of facial PPE-related

dermatoses.

Methods: Twenty-one facial PPE (11 N95 respirators, 10 surgical masks) were reviewed. Resterilization techniques were
identified. Personal protective equipment-induced occupational dermatoses and management strategies were explored.

Results: Polypropylene is the most common chemical identified in facial PPE. Most masks contain aluminum at the nose-
piece. Two surgical masks released nickel. Facial PPE dermatoses include irritant contact dermatitis, allergic contact dermatitis,
acne, and contact urticaria. Strategies for prevention and management of facial PPE occupational dermatoses are discussed.

Conclusions: There are increasing reports of occupational dermatoses associated with facial PPE. This review discusses
the components of facial PPE, mask resterilization methods, and strategies for prevention and management of facial PPE

dermatoses.

he coronavirus infectious disease 2019 (COVID-19) caused by
severe acute respiratory disease coronavirus is spread via respi-
ratory droplets. To prevent infection, health care workers (HCWs)
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are required to don facial personal protective equipment (PPE),
such as surgical/procedural masks and N95 respirators. Surgical
masks and N95 respirators differ in their fit and ability to filter air-
borne particles. Surgical masks are designed to block large-particle
sprays, splatter, droplets, and splashes. N95 respirators block at least
95% of 0.3-um test particles.

The need for facial PPE has resulted in an increase of facial
PPE-associated occupational dermatoses, such as irritant contact
dermatitis (ICD), allergic contact dermatitis (ACD), contact urti-
caria, and acne.' In Wuhan, China, 74.5% of HCWss caring for
COVID-19 patients reported adverse skin reactions related to
PPE, with the cheeks and nasal bridge being affected in 75.4%
and 71.8%, respectively.” In addition, in an effort to maximize
the availability of PPE, the US Food and Drug Administration
has issued several Emergency Use Authorizations allowing for
decontamination and resterilization strategies, which in some
cases include the application of chemicals to PPE. Finally, there
is a paucity of literature describing a recommended approach to
the prevention and management of facial PPE-induced occupa-
tional dermatoses.

The objectives of this study were to review ingredients of facial PPE
(surgical masks and N95 respirators), to identify methods of facial
PPE resterilization, and to recommend strategies for prevention
and management of facial PPE-related dermatoses. These strategies
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are based on recommendations from expert members of the
American Contact Dermatitis Society.

METHODS

This study was determined exempt by the Duke Health Institutional
Review Board. Thirty-one mask manufacturers approved by the Na-
tional Institute for Occupational Safety and Health Research and the
Food and Drug Administration were contacted by 2 authors (A.G.,
S.C.) between April 14, 2020, and April 21, 2020.> Product informa-
tion for 11 distinct N95 respirators (6 manufacturers) and 10 dis-
tinct surgical masks (3 manufacturers) was received from US and
Canadian manufacturers. The remaining companies either did not
respond, sourced masks from other manufacturers, or were not able
to release information.

The metal nose pieces of 5 facial PPE (4 surgical masks, 1 N95
respirator) were tested for nickel release using dimethylglyoxime
(DMG); pink color signifies nickel release.* The Reveal & Conceal
Nickel Spot Test (SmartPractice, Phoenix, AZ) was used to test
4 surgical masks. The Nickel Alert detect test kit (Athena Allergy,
Inc, Huntersville, NC) was used for the N95 respirator (3M Product
Number 8210).

Current mask resterilization techniques were analyzed, with
attention given to reports of associated occupational dermatoses.
In addition, the authors described recommended skin care practices
for facial PPE-induced occupational dermatoses.

RESULTS

Components of N95 Respirators and Surgical Masks

The components of 11 N95 respirators and 10 surgical masks were
reviewed (Tables 1, 2). The most common outer shell component of
N95 respirators was polypropylene (7/11). The most common inner
filter of N95 respirators was polyethylene (10/11). The straps of N95
respirators were made from elastic material, with some specifying
polyisoprene (4/11).

