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ABSTRACT

Background: COVID-19 (coronavirus discase 2019) is the global pandemic that emerged in Wuhan, China, and has
rapidly spread throughout the world. Healthcare workers (HCWs) who care for patients suffering from COVID-19 are
at greater risk of contracting the infection and, for this reason, PPE (personal protective equipment) is worn. As PPE
covers the entire surface area of the body and is worn for long hours, HCWs are likely to suffer from untoward effects
on the skin. Methods: To determine the occurrence of untoward effects on the skin from the use of PPE among HCWs,
a questionnaire was prepared and circulated online among HCWs caring for COVID-19 patients. The questionnaire
included questions regarding the grade and the duration of use of PPE and untoward effects on the skin. Univariate
and multivariate analysis was employed to identify the potential factors for untoward effects on the skin from the use of
PPE. Results: A total of 415 HCWs responded to the questionnaire. The survey found three types of untoward effects
on the skin. Among all, 389 (93.7%) had mask-related effects on the skin, 318 (76.6%) had glove-related effects on the
skin, and 89 (21.4%) had gown-related effects on the skin. There was a significant association between the gender, the
occupation, the level of PPE, the duration of use of PPE, and the moisture received during the use of PPE and the
untoward effects on the skin. Conclusion: Untoward effects on the skin from the use of PPE among HCWs are quite

common Educating HCWs on these effects may help them to report early and receive proper care.
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INTRODUCTION

COVID-19 (coronavirus disease 2019), which emerged
in Wuhan, China, in December 2019, 1s caused by
SARS-CoV-2 (severe acute respiratory syndrome
coronavirus 2). With no remedy to date, the virus
has become a boundless pandemic, with 17 million
cases and 600,000 mortalities across the world, with
no differentiation between the poor and the rich
[1]. SARS-CoV-2 is primarily transmitted through
respiratory droplets (> 5-10 um) and direct contact.
Airborne transmission is possible during procedures
and treatments that generate aerosols [2]. The fact

that respiratory droplets and direct contact are the
established routes of transmission of SARS-CoV-2
emphasizes the need for the use of appropriate PPE
(personal protective equipment) by HCWs (healthcare
workers) treating COVID-19 patients.

PPE is designed to provide protection against serious
injuries or illnesses resulting from chemical, physical,
mechanical, electrical, radiological, and other hazards
[3]. PPE comprises equipment that protects the
mouth, nose, eyes, ears, bare skin, and other vulnerable
parts depending on one’s working environment [4].
PPE includes items such as gloves, safety glasses and
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shoes, earplugs, hoods, respirators, coveralls, vests, and
full-body suits [5]. Based on the degree of protection
provided, PPE is classified into four categories. Level
A comprises an encapsulated suit and a self-contained
breathing apparatus that provides the highest level
of protection available for both contact and inhaled
threats. Level B comprises an encapsulating suit or
junction seams sealed with a supplied air respirator
or a self-contained breathing apparatus that provides
a high level of protection adequate for unknown
environmental entry and a supplied air ensemble with
increased mobility and dexterity. Level C comprises a
splash suit and an air-purifying respirator that provides
significantly increased mobility and decreased physical
stress with extended periods of time with no fit testing
required for the hood. Level D comprises work clothes
and standard precautions such as surgical masks, gloves,
and splash protection, providing the lowest level of
respiratory and skin protection [6].

The Centers for Disease Control and Prevention
(CDC) and the World Health Organization (WHO)
recommend N95 masks for HCWs caring for patients
suspected or confirmed to have highly transmissible
respiratory infections. The N stands for NIOSH
(National Institute for Occupational Safety and
Health), and the 95 indicates filter efficiency. Thus,
an N95 mask is 95% efficient at filtering particles 300
nm in size and larger [7]. An N95 mask is made from
a fine mesh of synthetic polymer fibers, often a non-
woven polypropylene fabric, produced by melt-blowing
to form filtration layers against hazardous particles.
Gloves for medical examination, which act as a barrier
against possible transmission of infection, are made
from latex or synthetic materials, such as nitrile or vinyl.
Gowns used for isolation and protection are made from
non-woven materials such as polypropylene, polyester,
or polyethylene alone or in combination [8]. Because
no single protective equipment is capable of protecting
against all hazards, PPE should be used in conjunction
with other protective methods, including exposure
control procedures and equipment. The use of PPE
causes significant discomfort and, thus, impairs the
wearer’s ability to perform work. Choosing well-fitting
PPE based on the expected exposure provides the
wearer with a comfortable environment to perform their
work. However, the use of PPE may cause certain skin
problems due to long-term sealing, friction, and pressure
[4]. As reported by Foo et al. [9], the most common
adverse reaction to an N95 mask is acne, followed by
itch (caused by gloves) and rash (caused by gowns).
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India reported its first COVID-19 case on January
30, 2020. Despite aggressive lockdown measures,
confirmed cases continued to rise on a daily basis,
reaching one million cases on July 17, 2020 [10]. In
March 2020, some of our colleagues teleconsulted
us for skin reactions after the use of PPE during the
treatment of COVID-19 patients. For this reason, we
began to suspect that the untoward effects on the skin
from PPE were more common than expected and, thus,
we decided to explore this issue in a study.

