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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.!

To fight against the pandemic and avoid the virus transmis-
sion, healthcare workers (HCWSs) must wear adequate personal
protective equipment (PPE), including medical masks, goggles
or face shields, plastic gowns and gloves, and perform frequent
handwashing.” The long-term working sessions and the daily use

JEADV 2021

of the PPE can lead to physical and psychological disturbances
among HCWs.>* Moreover, several cutaneous adverse events
have been related to PPE.” Nevertheless, the prevalence of skin
cutaneous adverse events related to PPE ranges between different
studies,®” 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.>’

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:
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).
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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% Cls. These figures pre-
sent measures of heterogeneity across studies (Cochrane Q
statistic, noted the 12 statistic). Microsoft Excel version 2016,
Redmond, WA, USA, was used to run these data.'”

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.> 7' Seven
studies evaluated the prevalence of skin side events related to
PPE.> 7! 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-

1920 jtching and burning the most common symptoms;*’

orders;
and erythema and papules the most frequent signs.”’ The preva-
lence and the type of specific skin conditions related to PPE and
the features of skin side events were also investigated'>'®
(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%).>1>13 Soap and water (56.4%), gloves (47.5%),
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sanitizers (38.6%) and masks (20.8%) were the most frequent
culprit agents.*

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.>”'*>'*1%2% Other risk
factors related to high rate of cutaneous adverse events were
female sex,'? non-use of moisturizers,'* a previous history of
dermatitis'® 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.*' ! Four studies analysed the overall prevalence of skin side
events related to mask wearingﬂ’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

21,22 . .
while controversial

a risk factor for skin adverse events,
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.?"***

l.22

Nevertheless, Matusiak et al.” 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.?’ 2

Moreover, two studies analysed itching related to mask wear-
ing??® (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.?>*® The frequency of itching was also
higher in people wearing a N95/FFP2 mask compared with other
types of masks.*

In addition, five studies evaluated skin barrier function
impairment due to mask wearing” >' (Table 3). Tempera-

27,28,30,31 28—
ture7 8,30,3 8-30

and redness or erythema were higher while
stratum corneum hydration (SCH)**7° 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.””**** Two studies showed higher

transepidermal water loss (TEWL) values on the mask-covered
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area compared with the non-covered,”>*® while another two
investigations did not report changes between both areas.”®*!
Comparing different types of masks, it was observed that tem-
perature increase was higher when using a N95 mask (1.2 vs.
O.7°C).28 Nevertheless, greater TEWL increases were found when
using a surgical mask (12.54 vs. 5.28 g/h/m?, P = 0.026).>°
Other study did not report differences in skin homeostasis

parameters between types of masks.”®

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 studies®**>*2738 (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).****?? 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.*
Most common adverse event was dryness, erythema, itching and
fissures.>**>*> Pemale sex,>’ working in unit with COVID-19
patients,” handwashing more than 10 times/day,** alcohol con-
centration >60%>* and using gloves®* were related to a higher
rate of skin adverse event.”’

Furthermore, three studies evaluated the prevalence and risk
factors of hand eczema in 7079 participants (6858 children and
221 HCWs).***%7 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%°° and
50.5%7 without differences between HCWs working in
COVID-19 intensive care units and HCWs without frequently
contact with COVID-19 patients.’® 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).%” Female gender,™
previous history of atopic dermatitis®* or hand eczema® and

34,37 . .
were risk factors associated

high frequency of handwashing
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).%7

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.’ Irritant contact dermatitis

was reported in 42.4% (4496/6273) children. Female gender and
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facial dermatoses,
wearing face
masks for longer
periods (>4 h),
wearing a N95/
FFP2 mask
compared with
other types of

predispositions,
masks§

Sensitive skin,

Risk factors
atopic

The WI-NRS was
4.6 + 2.0 points
for the whole

population,
4.6 + 2.0 points

Main adverse
events

for HCWs and
4.7 + 2.1 points
for students,
indicating a
moderate itch

severity

25.8% (602/2329)

HCWs: 31.6%,
(365/1156)
Students 20.2%,

All participants:
(237/1173)

Prevalence of
skin adverse

events

Assessment
questionnaire

tools
Online

-591 cloth mask

(25.37%)
-221 respirators

(N95/FFP2)

(9.49%)
mask: (5.93%)

