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Abstract
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a global pandemic that has spread all over the word.

To avoid the virus transmission, healthcare workers must wear adequate personal protective equipment (PPE). PPE is

associated with several side events, including skin reactions. The objective of this study was to summarize the preva-

lence, type and risk factors for cutaneous adverse events related to PPE and prevention measures to avoid them. A sys-

tematic review and meta-analysis was conducted using MEDLINE, Scopus and EMBASE databases from conception to

21 January 2021. All types of epidemiological studies regarding skin adverse events related to PPE were included. The

literature search identified 1007 references, 35 of them met the eligible criteria and were included for analysis, represent-

ing 31 453 participants. The media of skin side events related to PPE was 75.13%. The rate of cutaneous adverse events

related to mask was 57.71%, and those associated with gloves and hand hygiene products was 49.16%. Most common

skin adverse events were contact dermatitis, acne and itching. The most damaged anatomical regions were the nasal

bridge, the cheeks and the hands. The duration of PPE wearing was the most common risk factor. Frequent handwash-

ing, gloves and masks were the agents most frequently related to skin reactions. N95 respirators were the most harmful

mask type for the skin. Hydrocolloid use prevented from developing skin adverse events related to masks. In conclusion,

the rate of cutaneous adverse events related to PPE use is high. A longer duration of PPE wearing was the most com-

mon risk factor. Using hydrocolloid could prevent from skin injuries related to mask use.
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Introduction
In December 2019, a novel virus, called severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) and causal agent of the

novel coronavirus-2019 disease (COVID-19), emerged in

Wuhan, China Popular Republic, and rapidly spread around the

world. Currently, more than 90 million people have been

infected, with up to 2 million of deaths worldwide.1

To fight against the pandemic and avoid the virus transmis-

sion, healthcare workers (HCWs) must wear adequate personal

protective equipment (PPE), including medical masks, goggles

or face shields, plastic gowns and gloves, and perform frequent

handwashing.2 The long-term working sessions and the daily use

of the PPE can lead to physical and psychological disturbances

among HCWs.3,4 Moreover, several cutaneous adverse events

have been related to PPE.5 Nevertheless, the prevalence of skin

cutaneous adverse events related to PPE ranges between different

studies,6,7 it is not known the type of material most likely to

cause skin damage, and there is scarce evidence regarding pre-

ventive measures to avoid adverse skin events related to PPE.8,9

The aims of this study were to summarize the prevalence,

type and risk factors for cutaneous adverse events related to

PPE and to evaluate preventive measures taken to avoid cuta-

neous adverse events related to PPE in HCWs and the general

population.
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Material and methods

Design
A systematic review and meta-analysis were conducted (Supple-

mentary Material).

Research questions:

1 What is the prevalence of skin adverse events related to PPE?

2 Which are the most common skin adverse events associated

with PPE and which are the most affected regions?

3 What are the risk factors for developing skin side events

related to PPE?

4 What is the prevalence and what kind of side events are

related to mask use?

5 What is the prevalence and what kind of side events are

related to gloves and handwashing?

6 What prevention measures could be taken to avoid skin

adverse events related to PPE?

Search strategy
A literature search was performed using MEDLINE, Scopus and

EMBASE databases from conception to 21 January 2021, follow-

ing PRISMA Guidelines (Supplementary Material). The follow-

ing search algorithm was used: ((PERSONAL PROTECTIVE

EQUIPMENT) OR GLOVES OR MASK OR FACEMASK OR

(RESPIRATORY EQUIPMENT) OR (ALCOHOL-BASED

HAND RUB) OR SOAP OR ALCOHOL) AND (SKIN OR

CUTANEOUS OR DERMATOLOGY OR (SKIN REACTION)

OR (SKIN ADVERSE EVENTS)) AND (COVID-19 OR (CORO-

NAVIRUS DISEASE 2019)).

Inclusion and exclusion criteria
The search was limited to: (i) human data, (ii) in vivo stud-

ies, (iii) skin adverse events related to PPE and (iv) articles

written in English. All types of epidemiological studies (clini-

cal trials, cohort studies, case–control studies and cross-

sectional studies) regarding skin adverse events related to

PPE were included and analysed. Reviews, guidelines, proto-

cols, case series, case reports and conference abstracts were

excluded.