MATERIALS & METHODS
Study Design

A cross-sectional study was conducted from April to
June 2020 at a tertiary care center in Bengaluru, a
dedicated hospital for the treatment of COVID-19

cases.
Data Collection

A questionnaire was prepared to determine the
untoward effects on the skin from the use of PPE
among HCWs treating COVID-19 patients. The
questionnaire was revised after reviewing articles and
feedback from the medical and nursing staff. The
questionnaire included demographic data (age, sex,
occupation, place of work), information on the use of
PPE. (grade of PPE, duration of use of PPE, sweating
during the use of PPE) and the untoward effects on the
skin due to wearing masks, gloves, and gowns, as well
as and the aftercare received. The questionnaire was
distributed among HCWs as an online document by
e-mail and social media such as WhatsApp. Participants
who voluntarily filled the questionnaire and submitted
it within a week were included in the study.

Statistical Analysis

Univariate analysis was performed first to identify
the potential factors for the untoward etfects on the
skin from the use of PPE with a chi-squared test. A p
value below 0.05 was considered significant and these
variables were entered for multivariate analysis. All
analysis was done with the SPSS software, version 20.0.

RESULTS

A total of 415 HCWs responded to our questionnaire.
The mean age was 29.43 = 3.8 years. 371 (89.4%) were
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less than 35 years of age and 44 (10.6%) were 35 years
of age or older.

191 (46%) were male and 224 (54%) were female. 314
(75.7%) were doctors and 101 (24.3%) were nursing
staff. 77 (18.6%) were working in a screening OPD, 286
(68.9%) in a COVID ward, and 52 (12.5%) in both a
screening OPD and a COVID ward. 399 (96.1%) and
16 (3.9%) wore level B and level C PPE, respectively. 33
(8%) wore PPE, for 3 hours, 48 (11.5%) for 3-6 hours,
and 334 (80.5%) for more than 6 hours a day. Two layers
of gloves were worn by 132 (31.8%) and three layers
of gloves were worn by 283 (68.2%). The frequency of
handwashing during the day was more than ten times
in 220 (53%) and less than or equal to ten times in

195 (47%).

The survey found three types of untoward effects on
the skin. 389 (93.7%) had mask-related effects on the
skin, 318 (76.6%) had glove-related effects on the skin,
and 89 (21.4%) had gown-related effects on the skin
(Table 1). 72.5% reported a pressure effect on the skin
due to the use of a mask, 47.5% had vague itching on
the face, 35.9% had dry skin, 26.7% had pigmentation
on the nasal bridge, 26.5% had a flare of acne, and 10.6%
had folliculitis. 1.2% reported herpes simplex on the
nose and the perinasal area. Additionally, 5.8% reported
having a runny nose, and 0.5% had a worsening of their
asthma due to the regular and prolonged use of a mask.

Table 1: Prevalence of untoward effects on the skin after the use of PPE.

Type of ppe  Sign/symptom Number of persons with
sign/symptoms n (%)

1. Mask related effects [389 (93.7)]

Itch 197 (47.5)
Dry Skin 149 (35.9)
Redness 105 (25.3)
Acne flare 110 (26.5)
Folliculitis 44 (10.6)
Herpes Simplex 05 (1.2)
Pigmentation 111 (26.7)
Peeling of skin 49 (11.8)
Pressure Effect on skin 301 (72.5)
Running Nose 24 (5.8)
Worsening Asthma 02 (0.5)
Other Symptoms 13 (3.1)
Gloves related effects [318 (76.6)]
Itch 244 (58.8)
Dry Skin 198 (47.7)
Redness 58 (14.0)
Pressure Effects on skin 52 (12.5)
Gown related effects [89 (21.4)]
Itch 63 (15.2)
Dry Skin 14 (3.4)
Redness 10 (2.4)
Pressure effects on skin 23 (5.5)

Glove-related effects on the hands were noted, such
as itching in 58.8% of cases, dry skin in 47.7%, redness
in 14%, and a pressure effect in 12.5%. Gown-related
effects were noted on the trunk, axilla, and groin, such
as itching in 15.2% of cases, dry skin in 3.4%, redness
in 2.4%, and a pressure effect in 5.5%.