Polypropylene was the primary material for 8 of the 10 surgical
masks. All 5 surgical masks with face shields used polyethylene tere-
phthalate. Ear loops were mostly elastic.

Of the 5 facial PPE evaluated with DMG, 2 surgical masks
released nickel, 2 surgical masks were negative, and the N95 respira-
tor was negative (Fig. 1).

N95 Respirator Resterilization

The COVID-19 pandemic has resulted in a high demand for PPE
and fear of insufficient supply.” According to the Centers for Disease
Control and Prevention, the most effective N95 respirator decon-
tamination methods are hydrogen peroxide (H,0,) vapor decon-
tamination, UV germicidal irradiation, and moist heat.’

Hydrogen peroxide vapor decontamination”® requires uniform
distribution of H,O, vapor across N95 respirators with a subsequent
aeration phase to lower the concentration of residual H,O, on
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masks to safe standards (<1 ppm).”® This method has an antimicro-

bial efficacy of greater than 99.999%.°

UV germicidal irradiation uses 0.5 to 1.8 J/cm® of UV-C and has
antimicrobial efficacy of 99.9% for all tested viruses.® Its main limi-
tations include the potential for shadows, which can block UV light
and inhibit efficacy.” No chemicals are applied.

Warm moist heat sterilization exposes N95 respirators to water
heated to 65°C for 30 minutes."’ No viable influenza A subtype
HINI viruses remain on the surface of the mask after sterilization.'’
There was also no visible deterioration or deformation to the mask
after sterilization.

Steam decontamination has been used for surgical masks and
N95 respirators.11 Masks and respirators are exposed to steam from
boiling water; they retained virus-blocking efficacy even after 2 hours
of treatment. After 5 minutes of exposure to boiling water, the avian
coronavirus (a mimic of severe acute respiratory disease coronavirus)
was inactivated.

DISCUSSION

This study focused on the identification of chemical components in
facial PPE and the examination of methods of N95 respirator
resterilization, as well as the prevention and management strategies
for individuals with facial PPE-induced occupational dermatoses.

Mask Materials

The individual components of facial PPE are not well described.
Material information was received for 21 facial PPE (11 N95 respi-
rators, 10 surgical masks).

Polypropylene, a rare allergen,'? was the most frequently identi-
fied component of the outer shell and filter of N95 respirators and
body of surgical masks. Polypropylene is melted during the synthe-
sis of nonwoven textiles leading to formaldehyde byproducts that
may be incompletely removed leading to ACD."* Allergic contact
dermatitis to formaldehyde from the degradation of polypropylene
during the routine use of face masks has also been described."*
Health care workers with mask-related facial dermatitis and known
formaldehyde allergy should avoid polypropylene masks.

Polyester is another material used in facial PPE. Despite its prev-
alent use in clothing, allergy to polyester resin is rare. Irritant reac-
tions to polybasic acids, polybasic alcohols, fiberglass, and/or acetone
components of polyester are possible."” In the occupational setting,
patients are more often allergic to the cobalt accelerator used in the
processing of polyester.'®!”

Ethylene-vinyl acetate (EVA) was identified in the outer shell and
nose foam of N95 respirators. Ethylene-vinyl acetate itself is not a
cause of contact allergy, but acetophenone azine, a newly described
allergen used in foam materials such as shin pads and other sports
equipment, has been identified in EVA-based materials.'® Authors
theorized that acetophenone azine might be a catalyst in the poly-
merization of EVA. Therefore, similar to the case of polypropylene,
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1V/:\:]RM W Materials of 11 N95 Respirators

N95 Respirators

Product (Product Number) Manufacturer Mask Shell Filter Head Strap Other Materials

VFlex Health Care 3M Polypropylene Polypropylene  Polyisoprene bound by Aluminum nose clip, adhesive,
Particulate Respirator and steel staples (no black ink
Surgical Mask (1804 and natural rubber latex)
1804S)

VFlex Health Care 3M Polypropylene Polypropylene  Polyisoprene bound by Aluminum nose clip, adhesive,
Particulate Respirator and steel staples (no black ink
Surgical Mask (1805 and natural rubber latex)
1805S)