Study selection
Two researchers (TMV and CCB) independently reviewed the

titles and abstracts of the articles obtained in the first search to

assess relevant studies. The full texts of all articles meeting the

inclusion criteria were reviewed, and their bibliographic refer-

ences were checked for additional sources. The articles consid-

ered relevant by both researchers were included in the analysis.

Disagreements about inclusion or exclusion of articles were sub-

jected to discussion until a consensus was reached. If not

reached, resolution was achieved by discussion with a third

researcher (AMLo).

Variables
The variables assessed were study design, rate and type of skin

adverse events related to PPE, risk factors for developing skin

manifestations, number of participants, author, country, age,

sex, assessment tools, anatomical regions damaged and kind of

preventive measures.

Statistical analysis
The overall prevalence of skin cutaneous events related to PPE

was calculated by a random effect meta-analysis weighted by the

study sample size. Forest plots were constructed to summarize

the prevalence estimates and their 95% CIs. These figures pre-

sent measures of heterogeneity across studies (Cochrane Q

statistic, noted the I2 statistic). Microsoft Excel version 2016,

Redmond, WA, USA, was used to run these data.10

Results
The literature search identified 1007 references, 668 after remov-

ing duplicated papers. After reviewing the title and abstract, 136

records underwent full-text review. A total of 101 records were

excluded because they did not investigate skin adverse events

associated with PPE. Other reasons for exclusion along with the

flow chart are shown in Fig. S1 (Supporting Information).

Finally, 35 studies, representing 31 453 participants, met the eli-

gible criteria and were included and fully reviewed.

What is the prevalence of skin adverse events related to
general personal protective equipment?
The media of skin side events related to PPE was 75.13%, after

conducting a random effect meta-analysis weighted by the study

sample size (Fig. S1, Supporting Information). Thirteen studies

explored cutaneous adverse events related to PPE.5–7,11–20 Seven

studies evaluated the prevalence of skin side events related to

PPE.5–7,11–14 All the reports were cross-sectional studies that

evaluated the presence of skin side events with self-administered

questionnaires. 1912 out of 2424 participants had skin side

events, with high female:male ratio, and an age ranged from 20

to 65 years (Table 1).

Which are the most common skin adverse events
associated with PPE and which are the most affected
regions?
Contact dermatitis, acne and eczema were the most frequent dis-

orders;19,20 itching and burning the most common symptoms;20

and erythema and papules the most frequent signs.20 The preva-

lence and the type of specific skin conditions related to PPE and

the features of skin side events were also investigated15–18

(Table S1, Supporting Information).

The most frequently damaged anatomical regions were the

nasal bridge (67.22%), the cheeks (66.9%) and the hands

(62.6%).5,12,13 Soap and water (56.4%), gloves (47.5%),

© 2021 The Authors. Journal of the European Academy of Dermatology and Venereology published by John Wiley & Sons Ltd
on behalf of European Academy of Dermatology and Venereology

JEADV 2021

2 Montero-Vilchez et al.



T
ab

le
1

S
tu
d
ie
s
re
ga

rd
in
g
p
re
va

le
nc

e
of

sk
in

ad
ve

rs
e
ev

en
ts

re
la
te
d
to

pe
rs
on

al
p
ro
te
ct
iv
e
eq

ui
pm

en
t

S
tu
dy

an
d
si
te

D
es

ig
n

P
ar
tic

ip
an

ts
A
ge

(y
ea

rs
)

S
ex

(f
em

al
e:

m
al
e

ra
tio

)

A
ss

es
sm

en
t

to
ol
s

P
re
va

le
nc

e
of

sk
in

si
de

ev
en

ts

M
os

tc
om

m
on

ad
ve

rs
e
ev

en
ts

A
na

to
m
ic
al

re
gi
on

s
m
os

t
da

m
ag

ed

R
is
k
fa
ct
or
s

Y
ua

n
N
et

al
.