Type of masks
-1363 surgical

Students: 20.9 + 2.9 Students: 2.79:1 mask (58.52%)
-138 half-face

Sex (female:
male ratio)
HCW: 4.48:1

Age (years)
HCW: 40.5 4+ 11.8

Participants
2329 participants
(1156 HCW and
1173 students)

Design
Cross-sectional

study

et al. Poland

Krajewski PK
AD, atopic dermatitis; FFP2, filtering respirator mask coded filtering facepiece 2; HCW, healthcare workers; NRS, numeric rating scale, SCH, stratum corneum hydration, TEWL, transepidermal water loss;

Continuous data are expressed as media + SD or median (interquartile range), and categorical data are presented as n or n/N (%).
WI-NRS, worst intensity of itch.

§Kruskal-Wallis one-way analysis of variance on ranks.

fLogistic regression analyses.

Table 2 Continued
£Chi-square (3°) test.

Study and site

high frequency of handwashing were associated with high rate of
irritant contact dermatitis.>*

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/m?, 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.>

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 PPE®**! (Table 5). All of them were
focused on preventing skin injuries related to mask use. Zhou
et al.’® 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.*' 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.® 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.*

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.” ”''"'* 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.” 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

21-24

masks, and gloves and handwashing.***>** It was observed

that the rate of skin side events related to both mask and gloves

© 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



Skin and personal protective equipment

“yoll Jo Aiisuslul 1SIOM ‘SHN-IM

‘sso| Joyem [ewapidasuel; “JApMT L ‘UoleIpAY WNauIod wnjells ‘HOS ‘©[eos Buniel ouawnu ‘SYN ‘S1a)iom aredyyeay ‘MOH ‘g a0aidaoe; Buliayly papod ysew Jojelidsal Buusyy ‘2d44 ‘shiyewdap oidoye ‘Qy
*(%) N/uU 1o u se pajuasaid ale ejep [eolobajed pue ‘(abues ajienbisiul) uelpaw Jo QS F eBIpaW St passaidxa ale ejep snonuiuo)

ysew
[eolpaw Jo asn Buimoj|o}
Jeyl asn ysew geN Buimoj|oy
papodal a1am aoueljdwooul
pUB LOJWOISIP JO

2109s Jaybiy e pue suonoeal
9Slanpe aIo|\ "Sysew

Jo sadA} om} 8y} usamiaq
sanjeA |eoibojoisAyd

Y} Usamlaq aouaIayIp
eoniubls ou sem asay |

SN

(9200 = d ‘;wu/b 82's
"SA $G°21) BUO gd4 Bu}

1e uey) ysew [eaibins e Aq
palanod eale sy} Je Jajealdb
Apueoyiubis sem TMI L

SN

G6N 8y} Jepun

Jaybiy osfe atem Huiyonol
3SEBW pue HoJWoIsIp
‘Rynowyip Buiyres.q ‘yesy
ApiwnH (.50 F £°0)
sysew [eolbins

yum pasedwod (50 F 2'+)
Buueam GeN UM
paAIasgo a1am ainjesadwa}
u| saseasoul JaybiH

sysew Jo sadAy
Bunedwod sawoNnQ

©Bale PaIdN09-UOU du}

e uey) ysew ay} Aq palanod
eale ay} 1e Jaybly aiem pue
asn ysew Jaje Ajueoiubis
paseasou| ewayilia

pue Hd “IM3L ‘HOS
paniasqo

aJoM wngas pue AT L
‘ssauybnol ‘ssaupai ul
S90UBJIBYIP ON ‘POSEdIOaP
Hd pue Anoise|3 "asn ysew
Jalje pasealoul SWN|OA
aJod pue ainjesedwa |

J9MO| Sem
HOS 9|lym eaJe paianod
-uou ay} yum pasedwod
sysew Ag paianod eale ay}
uo Jaybiy alem ewayifia
pue ainjesadwa} “IMI L
abueyo jou pip Aloise|e pue
TM3IL ‘uoiaIo8s wngas
"BaJe PaIdN0D-UOU dU}