Health Care Particulate 3M Polypropylene Polypropylene/  Braided polyisoprene ~ Aluminum nose clip, polyurethane
Respirator and Surgical polyester bound by steel foam nose cushion, ethylene/
Mask (1860) staples acrylic acid copolymer, and

isooctyl acrylate/acrylic acid
copolymer

Aura Health Care Particulate 3M Polypropylene Polypropylene  Polyisoprene bound by Aluminum nose clip, adhesive
Respiratory and Surgical steel staples (no
Mask (1870 and 1870+) natural rubber latex)

PFL Particulate Respirator ~ Alpha Pro Tech Polycellulose Polypropylene  Synthetic elastic (no  Aluminum nose/chin bands,
natural rubber latex),  polypropylene strips for
band heat-sealed “Magic Arch”
to mask

Respirator, Cone Style Cardinal Health Polyester Polypropylene  Knitted elastic strap ~ Aluminum nose clip, EVA

nose foam

Respirator, Flat-Fold Style Cardinal Health Polyester Melt blown

(material not
specified)

1500 Series (1510, 1511, Moldex EVA/polyethylene/  Polypropylene  Thermoplastic Polyethylene nose cushion
1512,1513,1517) polypropylene elastomer bound by

tin plated steel wire
staples

2200G Series (2210G, Moldex EVA/polyethylene/  Polypropylene = Thermoplastic Polyethylene nose cushion
2211G, 2212G, 2217G) polypropylene elastomer bound by

tin plated steel wire
staples

Particulate Respirator, Cone Medline Polypropylene Polypropylene  Latex-free elastic
Style (NON24506A) (inner), polyester

(outer)

Surgical Respirator Precept Polyester Polypropylene  Latex-free elastic Aluminum nose clip
(65-3395 and
65-3395S)

In some instances, when detailed information was not available, specific use of individual materials in the N95 respirators was inferred based on material description.

EVA, ethylene-vinyl acetate.

acetophenone azine-allergic patients could theoretically be at risk
of ACD to masks containing EVA.

Polyurethane, present in many plastics and used as part of the
foam nose cushion of masks, has been reported to cause ACD. How-
ever, reactions are frequently attributed to isocyanate resins, which
are highly irritating and sometimes sensitizing accelerators."”

Polyethylene terephthalate was identified in face shields associ-
ated with surgical masks. This is a rare allergen, with 1 reported case
of ACD to polyethylene terephthalate mesh in a cochlear implant.*’

Adhesives (such as acrylates) were noted in several N95 respira-
tors and surgical masks. Acrylate ACD has been reported from nail
products, pressure sensitive adhesives, and insulin pumps.”*** In
1 series, 6% of patch-tested patients were allergic to acrylates.”®

Aluminum is present in the nosepiece and/or chin of N95 res-
pirators and surgical masks. Allergic contact dermatitis to alumi-
num is uncommon. Several case reports of contact allergy to
aluminum-based Finn Chambers have been described.***” Steel is

occasionally used in the nose piece and staples of facial PPE.
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1V:\:{8 %8 Materials of 10 Surgical/Procedural Masks

Surgical/Procedural Masks

Product (Product

Number) Manufacturer Face Shield “Body” of Mask EarLoops orTies Nose Piece Other Materials

Ear Loop 3M Polypropylene Elastic (natural Polyethylene-

Fluid-Resistant Face rubber latex coated steel
Mask (1817, 1820, free) wire
1820FS, 1826)

High Fluid-Resistant 3M Poly(ethylene Polypropylene fiber Poly(ethylene Polyethylene-
Surgical Mask (1835 terephthalate) terephthalate) or  coated steel
and 1835FS) with antifog and polypropylene nose wire

antireflection

High Fluid-Resistant 3M Poly(ethylene Polypropylene fabric Poly(ethylene Polyethylene-  Poly(ethylene
Procedure Mask terephthalate) terephthalate)/ coated steel terephthalate)
(1840 and 1840FS) with antifog and polyurethane/ nose wire side tape

antireflection nylon

600 Hygiene Mask 3M Polyester and braided Aluminum Cadmium-free

polyester steel

High-Performance 3M Poly(ethylene Polypropylene Nonwoven fabric Mask coating
Surgical Mask terephthalate)