Table 2 shows the anatomical distribution of the
untoward effects on the skin from the use of PPE, with
the brunt on the hands 318 (76.6%), followed by the
nose 291 (70%).

The data collected was subjected to univariate analysis,
and a chi-squared test was employed to compare the
categorical values (Table 3). There was a significant
association between the gender, the occupation, the
level of PPE, the duration of use of PPE, the moisture
received during the use of PPE, and the untoward
effects on the skin.

Characteristics with a p value less than 0.05 on
univariate analysis were subjected to multivariate
analysis with logistic regression (Table 4). Skin injuries
were set as the dependent variable (0: absent; 1:
present), and the single factors of a p value less than
0.05 (Table 3) were set as the independent variable.

An odds ratio (OR) above 1 suggested a positive
association between the mask-related effects and the
occupation, the moisture received during the use of
PPE, the level of PPE, and the duration of use of PPE.
Also, a positive association was seen between glove- and
gown-related effects and the occupation, the moisture
received during the use of PPE, and the level of PPE.
In our study, 75.7% of participants were doctors and
24.3% were nursing staff, so the association between
the occupation and the untoward effects needs to be
further evaluated. The Hyperhidrosis Disease Severity
Scale (HDSS) was employed to assess the severity of
sweating. The mean score during the use of PPE was
1.95 while, otherwise, it was 1.19, with a significant p
value of 0.001, which suggests that most HCWs tend

Table 2: Anatomical distribution of untoward effects on the skin.

Location n (%)
Forehead 241 (58.1)
Nose 291 (70.0)
Cheeks 90 (21.6)
Ear 4 (0.96)
Hands 318 (76.6)
Trunk 26 (6.3)
Axilla 14 (3.4)
Groin 2(0.48)
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Table 3: Univariate analysis of untoward effects on the skin

Characteristics Mask related skin P
effects n (%)

Gloves related skin P
effects n (%)

Gown related skin P
effects n (%)

Gender
Male (191) 177(92.7) 0.408 141(73.8) 0.213 34(17.8) 0.095
Female(224) 212(94.6) 177(79.0) 55(24.6)
Age
<35 Years(371) 347(93.5) 0.619 288(77.6) 0.162 81(21.8) 0.577
=35 Years(44) 042(95.5) 030(68.2) 08(18.2)
Occupation
Doctor(314) 296(94.3) 0.430 251(79.9) 0.005 79(25.2) 0.001
Nursing staff(101) 93(92.1) 67(66.3) 10(9.9)
Level of PPE
B(399) 376(94.2) 0.036 307(76.9) 0.448 86(21.6 0.789
C(16) 13(81.2) 11(68.8) 3(18.8)
Duration of PPE use
3 Hours(33) 31(93.9) 0.999 20(60.6) 0.065 8(24.2) 0.034
3 to 6 Hours(48) 45(93.8) 39(81.2) 17(35.4)
6 Hours(334) 313(93.7) 259(77.5) 64(19.2)
Soaky Wet during PPE use
Yes(352) 336(95.5) 0.001 279(79.3) 0.003 82(23.3) 0.030
No(63) 53(84.1) 39(61.9) 7(11.1)
Layers of gloves
2(132) 105(79.5) 0.337
3(282) 213(75.3)
Frequency of hand wash per day
>10 times (190) 173(78.6) 0.304
<10 times (225) 145(74.4)
Table 4: Multivariate analysis of factors associated with untoward effects on the skin
Factors Mask Gloves Gown
OR 95%ClI P OR 95%CI P OR 95%CI P
Gender 0.673 0.292-1.553 0.275 0.707 0.439-1.139 0.154 0.685 0.417-1.125 0.135
Occupation 1.664 0.393-7.036 0.489 1.932 0.969-3.855 0.062 3.134 1.259-7.803 0.014
Soaky wet 5.350 1.829-15.652 0.024 1.791 0.913-3.514 0.090 1.732 0.688-4.361 0.243
Level of PPE 1.901 0.444-8.130 0.386 1.076 0.326-3.552 0.905 1.042 0.258-4.201 0.954
Duration of use 1.029 0.205-5.164 0.972 0.350 0.159-0.773 0.009 0.991 0.411-2.390 0.985

to sweat profusely, contributing to the untoward effects
on the skin.