UYum pasedwod eae palanod
-)Sew 8y} Uo pasealoap
HOS ajlym pasealoul
ssaupal pue ainjeladwa |

auljeseq yum pasedwod
3SBW 8y} JO [eAOWSI Jae
Ajereipawuwi dij Jouadns
pue uoibai [eiouad ay}

e pasealoul ainjesadwa |

|leAowal
ysew Jsye sawoonQ

uol}2I09s WNges
pue Hd ‘ewsyifia
‘HOS “IM3L

Hd “usuoo

wngas “IM3L
‘Ayonsels ‘ainixa}
‘awn|oA ai1od ‘ssaupal
‘ainjesadwa |

ewayilia
‘alnjesadwa)
‘HOS “IM3L

Ayonsele “IM3L ‘HOS
‘uornaioes

wngas ‘ssaupal
‘ainyesadwa |

Buiyonoy

y}Sew ‘UojwoosIp
‘feay ‘Aupiuny
‘ainjesadwal unS

$100] JUBWISSOSSY

sysew [eolbing -

slojelidsal GN - L:0L
S)oeMm g
Joy Airep y g 1o}
SBW 6 )i B8I0Y 11870

(91 = U ‘%90°LY)

SHSBW Zdd -

(81 = U "%v6'2S)
sysew [eaibing - [Be

y 910}
YSew 6 1|l ealoy SN

y | Jo}

31 Buueappnsisew GeN -
ysew [eolbing - SN
(ones ajew
:9Jewsay)
sysew jo adA1 Xag

167V L F L6VY

S'LL F €€ SMOH-uou 02

6¥'¢ ¥ 01'8¢ SMOH-Uou Oc

SMOH 1€

6% 01 0c Woi4  SMOH-Uou |g

SN SMOH-Uou 0¢

(s1ealk) aby  sjuedioied

sjuawaInsesw
pareadal yum

Apnis 1aA0sS0I0 BUIYD
paziwopuel ‘e 38 M enH

Apnis
[euoiieAIasqo
aA0adsold  BaIoy B 1o [ Wiy

Apnis uleds e je
[euo0as-SS0I)  ZAYD|IA-OIBJUOI

Apnis Bal0y|
|euoneAIasqo jo olgndey
aAjoadsold ‘e 18 YS Yed

Apnis 1an0SS010
[EUONBAIBS]O Arey
oAoadsold  [B o Y oueleds
ubisaqg ayis pue Apnis

8sN ysew 0} pajejal UoilounysAp Jalueq uis Buipiebal seipnig € ajqel

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

JEADV 2021

on behalf of European Academy of Dermatology and Venereology



Montero-Vilchez et al.

SN

Lsano|b xaje|

o} AunnisuasiadAy
‘eWUISe ‘siAlouUNnfuod
olbio||e ‘saseasIp
[eoibojorewsap

Jo Aioisiy ‘Yeam

Jad sinoy yiom sabuo]
1Bulysempuey

jo Aouanbayy ybiy ‘ebe
J9p|o ‘Jopuab ajewsy
‘sirewsp oidoyy

§sano|b puey Buisn
‘9409< UOI}ejuaduod
Jjoyoo|e ‘Aep/sawi}

01 < BulysempueH

bswiened 61-aIn0D
INOYHM Sjun ul
Buppiom ‘xas ajewo

SN

S10108} )SIY

punoj asem

sjuened 6 L-AINOD
UM 10BIUO0D 1081Ip
Inoyum SpMOH pue
sjuaited 6}-QINOD

JO 818D BAISUBUI

Ul PaAjoAUl SMOH
usamjaq ewazos
puey Ul S8dUBIBKIP ON
|euedIun J0eju0d

UUM SMOH Ut (28

/L1) %1°€S pue SMOH
e ui (06€/€2}) %9°2€
sem sano|b xae|

0} AynsuasiadAy

Jo ajes 8y |

oljwapued ay} Jaye
%292 Aq paseaioul
BWazos puey

jle] mocm_m>®\_a ayl

J99In ‘Buiuing

Jured ‘ssaupal Inoj0d
ul abueyd ‘ssaulyoyl
‘Buijeos ‘ainjxa}

ul ebueyo ‘ssaulup
:SJUBAS BSsIanpe

UD{S SUOWIWOD }SO[N
ajo1san ‘ured-buiuing
‘Buiyoy ‘ainssiy puey
‘ewayilis ‘ssaulup
SJUBAD 8SIaApE