C
hi
na

C
ro
ss
-s
ec

tio
na

l
st
ud

y
12

9
H
C
W
s

N
S

N
S

O
nl
in
e
se

lf-
ad

m
in
is
te
re
d

qu
es

tio
nn

ai
re

94
.6
%

(1
22

/1
29

)
F
ac

ia
li
nd

en
ta
tio

n,
ra
sh

,d
er
m
at
iti
s

N
S

N
S

S
w
am

in
at
ha

n
R
et

al
.U

K
C
ro
ss
-s
ec

tio
na

l
st
ud

y
72

H
C
W
s

N
S

1.
7:
1

O
nl
in
e
se

lf-
ad

m
in
is
te
r

qu
es

tio
nn

ai
re

43
.2
%

(3
1/
72

)
N
S

N
S

N
S

P
ei

S
et

al
.

C
hi
na

C
ro
ss
-s
ec

tio
na

l
st
ud

y
48

4
H
C
W
s

20
–6

0
3.
14

:1
O
nl
in
e
se

lf-
ad

m
in
is
te
r

qu
es

tio
nn

ai
re

73
.1
%

(3
54

/4
84

)
P
ru
rit
us

,e
ry
th
em

a,
pr
ur
ig
o,

bl
is
te
rs
,

rh
ag

ad
es

,p
ap

ul
e/

oe
de

m
a,

ex
ud

at
io
n/

cr
us

t,
lic
he

ni
fi
ca

tio
n

F
ac

e,
ha

nd
,l
im

bs
,

tr
un

k
H
ig
h
le
ve

lo
fp

ro
te
ct
io
n,

hi
gh

er
w
or
ki
ng

fr
eq

ue
nc

y,
lo
ng

er
du

ra
tio

n
of

w
ea

rin
g

pr
ot
ec

tiv
e
su

its
†

Li
n
P
et

al
.

C
hi
na

C
ro
ss
-s
ec

tio
na

l
st
ud

y
37

6
H
C
W
s

N
S

3.
5:
1

Q
ue

st
io
nn

ai
re

74
.5
%

(2
80

/3
76

)
N
S

H
an

ds
,c

he
ek

s,
na

sa
lb

rid
ge

F
em

al
e
se

x,
w
or
ki
ng

in
ho

sp
ita

ls
w
ith

a
m
or
e

se
ve

re
ep

id
em

ic
,

w
or
ki
ng

in
in
pa

tie
nt

w
ar
ds

,l
on

ge
rP

P
E

w
ea

rin
g
pe

rio
ds

(>
6
h)
‡

La
n
J
et

al
.

C
hi
na

C
ro
ss
-s
ec

tio
na

l
st
ud

y
54

2
H
C
W
s

20
–5

6
3.
8:
1

O
nl
in
e
se

lf-
ad

m
in
is
te
r

qu
es

tio
nn

ai
re

97
.0
%

(5
26

/5
42

)
S
ym

pt
om

s:
D
ry
ne

ss
/

tig
ht
ne

ss
,t
en

de
rn
es

s,
itc
hi
ng

,b
ur
ni
ng

/p
ai
n

S
ig
ns

:D
es

qu
am

at
io
n,

er
yt
he

m
a,

m
ac

er
at
io
n,

fi
ss
ur
e,

pa
pu

le
,e

ro
si
on

an
d
ul
ce

r,
ve

si
cl
e,

w
he

al

N
as

al
br
id
ge

,
ch

ee
k,

ha
nd

s,
fo
re
he

ad
.

W
ea

rin
g
a
N
95

m
as

k
or

go
gg

le
s,

lo
ng

er
P
P
E

w
ea

rin
g
pe

rio
ds

(>
6
h)
,

fr
eq

ue
nt

ha
nd

hy
gi
en

e
(>
10

tim
es

da
ily
)‡

D
ay

e
M

et
al
.