(1838R and 1838
FSG)

Critical Cover CoolOne  Alpha Pro Polypropylene, polycellulose  Soft knit Aluminum strip
Face Mask Tech ultrasonically

welded to
the mask

Cone Style Mask Medline 100% polyester (inner facing), Polyester-coated
(NON27381) 100% polyester (outer rubber

facing), and 100%
polyester (filter media)

Fluid-Resistant Surgical Medline  Poly(ethylene Thermalbond polypropylene  Tubular latex-free Foam strip
Face Mask terephthalate) (inner facing), spunbond elastic (antifog)
(NON27410EL) with hydrophilic polypropylene (outer

antifog coating facing), and melt-blown
polypropylene (filter media)

Max X Fluid-Resistant Medline Poly(ethylene Soft cellulose (inner facing),  Tubular latex-free Foam strip
Procedural terephthalate) cellulose, pattern (outer elastic (antifog)
Face Mask with hydrophilic facing), melt-blown
(NON27710EL) antifog coating polypropylene (filter media),

and high-density
polyethylene nonwoven
fabric (fourth layer)

Max-X Fluid Protection Medline Soft cellulose, white (inner Spunbond Foam strip
Surgical Face Mask facing), cellulose, pattern (antifog)

(NON27712)

(outer facing), 1 ply
melt-blown polypropylene,
white (filter media), and 1
ply of 19-g high-density
polyethylene nonwoven
fabric (filter media)

Specific use of individual materials in the surgical masks was inferred based on material description because this information was generally not available.

Although steel components can vary, it often includes nickel, a com-
mon allergen with a positivity rate of 17.5%.%> In our sample, 2 of
the 4 surgical mask nose pieces were positive for nickel release.

Elastic straps used in facial PPE have been linked to contact
allergy.”®* Elastic straps contain rubber accelerators, which are
used in the processing of raw rubber and are known allergens in
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Figure 1. A, Positive DMG test (pink discoloration) on surgical mask. B, Negative DMG test on N95 respirator. DMG, dimethylglyoxime.

occupational and nonoccupational settings.’®*' Polyisoprene, another
component of head straps, has been associated with ACD.**

In this study, with exception of “black ink,” mask manufacturers
did not disclose the use of dye in facial PPE, although many masks
have color. One case report documented yellow pigment in an N95
respirator.'* Additional information on dyes present in medical
masks is necessary.

Respirator Reuse and Decontamination

Because of the sudden increased need for PPE for HCWs, several
methods of mask and respirator decontamination are being
used. Hydrogen peroxide vapor decontamination, UV germi-
cidal irradiation, and moist heat are currently advertised by the
Centers for Disease Control and Prevention as the most promis-
ing methods.®

The main theoretical cutaneous risk with sterilized N95 respira-
tors is ICD. Irritant contact dermatitis from N95 respirators exists at
baseline as has been described in several studies. However, the
authors are not aware of reports of ICD specifically attributed to
sterilized N95 respirators.>?>

Allergic contact dermatitis and ICD to H,0O, are quite rare, with
only a few known case reports.** In addition, protocols dictate appro-
priate aeration of H,0, during decontamination. For this reason, the
authors believe that cutaneous reactions directly attributable to H,O,
in the setting of N95 respirator decontamination would be rare.
Surveillance is needed to determine whether reusing masks after
decontamination increases exposure to mask components including
allergens and irritants.

Facial PPE Occupational Dermatoses

Common cutaneous reactions to surgical masks and N95 respirators
include ACD, ICD, acne, and contact urticaria.>***>*® There are a
number of consensus statements and guidelines already published
on the subject, including strategies for management and avoidance.””*’
This section includes recommendations for cutaneous management,
incorporates components of these published guidelines, and intro-
duces additional strategies specific to dermatology practice.