UIYS SUOWIWIOD 1SO[\
saun(ul pue ssaupai
‘Buiyoy ‘sssulup
SJUBAD 9SIBAPE

UIYS UOWWOD 1SON

SBWO09IN0 18Y10

(FLL/LL) %671

"(06€/2€) %28

(8989/2292) %E'8€

(95€2/128) %S8°vE

(£92/£02) %9°€L

(0601/1SY) % LY

aWo9INo urep

BWSZ09
puey jo aous|ensld

BLIBOIUN JOBJUOD
puey jo aous|eAsld

BWSZ0D
puey jo aous|eAsld

SJUSAS BSISAPE UIYS
10 @ous[enald |[elonQ

SUEVEEISEN AN
Jo aouajenald |[e1anO

S]UBAD 9SI9APE UDS
Jo aouajenald |[e1onO

wiry

alleuuonsanb
paieisiulwpe-jles

aJleuuonsanb
paJajsiulwpe
-}18S aulluo

aJleuuonsanb
paiajsiulwpe
-J|os |eyuaied

alleuuonsanb
paiajsiulwpe
-}18s 8ulluo

aJleuuonsanb
paisisiulipe-{|los

aJleuuonsanb
paisisiulipe-j|los

S|00}
JUSWISSASSY

L:6G°L 8L°0L F €2'SE

l'6'c Iv'6 F LSVE

Ll LS F Ve

(92-81 :HOI)
1:82°0 00'le
L:€9°) 69 F 0'SE

(020161

wouy

abuel)

el 2c'se
(ones
ajew

:9jeway) (saeak)

x9S aby

Buiysempuey pue asn sano|B 0] Palejes SJUBAS 8SISAPE UMS { dlqel

PBAJOAUL JOU

SMOH (P LL/YL) %16'%9
pue a1ed aAIsusiul

ul PaAIOAU SMOH (P11

/0¥) %6°GE 'SMOH VL1

SMOH 06€

aled
Aep Buisn uaip|iyo 8589

(e612 =U

‘%L"€6) SMOH-uou

pue (€91 = U ‘%16°9)
SMOH "siuedioied 96ez

SMOH 292

SMOH-Uou 0601

uo9 ulys

Apnis
[euoijoas ‘e e
-sS01) v Jojpeny

Apnis
[euoioas uel| e jo
-SS01) HIN lueinod

Apnis
[euonoas  yewuaq e e
-SS01) gy uasuowlis

ads e jJo agusjenaid

Apnis elgely Ipnes
[euonoss '0c0e e 18
-SS01) SIN ueples|y
Apnis
[euonoas Aeyin) eje S
-ss0i1) nido] siunyy
Apnis
[euoioas uel| e jo
-$S01) M oopepuiq

SJUBA® 3SIBAPE UNS JO dousjenald [|eIdanQ

sjuedionued

ubisag aus pue Apnig

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

JEADV 2021

on behalf of European Academy of Dermatology and Venereology



Skin and personal protective equipment

SN

+ikep/sown

/< Buiysempuey
‘looyosaid

yum pasedwod
uaJp|(Iyo|o0yos
‘1apuab sjewe
I(Aep/sown

02<) Aouanbauy
Buiysempuey
‘BWaZz09 puey

Jo Aiojsiy snoinaid
e ‘aji| Ajrep ul weaid
puey Buizunysiow
Jo @sn ayl

sJojoe} ysiy

"90UBLEA 10418 }SNCOI YIM UOISSaIBa) uossiod.t

158} JewaNONh
189} (;X) arenbs-1yo§

‘sasAjeue uoissaibal onsibo

‘paioads jou sisAleuy.t

'$SO| Joyem [ewapidasuel) ‘AL ‘UoneIpAY WNaulod wnjess ‘HOS Xepu| A1aAeS ewazog pueH ‘|SOIH SI9}IOM a1edyeaH ‘SMOH
"(%) N/U 10 U se pajuasaid aJe ejep [eolobares pue ‘(abuel a|ienbisjul) uelpaw Jo S F eIpaw Se passaidxa ale ejep snonuluo)

BOJE PBISA0D-UOU U} YiM paledwod sano|b

Aq pa1anoo ease ay} Je Jaybiy a1em (1000 > 4
‘NV G5°G 12 'SA L6°E2) Bwayihie pue

(1000 > d ‘“DoLG°2E "SA Do62°EE) SINteIadwa}
‘(L00°0 > d ‘NV 82'8S 'SA 92°EY) HOS