T
ur
ke

y
C
ro
ss
-s
ec

tio
na

l
st
ud

y
44

0
H
C
W
s

33
.5

(2
1.
0–

65
.0
)

1.
5:
1

Q
ue

st
io
nn

ai
re

90
.2
%

(3
97

/4
40

)
D
ry
ne

ss
,i
tc
hi
ng

,
fl
ak

in
g,

tin
gl
in
g,

sp
al
lin
g,

pe
el
in
g,

lic
he

ni
fi
ca

tio
n

N
S

N
ot

us
in
g
m
oi
st
ur
iz
er
s,

pr
ev

io
us

hi
st
or
y
of

al
le
rg
ie
s
or

sk
in

di
se

as
e,

us
in
g
m
as

k
w
ith

m
et
al

no
se

br
id
ge

an
d
lo
ca

te
d
es

pe
ci
al
ly

on
th
e
no

se
§

B
at
tis
ta

R
A

et
al
.2

02
0.

Ita
ly

C
ro
ss
-s
ec

tio
na

l
st
ud

y
38

1
pa

rt
ic
ip
an

ts
(1
85

H
C
W
s,

31
pe

op
le

w
ith

hi
gh

pu
bl
ic
co

nt
ac

tj
ob

,
16

5
w
ith

lo
w

pu
bl
ic
ex

po
su

re
)

35
.0

�
11

.7
2:
1

E
m
ai
l/p

ho
ne

qu
es

tio
nn

ai
re
s

53
.0
2%

(2
02

/3
81

)
Itc

hi
ng

,a
cn

e,
sk
in

ra
sh

,p
re
ss
ur
e-
re
la
te
d

sy
m
pt
om

s

N
S

Lo
ng

er
P
P
E
w
ea

rin
g

pe
rio

ds
(>
6
h)
,u

si
ng

a
N
95

/F
F
P
2
m
as

k‡

C
on

tin
uo

us
da

ta
ar
e
ex

pr
es

se
d
as

m
ed

ia
�

S
D
or

m
ed

ia
n
(in

te
rq
ua

rt
ile

ra
ng

e)
,a

nd
ca

te
go

ric
al

da
ta

ar
e
pr
es

en
te
d
as

re
la
tiv
e(
ab

so
lu
te
)
fr
eq

ue
nc

ie
s.

H
C
W
s,

he
al
th
ca

re
w
or
ke

rs
;L

3P
P
E
,l
ev

el
3
ba

rr
ie
rp

ro
te
ct
io
n
pe

rs
on

al
pr
ot
ec

tiv
e
eq

ui
pm

en
t;
N
S
,n

ot
sp

ec
ifi
ed

;P
P
E
,p

er
so

na
lp

ro
te
ct
iv
e
eq

ui
pm

en
t.

†N
on

-d
efi

ni
ng

st
at
is
tic
al

te
st
.

‡L
og

is
tic

re
gr
es

si
on

an
al
ys
es

.
§C

hi
-s
qu

ar
e
(v

2
)t
es

t.

© 2021 The Authors. Journal of the European Academy of Dermatology and Venereology published by John Wiley & Sons Ltd
on behalf of European Academy of Dermatology and Venereology

JEADV 2021

Skin and personal protective equipment 3



sanitizers (38.6%) and masks (20.8%) were the most frequent

culprit agents.20

What are the risk factors for developing skin side events
related to PPE?
Longer duration of PPE wearing was the risk factor most fre-

quently associated with skin side events.5,7,12–14,19,20 Other risk

factors related to high rate of cutaneous adverse events were

female sex,12 non-use of moisturizers,14 a previous history of

dermatitis16 or wearing a N95 mask compared with a surgical

one.7

What is the prevalence and what kind of side events are
related to mask use?
The media prevalence of skin side events related to mask use was

57.17% after conducting a random effect meta-analysis weighted

by the study sample size (Fig. S2, Supporting Information).

Eleven studies evaluated the skin effects related to mask wear-

ing.21–31 Four studies analysed the overall prevalence of skin side

events related to mask wearing21–24 (Table 2). All of them were

cross-sectional studies assessing the prevalence by questionnaires.