Skin Care

General skin care management is recommended for all individuals
using facial PPE. Individuals should wash their face with a gentle
skin cleanser and apply daily moisturizer. The labels “hypoaller-
genic” and “gentle” are not regulated, making the selection of opti-
mal products difficult.*** Other publications have covered the
topic of recommended moisturizers,** and allergen-specific data-
bases can be used for identification of allergen-free products.*’
The British National Health Service (NHS) recommends that
topicals be applied at least 30 minutes before PPE use,”” whereas
a Portuguese group recommends 60 minutes,*” and the Wound,
Ostomy, and Continence Nurses Society (WOCNS) recommends
1 to 2 hours.** Our recommendation is that the chosen time interval
between product application and donning of PPE needs to be suffi-
cient to create a nonmoist, nontacky, nonmacerated cutaneous surface.

Anatomy-Specific Management Strategies
Ears

Long-term use of face masks can lead to irritation behind the ears
from elastic straps. Health care workers can consider alternating
between surgical masks with ear loops and surgical masks with tie
straps to decrease pressure. Thin dressings can be applied to con-
tact areas around or behind the ears to relieve pressure from elas-
tic straps. Some vendors have developed devices that allow users
to attach straps behind the head to remove tension*’; examples
include headbands affixed with buttons and plastic 3D-printed
straps. The WOCNS states that this type of device modification
is acceptable for surgical masks but cautions that they could alter
the fit and performance of N95 respirators*; guidance from local
hospital policy should be obtained before using these devices with
NO95 respirators.

Nose and Cheeks

NO95 respirators require a tight fit to achieve adequate seal and pro-
tection. The nasal bridge, nasal tip, and malar cheeks are common
contact points.

Survey studies on the recent COVID-19 pandemic have identi-
fied prolonged mask use for more than 6 hours as a risk factor for
adverse cutaneous reactions.”> Shorter use times, or longer breaks
between shifts, could be considered. An expert panel from the
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Nurses Specialized in Wound, Ostomy and Continence Canada and
a Portuguese group both recommend that PPE be removed and
pressure be relieved every 4 hours,”*
sure Injury Advisory Panel (NPIAP) recommends that if pressure
relief is needed, users remove the mask for 15 minutes every 2

O whereas the National Pres-

hours.”® Alternatively, the NPIAP recommends that pressure can
be relieved by lifting the mask away from the face for 5 minutes ev-
ery 2 hours. The NHS also recommends breaks every 2 hours.””

Skin-protective topicals can be considered as long as they do not
interfere with fit and safety. Options include silicone or dimethicone
barrier creams, acrylate-based products, and other topical skin pro-
tectants. Suggested products are listed in Table 3. The NPIAP rec-
ommends against the use of petrolatum jelly, mineral oil, or other
greasy topicals under N95 respirators.*®

The use of prophylactic dressings with N95 respirators is contro-
versial; they should not be used unless approved by local hospital
policy. Dressing options are reviewed in Table 3. The NPIAP stops
short of endorsing occlusive dressings with N95 masks but provides
guidance that if thin dressings are used, they can be cut into strips
for the cheeks, nasal bridge, and behind the ears. Repeat fit testing
should be performed with the dressing in place to ensure an appro-
priate seal.’® They also state that dressings should be considered
contaminated and recommend that users close their eyes and hold
their breath in exhalation during removal. The Portuguese group,
NHS, and Nurses Specialized in Wound, Ostomy and Continence
Canada have similar recommendations,””***° and 2 provide photo-
graphs of anatomy-fitting shapes into which dressings can be cut.***°

In contrast, the WOCNS recommends against use of dressings
under N95 masks because they may interfere with fit.**

Disease-Specific Management Strategies
Irritant Contact Dermatitis

Irritant contact dermatitis is likely the most common manifestation
of cutaneous mask adverse reaction. Strategies should focus on
preventing friction and pressure while also maintaining proper de-
vice performance. Cleaning the skin daily to remove excess oil and
mask residue is important. Gentle skin care, including regular appli-
cation of moisturizers and/or barrier creams along with targeted
therapy for dermatitis, is appropriate. A change of mask brand or
style can be considered. Even after the skin has healed, barrier pro-
tection should continue.

