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T he COVID-19 pandemic has overwhelmed health 
care facilities and health care providers (HCPs) due 
to the limited resources available to treat a rapidly 

expanding patient population. Health care providers have 
been required to work long hours and put themselves  
at increased risk of infection by coming into frequent 
contact with infected patients. In addition to the risk of 
becoming infected with severe acute respiratory syn-
drome coronavirus 2, HCPs might be required to wear 
personal protective equipment (PPE) for the entirety of 
the workday, which can cause a variety of adverse effects.

During the COVID-19 pandemic, there has been an 
increase in reported cases of facial acne, pressure injury, 
urticaria, allergic contact dermatitis (ACD), irritant con-
tact dermatitis (ICD), and exacerbation of underlying 
cutaneous conditions among health care workers.1-4 This 
increase in dermatologic disorders among HCPs has been 

associated with the increased utilization of and duration 
of exposure to PPE—particularly N95 respirator masks 
and surgical masks.5-7 Most studies of these reactions 
have attributed them to local pressure, friction, hyperhy-
dration, elevated pH, and occlusion caused by prolonged 
wearing of the masks, resulting ultimately in acne and 
other rashes8-10; however, a few studies have suggested 
that formaldehyde is a potential culprit underlying the 
increase in skin reactions to face masks.11-14 

Formaldehyde is a known skin irritant and has been 
found to cause ACD and ICD from exposure to textiles 
and cosmetics treated with this chemical.15-18 Both N95 
and surgical masks previously have been found to con-
tain sufficient levels of formaldehyde or formaldehyde- 
releasing resins (FRRs) to induce ACD or ICD in suscep-
tible people.12-14 In this article, we focus on the role of 
formaldehyde in N95 masks as a potential cause of ACD 
and ICD in HCPs who have been wearing PPE during the 
COVID-19 pandemic. 

Formaldehyde: Benefits With  
Significant Problems
Formaldehyde is nearly ubiquitous in the textile industry 
because it confers advantageous properties, including 
resistance to flames, water, and wrinkling.15 Despite these 
advantages, it has long been established that consumers 
can become sensitized to formaldehyde and FRRs in tex-
tiles after chronic exposure.15-18 

A study of Australian HCPs found that 5.2% of those 
tested had ACD in response to formaldehyde, which was 
attributed to their PPE.11 In a case report of ACD caused 
by FRRs, Donovan and Skotnicki-Grant12 suggested that 
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PRACTICE POINTS
•  Prolonged wearing of N95 respirator masks has been 

associated with causing or complicating a number of 
facial inflammatory dermatoses.

•  Consider the possibility of contact dermatitis second-
ary to formaldehyde exposure in individuals wearing 
N95 masks for prolonged periods.

•  Information on the chemical components of N95 
masks would be useful for clinicians tasked with evalu-
ating patients with facial inflammatory dermatoses.
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individuals who are sensitive to formaldehyde are vulner-
able to reactions that are exacerbated by friction, warmth, 
moisture, and tight-fitting materials—all of which 
can occur when wearing an N95 mask. In that report,  
a formaldehyde-sensitive patient had a strong positive 
reaction on patch testing to melamine formaldehyde 
and to a piece of her N95 mask while taking predni-
sone 8 mg/d, suggesting that some sensitized patients 
have a strong reaction to their mask even when they  
are immunosuppressed.12 

This finding, along with the known formaldehyde 
content of some N95 masks, suggests that these masks 
might be a cause of contact dermatitis in some HCPs. 
Somewhat complicating the situation is that false- 
negative patch testing can occur in and might contribute 
to the underdiagnosis of formaldehyde-induced N95 
mask facial dermatitis.12,13 Some HCPs have reported mild 
respiratory symptoms and eye irritation associated with 
the use of an N95 mask—symptoms that are consistent 
with formaldehyde exposure. In some cases, those symp-
toms have caused discomfort sufficient to prompt HCPs 
to take leave from work.13,14

Development of contact dermatitis in response to an 
N95 mask is not novel; this problem also was observed 
during the severe acute respiratory syndrome pandemic 
of the early 2000s.9,17 Some HCPs noticed onset of skin 
reactions after they were required to wear an N95 mask 
in the workplace, which some studies attributed to mate-
rial in the mask increasing the likelihood of developing 
an adverse reaction.2,6,8 The components of N95 masks 
and the materials from which they are manufactured are 
listed in the Table.19

Other studies have shown that formaldehyde- 
sensitive individuals had positive patch test reactions to 
the fabric of N95 and surgical masks, which was found 
to contain free formaldehyde or FRRs.12-14 However, 
there are limited reports in the literature confirming the 
presence of formaldehyde in N95 masks, suggesting the  
need for (1) more patch testing of N95 mask fabric and 
(2) correlative high-performance liquid chromatography 
analysis of the masks to confirm that formaldehyde-
sensitive individuals are at risk of formaldehyde-related 
dermatosis in response to an N95 mask. The absence of 
any regulatory requirements to list the chemical compo-
nents of N95 masks makes it impossible for mask users to 
avoid exposure to potential irritants or carcinogens. 