5296 participants were included, 3900 non-HCWs and 1396

HCWs. 2430 participants reported cutaneous adverse events

related to mask use. The prevalence of skin side events related to

mask use was higher in HCWs (63.14%) than that in non-HCWs

(42.38%) without statistically significant differences (Fig. S4,

Supporting Information). Longer periods of mask wearing were

a risk factor for skin adverse events,21,22 while controversial

results were found regarding the type of mask. Most reports

observed that wearing a surgical mask was a risk factor for devel-

oping skin side events compared with other kind of mask.21,23,24

Nevertheless, Matusiak et al.22 showed that surgical mask was a

protective factor for sweating and itch. Acne and itching were the

most common adverse events reported in these studies.21–23

Moreover, two studies analysed itching related to mask wear-

ing25,26 (Table 2). Itching was reported in 875 out of 4644 par-

ticipants. The worst intensity of itch using a numeric rating scale

was moderate in most cases. Sensitive skin, atopic predisposi-

tions, facial dermatoses (such as acne or seborrheic dermatitis)

and longer periods of mask use were risk factors for developing

mask-related itching.25,26 The frequency of itching was also

higher in people wearing a N95/FFP2 mask compared with other

types of masks.25

In addition, five studies evaluated skin barrier function

impairment due to mask wearing27–31 (Table 3). Tempera-

ture27,28,30,31 and redness or erythema28–30 were higher while

stratum corneum hydration (SCH)28–30 was lower on the mask-

covered area compared with the non-covered one. Controversial

results were observed in other parameters. The effect in skin bar-

rier function between surgical mask and N95 one has been eval-

uated in three studies.27,29,30 Two studies showed higher

transepidermal water loss (TEWL) values on the mask-covered

area compared with the non-covered,29,30 while another two

investigations did not report changes between both areas.28,31

Comparing different types of masks, it was observed that tem-

perature increase was higher when using a N95 mask (1.2 vs.

0.7°C).28 Nevertheless, greater TEWL increases were found when

using a surgical mask (12.54 vs. 5.28 g/h/m2, P = 0.026).30

Other study did not report differences in skin homeostasis

parameters between types of masks.30

What is the prevalence and what kind of side events are
related to gloves and handwashing?
The media prevalence of skin side events related to gloves and

handwashing was 49.16% after conducting a random effect

meta-analysis weighted by the study sample size (Fig. S5, Sup-

porting Information). Skin effects related to gloves use and

handwashing were evaluated in nine studies24,30,32–38 (Table 4).

Three studies evaluated the general prevalence of skin adverse

events associated with gloves use and hand hygiene in 3713 par-

ticipants (3283 non-HCWs and 430 HCWs).24,32,33 1475 partici-

pants reported skin side events. The prevalence of skin side

events related to gloves and handwashing was higher in HCWs

(68.16%) than in non-HCWs (36.88%; Fig. S6, Supporting

Information).

One report also found that hand skin manifestations

increased by 8.4% compared with the prepandemic period.33

Most common adverse event was dryness, erythema, itching and

fissures.24,32,33 Female sex,33 working in unit with COVID-19

patients,33 handwashing more than 10 times/day,24 alcohol con-

centration >60%24 and using gloves24 were related to a higher

rate of skin adverse event.33

Furthermore, three studies evaluated the prevalence and risk

factors of hand eczema in 7079 participants (6858 children and

221 HCWs).34,36,37 The prevalence of hand eczema in children

was 38.3% (2627/6858) during the pandemic, and it increased

by 26.2% compared with the prepandemic period. The preva-

lence of hand eczema in HCWs was between 14.9%36 and

50.5%37 without differences between HCWs working in

COVID-19 intensive care units and HCWs without frequently

contact with COVID-19 patients.36 People in the first group

were surgeons and nurses from a single surgical centre, and par-

ticipants in the second group were physicians and nurses from

an intensive care unit for COVID-19 patients. The median Hanc

Eczema Severity Index was 24 (range 3–84).37 Female gender,34

previous history of atopic dermatitis34 or hand eczema37 and

high frequency of handwashing34,37 were risk factors associated

with hand eczema. Its most frequent morphology was erythema-

tous squamous (75.8%, 41/54), and the most common affected

area was the hand dorsum (85.2%, 46/54).37

Contact urticaria was observed in 8.2% (32/390) HCWs and

was associated with the number of working hours and previous

history of dermatological diseases.35 Irritant contact dermatitis

was reported in 42.4% (4496/6273) children. Female gender and
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high frequency of handwashing were associated with high rate of