(L0070 > d ‘ZW/U/B b2 ¥l 'SA LL'LE) TMIL 10840 8} 8jen[eAd O] SISBISOBWOoY UNS

SN

(v8-

¢ abuel) yZ sem 8100s

ISO3H uelpsw ay |

S8W09}N0 Jayl0

ewayilia

uonouny ‘ainjesadway

Jauleq [ewJaplida uo ‘HOS “IM3L
sano|B ajuyu Buisn jo 'slojowered

SiieWIap J0BJU0D
JUBlLI JO BoUB|eABId

alreuuonsanb

(££29/961Y) %¥'2v paJslsiuILpE-}j8S o

BWazod

(LO1/¥S) %S°0S puey jo 8duUdlEABId  UOIEBN[BAS [BOIUIID 1:90°C
(onea

ajew

S|o0} :9jewd))

awo9)Nno urepy wy JUBWISSASSY Xas

Le9'L L6'HL F L6VY

ck'e ¥ 09

€9 F 96¢

(s1eak)
aby

SMOH €

Apnis ureds e jo
Jeuonoas 1 ZayoJIA
-SS01) -0IBJUOI\

sJajweled uoouny JaLIE] UIS JO JUSWISSASSY

ualip|iyd €229

SMOH L0L

sjuedionied

Apnis
|leuoioes yewusq
-sS01) 7 yolog

Apnis
|leuonoas Aoxuny e 1o
-sS01) A Wapi3

ubBisag aus pue Apmis

penupuo) ¢ sjqel

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

JEADV 2021

on behalf of European Academy of Dermatology and Venereology



Montero-Vilchez et al.

10

‘(SYA) oeos anbojeue [ensia ‘ajeas Bunes ouawnu ‘SYN ‘uswdinba aAn

-09101d [euosiad ‘Jdd ‘saunlful ainssaid ‘|4 {|oued Alosinpy Ainful ainssald [euonen ‘dvIdN ‘Siaxom ateayeay ‘SpOH ‘dnoib jeyuswiadxe ‘93 ‘dnoib [011u09 ‘©) Ainful ainssaid pare|al-a21nap ‘|ddd
‘(eBuel ajiyenbiaiul) uelpaw J0 S F EIpew se passaidxa aie eyeq

ured pue ‘ssaupal

‘v.°| Aq uonejuepul
pasealoap uoneoldde
[9601pAH *(6E°} F L¥'E)
QUO UOIUSAIBIUL BY} Ul UBY}
Jaybiy sem (902 F 2E€l)
9pIS |04}U09 8y} Ul

pauodal a)es suonoeal uysS
sdno.b usamiaq

POAISSQO 819M LOJWOISIP 10
ured ‘Buiyoyl ‘elwsaeladAy ul
saouaJaylp oN sdnoib yjoq
ul paAIasqo alam ewayifia
UM seale Jno ‘|ddd
padojenap juedioed oN
(%0) 193 pue (g/1 ‘%Sgh)
293 ul ueyl (02/8 ‘%0%)
90 ut Jaybiy sem Buiyoy
wouy Buusyns syuedioiyed jo
abejusoled (21'0 F €1°0)
293 pue (90°0 F L°0)

153 uueyt (v2°0 F Sv'2)
59 uliaybiy sem saunfug
ups Jo Jequinu ueaw

ayl (%01) 193 ul pue
(%S21) 293 ur ueyt (%004)
99 ulisybly swn g2

a1om saunfur uNS (81/€2)
%6’ Ly Sem 3dd O} pajelal
saun(ul upys Jo arel |[eIdAQ

abpuq [eseu ay} uo paosnpai
Auo sem Buiuing "abpuq
|eseu pue s)9ayd Uo Yyjoq
uoljeluapul pue Buiyoy ‘ured
paseal08p asn |9boIpAH

S9wWoJ1No ule|

alleuuonsanp
sydeiboloyd

papodal
HOJWOoIsIp
suedpied

wielshs

Buibers 1d dvIdN
uonenfeas
|eaibojojeuniag
(SVYA) uonoejsies
SMOH

[GELES

1sow Buneosipul

G G 0} 0 Woy) SHN
saJreuuolsan)