Face Masks, Adverse Reactions,  
and Formaldehyde
Allergic contact dermatitis and ICD typically are  
rare responses to wearing facial masks, but the recent 
COVID-19 pandemic has forced HCPs to wear masks 
for longer than 6 hours at a time and to reuse a 
single mask, which has been shown to increase the 
likelihood of adverse reactions.1,4,6 Additionally, humid 
environments, tight-fitting materials, and skin abrasions— 
all of which can be induced by wearing an N95  
mask—have been found to increase the likelihood of 
formaldehyde-related contact dermatitis by increasing the 
release of free formaldehyde or by enhancing its penetration  
into the skin.6,20,21

Formaldehyde is an ubiquitous chemical agent that 
is part of indoor and outdoor working and residen-
tial environments. Health care professionals have many 
opportunities to be exposed to formaldehyde, which 
is a well-known mucous membrane irritant and a pri-
mary skin-sensitizing agent associated with both contact 
dermatitis (type IV hypersensitivity reaction), and an 
immediate anaphylactic reaction (type I hypersensitivity 
reaction).22-25 Exposure to formaldehyde by inhalation 
has been identified as a potential cause of asthma.26,27 
More studies on the prevalence of formaldehyde-induced 
hypersensitivity reactions would be beneficial to HCPs for 
early diagnosis of hypersensitivity, adequate prophylaxis, 
and occupational risk assessment.

N95 mask dermatitis also heightens the potential for 
breaches of PPE protocols. The discomfort that HCPs 
experience in response to adverse skin reactions to masks 
can cause an increased rate of inappropriate mask- 
wearing, face-touching during mask adjustment, and 
removal of the mask in the health care setting.28 These 
acts of face-touching and PPE adjustment have been 
shown to increase microbial transmission and to reduce 
the efficacy of PPE in blocking pathogens.29,30

Considering the mounting evidence that widespread 
use of masks effectively prevents viral transmission, it is 
crucial that all HCPs wear appropriate PPE when treat-
ing patients during the COVID-19 pandemic.31,32 The 
recent surge in ACD and ICD among HCPs in response 

Material Content of the Components of 
an N95 Respirator Mask19

Component Material

Strap Polyisoprene

Staple Steel

Nose foam Polyurethanea

Nose clip Aluminum

Filter Polypropyleneb

Valve Polypropyleneb

Valve diaphragm Polyisoprene

Shell Polyesterb

a This material might contain added formaldehyde or  
formaldehyde-releasing resins, depending on the manufacturer.

b This material most likely contains added formaldehyde or  
formaldehyde-releasing resins.
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to wearing N95 masks creates a need to determine the 
underlying cause of these dermatoses and find methods 
of mitigating sensitization of HCPs to the offending 
agents. The current epidemiology of COVID-19 in the 
United States suggests that PPE will be necessary for 
much longer than originally anticipated and will continue 
to be worn for long hours by HCPs. 

Formaldehyde-Free Alternatives?
Some researchers have proposed that using materials 
that are free of allergens like formaldehyde might be a 
long-term solution to the development of contact der-
matitis.15,33 Formaldehyde is used in the finishing process 
of N95 masks for wrinkle and crease resistance and to 
prevent mildew. It is possible that formaldehyde could 
be completely removed from the manufacturing process, 
although no studies on the effects of such alternatives on 
mask efficacy have been performed.

Formaldehyde-free alternatives that would confer 
similar properties on textiles have been explored; the 
most promising alternative to formaldehyde in cross-
linking cellulose fibers is polycarboxylic acid in combina-
tion with sodium hypophosphite, which can help avoid 
the adverse health outcomes and environmental impact 
of formaldehyde.34-36 Studies of such alternatives in the 
manufacturing of N95 masks would be needed to estab-
lish the efficacy and durability of formaldehyde-free PPE. 

Final Thoughts
Additional studies are needed to confirm the presence 
of formaldehyde in N95 masks and to confirm that the 
mask material yields a positive patch test in sensitized 
individuals. The paucity of available studies that quantify 
formaldehyde or FRR content of N95 and surgical masks 
makes it difficult to establish an association between the 
chemical content of masks and the prevalence of mask 
dermatitis among HCPs; however, available reports of 
skin reactions, including contact dermatitis, from PPE 
suggest that formaldehyde sensitivity might be at least 
part of the problem. As such, we propose that manufac-
turers of N95 and surgical masks be required to reveal the 
chemical components of their products so that consumers 
can make educated purchasing decisions.
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