irritant contact dermatitis.32

Only one study reported objective impairment in skin barrier

function associated with nitrile gloves use. They showed higher

TEWL (31.11 vs. 14.24 g/h/m2, P < 0.001), SCH (43.26 vs. 58.28

AU, P < 0.001), temperature (33.29°C vs. 32.57°C, P < 0.001)

and erythema (243.97 vs. 215.55 AU, P < 0.001) at the area cov-

ered by gloves compared with the non-covered area.30

What prevention measures could be taken to avoid skin
adverse events related to PPE?
Hydrogel patch, small patches used in areas of pressure points of

PPE, could be used to avoid skin injuries related to mask use.

Four studies evaluated prevention measures for avoiding skin

adverse events related to PPE8,39–41 (Table 5). All of them were

focused on preventing skin injuries related to mask use. Zhou

et al.39 observed that hydrogel use decreased pain, itching and

indentation both on cheeks and on nasal bridge in 26 HCWs

wearing N95 masks. Moreover, Dong et al.41 observed that the

use of hydrogel patch on one side of the face reduced overall skin

reaction rate (including indentation, redness and pain) com-

pared with the other side without hydrogel in 19 front-line

HCWs using N95 masks. Dressing mask with extra-thin hydro-

colloid was also compared with foam dressing in 88 HCWs with-

out differences between groups in skin injuries.8 Furthermore, it

was also observed that the use of prophylactic dressing and nasal

strip reduced skin injuries by 2.5 times. Itching, erythema,

papules, pustules and discomfort in breathing were also reduced,

while satisfaction scores increased.40

Moreover, it has been reported that the use of moisturizing

hand cream might prevent from developing skin adverse events

related to handwashing and gloves use (Table 4).

Discussion
In this systematic review, we have observed that the prevalence

of skin adverse events related to PPE is high. Contact dermatitis,

acne, eczema and itching were the most common skin adverse

events. Masks and gloves are the agent most frequently related to

cutaneous side events. Longer duration of wearing PPE was the

most frequent risk factor for developing cutaneous reactions.

Prevention measures were focused on skin injuries related to

mask use.

Three out of four individuals could develop skin adverse

events related to PPE. Nevertheless, this rate showed high varia-

tion between studies.5–7,11–14 Differences in participants (non-

HCWs, HCWs in frequently contact with COVID-19 patients or

HCWs not working in COVID-19 units) could explain these dis-

parities.7 Moreover, the prevalence of skin adverse events was

mainly evaluated by self-administered questionnaires. High vari-

ability rate was also observed in skin side events associated with

masks,21–24 and gloves and handwashing.24,32,33 It was observed

that the rate of skin side events related to both mask and glovesT
ab
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was almost double in HCWs and non-HCWs, what may be

explained because HCWs need to wear longer periods mask or

gloves. This fact makes it necessary to establish preventive mea-

sures in HCWs to avoid adverse events.