100}
JuswISSassy

v

uct

usL'L F6LE
:uoieINp uesyy
skep G 01y g woid

SYEEA

dn-mojjo4

yoyed |aboipAy yum -
sew G6N

61 = u) apis Yo -
Ysew 66N

(61 =u) opis Wby -

ploj
-|0004pAY UIY}-BIIXD
(¥ = u) g dnoiy -

weo}
(yvy = u) | dnoin -

duis [eseu pue
Buissaip onoejAyd
-oid Buisn (g =u) g
dnoib |ejuswuadxy -
Bul

-ssalp onoejAydoud
Buisn (02 = u) |
dnoib ejuswuadxy -
bui

-ssaJp onoejAydoud
Buisn uou :(Q} = u)
dnoub jonuo) -
abpuq |eseu

pue sye8yo Jiay}
Jano yojed |aboipAy
padeys-p e yim
Buiresado (9| = u)
dnoub [ejuswiedxy -
yoyed |aboipAy
padeys-p\ B Inoyim
Bunesado (0L = u)
dnoig |ouo) -

sdno.b
uosuedwo)

Buueam
ysew Ag pasneo
abewep unpjs ay}

anal[al uoieoldde
yoled |aboipAy
JBYIdYM SSaSSe 0|

3dd

UUM pajeloosse
1d4a Bunuanaid
ut plojj0001pAy
uly}-elixa pue
weo} aledwod 0]

SMOH

ul3ddjo esn

oy 0} enp saunful
upys jo uonuanaid
ay} uo Buissalp
onoejAydoid

J0 109}

aU)} aleulwIalep 01

SN 3Sew GeN ue
Aqg Ainlur urys wouy
s)99Yd pue abpuq

[eseu ay} Josjoid
sayoyed [ab60ipAy
Jayreym a1ojdxs o]

wry

SN

1:9°¢

1:9'8 2¢09 F leve

SN
(oneu
ajew
:9|ewsy)
XoS

SN SMOH 61

SYSBWw G6N

Buueam

06 F 08¢ SMOH 88

3dd piepuejs se
Jayieboy ysew
€d44 puesew
|eaibins ‘plaiys
20e} ‘a|660b6
Buisn sMOH 81

sysew G6N
Buueam

SN SMOH 92

(s1eak) aby sjuedioied

Apnis
SE[[HVeL TN BUIYD
‘wisl-uoys ‘e jo 7 6uoq
lizelg

[eL} [eolU) & 18 DY ouuedsen

Aoxuny

[eu [eolul|) 218 v ZIPIA
BUIYD

[eu [eawuly ‘e 3@ N noyz
ubisag ays pue Apnig

1wswdinba aAjosj0.d [euosiad 0] paje|al SJUBAS 8SISAPE UIYS Juanald 0} paydope sainseaw Uoljuanald G ajqel

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

JEADV 2021

on behalf of European Academy of Dermatology and Venereology



Skin and personal protective equipment

"

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.'*»***? Contac dermatitis, dryness and itching were related to
masks, gloves and handwashing.**** Pressure-related symptoms
were mainly associated with mask wearing.”'” Other conditions
were also reported, such as acne and related disorders, urticar-
ial,>> palmar hyperqueratosis'® or pigmentation.*' It has been
proved that PPE use increases TEWL,* 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.*?

The face and the hands were the most frequently damaged
regions.>'? Hand eczema was a frequent condition on the
hands.”” Face was a common location for developing skin inju-
ries related to mask wearing, mainly on the nasal bridge and the
cheeks.”*”** Acne was also frequent on mask-covered areas.”"*!
Studies agreed that longer PPE use and frequent handwashing
the
events.>”!221343%37 Having a previous history of atopy or hand

were main risk factor to develop skin adverse
eczema was also risk factors for developing hand prob-
lems.***>*” A previous history of acne or seborrheic dermatitis
and having an oily skin were risk factors for developing acne
aggravated by masks.”> 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,'?
skin adverse events related to mask use,?> irritant contact der-

18,38 34
and hand eczema.”™ The prevalence of contact der-

matitis
matitis and occupational dermatosis was also higher in female
sex.*** However, female sex was considered a protective factor
for skin injuries related to PPE in another research.'” 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."”> Warming and sweating
were less frequent with surgical masks than with other types,*
while acne rate did not differ between different kinds of masks."
Higher temperature, a marker of inflammation,*® was observed
when using a N95 respirator compared with a surgical one.
Moreover, surgical mask increased TEWL values more than
FFP2,% a parameter indicating epidermal dysfunction when it is
high.*” 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

JEADV 2021

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.*®

Regarding prevention measures, only studies using hydrocol-
loid to prevent skin injuries have been reported.>***' Moistur-
izers use also reduced skin adverse events related to PPE and
frequent handwashing.*® As longer PPE wearing is a common

risk factor to develop skin side events,” 123435

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.®® 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,” 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

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