As a method of aftercare for untoward effects on the
skin, 346 (83.4%) used moisturizers, 93 (22.4%) used
soothing lotions, 26 (6.3%) needed an antibiotic, either
orally or topically, and 1 (0.2%) needed to dress the
wound for a week.

Figures la — If show clinical pictures of untoward
effects on the skin from the use of PPE observed in
our study.

DISCUSSION

HCWs (healthcare workers) are at the frontline of
treating COVID-19 patients, wearing PPE for long
hours and, therefore, being susceptible to PPE-related

© Our Dermatol Online 3.2021

untoward effects. In our study, the most prevalent
untoward effect on the skin from the use of PPE were
mask-related effects, followed by glove-related and
gown-related. This predominance in mask-related
effects might be due to the greater number of sebaceous
glands and a moderate number of eccrine sweat glands
on the face, which may trigger acne and increase
sweating, respectively.

The pressure effect of the mask on the bridge of the
nose—the most frequent untoward effect of a mask—is
due to the anatomical structure of the face, in which
the nose is the most protruding element. The forehead
was the second most common site for untoward
effects, such as acne and folliculitis, which were due
to the distribution and occlusion of the pilosebaceous
ducts and the pressure effect by goggles, face shields,
or surgical caps pressing on the forchead. These were
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Fig 1: (a) Pressure effect from the mask. (b) Allergic contact dermatitis from the gloves. (c) Wrinkling of the skin due to excessive sweating. (d)
Herpes simplex infection on the nose (black rectangle). (e) Postinflammatory hyper- and hypopigmentation secondary to the erosion on the bridge
of the nose from the mask (black circle). (f) Erythema due to the pressure effect from the goggles (black circle and rectangle).

the contributing factors for the untoward effects on
multiple parts of the face.

This was similar to the observation made by Jiang et al.
[11] in a study among medical staff in China, noting that
device-related pressure injuries were more common than
moisture-associated effects. A similar observation was
made by Foo et al. [9] and Lin et al. [12]. We found little
pressure effect on the ear, as the type of N95 mask that
was used had overhead straps, not ear straps. The herpes
simplex cases may be attributed to the reactivation
of the virus due to the stress and anxiety in treating
COVID-19 patients. A homeostatic interaction model
suggests that the hypothalamic—pituitary—adrenal axis,
especially corticosteroids, is the primary driving force
of stress-induced secondary immune deficiencies that
impairs viral clearance and, hence, may predispose to
the reactivation of the herpes virus [13].

Dry skin, itch, and redness were also reported frequently
on the face, hand, and trunk, probably from the
frequent handwashing and bathing and the use of
soaps and sanitizers, as well as contact dermatitis from
the components of the mask, such as the rubber straps
or metal clips, the gloves, and the fabric of the gown.
Additional factors responsible for untoward effects
are heavy and airtight PPE that makes it difficult to

© Our Dermatol Online 3.2021

volatilize perspiration, thus changing the microclimate
of the skin and decreasing skin tolerance. Soaked skin
due to sweat combined with pressure increases the
friction coefficient between the PPE and skin, thus
causing abrasions and peeling of the skin [14].

Hence, promoting education on the proper use of PPE
and restricting the duration of wearing PPE to not more
than six hours a day may, at the administrative level,
help in reducing the untoward effects on the skin. At the
personal level, HCWs should be encouraged to follow
the standards of the use of gloves, hand hygiene, and
skincare. In the case of severe dermatoses or sustained
aggravation of existing dermatoses, a dermatological
referral is recommended [12].

Limitations

The limitations of this study were subjective evaluation
of skin changes (self-perceived skin changes) and a
small sample size.

CONCLUSION

The study suggests that all HCWs should be educated
on the possible skin effects from the use of PPE and
on the protective measures available for reducing these
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effects, such as prophylactic dressings and creams
suitable for different parts of the body that would
effectively keep the moisture balance and prevent
fogging of the goggles.

According to the author’s knowledge, this is one of the
pioneer questionnaire-based studies conducted in India

relating to untoward effects on the skin from the use
of PPE among HCWs.
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