Most common adverse events were contact dermatitis, dry-

ness, acne and eczema pressure-related symptoms and itch-

ing.13,23,32 Contac dermatitis, dryness and itching were related to

masks, gloves and handwashing.24,32 Pressure-related symptoms

were mainly associated with mask wearing.7,17 Other conditions

were also reported, such as acne and related disorders, urticar-

ial,35 palmar hyperqueratosis19 or pigmentation.21 It has been

proved that PPE use increases TEWL,30 what could explain their

dryness effect. Furthermore, the temperature raise creates a

favourable environment for the development of some microor-

ganisms, such as Propionibacterium acnes, favouring acne devel-

opment.42

The face and the hands were the most frequently damaged

regions.5,12 Hand eczema was a frequent condition on the

hands.37 Face was a common location for developing skin inju-

ries related to mask wearing, mainly on the nasal bridge and the

cheeks.7,17,43 Acne was also frequent on mask-covered areas.21,31

Studies agreed that longer PPE use and frequent handwashing

were the main risk factor to develop skin adverse

events.5,7,12,21,34,35,37 Having a previous history of atopy or hand

eczema was also risk factors for developing hand prob-

lems.34,35,37 A previous history of acne or seborrheic dermatitis

and having an oily skin were risk factors for developing acne

aggravated by masks.23 Nevertheless, there is controversial infor-

mation regarding other kind of risk factors, such as sex or the

mask type. Researches showed that female sex was a risk factor

for the overall rate of skin adverse events associated with PPE,12

skin adverse events related to mask use,23 irritant contact der-

matitis18,38 and hand eczema.34 The prevalence of contact der-

matitis and occupational dermatosis was also higher in female

sex.44,45 However, female sex was considered a protective factor

for skin injuries related to PPE in another research.17 Differences

between sexes could be due to a greater rate of nurse, mainly

women, that could use PPE longer than doctors, where the

female:male ratio would be more homogeneous.

There are also controversial results concerning the type of

mask. N95 respirators were a risk factor for the overall rate of

skin adverse events related to PPE.13 Warming and sweating

were less frequent with surgical masks than with other types,22

while acne rate did not differ between different kinds of masks.15

Higher temperature, a marker of inflammation,46 was observed

when using a N95 respirator compared with a surgical one.

Moreover, surgical mask increased TEWL values more than

FFP2,30 a parameter indicating epidermal dysfunction when it is

high.47 Regarding the available data, it could be concluded that

mask type that more damaged the skin, in descending order, was

as follows: N95 respirators, surgical mask, FFP2 and cloth masks

(Fig. S7, Supporting Information). These differences could be

due to the type of material they are made of. When deciding to

wear a kind of mask, it should also be kept in mind that they

might provide different protection for COVID-19 transmission.

Similar rates of virus infection have been reported between N95,

surgical mask and FFP2 one, while cloth masks are not recom-

mended as PPE.48

Regarding prevention measures, only studies using hydrocol-

loid to prevent skin injuries have been reported.8,39–41 Moistur-

izers use also reduced skin adverse events related to PPE and

frequent handwashing.49 As longer PPE wearing is a common

risk factor to develop skin side events,5,7,12,34,35 permitting sev-

eral daily rest periods could reduce skin damage. It would be

also important to wash the face with non-comedogenic cleanser

to avoid acne development.50 The frequent use of emollient

creams and the use of alcohol-based hand rubs instead of fre-

quent handwashing would be also advisable to decrease side

events on the hand,51 although it should be also considered that

the use of hydro-alcoholic gels could have deleterious effect on

the skin, particularly if there is a history of a previous eczema.

Furthermore, developing educational programmes to teach peo-

ple how to use PPE could be a recommendable measure to

reduce the rate of skin side events.

Limitations
Most researches were cross-sectional studies, so their scientific

evidence is limited. Most studies did not use validated question-

naires to assess skin cutaneous events. Furthermore, the absence

of dermatological assessment makes it difficult to assess the real

influence of previous history of acne, atopy or other dermatoses

on the development of these adverse events. The population

included vary between studies (HCWs, non-HCWs, students,

children), and many selection biases may have affected these

reports, as the samples came from hospital settings, schools or

day care. Moreover, the absence of patch testing during COVID-

19 pandemic did not allow to really distinguish irritative hand

eczema from allergic hand eczema related to gloves, chemicals,

disinfectants, preservatives, fragrances or handwashing soaps.

Recommendations for futures studies
A more accurate rate of skin side events related to PPE could be

obtained if participants were evaluated by a dermatologist and

not only by self-administered questionnaires. It would be also

important that the studies included objective measure, such as

TEWL, to evaluate precisely the epidermal dysfunction related to

PPE. Further clinical trials should be carried out to compare dif-

ferent types of masks, gloves and handwashing products using

objective parameters to find the lees-aggressive PPE.

Conclusion
In conclusion, the rate of cutaneous adverse events related to

PPE use is very high, and longer use periods were the most

important risk factors for developing them. Most skin adverse
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events were mild, being dryness, pressure-related symptoms and

itching the most frequent. Frequent handwashing, gloves and

mask use are important agents related to skin disorders. Hydro-

gel patches could be a protective measure against mask-related

symptoms.
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