Allergic Contact Dermatitis

The goal of management for ACD from facial PPE is allergen avoid-
ance. Comprehensive patch testing and repeat open application test-
ing of potential culprit products may be necessary to identify
causative agents. Patch testing of facial PPE can be completed by
deconstructing the PPE to isolate individual components (layers of
mask, nosepiece, ear piece, etc) and then direct application to the
skin with a drop of saline and application of tape, followed by stan-
dard patch test protocols. If patch testing is not possible, avoidance
of potential allergens, gentle skin care, and targeted dermatitis ther-
apy are the best practices. In addition, a change of the brand, style,
and/or mask color can be considered. If there is concern for

1V:\:18=® Proposed Products for Management of Face Mask Dermatitis

Product Category Manufacturer Product Name
Dressing ConvaTec Duoderm Extra Thin
Spenco 2nd Skin Moist Burn Pad
DermaRite DermaViewll Transparent Film Dressing
Johnson & Johnson BAND-AID HYDRO SEAL
Acrylate barrier products DermaRite DermaPrep Liquid Barrier Skin Prep

Cardinal Health
Medline Industries

Silicone barrier products Essity
Molnlycke
ConvaTec

DermaRite Industries
Medline Industries

Kendall Barrier Wipes
Marathon No Sting Cyanoacrylate Skin Protectant
Cutimed PROTECT
Mepitac tape
Sensi-Care Sting Free Skin Barrier
StingFree Alcohol Free Liquid Skin Prep & Shield
SurePrep Rapid Dry

Acrylate and silicone barrier products

Dimethicone barrier products

Other barrier products
Powders

3M Health Care
3M Health Care
Smith+Nephew
Safe n’ Simple
Safe n’ Simple
Smith+Nephew
Gloves in a Bottle
La Roche-Posay
Neutrogena

3M Cavilon Advanced Skin Protectant
3M Cavilon No Sting Barrier Film
No-Sting Skin Prep Protective Dressing
Safe n’ Simple No-Sting Skin Barrier Film Spray*t
Safe n’ Simple No-Sting Skin Barrier Fim Wipes*t
Skin-Prep Protective Dressing Wipes*
Giloves in a Bottle Shielding Lotion
Cicaplast Baume B5
Mineral sheers (mica/bismuth powders)

*Contains diazolidiny! urea.

tContains propylene glycol.
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polypropylene (or formaldehyde) allergy, consider a polyester or
polycellulose-based mask.

Acne

Facial cleansing should occur at the end of each shift. Sensitive skin
types may need to reduce the use of cleansers containing salicylic
acid, benzoyl peroxide, and other irritants. Oily skin types may need
to wash the face before and after wearing the mask. Gentle skin care
and standard targeted therapy for acne are appropriate. A report of
N95 respirator-related acne in HCWs identified topical retinoids
and systemic antibiotics as useful in 2 patients.*®

Contact Urticaria

Nonsedating antihistamine therapy should be considered to prevent
urticaria. Management may require decreased exposure time to
tight-fitting masks or job reassignment if therapeutic measures are
unsuccessful.

Limitations

There are many facial PPE manufacturers in the United States.
Although we attempted to reach a representative sample of the US
market, the availability of comprehensive manufacturing informa-
tion and the willingness of manufacturers to provide information
limited our analysis. This study did not evaluate face masks made
in Asia, which is currently the largest manufacturer of facial PPE
in the world; how widely they are used in the United States is
unknown.*’

CONCLUSIONS

The COVID-19 pandemic has resulted in the increased use of facial
PPE by HCWs triggering a rise in occupational dermatoses, with
ICD likely most common. Elastic bands, metal nose rims, and unde-
clared formaldehyde may cause ACD. We reviewed common mask
resterilization strategies and made recommendations on the preven-
tion and management of facial PPE-related occupational dermatoses.
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